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ABSTRACT

This paper summarizes estimates, compiled in a larger
report, of the uncertainty associated with, models and parame-
ters used to assess the impact on man of radionuclide releases
to the environment by breeder reactor facilities. These esti-
mates indicate that, for many sites, generic models and
representative parameter values may reasonably be used to cal-

" culate doses from annual average radionuclide releases when
these "calculated doses are on the order of one-tenth or less of
a relevant dose limit. For short—term, accidental releases,
the uncertainty in ths dose calculations may be much larger
than an order of magnitude. As a result, it may be necessary
to incorporate site-specific information into the dose calcula-
tion under such circumstances. However, even using site-
specific information, inherent natural variability within human
receptors, and the uncertainties in the dose conversion factor
will likely result in an overall uncertainty of greater than an
order of magnitude for predictions of dose following short-term
releases.

INTRODUCTION

As part of the United States Department of Energy Liquid Metal Fast Breeder
Reactor safety effort, a project is underway at Osk Ridge National Laboratory to
identify models available for environmental radiological assessments; evaluate
model structure, simplifying assumptions, and data bases; estimate uncertainties
in model output; and, when possible, recommend models and parameters which are
best suited to particular assessment situations. Recommendations may also be
made for further environmental add biomedical research.

Whenever models are used for radiological assessment purposes, their pred-
ictions are uncertain to some degree. There are two basic reasons for this
uncertainty [1]:
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1. all models are only approximations of reality,

2. the input parameters used in the models are in reality inherently
variable.

Such, uncertainties ere amplified when models and parameter values determined at
one site for one averaging time are applied at a different site or over a dif-
ferent time period. These uncertainties should be considered whenever the pred-
ictions from environmental transport and dosimetry models are used for
decision-making purposes.

We have recently published a report that reviews previously published esti-
mates of uncertainties associated with predictions by radiological assessment
models [2J. The models we examined are similar to those recommended previously
for use in breeder reactor assessments [3]. The purpose of this paper is to
summarize the uncertainty estimates compiled in the former report.

DOSE ESTIMATION

Raclionuclide releases to the environment by breeder reactor facilities may
result in a dose to man via a variety of pathways. la this paper we will con-
sider four modes of exposure: inhalation, ingestion, and immersion due to
releases to the atmosphere and ingestion of fish as a result of aquatic
releases.

The basic equation for the dose to man is [4]

R.. - C. U D.. (1)

where
R.. = the dose or dose rate to organ j from radionuclide i

associated with a given environmental media and exposure mode,
e.g., Sv/y per Bq/kg beef;

C. = the concentration of radionuclide i in a given environmental
medium, e.g., Bq/kg beef;

U = the exposure time or intake rate (usage) associated
with the given mode of exposure, kg beef ingested/y;

D.. = the dose conversion factor for radionuclide i, organ j,
J and raode of exposure, Sv/Bq;

In the sections Hrhich follow we will examine the uncertainty associated with
each of the three basic components of the dose calculation.

ENVIRONMENTAL CONCENTRATIONS, C

Air .

A number of validation studies for the straight-line Gaussian plume atmos-
pheric dispersion model [6] have been reviewed, and a summary of their results
is presented in Table I. The uncertainties associated with Gaussian plume model
predictions are highly dependent on the site and release conditions being



considered. For routine release conditions considered over long time periods
and over flat terrain, the uncertainties are relatively small. As the release
time becomes shorter and/or the terrain becomes more complex, however, it can be
seen that the uncertainty increases. The uncertainty also increases when
releases occur under complex site or meteorological conditions, such as building
influences or sea breeze regimes. This increase in uncertainty is not unez-
pected in view of the fact that spatial and temporal changes in air flow induced
by such release conditions are not accounted for in the normal straight—line
Gaussian model.

Surface Water Concentration

A discussion has been presented [3] of those models that might be best
suited to assess radionu^lide releases from breeder reactors to surface water
systems when a simple dilution approach has been judged to be inappropriate.
The models considered are two-dimensional, either longitudinal-transverse or
longitudinal-vertical. The models also differ in their capability to account
for sorptive effects on the pollutant. The first model [73 (longitudinal-
tran^u.rse) does not consider sorptions, but the SERATRA [8] (longitudinal-
vertical) and FEUIA [9] (longitudinal-transverse) models do consider sorption
and sediment transport. Much less validation data were available to review for
these aquatic models than for atmospheric dispersion models. The limited data
available indicated that none of the models compared with this limited data base
overpredicted by more than a factor of 2 or underpredictad by more than a factor
of 4 [2], This level of ability to predict aquatic transport of materials is
probably adeqnate for most routine assessments since doses from aquatic sources
are generally small compared to other dose pathways.

