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I. INTRODUCTION 

Tha survey of computer aradels raporttd horo, was perforated aa part of a 
Nordic project partially financed by the Nordic Council of Ministers. 
Tha title of the stain project ia REK-1 'Large Reactor Accidents - Con
sequences and Mitigating Actions.* 

The present subproject was performed on the basis of a previously per
formed subproject within REK-1 and reported in (Ref. I): which contains 
a description of the various parts of which a total consequence modal 
should consist, in order to really be a total consequence modal. 

When the sub-project was initiated, a checklist of questions was sent 
to all persons in the Nordic countries known to be involved in reactor 
accident calculations or model development. The answers received pro
vided a good starting point, though much additional information had to 
ba collected latar. 

It is difficult in a survey of this type to highlight all relevant 
information. It is easy to leave out important aspects, or to give 
wrong information. The present case this has been counteracted by fre
quent and close contact with the authors of the various models. A semi
nar hss also baan held as part of tha project, in which a preliminary 
version of the present repo.-t was thoroughly discussed and corrected. 

In tha first part of the report are given short descriptions of the 
various models. A systematic list by subject is than given.rtn tha main 
body of tha report chapter and subchapter headings ara by subject. 

2. MOOEIS IN USE IN THE NOROIC COUNTRIES 

This list is complete, at the time when it is written (Summer 1983). No 
other computer programs are used in any Nordic country for calculation 
of environmental consequences of reactor accidents, nor being 
developed. 

ARANO (VTT, Finland) (Ref. 2 and 25) 
Atmospheric release. Food pathways. No saltwater or fresh
water pathways. Can calculate risk curves. 

AQUAPATH-BALTIC IStudsvik, Sweden) (Ref. 3) 
Aquatic release. Compartment model. Does not calculate human 
intake or doses. Biota not included. 

BIOPATH (Studsvik, Sweden) (Ref. t) 
Source term is deposited activity or release to saltwater or 
freshwater. Compartment model. Calculates doses and health 
effects. Can cover all pathways. Flexible. Commercial. 

CRAC (IFE, Norway) (Ref. 5) 
(I must apologize for the many references made in this 
report to CRAC as one of the "Nordic" model. This is done 
only because it is convenient as a short reference for 
"the consequence models considered in this report".) 
The only model discussed not developed in the Nordic coun
tries. Atmospheric release. Food pathways. No saltwater or 
freshwater pathways. Can calculate risk curves. 
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OETRA IVTT. Finland) (Ref. It 
Source tera it deposited activity or release to saltwater 
or freshwater. Compartment model. Calculate» dotes end 
health effecti. Can cover all pathway!. Flexible. Under 
development. 

6E0PATH (Stud»vik, Sweden I (Ref. Tl 
Calculates traniport with ground water. Ooei not calculate 
doaei or health effects. 

ISAK (F0A, Sweden) (Ref. t) 
Atmospheric release. Food, saltwater and freshwater path
ways are included in compartment model form. Can calculate 
Gaussian straight-line. Gaussian puff, or a Gaussian time-
fluctuating plume. Composed of a large number of separate 
programs, that are integrated into a program system. It is 
designed for education and training of personnel responsible 
for initiating mitigating actions after a nuclear power 
plant accident. 

KOHPIS (FOA, Sweden) (Ref. 8) 
Source term is deposited activity or release to saltwater or 
freshwater. Basically a compartment model, but more user-
oriented than what is usual in compartment models. Origi
nally developed as a module under ISAK. Under development. 

PRISH (Studsvik. Sweden) (Ref. 9) 
Is used in conjunction with BIOPATH to calculate uncertainty, 
using Monte Carlo methods. Is not by itself a consequence 
calculation model. 

PLUC0N4 (Rise. Denmark) (Ref. 10) 
Atmospheric release. No food, saltwater or freshwater path
ways. Calculates doses and health effects. Can not calculate 
risk curves, except by combining results from many computer 
runs. 

PUFFCON-2 (Rise, Denmark) (Ref. 11) 
Atmospheric release. Puff model. Under development. 

REG-2000 (Studsvik, Sweden) (Ref. 12) 
Atmospheric release. No food, saltwater or freshwater path
ways. Calculates concentrations in air and deposited upon 
ground. Trajectory model. Is used only for distances more 
than 50 km from release point. Is operated in conjunction 
with UNI00SE, which performs the calculations out to SO km. 

