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2. MODEL DESCRIPTION

2.1 Name of Model. Model Developer, Model Dser

The version of CHERPAC (Chalk River Environmental Research Pathways

Analysis Code) used in the S Scenario was developed by S-R. Peterson and S.

Chouhan. CHERPAC is still under development. The user is S-R. Peterson.

2.2 Important Model Characteristics

CHERPAC is a time-dependent stochastic (Latin Hypercube Sampling)

compartment model using a combination of differential equations and

transfer factors to calculate daily concentrations of 137Cs in some

foodstuffs and average monthly conce'nt rat ions in others. Body burden and

ingestion dose are calculated from modelled diets for an average man, woman

and non-growing child (age 10). Dose is calculated also from inhalation,

immersion in the plume and external irradiation from surfaces. Monthly

average concentrations in soil, leafy vegetables (both field and

greenhouse), non-leafy vegetables (field and greenhouse), potatoes,

rootcrops other than potatoes, fruit, winter and spring grains, milk,

cheese, beef, pork, eggs and poultry are calculated. Non-domestic pathways

include monthly output for wild berries, big game (moose and deer), small

game (rabbits, waterfowl, upland game birds), and mushrooms.

Concentrations in freshwater fish are calculated from concentrations of
137Cs in water. Dietary input of contaminated saltwater fish, as provided

in the scenario description, was added. In addition, monthly average

concentrations in the food fed cattle and in human diet are given as

output.

The terrestrial pathways of the food chain code are driven either by

daily ground-level air concentrations (Bq nr 3) and daily rainfall (mm) or

measured deposition (average Bq nr2) as input; the aquatic pathways, at the

moment, need water concentrations as input. CHERPAC is designed to handle
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input for short-term releases of radioactivity (specifically accidents) on

a daily basis. Reliable predictions with uncertainty bounds are limited to

a few years, although the deterministic code can run for up to 50.

2.2.1 Intended Purpose of the Model in Radiation Assessment

When completed, CHERPAC will be able to assess average dose as well

as dose to a critical individual from routine and accidental releases of

radionuclides to the atmosphere and to bodies of water. Based on its

predictions, decisions can be made to implement appropriate counter-

measures. It is not a screening model.

2.2.2 Intended Accuracy of the Model Prediction

Intended accuracy of predictions is to within a factor of 5.

2.2.3 Method Used for Deriving Uncertainty Estimates

Uncertainty in the output is estimated statistically using Latin

Hypercube Sampling for distributions of all 222 parameters.

2.2.4 Past Experiences Using This Model

CHERPAC, in this form, has never been used for tests other than this

one. The user has participated with CHERPAC in its earlier, simpler forms

in the 8I0M0VS A4 Scenario [1] and the CB Scenario of VAMP [2]. Changes

both in parameter values and in model structure have occurred after each

test.

2.2.5 Modifications Made for this Scenario

Treatment of total deposition.

Concentrations in fish were calculated from water concentrations.

Pathways for big and small game, wild berries and mushrooms were

added.

Modifications to diet and calculation of body burden and dose'were

added for woman and child.

Cheese was added to the diet.
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Delays between harvest or production and ingestion have been

introduced: 1 month for beef, pork, eggs and chicken, 3 months for

cheese, rootcrops and potatoes, and 4 months for grain.

Dry deposition and wet deposition to bare soil were added.

Greenhouse leafy and non-leafy vegetables were added.

Site-specific parameter values were used.

2.3 References Describing Detailed Documentation of the Model

The model was also described in the previous IAEA TecDoc on Scenario

CB of VAMP [3]. Additions and changes made" to the code for the S Scenario

are mentioned in Section 2.2.5. A complete description of the equations

and parameter values used for Scenario S may be found in Peterson [2J.

2.4 Model Structure
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2-5 Descriptions of Procedures. Equations. Parameters and Assumptions

Used in Different Components of the Model

2.5.1 Total Deposition

To estimate deposition from air concentrations, it was assumed that

air concentrations over all of southern Finland were the same as the daily

averaged values of the two air monitoring stations given in the scenario

description. Daily average rainfall from the numerous rainfall monitoring

stations around Finland was calculated for each of the twelve rainfall

areas. Thus twelve sets of output were generated, all having the same dry

deposition but with wet deposition varying over about a factor of 60. The

predicted best estimates for all foodstuffs, body burden and dose were

weighted averages based on the proportions of crops harvested or relative

numbers of people living in these twelve areas. Because of the large

amount of time it would have taken to calculate average confidence

intervals for the twelve data sets, uncertainty bounds were calculated only

for the single set of input (for rainfall stations #121-155) that best

predicted the average deposition for all of southern Finland.

