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ABSTRACT

An aerosolmodel was developedfor a radioactivewaste tank vapor space
and ventilationsystem. The source of aerosolformationwas modeledfrom gas
bubble bursts at the liquidsurface. The gases containedin these bubbles are

• formed by radiolyticbreakdownof liquid and organicmaterialsin the
radioactivetank contents. The model accountsfor the rate of radiolyticgas
formationand the rate of tank liquidsthat are releasedas aerosols. The
concentrationof particlesin the tank vapor are modeled as a functionof the
depositionrate of dry particlesand the vapor removalrate by ventilation.
The ventilationrate in tanks without an active ventilationsystem has a
thresholdlevel that is driven by atmosphericpressure variation.

The model predictionsare comparedto measurementsin several typical
waste tank vapors of the Hanford$ite waste storagetanks.

INTRODUCTION

The processingwastes from chemical separationof irradiatedreactor
fuel are stored in large undergroundtanks on the HanfordSite. These tanks
containradioactivefissionproductsfrom the fuel and chemicals,such as
nitrates,used in the chemicalseparationprocess. A source term model of
volatilevapors and aerosolemissionsfrom these tanks was developedto
provideinformationfor environmentallicensingand equipmentupgrade
decisions. This model was developedto determineemissionsfrom specifictank
conditionsand, thus, supplementnonsystematicmethodsspecifiedby the
licensingagencies. Modelingthe aerosols and their releases from the tanks
will be the subjectof this paper.

DISCUSSION

The double-shellwaste storagetanks used for storageof liquid
irradiatedreactorfuel processingwaste are on the order of l-million-gallon
capacity. The older single-shelltanks are smaller. Filteredsingle-pass
ventilationsystemsare installedon the double-shelltanks. Some of the
single-shelltanks have filteredvents that are not activelyventilated. The
model of aerosolrelease sou_rceterms consideredradionuclideconcentrations
in the liquid. These aerosolsarise from operationalactivities,such as tank
filling,air sparging,and l_quidtransfer,and are affectedby differencesin
ventilationrates. In addition,an aerosolsource is also iniatedby small
gas bubbles formed by radiolyticbreakdownof water and other chemical
compoundsin the tank waste. The followingdescriptionsare given of these
models.
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SDlashinqAerosolModel

This model estimatesthe fractionof tank liquidsmade airborneby
splashingfrom an above-surfacefill nozzle. The correlationsused are
describedin Ballingeret al. (]988). They are based upon correlating
experimentalspill data with the ArchimedesNumber. The fraction of aerosol
generated is given by"

Aerosol Fraction = 8.9xi0 -I°x ARCH °'ss (l)

where
ARCH = ArchimedesNumber.

The ArchimedesNumber was derivedthroughdimensionalanalysisof liquid
and slurry spill parameters (Ballingeret al. 1988) and is defined as:

ARCH = pL_x_ xg (2)
Pe

where

_,ir = densityof air (g/cm3)= distancefrom leak to splash surface(cm)
g = gravitationalconstant (980.7cm/s=)
#_ = liquid viscosity,poise (g/cm.s).

In situationswhere the leak is being dischargedwith a finitedownward
velocity (ratherthan free fall), the spill height must be adjustedas
follows:

v2
H i = H + _I3)

2×g

where
V = downward leak velocity (cm/s),

which is determined from the flow rate and discharge area of the fill nozzle.

SparqingAir Aerosol

This model calculatesthe aerosolgeneratedby radiolyticgas formation
and the air spargingsystemsinstalledin some of the tanks. This model was
developedfrom an effervescencemodel, used for other applications,that
determinesthe aerosol from acid reactionwith concretewalls. The aerosol
formationfrom air spargingand radiolyticgas formationin the tank is equal
to the aerosolsformed by effervescence. The air spargingand radiolyticgas
model will use the air equivalentvolumeto the carbon dioxide (C02)produced
by acid effervescence.

In the effervescencemodel, the aerosolis generatedfrom a spill of
aqueousacid solution. The aerosol is generatedwhen the acid contactsa
concrete surfaceand reacts,causingthe spill solutionto effervescewhen CO2
gas is created.
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Data in Ballingeret al. (1987) indicatethat =-5_ of the spill volume
is released as aerosolper mole of CO2 released. Therefore,if it is assumed
that all liquidshave an aqueousbase with 55.5 g/mol total solutionper
liter,then the volume fractionof the spill releasedas aerosol is

Aerosol Fraction = 0.05 x 002 (4)
V× 55.5

where
V = liquid volume (_), and
CO2 = quantity of CO2 gas (mole).

