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'he AJvanced kesear h Projects Aercy of the Office of theSecretary of Defense sp onsorc2 , =- elibration trials of two aerialspray systems. These trials were conducted from May through July i963at Eglin Air Force Use Florida, and were essentially an extension oftrials in July 1962, bu with altered systeus.

The first system, the C-123/c-1, was rigged primarily as a researchaystem in order to obtain a variety of c3nfigurations such that thehost practical could be indicated. The second systea, the H-34/IDAL,differed from the original model calibrated in July of 1962 at EglinAir Force ase in that its flow rate approached 70 gallons per minate,
almost three times the flow rate of the original system.

A new concept called FIDAL was tested for possible use wIth A-IE
and/or A-Ili aircraft and is reported in Supplement 11i.

.3i:ii,
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A. BACKCIcXND<I The calibration' data reported here were ubLained in the extension
of previous worti on two systems, tlc C-12Z./XC-. and the -34/lZDAL

(Helicopter Insecticide Dispersal Apparatus, Liquid). The former
consisted of a 1000-gallon aluminum tank, a ten-horsepower gasoline
cntgin.' and pum~p combination. and wing booms; these ioere all mounted
In and on a C-123 aircraft. At the waximumi flo%. rate of about 200

gallons per minute, this system could provide a spray of Purple codematerial at a depoeit rate of l gallons per acre over A 3e-foot

swath. The uses wedti.n diameter (M-,) of the droplets was about300 microns when the #pray was released inwind, or nearly so, frod

!i ~~ 15 foesetaed teri a t aOOsln imnica sten-hsp edo e kos olln

miles per hour). This provided a spray of relatively large iopdets
fotri-creasedsimAbity and a deposit of three gallons per acre for
increased assurance of effect. Both of these parameters were
recommende by others, and this level of deposit was obtained operationally

only by two separate spray passes over the sae area. a This procedtir,'
contributea to better coverage of the area sprayed, but has the

disadvantage of extending the time of the aircrAft's exposure to possible
enemy fire, expecially where the two passes are madc on the same

ii :,.!'):,:mission by a sirngle aircraft.4 bThe yA in this report concern the performance of different

Scot.fig,~tions or modifications of the two aerial spray systems mentioned

. (-12JiHC-1 system was specially rigged for selected variability

.'- ot,,ay delivery, primarily In terms of greater flow rate (in order
to obtain a deposit of three gallons per acre or em're) and wit. the

addition of i tail boom (Figure 1). Its confi-ration, therefore,

should be considered that of a research vehicle and not necessarily
as a separate modification or as a prototype

The standard tIIDAL ccnsists of a 21)0-gallon fiber glass tank, an
electric motor and positive displacement pump combination, and two
stainless steel booms mounted one on each side of the helicopter fuselage.
The standard ILDAL, installed in an H-34 and spraying Purple code
material at 21. ;allons per minute, provided essentially a 100- to 150-foot
swath at a deposit rate of one gallon per acre, with a particle MM of
about 310 mi cions ,o inwind releases from a height of 75 feet and at an

indicaated airsjw,.d e f Mi knots (37.6 miles per hour).

*Aircraft number 56-4386.

i '; i :'
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The HIDAL was first used CYOO1S'7 in August 1961 to spray herbicidal
materials, and minor modifications were made to the system that subsequently
indicated the rossibilit'! of using greater airspecda for the delivery
of spray release or flow rate by the syateua. The data precented here
concern a modified HIDAL system (Figure 2" that can provide a flow rate
of 65 to 70 gallons per minute of Purple cede material.

B. APPROACH

The questions below were considered in planning the 1963 calibration
trials at Eglin Air Force I-se.

I. What effective swath widths could be obtained fut each o the
systems and for functioning partr of the C-123/MC-1 system under the
following conditions?

(a) At different flow rates for the ?C-l,

(b) At different altitudes for HIDAL,

(c) At different airspeeds for PFDAL,

(d) Using a variety of nozzles for HIDAL,

(e) Using different liquid fills.

2. What spray deposit characteristics could be obtained with these
systems?

'a) Yass median diameters for varioua conditions above,

(b) Plots of deposit of selected flights.

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

Appendix E presents sc-me ,etai.s of the preliminary planning
for these tests.

q
- -..--.-i--.-l-- -- ~. .
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The aerial spray equipment wea floin over the spray samplin g~id
established for this purpose the previous yesraO at Eglin Air Focs
Base. Because a capability for sizing the spray is de ired, flibhs
were made inwLnd to obtaLn ssee deposit inforuition and related effective
swath widths. Crosswind flights were flown intentionally for the
primary purpose of obtaining information on eas median diaster. The
method for this droplet mise determination has b**n described elsewhere
and calls for finding the largest qualifying droplet. On crosswind

spray flights the maller droplets are carried fartherdawrwind than
large dopluts. This separation makes it much simpler to find the
single largest qualifying drp'et.

7'r all mase deposit test information, Du Pont O! Red Dy" was uced
in known cuncentration* in the liquid sprays. After spray releases, metal
sample plates (6 by 6 inches) were collected after an interval of ten
minutes that allowed the array to settle. They were kept in serial order
in light-tight boxes until they were deliverd to the laboratory, where
they were separately washed with acetone; the washings were then collected
in a volumetric flask and brought to volume. The density of dye wee
icasured spectrophotooctrically and converted into gallons per acre

* deposited per swzpling st4%iom. Appendix F contains details of methodc
and techniques tor the** trials.

All "Invind" flights were directed over the sespliag grid at right
angles to the sampling line most nearly normal to the prevailing wind
direction. Aftel the mass deposit curves had been drawn, It was possible

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

f77. .,
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A . DISPERSION PROLM

Where 11W's of delivered spray are 300 *icrni or larger and the spray
ism 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.I Thus, where wing booms only are operated on attem~pted inwin6 flights with
the C-123, there is a minimasl altitude below which the released spra
d,) not w rge beneath the fuselage prior to deposit. At le~st not in
biologically meaningful quantities.

Depending on the type of aircraft (heavy or light, single, or multi-
engine, fixed or rotary wing) and the air turbulence caused by its passage
thro'agh the air, a spray released near or tinder its fuselage may be heavily
deposited directly dowir.atd with relativ'Ay little lateral displacement,
particularly under relatively still atmospheric conditions.

Efforts were made in the 1962 trials to prevent undue influence on the
distribtioin of spray de'posit by the turbulence caused by the wingtip
vortices of the aircraft. Hiowever, aerial photography In these calibra-
tion trials revealed classical examples of the major efiect of these
vortices even though the same nozzle placement was ,ziu'd. It is concluded
that under the conditions of spray release obtained, particularly in regard
to the altitude, airspeed, weight, spray boomi configurations,. wingspan, and
aerodynamnics of th-i spray aircraft, the influence of the wingtip vortices
plays ai major part in the lateral distribution of sray deposit and
shouild he cxploited instead of attempting to cancel or avoid its effect
on inwind flights.

Where the peakinag cf sprav deposit is~ quite high. it m~ty hN' detirahle
in practice to use landing flaps on the C-123 0~ile 61praying to create
greater air turbuilence and so reduice the ipcaks of spray deposit. Under

these conditions, care sl'ould he tAken not to contmiinale the aircraft;
tbe dv)!ree of use of the flaps should he adjusted -.ccorflnglv. Another
pJ'~.ibilit *V wvuld he to f ly two planes in line so) -hat a non-sprayinkg
plant, I ;d create air torhul~ nce for the sproy) released by a plane
follow'ng slightly above and some distanrce hehind1 it.

1*'a: informat ion on aei. spravs for ;ieri a ltura V upssrpre
in the literature pertains to insect or plaint dl5ses control. Principles
J eelopf-d for these Purposes, in manyl instances plantred for direct benefit

-he Virner, do not ncccssarilv applv to the usec of variouti milIitarv
aircrraft isimll: operating at greater altite:dvs and air-ipcds. For example,
an ;iltitude, for military spraying is not likAv, to he lets than 50 feet
.and mav he, l to 3 or more times this he~ght. wherea% for manyv Ag-iLUltural

J



purposes a 50-foot altitude is, under most circumstances, an upper
limit. aixcepti,)ns can be cited, of course, but in general the foregoing
applies. For agricultural applications altitudes of one to ter, feet

* above a crop are not uncrwaon.

An aerial system considered most efficietit for releasning liq~uid
spray for a deposit of 1j gallons per acre is not neceasarily the nmoct
efficient for a release to obtain a deposit of three gallons per acre.
Using a system that provides l~j gallons per acre and spraying the samec
area twice will provide better coverage for biological purposes.
Hcowever, military requirements way Indicate a single pass as essential.

Alternatives available include:

(a) Spraying th.. area in one pass with one aircraft at three
gallons per acre.

(b) Spraying the area in one pass with tw.o aircraft, each
spraying Pi gallons per acre.

(c) Spraying the area once at Ik gallons per acre and repeating
the spray after an interval of four to six weeks if necessary, thus allowing
the first spray to reach maximum effectiveness.

3. P". CM~T ~or~

For all aelected flights, the percentage of spray recovered as deposit
wax calculated by the formula:

0.207 z x x D x I
per cent recovery-

where:

0.0')202 is a constant representing the portion of an acre covered
in 1 minute at 1 mph with *a swath width of I foot. Multiplied
byJ 100 to convert to percentage, the conrtant becomes 0.202.

S . s peed of aircraft in miles per hour

D . toell depoi-it collected on sample line in terms of gallons
per, acre

I= int v rval of sample stations in feet

F - flow rate of spray in gallons per minute
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This formula can be developed as follows:

per cett re overy - Amount rcovered in 0.5-ft "-tr. 100

1. Amount Recovered in 0.5-Foot Strip

"he proportion of an acre represented on a jample card-

436 43,5

where EpA i - gallons per acre cttimated from i-th card

Asstraw that:

(a) The i-th sample card represents the midpoint of an area,
(b) A uniform deposit is obtained over this area.

Then thi estimated gallons in a section of a 0.5-foot strip
represented by the i-th sample card is the ratio of the area (0.5 ft . I)
to the squiare feet in the smple card multiplied by the amount deposited
on the i-'th card, or

which redulco'g !o

0.0000114784.2 x I x gpa t

1w tot..ll cs.ima.t in gallons recovercd in tht 0.5-foot strip
is th,-n

O.O(00114.N4? x I x D

whr, D Is the" sum. in gallons per acre. of all sample carda.

' iI



2. Amount Delivered in 0.5-Foot Strip

The number of feet traveled by the aircraft in one mince -

542) 0 88 x s

there S is the speed of the aircraft in miles per hour.

Then the number of minutes required to travel 0.5 foot -

And the number of gallons delivered in 0.5 foot -

0.0569rijx F

where F is the fow rate of spray in gallons per minute.

3. Per Cent kecovery

Per cent recovery is then

[0oo0woo ~~

t-100

- ,Z02 N ; x I x 0

Considerable variation occurs in the individual per cent recove
-,btained. Factors contributing to this variation are a summation of er
in determining the gallonage rer acre, the efficiency of the spray coll
tions on the weLsl plates, the spacing of the sapling ttations (in thi
case representing only a 2 per cent sample), and Air turhulenct that
causes the spray to fold back .n itself so that th, saApling plates may
receive a couble exposure. The latter instance plu, underestimating F
overestimating S, could cause "recoveries" greatcr Phan 190 per cent.