Dry deposition velocity (0.005 m s"1) and washout ratios (8.5xlO5)

were higher than generic values to account for larger particle size in

Finland, assuming the same cloud that passed over Sweden [4J. Total

deposition must be estimated in CHERPAC from the calculated deposition to

pasture. The assumptions for this are that dry deposition to forests is 5

times that to pasture and dry deposition to lakes is 0.5 times. The

conversion factor from pasture deposition to total deposition is based on

the site-specific fraction of surface area devoted to forests, lakes, and

agricultural land. This factor is about 2 for southern Finland, giving an

overall deposition of -20,000 Bq nr2 which is in excellent agreement with

the observed estimated deposition of 19,600 Bq nr2. The figure for average

deposition over the land area (which is calculated as a factor of 2.4 times

deposition to pasture) was estimated in order to calculate mushrooms,

wildberries, big game and small game using the code's bulk transfer

parameters (m2 kg*1).
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2.5.2 Food Items Contributing to Total Diet

2.5.2.1 Milk

To calculate the concentration in food for cows between January and

March inclusive, all deposition is considered to be to bare ground and the

concentration in harvested pasture (hay) is considered equal to that from

the previous July; grain equals that of the previous August. Between April

and September inclusive, all deposition falls on growing pasture which is

the source of the cows' non-grain diet. Grain consumed is still from the

previous August. Finally, between October and December, hay has the

concentration of fresh hay harvested in July, and grain has the

concentration of grain harvested in August. This introduces a small delay

in receiving the food. Cows are assumed to ingest soil only when they are

on pasture (i.e., April through September). Following the scenario

description, dairy cows receive 1% contaminated food while stabled 7-26 May

and no contaminated food from the time of the accident until 7 May.

Quantities of food ingested were taken from the scenario description.

2.5.2.2 Beef

Quantities of hay and grain consumed were from the scenario

description. For beef cows, between January and June, hay consumed was

harvested the previous July, while grain consumed was harvested the

previous August. For July through September, the beeves receive hay

harvested in June and grain harvested a year earlier in August. For

October through December, the hay comes from the July harvest and grain

comes from the August harvest. Since beeves are stabled, it is assumed

that they ingest no soil.

2.5.2.3 Pork

Diet for pigs (exclusively grain) was taken from the scenario

description, but it was assumed that piglets would consume milk with a

concentration equal to cow's milk for the first month of life. Pigs are

assumed to ingest no soil and are slaughtered at 6 months. The fraction of

pig's daily intake by ingestion which appears in each kg of pork is 0.29.
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2.5.2.4 Fish (freshwater)

The equation to calculate the concentration in fish is [5]:

dCffs/dt = Kf * Cu - kfw * Cffs

where kuf/k£w = BF

Assuming the largest lakes in Finland are oligotrophic and have less

than 50 ppm sediment in unfiltered water, three bioaccumulation factors

(BF) were assumed [6]:

1.5 X 10+04/equilibrium concentration of K (ppm in water) for pisciverous

fish,

1 X 10+04/ppm K for an intermediate fish

5 X 10+03/ppm K for non-pisciverous fish

kfw = 1.73 X 10-3 d-1 for piscivores

3.47 X 10'3 d"1 for intermediate fish

6.93 X 10-3 d"1 for non-piscivores.

Average water concentrations over time were supplied. Fish are

assumed to be eaten fresh during the season (May through September) and

frozen (averaged) for the rest of the year. Intake was reduced to 75% of

average for the first six years post accident, according to the scenario

description.

2.5.2.5 Wild Produce

2.5.2.5.1 Wild berries

Calculation of concentrations in berries uses empirical bulk

transfer coefficients (m2 kg*1) averaged from the literature for 1986 to

1988 [7,8,9,10,11}; in 1989 an estimated loss rate factor is added to the

radiological loss already present:

Cb = Cb. * Tfb

C b a = D l a n < S " ^ E ( w , i f t . r 1 9 8 9 , + r ) * ^ b «

where D l a n d = 2.4 * deposition to pasture (see Section 2.5.1)
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Berries are harvested in July and August; for the rest of the year,

they are preserved in some form, and the concentration of these stored

berries for eating is an average of the July and August concentrations.

