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ABSTRACT

A laboratory study of the fallout from a seawater nuclear detonation
and 1ts contamination of ships! surfaces requires speclal equipment to
make the radicactive simulant, to generate and disperse the simulant on
peainted surfaces, and to decontaminate these surfaces by liquid methods.

The simulant is produced by evaporating 30 gal of seawater contaln-
ing approximately 2 curies of a selected gamme-emitting radionuclide to
a finel volume of 3 gal. The concentrated solution is fed to a spinning
disc generator which produces 200-p dismeter drops at flow rates from
0.06 ml/sec to 2.5 ml/sec.

The drops are generated at the top of a polyethylene-lined chamber
36 £t high, and, as they settle at terminal velocity, they are distri-
buted by a rotating cluster of fans to uniformly deposit on plates 8.5
in. square. The plates are painted with Navy paints, and cover a floor
area of 1256 ft2.

The contaminated plates are counted, washed, and recounted at the
rete of 50/hr in a machine which simulates firehosing and steam cleaning.
The effects of solution temperature, spray pressure, spray time and
chemicel additives in the liquid decontamingtion methods may thus be
evaluated.



1. INTRODUCTION

A nuclear detonation on the surface of the ocean mixes fission pro-
ducts with seawater and throws great quantities of the mixture into the
atmosphere. A 20-kt weapon, for example, is estimated to throw several
million tons of seawater and approximately 6 x 103 megacuriesl (gamma
activity at 1 hr after fission) of fission products into the atmosphere.
The return of this material to earth constitutes a contaminating event.
Tacticsl decontamination procedures must be established for Navy ships
to accomplish successfully their assigned missions in such radiological
environments. These procedures may best be determined by laboratory-
controlled experiments modeled from field test data. Consequently an
equipment complex for the investigation of the decontamination of fall-
out from ship's surfaces by liquid washdown methods was designed.

The investigation consists of a series of experiments, each of which
studies the individual contamination-decontamination behavior of one of
the chemical elements in fission products. A sufficient number of ele-
ments will be studied to determine the behavior of all the chemical
groups embraced by flssion products, emphasizing those containing or
leading to important gamma cmitters. The conmbined results will permit
the prediction of contamination-decontamination behavior of mixed fis-
sion products for any period from minutes to months after fission,
given initial radionuclide abundances such as those computed by Bolles
and Ballou.2

To conduct the experiments with the desired control, a system of
equipment and procedurec was required for manufacturing a synthetic fall-
out, depositing 1t on painted plates, decontaminating the plates, and
measuring the efficiency of decontamination. This report describes the
equipment complex.¥ The decontamination data for cach of the sclected
isotopes will be individually reported in subsequent reports. A com-
puter solution of the general contamination problem for all {ission
products will conclude the series of experiments and reporteo.

¥The [lrst report in the seorice ic in preparation now: W. 3. Lanc,
Decontasination o Chin's Uurloccs. I, Theoretical fapecels and siperi-
mental Plan.




1.1 g8ingle-Tracer Isotope Concept

Studies conducted at Operation HARDTACK3 showed that certain radio- ‘
chemical elements In the fallout were selectively concentrated. More-
over, the importance of the radio-elements with respect to their contri-
bution to the total gamma emission varies with time after fission.2s
Therefore, a gross-fission-product decontamination experiment is appli-
cable only to one special condition of contamination and cannot be inter-
rreted as & general case. Miller” suggested that a general solution to !
the decontamination problem could be found from single-tracer experiments. ‘

The gpproach is as follows:
Defining I

and R
then F

Initial counts/min

Residual counts/min after decontamination

R/I or fraction of activity remaining after decontami-
nation

]

Each chemlcal elemenl has itls specific F value for a given set of
contaminating conditions and decontamination method. The unfractionated
amount of each specific radionuclide present at amny time t has been cal-
culated by Bolles and Ballou.? Therefore, if the F value of each isotope
is multiplied by its contribution to the total gamms emission rate at
time €, the sum of the products for all the nuclides represents an over-
all F valuc of fission products decontaminated at time t.

Froctionation present in the initiasl contaminant, such as was found
In the HARDTACK studies,3 would be taken into account upon calculation
of the percent contribution of the nuclides.