This equation can be relatedto the mass of aerosolproducedL_ ai.r
spargingby equatingthe volume of I mole of CO2 to 22.4 _ (0.0224m_) alr at
standardtemperaturepressure.

R = (Aerosol Fraction) x V (5)

= 0.05 x 0.0224 x V (B)
Vx 55.5

= 2.02xi0 -s m 3. (7)

passiveVenti]ationRate

In tanks where an activeventilationsystem is not available,the
atmosphericpressurevariationswill cause an exchange rate of outsideair
with the tank vapors. A representativeannualexchange rate is 1.69
atmosphere_per year (Crippen1993). The passiveair exchangerate of a
100,000ft_ vapor space will be"

1.69 vol/yr x i00,000 ft3/vol

Fp = 365 x 24 x 60 min/yr (8)

= 0.32 ft_/min. (9)

ReleBseof Aerosolsw_th DepositionCorrection

For a given particle size, the depositionrate can be describedas an
exponential

c = Coe-_t (I0)(

where
c = time-dependentconcentration

_o = initialconcentration= removalcoefficient
t = time (h).
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For a steady state situation,

V do = R- _.CV- FoC = 0 (11)dt

where
R = release rate aerosolformationrate

_o = ventilationflow out= vapor volume.

The averageconcentrationwill be:

R

C = XV + Fo" (12)

The releaserate from the tank vapor to the exhaust system is:

FoR (13)
F°C = ).V + Fo "

DepositionRemovalCoefficient

Aerosols from two sourceswere considered. One sourcewas from fill
liquid splashing. The other sourcewas from bubblesformed by air sparging
and radiolyticbreakdownof tank liquids. The mean wet droplet size of
splashingand air spargingwere assumedto be 28.8 and 3.0 microns,
respectively. The dropletswill quicklyevaporateleavinga dry particleof
smallerdiameter,which will have a smallerrate of deposition. The volume
fractionof dissolvedsolidswas assumedto be no greaterthan 4_ in the
aerosols. A particlethat is reducedto 4% of its originalvolume by
evaporationwill have a dry diameterthat is 34% of is wet diameter. The
correspondingdry particlediametersof the splashingand spargingor bubble-
formationaerosols are 9.8 and 1.0 microns,respectively.

The tank vapor and geometrywas modeledby the FPFP 2 code
(Owczarski1991) for these two mean particlediameters. The model was based
on a five-particlediameterdistributionabout the mean diameter. The
depositionrates of these two mean particledepositions,representedby
Formula10, give values of the removalcoefficientcorrespondingto:

A = -0.39 h"Ifor spargingbubbles
= -15.6 h"Ifor splashingaerosols.

RadiolyticGas FormationRate

Radiolyticgas is formedby ionizingradiationabsorbedin the tank
materials. An assumptionwas made that the gas conversionfactor,expressed
as a yield "G" factor,is 0.2 molecules/t00eV radiationabsorbed. Becauseof
the large volume of the waste tanks, almost all of the energy is absorbedby
the tank waste. The reductionin dose rate near the tank edges by escaping
gamma radiationwas ignored, lhe radiolyticgas volume formationrate was
added to Formula4 above.

J
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Results and C.onclq.sions

A calculationof aerosolswas made for a single-shellwaste tank. Some
of the tank parametersare listed in Table ].

The concentrationsin the tank vapor volumeswere determined for several
significantradioisotopes. Examplesof these resultsare given in Table 2.

These resultswere generallyconservativeand were in reasonable
agreementwith preliminarydata.

Table I. CalculationalParametersof a Waste Tank.
,, _ , ',, _ ' , , ; _ _ , _ ,,-'

Temperature 22.8 °C

Liquid volume 250 m3

Vapor volume 2,700 m3

Liquid transferrate 0 gpm

Liquid surface 410 m2

.... Air spargin9 rate 0

. Radiolytic9as formation 6.8 E-3 m3/h

Air ventilationrate 0.54 m3/h . :

Table 2. AerosolConcentrationsin Waste Tank Vapor., ',, ' ' I,' '

Isotope Liquid concentration Vapor concentration
, (Bq/m3) , (Bq/m")

9°Sr 3.0 E+I2 3.9 E+2

137Cs 6.0 E+8 7.9 E-2

239pu 1.8 E+IO 2.3 E+O

241Am 6.0 E+9 7.9 E-I
,, ' •, ,, _,',' , ,, _ ,,,, ,_ ,

The modeling techniquesdiscussedin this paper predict tank emissions
systematicallyfrom individualtank conditionsand operationalparameters.
From an engineeringstandpoint,this approachis more satisfactorythan the
nonsystematicregulatorymethod. This model will provideguidancefor
operationaland equipmentupgradeconsiderations.
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