2.5.2.5.2 Mushrooms

Calculation of concentrations in Boletus and Cantharellus mushrooms

uses empirical bulk transfer coefficients averaged from the literature for

1986 to 1990 [10,11,12]; in 1991 a loss rate factor, other than

radiological, is added:

^ma = " l a n d " * E ( w , a f t e r 1 9 9 1 , + r j * ^raa

where Dland = 2.4 * deposition to pasture (see Section 2.5.1)

The mycelial zone is considered to be the top 5 cm, and activity is

assumed lost from this zone with a half-life of 3.1 years once the transfer

parameter value stabilizes in 1990. Mushrooms are collected and eaten

fresh between April and September. During the rest of the year, they are

preserved, and the concentration in the mushrooms eaten is the average of

the growing season.

2.5.2.5.3 Big and small game

Calculation of concentrations in game (big: moose and deer, and

small: rabbits, waterfowl and upland game birds) uses empirical bulk

transfer coefficients averaged from the literature for 1986 to 1989

[7,8,11,13,14]; in 1990 a loss rate factor, other than radiological, is

added:

C9» = CgB * Tfga

C g m a = " l a n d ~ * E ( w , a f t e r 1 9 9 0 , + r) * ^ g m a

where Dland = 2.4 * deposition to pasture (see Section 2-5.1)

Big game is harvested from October to December, while small game is

harvested September to February. From the scenario description, 85Z of the

game eaten is assumed to be big game, and the remaining is small game.

Game is eaten fresh when collected and preserved in some fashion. The
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concentration during the rest of the year is considered the average of the

harvest months. Intake was restricted to 75% of normal average for the

first six years post-accident (per scenario description).

2.5.2.6 Other Items

2.5.2.6.1 Grain

Both direct deposition to growing grains and root uptake are

modelled. However, deposition to spring grain was so far before harvest

(in fact, the seeds had not been sown), that there was no contribution to

the activity in the grain. Grain for both people and animals is assumed to

be have a weighted concentration based on proportions of winter (0.1) and

spring grain (0.9) grown in the Finland. The harvest date of spring grain

is Julian day 238 and Julian Day 200 for winter grain. To model the

Finnish grain failure of 1987, it was assumed that, once the poor 1987 crop

was harvested, for the next year the daily intake consisted of 2/3 grain

from 1986 and 1/3 grain from 1987. Activity in the soil is distributed in

the top 8 cm for spring grain due to cultivation after deposition and in

successive years the activity is redistributed in the top 20 cm after

plowing. Soil in which winter grain is grown has deposition to the first

centimetre in the first year.

For calculating the four grain types, rye was considered 100% winter

grain, oats were 100% spring grain and barley and wheat were 10% winter and

90% spring. A single concentrtion ratio (0.03) was used for all grains

(fresh weight).

2.5.2.6.2 Vegetables

2 . 5 . 2 . 6 . 2 . 1 Greenhouse l eafy and non-leafy vegetables

Concentration in vegetables per unit area i s calculated

dC,
= (0.05C, * 0 . 3 V d v l * T) * (1 - A E ( w # r ) ) * 86400

dt

where T = 0.25 for non-leafy and 1.0 for leafy vegetables

0.05 = fraction of outside activity (Ca) reaching greenhouse

plants
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0.3(Vdvl) = reduction in deposition velocity due to being

indoors. Vd=O.OO67 m.s"
1

The concentration in vegetables per kg is calculated:

The deposition is distributed in the top cm of soil. It is assumed

that 10% of all vegetables eaten (leafy and non-leafy) from March through

October are grown in the greenhouse and that all* greenhouse vegetables are

eaten fresh. During the rest of the-year, this same 10% of consumption is

assumed to come from non-contaminated areas. From the second year on, the

soil in the greenhouse is the same as outside (mixed to 20 cm and brought

into the greenhouse). The concentration ratio (0.029) selected for leafy

vegetables was higher than the generic value due to the preponderance of

peaty soils in Finland.

2.5.2.6.2.2 Field leafy, non-leafy, potatoes, and rootcrop vegetables

Vegetables are harvested and eaten fresh during a few months of the

summer and are preserved (frozen, canned or simply stored) and eaten as

averages of the summer months during the rest of the year. Leafy

vegetables, potatoes and rootcrops are harvested July through September.

