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RESUME

Certaines valeurs parametriques propres au site devraient etre utilisees chaque fois que
c'est possible afin d'accroitre la precision des previsions de doses. Les valeurs des
parametres propres aux pratiques agricoles et aux modes de vie dans le sud de 1'Ontario
sont donnees dans la norme CSA-N288.1-M87 {Canadian Standards Association
Guidelines for Calculating Derived Release Limits for Radioactive Material in Airborne
and Liquid Effluents for Normal Operation of Nuclear Facilities) et dans le code de
calcul CHERPAC (code d'analyse des voies de transfert du service de la Recherche sur
l'environnement de Chalk River). On montre que l'utilisation de ces valeurs, a la place
des valeurs parametriques par defaut enoncees dans la norme CSA-N288.1-M87, reduit
les doses prevues par un facteur de pres de 2.
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ABSTRACT

Site-specific parameter values should be used whenever possible to increase the accuracy
of dose predictions. Parameter values specific to agricultural practices and human
lifestyles in southern Ontario are presented for use in CSA-N288.1-M87 (Canadian
Standards Association Guidelines for Calculating Derived Release Limits for
Radioactive Material in Airborne and Liquid Effluents for Normal Operation of Nuclear
Facilities) and CHERP AC (Chalk River Environmental Research Pathways Analysis
Code). Use of these values in place of the default parameter values in CSA-N288.1-M87
is shown to reduce the predicted dose by nearly a factor of 2.
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1- INTRODUCTION

Models used to calculate derived emission limits (DELs) or doses to members of the
public following routine or accidental releases of radioactivity from nuclear facilities were
designed historically to be conservative. Parameter values were chosen to be higher (or in
some cases, lower) than realistic for each transfer in the model, to ensure that the
predicted doses would not be underestimated. The current trend is to attempt to predict
mean doses with an associated confidence interval so that there is a probability (e.g., 95%)
that the confidence interval will include the observations. This approach entails multiple
runs of the coded model, each of which uses a different set of parameter values resulting
from random sampling of distributions of values (BIOMOVS II, 1993; Koch and Peterson,
1995).

The Canadian standard for calculating DELs from routine releases, CSA-N288.1-M87
(CSA, 1987), is a deterministic steady-state model. Its default parameter values have been
selected so that the model is not likely to underestimate dose to a member of a critical
group. Primarily for dose assessment after an accident, the stochastic, time-dependent
model, CHERPAC (Peterson, 1994), has distributions of parameter values that have been
selected so that a mean dose prediction should be accurate. Although CHERPAC was
designed originally with similar structure and parameter values as CSA-N288.1, it
developed into a model with more parameters and a few more pathways in conjunction
with model testing exercises using data from central Bohemia and Finland (Peterson,
1995; Peterson, 1996).

There are two types of parameters in these models, one is dependent on element and
includes such parameters as radiological half-life, weathering half-life, bulk transfer from
forage to milk, and concentration ratio for soil to vegetation, while the other is
independent of radionuclide. The values for radionuclide-dependent parameters mostly
are based on past research in the United States and Europe. Given the magnitude of the
uncertainty in most of the transfer parameters and the similarity in biological systems
regardless of political boundaries, it is not remiss to use these data in Canadian codes,
although confirmation that a value is not significantly different in Canada would be
desirable. However, since experimentation is both time-consuming and costly,
radionuclide-dependent values will most likely be selected from existing data bases, even
for specific sites. The parameter values that are most likely to have a major site-specific
effect on dose, therefore, are those that are independent of radionuclide. Included are
diets for animals and people, the yield of vegetation, the principal crops grown or animals
raised in the vicinity of a nuclear reactor, the lifestyles of animals and people (i.e., how
much time is spent outdoors), the amount of time crops are growing, etc. Many sources
exist for these types of data, since all are vital to the economy.

Parameter values and their distributions suitable for use around the Pickering, Darlington
and Bruce Nuclear Generating Stations (NGS) will be presented in this report; many of
these may be applicable to other Canadian CANDU* sites as well. They were prepared

* CANDU: CANada Deuterium Uranium; registered trademark



for use in CHERPAC. With some modifications and different assumptions, these site-
specific data can be adapted to CS A-N288.1. At CANDU sites, it is customary to use
site-specific values for atmospheric and aquatic dispersion and to characterize the critical
group for DEL calculations, but all other transfers are calculated using the generic values
from CSA-N288.1 (Ontario Hydro Health and Safety Division, 1991; Osborne, 1991;
Gorman, 1986). A comparison will be made between doses calculated using the generic
values from CSA-N288.1 and those presented in this report.