V
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C. RYVICI Y CV DEPOSIT

In an effort to arrive at a NMens to equate spray releases and
resulting deposit curves to so;-e efficiency factor, the following
was adopted. Refer to a birodal deposit curve:

tC

'I

I K'

G A R€Pwath Width F H

1

where:

Al represents the effective single swath width

CG ;-nresenta effective swath where multiple swaths are flown

E represents the desired deposit level

C and D represent deposit peaks.

The amount of dcposit above the line BE should be minimized to
efficiency of spray deposit. AreAs under the curve to the left of j
and to the right of EF can be considered inefficient utilizatien of
only if single s.aths .re rontemplatee operationally. Where multip
spray swaths are laid down, a wid7'r spacing of flight lines (CI) cai
use of the deposit in these areas.

I. Calculatinns of Deposit

Calculations of the eff.ciency of deposit were based cn a *I-1 swath, .insidterink; bo'th pe~aks and tails of the curves as nreae of wa
Also Inc lded as waste were losses encountered between spray relens4

t j

l' i
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deposit. Eighty per cent of the desired deposit level w,

acceptable, particularly in the central low portion of tl
practice, there is usually a tendency for flight headingi
off of iawind and as a result the central low portion of
curve is filled somewhat with the finer drcplets from th
the spray swath.

Per cent efficiency was calculated at

f liectIe nt reovered in 0.: srilLount delivered in 0.5-t strip

Per cent efficiency P 0.22 F

where
n

K - Ee1
i-I

The quantity ei 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 is the desired deposit le

when gpa" P, e i . P

when 0.80P - gai Pt ei - gpa i

when gpa i 0- .801' e i , 0

Data on multiple inwind or crosswind swaths were
However, under these conditions the deposit represeuted ii
of the ciirves would he additive If appropriate spacing of

was achieved, so that these deposits would not be considei
Therefore, the efficiency of deposit would be expected to
statistical analysis of the factors affecting efficiency

included as Appendix V.

2. Theories of Deposit

According to Pctts,8 dissemination of an aerosol t
composed wholly of 30f0-micron particles would result in 4.

square inch. He does not define the characteristics of tt
Better overage could be icchieved with 200-micron particlt
per square inch) or 100-microx particles (1764 droplets pt
Table I shows coveragzs, times, and drift dist&nces calcul

J



18

theoretical principles of spray deposition. These are, of course, ideals
only. It is impossible in practica to disseminate an aerosol composed

exclusively of particles of one diameter. Because of meteorological

conditions and equipoent limitations, it is equally impossible to achieve

r precisely uniform coverage.

TABLE I. SONS PRIlCIPLES OF SPRAY DEPOSITION

Size and number of droplets deposited per square inch by distributing one

gallon of liquid miniformly over = surfacc of one acrc

Actual Diameter, Number of Droplets
micro s Per Square Inch

50 9,224
100 1,164
200 142

300 43
400 18

500 9

The time requited for droplets of various sizes with a specific gravity
j : of 1.0 to fall 50 feet in still air at 70'F

Diameter, Tim~e to Fall
microns 50 reet

200 13 seconds
100 51 seconds
50 3.4 minutes

The distances that a droplet 100 microns in diameter with a specific grav-

ity of 1.0 will drift while falling 50 feet in air moving parallel to the

Wind Velocity, Drift Distance.
miles pcr hopr feet

S2 175

3 265
4 348

S5 1435

Ii) 7b5

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

ii
................. .
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A. COIXLUSIONS

The spray calibration data obtained in these and in the 1962 tr.als
at Eglin Air Force Base are tinique in that the spray releases were
madc nwind and Lrosswind at greater altitudes, flow rates, airspeeds.
and droplet sizes not tested previously for dispersing herbicides for
military purposes.

These data are, to the writ.rx' knelo-, the m -st cxtcnai-L
of their kind ever accumulated. For the fullest contribution possible
to the advancteent of knowledge in this relatively unique field,
these data should be extensively examined by an operations research
group cpable of discovering principles applicable to the art and
statistical tools useful in their evaluation.

Currently it is estimated that of the liqutd spray released 50
per cent or less is likely to be utilized efficiently.

1. C-123/MC-1

From the performance data of the C-123/M'-1 (aircraft 56-4386)
research configuration, it is concluded that:

(a) A reliable flow meter is essential for testing a
system for operations and desirable for inclusion in operational situations.

(b) A deposit of three gallons per acre can he obtained
with any of three liquids sprayed on a single in ind pass at 150 feet
and 150 miles per hour; however, peaks of deposit occur on invind
flights that exceed 10 gallong per acre in sort cases.

(c) At high flow rates the spray from the tail book tends
cc, fill in the valley or trough of a normally bimodal deposit curve and
generally causes a central deposit peak.

(d) Deposit peaking in these tests could have been caused
in part by relatively large particle sizes in norays (about 350 micron
iHD's and larger), particularly on inwind flights wtere high flow rates
were tested.

(c) Two 20-horsepower gasoline engine certrifugal pump

combinations Are not required for one 1000-gallon tank spraying Purple
at a rate of 1 gallons per acre. However, one of these engine-pamp
combinations would be a desirabe replacement for the original 10-
horsepower unit currently in use on Modification 1, because the latter
init must be operated at full throttle to provide sufficient flow of
Purple for a l -gallon depoqit per acre.

I,
if: !
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(f) TIo 20-horsepower gasoline engine pump combinations are
req-jired for each 1000-gallon tank to spray Purple code material, a 2:1
six of fuel oil and Purple, or fuel oil at a rate sufficient for a deposit

of three gallons per acre.

(g) Booms of three-inch diamater are not requircd. Liquid
surging in thetm caused the check valves to malfunction. This condition
was corrected by installing booms 1 inches in diameter.

(h) Two gallons per acre of Purple i the maxim practical
deposit to be obtained on inind flights where l -inch-dliemter wing booms

only are functioned and the flow rate is of the order of 430 aalloa Der
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 booms may be functioned a deposit of
three gallons pir acre could be expected for the same swath, and at about
the same per cent recovery.

(i) lhere only one pump is used for spraying Purple at a
rate of 280 gallons per minute through 98 one-fourch-inch check valves
using lk-inch-dimeter wing boom in an attempt to obtain a deposit of

Ik gallons per acre, an KID of about 400 microns, 93 per cent recovery
of spray, and an invind swath of about 300 feet can be expected.
Functioning all booms and using 110 cbeck valves for spraying can be
expected to provide about the same flow rate, swath, and per cent recovery.

2. H-34iHIDAL

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

(P) The functioning reliability of tv system is improved
&s modified.

(b) The modified unit can provide an NO of 365 micros in
swaths of Purple spray of 190, 160, and 150 feet at deposits of 0.5. 1.0.
and 1.5 gallons per acre, :cspectively, when flown inwind ac 55 knots at an
altitude of 100 feet using 60 nolre rip- Nn. 8015.

(c) The unit can be flown at 75 knots and at 75 feet altitude

rotherwise as in (b) above] to obtain an WM of about 300 microns in Purple
spray in swaths of 180, 150, and 120 feet at deposits of 0.5, 1.0, and 1.5
gallons per acre, respectively.

(d) Functioning the system without nozzle tips (using the

.heck valves only) tends to increase particle WT) and slightly diminish

swath width.

IP
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3. General Conclucions

For truly inwind spray flight: or for spray flights condt."fted
under whc, lly quieacent conditions, spray deposit curves generllv will
have a maximum of peaking. As ?D's of the spray increase, the peaking

is intensified.

Ideal conditions for spray release 2Le more likely to be
the exception than the rule. Factors contributing to a high degree
of spray ainability do not generally increase efficiency of spray4 deposit.

Where spray amability is on overriding factor this can
best he satisfied by inwind spray releases.

W~here spray coverage of large ar.!as is sought, crosswind

B. REC0MMATIONS

1. C- 123/l%-l

For the C-123/MC-, system it in retomended that:

(a) Reliable flow meters with capacities of abotit 500

4 'gallons per minute be installed.

(b) Wing booms I inches in diameter be contirued in use.if (c) Necessary valves and piping be installed on all C-123/C-I

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

(d) If the current requirements- a three-gallon-per-acre
deposit delivered in a single pass - are continued, then on lnwiitd
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
a'd at A 150-foot altitude of relcaac. Dcal engiie-pump couMnations
and a tail boom would he required.

j , (e) If two separate passes are to he used, spraying 1

gallons per acre on each pass, then tinder the conditions of (d) above,
a swath of 300 feet and a flow rate of about 260 gallons per ma!, te

shel.l L,. used. For railitary or operational reasons these twc passesS:i need net bc a.%adc on the same mission. If a second l-gallon dose is

necessary, a single separate pass at a later date (as much as fo,,r

to sit weeks later) will be at least as efficient and more desirable
operationally.

J
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(f) A single 20-horsepower gasoline engine and pum~p combin~ithon
should replace the original 10-horsepower units in Modification I onlv as
replacemcn~ts are needed.

~ 1 (g) The C-123/MC-1 M4odification I be continued in use.

For the H-34/IDAL system it is rec o_-nded that:

(a) The modifics-tion as tested be :-corporsted into all HIDAL
systems used for sprayiitg herbicidal mt..rials.

(b) This I4IDAL system as modified be known as HIDAL-70 (for
70 gallons per suinote flow rate).

(c) That flight conditions be selected from those found In
Conclusions. Section IV. A, 2.

(d) Thit at least 60 nozzle stations be istili,.ed -4sh "n!1
tips no smadller th. n No. 8010 to prevent undue back pressure on the
electrically driven positive-displacement pump.

(e) ThAt requests f.,.r specifications and or drawriga of the
HIDAL-70 he addressed to 0&R, Navrl Air Station, Jacksonville, Florida.

I'



(f) A single 20-hoisepower gasoline engine and pu'p combination
repla,.v the original 10-horsepo.er units in Modifization I only as
fmwnts are needod.

Wg The C-l23ThE-l Modification I bit continued in use.
-4-

H-34/HIDAL

Por the H-34/HIDAL system it is rcc e~inded that:

(a) The modification as tested be incorporated into all HIDAL
uised fot 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 those found in
ions. Section IV. A, 2

(d) Th't at least 60 nozzle stations he tjtflI,.eel ,.th rwrj
smailler than No. 8010 to prevent undue back pressure on the
~;lly driven positive-displacement pump. '

(e) That requests for specifications and or drswIngs of the

hv ;ddrcssed to 06R1, Naval Air Station, Jacksonville, Flnrlia.I

IV
v.
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C- 123/W- 1
Flights Selected for Further Evaluaition of Fxata.!/

Dae
196 Pih 1.'1P O.,/ kvu Deposit196 Flght Uqu6- ~ o.! six* Attempted, spa

I$ Jul 3 1 T 1.51.

20 Jul 4 1 T 1.51.
1j Jl £ T 1.5 1.5
19 Jul 3 WT 1.5 3
15 Jul 

W T 1.5 3
III Jul 1 T 1.5 3
1
2 

May 1 V 3 1.5
14 May 2 13 

3
1 U3 1 WT 13

21 Mtay 1 T
2
2 1ay 3 1vT 

3
17 may I 1 I 3
14 Key I VT 3 3
19 may 2 W T 3 3
20U~1Y I VT 3 3

2 tY 2 VT 3 3
22P.Y I VT 3

22 MA Y 2 I ~
1. ay I W T

1m, 2 W T 3

w 111.