Non-leafy vegetables are harvested in August and September. Processing

occurs year round. Deposited cesium is assumed to be in the top 2 cm of

soil for all field vegetables. Concentration ratios were selected to be

higher than the generic values due to the preponderance of peaty soils in

Finland.

2.5.3 Human Intake

Intake of man, woman and child is calculated daily using monthly

average food concentrations. Processing losses are factored in as

reductions to the daily ingested activity. Diet is as close as possible to

that provided in the scenario description for man, woman and child. Garden

berries are combined with fruit. The ten year old child's diet was

averaged from that given for the 9 and 12 year old boy and girl. Other

assumptions were made in preparing the child's diet [2].

335



For both adults and children, no account was made for consumption of

beverages, sugars or other fats.

Processing reduction factors (fraction of activity remaining in the

food) were included for berries and fruit, meats, fish, grain, and

vegetables.

2.5.4 Whole Body Concentrations

2.5.4.1 Mean whole body concentrations

The body burden includes contributions from inhalation and

ingestion. Rates of inhalation, ingestion and loss from the body are

different for man, woman and child, as are weights.

2.5.4.2 Distribution of whole body concentrations (man)

To calculate the distribution of individual body burdens (as

distinguished from the average calculated above), new distributions for

dietary intake were created to account for those people whose diet is

skewed in one way or another, e.g., fishermen who eat mostly fish, hunters

who eat more wild game, vegetarians, etc. For each item in the male diet,

the values of the .001 and the .999 percentiles of the lognormal

distributions were decreased or increased (based on personal judgement) by

factors of from 2 to 30 depending on the food. The average intake was left

unchanged. Correlations were added so that, for example, if an individual

was assumed to be getting his protein mostly from wild game, his intake of

beef, pork and chicken would be very low.

A mean complementary cumulative distribution function (CCDF) of

individual body burdens within the population was generated by varying

those parameters that directly affect body burden (daily intake of various

foodstuffs, inhalation rate, length of exposure to plume, etc. - Type B

uncertainty) while leaving all other parameters set at their best estimated

values. Then 59 randomly generated sets of parameter values for the

parameters that effect the concentrations of foodstuffs in the diet (all

others in the model - Type A uncertainty) were run, one at a time, combined

with sets of randomly generated intake parameters. This generated 59

distributions of individuals. The lowest and highest of the sets were

chosen as the 2.5% and 97.5Z CI on the distribution [15].

336



2.5.5 Dose Calculations

Dose calculations have been described for the CB scenario [3] and in

Peterson [2],

2.6 Identification of important processes and parameters

A statistical sensitivity analysis (partial rank correlation

coefficients) was carried out on CHERPAC for the S Scenario. The

parameters important to body burden (male) were calculated for five time

periods: August 1986, December 1986, July 1987, July 1988 and

December 1990. Of the 120 varying parameters that affect body burden, six

were important (r2 > 0.6) for at least one of the time periods. In

Figure 1 the relative contributions of each parameter to the total

contributed by the six is shown for each time period. Since the freshwater

fish pathway is so important in Finland, it is not surprising that body

burden is very sensitive to the amount of fish consumed and the processing

losses for fish. This points out that sensitivity analysis cannot be done

on a code in isolation: it must be dependent on the scenario description.

100% -

80% -

60% -

40% -

20% -

0%

thenno loss rate from pasture (/d)
sfer from feed to milk (d/L)
deposmpn velocity (m/sT

shout ratio
.^tary .intake . of .freshwater fish, (kg/d)
rocessing reduction factor for nsn

Aug-86 Dec-86 Jul-87 Jul-88
Date of Analysis

Dec-90

Figure 1. Importance over time, relative to each other, of the six

parameter values to which CHERPAC is most sensitive
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3. COMPARISON OF OBSERVED DATA AND MODEL PREDICTIONS

Predicted best estimates for all the required concentrations vere

submitted with the 95% confidence intervals (CI) calculated about mean

values. Most of the confidence intervals vere calculated with deposition

as input, since deposition was known and using it as input eliminated the

uncertainty associated with dry deposition velocity and washout ratios.

However, the code was also run with air concentrations as input, since

otherwise there was no way to estimate the uncertainty about inhalation and

concentrations in greenhouse vegetables and grain. Concentration in soil

is the output variable most affected by whether uncertainty is estimated

starting with air concentrations or deposition; starting with deposition

reduces uncertainty on either side of the mean by just less than a factor

of 2. For body burden the decease is about a factor of 1.2.