SWEOISH AQUATIC REGIONAL MODEL (Studsvik, Sweden) (Ref. 13) 
Aquatic release. Compartment model. No biota. Calculates 
doses, but not health effects. 

SWEDISH AQUATIC TRAJECTORY MODEL (Studsvik, Sweden) (Ref. H ) 
Trajectory, but otherwise like the regional. 

SWEDISH IOOINE MODEL (FOA, Sweden) (Ref. IS) 
Atmospheric release. Iodine only. Specifically developed for 
calculation of exposure via the milk pathway. Uncommonly high 
degree of realism in input parameters incorporated. 
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TERRA IStudtvik. Sweden) (Ref. Kt 
A modified version of BIOPATH. Under development. 

TRAOOS IFHI and VTT, Finland I (Rtf. IT) 
Atmospheric release. Consist* of two parts: 
TRADOS-TRS. which calculates the trajectories. 
TRAOOS-DO, which simulates dispersion and deposition, and calculates 
doses. Food paths under development. No fresh- or saltwater pathways. 

TRAOOS-DO (VTT, Finland) IRef. 16) 
Atmospheric release. Simulates dispersion and deposition, and calcu
lates doses. 

UNIDOSE (Studsvik. Sweden) (Ref. 19) 
Atmospheric release. No food, saltwater or freshwater pathways. Cal
culates doses and health effects. Main output in graphical form, 
such as risk curves, doses and health effect versus distance etc. 
It is planned to incorporate food pathways. Large efforts have been 
made on the efficiency of the code, resulting in low computer cost. 

3. SYSTEMATIC LIST OF MODELS 
Here the models in the previous chapter are arranged by main subject 
matter. The same model may appear under different headings, if per
tinent. Some short comments are given. 

a) Risk calculations 
ARANO 
CRAC 

PLUC0N4 (But only as a combination of a number of runs) 
UNIDOSE 
b) Atmospheric dispersion 
ARANO 
CRAC 
ISAK 
PLUCOtU 
PUFFCON-2 
RES-2000 
SWEDISH I0DINEM0DEL 
TRADOS 
UNIDOSE 



c) Food pathway! 

ARANO IMilk, mat. grain, green and root vegetables) 

BIOPATH (All pathways desired) 

CRAC (Milk and "other agricultural products*) 

DETRA (Fish, milk, meat, grain) 

ISAK (All pathways desired) 

KOMPIS (All pathways desired) 

SWEOISH IODINEMODEL (milk, diary products) 

TERRA (All pathways desired) 

TRADOS (Milk, meat, grain, green and root vegetables) 

d) Terrestric 

ARANO (Only vertical transportation, type Gale) 

BIOPATH (Quite general) 

CRAC (Only vertical transportation, type Gale) 

OETRA (Runoff can be described by compartmentization. 
Horizontal and vertical transportation included) 

GEOPATH (Transportation with groundwater) 

ISAK (Quite general) 

KOMPIS (Quite general) 

PLUC0N4 (Only vertical transportation, type Gale. Modified 
version for urban areas) 

SWEDISH I0DINEM0DEL (Soil is a compartment, but transpor
tation in soil not calculated) 

TERRA (Quite general) 

TRADOS (Only vertical transportation, type Gale) 

UNIDOSE (Runoff included as coefficient, assigned to each 
sector segment. Vertical transportation, type Gale) 

8,' Saltwater 

AQUAPATH-BALTIC (Steady-statu compartment model. Water 
and sediment) 

BIOPATH (Steady-state compartment model. Water, sediment, 
biota) 
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DETBA lOynamic and steady-state compartment model. Mater, 
sediment, biota I 

ISAK (Dynamic and steady-state compartment «odel. Hatar, 
sediment, biota) 

KOMPIS (Dynanie and steady-state compartment modal. Natar, 
sediment, biota) 

SWEDISH AQUATIC REGIONAL MODEL (Compartment model. Water, 
sediment. Steady-state) 

SWEDISH AQUATIC TRAJECTORY NOOEL (Water» 

TERRA (Like 6IOPATH) 

f) Freshwater 

BIOPATH (Drinking water and irrigation) 

DETRA (Drinking water and irrigation) 

TERRA (Like BIOPATH) 

4. RELEASE SPECIFICATIONS 

Whether the release is to the atmosphere or to water, information of 
the following type is needed: 

Amount of each radioactive nuclide released 
- Chemical and physical properties 
- Release as function of time 

4.1. Release to the atmosphere 

Calculation of consequences from releases to the atmosphere is usually 
based upon the following release specifications: 

The amount of all radioactive nuclides included in 
the calculation 
Chemical and physical properties of each element 

- Radioactive parent - daughter schemes 
- Time delay from reactor shut-down to start of 

release 
Warning delay time; time from reactor shut-down 
until a warning is issued 
Duration of release 

- Height of release 
Heat content of release 

All of the models listed under 'atmospheric dispersion" in the previous 
chapter employ all of these specifications, with the following 
exceptions: 
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SWEDISH IODINE MODEL can specify one nuclide only, a* ia evident fro» 
the naae. 