2. SITE-SPECIFIC PARAMETER VALUES

2.1 Agricultural Pathways

The most common crops in the areas around the CANDU reactors in Ontario are listed in
Table 1 (Ministry of Agriculture, 1993). They were chosen by relative numbers of
hectares under cultivation. Only those crops which occupy more than 5% of the total land
cultivated for each crop type are listed in order of importance. Animals are ranked by
numbers. The counties of Bruce and Durham were chosen to represent the locales of
Bruce NGS and Darlington NGS; there is little agriculture in Metropolitan Toronto, the
site of Pickering NGS, so nearby Northumberland County was substituted as being similar
to Durham and to represent Metropolitan Toronto.

Other parameters that can be assigned values specific to Ontario farm practices include
diets for dairy and beef cattle, pigs and chickens, the depth to which seeds are planted, and
the fraction of food that is raised in greenhouses. Particularly important to a time-
dependent model such as CHERPAC are data for the times at which certain practices
occur, such as times of seeding, times of harvest and hunting seasons. These data were
compiled with help from publications of, and people working for, the Ministry of
Agriculture, Food and Rural Affairs (Ministry of Agriculture, 1995; Sweeting, 1995;
Spratt, 1995;Khosla, 1995; Bagg, 1995). Agricultural practices are much more complex
than even the representation of the most complex models. Much of the information has
been used to support assumptions for CHERPAC and CSA-N288.1, and some will be
used for further improvements to CHERPAC. Parameter values and their distributions for
these site-specific parameters, as used in CHERPAC, are summarized in Table 2.
Distributions were chosen on the basis of graphing the available data when there were not
enough to calculate statistical distributions. Normal and lognormal distributions are
defined by the 0.001 and 0.999 percentiles. Timing of agricultural practices in Ontario, for
input to CHERPAC, is summarized in Table 3. It must be emphasized that many
assumptions have gone into adapting variable real-life data to the rigid needs of the model.
For example, neither CHERPAC nor CSA-N288.1 includes corn or silage, both of which
may be important pathways to dose in Ontario. Arguments could be made to increase the
complexity of the models to better simulate agricultural practices with consequent
reduction of uncertainty in the prediction of dose.



Plant/soil concentration ratios (CRs) are different for each element and are correlated with
type of crop, type of experiment and source of contamination, soil depth, bioavailability
due to aging of soil contamination, and, to a varying extent, on pH, clay content and
organic matter content of the soil (Sheppard, 1995). Using a large data base, Sheppard
(1995) has been able to correlate soil characteristics with CRs and associated uncertainty
for cesium, and thus site-specific CRs based on local soil characteristics can be selected.
The soil around Darlington NGS is very similar to the standard soil described by Sheppard
(1995; also, Sheppard, personal communication). The pH is above 7, the parent material
is calcareous, and the texture coincides with about 15% clay content. Soil conditions
around Pickering NGS will be similar. The muck soils around Bruce NGS are
approximated by pH 6, 20% clay and 30% organic matter (Sheppard, personal
communication), while Plainfield Sand close to Bruce has a pH of 6 but a much lower clay
(5%) and organic matter (1%) content. The CRs and the 0.001 and 0.999 percentiles of
the distributions for cesium, iodine and ruthenium (the only three nuclides at present in
CEERPAC) are summarized in Table 4; there are not enough data to estimate site-specific
CRs for iodine and ruthenium. Cesium data in Table 4 are based on Sheppard (1995),
where data for 21 elements may be found. The CRs based on plant dry weight have been
converted to fresh weight assuming dry weight fractions for leafy vegetables of 0.09,
potatoes of 0.32, rootcrops of 0.13, forest vegetables of 0.14 and fruit of 0.16; grain is
considered dry weight. The iodine and ruthenium data are calculated from the CR data
base that has been compiled during the development of CHERPAC. At Sheppard's
recommendation (Sheppard, personal communication), the geometric standard deviation
(GSD) for cesium was assumed to be 3, and those for ruthenium and iodine to be 4.

2.2 Human Diets, Occupancy Factors and Shielding

Dose from ingestion is obviously sensitive to differences in diet. For example, since
cesium recycles in a forest environment, a few years after an accidental release of
radioactivity, the individual who regularly hunts moose and eats moose meat could have a
higher dose than an average member of the population. Variation in ingestion rates of
other products that may have accumulated radionuclides, such as leafy vegetables or milk,
may have a large effect on dose. Hence it is important to choose a credible average diet.
All of the information available on diets is based on national averages (Gorman, 1986;
Ministry of Agriculture, 1993; Nutrition Canada, 1979; Ontario Ministry of Natural
Resources, 1992; Rao, personal communication), so the dietary information (Table 5)
(except for consumption of wild game, which is based on harvests and populations of
Durham and Bruce counties (Ontario Ministry of Natural Resources, 1992) can be used
for Quebec and New Brunswick as well as for Ontario. Idiosyncracies of local diet, such
as the eating of dulce in the Maritimes, have not been addressed.