3.1 Total deposition

Although the mean deposition calculated in CHERPAC was 19,600 Bq nr 2

compared with the observed 19,900 Bq nr2 , the uncertainty on the

predictions was relatively large - about a factor of 2 on either side of

the mean.

3-2 Food Items Contributing to Total Diet

3.2.1 Milk

Because the CI's on the observations are so narrow, only one of the

best estimates matches the observations (see Figure 2). The dynamic for

the first three months is reasonable, but CHERPAC's predictions show a

rapid decrease over the first summer not shown by the observations. A rise

in the fall is similar to that observed but underpredicted. After the

first year, the predictions underestimate by as much as a factor of 8.

Furthermore, 9 of the observations fall outside the 97.5% confidence limit

of the predictions.

3.2.2 Beef

Only the concentrations in beef for the months of July through

September are reasonably simulated (Figure 3). Beginning in the fourth

quarter of 1986, the predictions begin to diverge from the observations and
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Figure 2. Comparison of observations (•) and predictions (-) for 137Cs

concentrations in milk; 95Z confidence intervals are shown both on
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Figure 3. Comparison of observations and predictions for 137Cs

concentrations in beef; 95Z confidence intervals are shown
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underestimate by as much as a factor of 15. All observations after the

fourth quarter of 1987 fall outside the 97.5% confidence limit.

3.2.3 Pork

After a major deviation in dynamic for the first five months of 1986

(Figure 4), the predictions underestimate the observations by about a

factor of 3.5 for a period of two years. After that, the predictions drop

and underestimate by a factor of about 13. The CI's of observations and

predictions overlap except for June through September 1986 and for all of

1989 and 1990.

3.2.4 Freshwater fish

The predictions all fall within the CI's about the observations

(Figure 5) and the CI's on the predictions are about a factor of three

about the mean.

3.2.5 Wild produce

3.2.5.1 Berries

After 1987 the concentration in berries is underestimated by about

30%, and in 1989 and 1990, the predictions fall just outside the lower

confidence limit on the observations (Figure 6). The CI's on the

predictions either include those on the observations or overlap them.

3.2.5.2 Mushrooms

Predictions are just about identical with the observations initially

and are slightly below the observations in 1989 and 1990 (Figure 7). The

uncertainty on the predictions is very large, however. The very low value

for the 2.5% confidence limit in 1988 is due to an error in the parameter

distribution input for uncertainty.

3.2.5.3 Big Game

Except for a near-perfect best estimate in 1987, the predictions

fall just below the 2.5% confidence limit of the observations (Figure 8),

but the underestimation is only about 20%. The uncertainty on the

predictions is within a factor of 4 of the mean.
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concentrations in freshwater fish; 95Z confidence intervals are shown
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concentrations in wild berries; 95Z confidence intervals are shown
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Figure 7. Comparison of observations and predictions for 137Cs
concentrations in Boletus and Cantharellus mushrooms; 95Z confidence
intervals are shown
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Figure 8. Comparison of observations and predictions for 137Cs

concentrations In big game; 95Z confidence intervals are shown

3.2.5.4 Small Game

With the exception of 1986 when the prediction falls just outside

the 97.5% confidence limit of the observations (Figure 9), all predictions

fall within the CI's of the observations. The uncertainty of the

predictions ranges from within a factor of 2 and 7 of the mean.

3.2.6 Other Items of Specific Interest

3.2.6.1 Animal feed

3.2.6.1.1 Pasture

The match between predictions and observations is quite good and

only varies by, at most, a factor of 2 (Figure 10). The CI's of the

predictions and observations are the same size, although the observed CI's

are skewed on the high side.
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Figure 9. Comparison of observations and predictions for 1 3 7Cs

concentrations in small game; 95Z confidence intervals are shown
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Figure 10. Comparison of observations and predictions for 1 3 7Cs

concentrations in pasture; 95Z confidence intervals are shown
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3.2.6.1.2 Barley

The predictions match the observations well during the first three

years, but in 1989 the prediction falls below the 2.5% confidence limit of

the observations (Figure 11). The CI's of the observations are contained

within those on the predictions until 1989.

