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ABSTRACT

A method has been developed for determining the dose received by a
person while crossing a plume of radioactive material. The method uses a
Gaussian plume model to arrive at a dose rate on the plume centerline at the
position of the plume crossing. This dose rate may be due to any external
or internal dose pathway. An algebraic formula can then be used to convert
the plume centerline dose rate to a total dose integrated over the total time
of plume crossing. Correction factors are presented for dose pathways in
which the dose rate is not normally distributed about the plume centerline.
The method 1s illustrated by a study done at the Pacific Northwest Laboratory,
and results of this study are presented.

* Research sponsored by the U.S. Nuclear Regulatory Commission under
a Related Services Contract with the U.S. Department of Energy,
Contract DE-AC06-76RL0 1830.



INTRODUCTION

During an accidental release of radioactive material, officials
responsible for the health and safety of the affected population must make
decisions that minimize the doses resulting from the accident. In order to
minimize doses to the general population, strategies such as evacuation, or
sheltering and subsequent relocation, would be employed to minimize exposure
to the plume. In certain cases, however, it may be necessary for people to
move across the plume. Such crossings might be made by emergency medical or
security workers, or for tasks such as monitoring the plume. For such cir-
cumstances it would be important to have an .estimate of the dose received by
a person crossing the plume.

In this paper a method is presented for performing these cross-plume
dose calculations. The important steps for performing these calculations are
described. These steps are illustrated with details of a study performed at
the Pacific Northwest Laboratory, and the results of this study are also
presented.

METHOD

Important elements for starting the calculation Include a release list,
a description of the release conditions, and a description of the meteoro-
logical conditions existing while the radioactive material is released. In
the PNL study, three types of accidents were considered, and the release
lists and release conditions were described by the PWR-1, PWR-4, and PWR-8
accident scenarios from WASH-1400 (US75). Each type of accident was cal-
culated for three different meteorological conditions: extremely unstable,
neutral, and moderately stable (Pasquill Classes A, D, and F).

This calculation assumes that the conditions governing movement of the
plume remain constant during the entire plume crossing. Under these condi-
tions a bivariate Gaussian plume model can be used for the atmospheric
dispersion calculation. A set of points should be chosen on the plume center-
line for performing the dose calculations. These points should be



representative of the range of downwind distances at which plume crossings

might be made. The PNL study calculated closes at ten points, ranging from

1 to 40 km from the release point. The computer code, WRAITH (Sc80), was

used to perform the atmospheric dispersion calculations. WRAITH uses a

bivariate Gaussian plume model with Pasquill standard deviations. A wind

speed of 2 m/sec was used for all three atmospheric conditions.

At each of the dose points, calculations should be performed to deter-

mine the dose rate on the plume center!ine for each dose pathway considered.

In the PNL study, three dose pathways were considered: internal due to

inhalation of radioactive material in the plume, external due to exposure

to the plume, and external due to exposure to radioactive material deposited

on the ground. WRAITH was used to calculate dose rates due to the first two

pathways, and the computer code FABLM (Na80) was used to calculate external

dose rates due to exposure to contaminated ground.

The plume centerline dose rates can be converted to cross plume doses

if a few assumptions are made. The person crossing the plume is assumed to

travel in a straight line, at a steady speed, at right angles to the plume

centerline, traversing the entire plume. These assumptions are probably

unrealistic for an actual accident, but they do provide a basis for meaningful

estimates. With these assumptions, Equation (1) can be used to calculate the

cross-plume dose for any dose pathway (Ma77):

Dcp * °CL V F ̂ P S

where D * cross-plume dose (rem). cpp
Dp. * centerline dose rate (rem/s)
a * standard deviation for atmospheric dispersion

in the horizontal crosswind direction (m)

v * travelling speed (m/s)

P * a correction factor for a non-normal dose

distribution

S * a shielding factor.



A constant speed at which the person travels across the plume, v, must
be chosen. The PNL study used a value for v of 30 m1/hr (13.4 m/sec). The
choice of v is somewhat arbitrary, but Equation (1) shows that the cross-
plume dose is inversely proportional to v. Therefore the effect of a change
in v on the calculated dose can be easily determined.

The correction factor P is used to adjust for the non-normal distribution
of the dose rate along a horizontal crosswind line for the two external dose
pathways. The derivation of Equation (1) assumes that the dose rate is
normally distributed about the plume centerline on a horizontal crosswind
line. The Gaussian plume model assumes that the concentration of radio-
nuclides follows this normal distribution, and the internal dose due to
inhalation is directly proportional to the radionuclide concentrations at the
point of inhalation. Thus, the dose rate for the inhalation pathway is
normally distributed, and P. * 1. For the two external dose pathways, the
dose to any dose point is due to radionuclide concentrations at a large
number of points around the dose point, and the dose rate distribution is
consequently not a normal one.

In order to evaluate P , the correction factor for external doses due to
exposure to the plume, an expression was derived which is a function of the
variables, A and y^. The Instantaneous distance of a dose point from the
plume centerline is represented by A and the horizontal crosswind coordinate
of a point in the plume irradiating the dose point is y. (the vertical
coordinate of the source point is z). The expression is

P{yv A) - - e
y
2 (2)

P can be found by integrating Equation (2) over the appropriate ranges,
and including weighting factors to adjust for the relative importance of each
variable's contribution to the total dose. The whole equation is normalized
by integrating the three weighting factors over the appropriate ranges and
dividing by this value. P is, therefore, found by:
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Pp - = (3)

7 7 / W W W d y 2 d * d z

where W.. *

W - e *
A

-(A2-2zh )/2c 2

and W • e *

where hg is the effective release height, including plume rise corrections.

To find the values for P , the correction factors for the dose pathway
of exposure to contaminated ground, an equation similar to Equation (3) can
be used:

/ / Pg (y r A) Wy WA dyj dA
P « — — — _ 1 (4)

Equation (4) omits the Integration in the z direction, since contamination
occurs in only one plane.

In the PNL study, Equations (3) and (4) were evaluated for input values
of o and a using a computer code which employed Simpson's integration to
evaluate the multiple integrals. The results of these calculations are pre-
sented in Table 1.

The shielding factor S in Equation (1) needs to be determined for
each dose pathway. In the PNL study, the person crossing the plume was
assumed to be in an automobile. No credit was given for the automobile's
shielding reducing the dose in any of the three pathways, so S * 1 for all
three cases. For exposure to contaminated ground, this is probably overly
convervative, and values for S ranging from 0.25 to 0.5 have been suggested
(Bu77).



RESULTS

The PNL study showed that the pathway of exposure to the plume made a

far smaller contribution to the dose than the other two pathways (Figure 1) .

Thus, during the presence of the plume, only the dose pathways of inhalation

and exposure to the plume are significant. Sample results from the PNL study

for these two pathways are given in Figures2, 3, and 4. These figures

i l lustrate the cross-plume doses for a PWR-1 accident with meteorological

conditions described by Pasquill A. Values are presented for the two important

dose pathways, inhalation and external due to exposure to the plume. The sum

of these two pathways is also presented.
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