Table 5 lists the average weights of Canadian man, woman and child (age 10), and the
daily consumption of each food item included in CHERPAC for them. Total kilograms of
food and total calories consumed per day based on this diet and approximate calorie
values for each group (National Research Council, 1956) are also listed. Caloric intake in
the model is about 15% lower than average weighted intakes based on age classes (20-39,



40-64, >65 and pregnant women) and the numbers of people in each age class living in the
areas around the power reactors represented by Pickering, Newcastle and Tiverton
(Mendelsson, personal communication), but this underestimate is acceptable because
sugars, fats and oils and nuts, which are neither modelled nor are likely to be contaminated
locally, will contribute the missing 15%.

Ingestion dose is sensitive to any reduction in the concentrations of ingested foods.
Depending on the radionuclide and type of food preparation, the reduction can range from
insignificant to nearly 100% (Noordijk and Quinault, 1992); for CHERPAC, in which
processing losses are modelled for food categories (e.g., leafy vegetables, potatoes, meat),
most distributions for the fraction of activity remaining after processing have quite high
ranges, but some range from very low to 1.0. Important reductions in the intake of
radioactivity from CANDU reactors occur simply because locally grown foods do not
meet the dietary requirements of the population. Making the most conservative
assumptions based on knowledge of the quantities of foods produced, imported, exported
and ingested in Ontario, it is safe to say that 100% of all grain (0.85-1.0), fruit vegetables
(0.4-1.0), mushrooms (0.8-1.0) and animal products (milk, 0.4-, beef 0.75-, chicken 0.85-,
eggs and pork 0.95-1.0), 90% of potatoes (0.3-0.9), 75% of rootcrops (0.5-0.75) and
25% of leafy vegetables (0.05-0.25) and fruit (0.05-0.25) are produced and eaten in
Ontario. (Even the critical group is probably not completely self-sufficient.) For
CHERPAC, the distributions are assumed to be uniform, with lower and upper limits
shown above in parentheses.

Occupancy factors for calculating doses from immersion in the contaminated plume and
from deposition are based on lifestyle patterns of Canadians (Devereux, 1993). Annually,
the mean daily fraction of time spent outdoors is 0.15; a normal distribution is assumed to
have values of the 0.001 and 0.999 percentiles of 0.0084 and 0.29.

A shielding factor for calculating the fraction of dose from outdoor deposition or outdoor
airborne contamination received indoors for the gamma-emitting radionuclides cesium,
iodine and ruthenium was estimated based on extensive values from Europe and
knowledge of the differences between Canadian and European housing construction
(Peterson et al., 1995), along with consideration of the building types (single-family
nouses, apartment or office buildings, etc.) in which residents of Pickering, Oshawa and
Toronto dwell (Canadian Mortgage and Housing Corporation, 1993). A triangular
distribution (0.009, 0.17, 0.9) accounts for both residences and large buildings.

3- UNIVERSAL PARAMETER VALUES

Such parameters as breathing rates for human beings and animals may be considered
universal, since the uncertainty bounds are such that even breed differences between cattle,
for example, will be included. Many of the parameters that vary depending on element,
such as translocation, loss rates from the body, and reduction in concentrations of
foodstuffs due to processing, are probably universally applicable, because the physiology



of plants and animals does not vary much within species, and methods of food preparation
are similar across countries. Some parameters, such as deposition velocities and transfer
parameters from feed to milk or meat, may be site-specific, but universal values must be
used because no experiments have been done at CANDU sites. For instance, deposition
velocities from chronic releases could be quite site-specific, since they depend on particle-
size distributions and average meteorological conditions; even an accident at a site would
have accident-specific deposition velocities. The fraction of daily intake by ingestion
appearing in 1 kg of animal produce could also be site-specific if local diets included a
mineral, for instance, that either interfered with uptake or increased uptake of a particular
form of radionuclide. These sorts of site-specificity have not been examined, so universal
values used in CHERPAC and in CSA-N288.1 (not necessarily the same) will not be
discussed here.

4. COMPARISON OF ONTARIO SITE-SPECIFIC DATA WITH
CSA-N288.1-M87

Table 6 compares between the data supplied in CSA-N288.1-M87 with the
Ontario/Canada site-specific data compiled here. These data have been transformed from
the form needed for CHERPAC to that needed for CSA-N288.1, and are based on median
values only. Since yield is so important to the concentrations in vegetable crops in
CSA-N288.1, and since it varies substantially between types of plants, yields are weighted
for consumption; all yields are taken from the Ontario harvest. Leafy vegetables include
broccoli, cabbage, cauliflower, celery and lettuce; fruit vegetables include green beans,
sweet corn, cucumbers, peas, peppers and tomatoes; root vegetables include beets,
carrots, onions, potatoes and rutabagas; and fruits include apples, grapes, melons, cherries
and strawberries. Differences are generally much less than the uncertainties. The
similarities are encouraging because the credibility of CSA-N288.1 is enhanced by
independent supporting evidence.