3.2.6.1.3 Oats

The prediction for 1986 coincides with the observation (Figure 12),

but after that, the measured concentrations show an increasing trend while

the predictions have a tiny decrease. By 1989, the CI's about the

predictions fall below those about the observations, and the prediction is

more than a factor of 7 times lower than the observation.

Bq kg'

Figure 11. Comparison of observations and predictions for 137Cs

concentrations in barley; 95Z confidence intervals are shown
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Figure 12. Comparison of observations and predictions for 137Cs

concentrations in oats; 95Z confidence intervals are shown

3.2.7 Leafy vegetables and grain for human consumption

3.2.7.1 Leafy vegetables

The predictions for leafy vegetables fell just below the 2.5%

confidence limit of the observations for 1987, 1988 and 1989 (Figure 13),

but for 1986 and 1990 the predictions fall within the CI on the

observations. The observations are barely included within the CI on the

predictions.

3.2.7.2 Wheat

The predictions for wheat are quite accurate (Figure 14): all fall

within the CI of the observations except for 1990, which is overestimated

by only a factor of 2. The observations and their CI lie centrally in the

CI about the predictions.

3.2.7.3 Rye

The best estimates fall within the CI on the observations for 1986,

1989 and 1990 (Figure 15). For 1987 and 1988 the observations coincide

with the 97.5% confidence limit of the predictions.
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Figure 13. Comparison of observations and predictions for 1 3 7Cs

concentrations in leafy vegetables; 95Z confidence intervals are shown
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Figure 14. Comparison of observations and predictions for 137Cs
concentrations in wheat; 95Z confidence intervals are shown
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Figure 15. Comparison of observations and predictions for 137Cs

concentrations in rye; 95Z confidence intervals are shown

3.3 Human intake (man)

Except for the first half-year, where the observations rise and the

predictions fall (Figure 16), the dynamics of the predictions parallel the

observations but the concentrations are lower, and the observations are

contained within the 95£ CI on the predictions

3.4 Whole body concentrations

3.4.1 Mean Whole Body Concentrations

The relationship between predictions and observations is the same

for man (Figure 17) and woman: the overpredictions for each year are less

than a factor of 2 but still fall outside the CI on the observations. For

the child, the predictions all fall within the CI on the observations

except for 1987, when there is a slight underestimate. The CI on the

predictions is not large - less than a factor of three on either side of

the best estimate and it includes the observations. These small

overpredictions for man, woman and child occur in spite of an

underestimation of intake for all years except 1986 June.
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Figure 16. Comparison of observations and predictions for 1 3 7Cs amounts in

daily intake (man); 95Z confidence intervals are shown
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Figure 17. Comparison of observations and predictions for l37Cs

concentrations in body burden (man); 95Z confidence intervals are shown
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3.4.2 Distribution of Whole Body Concentrations

Distributions of whole body concentrations for December 1987 are

shown in Figure 18 and those for December 1990 are shown in Figure 19.

Although the averages predicted for 1987 are consistently higher than the

observations, the observations are nevertheless within the CI which is only

a factor of two about the mean. The situation is similar for 1990, except

that the observations for the 2.5% fractile are skewed to the high side.

In this case, the uncertainty bounds predicted by CHERPAC just barely

contain the observations.

3.5 Dose calculations

CHERPAC's best estimate for dose from inhalation (2.2 10"4 mSv) was

identical to the Finnish estimate. However, CHERPAC's uncertainty was only

about one-third that estimated by the data collectors because uncertainty

in the applicability of the 2 sets of air measurements was not taken into

account.

Dose from external exposure was underestimated by CHERPAC (Figure

20), and the magnitude of the underestimation increases with time. Even

for the first year, the 97.5% confidence limit on the predictions is lower

than the 2.5% confidence limit on the observations.

4. EXPLANATION OF MAJOR SOURCES OF MISPREDICTION

By and large, CHERPAC's predictions were accurate: many best

estimates fell within the confidence intervals on the observations, which

were quite small due to the sampling strategy employed. Certainly, in most

cases the CI's on the predictions included those of the observations.

Predictions for concentrations in milk and beef were not accurate.