The chemical elements listed in Table 16 comprise some of the more
lmportant gemma-emitters fund in fission products from 1 hour to 3 years
after fission. These elements may have decontamination characteristics
which fall into groups according to similerities in their valences;
therefore, as a guide to possible groupings, Teble 1 includes the pro-
bable valence states.

1.2 Seawater Fallout

The slnpgle-tracer technigue depends on the use of an inert total
carrier solution composed of inert fission products, bomb products, and
seavater products, so that any interaction which occurs in natural fall-
out would occur in the simulant. All available field test data and
theory were utilized tc formulate the simulant.




TABLE 1

Some Important Gamma-Emitters in Fission Products and
Their Potential Valence States

Zr k4 Te 2,4,6 N 3,5
Ce 3,4 Pr 3,4,5 Np 1,5,6
Cs 1 La 3 Ba 2

Sr 2 I 1,3,5,7 Rb 1

Ru 3,4,6,8 Y 3 Na 3

The theoretical chemical composition of the fallout from an ocean
surface nuclear detonation was recported by Miller, et al.l The cbser-
ved fallout particles from Operation REDWING were slurry drop58 of sea-
water concentrated about 10-fold more than normal, and seawater-insol-
uble solids. The latter were derived to some extent from seawaler salts,
but the principal source lay in the materials of the shot barge and
ballast. For a weapon burst at the water surface then, it is presumed
that these 1nsoluble solids would be absent and that the radiocactivity
would be found essentially in the liquid phase.

The formation of the slurry drops consists in a 3-step condensation
process.J irst primary particles, with calculated diameters between
10 and 100 A, arc formed from condensing material with high boiling
points (such as Fe or Al). Second NaCl condenses, and at its melting
point (801°C) many of the FP elements have condensed. Finally, water
vapor and all remaining FP elements, except the rare gases, condense.
Rudioeclements condensing into the solutions formed in the latter two
processes conctitute the soluble fraction of the activity.

In the course of a particle's descent from a high elevatlon, its
water content varies with the temperature and humidity of the air through
which it passes. If the data of Orr, et al.,l0 for submicron drops can
be used, it appears that a saturated drop is metastable over a wide range
(30 to 70 %) of humidity and that the water content would changec appreci-
ably only in the extreme humidity conditions which are experienced dur-
ing field tests in the tropic reglon of Bikini. BSuch slurry drops, in
the meteorological environment of Bikini, ranged in size from about 50
to 250 pu in diameter upcn arrival at the surface.

Miller? introduced the concept of characterizing fallout by the mass
contour ratio. The mass ratio, having dimensions of mg/fte/r/hr at 1
hour, relates the deposited fallout mass to radlation intensity 3 feet




above a uniformly contaminated open area. On the basis of availsgble
data from Operation REDWING,ll an average value of approximately 30 mg
of seawater/ft2/r/hr at 1 hr has been postulated for seawater fallout
from a 100 % fisslon bomb. Therefore, & doge rate of 1000 r/hr at one
br is predicted from a deposit of ~ 30 g/ft2 of seawater, or ~ 1 gm/ft2
of residual seawater salts.

1.3 Experimental Conditions

In deslgning the system to simulate seawater fallout, the physical
conditions reported in field tests were considered. C(ertain conditions
and parameters were established as representing the most likely or real-
istic case, while others were arbitrarily set because they were Judged
to have little effect on the experiment.

The test postulated the fallout as being from a megaton weapon
detonated in seawater suffilciently deep to prevent bottom material from
being carried up in the cloud. The effect of weapon size on the concen-
tration of fission products in the seawater 1s not pronounced;5 hence
concentration was fixed at a reasonable value for a megaton-range device.
The direct effects of the weapon would be of greater hazard than fallout
to ship targets concentrated in & harbor; therefore the inclusion of
bottom mud, as would be found 1n fallout from a harbor detonation, wes
consldered as a strategically less important case.

A contaminating event of 1000 r/hr at 1 hr was arbitrarily chosen,
requiring, as indicated above, a surface deposition of approximately 1 gn
of dried sea salts per ft2. Dispersal apparatus and operating conditions
were designed to produce a median mass diemeter of ~ 200 u.

