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INTRODUCTION

We have devised and applied a methodology for estimating the

concentration of aerosols released at building surfaces and

monitored at other building surface points. We have used this

methodology to make calculations that suggest, for one air—cooled

breeder reactor design, cooling will not be compromised by severe

liquid-metal fires.

Liquid-metal cooled breeder reactors are expected to us., large

quantities of sodium or sodium-potassium alloy, and evaluation of

the possible consequences of a liquid-metal fire, henceforth

referred to as a sodium fire, is an important consideration. Of

particular interest is the sodium aerosol concentration at the air

intake ports that are used for reactor cooling, and which might

suffer restricted flow under high aerosol concentrations.

Because wind tunnel studies are expensive to perform and
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evaluate, we have devised and applied a numerical methodology to

evaluate aerosol transport during liquid-metal fires . Building

wake effects, momentum-driven plume rise, and density-driven plume

rise are considered.

METHODOLOGY

The ratio of the aerosol concentration CS (kg/m ) at a building

surface exhaust vent to the upper hound of the concentration C

3 2
(kg/in ) at a receptor point can be shown to be

2 U )

cs = s_SI
C B A '

where

KE = (CS D A)/Q.

R = shortest distance between source and receptor, measured

along building (m),

B = empirical constant of magnitude 9.0,

A = projected building frontal area (m2),

U = windspeed at roof level far upwind of building (m/s),

Q = source release rate (kg/s).

Equation (1) and the expression for KE may be rearranged to yield

D Rz

To account for plume rise, it is necessary to compute an "effective"

source strength normalized to the roof height and to use this

normalized source strength to determine a concentration at points



downwind. The sector-averaged roof level concentration CC (kg/m )
a

(for a downwind 22.5-degree sector) is given by the equation

/ 2 * (3)

CC = ¥W^expf- *

where

x = source emission point to roof-edge distance (m),

or = vertical dispersion coefficient (m),

h = plume rise (m) above <he emission point.

The effective roof source strength QR for this concentration may be

approximated by multiplying the concentration in Eq. (2) by the

downwind plume areal cross section and the wind velocity. For the

22.5-degree sector plume, this correction yields

(4)

QR = 0.842 C

The value of the vertical dispersion coefficient cr in Eq. (4) is
2

dependent on building roof wake effects. I t may be approximated by

az = 0.21 RF°-25x°-75 .

The scaling factor RF for wake-dominated air flow and diffusion

(Wilson and Britter, 1982) is calculated for each wind direction,

based on DS, the smallest building dimension perpendicular to the

wind vector, and DL, the largest building dimension perpendicular to



the wind vector. Its value is given by

(6)
RF = DS°-67DL0-33 .

The amount of momentum-driven plume rise h above the emission point

may be predicted from the exhaust port exit diameter D, the

windspeed U, and the exhaust velocity W by the equation

(7)
h ~ 3 D W/D .

There exist, in addition to momentum-driven plume rise which results

from the ini t ia l upward plume velocity, other mechanisms that

increase the effective aerosol release-height. These other

mechanisms, which are driven by density differences between the

plume and the ambient air , result in a more gradual lofting of the

plume in comparison to momentum plume r i s e . These density

differences result from (1) temperature differences, (2) molecular

weight differences, and (3) water droplet evaporation after plume

emission. Briggs presents methods for estimating the plume rise

from these effects, and we incorporate his methods in our

methodology.

CALCULATIONS

We have applied t h i s methodology t o consider a s p e c i f i c breeder

reac to r design . Two r e l e a s e scenar ios a re considered. A " p r i o r i t y

1" r e l e a s e cons i s t s of the emission of 1.37 x 10 kg of sodium

aerosol over a two-hour pe r i od . A convec t ion- l imi ted emission of

zero e x i t v e l o c i t y was assumed. The e x i t temperature was 204-260°C.



"Priority 2" releases were much more acute than priority 1 releases;

the specified aerosol release rate was 1364 kg in 14 s.

Reference wind directions; and representative wind velocities

were chosen and calculations were made of sudium aerosol

concentrations at air intake ports.

RESULTS

Our results suggest that, for wind speeds from 2-10 m/s and for

relatively small release rates on the order of 1-10 kg/s, aerosol

concentrations will be sufficiently low that, in cases where several

judiciously placed cooling ports are provided, reactor cooling will

not be compromised in the design considered.

It would also be valuable to examine the effects of low-speed

and variable-direction winds usi'ig a plume trajectory model, in

order to develop a more accurate prediction of expected intake port

concentrations. Simultaneous consideration of momentum—driven plume

rise, building wake effects, and density-driven plume rise would

yield more realistic results than treating these competing processes

sequentially, as was done in this work. Finally, it would be useful

to consider the effects of sodium aerosol particle growth and

agglomeration .
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