Milk and beef were modelled similarly except for different diets and

feeding restrictions, and for both the observations lie above the 97.5%

confidence limit on the predictions for most or all of 1987-1990. The

underprediction (Figures 2 and 3) was, on average, about a factor of 8 for

both dairy and beef cattle. This result is quite difficult to explain

given that the predictions for pasture are either spot on or high by up to

a factor of 3 and that the predictions for barley were good or low by only

a factor of 2. Only for oats were the underpredictions serious - up to a

350



1-p

0.8

0.6

0.4

0.2

Peterson/CHERPAC
Whole Body Distribution

Man, 1987

-Observed

-Predicted, with upper
and lower bounds

SO 200 250 300100 1S0

Bq/kg
Figure 18. Complementary Cumulative Distribution Function of 137Cs body

burden for December 1987; predictions and the 95Z confidence interval are

shown compared vith observations

1-P

0.8

0.6

0.4

02.

20 40

Peterson/CHERPAC
Whole Body Distribution

Man, 1990

-Observed

-Predicted, with upper
and lower bounds

60 80 100 120

Bq/kg

Figure 19. Complementary Cumulative Distribution Function of 137Cs body

burden for December 1990; predictions and the 95JJ confidence interval are

shown compared vith observations

351



factor of nearly 8 over time. But the amount of all grain consumed was

only about 15% that of pasture by weight, which cannot account for the

underpredictions in milk and beef. It was suggested that the pasture data

were not representative of the pasture the cows grazed, since the pasture

measured grew on different soils in another part of the country from the

cattle industry.

The two extremely low values for beef in May and June (Figure 3) are

due to the assumption that the animals received no contaminated food until

they were fed contaminated hay harvested in July. This was obviously an

erroneous assumption. The predicted activity in the meat is due only to

what was taken in by inhalation.

Concentrations in pork were also not modelled well (Figure 4).

However, even given the observed grain values and the diet supplied, the

observed concentrations in pork cannot be predicted. Certainly the amount

by which CHERPAC underestimated the two grains cannot account for the size

of the underestimation here. The predicted declining concentrations in

pork for 1986 May through September are due to initial contamination from

inhalation of the plume followed by metabolic loss coupled with the

obviously erroneous assumption that the pigs were fed no contaminated grain

until the October harvest. Furthermore, the pigs slaughtered during these

five months were all one month old or more at the time of the accident and

hence were not suckling. The underestimation of pork was not helped by an

error in the code that was only detected after the scenario closed: only

the pigs born in April 1986 received milk as their diet, while the model

assumes that all pigs will receive milk for the first month of life.

However, correction increased the predictions at most by 10%. The major

decrease in concentration in the fall of 1988 is due to consumption of

grain solely contaminated by root uptake; until then grain consumed was at

least partially contaminated by direct deposition in 1986 (see Section

2.5.2.6).

The dose due to exposure to deposited cesium (Figure 20) was

modelled in a very simple fashion, but in addition, it should have been

multiplied by the conversion factor (2.4) to simulate deposition over the

entire land area. As it stands, the dose is equivalent to standing on a

pasture, with occupancy and shielding factors taken into account.
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Figure 20. Comparison of Finnish estimates and CHERPAC's predictions for

the dose from exposure from deposited 137Cs; 95Z confidence intervals are

shown except for the 50-year prediction

4.1 Reconunendations for Changes to the Model

Based on what has been learned here, the calculation of dose from

ground exposure must be corrected. Presently, the migration through the

soil is too fast and not enough is left near the surface, so the dose over

time is smaller than it should be. Although there were no data in this

scenario for fruit contamination, CHERPAC still heeds a reasonable model

for fruit. Also, the milk and beef models can be improved to resemble

actual processes. The soil model must be made more process-oriented.

4.2 Examples of How Changes Improve Calculations

Based on the discussion in Section 4, the concentration ratio (CR)

from soil to pasture vegetation was adjusted upwards by a factor of 7.8 - a

simple calibration. No other changes were made to the model. The results

in concentrations of milk and beef can be seen in Figures 21 and 22. The

increased CR resulted in increased predictions, but since the relative size

of the increase is greatest at longer times, the early dynamics are not

changed significantly. For milk the revised predictions are identical to

the observations 50% of the time from mid-1987 on, while for beef there is
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still a small underestimation most of the time but the dynamic is followed

extremely well. Obviously, this solution is much too simple and

corrections need be made to the dynamic modelling of pasture, oats and

barley before any defensible changes to parameter values can be made. But

it looks as if an especially high CR for pasture may be the answer. This

is reasonable at least partially because of the peat content of Finnish

soils. An unfortunate fact here is that the revised predictions are

falling outside the present confidence intervals on the predictions

(compare the uncertainty in Figures 2 and 3). This is because, at the

moment, we lack enough data to justify changing the distribution of values

of the concentration ratio. However, concentration ratios equally high

have been reported by Pietzrak-Flis [16] and Jackson and Smith [17].