10 
1.5
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Doat.0 lcal Depouit
1q43 flialst Uquid Sc0m. Siam Atteeprod, f'r

19 Jul IS V1.

20 Jul 7 1 3

21 my w 1.5

2
4 Wy I v3 1.5

34 1m V3 1.5

24 fy *1V3 1.5

23 Ifty1IS 3 1.5

1 5 Ply I 1 3 3

22 "y 5 ISV 3 3

1/1 S V1 T 151.5

6 Jul 3 2 V 3. 3

6 Jul 4 2 VT 1.5 3

9 Jul 12 vT 1.3 1

I Jul 12 VT 1.5 3

7 Jul 4 2 VT 1.5

1#Jul 2 2 V 1.5 1.S

17 Jul 3 2v 1.5 3

4 Jul 22 V IS 3

6.Jul 2 2 1.S I

4 Jul 1 2 V 1.5 3

1 .7,11 1 1 WT 1.5 1

13 Jul 6 3 ? 3

E6 Ju I I 3

11lu 3 WT33

25 lul 2 3 V .w

11 Jul 5 w

4. AltItude Teq...etoc 150 foot.
Airspood rvjvest#j 110 knots.

b~. I - Purple Code material.
2 - I part Purple, 2 parts tool all.
I - Too I ofIl.

C. VT. AllI bcqW.
v si oo".T Tall boom..
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H- 34/111 DAL

Flightsi Sele~cted for Consideraticn of Ddta

Daeatiue- Airs pedb/ N,,. c/
196 _ ?lgh / Altitude, knots Type
16 Jliul 1_____ 50______55_________ 01______{16 Jul 7 1 50 55 8015

16 Jul 5 1 50 55 C.V.

13 Jul 6 1 50 55 C.V.

13 Jul 6 1 50 75 C.V.

t13 Jul 4 1 50 75 CA.

12 Jul 5 1 75 55 Bois

16 Jul is 1 75 55 8015

12 Jul 6 1 75 55 in

16 Jul 16 1 75 S5 8015

12 Jul 10 1 75 55 CAI.

11 3 Jul 13 1 75 55 CAI.

13 Jul 14 1 75 55 C.

t6 Jul 13 1 7" i5 8615

16 Jul 14 1 75 75 8015

12 Jul 7 17% 75' 8015

12 Jul 8 1 75 75 8015

12 Jul I 1 I7 75 C.V.

13 Jul 1 1 7s 7S CA.

13 J.1 111 CV

11 Au 16 7s 7 C.V

13...................................................... ..............
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Date Altit,..k Alrepe d,-/  mm 1.- i
1963 FlLght LiquI

1
1 feet Tiot. ?ype

13 Jul 18 1 t00 75 C.V.

7 Ju1 6 2 50 55 8010

7 Jul 5 2 50 55 6010

7 Jul 15S 2 so ss $015

8Jul 5 2 50 75 C15

8Jul 6 2 50 75 8015

2 Jul 12 2 0 75 C.V.

I Jul 14 2 50 73 C.V.

2 Jul 11 2 50 75 C.V.

7 Jul 3 2 75 55 8010

2 Jul 5 2 75 55 $010

S Jul 3 2 75 55 0015

5 Jul 4 2 75 55 Dols

8 Jul 9 2 75 535 801

a Jul 10 2 75 75 8015

8 Jul 11 2 75 75 C.V.

2 Jul 12 2 75 55 C.V.

I Jul 7 2 75 75 8015

a Jul 4 5 7W73815

2 Jul 7 2 75 7.C.V.

2 Jul 1 2 100 35 010

5 Jul 1 2 0 55 3015

5 Jul 3 2 10 75 s015

SJul 6 2 100 75 8015

a. I .* Purple.
2 - I part Purple, 2 parts fuel oil.
3 - 'uel olt.

i, Attitudes requested.
Airspeed raquested.

c. C.V. * 1/8-inch check valve with no noale tip.
8010 - 1/8-inch check valve with Spraying Systemw flat notate tip
(rated !.n CPM).
15 - II8-inch chck valve with Spraying System flat nesle tip

(rated 1.5 GPM).

.I>:I
+-
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APPDMIX s

WATH WIDTHS
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Depoeit from H-34/WAML

ia Miedtn Diamtter (D) of S ay

-::r eAltitude, Airspe"d, Joea

I%J fligbt tq"i4f
/  ft knots Tp tcrons

27 Jo 100 265

2 3 100 s1 303

2 J1 1 2 too 33 8010 315
2 2 100 31 0010 3t5

3 2 100 oo 237

2 2 100 73 o010 250

3 25 53 8010 306

* 2 71 1 80"0 295

7 2 71 7 c.V. 340

* C.V. 302

9 2 .00 71C.V. 343

10 2 100 s C.V. M02

I ;, so is C.v. 308
t2 2 s0 7 C.V. 270

., , 2 2 100 73 801. 3Cm

4 2 75 55 lots )0,1

7 75 is sots 224

7 Jul 1 2 100 73 80o 231

3 2 75 35 OlO 237

3 2 50 5 0010 273

8 2 75 71 80!5 2?0

2 73 51 soIt 2.3

12 2 100 1; Dol 295

14 2 t00 75 o01 I"

-----------------------------

,,I

, j j I I I I II II II
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Dote ~jd~ Altitude, Airspeed, 4.2& le lMO.
19)i~ht Uue t knots Type micrcx~a

7 Jul 16 2 50 5% 8015 28q

aJul 32 7575 8015 237

6 2 75 Bois 218

30 2 75 55 sots 202

13 2 755 .V1

13 2 50 801 C.V.

12 Jul 10 75$1 1

5 175 35 8015 379

S175 75 4015 312

11I75 75 C.V. 448

14 175 55 C.V. 461

1) JI 2 I75' 75 C.V. 420

4 so5 75 C.V. 414

6 150 55 C.V. 4117

I 75 75 C.V. 448UI75 55 3
17 1 100 75 C.V. 46A

416 Jul 1 1 75 5s, $015 448

10 1 5 5 015 312

so 55 8015 164

QI50 75 8015 110

(XI 0 7S $05 31

a. ri-Irple' ccdt matvrf$.
* I pit rupl. . ;-rts fuel oil.

A. iM-Id~che'ck v !vo with nr' nomale tip,
810 8- I-Ich che.ck v~lv- with Sprayinst Syst," flat n,'zaIr tip (rAl-f n3 G!I),

Sol', I/A-Intch ch..-ck "vlv with epriynR Fyt flat n.zzle tip (rated 1.5 r~mI.
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C- 123IC -I
Mass Median OLamwttr (?124f) of Spray

I

DA te Je Poo I t! No& I I 
d l  

HP.

16) Flight LiqUd -
1  

Att .*d, gpa Tvp., Micron$s

10 may 1 Max US020 348.7

II may 2 3 U50.20 457.6

II may 3 3 50120 411.,

12 may 4 1 U50120 348.7

13 May I3 U5070 400.2

13 MA y 2 3 U5070 42J.1

13mmy 3 1 3 U15070 434.5

17 May 4 1 3 U50/0 417.4

IS May I 3 U5070 451.7

8 May 2 1 3 U5070 428.8

21 M y 6 1 3 3/8" 388.
C.V.

3 May 4 1 1.5 3/8" 423.1
C.V.

YL. 'wy 6I 1.5 3/8" 411.7
C.V.

25 Nun I 3 3 410." 40.0
C.V.

' lu 5 2 3 1/4" 371.6
C. V.

17 lu I 6 2 I •/I" 105.4

C.'.

17 'i 7 I.,5 *4""

C .V.
8 I ,I 7 I 1, ', 17.,

ii l
I' itl ' I 3 7!/'." ..23.l

C.V.

;1'. 1 ,I r plvd. ' rtk o l .
. I F- .I F r~'Al ., .2 al .

, I - F' I'l o .

12-1rch li', ~~, ' n " , thrt 20 sflv.

I I I ~ I9~i t. ~ I I ~b I I I In'21,'I

... .. .. .. .. .. h-k it -zz.
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0 A3ELL1UIS 6325

SL'.,M. KUM~ Sr.'AY CALILVqIkTIAI

Preipared for

Crops Division

4. May 1964

D~MECT2 OF' TECfHNICAL STiV ICES
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Analysis 6325

4 May 1964
gcy

FACTORS AFFECTING PER CENT RECOVERY AND PER CENT EFFICIENCY FOR
SELECTED ARPA SP1MAY CALIBRATION TRIAUS

PROBLEM: To determine the effect of variove factors on per cent
recovery and per cent efficiency for e -lected flights of
the HIDAY, and C-123 systems.

ANALYZED BY: MarLan W. Jones and Dr. Gordon L. Jessup, Jr.

REQUESTED BY: Dr. James W. Brown, Crops Division

REFERENCE: Analysis 6275, Biomthe"tics Division, 27 February 1964.

SUWARY

All flights in the 1963 ARPA Spray Calibrotion Trials were rated subjec-
tively by the investigatos using the scale I through 4. where I represents
the beat patterns and 4 th# worst patterns. The per cent recovery* and per
cent efficiency* of sprays were computed for all HIDAL and C-123 flights
that resulted in patterns rated as 1, 2 or 3. These data were exanined to
deterrmine the effects of the various factors involved in the calibration.

"Liquid" was the only factor that was showrn to affect per cent recovery
for the HIDAL system; "ali'jde," "speed," "nozzle," and "pattern rating"
were also considered. A£"!e 6eoui.. tric mean per cent recovery with Purple vas
estimated as 82 per cent, for "M:x" the estimate wa.L 62 per cent.

For a Lelected depcsit if 1.5 gallons per acre (gpa), only "Liquid" uas
shovwn to sftrct per cent efficiency; significartly 311 per cent was estimated
for Purple 2nd 30 per cent for Mix.

Per cent recovery for the C-123 system was significantly affected by
"lIqid" and "Intended Deposit." but not by "Boomx," "Scoo Size," or
"PAtrrn R~tinE." C-e.etric mean per cent recoveries wcrc cstimatcd a.;

* 'er cent recovery is defined as the ratio of the total amourt deposited to
the anount of spray released, expressed as a per cent. Per cent efficiency
is the ratio ef the amount deposited at a given level to the amount dia.
b,ninated. expressed as a per cent.

L . .



49

Purple, % 78 94

MLxorV Yu* I1, % 60 72

lose of the factc.s c sidard Gi iificrntly affected per cent efficiency
for the C-123 sya , Tits omtrc m. ptr cent effi*.ency was batimarc d
a 35 per cent.

All deposit petteras obtained in the 1963 A TVX Spray Calibratice Trials
were rated subjectively by the iwootigat= unirg the scale I thrcuah 4,
where I r-prents tbh beat patterr arA 4 the worst patterns. For the
system IM-0 &ad C-123, per cent racory and per cent efficiency were
computed for each pattern rated 1, 2 or 3.

ret cent retcor 7a d afid " the ratio of the total ezv-it d2pctod
to the @aiI nt of s rn wt h a t- hd a a Ir cont. ftr cent byficiantv
is the Sio of ta airrat d intd at a Ir level to the c'cc1int dig. Sr-
rated, - o e a pr coet. Tdn o r l t.nu ieo lont wee by the
fo-lovin foal f g(te)

%recowry

where: 0.00202 is a cznatant reproasnting the portion of an acre covnred
in I minute at I r-! with a swath wid~th of I foot. Iutiplied by
1030 to convert to percantatga, the constant beccos 0.2,02.

