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ABSTRACT

A research project has been underway at the Oak Ridge National

Laboratory with the objective to evaluate dose assessment models and to

determine the uncertainty associated with the model predictions. This

has resulted in the application of methods to propagate uncertainties

through models. Some techniques and results related to this problem are

discussed.
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INTRODUCTION

Since 1976 a research project has been underway at the Health and

Safety Research Division of the Oak Ridge National Laboratory (ORNL)

with the objective to evaluate dose assessment models and to determine

the uncertainty associated with the application of these models. These

efforts are a result of the fact, that many important and fundamental

phenomena cannot be precisely predicted because of some deficiencies in

the model, the parameters, etc. Unfortunately the general term "uncer-

tainty" is usually not clearly defined and, means various things to

various people. In the context of my presentation, however, the term

"uncertainty" is intended to describe the model's departure from reality

or the lack of its predictive capability. This involves answering the

question of the accuracy (i.e., free of bias) and preciseness (i.e., the

agreement among predictions) of the model predictions.

It is important to realize that predictions from alj environmental

models are subject to uncertainties. There are basically three sources

of potential uncertainties in model predictions:

* Deficiencies in the process of conceptualization of a

model, "All Models are a Caricature of Reality,"



* Deficiencies in the transition from the conceptual model

to the computational model,

* Inherent variability and potential uncertainty in parame-

ter values used in environmental models.

Particularly the third reason has become a matter of concern in

dose assessment models because of the large variability and potential

uncertainty in input parameters values used in those models. This fact

of life has resulted in the development and application of methods of a

statistical or stochastic nature by considering the input quantities in

a model as random variables.

These methods are primarily based on an analysis of the variability

of input parameters and the impact of their variability on the predicted

dose, an approach which might be referred to as •'imprecision analysis."

Imprecision is intended to describe the agreement or disagreement among

predictions. The method provides not only the expected value of a pro-

cess, but also the variability or uncertainty associated v/ith that pre-

dicted value. This seems to be of particular importance in a situation

where model predictions are used for decision-making in order to obtain

some appreciation of the potential error involved with this decision.

Mathematical Technique:, for an Imprecision Analysis

Consider a mathematical model and a set of input parameters Xj,

X2,...X . The problem is to calculate the probability distribution of

of Y = f(Xi, X2,...X ) where the X's are all considered as random vari-

ables with known or assumed probability distributions. This requires



some techniques for propagating the parameter uncertainties through a

model.

The literature describes a number of analytical and numerical

approaches pertinent to the problem. Not all these techniques have been

considered in detail but are listed for completeness:

1) Linear error propagation formula - f(Xi, X2....X ) is

approximated by a linear function,

2) Nonlinear error propagation formula - f(Xj, X2....X ) is

approximated by higher order polynominal,

3) Utilization of functions of random variables with repro-

ductive properties (e.g., summation of normal or Chi-

square distributions; multiplication of lognormai distri-

bution),

4) Monte Carlo - simulation technique - the X's are sampled

from specified distributions,

5) Surface response methodology.

For an evaluation of these techniques, several considerations are

important including the type and formulation of problem, the required

accuracy, the economy of the method, etc.

To date the efforts at ORNL have concentrated on two different

techniques: an analytical and a numerical approach.

The analytical approach takes advantage of the fact that multipli-

cative chain models with lognormally distributed input parameters will

have a lognormally distributed output. This method utilizes simple

straightforward mathematical procedures that do not necessarily require

the use of a computer. However, several limitations appear to be



associated with the application of this analytical methodology to con-

temporary dose prediction models.

These limitations arise from the requirements that all models

analyzed using this approach must be either reduced to or approximated

by a linear chain of multiplicative parameters and that the variability

of values for each input parameter be approximated or at least fitted to

a lognormal distribution. However, most models used to assess the envi-

ronmental transport and human dosimetry of released radionuclides are

not entirely multiplicative in form, nor are they completely composed of

lognormally distributed input parameters. Moreover, the lognormal dis-

tribution per definition covers a range from zero to infinity. In a

real physical system, however, most distributions are truncated by maxi-

mum and minimum values that cannot be exceeded. The analytical ap-

proach, described by Shaeffer (1979), does not take into account the

potential effect of truncated distributions on the variability of model

output.

