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During chronic releases of radionuclides to the atmosphere, airborne

concentrations and resulting radiation exposures are often calculated by

assuming that the contributions from resuspended activity are negligible

compared with the contributions from direct atmospheric transport. In this

paper, models which have been proposed to describe resuspension are used to

estimate air concentrations and radiation exposures from resuspension for a

chronic release time corresponding to an operating lifetime of a nuclear

facility. The potential importance of resuspension is assessed by comparing

the results with the same quantities from direct atmospheric transport.

Resuspension can be described by means of the resuspension factor K,

defined as

Kdn"1) = xr(quantity/m
3)/xs(quantity/m

2) , (1)

where x r and Xs are the concentrations from resuspension and ground deposition,

respectively. In general, the resuspension factor is a time-dependent quan-

tity, K(t). If we assume a constant continuous release resulting in a constant

air concentration from direct transport, XQ> the resuspended air concentration
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at any time t after the beginning of the release is given by

Xr(t) = xovd / K(t - f ) exp{-X(t - t')} d f , (2)
J 0

where vd is the deposition velocity, X is the radioactive decay constant,

and deposition of resuspended activity has been neglected. Since x r Is

monotonically increasing with time during the release, the relative importance

of resuspension may be determined from the quantity xr(
T)/x0> where T is the

operating lifetime of the facility, or by comparing the total exposures from

resuspension and direct transport. The ratio of the exposures for operating

lifetime T is given by

x<-w dt • t3)

A common form for the resuspension factor is

K(t) = KQ exp(-Xkt) + Kfi . (4)^

In the Liquid Metal Fast Breeder (LMFBR) impact statement, the parameter

values are KQ = 10'
5 irf1, Kg = 10"

9 m"1, and Xfc = 5.1 year"
1. This model

was previously analyzed by Horst and Elderkin. In the Reactor Safety Study

(NRC), Eq. (4) was used with the same parameter values, except X. = 0.68
-1 4

year . A different formulation due to Anspaugh is

K(t) = KQ exp(-Xkt
h) + Kfi , (5)

with Kn = 10'
4 m"1, K_ = 10"9 m"1, and At = 0.15 day'

3*.

By assuming T = 40 years for the release time, assuming negligible

radioactive decay during the release, and taking vd = 1 cm/sec, we have



calculated the quantities xr(T)/x0 from Eq. (2) and Er/EQ from Eq. (3) for the

three resuspension models. The results are given in Table 1. For two of the /'

models, we find that the predicted contributions from resuspension are signifi-

cantly greater than the contributions from direct atmospheric transport. Even

in the LMFBR model, it is questionable that resuspension is negligible.

The relatively large contributions from resuspension for a long-term

chronic release result mainly from the assumed values of the deposition

velocity, initial resuspension factor K , and resuspension decay constant A..

Reducing v. and K by a factor of 10, for example, reduces the contribution

from resuspension by a factor of 100. Bennett has suggested that measured

air concentrations and surface deposits of plutonium fall-out from atmospheric

weapons testing lead to a value of K considerably less than 5 x 10 m . We

also note that the value of A. is quite uncertain. Its importance is indi-

cated by comparison of the LMFBR and NRC models in Table 1.

Bennett has proposed that the resuspension factor be defined as the

ratio of the resuspended air concentration to the deposited concentration in

the top layer of the surface soil region. The resuspension factor is then

constant with time, but the resuspended air concentration can decrease with

time as the deposited material migrates below the surface soil region,
-9 -1Bennett proposes a resuspension factor of 5 x 10 m , which, even in the

absence of migration from the surface soil layer, results in xr(T)/x0 and

V E o of only °*06 for a 40"year release.

In conclusion, we have shown that application of available resuspension

models to long-term chronic releases to the atmosphere results in resuspen-

sion concentrations which cannot be neglected compared with concentrations



from direct atmospheric transport. If the resuspension factor is to be used

in radiological assessments, further investigation into the proper values of

the deposition velocity, initial resuspension factor, and resuspension decay

constant for use in the models is needed. We note that in the absence of a

verified resuspension model, Horst has shown that resuspension can be

conservatively accounted for by calculating air concentrations from direct

transport v/ithout depletion due to deposition.
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Table 1. Comparison of Maximum Air Concen-

trations and Exposures for Resuspension and

Direct Transport for a 40-Year Release.a

Resuspension „ , b F /p a
Model V x o tr/to

LMBFRd 0.64 0.63

NRCd 4.7 4.5

Anspaughe 7.7 7.6

Results assume a deposition velocity
of 1 cm/sec, and radioactive decay is
ignored.

Ratio of resuspended air concentration
to air concentration from direct transport
at end of 40-year continuous release.

eRatio of total exposure from resuspen-
sion to total exposure from direct transport
over 40-year release.

See Eq. (4) and following.
eSee Eq. (5) and following.