S - speed of aircraft in miles per hour

D a total depoitt collected on stip!. line in gallons per acre

Z - Interval of sample stations in feet

F - flow rate of spray in galles rPer winute

1 efficiency 0.202 x S x I x 3 (2)

whe re ai

- - -

*1
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The quantity e t is defl.Cd f", 'h' .- t: aople station As 4n "Cfftc-
tive deposirp" and takes the following values according to the value
.f gpa per station, where P is the desired deposit level:

when Spat > P, et P

when O.80P < LPA, : P, ki spat

when Spat < O.80P, e i , 0

Estimates of these percentages are shown in the Annex as Tahle 5 for
HIDAL, and Table 6 for C-123. It wae desired to know whether the various

. factors involved in the calil,ration, such as altitude, speed, no-ale, etc..
affected per cent recovery and per cent rfficiency.

11. ANALYSIS

A. METHOD AND MODEL

Cosidrable variation occurred in per cent recovery and per cent effi-
ciency and, since variances of per cenri are usually correlated with (=mcnz) 2 ,
the logarithmic transforwAtion was used. Variablen for analysis were there-
fore "log % recovery" and "11og3 % efficiency."

A comaplete lesot squares analysis was necessary b, cause of the lack of
balance among treatnment conditions. For illstallce, lit the HIDAL system, data
include only 9 flights at an altitude of 100 feet, with 29 flights at 75
feet and 14 flights at 50 teet. In only 5 of theso, flights we-, the check
valve bodies without noztle tips* used, the 8015 and 8010 nozzle tips were
unsed In 25 and 22 flights respectively. Thus Arithmtic meAns Are comparable
noither anong the altitudes nor Among rozzles.

The trotrhot.t ical model fyi the general 1,: -t I~iJares analysis, asumlng
no inreractionx n-ong tretr.ntm. was:

. . + a + b, +'''+ nk  + ci) .. I

r or this ,.xpression CV will be used subsequently.

---------------------------------------------------------------------------- rr.

!m :L ""



whe re:

Yij ... I an individual "log per cent recovery" or "log per cent
efficiency"

p-over-all population skean when equal1 subclaas frequencies
exit

a, - effect of the i-th level of treatrent a expressed &a a
deviation from

b1 - e ffect of the i-th level of treatmxent b expressed as a
deviation from p

nk effect of the k-tb level of tratnent n expressed an a
deviation froas p

ei . raneora errors an~u-n"d normally and indepen-mently distri-
buted with w~.N 0 and variance C2.

Fromm this mnodel an over-all mean, corrected for lack of balance among
treatzent conditions, and a set of coi-fficients or constants, one for each
level of each treatmsent, are obtained. The appropriate constants are
added to the ove"-all me-an to obtain estimsates of the mean I narithms for
any specified co'-binations of treatrtents. Antilogs of these values yield
the estimated gco-zeZric mean per cent recoveries or per cent efficiencies.
The Annex to this analysis contains all means computed in this runner.

R. H1LDXL SYST:MiFactors considcred for the IIIDAL systeml were.

(a) Liquid - pu.rple and Mix
(b) Altitude - .it* 75, and 100 feet
(c) Speed -55 and 75 knots
(d) Nonzie 8015, 8010, and CV
(e) Ratting 1, 7 and 3.

:4I
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1. Per Cent Recovery

The analyuis of variance of "log per cent recovery" is shown in
Table 1 of the Annex. In order to check the hypothesis of no interactions
among treatment condlitions, an estimate o f the sampling variation wac mAde
from those treatment conditions that were repeated. Seventeen degrees of
freedom were available for this estimate,igiving a mean square of 0.01148
for sampling error. This "etimate is equivalent to the error shown in
Table of the Annex, which includes interactions if prcsent. Thus it was
concluded that the model described in Section II, A was appropriate.

It will be noted from Table I of the Annex that only liquid was
shr o have a signiffcdnt effect on per cent recovery, and Purple gave a
h ighelr per cent recovery than 'Mix." Coefficients -;oeputed from the least
squares analysis and least squares geometric means were:

Per Cent Recovery

Least Squares
Geometric

Factor Cofficient Mean % Recover,

Over-al I Man 1.85387 71.43
Liquid:. Purple 0.06219 $2.43

it Mix -0.06219 61.90

Altitude:
50 feet -0.01374 69.20
75 feet 0.03791 77.95
100 feet -0.02418 67.56

Spced:
55 knots -0.02262 67.80
75 knots 0.0226? 75.2!5

Noss Ic
8015 0.00124 71.63
8010 0.01019 73.12
CV -0.011,2 6.5

Rating:
10.02691 75.9

2 -0.00904 69.96
3 -0.01787 68.55

I



In spte ot theofac th'e cunt facthor ofth~.er chnLiudinifiecantlry
Aprxmae9 er cent co ieryI & i tx thre 75,g t o er thnt the com-v

bnoftherfr fourte covntrlale factos thacrt wuld. paetygv h1~~ ~ affet per cent recovery to: Purpanle, i5ft aottniltde,7kntpeedt,
anduted o&eratrn thateud bsIel nkey ohave u IDiernce n
reoery o the basnisu of the currentvwtd frence.tn ther 0.05 sigefcance
Apatt95per cent ofienen alea Apoimts 60wber75to,' 14t per cen upeer 
Thi reqred.n cimirnubrfbarationwsnonlue n thedebpereiet dct
therefre esimterenc en are othe y factor i

Ony Liqui fatr hof, iny Tabeed 2 o h Abn th ainaysintty
affect per cent refcveny at n intlnde diat otmlce o 1.5rin talon

pe reacre. Smilaed coeffcint and obeatint oulbe eqied to eec

cent efficiencies were:

-- -----4 
.. ..

,~ A



54

IRIDAL
?er Cent 1tficiency -1.5 ape

LeAast Squares
Geometric

frec2l Coofficilnt Mesan % Eficiencv

over-all yesa 1.53313 34.53
Liquid:

Purrp I 0.05470 39.16
K u-0.05470 30.44

Alt itws: -. 24 2450 feet -. 24 24
75 feet 0.01690 35.89

100 feet 0.00952 35.29
Speed:

55 knots -0.01097 33.66
75 knots 0.0109~7 35.41

Neste 
41.0Bois 0.074944.0

8010 -0.06296 29.87
CV -0.011" 33.59

Rating:
1 0.04991 38.73

2-0.03M0 32.21

3-0.01983 32.9

Obiserved volue in,,licated thiat, with th~e exception of nerate, cite
same c on I ot okf factors that "oy produce the greatest per cent recwrrry
night also pro-duct the groatest ptr cent efficiency when intended eepoait
ts 1.5 gallons per acre. That Is, Purple, 75 feet altitude, 75 knoto sped,
and 8015 nozzle gave an estins ted per cc.-: efficiency of 55 per cent with
95 per cent coffience limits of 45 to 70 per cent for deposit curvez rated
as 1

C. C-123 SYSTEM

Factors considered for the~ C-123 system were-

(a) Liquid -Purple, Mix, and Fuel Oil
(b) Booms All, or Wing only
(c) goom Siae - 1.5 inches, 3 inches
(d) Intended de"osit -1.5 and 3 gallons pear acre

(e) Rating - 1 2 or 3.

M7i
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I. Per Cent Recovery

The analysis of variance of "log per cent recovery" for the C-23
system is shown in Table 3 of the Annex. Liquid and intended deposit were
shown to affect per cent recovery significantly. A higher per cent recovery
was shown with Purple than with either Mix or Fuel Oil, but no significant
difference was shown between the latter two liquids. A higher per cent
recovery was obtained when the intended deposit was 3 gallons per acre
then for 1.5 gallons per acre. Computed coefficients and least squares
gecmetric msen per cent recoveries wert.:

C-123
Per Cent Recovery

Least Squares
Ge ovoet ric

Goqfft:1n t ea%
Over-all IV an 1.85582 71.75
Liquid:

Purple 0.07757 85.78
Mix -0.00697 70.61
Fuel Oil -0.07060 60.98

looms:
All -0.02315 68.02
Wing Only 0.02315 75.64

Boom Size:
1.5 Inches -0.02674 67.47
3.0 inches 0.02674 76.31

Intended Deposit:
1.5 gpa -0.03908 65.58
3.0 gpa 0.03908 78.5114 Rating:

1 -0.00013 ?1.73
2 0.01186 73.74
3 -0.01174 69.84

Observed values indicate that the combination of factors that masy
give rise to the greatest per cent recovery -'as Purple, wing boowi only. 3-
inch boom size, and intended deposit of three gallons per acre. The least
equates geLmtwi mar w as 110 per cent for deposit curves from this com-
bination when the pattern was rated as 2. Approximate 95 per cent confidence[ 1 limits were 90 to 130 per cent.

2. Per Cent Efficiency

Table 4 of the Annex shows the analysis of variance for "log per c,.nt
effiriency." This analysis indicates that none of the factors was shown to

affect per cent efficiency significantly. Computed coefficients and least
squares geometric mean per cent efficiencies were:



56

C-123
Per Cent tffLcietncy

Least Squares
Geometric

Over-all M n 1.54261 34.88
Liquidi

NPrple 0.03283 37.62
lIS 0.03953 38.21
Fial Oil -0.07236 29.53

All -0.01551 33.66
Wioo Ouly 0.01551 36.15

soom $lue:
1.5 Inches -0.04354 31.54
3.0 inches 0.04354 38.58

Intended Deposit:
1.5 era -0.03557 32.14
3.0 IFe 0.03557 37.86

Ratios:
1 -0.019I1 33.47
2 0.02305 36.79
3 -0.00504 34.48

Altho h not Included in the experLwntal proram, the combination
of factors for which ct rved values Indicate the greatest per cent effi-
ciency wy be obtined were Ri, winq borm oly, 3-inch boo's stae, arol
intend2d deposit of three cellone per acre, for vhich the leact squares
Seonetrlc mean per cent efficiency wa 50 per cent when the rating wae 2.
Apprcoxfoate 95 per cent confidence liflts were 35 to 70 per cent.

Reviewers: At yst8:

SERTAM W. HAIKS, Chief MARIAN( W. JUNEL
Experimental Design Branch Research NMtheutical St:lstictan

WALTER D. FOSTER, Chief CORDON L. JESSUP, JR.
Biomnthenatic8 Division Research Mathemticel Statistician

S .................................

MORE..INER



TABLr
Joe Nuuo * 6325

ANALYSIS Of VARIANCE

or

Log Per Cent Recovery

Liquid 1 .155249 .155249 6 ib.0 <.001

/2 Atitude 2 .038570 .019285 6 1.99 Pi

1 .021612 .021612 6 2.24 NS

4 doz .001927 .000964 6 <1 N4S

tat ing 2 .011498 054 6 N11S

S Error 43 .416537 .009687

TOTAL _1

11

12

14

19

F''



TADLE 2

ANALYSIS CW VARIAW-C jsN,8m62

OF
RIDAL

D)"Pogit of 1.5 ape

L Per Cent "fficiffocy

L ~~~U Ik bovw Sqo

Liud1 .120107 .120107 6 5.11 e.025

IAltitude 2 .016760 .04380 Its 3

$e 1 .0050M0 .005,01,0 6 2.6 I P

5 Rating 2 .04015$ .020079 6 1. Its

* grror 43 .66t653 .020031 ____

7 TOTAL 51 ________ ___________

10

14

15

to

20

*t! hu ce ?"Il (2) .



TABLE
,Joe Nulmg 6125

ANALYSIS Of VARIAUCC

or

Log For Cont K1'covary

L~qud 2 114".635 272 In0~

so 3.r. tl ~ 1 .025422 .025422 6 2."9 M~

4 1tMAd DNovi1~ .051M9 .051S90 6 S."9 <.025I~i -- .&1443 .00:256 - -1 n

14 __ _ _ ___ _ _ _ .- -

(1 seI"?



TAbLE 4

,i i

ho. it 
- ,  01.