Concentration in Terrestrial and Aquatic Foods

Only limited validation data were found for predictions of radionuclide
concentrations in terrestrial and aquatic foods. One study [1] indicated a ten-
dency for a given-set of generic default parameter values [4] to overpredict the
concentration of I .in milk resulting from, an air concentration composed of a
mixture of physical and chemical forms of I. It was also found that selected
default values of the fish bioaccunmlation factor used in radiological assess-
ment models in the absence of site-specific information lead to overpredictions
of radionuclide concentrations [10].

DSAGE FACTORS, U

As noted earlier, for a particular mode of exposure and radionuclide, the
dose to man from a given radionuclide is directly dependent on the exposure time
or intake rite. Recommended values for usage factors have been presented for
adults [3]. Examination of the literature, however, indicates that any such
values for usage factors are subject to a large amount of variability.



especially between different age groups within the population and among specific
population groups [41. For example, it has been suggested [11] that a large
source of uncertainty associated with calculations of external dose is varia-
tions in individual habits such as the fraction of time spent outdoors or away
from a particular location. Another usage factor, drinking water intake, nay
have a standard deviation of less than a factor of ten [1]. It should be noted,
however, that many usage factors are relatively easy to measure on a site-
specific basis, and hence, it should be possible to reduce the uncertainty in
the dose calculation at a given site due to the variability in the usage parame-
ter.

DOSE CONVERSION FACTORS, D

Dose conversion factors are used to relate a radionuclide exposure to ai\
absorbed radiation dose in humans. Validation of these factors has not been
done, however, because it is not practical to directly measure absorbed dose :in
human tissues [11]. Internal dose conversion factors have been developed using
physical models of the body, as have some external dose conversion factors. The
uncertainty in the latter quantity is expected to be less than the uncertainty
in the internal dose conversion factor because little variation in doses from
external sources is expected due to individual anatomical and physiological
differences [11], For example, .an analysis of uncertainty in dose per cait
intake for Pu [12] indicates that the mean value appropriate to human popula-
tions may be uncertain by three orders of magnitude. Also, dose to thyroid from

I ingestion may range over two orders of magnitude if age classes are ignored
£13],

UNCERTAINTY IN DOSE TO MAN

Not enough information exists to specify the uncertainty iu the calculation
of the dose to man on the basis of validation studies alone. Therefore, alter-
native methods to determine the potential uncertainty in environmental radiation
assessments have been developed and applied to dose prediction models, e.g.
[14]. These methods are based solely on an analysis of the variability of model
input parameters and the resulting impact on the variability in predicted dose.
Such methods provide an indication of the variability of potential model predic-
tions and an estimate of the bias due to the selection of single parameter
values in assessment models, but the additional bias inherent in the model
structure remains untested.

The results of a number of analyses of the uncertainty in the dose to man
based on an analysis of the variability of input parameters are summarized in
Table II. The estimated range in dose is approximately 1 to 2 orders of magni-
tude in all of the studies tabulated. Also, the geometric mean is generally
within an order of magnitude of the upper limit of the estimated range. The
variance of the logtransformed data is also very similar in all of these stu-
dies.

The variance of the logtransformed data is a useful measure of model and
parameter uncertainty because it provides a direct comparison of the variability
among model parameters as well as a method of analyzing the variability in model



output when the parameters are linear, multiplicative components of the model,
as is Eq.(1). Many of the dose estimates given in Table II are for releases to
the atmosphere. By examining Table I it can be seen that for annual average
dose estimates the uncertainty in air concentration is generally less than the
uncertainties in the remaining portions of the dose calculation. As the averag-
ing time gets shorter, towever, the uncertainty in the air concentration may
become increasingly significant.

DISCUSSION AND CONCLUSIONS

The International Atomic Energy Agency (IAEA} is in the process of prepar-
ing a report containing recommended generic models and parameter values to be
used to predict the dose to the most exposed individuals (critical groups) as a
result of routine radibnuclide releases from nuclear facilities [17]. The
models presented in this IAEA report are similar to those recommended for
breeder reactor radiological assessments £3]. Not all of the parameter values
in the IAEA report, however, are the same as those recommended for breeder reac-
tor assessments. The IAEA report suggests that when doses calculated using
their generic models and parameter values are within an order of magnitude of a
relevant dose limit chat the calculations should be carefully evaluated to
determine if the models and parameter values being used are appropriate for the
specific site being assessed. Provided that the parameter values used are
representative of the population groups being assessed, the uncertainty esti-
mates presented in this report indicate that the ensuing dose estimate is a rea-
sonable guideline for most sites when generic models and parameter values are
used to calculate doses from annual average radionuclide releases. For acciden-
tal releases, especially those from reactors located in sites dominated by com-
plex terrain and/or coastal meteorology, the uncertainty in the dose calcula-
tions may be much larger than an order of magnitude. As a result, it may be
necessary to use a significant amount of site-specific information to reduce the
amount of uncertainty in the dose calculations under these circumstances. How-
ever, even using site—specific information, natural variability of receptors and
transport process, and uncertainties in the dose conversion factor will likely
result in an overall uncertainty of greater than an order of magnitude for pred-
ictions of dose following short-term releases.