A typical fallout arrival curve &as shown in Fig. 1) was established
based upon theoretical considerationsil,12 and certain rules of thumb,
such as that the peak rate of arrival occurs at twice the time interval
between fission and initial time of arrival. The areca under the idegl-
ized curve In Fig. 1 integrates to a total of 1 g/fte. The experimental
approximation is superimposed in Filg. 1 as a step function.

Based upon these fallout parameters, equipment was designed and
constructed to make a large-scale laboratory study possible. The test
equipment is described in the order of use: hot cell for preparing the
simulant, contamination chamber, end decontamination machine.
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2. PREPARATION OF SIMULANT

Natural seawaler, collected in polyethylene drums thirty miles off
Son Franclsceo, is tested for salinity, turbidity, and discoloration.
It is then concentrated by a factor of 10, producing a solution satur-
ated with respect to NaCl., At this concentration the insoluble sulfates
precipitate, and the sclution is actually o slurry. Ideally, the eva-
poration ol the scawvater below a concentration factor of 4 must be donc
at rodﬁgud temporavuwres to prevent premature calting out of the cul-
fates .4

Inert total carricrs and the tracer isotope are added before eva-
poravion is started to insure g realistic equilibrium with the precipi-
tate and solution. Introducing the tracer after precipitate has Tormed
might preclule the Lsolopes entering the erystal structwre.




2.1 Process

Thirtz gallons of the seawater, which provides a deposit density
of 1 gm/ft€ of salts over the floor area of the contamination chamber,
are pumped from the storage containers to a jacketed steam kettle.
Solutions of inert total carriers and 1 to L curies of the tracer radio-
isotope are added to the seawater in the kettle., The amount of radlo-
nuclide is dictated by its half-life and the response of the counting
instruments to its emissions. Radionuclides with weaker gamma energles
must be used in correspondingly greater amounts. The resulting solution
1s then evaporated at 1 atm and 2120F in the steam kettle to a volume of

7.5 gal.

Three gallons of concentrated seawater are transferred to the vacu-
um evaporation system, and the volume is maintained at 3 to 4 gal by
frequent additions from the kettle until the 7.5 gal have been reduced
to 3 gal. The simulant is then transferred to a glass bottle shielded
with 2 in. of lead.

2.2 Hot Cell and Equipment

Shielding is required for the preparation of synthetic fallout,
which contains as much as L curies. The cell is constructed of concrete
with walls 2 £t thick and 8 £t high to form a U-shaped shield encompas-
sing an area 8 ft by 8 £ft. A pair of master-slave nmanipulators* are
Installed over the wall and a 2-ft thick, water-filled viewing window
is placed 1n the front face. A sliding back door and & plywood roof
are provided to insure that a slight negative pressure can be maintained
by a 500-cfm exhaust system. Biological contamination of the water in
the viewing window is controlled by the eddition of 50 ppm of copper
sulfate adjusted to pH 2 with HN03.

The evaporation cquipment is shown schematically in Fig. 2. A steanm
kettle, powered by a 1.5-hp boller, comprises the first stage, operating
at 2309F. The evaporation rate in the kettle is 2.5 gph. A sight-gauge
indicates the level of water in the kettle.

Further reduction below 7.5 gal is carried out in a vacuum evapora-
tion apparatus consisting of a glass tube 4 Tt high and 6 in. in dia-
meter, which 1s electrically heated at the bottom and sides by three
500-watt heaters. The glass tube is insulated with 2 in. magnesia ex-
cept for a vertical strip at the front vwhich serves as a sight-gauge.

A 2-hp pump provides a vacuum of at least 28 in. of mercury, causing
the seawater to boil at 100°F or slightly higher, depending on salt

#Model L Manipulators, Argonne National Laboratory, Chicago, Ill.
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concentration. A 3/h hp refrigerator unit removes heat from the con-

denser by passing coolant through 16 ft of folded fin tubing, thus in-
suring complete condensation of the evaporeted weter vepor. Rates of

0.6 gph are obtained in the vacuum apparatus.

Carry-over in the vacuum system is prevented by an entrainment
screen. All condensate is collected and monitored. The condensate
sample valve at the bottom of the condenser is used as an emergency
relief valve in the event that the liquid foams up violently.