Joel Nussrm. 6325

... ntnd.d LOS Pr Cent Eff.lenY

s~~~~~N TrSllJ I

¢ I Liquid 2 .056563 .028282 h 1. NS

2 B-,: t oomu; 1 .010631 .010611 6 <1 WS

4 Intended Depos it I .O42748 .042748 6 2.06 )WS

Rating 2 .01476G .007380 6 1 NS

, rrror 48 ."8075 .0207Q3

' TOTAL 55

10

II

14

15

19

#0 ro. -11 s(,.)-_
0, .4s 19v

ri - - .....

I I I II I I II I I3
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Af)'ENDIX E

1!~FLp h~rt T1~TN~~ORAXPA Slr'AY CAI.TrrATYON TVIA?!S'

The proposed ARt2A calibration trials are in a large measure a continue-
tion of trials conducted at Eglin AB, Florida, In JunT and July, 1962.
These former trials have been recorded in the following reports:

1. Modification and Calibration of Defolimtion Eqluipwent (C-123 -

first Modification), July 1962

2. Supplemnt to Modification and Calibration of DefoliAt ion kLquip-
ment (C-123 - First Modification), July 1962

3. Spray Tort Calibration of the IHrAI. (liUS-1 or H-34), July 1962
(along with authority, iapleimentat ion, and methods used at that
time).

The VIDiAL is a rev viece of hardware, aIX Lnits of whiich have been
imanufactured by AAVM=Q and will be included in the spring 1963 calibration
trials.

Eecauae the levels of apray deposit in the proposed trials will be
greater thirn those encountered in the trials conducted In 1962, the acetone-
wash method will be used.

An inherent ssusption is that emphasis wiill be placed on cietervmining
factors os-sential to the futurc.-useftil operation of these systems rnth~r

thani un I inding our "a.1 there is to Pnov" ab<out them. AltIho'.gh some
ancillary informatimn Is desirable (an! sorw Is provided for in this pre-
liisinrnry planning), It is btlieved that if further excursion in this area
is desired, it should ?e i fntdfrc1t'd t:, thv plannkr at An eatly date.
Otherwise. if it becom~s ntcessar, to cuirtail any testing, it will be done
in the ancillary information arva. In this conne'(tion, it shoild be noted

that a system developed by Transland Alrcraft, Torrance, California, "was
f Iov'n t o . . . . for sver2! i.,nths rf aierial spray dli~tribut ion pattern

tcta"lit Lostraat, this preliminary plan concerns three &ystems and a

Av J.W. Brown, 25 February 1963.

.......



Proposed Obj'ct ives

The major objective of the trials at Eglin AFZ will be to calibrate the
systems for their spray performance, particularly regarding aimability of
the spray and achieving useful deposit levels and particle sizes .dlth Purple
code material.

Current guidelines are to obtain, under conditions of inversion and
temperatures of 65^F or greater:

C-123/MC-I (Figures 1-4)

particle MM0 - about 300 microns

swath width - 300 feet or greater

deposit 3 gallons per acre

and determine flow rate aettinga neceneary for ouch deposltit under cnnditlonn
of 50 mph at 150-foot altitude or; higher on inwind flights with wind less

than five miles per hour.

For AD-6/FIDAL

particle MtH - about 300 microns

swath width - maximum i to be determined, currently

appcnr to be about 150 feet)

deposit - 3 gallons per acrt and m.'ximum

and d 'tcrmin' fan pitch sittings to obtain flow ratt,4 n,.cessarv fr .,h
d. posit under cond itions of At iut 150 kn.otA (171 :.p) .J .;pr~k op iJt.
altitude! tr greatest cffectivw swath widths.

For H-3../HIDAL (Figures 5 and 6)

1p..rt icl It MD - ahout 100t rmicon

sw ath width - -axium (to ht. di tcrmind, urr.ntlv

.ppear% to hv ,h',tt 12, f., .t)

On*I t -tax Iimum

F , ! ... . . . . . . . . .
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The kl= has a relatively fixed flow rate that can be adapted to ground
deposits by nqu.er of naozle*, noazl tips, and/or varying the altitud of
release and satr?"d. Both of the latter will be varied avd a dtterni.af lon
"ade whe por a alrspeed of about 70 to 75 knots can be 81 ly flown with

the rfi.

1. Clnk ground perfom-ite with ground flow rates and aerial sarays
of a mixture of I Wt Frrple, to 2 parts #2 diaeel fuel oil, and with the
fuel oil.

2. Choeck ground flow rates with water relative to performance with
other solutions. This information could provide a basis tor groun field
checks of system perfor--mnc an may be rtquired, e.g., 00

The original 0DI. TZA authorization for calibration involvde only the
C-123/r-1 syatu, but with two modifications of this system. The first
one was to provid quickly a s!v~c for obtaining ll gallons per acre and
the second to prrvide a 3-( IlG-%"r-wr. c 7bility. Until tha three-
&allea modification was re*d7 tto firot c"ld be and van used to provide
3 gallota per acre by the ex edient of flying two passe at l1 gallons
over the am area.

i 1The b1tsic objective of the trinls is to ascertain the ce-aphilities
of such systesi end to recommand coafigurarions for a given capmbility.SPrior to the second trials, =oat effort was directed toward obtainin. the
maxim uim cepbility of the systems available and to geverate ideas for
their improvement to increase this waxiwm.

Where thop -Stem output can be varied the objective beconis a set of
tables for such variation of system "djustebility." However, it is

desirable that this should be done to socre extent with the FIL.

It is considered de irable to have concurrently available at I lin at
least two different systems zAn to alternate daily in their use so that
a period for aircraft maintenance is pciible end more time will be avail-
able for the feedback of inforsotion collected fron one run to the o ott for a given system so that necessary adjustments can be made as requIred.
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Under .nvrsion condition s, available information indicates that on the
averagi about 65 per cant of spray rtlsan is recovered; however, inproved
data on this point would be welcome and we are prepared to obtain such data
us3.0 the acatce-Wah method.

Coecurrently we hoe to obtain a comxrieon of methods, i.e., using
dyed cards and the visual estimate of deposit as against the acetone-wash
method and thus obtain some standards for the visual method with Purple.

Flow Rate.

During the determinations of ground flow rates, it io desirable to
ccpare flow rates of various materials. Becaue the viscosity of Purple
changes rather marke-Ily with tVe returt, it will be desirable to obtain two
or three tests with Purple at different temperatures and, with the same
settings, measure the flow rates for fuel oil and water.

The test area oel-cted is DXC, 3 4lin, AM Florida. Range 52 South
will bo uo4 for the arid. Gretmd flcw ratT checks will be conducted ai-
the laboratory will be located at Field 2.

Location and L~c- f Mical gid

Four lines intersecting centrally are established at tange 52 South.
Smle lines are 2000 feet long with stakes at 20-foot intervals.

Sup2=rt Reouitcvnt

U.S.A. Biological Laboratories, Fort betrirk, Karylrnd

U.S.A. 100th Chemical Croup, Fort McClellan, Alabama (vehicles and
drivers)

U.S.N. D.V.C.C., NAS, Jacksonville, Florida (HIDAL - modified)

U.S.N. Aircraft 2(H-34 mnd A-11 aircraft)

U.S.A.F. 4500 Ops. Sq. Langley AfM Virginia (C-123)

U.S.A.F. PQGCP, gglin AFI, Fqorida (supsort)

I; I



U.S.A.F. Tinker A1, Okiabos (Meteorological)ij u.z.A.r. MNA, Olmsted AM, Pennylvania (MC-I moindifiLed)
Contractor, *G.7=0, $auto Clara, California (1IL)

1. Laboratory percoel will not ~ke within 50 feet of the acetcmv
storage area or in the laboratory wh-.ii acetcoe is being used as a solvent.

2. All contiminated aceaton will be disposed of ini a manner directe4d
by the officer in charge of the laboratory.

~v
1. Aircraft will act be flown over pc-plated areas when carrying tent

itme.

2. The ?rojet:t Officer at Mf~lis 1,71I will prviee~ the P4lot with eaz

Iapproved flight path to awA frem the r=T that ar~ofdv all pc-,'w1at G rvsa.
3. The aircraft pilot will not dis~eae any test ite ertc..t dirv-c*tlv

over V1.4 grid area.

Test results will be VICI.A3V'D.

1. Army pericmiel will ho repmsie for the prOVAration Of !
technical -.*ports.

2. AMc~, Killin will reproduce the reports.

A photo team, frcmn Fort Detrick will be on location to make a document.4ry,
film (16-cm color) of all sgray syatoe, operationi of lab-oratory, aend Lcd

The photoarehy laboratory at T~lin APB will process certein film
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exposed during tests, to include:

1. Rapid proceshin~g of file upon r*"ust of Project Officer.

2. Four hundred 2- by 2-inch slides frou file -%oiected by test teem.

3. Glossy black and white, printmi suitable for Ihlf-ton-e reproduction
from negatives furnished by Project Otlicer.

4.. Rapid processing of 16-m Kodak If film with one-day service on
approximately three l00-foct rolls per daw.

Transportat an

L. Eight J-ton 4 x 4 trucks will be required. Theso will be fu~rnished
by 100th Chemsical Group, Fort McClellan, Ale~sma.

2. One lIk-toii van-type truck with rear door suitable for locking will
be furnished by Fort Detrick.

3. Two rental cars are riequired.

4. Oae 3/4-ton truck for mteorological group will be furnished by

assigned as the office and laboratory. The telephore will have access tol'
local and long-distance servyce*.

2. Mo~bile conmmnications fer ground to aircraft will be provide-I by
Eglin MfB.

3. Ground -to-ground cov-~untcatlon requiremae t will be eight PItC-lO
rados. four from Fort M4cClellan and four from Fort Detrick.

it iA bclit'vrd that df~s to be obtained on the conditions of flight
listed iNhould he ample to provide a basis for operational ditsrmination.
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As tie if , :Ation is ob.atned it may indicate stressing the need for m.rct
inforation on a given variable and, vice versa, may 4llov an early choice
of selecting and using a "standard" condition for a given variable or
variables.

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

AMrnt -.. reet

IatiuAtes are sumarized helow.

Istiiates of Callons of Purple and #2 Ultesel Fuel Oil it(quired

rpystem Purple, fuel Oil, Average Ielemse
gallons gallons ime per Pass,

C- 12 /c- 1 7500 9270 20

FIDAL 80O0 3opn 12

HIDAL 900 1125 20

Total 13200 13475

On Hand 65 O .-

Additional
Rtequircd 6700 13475

Est. Cost/GAI $5.00 $0,10

Est. Cost $33,500 $1,35,0
Total Cost $ 1z, g5o

5000 ,;llons 0 rurpl( 1avc been obttinv on .- , within two jeeks. Fuel
Oil ! o :_ta .!i I '1ly at Eglin AFM a ..
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Permoonnei requirements are~ tabulated in TAbles I and 11.

Regardless of system, Ariy pcraonneL indicated in Tauble I and the Air
Force mieteorological personnel will be required for the duratior. of the
trials. Other personnel associated with each system will be re'quiredJ on
locattrn as long as that s~ystem is rcquireJ.