The differences in values do have some effect on dose. For example, the most extreme
difference in yield is that for fruit: the yield for apples, which is 95% of the fruit raised in
Bruce, Durham and Northumberland counties, is about four times the default value in
CSA-N288.1. According to the model, the concentration of radionuclide in apples will be
four times lower, which will lower the dose by that fraction of the total diet that is
contributed by fruit. In contrast, the increased diet (by nearly two times) of the dairy cow
will nearly double the concentration in milk and milk products, and hence increase the
dose. The difference in consumption of leafy vegetables is a factor of 2 higher for the site-
specific data. Differences in CR for vegetables are significant between CSA-N288.1 and
this paper. The Crs of CSA-N288.1 are low by at least a factor of 5 for cesium and by
factors of 5.8 and 3.9 for iodine and ruthenium, respectively.

The net effect of replacing the default values in CSA-N288.1 with site-specific ones from
Table 6 (the CRs used are those for Pickering NGS) is to reduce ingestion dose to an
adult, with the exception that the dose from 106Ru is increased slightly. The site-specific



ingestion dose for 13?Cs is 61% of the CS A-N288.1 default dose; for* 4Cs, \ Ru and
106

Ru it is 59%, 53%, 75% and 110% respectively. When the higher cesium CRs for
134

Bruce muck are used, there is essentially no change in ingestion dose from Cs

(Pickering values), but the dose from Cs is raised by 15%. To test the sensitivity of

CSA-N288.1 to bulk soil density, a value for Bruce muck of 300 kg m*3 (Sheppard, 1996)

was used along with the associated high CRs. For Cs, the ingestion dose was about

10% higher than the Pickering dose, and for Cs the dose was nearly a factor of 2 higher,
due to its long half-life. In fact, the ingestion dose for Cs using Bruce CRs and soil
density is 7% higher than the default dose from CSA-N288.1. Immersion doses for all of
these radionuclides are reduced to a third of the default dose due to a lack of conservatism
in shielding and occupancy factors. An adequately conservative dose would probably lie
somewhere between the realistic estimate for the site-specific dose and the default. The
effective dose from deposition on surfaces is reduced only slightly for all the
radionuclides—to 94%, since only the occupancy factor has been adjusted downwards in
the site-specific parameters.

In a test of the degree of conservativeness of CSA-N288.1's default parameter values,
predictions were compared after distributed site-specific parameter values (Table 3) and
the default parameter values from CSA-N288.1 (Table 6) were used in CHERPAC.
Because of different pathways, dynamics and assumptions found in CHERPAC, there can
be no direct comparison of steady-state predictions from CSA-N288.1 and time-dependent
predictions from CHERPAC, but because of the derivation of the parameter values in
CHERPAC, the steady-state default values from CSA-N288.1 can be substituted
appropriately in CHERPAC. Air and rainfall data used as driving input were Chernobyl
data gathered in Helsinki, Finland, after the Chernobyl accident (Peterson, 1996). As an
example, predicted accumulated ingestion, inhalation, immersion and external doses for

Cs are seen for two months and thirty months after the accident in Figure 1. The mean
predictions with 95% confidence intervals are shown by the dark circle and error bars.
Two results for CSA-N288.1 are shown. The open circles are the results using all default
parameter values, including default generic deposition velocities; the results represented by
the open squares were calculated using median dry deposition velocities and washout
ratios from distributions of these parameter values from CHERPAC with all other
parameter values being CSA-N288.1 default values. For inhalation and immersion, the
CSA-N288.1 doses are at or above the 97.5% confidence limit. The ingestion and
external doses, however, are below the mean predictions, and for ingestion dose at thirty
months, the CSA-N288.1 default predictions (including generic deposition velocities) are
hardly higher than the 2.5% confidence limit.



5. DISCUSSION

As seen above, the use of site-specific parameter values in CSA-N288.1 reduced the
various doses compared with the use of default values. However, when doses were
calculated with CHERPAC using distributions of site-specific parameter values and
CSA-N288.1 default values adapted for use in CHERPAC, the reverse appears to be the
case: the ingestion and external doses calculated from the default values are seen to be
below the means of the distributed predictions, although they are still within the 95%
confidence intervals. Since the assumptions were the same for both sets of data, the
explanation lies elsewhere. Given the distributions in CHERPAC, the "best estimates" of
parameter values (e.g., the median of a lognormal distribution, the midpoint of a triangular

distribution) will always lie below the calculated mean. The difference between Cs
ingestion predictions from site-specific and default values was only a factor of two at
steady-state, and, at two months, the default ingestion dose from CHERPAC is about
equal to the mean, so the default doses is therefore higher than the expected site-specific
dose. With time, the default doses decrease relative to the mean. The most obvious
reason is the diet of animals in CSA-N288.1. For example, not only do milk cows eat a
default 10 kg forage instead of a midpoint 14 kg, they also do not eat grain, which
contributes a significant amount of contamination after harvest in August.