The transfer of liquid between the steam and vacuum units is accom-
plished through valves controlled by the master-slave manipulators. An
additional system, accessible from the master side of the wall, allows
close control of the air added to the vacuum tube to stir the liquid and
prevent bumping.

The stcam kettle and the vacuum tube are placed in the cell to allow
a maximum of manipulator accessibility for other operations. Equipment
for isotope separations and assay 1s mounted on portable tables and
spotted under thc manipulators.

3. FALLOUT SIMULANT DISPERSAL

The dispersing equipment is desipgned to allow duplication, as closely
as possible, of the physical characteristics of the contamination event
from netural fallout. Because of lack of information on the effects of
droplet sizc and delivery ratc on decontamination, 1t was desired to kecp
these conditions as realistic and reproducible as possible. A spinning
disc sprayerlh was found to meet the test requirement for generating
fairly uniformly sized drops over the necessary range of flow rates,
wlth the additional ability to handle slurries without clogging. More-
over, a single disperser in conjunction with a dispersal fan was adequate
to cover the test area, eliminating problems arising from attempting to
overlap several units.

The gize of the drops is dependent upon the size of the disc, the
speed at which it is rotated, and, to o lesscr extent, the liquid and
flow rate used. In general, increasing the diameter and speed of the
disc reduces the size of the droplets; larger discs tend to produce a
more uniform size. Since it is generally considered that the shape of
the disc rim has only a minor effect on performance, a U5 knife-edge
was used in all tests, and was found satisfactory.

8



The discs were initially made from polished aluminum, bubt corrosion
problems necessltated a change to plastie. This change altered the par-
ticle size, and investigation showed that an 8-1/8-in. lucite disc was
equivalent to the first 8-in. aluminum model. Surface texture and
smoothness may explain these differences, although no investigations
were made to establish the reason. Long runs at low flow rates resulted
in salt crystal growth on the periphery of the disc, but a momentery
increase in flow rate washed awey the incrustation.

3.1 Drop-Sizing Equetions

Two equations were used to guilde the selection of speed and disc
diameter for trial runs. Sizing tests were conducted, however, to det-
ermine the exact diemeter and speed of the disc which would yleld the
required 200-p (mass-average) droplets.

Walton and Prewettl5 give the equation:
dm (Dp/t)l/e = Constant (1)
where d = drop diameter (cm)
® = disc angular velocity (rads/sec)
D = disc diameter (cm)
p = liquid density (g/cm3)
T = liquid surface tension (dyne/cm)

The empirically determined dimensionless constent ranges from 3.36 to
2.67 for water, decreasing with increasing disc size. For pure water

p =1, 1 =73, and,assuming the constant = 3.0 and the disc size is 8 1in.
or 20 cm, we arrive at:

3.0 3.0

@w = _____7_. = o= 286 rads/sec
d(Dp/T )l 2 0.52%(1

for a 200-p particle. This is equivalent to 286 x 60/628 = 2730 rpm.

The second equation, presented by Mugele,l6 is:

= ADo Vg Xugv/0)°, (2)




1.73, B = -0.50, and C = ~0.45
diameter of the disc (cm)

density of droplet phase (water)
dispersed phase velocity (Dw/2)
interfaclal tension (dynes/em)
viscosity of droplet phase (g/cm sec)
maximum stable droplet diameter

where

LUt R I N | S {4

A
D
p
\'s
(o}
il
X

The constants A, B and C have been developed from experimental data.
Taking D = 20 em, p = 1 g/em3, py = 0.01 g/em sec, (f= 73 dynes/cm or
g/sece, and V = 10 rads cm/sec, we get:

) -~ .50

20 cm x 1lg/em3 x 10w em/sec

x cm = (20 em) 1.73 0.01g/cm sec

- b5
X

0.0lg/em sec x 10w cm/sec |
T3 g/sec2 )

which gives x = 200 u for a 3000-rpm disc speed.

A large number of subsequent trial and error experiments demonstra-
ted that ah 8-1/8-in. diameter lucite disc, rotated at 3000 rpm, produces
an optimum particle size distribution (Fig. 3) for the test requirements.
This is in reasonable agreement with Eq. 2, considering that values for
pure water are used 1n the equation and not those of a salt slurry.