TARLS 1. PZRSONWEL REQWREMEKTS (AM')

Number of Fort Oct rick
-personnel C:ops D0'. Other Ft. PkCllan

rield Crew

:oardinator I I
AshL. oordina~tor I I
Radio Operator I
G~rid Crew 7 2 5

Tot a 1 10 4 5

Lab. .r(,w

Labn. Sut'vrvigo~r I I

Oprator2
1,M). 1, An i,1inn 2

Lilin ring 2 2

0 .i Pro~ v I 'n 3 -

(.r'tjnd Flow. Check

F.:juipinn tit Ft~il1 in r 2

1*11't- r ip n r

t .,- titI
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Crops Division plans to supply a total of about It technical and non
technical personnel; about half of thest people have been designated. The
remainder are anticipated to be available either by reassigiwiirnt 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 Riley mad/or Mr. Al Cissna

Equipment Lngineer - Mr. Paul Wampner (to be in charge of ground
flow rate checks and system configuration)

instrumenL Specialist Mr. Kenneth Krants

Laboratory Supervisor Mr. George Trout

Arrangemnts arc in process or havo heen comipleted for approp'riate .4ir
Force and N.wy personnel to participate as wt11 as Army personn'l ftom
Fort McClellan.

A meanp of ohtaininE the ,"rviroe, of twr IrfIAL 9pect-lits frk:-- ACAP'N(70
remains to be determined. These two specialists, necessary equipment, -nd
support at Eglin AFB are considered essential for the functioning of this
sy. •m. ACAVENCO concurs.

Aircraft Tire on Loatioci

In regard to tLine of aircraft on loc.t ion, a1 rough estimate has been
made for one mrnth vach for the C-123 ani FIDAL; two weeks will suffice fot
the HIDAL. however, it is hoped that mn too systems could he on location
concurrvnt ly. Altcrnate use would al low a m,11tenanct ptcriod every other
day for -ppropriatv ground checks pIor to .a flight. Additionally, feed-hack
of dat a of on, doy 'i ope ration would he ;;Ipful in scheduling the n.xt cnn-
I i izur.1t i . This syvtcm of pl.nn ing, while not ext.nding the over-all time

.n lcation for the conduct of all the t sts, -, uld rtquire an extension ,f
th, tit Ioc. l o.: n for thi, io'."Ju. systto. A opi i b i -.u~xvhtd
ol 45 do- or the C-123 aiid the FUJAL, with the C-123 the sole system for
th. fir.t t w' ,eeks and thun doubl ing up with the FIDAL until the C-123
mission i a mp Itte,!. At tinit timne the HIDAL cottId (it her be brought in to

adot,"I.. tip it- th, FIt)AI or .'.. FIDAI co,l! he- run singly and tht IIIDAL !.Ist
'h it s It.

.4-i

'.4:I

V; ,



Approximate scheduling suetsted Is shown below:

P8a0I 15i C-I23bXC-Z
* "Y 1 45 C-123hiC-1 and nVZAL

rsay 61-75 IVAL

Te foo11ovtng general spqw.ince of aprration will be e*racutedl:

I. Coafig uZstion seleiCtioi.
2. Croumd cbrccks on po~foruance and readiress (Field 2).43. FIP1.ts C3mnS,* 52 5).
4. .Lelhoratory processing (Field 2).
5. Data proession (Field 2).
6. Information feed-back for configuratio" stlection.

Normlly, Items I and 2 will be perforr. d the day preceding fli~'hts.
Three hottrs' air time on a mission is inticipaeed on the avernte. Itema 4
is likely to require a major portion of a dsy, so that Item 5 will proceed
concurrently with avatla~oillty of Item 4 findings in order to expe'dite
Item 6.

It is anticipated t'tt the air, meteorological, and field cr~s will
start :?.eir day at abomt dawn min~us 2 hotirs to be on 1ocat~on at first
light, the laboratory and data-processing crevs to be ready far vort at
about 0700 or soon~er as wey be req~uired, The aircraft is expectod to
arrive at Field 2 after a mission betveen OW00 and M~OO for naIntenence,
refueiing, and grcurd ch'ecks with the system~. The gro-amd check crev
would be required on location when the system is available after a

4 ujaston.

As required, certain personnel nsay have to bec assigned to ts&s
tewporarily where the need is Kreatest.

Unless directed otherwise, in considered that the C l23r'C-
system will "e the initial syatem to be ttrtcd, the F1WL se cond, and the
NWDAL third. It is believed th4it with this sequence a shahecnin period
will be minimized.
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is s cea.Ldesvd desirable that pilots &signed to ctiis alseLon be
dosivmaed wan r akact I Avrll we that tbay can be eseiaeIsd "W briefed.
the DWcc"0e of the m&ssice will dapzzd greatly as tbeir mudrtm~dha,
eoopes ti omt ivetm Ai, wEPerforance.

It kas b&-_1 amjested that a~grorist* service permormiel be assijaud
for fmeiliarLji4t1*o trii with tbe flWL. It khas be.. teetstiwely
imadicated by *CC1 Chato owui to ms&3y factors, A ftme proacml may be

.AW: cialiat O9AIt AR cOodut thIiXA aOCtriastiGQ Wit*

lad tfiaiemof the wtuoalsitcal, air, p'eO.ed ch*Cto field, lob-
oratory, m%4 data rrceaCj croe will be coaducted by the r.&q4ecttLw
chiofa-of-crow. A" Wprsciotimm of the ~w-all mimnion stoulA be givwea
to Ckb mectiam, as well se ke teots of th* ocpiawat* wit.



-

APPNDIX F

NEThOD0S AND TZCIDIIQLS

A. C-123/IC-l

Each of the configurations of the C-123/,sC-l system testL'd over the grid
area was calibrated on the ground at the Field 2 site. The C-123 vis porke.d
on the reote edge of the coecrete pad in frotit of the control tower with
the tail overhanging a sandy strip so that any spilled waterial would drain
away from the pad. Aluminm troughs, or "Purple Catchers," fabricated ,t
Olmsted AFB, were hung on the wing and tail boewits with downspouts !eading
into open-top '5-gallon drlms so that the material spraying out of the
nozzles was caught in the Purple Catchers and collected in the drums. The
level of et-rial in the drums was measured with a c€ltlhrated dipstick.

The ground flow ch ck procedure consisted of setting up the nozzle con-
tiguration to be checked and functioninp the system until the pitps were
primed and the booms filled. After the initial levels of liquid in the
drums w ,re measured, the system was operated for a measured length of tin.,
uAually 15 or 20 seconds, with the pump pressures and rpm's prior to And
during spray recurded as welt as the indicated Ilow rate (used froj flow
meters). Following cessation of spray, the levels of rmtcrial in the dru.ns
and the iaterial temperature were recorded. The measured flow rate wos
calculited and comnared with the flow rate indic,,ted hv the svtem flow~meter.

Throughout the calibr,,tionF the flo w r,ttr re.-dinzs were in clost
wagreement ith the measured flow rate. In Lconsidc-r;,tion of the possible

error inherent in the measuring svstvn (thu dip-itick reading had an
accuracy of not b.tter th.on plus or mirus on,-hilf v.ollon. ,nd 16 to 18
re.1dings were required for each calibration) .nd the m.gnification of this
error incurred b not bein=,b i'h to sprv lor ,rie thi-, ?1 scond .
m llitr'd dru" capr.clty), the fl., 7ct-r veding w a adopted ,'s the cali-

Tbrated value. The pump prssur( prior to spraying ce-ed to he the best
value to specifv f-r spray runs.

Since the avound flo%. checks 'er cndnctd during the day, the liquid
temper..rurc during the 'rninc sptav run,' ., :.:I liv from eight to twelve
degrees Centicro., lo.wtr t.an that at wi! tic liqt d w.-s calibroted.

Pireportad hy Mr. Paul E. Waopner.

j
T I

:iI
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Accordingly, the flow metew tleicated a decrease of betve*n ten and twenty
gallons per mLate durL"4 the apray runs frova the value obtained during
ground flew checks.

Difficulty was experienced early in the spray tests in getting the check
valves to resemt after srayia4. Tnitially, thia was mainly due to the spring.
looded plug ccktrg mad eat returning ccwvletely forward upon the release of
pressure in the boams. Also, the rubber diaphrams aere being distorted with
the rapid displacesm€t of the plug by the initial fluid surge. A change
from 3-inch boams to be-=e of l%-Luch df.meter eliminated most of the fluid
surge sad corrected thia problem. All ,mbeequent le&ing problcus u-rt due
to foreitn particles catchiag in the cl-k valves. The %e of a strainer in
filling operatktue proved partially omccesful in eliminating such particles,
but particles already in the tsks coovinmsed to cause some difficulty.

A tendeecy of the poos in the IC-l system to lose prime on standing and
then to develop a air 6lock e restart was corrected by the insertion of a
bleed lime between the top of the pmp casing and the tank.

Loch of the nosslefliqld coofigeratioms for the EXDAL system that were
tested over the grid area vzo callb©ratd on the ground at the Field 2 site.
Almi~me v"-riped trovj,hs, fabmicated at 112lin AM were huAg fron each
boom and drainrd into %rIfht halves u gSallum rums so thvt the W.teri.&l
sprayed from the nozzles ws csui rht In thi trouKhs and collected in the half-
drum*. The levels of atertial In the drums were emasured with a calibrated
dipstick.

The ground flow check procedure for the HIDAL started with the system
being operated for two to three stcondo to fill the booms completely. The
initial level of the liquid in the druss was measure d ard the system was
operated for a measured length of time, usully 30 seconds, during which
the pump pressure was noted. After a iu(ficient interval to allow the
troughs to drain, the new liquid level was measured and the te-perature of
the liquid taken. The flow rote was calculateu from the amount of liquid
sprayed over the measured time interval. It was observed that enou.0 heat
war, transferred to the liquid by uprayinE out and pumaping bark into the
HI4IAL to raise the temperature of a given liquid about VC per trial but no
rieasurable chonge in pressure or flow rate could be observed over about a
10C span, which was attributed to the use of a positive displacement pump
in the system.

During some of the ground flow checks an extra pressure gauge was in-
stailed in one of the inner nozzle connections because the pressure g sue
mounted on the piLtp was affected by vibration and showed needle deflections
of as much as eight psi. The bo<m pressure gauge showed a drop of three psi
from tht- ump through the hose connect~ons and was tinaffected by the pump

rvibration.

:iA



A. ITO=~

t aThe laboraory groups Performed the followirng tAks during the fi drIs: (a) weighed predetarmivd q~uantitiles of dye for solution Inthevarious test chemicals, (h) assayed ai- -ch.quarC a1umin platessprayed with dyed materials for ms deposit on all flights, (c) assayed"Kro~te" cards sprayed with dyed matarials for mass median diameteron all crosswind flights, (d) converted &M1 raw data from sources(b) &Md (c) to final graphic and tabular form. Th is report covers items(a) throuth (d) in the order given above in descriptive. terms and relicsWqon quantitative terms to clarify the description.

a. DYE

It tois pqortavt to keep upprwat in mind that the material assayedin the laboratory is the dye and not the agen~t. Froms the laboratory point

of view the agent is just a carrier for a quantity of dye.1. Dye Requirement
J The dye selected for analysis in the field should exrhibit severalimportant qualities. Tbe dye should no Into solutio, #eAsily anid exhiibitan intense colorat ion at low comc~entratloni so as not to affect thechemical or physical properties of the agrnts appreciably. It should beresitan tofading on direct exposure to s'nlight and should also havethe property of an Isolated abscrbance penk v'hen analyzed with a spectro-photometee.

2. Dye Selection

Laboratory screening of corerciAlly available dyes indicatedthat Du Pont Oil Red Dye won acceptAble for use. A quantity of dye equolto 0.1 per cent by weight of Purple grve intenst- colorption and anabiorbaince pe.nk at 515 .illimicronA on a spectrophotoeter. Add it Ionall Iy,this quantity of dye allowtd the orectrophato-m.ter to be calibrated from0.1 gallon to 10.0 gallons ptrar and could bv ext,-nded on the higher
deposit crid of the curvo if necesiary.