Data on soil-specific or species-specific CRs are inadequate except for a few well-studied
radionuclides like cesium, and even for cesium the uncertainty about these values is large.
In this paper, new distributions for cesium CRs for different soils and plant types were
introduced based on analysis of a large data base; in addition, CRs for iodine and
ruthenium based on relatively large numbers of references (67 and 15 for forage, and 59
and 46 for vegetables, for iodine and ruthenium, respectively) were presented, and
uncertainty about these values was estimated. For vegetables, the new CRs were higher
than the CSA-N288.1 defaults by up to a factor of 7; for forage, the default CRs for iodine
and cesium are about twice the revised numbers, but for ruthenium the default is about
40% of the new value. However, due to the large uncertainty regarding the median values
(about three orders of magnitude, Table 4), the differences between the median value and
CSA-N288.1 can be considered to be negligible. This highlights the importance of
including uncertainty in model calculations, especially since ingestion dose predictions are
sensitive to CR, particularly for radionuclides with long half-lives.

While compiling information on agricultural practices, dietary patterns, lifestyles, etc.,
shortcomings of models are discovered. For instance, alfalfa, corn (as grain and whole-
plant silage for animals) and soybeans (as supplements for animal diets) are major crops in
Ontario. Since they are so important, they should be included in both CSA-N288.1 and
CHERPAC. For CHERPAC, incorporating plant-specific data would probably reduce the
uncertainty in the predictions. As the models now stand, numerous assumptions must be
made so that the diet of pasture vegetation (in CSA-N288.1 and CHERPAC) and grain
(CHERPAC) can approximate what animals are actually fed. The CSA-N288.1 model is
particularly weak because no parameter values are provided to assist in modelling grain, so
that chickens and pigs must by default ingest pasture vegetation.



One of the weakest pathways in both CSA-N288.1 and CHERPAC is the treatment of
milk products. Modelling milk itself is very straightforward, since it is relatively easy to
predict concentrations in milk, estimate quantities ingested and know how many days have
passed between milking and drinking. Milk products, however, are very diverse and are
processed very differently. Some of the treatments will reduce considerably the
concentration of radionuclides, while others will concentrate the radionuclide. To lump all
milk products as "milk products" as is done in CSA-N288.1, or to assume, as in
CHERPAC, that the only product that cannot be treated as milk is cheese, is a great
oversimplification. Any change, however, involves more assumptions, more averaging,
and must be done cautiously.

Certain food items, such as nuts, oils and sugars, are not included in either CSA-N288.1
or CHERPAC. For Canada, it can be assumed safely that nuts and cane sugar are
imported. Oils (e.g., corn, soybean, canola) are produced in Ontario, but they were not
considered in this investigation. If radionuclides are concentrated in these oils, they may
make a small contribution to dose from CANDU reactors.

Some of the differences between consumption estimated here and the recommendations of
CSA-N288.1 (Table 6) are probably due to changes in eating habits with the increased
awareness of the importance of diet to health. The higher revised consumption of leafy
vegetables and poultry and lower revised consumption of beef, pork and eggs probably
reflects these changes. Another example is that per capita consumption of butter has
dropped from an average 4.4 kg per annum in the early 1980s to an average of 3.2 kg per
annum in the early 1990s (Ministry of Agriculture, 1993).

To accurately assess dose from a chronic release, it is necessary to model more than
radiological pathways. Estimates of average dose around CANDU reactors can be
reduced by including the maximum fraction of food in a diet that can be grown locally.
Especially in these times, when food is imported globally and ingestion of local produce is
highly seasonal, potentially high local concentrations of radioactivity will have less effect
on dose. A complex model of what is sold in local markets coupled with the dietary habits
of the local populace would reduce considerably the uncertainty about how much
radioactivity is likely to be consumed.

Much of the above discussion is unimportant for a DEL model that is being used
exclusively to calculate dose to a critical group. If a group is living downwind from a
reactor and is eating vegetables grown on its property for half of the year, and is perhaps
milking a goat (another ignored pathway the could have a considerable effect on dose,
since the transfer to milk is very high), any dose from store-bought ice cream or corn oil is
insignificant. This is why, for CSA-N288.1, grain was not modelled: the theory was that,
even if grain is grown in the vicinity of a reactor, it will be milled and diluted



elsewhere and widely distributed (Gorman, 1986). Although not to include all principal
foods is conceptually unsatisfying, even a model such as CHERPAC need not include
grain if the accident is small enough. However, as we have seen after the Chernobyl
accident, sometimes very large areas can be contaminated. Containment of CANDU
reactors is such that a large-scale accident is extremely unlikely to occur, but in-house
models should be available in case Canada is contaminated from afar.