If the uncertainties in the dose calculation are to be reduced, they should
be prioritized as to which uncertainty source should be examined first. Hoffman
[18] has suggested that the priorities for additional research be as follows
(from highest to lowest priority): 1) source term, 2) food chain bioaccumulation
srd transport, 3) human usage factors, 4) physical dispersion, and 5) dose
conversion factors. Both the relative magnitude of each term's uncertainty and
the practicality of reducing this uncertainty were considered. For example, the
dose conversion factor was given the lowest priority on this list because it is
perhaps the most difficult to improve due to natural human variability and the
impractability of measuring absorbed dose in humans. Haman usage factors, how-
ever, are much easier to measure on a site-specific basis and, therefore, appear
earlier in the list. Other analyses may yield a different ranking of priori-
ties. The value aud likelihood of reducing the above uncertainties will likely
be determined by the responsible regulatory agency.
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Table I. Estimates of the ratio of predicted to observed air
concentration associated with predictions by the Gaussian
plume atmospheric dispersion model under various release

conditions (based on [3]) ___

Variance of
Conditions Range logtransformed

dataa

Annual average for a
specific point, flat
terrain

0-10 km downwind 0.5 - 2 0.16

10-150 km downwind 0.25 - 4 0.64

Short-term, elevated
releases

without building
wake effects . 0.1 - 10 1.8

with building
wake effects 0.01 - 100 7.2

Short-term, surface-level
releases

with building
wake effects 0.7 - 100 1.8 - 2.1

without building
wake effects 0.3 -100 1.0 -1.8

Complex terrain or
meteorology (e.g.,sea
breeze regimes)

annual average
concentrations 0.1 - 10 1.8

short-term releases , 0.01 - 100 7.1

Calculated by assuming that the given range in each case represents the
extremes of a loguniform probability distribution of predicted to observed
ratios.



Table II. A summary of studies of the uncertainty in the dose to man
based on an analysis of the variability of the input parameters

used in the calculational model (adapted from [3])

Quantity
Radio-
nuclide

Variance of
Iogtrans-
foraed
dataa

Estimated
range

Geometric
mean

Dose rate at ago 70
from lifetime exposure
to unit activity
in soil (jtGy/yr)c

lung (inhalation)

bone (ingestion)

239Pu

239.Pu

0.

4

67

.0

0

0

.018 -

.0021

0.46

- 6.0

0

0

.09

.11

Dose rate to thyroid
of infants per unit
air concentration
from ingestion of milk
(Sv/yr per Bq/m ) 131, 1.3 0.11 - 10 1.1

Dose equivalent to
adults per unit
water concentration
from ingestion of
fish (uSv per Bq/l)e

bone surface

whole body

90Sr

137Cs

3.9

1.4

1.3 - 3500

17 - 1900

68

180

Dose equivalent to
adults per unit
ground deposition
rate from ingestion
of leafy vegetables
(uSv per Bq/m - d ) e

bone surface

whole body

9°Sr

137Cs

1.2

0.77

8.1 - 660

0.066" - 2.2

73

0.38
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Table II (continaed)

Quantity
Radio—
miclide

Variance of
logtrans-
formed
data

Estimated
range

Geometric
mean

Dose equivalent to
adults per unit
ground deposition
rate from ingest ion.
of non-leafy vegetables
(jiSv per Bq/m - d ) e

bone surface

whole body

' S r

137Cs

1.7

1.4

6.7 - 1300

0.084 - 10

92

0.92

Dose equivalent to
a'dults per unit
ground deposition
rate from ingestion
of milk (jiSv per Bq/a - d ) e

bone surface

whole body

90Sr

137Cs

1.7

1.4

3.0 - 560

0.22 - 23

41

2.2

Dose equivalent to
adults per unit
ground deposition
rate from ingestion

of meat {}iSv per Bq/m -d ) e

bone surface

whole body

Sr

137Cs

2.1

1.1

0.84 - 260

1.4 - 100

IS

12

Based on 95% confidence interval of assumed logaormal distribution.

"Reference [15], Reference [14]. Reference £163.