*Prepart d hy Geotwtv~ W. Trout, Jr.



92

3. Dye Quantity

The sa quantity of dye (0.1 per cent by weight of Purple) we@ Ad1tA

to all spray solutions (Purple, No. 2 diesel fuel oil, and a mixture if twi
parts No. 2 diesel fuel oil and cn* part Purple) in ordcr to yied th.
identical calibration curve. This then xave a solution 0.1"4 per :en.t by
we gbt in the fuel oil amd 0.126 per cent in the 2:1 mix. . the field a
knriwn quantity of dyed materisl was plazed -% an al.mit jm plate and exp,.ed
to direct uidday sunlight for 15 minutes. No fading of the .)e was retitecd
when it was assayed in a spectrophotometer arid :owrared with a contr.,l plate
that wae kept in darkness.

4. Mixiag

In the field laboratory 245 grams (0.54 pound) of the dye were
welhed in one-q"art card. ri'rd containers. This qtuirtity of dye was aJd*d
to a 50-gallon drmm of chemical material (Pirple or fuel oil). The drum was
then reptug", laid on its side and roll2d on the runway t. inAire mixing
A the dye. The drum was righted, opered, and the material was pulped into
the tank or tanks of ho aircraft.

5. Sauplca

Prior to flying the test aircraft a sample of the d)ed material w.is
withdrawn from the trnk or tanks of the aircraft for use in calibrating the
spectrophotonleter. This sample was always dra-.r ira'edistely prior to take-
off for the grid a"d reprasented a covmposite of all the drums of material
pumped Into the aircraft. A second sample was drs.?n fror the aircraft aft.,r
the spray misiion was completed and the plane returred fr'- the grid. ierce
in all cases at least two samples of the spray material were taken froa the
aircraft.

These xAmples when properly dil'ted yt,,aid a "ilibr3ti-, -ur:e for
thf- day, which was uccd to dctcrm'rt* 4- l.4at tile banplinr.3 stptior.1'.

6. Calibration

Tn e followirg Lalculations illustrate the calibrat ' tevhnique:

I a-re contains 43,560 square feet
I six-ir-h-sjuare alumir,u'ii piate .o-tiir sp.sr foot
174,240 places are required o :cr one a;re
I gallon contains 3,785.3 milh.iter,

- r,.f.,ri a dcpo:.!ti,,- of m,, gdl.,-i per a~re l rvprcienced by 3, b.3
0.0217 milliliter of dvrd m.ateri rr platv. Htr. v,

10 gpa " 0.217 ml!pldte

8 gpa - 0.171. iilifpimre
6 gp, - 0.13) Wrn late
n.I gpa - 0.00217 nl,',!ate, .t:.
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This "iatity of materiel disoolvad in any volium of solvent represents thei
calibrat tio curve.

To cealibrate, 2.17 ml of the m.tple was diluted to 50 ml with sce-
tome. Five ml of this dilution wes further diluted to 25 a1 with Pcetone,
to give a l0-£s d*osit rate. To illustrate the daily calibratici
techoiqus, 2.17 a1 of the sewple diluted to 30 ml corrsdpnds to 50 go.
Thereafter:

dreamt o Deposit iLo

willt 2111,%. ml ZILSA

5.0 10

4.5 9

3.3 7

3.0 6

2.3 5

2.0 4

1.5 3

1.0 2

0.5 1

Z each case the per cent transmiseion of the diluticn va read
md recorded. The logarithm of the per cent transaissioo plotted against
deposition rate ga" the daily calibration curve. Figure 1 shaws a typical
calibration curve. It should be noted that the curve passes throuh 100
per cent transaission for 0.0 &Va. This is logical because the 100 per
cent figure is bzsed on an ocetone blonk. The linczrity of thc line ,=kcs
reading of the curve a very simple matter.

S. KASS DVPVD3IT

After a plate was sprayed in the field it woo covered with a clen plate
to form a sandvich, trapping the dyed material between the two plate*.
These were then placed in a light-proof box 1nd returned to the laboratory.
In the laboratory the plate and its cover were placed on a special rack
above a glass fan-shaed funnel, a standard laboratory funnel, end a 25-aI
volumetric fl&zk. This arranement allowd both plates to be washed into

a single flask. Figure 2 shows the arrangement of the plate-washing
apparatus.
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A member of the laboratory crev washed the two plates with acetone
through a spray nozale, ri-kins from the upper corner of the plate d.-wn
toward the lower corner. The dyed material plus .cetoae solvent was
collected through the two funnels and into the flask.

Orig!nally, filter paper was used in the second funnel to remove dust
and dirt toat may heve collected on the plate. Thi practice was die-
continued when it was shown that the filter paper removed a significdnt
portion of the dye.

After the plates were sa=,dy-washed the funnels were washed with ace-
tone from the spray syste-s and all the liquid was collected in the flask.
The volume cf the flash was then brought to 25 ml with a laboratory plastic
wash bottle and the diluted s"les were placed in light-proof boxes and
taken to the spectrophotoamter for analysis.

AMother member of the laboratory crew carefully shook the contents of
the flask, rinsed a spectrophotosmter cuvette with a portion of the sample,
and then filled the cuvette with the sample. The per cent transmission of
the sample was compared with that of an acetone blank. Duplicate measure-
ments were taken from e-ch sample to insure against errors in reading the
sctle of the spectrophotometer. Wen necessary three o more readings were
taken.

The transsission 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 a specially prepared graph
that repretwnted the mass deposit at any station and gave visuaily the swath
width at any desired deposit level.

C. MASS MEDIAN DIAMETER

Adjacent to e.-ct' ,fluminun platc placcd in tht field was a similar ph!tv
with a "Krowekote" card clipp,d to it. These piest , were cDllected Pt the
end of a flight, along witn th: ;ample plates., nd eroe placed in a
speciolly prepared box.

The cards served a dual purpose- (a) on inwind flights they indicated
which plates had received spray deposit, end (b) on crosswind flights they
were used to estimate WM,.

7-.........................................
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The technique of using these cards for N2o estima:es ,:as identicai :-,
!hat used in the June - July 1962 field test.*

Since the previous field test was conJucted. con .- erable in-es:ixcatioi
has been performec by Physical Sciences Division For: Detrick. .o correi.aa
mcre dccurately the spherical drop size with the sp't sixe on :h-! cards
It was determined that with the agent tested a lineaz relation.ship exis-'
between spot size and true spherical diameter when -he spot diarre:er was
500 microns to 3600 microns. This range correlated "o spheical diamoters
of 150 to 600 microns, given spread fActors ranging from 5.6 to b.4

Unfortunately, No. 2 diesel fuel o.l was no' included in tht. st.udv a-J
a spread factor of 6.0 was assumed for that agent.

With the exception of this one modification to the analvsis :he "ccht
remained identical to that used in the previous te:.

All MCj's we'e tabulated and the necessary oal ,latie., were perform,3
to relate spot size to soherical diameter.

" t s-,,*,n. . . .l1, !.;-n. D " -:o. l. .i: ton i,,I a I Ihr.. ton of Z). fo I i 'i- ..
bj. pr

, n t  
k, 32 F ;:- .M.,di f i .i.,, . 1".! P},.2.

S Aim, r ,I,o - .i' -l l.,,or.it,,ri,.s. I r,, . k '.irvl.r . tlh ',i, il
5.:n M~Dvi..:ot "Ikport to Czops Oi is.Inoi i Sprc' i 1,i o'r

.Iibr i ,: S:_.Ji s of E: Iin A - s A:n s.4 '.'; ' n S v (

nR
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III. SAMPLING GRID OPERATION

The samplinS grid constrzicted fo Ir the spray cglibrat ion trials during

slcinby the grid controller of an aircraft course appropriatelto the
prevailing meteorological onditions. Ally unusuial occurrences durlnkt tile
grid operation were also note on the work sheet.

Two jeeps with th .ee men 0vich c'erc used to service the somple Inc.IOne jeep ansd c:ew would servic lStations 1 through 50 and t he other crew
Stations 51 through 100. The 'Inree-man crew consistec of (aI) - driver-
radito operator, (b) a pick-up and placement Iran, and (c) im.;r to receive
exposed plates and cards and place these in proper sequence in containers.
Information was radioed to the jeep crews as to which sample line was to be
tise.

The two' jeep.F ind crewsr w.,rc d iap.tched to thc ilhub ,f tl,, gi i,: at wit icli
point they *.ould receive their instructions regarding sample i.c selection.
U'pon rcceling this information, thecy would place on each stake two serioill~v
numbered clean six-inch-square aluiminum plates. A four- by five-inch white
Kroi:-ekote card wAs clipped to one of these plotes. After setting up ai lint,
the crew.- would remain off the extrome -nds of the so-nplt' line tint il ofter
thie sp~iiy £2 i-iit and a'sosequent fen-minute period for tlt- spray to setle t.
The crews werc told by rvdio when to collect the sample cal1 .d plaltes.

Plate-. w'ith the Kromckor- cards were pla~tei in in open-top hox wi ci
slots that prevented them from touching each othcr. ThcSt cards were, used
to obtain a visuaol record of d posit of tilt sp r.iv end tltp ai in ;'trrav
of' droplet stizes. The oluminurn plate (ildtt xod ofl,,-,
covered withb an unexposed plate of th, sure~ sizu t d these, wert, sta.cieti in
a light-tight box.

Ti IV Iiutn ITI - )t plaits hz in, hand1- led ,! i;d t impos ible for thet ti w to
resect the sample line' as lhtv molved tev',rd thit huh diirinvc the pit k-up
ope rat ion. Therefore, tht v were instkilt-t I ',flt th,%- h11 d re,,cht d tile huh
01 the Prid i~s to which )inme would he 'ot uip for tiht nt-st rllight.



99I A third jeep was used as mzmar to k~pfresh platzas up~plied to the
two Jeeps serving the .e~ple Ii .s nod to return *:Toted plates to the
truck.

Aground-to-air radio CE7,7) yea on location for ccmunlcatioa with
the aircraft. Once tb't voaple line was "'t up the aircraft curae, air-

Meteorological informatioa comsiatd of wind direction, wind epeed,
dry ad wet bulb temp*rcturez, 4wd ralisti"'e hvntdity. Viese readings
were made at 50-foot intervals f~ma 7u'rfi'ce to 200-foot altitude when
the C-l23/=i-l system wee beia3 calibrated. 0- sir. gt at 25-foot Inter-
vals were made up to 100O foot %ben the 9-34A11=L system was bEXing
calibrated.

Four tethered Jalbert J-5 balloons (Firiires 3 and 4) were ueo,d in
obtalninS the abe" mateorological informnation. One of the balloons
was placed ar-roxinmitely 100 feet out fromi the ends. of each samle line

,Dand 3'. he fourth balloon was located at the CP (control point),
whiich was approximstely 1000 feet from the last station on ameple line D'.

The meteorolog~ical personnel were frca the 6th Weather Squadron,
Tinker AME Oklahms, =Qi were supervised by personnel from Detachlent 6,
Weather Group~, W~in AM'S Florida.

Meteorological personnel reported to the grid At OS hours to set
up equipment and enske weteoro!"4cal obaervations to deternitte if the
weather would be suitable for oprtion each coming. Vien the weather
was adverse, the Project Officer was notified and the trial wee cancelled
prior to 0300 hours. After this tt~me it was Impossible to alert all
personnel who were assigned grid disties because many were sire vdy enronte
to their staticns. The decision to ptoce-d with the mission or to abort
was then made at the grid as thc meteorological situation improved ork deteriorated.