6- CONCLUSIONS

Distributions of site-specific parameter values for use around CANDU sites were prepared
for use in the time-dependent model, CHERPAC, so that it can be used to model doses in
Ontario resulting from a major reactor accident elsewhere in the world. These values
were then adapted to the CSA-N288.1 model for calculating DELs, and the dose
predictions using the revised values were compared with predictions using the default
values.

Not surprisingly, since parameter values for CSA-N288.1 are supposed to be
conservative, the use of site-specific parameter values, which are intended to be realistic,
reduces the overall dose predictions. However, when "conservative" and "realistic" values
are compared, as in Table 6, it becomes apparent that many of the revised parameter
values, taken individually, are more "conservative" than the default parameters. For
instance, the revised daily intake of a cow, being nearly twice the default value, will result
in nearly twice the concentration of radionuclide in milk. This has serious implications for
a DEL model.

The doses calculated here are effective doses to an average adult, but since the assumption
was that the adult lives 100% of the time 1000 m from the stack and that all of his/her
food is grown there, he/she equally may be considered the critical individual. The CSA-
N288.1 model considers only basic agricultural pathways to dose. It is possible that the
member of the critical group could be, for example, someone snaring rabbits at the
perimeter of the exclusion area. Wild game is known to have higher levels of some
radionuclides, due to recycling in forest ecosystems, but the existing pathways in CSA-
N288.1 cannot account for this. Furthermore, there are possible pathways to dose that
have not been investigated: dose from com oil, for example, if the radionuclide gets
significantly concentrated during processing. A DEL model should include all major
pathways to dose, so that they are in place when needed.

The importance of using site-specific data has been demonstrated by the cesium ingestion
dose predictions for Bruce NGS versus Pickering NGS, where the only differences were

those of CR and bulk density of soil. Yet for 1 3 7Cs there was a factor of 2 difference in
predictions.
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With more data, confidence that a chosen parameter value will be what it is supposed to
be (i.e., either conservative or realistic) will be increased. This probably explains why
most of the revised CRs are higher than the default values used at present in CSA-N288.1,
since many data have been collected in the years since the CSA-N288.1 default values
were selected as being conservative. Hence it is important to update parameter values
used in models as more information becomes available.

In a stochastic model like CHERPAC, the use of site-specific distributions will contribute
to the goal of reducing the uncertainty in the predictions. The upper 97.5% confidence
limit on "accurate" predictions could be considered a safely conservative prediction, and,
with greater confidence, that limit can drop and still be conservative. As Figure 1 shows,
the ingestion and external dose predictions using even the default values of CSA-N288.1
cannot be considered conservative. A satisfactory solution that would assure that dose
predictions from DEL models are conservative might be to make the models stochastic
and use balanced, expert judgement to choose the most appropriate distributions. DELs
could then be calculated using the dose predicted by the upper confidence interval.
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Table 1. Principal Economic Crops in Vicinities of CANDU Stations in Ontario

Leafy Vegetables
*cabbage

•cauliflower
*cabbage, Chinese

•broccoli
Fruit Vegetables

••corn, sweet
**peas, green

**beans, dry white
Root Crops
••potatoes

•carrots
•onions, dry

Grain
#barley

^grains, mixed
#wheat, winter

#oats
Fruit

••apples
•strawberries

Livestock (Numbers)
broilers, roasters, etc.

laying hens
pigs for slaughter
beef for slaughter

dairy cows, producing
(20 times more chickens than pigs)

Animal Fodder
##alfelfa

##com for grain
#hay, tame
#soybeans

#corn for silage
Other

#canola
•buckwheat

Total Hectares in Bruce, Durham and Northumberland Counties
* 40-405
** 406-4050
# 4051-40500
## >40500
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Table 2. Site-Specific Values of Agricultural Parameters for CHERFAC
Parameter Name

Soil
Mass of plough layer (kg)
Seeding depth (cm)

grain
vegetables

Beef Cattle
Hay eaten daily (kg fw)
Grain eaten daily (kg)
Dairy Cattle
Hay eaten daily (kg fw)
Grain eaten daily (kg)
Pigs
Milk eaten 1 st month (L)
Milk eaten 2nd month (L)
Grain eaten 1st month (kg)
Grain eaten 2nd month (kg)
Grain eaten 3rd month (kg)
Grain eaten 4th month (kg)
Grain eaten 5th month (kg)
Grain eaten 6th month (kg)
Weight at slaughter (kg)
Poultry (broilers and laving
chickens
Grain eaten daily (kg)
Daily soil ingestion (kg)*