Figure 3 also shows the effect of flow rate on the drop slze. As
the liquid flow rate on the disc is decresased, the size spread diminishes
and the number of very fine (satellite) drops 1is reduced.

Several methods of drop sizing were investlgated. Measurement of
the crater diameters resulting from impaction of the drops on slides
coated with MgOl7 was insensitive to the small drop sizes. Catching
the drops in flour, followed by baking, sileving, and weighing the
resulting pellets, was also lnadequate for the.small drops.

The reagent film method18)19’20 oi sizing was found to be the simp-
lest and most accurate. As the drops deposit on a film uniformly coated
with a layer of silver chromate, the chloride ions react with the silver
ions to form insoluble silver chloride. The films are developed in air
saturated with water vapor at a temperature of 70°C. 1In this atmosphere
the silver chloride reaction goes to completion and the silver chloride
distributes itself uniformly over a cilrcular area. The dots produced
are grey, in contrast with the reddish brown color of the film, and
sharply defined. The area of the spots is proportional to the mass of
the salt in the drop, hence the diameter of the drop can be calculated
when the salt concentration 1s known.

10
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3.2 Disperser

The dispersing system (Fig. 4) is mounted on a pallet, 2.5 ft
square, which lowers to the floor for servicing and/or inserting the
simulant after which it is lifted and secured to a catwalk 36 £t above
the floor for the contamination procedure. This height was chosen to
allow sufficient time to distribute the droplets radially out to 20 fit
by alr-moving equipment under the disperser. Power is supplied to the
disperser by a 20-conductor cable running to a relay rack at the base
of the catwalk. The complete system, through the releys, is remotely
controlled from a panel of switches at the end of 300 ft of shielded
cables .,

The system consists of: (1) a lead-shieclded glass bottle containing
the simulant; (2) o supply of distilled water to flush the disperser
following contamination; (3) @ contaminant recycle pump; (4) a positive-
displacement metering pump*and (5) a system of selsyns, solenoids, and
conneeting tubing to control flow while contamination and flushing occur.

*3implex metering pump, model DPO, Clark-Cooper Co., Palmyra, N. J.

11
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Fig. 5 Flow Diagram of Silmulant Disperser

Beneath the pallet is the 8-1/8 in. plastic disc spun at 3000 rpm by a
geared synchronous motor.

Solenoid #2 (Fig. 5) controls the distilled water flushing while
solenoids #1 (two wired together) open and closc the simulant recycle
linc., The flow of liquid is directed through the positive displacement
pump, through an anti-siphon valve (fluid will normally flow through
the pump any time the outlet pressure is less than the inlet pressure),
through a length of 1/8 in. copper tubing and onto the center of the
dlge. A 500-watt hecating cord is used on the contaminant recycle line
to warm the solution to about h0°C and thereby minimize precipitation.
A thermocouple indlicates temperature of the solution. A pair of selsyns,
one mounted on the pump and the other on the control panel, permit con-
trol of the flow rate through the positive displacement pump. TFive
complete revolutions of the selsyns change the flow rate linearly from
0 to 2.8 ml/sece.

The awiiliary air currents necessary to distribute the contaminont
over the cntire contaminating area are supplied by a roteting cluster of
fans located 24 £t above the floor atop a 2 in. pipe mounted flrmly in
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a 3 £t square concrete basc. The entire unit is mounted on casters en-
abling it to be rolled back when the pallet is lowered. During contami-
nation, it is placed directly beneath the disperser. The cluster con-
sists of three fans, aimed parallel to one another, each driven by a
1/6-hp motor at 1100 rpm. The fans are placed so that their blades
(cach 18 in. diamcter) form a "close pack." The triple fan cluster and
rotation speed of 1.9 rpm was found to be the most desirable combination
in over 100 individual tests. It is not known how sensitive the deposi-
tion pattern on the floor is to vertical separation of the fans from the
disperser.