The four meteorological stations comnunicated with one sm~other by
4 field phones. All stations reported the mteorological infornetion to a

central recorder located at the U1. The data were recordt-d on a form
(Appendix 14) that was turnet over to the grid controller for use in
determining th-! aircraft courae for the next flight aiid for a record of
the meteorological data at the time of sprmy release.
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Feigure 3. Balloo Used in Obtaining X-tevrological akta.
(U.S. Air Force Ilhoto)

:tt
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ij 'I Figure 3 Z. Balloon Used in Obtain+ing M-rcto logical Data.
r ] (U.S. Air Force, Photo)
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Eglin APB Agent Sample: July 1962

STAINED CAD.D SPOT SIZZ, SMAD FACT02, SPMICL MO? DI M,
VASS MEDIA DIAffM

material: Purple

(Data courtesy Mr. Ialton Wolf, Pbysi%:l Sciences Divisiom, Septc=ber 1962)

Stained Card Sptertcal Dop "ag, __ _
Spot Sli*, Spred Factor Dsaster, Ioa Spetd Hlh Speed
MIcreas microns (Mr,. , 2.2) (C.F. - 2.5)

20D0 5.606 356,. 162.1 142.6
2.00 5."60 210 its & 146.6
2200 5.710 365.3 175.1 154.1
2300 .56 3111.6 161.6 159.8
2400 5.76 613,9 1?8.1 185.6
2500 5.83 62J.2 196.6 171.3
2600 ".276 642.5 201.1 177.13
2700 5.911 654.3 207.6 162.7
2600 5.96 671.1 114.1 184.6
2900 5.976 685.4 220.6 194.2
3w00 6.004 4". 7 277.1 1909.9
3100 6.031 5160 233.6 205.6
3204 6.059 528.4 760.2 211.6
3300 6.061 W42.7 266.7 217.1
3400 6.104 557.0 253.2 222.8
3500 6.126 571.3 259.7 228.5

6.148 585.6 266.2 234.21700 6.164 5 ".9 272.7 24,0.0
)60 6.187 616.2 279.2 265.7
3Q00 6.205 628.5 265.7 251.4
4000 6.223 6,2.0 292.2 257.1
.100 6.233 657.2 -tltd 262.9
1.200 6.211 671.5 305.2 U6O.A
4300 6.270 665.6 311.7 274.3
400 6.285 700.1 318.2 280.0

4500 6.299 716.6 124.7 285.8
4600 6.313 728.; 331.2 291.5,700 6.326 743.0 337.7 297.2
"800 6.34 d37.3 3.2
.00 6.350 771.,, 350 7 308.6
5000 6. 362 785.i 357.2 114.6
100 6.371 80.2 163.7 320.1

5.00 6. 104 816.5 170.2 325.8
5300 6.3 5 88.8 376.7 331.5

5400 6..05 84.1 34).2 . 3, 25106.415 857.4 3*19.7 U43.0
00 6.424 871.;, 6.2 368.7

5700 6.633 6.n 40a.7 A-4.4
5800 6.81 900.3 460.2 3O.I
5000 6.51 17.6 415.7 365.6

6006.4$4 42g.0 622.2 171.
olO6.407 94.33 428.7 377.

6200 6.475 957.6 43.2i6.2 7.617 311.0
l..0)6.69 86. 44 62 396.5,b500 f4 497 1000.5 454.7 600.26.S5d. 1014,8 41.2 405.9

6.511 102q.1 467.7 411.6
16.5.4 416.7 417.4

000O 6.524 1057.7 660.7 421.1
7000 6.52' 1072.1 667.1 426.8

Not : Sphericil Dla tor a 7U.0. * 0.1431 SS,

!
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Eglin AFB Agent Samples: July 1962

STAINED CARD SPOT SIZZ, S 2AD FC0 1, SPICAL DP DIAfElM,
MASS IWIM DIA.ZR

MaterLal: I Purple, 2 Fuel Oil Mix (Avg. of S.amples 'A" and "b")

(Data courtesy Mr. Walton Wolf, JPhysical Sciences Divislon, Septmcber 1962)

Stat -id Card Sphwgical b Iop !I "da 'H trSpot Siae., Spr'ead Fsctot Viawt er, Low Sped High SF.,ed

micrcns microns (C.F. - 2.2) (C.1. - 2.53

201P 5.87 351.7 159.8 140.7
2100 3.3. 363.9 166.3 146.4
2200 3.794 380.1 672.8 152.0
2300 5.833 3%.3 179.2 157.7
2400 3.875 406.5 185.7 163.4
2500 5.914 422.7 192.1 169.1
2600 5.951 436.9 198.6 174.8
2700 5.985 431.1 205.0 180.11
28w 6.018 603 211.3 Ie6.I
2900 

4.7 .
47905 17.9 ,91,It 6 ,077 493 7 82 26. 73100 6.104 507.1 230.8 203.2

f 17M 06. 1 i 522.1 237.3 Zoe.@
3300 51 516.3 243.7 214.5
A400 6.177 $50.4 250.2 220.2
3500 6.199 5&".6 256.6 225.8
3600 6.220 5"3.4 263.1 231.5S

)800 6.253 607.2 276.4 242,0
1100I3, 6.276 621.4 MA2, 248.b
4:k(0M 6.293 635.6 21;.q 2%4.2
4100 6.310 "&9.8 295.3 259.40
47o 5. 325 664b.0 101.8 265.6

4100 6.340 678.2 k,* 2 271. "
".00 6.355 692.4 914.7 211.0

4SO630766321.1 262.6
46) 6.382 720.8 327.6 298.3
470 6.395 735.0 3)4.1 2 ,

50( O6- 30 777.6 311A )l.
i 06.6: 44 791.8 159.9 316.7

55200 6. : 451' 366 1. 122 ,4
I S)OO 6,4:61 820. 372. 1

" w, ,[ 6..7, $ 84,5 379 . 3,
%, 11 G 6.481 64 8.7 18 , 9:5:11i M, W , 6.411 86.1.1 ,92:2 I .2

$ '7c) 6.09 877.1 3)8.f 150,8
8 0 1 6 .5 7 q q I o 4 0 .1 3 5 . .

6(re .5 16 9 0 ,. 5 4 1 1 .5 1 2 .2
600 5-414;.7 418.0 367.9

hI0 N, . 5 12 qji.11 424, .4 7

01500 1. 565 qqo. 7 450.33 .
, 0'. 1.60 4.11 456.7 402.0

, 6,574 40Sq,| 6 2 O.6
.,.,r, .531 1C13.3 4,q. 11.1

" 6." ,541 1047.5 476.1 4 17.0
7.'00 ,5o) I I.4 42.5 424.7

N,,t,.: .ph ri,.,! DN -,.ter 0 T ?, .1.2o SS.
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APPENDIX G

EgiLn Air Force base, Florida

U.S. Army Biological Laboratories, fort Detrick, Maryla d

Crops Division
Mr. Lester W. toyer
Mr. aymmod W. Anders
Mr. Karl W. Bere
Lt. Albert L. Bertram
Pt. Walter J. Part
Pt. Glen K. Trumble

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

Physical Sciences Division
Mr. George W. Trout, Jr.
Sp-4 Robert boulater
Sp-4 Austin W. "c-an

Technical Evaluation Division
Mr. Donald Ric*
Mr. Kenneth Plwuaby
Mr. Kenneth Lewis
Mr. Kenneth Kirsh
Mr. Charles A. Staley

Technical Information Division
Mr. Paul Riley
Mr. Alan Cissnrs

Munitions D-ivelopvent Division
Mr. Patil F. Wmpntr
Pfc. Samuel J, Cannella

Maintenance Division
Mr. Kenneth Krantz

Detailed from other Divisions
Pfc. Lawrence M. Giacomini
Sp-4 James McClure

Pfc. Jay M. Wiegner
Sp-5 Bernard A. latakis
Sp-5 James A. Hightower

i I I
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S. Army Chemical Corps, Fort 4cClellan, Alabama

18:h :'hemical Detachment (TI)
L; .John B. Byid
S/Sgt Stanley 7. Kostszycki

Sp-5 .hojoa F. Hoffmana
Sp-5 Ira .'. Collins
Pfc. Joseph C'. Molesky

69th -hemical ompany (SG)
Sp-4 Rohert A. O'Conner
Pfc. iranklin D. Belcher

Pfz. Glair N. Carley
Pc. Donald H. Lyons

PfM. Cecil E. ?4cElfresh

Pf .:oseph J. "techacek

MAAMA, Olmstcd AF3, Pennsylvania

Mr. Kenneth tsaird
Mr. AlIlen R. Kaylor

fglin A'3. Florida
L, ,ernon L. Hazen
L. A Krnntz
M rs -arolinc Gregg

4500.h Operations Squadron, Langlcy AFB. Virginia
(sptain Carl W. Marshall
(sprain Hugh (. Shirley
(ti tt,i Larr,' R. Youngren
'apaln Pil A . )ehrmr. Jr.

/SQ" Firle H Ari%,o r
. ohn A .I lst.

Q/S V i t h A I , V

.I,' hi. i r I A , N ],;In
pi..~ I I j! I Ni in

A ' '., inl A- l,."

• ? ,i, I ii vt 1..0r

* i ii<,i,',, F Sti ,'m . til, 0"t
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APPENLX HiII SAMPLE WCK FORMI
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MASS MEDIAN DIAIMETLR

Da Noe Spread FactorFlil~tNo.Converiotx 
FictorSanmp~e Li-e___ Paper__________

Flow Hate Material

St op SzeSt Drop", Size

4 Spread Fact--ir- x Can. 'co

NaxSpherica Diamactr-

Maxn. Spheric al Diameter.

SMTUFI) FORNI 5481 (Temip)
April M1
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MASS DEPOSIT

* ~~Material_________ Airspeed__________
Date Altitude
Flight Swath Width
Sample Line Aircraft Courae_
Time of Releaz __ Wind Vector
DuratiQf_ Spec.

Flow Wltte Spec. Oper.

*St C1, bt CPA St CPA St GPA
: : ,15 76

3 28 53 78

4 2q 5, _

30 55 so .... .

4 6 __33! 56_ _ _

7 32 _ _2

8 33 56 3

9 _ 34 59 84

:__:'! 12 37 62 87

43 __68 __13 38 t  63 88

45 4 699 ______

16 41l 66 9

! '17 4,2 72

ii II  '19 44, . 94,

20 _ 45 70 _ __1

2i 46 71 96

22 - 47 72 97

48 _ j3_ _ ____2.

2 5... 50 7 _ ..

'r' Tnt-. I r)pomit

:Prrcent :'Icovery.

:!MUFL) FORM 547 (Temp)
(9 April I 963)



HAW IATA SHEEr

Date Spec.
Material Spec. Oper._ _ _

Fhi_t Standard____
Sample Line Fade Loss

Sta %Tiinsmittanc4 vg taL; rranamittance Av, 1ta Transt it'i p V'?

1 - 34 67.11 I ! ___ ._. ..

437 .... 70 .

K, _ _ _ I ... ..

.j. 77t 40 4

5. I 1 .. I' - - 80

8 4 74--- o- -! -

9 42 752

4i ii

110 43 7_..

22 I $8

Fl T- 77-

rO __,,____ ________ ._ .

1- 7

1 I47

T. .. -

!15 48 al____~9r t~,S-.~~:.-'~ C AnrT