Distribution

normal

uniform
triangular

triangular
triangular

triangular
triangular

uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniform
uniform

uniform
user distribution

1.5

25
1.3

50
4.0

Limits of Distribution

30

4

0.18
0.048

0.0784
0.582
1.27
1.74
2.2

2.92
80

0.09
98% at 1 e-5

4

38
3.3

74
4.5

240

8

0.27
0.072
0.114
0.872
1.91
2.62
3.3

4.38
110

0.11

10

60
5.3

100
7.0

2% at 0.01

Best
Estimate

180

6
4

38
3.3

74
4.5

0.225
0.06
0.095
0.727
1.59
2.18
2.75
3.9
100

0.1
le-5

*Represents proportions of battery vs free-range chickens
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Table 2 (cont'd) Site-Specific Values of Agricultural Parameters for CHERPAC
Parameter Name

Vegetables and Grain
Fraction raised outdoors
Fraction of spring
grain/total grain

for people
for animals

Harvest dates (Julian day)
spring grain
winter grain

Yield (kg fw m"2)
Pasture
Leafy vegetables

uniform

triangular
triangular

triangular
triangular

triangular
lognormal

0.85
0.98

201
201

0.93

Limits of Distribution

0.9

0.12

0.9
0.99

222
206

1.56

1.0

9.9

0.95
1.0

232
211

2.3

Best
Estimate

0.95

0.9
0.99

222
206

1.56
2.1
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Table 3. Timing of Agricultural Activities for CHERPAC
Activity

Related to Crops
Harvests of hay

First
Second

Germination of vegetable crops
Harvest periods for fresh crops

Leafy vegetables
Fruit vegetables
Root crops
Potatoes
Apples
Strawberries

Harvest month for stored crops, excl. grain
Harvest month for grain
Greenhouse production, incl. mushrooms
Related to Animals
Grazing of beef cattle or dairy cattle
outdoors
Range chickens outdoors
Fishing
Hunting

Deer
Small Game

Duration

June
August
April

July through September
August through September
July through October
July through October
August through October
June through August
September
August
Year-round

May through October

May through October
Year-round

November
September through December
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Table 4. Concentration Ratios (fw Plant/dw Soil) and 0.001, 0.999 Percentiles
Cesium

Grass
Potatoes
Leafy Vegetables
Non-leafy Vegetables
Root Crops
Grain (dw)
Fruit

Cesium

Grass
Potatoes
Leafy Vegetables
Non-leafy Vegetables
Root Crops
Grain (dw)
Fruit

Cesium

Grass
Potatoes
Leafy Veg
Non-leafy veg
root crops
grain (dw)
fruit

Ruthenium

Grass
Potatoes
Leafy Vegetables
Non-leafy Vegetables
Root Crops
Grain (dw)
Fruit

Iodine

Grass
Potatoes
Leafy Vegetables
Non-leafy Vegetables
Root Crops
Grain (dw)
Fruit

Pickering/Darlington
GM

1.1E-02
2.0E-02
7.6E-03
HE-02
1.1E-02
1.5E-02
6.9E-02

0.001
3.8E-O4
6.7E-04
2.5E-O4
3.7E-04
3.7E-O4
5.2E-04
4.8E-O3

0.999
3.4E-O1
5.9E-O1
2.3E-01
3.2E-O1
3.3E-01
4.6E-01
9.9E-01

Bruce - muck
GM

3.6E-02
6.3E-02
2.4E-02
3.5E-02
3.5E-O2
4.9E-02
6.9E-02

0.001
1.2E-03
2.1E-03
8.1E-04
1.2E-03
1.2E-03
1.7E-03
4.8E-03

0.999
1.1E+00
1.9E+00
7.2E-01
1.0E+00
1.0E-KM)
1.5E+00
9.9E-O1

Bruce-Plainfield Sand
GM

1.8E-02
3.2E-02
1.2E-02
1.7E-02
1.8E-02
2.5E-02
1.1E-01

0.001
6.1E-04
1.1E-03
4.1E-04
5.9e-04
5.9E-04
8.3E-04
7.7E-03

0.999
5.4E-01
9.5E-O1
3.6E-01
5.2E-01
5.2E-01
7.3E-01
1.6E+00

Generic
GM

3.OE-O2
2.2E-03
8.9E-O3
6.1E-O3
9.4E-03
1.5E-O2
3.3E-O3

0.001
4.1E-04
3.1E-O5
1.2E-04
8.4E-O5
1.3E-O4
2.1E-04
4.5E-05

0.999
2.2E-KK)
1.6E-01
6.5E-01
4.4E-01
6.8E-01
1.1E+00
3.3E-O3

Generic
GM

1.5E-O2
3.3E-02
1.5E-02
3.7E-02
2.6E-02
4.6E-02
3.0E-02

0.001
2.1E-O4
4.5E-O4
2.1E-04
5.1E-O4
3.6E-04
6.3E-04
4.2E-04

0.999
1.1E-KK)
2.4E+00
1.1E-HM)
2.7E-KX)
1.9E+00
3.3E+OO
2.2E+00

NOTE: Cesium values are based on Sheppard (1995) with a GSD of 3, except for fruit. Ruthenium and
iodine values are from the CHERPAC data base with a GSD of 4; cesium fruit values are from the
CHERPAC data base with a GSD of 3.
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Table 5. Caloric Content of Foods and Daily Intake in Kilograms and Calories for Canadian Man, Woman
Food Type