With milk corrected, the pork concentration will rise by about 10%

since it is assumed that piglets drink milk during their first month. If

sow's milk is much higher that cow's milk, the concentration predicted will

rise further.

As mentioned, the predictions for body burdens in humans were very

good. Unfortunately once the predictions for the other foodstuffs are

calibrated to the observations, the body burdens get higher, although they

still fall within the predicted confidence intervals. The initial

excellent predictions, then, appear to be due to compensatory error.

An error in the CHERPAC code accounted for part of the

underprediction of external doses (see Section A). When external doses

were multiplied by the factor of 2.4 to convert pasture deposition to total

deposition to land surfaces, the underprediction in the first year lies on

the 2.5Z confidence limit of the observations, and at year 5, the 97.5Z

confidence limit on the prediction lies close to the observed. At 50 years

the results are still unacceptable. As mentioned, the submodel for

external dose is extremely simple, with a single loss rate constant for

removal of activity from surface soil. The half-life for this constant

used for Scenario S was 365 days, which is obviously too short. It has

been doubled to 730 days. This, plus the correction to deposition, results

in excellent agreement between doses estimated by STUK and those predicted

by CHERPAC for one and five years post-accident (Figure 20). The model

still underpredicts at 50 years, but had uncertainty bounds been

calculated, they would certainly overlap STUK's estimated uncertainty

bounds.
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5. SUMMARY OF LESSONS LEARNED FROM THE SCENARIO

Both the successes and the failures here can be traced to the site

being Southern Finland. Because we knew the site, we successfully could

select transfer parameter values and distributions which would reflect what

was known about the area, i.e., that the particle size distribution was

larger here than in most places because the first plume was the one to

arrive in Finland, that nothing would have been growing or even planted

when the plume arrived, and that high concentration ratios were to be

expected because of the preponderance of peaty soils. The successful

selection of dry deposition velocity and washout ratio meant an accurate

prediction of average deposition which agreed with the estimated measured

value. The literature on transfer to wild produce is dominated by Nordic

data, about a fifth of which is Finnish in our data base. Although the

data were in no way calibrated to Finnish conditions, these bulk transfer

values (kg wild produce m~2) from the open literature were used along with

other similar data to derive the values used in the code. As a result, and

because the values in the literature worked,' most of our predictions for

wild produce were very good. Failures, such as the underestimation of milk

and beef, are also due to unique Finnish conditions for which we failed to

account adequately even though we were alerted to them. High uncertainty

for wild pathways arose from not trusting the data because it was limited.

Also, this would seem to be a good area for where good Canadian data are

needed, but there are few or none.

Each scenario not only tests the model but tests the user. Not only

does the user learn exactly how his model behaves, but he learns which

input is most important to his code and what he needs to spend the time on

in order to improve the output. The success of CHERPAC in this scenario is

based on previous experience with other scenarios and on discussion of the

uniqueness of the Finnish situation with colleagues. A code cannot just be

run with the best input provided: the results must be analyzed carefully

to see if they are what is expected, and if they are not, the whole

procedure must be reconsidered.

There is also an element of luck involved, which is most often

disclosed by the existence of compensatory errors. Although CHERPAC had

none that made more than a minor difference in the results, there was at

least one instance in which the predictions appeared to be correct but the
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justification for them was incorrect. Results for pasture (Figure 10) for

1986 are very close to the observations. This is due, not to deposition on

growing plants as was modelled, but rather, apparently, to vegetation

growing up through the contaminated remains of the previous year's

vegetation. This example emphasizes the importance of not blindly

accepting results as successful just because they seem to be correct- In

addition, so many things go into the prediction of human body burden that

one suspects that each good prediction has been arrived at in a very

different way. We thus should not be too satisfied, even with good

predictions.

CHERPAC performed quite respectably here. It would be more

satisfying if the processes had been better understood for the wild

pathways and if the unique Finnish situation (i.e., increased transfer from

peaty soils to plant) had been handled better. CHERPAC's level of

uncertainty is acceptable, and there is a good probability that, to predict

Chernobyl 137Cs, using site specific information, CHERPAC may be considered

reliable.
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