3.3 BExposure Chamber

The contamination is carried out in a %0 x 100 ft room. The entire
room has been carefully scaled to prevent the escape of radioactive aero-
sol to the rest of the building. A plastic-shrouded exposure chamber
L0 £t in diumeter (Figs. 6 and T) is provided by 8 overlapping plastic
curtains, 36 ft in height. The tops of the curtains are fastened to an

1k



Fig., 7 View From Floor of Dispersing Platform in
Position Below Catwalk. Fan system is centered
below. Plastic curtain surrounds contamination
area.

octagonal frame of 3/4 in. pipe which is supported from the roof vy 8
ropes. The ropes are of sufficient length to allow the entire curtain
to be lowered and replaced if it becomes contaminated beyond acceptable
limits. The bottoms of the curtains are fastened to the floor by wood
stringers which prevent their being moved by air motion within the cham-
ber. The floor of the chamber 1s also covered with severasl layers of
removable plastic sheets and disposable heavy paper, although it should
be recognized that the floor never becomes wet due to the realistically
low delivery rates used.

3.4 Deposition Pattern

The deposition patterns, measured in mass per unit area versus
radius, were determined bya solition of NaCl and using elther Mohr 's2l
titration or conductivity measurements to measure the amount of salt.

15



The titration method consisted of collecting the saturated NaCl drops
directly in casseroles, washing down with distilled water, and titrating

with AgNO3 to a dichromate end point.

With the conductivity method, cups of epproximately 500 ml capacity
were fllled with distilled water and placed at selected positions in the
test area. The amount of salt in the water was read directly from the
meter and converted to mg/ft2. The conductivity method was the fastest,
hence it was used almost exclusively. The depositlion profile was then
integrated to determine the total amount deposited. Since the volume
dispersed i1s known, a materisl balance is then possible.

A continuous remote reading of conductivity measured the continuity
of dispersal during the rediocactive seawater experiment. The method
consists of an electrode beaker in which the cell (of constant 1.0) is
immersed in distilled water, and stirred by means of a magnetic stirring
bar. As the concentrated sea salt droplets fall in the cup the conduct-
ivity change is read remotely.

The deposition patterns 36 ft below the disperser, resulting from
Tree-fall of the droplets genersted by the spinning disc, are shown in
Fig. 8a. The curves are normalized to give the amount of NaCl per unit
arca ¥or a given volume of meterial dlspersed. This permits direct com-
parison of different flow rates and their normsl deposition patterns.
All 3 curves in Fig. 8a give s nearly equal amount of salt on the floor
vhen integrated over the total circular area. The steep peak for the
low flow rate (0.6 cc/sec) suggests that the drop sizes are more uniform
and fewer satelites are formed than at higher flow rates.

Definite fractionation in drop size was found tc occur with distance
from the disperser. Flgure 8b shows the average drop size versus floor
radius for three different flowrates. The average number of drops for
a given floor radius moy be calculated from the data given in Figs. 8a
and 8b, and is glven by the equation:

Number of Drops EﬁEEEQE;____
for a Given Radius - £+~ ml soln

soln X ( 1 ) ml soln

ml
x (flow rate) sec conc / ng NaCl

L diam) 3 _ cnd
§ﬂ(&T—) X:?)—
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from 36 ft, without fan.
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The moximum flow rate is limited only by the capacity of the meter-
ing pump (~ 2.8 cc/sec) and the flooding rate on the disc. However, the
drop size distribution spreads with increasing flow rates (s seen in
Fig. 3).

The deposition pattern which results from the falling droplets
after distribution by the rotating cluster of fans is shown in ¥ig. 9
(salt mass measurement and LalliO measurement )., In both cases more than
80 4 of the total area (between 8 and 20 ft from the center) is covered
by a mass deposit which 1is sensibly uniform. While the fine droplets

18
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are predominantly in the center of the free-falling pattern as noted sbove,
the rotating fans reverse the trend and greater numbers of fine droplets
are found at the curtain. However, the small drops (under 100 p diameter)
in all cases contribute less than 3 % of the total mass.

Figure 10 (radioautograph) taken at 1t ft, illustrates the uniform
deposit over a section of a test plate. The active spots are uniform
in size and the surface is nearly saturated.

3.5 Operation

The shielded contaminant container is transported to the dispersing
site and placed on the dispersing pallet with a forklift. The pallet is
hoisted into position Just below the catwalk and locked by remotely
operated pins. The fans, disc and recycle line are activated and their
satlsfactory operaotion visually verified. The chamber 1s sealed, air
monitoring started, and subsequent operations controlled remotely. The
metering pump is started and the flow controlled by the selsyn to follow
the programmed fallout rate. At the conclusion of the test the recycling
is stopped and distilled water is passcd through the pump for several
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minutes. This effectively cleans the equipment until servieing can
take place.