The limitations apparently associated with the analytical approach

may be avoided by applying numerical methods. The Monte Carlo technique

has been demonstrated to be a versatile numerical method for simulating

the propagation of uncertainties in environmental models. This type of

approach is based on an analysis of the statistical properties of the

model output when input parameters inserted in the model are selected at

random from a prescribed distribution. In applying this technique to

analyze potential uncertainties in model predictions, it must be assumed

(as was assumed with the analytical approach) that the model is a cor-

rect formulation of reality, i.e., that correct input will produce



correct output. However, unlike the analytical approach, any distribu-

tion and any level of truncation of these distributions can be pre-

scribed for all input parameters, and the form of the model need not be

restricted to a multiplicative chain. Nevertheless, because this pro-

cedure involves a large number of successive computer simulations,

applications can be time consuming and expensive in comparison with the

analytical approach.

Imprecision in Dose by Ingested Iodine (131I)

The activities for quantifying the uncertainties in dose assessment

/rodels have been primarily concentrated in the ingestion of 1 3 1I trans-

ported via the pasture-cow-miIk-man exposure pathway. Currently v/e are

going to extend these considerations to other exposure pathways (e.g.,

consumption of meat, nonleafy and leafy vegetables, etc.) to gain some

insight in multiple intake pathway problems.

Up to now we have discussed the whole matter in very general terms.

To give you a better understanding and some appreciation of the poten-

tial outcomes of an actual imprecision analysis a discussion of some of

our results would be very helpful and illustrative.

As already pointed out, the thyroid dose to children (0.5-1.5 years

of age) was estimated from a unit activity release of elemental 1 3 1I for

an effective release height of 100 m and a receptor point 1000 m down-

wind of a point source. The calculations were performed using the Gaus-

sian plume atmospheric transport model, the USNRC Regulatory Guide ter-

restrial transport model and a dosimetric model according to Dunning

(1979).



Performing an analysis requires first of all an examination of in-

formation related to the statistical properties of all relevant input

parameters. The information used in the following examples are primar-

ily adopted from an extensive literature review conducted by Hoffman and

Baes (1979) and Dunning and Schwarz (1980).

This first slide is a typical representation of the frequency den-

sity distribution of the thyroid dose to infants resulting from a dis-

charge of 1 Curie of elemental 1 3 1I as a result of the joint imprecision

of all input parameters. The values given at the abscissa represent the

annual thyroid dose to an infant. The length of the vertical bars

represent the frequency that the related dose occurs under the condi-

tions assumed in the model.

The most probable dose (X ) is represented by the longest vertical

bar and is associated with a dose of J50 mrem/yr. The average dose (X)

was calculated to be about 870 mrem/yr. Each dose value on the abscissa

might be associated with a specific cumulative frequency. Here, I have

indicated the values of the 95th and 99th probability, respectively, of

thyroid doses not being exceeded under the condition assumed in the dose

model. The range of predicted doses varies over about three orders of

magnitude. However, the probability of occurrence of the minimum and

maximum dose is very low.

The situation is similar for adults, as can be seen from this

slide. This is only anoti;°r form of representation of the thyroid dose

frequency distribution with the dose on the ordinate and cumulative

probability on the abscissd. In general, both distributions are quite

similar; however, they are located at different dose levels. The values



of 95% probability (yg5) and the 99% probability (Xgg) of not being

exceeded are, respectively, approximately a factor of 3-4 and 6-8 times

the mean value (X).

Summary and Conclusions

From the results presented above, it may be concluded that substan-

tial imprecisions are inherent in the application of contemporary dose

prediction models. This primarily reflects the different degrees of

variability in the environmental input parameter for the models current-

ly in use for dose assessments. Nevertheless, our results do not seem

to be unreasonable since some recently published results of measured

organ burdens follow a similar distribution.

We should note, however, that the presented results are based on

three crucial assumptions:

* The structure of the model is correct, i.e., correct

input results in correct output;

* The available data are representative of the true popula-

tion of parameter values under consideration in the

assessment calculation;

* The model parameters are statistically independent.

The validity of these assumptions can easily be questioned. Therefore,

the results of this study may not accurately represent the actual devia-

tion of the predictions from reality.

It should be emphasized here that the uncertainty stated above

represents a "global" uncertainty in dose estimates when site-specific

information is lacking. The input parameter distribution applied in
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these calculations are derived from data available in the general liter-

ature and, therefore, are not directly relevant to any particular site.

However, one might expect that the imprecision in dose estimates

could potentially be lessened if the

* quality and quantity of existing data for input parame-

ters are improved

* data for input parameters are acquired on a site-specific

basis

* correlations betv/een parameters can be quantified

* models subjected to validation experiments.

One should note, however, that all these considerations do not

represent a validation process. The procedure cannot reveal a potential

bias associated with the model predictions and fails therefore to indi-

cate the nature and extent of the departure of the model predictions

from reality. Therefore, no absolute assurance in the validity of the

predictions can be inferred from such considerations, unless the accu-

racy has been measured through validation experiments.


