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SUMMARY

Compliance with standards of radiation dose to the general public

has necessitated the use of dispersion models to predict radionuclide

concentrations in the environment due to releases from nuclear facilities.

Because these models are only approximations of reality and because of

inherent variations in the input parameters used in these models, their

predictions are subject to uncertainty. Quantification of this uncer-

tainty is necessary to assess the adequacy of these models for use in

determining compliance with protection standards.

This paper characterizes the capabilities of several dispersion

models to predict accurately pollutant concentrations in environmental

media. Three types of models are discussed: aquatic or surface water

transport models, atmospheric transport models, and terrestrial and

aquatic food chain models. Using data published primarily by model

users, model predictions are compared to observations. This procedure

is infeasible for food chain models due to unavailability of data.

Therefore, the uncertainties embodied in the input parameters are used

to estimate the uncertainty in the output of food chain models.

Aquatic transport models are divided into one-dimensional, longitudinal-

transverse and longitudinal-vertical models, but only the first two

types are considered here. The one-dimensional models considered

predicted observed concentrations to within a factor of 2, underpre-

dicting in a research flume and overpredicting in a natural environment.

Longitudinal-transverse models are available with and without consideration

of sorption onto sediments. The sorption model, FETRA, underpredicted

pollutant concentrations in water by 40% and concentrations of sediment

in water by 70%. The non-sorption model, devised by Yotsukura and co-

workers, was able to predict temperature to

from a nuclear power plant thermal effluent.

workers, was able to predict temperature to within 1°C 7.7 km downstream



This paper draws several conclusions about the ability of the

Gaussian plume atmospheric dispersion model to predict accurately downwind

air concentrations from releases under several sets of conditions. We

cite data from the literature to corroborate scientific judgments published

elsewhere. Predictions of ground-level centeriine concentrations

within 10 km of a continuous point release could be within 20% of the

observation under ideal conditions. Predictions of concentration at a

specific time and place within 10 km over flat terrain from the release

point under steady meteorological conditions could be within an order of

magnitude of the observations. The long-term average for a specific

point up to 10 km from the relsase over flat terrain could be predicted

within a factor of 2. Monthly and seasonal averages over flat terrain

up to 100 km away from the release could be predicted to within a factor

of 4. The uncertainties of predicting atmospheric concentrations of a

pollutant over complex terrain or during complex meteorology are unquanti-

fiable at this point.

We conclude that no validation study has been successfully conducted

to test the predictions of either aquatic or terrestrial food chain

models. The need for such studies is clear. Using the aquatic pathway
137

from water to fish to an adult human for Cs as an example» a 95% one-

tailed confidence limit interval for the predicted Cs intake is

calculated by examining the distributions of the input parameters. Such

a value is found to be 16 times the value of the median intake. A

similar one-tailed limit for the air-grass-cow-milk-thyroid dose from

I to infants was 5.6 times the median dose.

We must emphasize that all of the results presented in this paper

are based on limited numbers of field observations or parameter measure-

ments; additional information may substantially change our conclusions.



Given that constraint, the aquatic transport models appear to do a

better job of predicting observed concentrations in water than atmospheric

models do for concentrations in air. However, this conclusion is based

on many less aquatic validation data than were available for atmospheric

model validation. Atmospheric models can predict to within a factor of

2 under favorable conditions, but may be unsuitable for prediction under

complex conditions. Food chain models have not been successfully validated

and, therefore, uncertainty about the output of such models can presently

only be quantified by analyzing the variance of the input parameters.

The results published here are representative of a type of analysis

which previously have not been made. They should be taken into account

when determining whether a facility is complying with pertinent environ-

mental release regulations.



REFERENCES

1. C. S. Shih and E. F. Gloyna, "Radioactivity Transport in Water-

Mathematical Model for the Transport of Radionuclides,"

CRWR-18, Center for Research in Water Resources, The University

of Texas, Austin, Texas (1967).

2. Y. Onishi and S. E. Wise, "Mathematical Simulation of Transport of

Sediment and Kepon* in the James River Estuary," PNL-2731, Battelle-

Pacific Northwest Laboratory, Richland, Washington (1978).

3. A. P. Jackman and N. Yotsukura, "Thermal Loading of Natural Streams,"

Professional Paper 991, U.S. Geological Survey, U.S. Government

Printing Office, Washington, D.C. (1977).

4. T. V. Crawford (Chairperson), j[n_ "Proceedings of a Workshop on the

Evaluation of Models Used for the Environmental Assessment of

Radionuclide Releases," C0NF--770901, pp. 5-32, National Technical

Information Service, Washington, D.C. (1978).