No significant radioactive aerosol is produced in spaces adjoining
the contamination room, and one hour after a test is completed 1t is
possible to enter the curtained area without respirators. The usual
rad-safe dress-out equipment (coveralls, booties, gloves, and cap) is
worn when removing camples from the chamber. A preliminary test with
750 me of Lal%0 demonstrated that the system was workeble. Operating
personnel received less than 30 rnr of external radiation from the entire

experiment.

The study of particle size distribution and deposition patterns re-
quired that the dispersing equipment be operated for several hundred
hours. No major difficulties were encountered during this time, and
the length of the operations enabled formulation of a preventive main-

tenance schedule.
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i, DECONTAMINATION

Two important factors that effect fallout removal were investigated:
(1) the physical condition of the surface at the time of fallout, and
(2) the parameters of liquid washing.

The condition of the surface and environmental factors (such as
temperature, paint type, and humidity) at the time of contamination have
proved to be extremely important.and can affect recovery factors appreci-

ably.

The parameters of liquid decontamination under investigstion include
spraylng with tap water at varying temperatures, pressures, and spray
times, as well as testing the effect of surfactents (surface active
agent). Soaking the samples is also used as a control method of remov-
ing the activity.

4.1 sample Plates

Steel plates were cut into 8.5 in. squares and primed with Navy
#116 Primer on both sides. Approximately 6000 samples were painted on
one side with Navy #20 Deck Gray paint and an egqual number with 5 Haze
Gray. A limited number of plates (800) were painted with Non-slip deck
RPNV Ty and dn paintinge

Gray #20. Figure 1l illustrates the productlion method uscd in painting
the large number of samples.

The palnted samples were weathcered under simulated shipboard con-
ditions. The high humidity and atmosphere of diesel fuel residues re-
quired were found at the Naval Fueling Depot at Point Malote. /n inquiry
at the Paint Laboratory at Mere Island Naval Shipyard on the average age
of painted surfaoces gboard ships led to o weathering period of 90 days.*

Racks with a capaclty of 4000 sample plates were placed as shown in
Figures 12 and 13. Samples were given a southern exposure at an angle
of 60° to the ground.

i.2 Spray Decontamination Machine

The decontamination machine, shown in Figs. 14, 15, and 16, con-
sists of two lead-shielded counting chambers, mounted on opposite sides
of a spray chamber. All threce units are in line and a double-acting
pneumatic ram transfers the sample plates one at a time from the sample

#Private communication, John Saroyan.



Fig. 11 Sample Plates Being Painted.

feeding box, through the machine. The plate moves to counter #l for a

1 min. count, then to the spray chamber for decontaminetion, and finally
to counter ;2 for another l-min. count after which it is ejected from
the machine. The samples, guided by rails and moved by the ram, are
elvays centered at the same location under the counting detectors and
the spray nozzle.

The lead shielding on the counting chambers is 2 in. thick except
counter i1 where an additional 2 in. is on the side adjacent to the box
of active plates in the feeder. A 1-1/2 in. thick lead insert was added
between the spray chamber and counter #2. The detectors are located 18
in. above the centers of the samples. Each detector consists of a 1.5~
in. diameter, 1/2-in. thick, NaI (Tl) crystal vieved by a 6292 multiplier
phototube, with a cathode follower that is connected to a 1091-3 Systron-
Donner scaler with digital recorder.

n
o]




Figs. 12 and 13 Test Plates Being Weathered at Point Malote.

23



T SUTYOBH UOTIBUTWBIUOCDS[ Jo we.Ber(q #o0Td 4T °*JTJ

ANYL dN-QT0H OL /7\\\ H3IM3S OL

WSINVHOIN
NIvYQ ONI0334
31vig
av3aing g
HIGWVHD AVNGS
L , mi L M
I = = —
31270N
YIAWTHD HITWYHD
J3d3iHS Q3qT73IHS
av3n () 3unsszug aval
. e _ $3197a
31033N QILUNIAVLNGD
ONINIVINGD XO8
2 ON { ON
IAvA INTUA
y3LNNO3 gion3108 QoN30s  3aua  [IFNNOD
QION3T0S

NivyQ

1N3943130

H3INHNA Sv9D

6L ON
137NI E3.vM

H31Vv3H
EENRL

24



Figs. 15 and 16 Front and Side Views of Decontaminatlion Machine,
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Lead doors, of the same thickness as the walls, cover the slots
through which plates enter and leave the counting chambers. These doors
are opened and closed by another pneumatic ram. A manually opened door
in the front of each counter permits access to the chanbers for purposes
of cleaning.