Beef
Pork
Chicken
Eggs
Wild Game:
Upland game
birds, ducks,
geese, rabbits,
hares
Deer
Fish (fw)
Fish (marine)
Berries
Fruit
Grain
Leafy Vegetables
Fruit Vegetables
Mushrooms
Potatoes
Root Crops
Milk
Cheese
Total model diet
Ideal average
diet

kcal/lOOg
245.5
410.0
167.3
162

267.3

140
122.0
128.6
51.6
73.1
347.5
27.6
66.5

16
83

50.6
55

308.5

Male: 72 kg*
quantity (kg/d)*

0.098
0.081
0.086
0.036

5.00E-04

1.75E-04
0.018
0.033

6.5OE-O3
0.24
0.24
0.092
0.122
0.0078
0.224
0.0625
0.429
0.033
1.81

calories/day
240.59
332.10
143.87
58.32

1.34

0.25
21.96
42.42
3.35

175.53
834.00
25.38
81.07
1.25

185.92
31.60
235.95
101.81
2517
3000

Female: 61 kg*
quantity (kg/d)*

0.074
0.056
0.06

0.025

3.5OE-O4

1.20E-04
0.013
0.023

4.60E-O3
0.168
0.168
0.064
0.082
0.0078
0.157

0.0437
0.3

0.023
1.27

calories/day
181.67
229.60
100.37
40.50

0.94

0.17
15.86
29.57
2.37

122.87
583.80
17.65
54.49
1.25

130.31
22.09
165.00
70.96
1769
2100

and Child
Child, Age 10: 30 kg*

quantity (kg/d)*
0.078
0.064
0.0684
0.029

4.00E-04

1.5OE-O4
0.014
0.026
0.0052
0.192
0.192
0.0736
0.0973

0
0.179
0.05
0.34

0.0263
1.44

calories/day
191.5
262.4
114.4
47.0

1.1

0.2
17.1
33.4
2.7

140.4
667.2
20.3
64.7
0.0

148.6
25.3
187.0
81.1
2004
2400

*Lognormally distributed; 0.001 and 0.999 percentiles are factors of 1.6 x/% the geometric mean.
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Table 6. Comparison of CSA-N288.
Yields (kg m2)

Forage Grass (dw)
Leafy Vegetables (fw)
Fruit Vegetables (fw)
Root Crops (fw)
Fruits

1-M87 and
CSA
0.28
1.9

0.57
2.6
0.31

Site-S pecific Data in this Paper
This Paper

0.30
2.1
1.5
2.5
1.2

Concentration
Ratios

Forage (dw plant)
Vegetables (fw
plant)

Forage (dw plant)
Vegetables (fw
plant)

CSA-Cs

0.13
0.005

CSA-I
0.16

0.0045

This Paper-Cs

Pickering

0.06
0.013

This Paper-I
0.082
0.031

This Paper-Cs

Bruce-Muck

0.19
0.043

CSA-Ru
0.062

0.0014

This Paper-Cs

Bruce-Plainfield
Sand
0.096
0.021

CSA-Ru
0.16

0.0044

Food Consumption Rates

Dairy Cow
Beef Cattle

Poultry

Pig

CSA
Unspecified; dw

10
10

0.1

3

This Paper
hay and grain; dw

18.5
10.52
grain
0.1

milk and grain
2.07

Adult Food Consumption Rates
kg per annum

Leafy Vegetables
Above-ground vegetables and
fruit
Root Vegetables
Cereal
Meat (beef and pork)
Poultry
Milk
Milk Products
Eggs

CSA This Paper
male-female average

14
110

79
74
71
16
120
54
14

28
114

89
74
56
27
105
41
11

Other Parameters
Shielding factor
Occupancy factor
Soil density plough layer

CSA
0.9
0.2
240

This Paper
0.17
0.15
180
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Figure 1: A comparison of accumulated dose 2 months and 30 months after an
accidental release. Solid dots plus bars are mean and 95% confidence interval
calculated using distributed values. Open circle is the single outcome using default
values from CSA-N288.1. Open square uses the same default values, except that
deposition velocities and washout rates are those for cesium used in CHERPAC.
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