The decontamination chamber consists of an aluminum box with plastie
windows front and back. A spray nozzle* ls mounted 7 in. above the
center of the plates being washed. Inslde the chamber, baffle plates
and doors, which are connected to the lead counting chamber doors, pre=
vent the spray water from escaping through the plate slots. A small
exhaust fan on the chamber maintains a slight negative pressure, which
eliminates aerosol problems.

Washed plates are subjected to an air blast to remove water prior
to entering counter #2. The air jet was investigated and found to have
no decontamination effect of its own. A 2-hp compressor supplles air
for the doors, the ram, and the air jet.

The functions of the equipment -~ rams, spraying, and counting - are
controlled by individual switches mounted on the front of the machine.
The possibility of automating the cycle, except for setting spray condi-
tions and changing boxes, has been investigated and may be inatituted
in the future.

The equipment has heen ecalibrated and a nomograph was constructed

to facllitate the selection of settings. During decontamination, para-~
meter changes are scheduled to require minimum effort.

At intervals during the decontamingtion, standerds are counted in
both counters to determine the activity-to-count ratic of each. Back-
ground counts are taken several times an hour. With a counting time of
l-min, & rate of 50 plates per hour can be maintained.

4.3 Spray Equipment

Tap water gt 70 psi 1s fed to a 135-gal, T00,000-BTU water heater¥*
through a pressure reducer. A S-hp pump recirculates the water from the
heater so that hot water is always available at the nozzle. A balanced
pair of solenoids, with a metered by-pass, allows diversion of the steam
to the spray nozzle or to the heater (Fig. 14). Gauges indicate water
temperature and pressure in the recycle line and at the nozzle. An air
leg on the recycle line provides a cushion against water hammer when the
solenolds divert the stream. A thermocouple mounted in the spray chamber

* Fullject Nozzle #3/UHHS0SQ, Spraying Systems Co., Bellwood, Ill.
**Model No. 136G, Bock Corp., Madison, Wisconsin.
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near the surface of the plate and in the spray pattern is connected to
g Brown millivolt recorder which indicates the temperature directly in
F. .

Surfactent solutions, 5 to 10 % by weight, are mixed in a 25-gal
stalnless steel tank. A 3/h-hp pump recycles and injeets the solution
into the main water stream Jjust shead of the nozzle. A flowrator is
used to control the surfactent concentration in the spray.

The drein from the spray chamber mgy be directed to the sewer, or
to a 12,000-gal sunken holding pit adjacent to the bullding. The con-
crete pit is equipped with a plastic swimming pool liner which facili-
tates total decontamination and prevents seepage. The pit 1s covered
with a removable aluminum roof and surrounded by a chain-link fence.

4.4 Decontamination Parameters

In this experiment the relative importance and optimum values of
the parameters involved in shipboard decontamination are investigated.
The ranges of the variables provided by the equipment are as follows:

Parsmeter Equipment Range
Spray Temperature Room temperature(~ 60°F )to + 170°F
Nozzle pressure 10 to 150 psig
Flow rate 5 to 20 gpm
Spray time Flexible from 0.5 sec and up
Surfactent type any non~-corrosive liquid
Surfactent conc. 0 to 4 % by weight

5. SUMMARY

The equipment for realistic surface contamination and precise con-
trol of decontamination was designed, constructed, and tested as the
first step in a systematic study of vulnersbility of ships' surfaces to
the fallout from a sea-surface nuclear detonation.

The simulant, which closely approximates the characteristics of
natural seawater fallout, was formulated from data provided by field
tests.

The study will involve the use of individual tracer isotope experi-
ments to provide general contamination-decontamination information, and
not specific information that is limited by the fission product compo-
sition which changes with time and condition.
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