None of the models have any input specifications directly concerned 
with chemical and physical propertiea. The only quantities where dif
ferences of chemical and physical properties between different elements 
can be taken account of is the deposition velocity and the wash-out 
coefficient. It is, however, in all cases, except UNIDOSE, impossible 
to take account of changes in chemical and physical properties during 
the transportation in the atmosphere, as the deposition velocity and 
wash-out coefficient for one element has one fixed value throughout the 
whole calculation. 

Warning time, though listed here and usually given as input together 
with the release specifications, is really pertinent only in connection 
with evacuation. 

In the input to most consequence models, amount released is specified 
using two quantities; core inventory and fraction of core inventory 
released. Core inventory is specified for each nuclide. Fraction relea
sed may be specified for each nuclide, but is usually specified for 
groups of nuclides (e.g. noble gases, iodines, volatile and non-vola
tile elements). Use of nuclide groups makes modifications of input data 
simpler. This concept is used by all the models discussed. 

In ARANO five releases with their release fractions, release probabili
ties and other parameters can be used. 

In I.'AK the release can be composed of a number of release, each 
with its own release characteristics, e.g. isotope composition. 

*.2. Release to water 

A release to water may as a rule not lead to acute health consequences, 
but only ta stochastic ones. Furthermore, in accident scenarios involv
ing melt-through, a release to water will often take place over a long 
time period. For both of these reasons, larger uncertainties in release 
characteristics car be tolerated than in the case of atmospheric re
lease. This is not true for the amount released. Doses will be propor
tional to amount released, while they will be influenced to a lesser 
degree by variation in other release characteristics. 

The release specification.- are more a function of the needs and capa
bilities of the calculation model, rather than of the actual physics of 
the problem, in the present state of the art. 
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5. OlSPERStOH IH THE ENV[«OHHEHT 

This chapter contains description* of the physical dispersion in the 
media air and water, aa well as the ways in which radioactive materials 
can be transferred from one to the other of these media. 

5.1. Atmospheric dispersion 

The way in which atmospheric dispersion is calculated in the Nordic 
models, is basically the same for almost all models. Even worldwide 
this model is the one in most frequent use at the present time, snd it 
is referred to as the Gaussian model. Hore sophisticated models exist, 
but they are rarely, if ever, used for reactor accident consequence 
calculations. Exceptions are some models that are basically Gaussian, 
but with the added capability of following non-linear trajectories. 

PUFFCON-2 is a model of a type different from the other ones. It is a 
puff model. This program is under development, and it is expected to be 
used for accident consequence calculations. There may, however, be pro
blems with long running time, particularly concerning calculation of 
direct exposure to radioactive materials in the cloud, since the shape 
of the cloud will be irregular. Such a model also requires more exten
sive meteorological data, for proper advantage to be taken of the im
proved model. 

ARANO, REG-2000 and TRAOOS use the so-called Kz method. Running time on 
the computer is significantly increased when using this method. ARANO 
and TRADOS avoid this problem by performing the dispersion calculations 
once and for all beforehand, for a large number of dispersion situa
tions, and in this way creating a data library for use in the actual 
consequence calculations. 

The Nordic models differ in three respects: 

- Calculation of dry deposition 
Calculation of plume rise 
Representation of cross-wind concentration distribution 

Concerning deposition, ARANO, REG-2000 and TRADOS differ from the other 
Nordic models, since surface depletion is assumed, rather than source 
depletion. Undoubtely surface depletion is the physically more o-jo^t 
of these approaches. One reason why it is not more widely used is the 
fact that the expressions to be solved are more complicated, and that 
computer time may become unacceptably large. In ARANO and TRAOOS pre-
calculated and tabulated results are used to minimize computer time. 

UNIOOSE differs from the other models, as it is possible to give dif
ferent deposition velocities for each sector segment. 

Concerning plume rise, all the Nordic models calculate this effect ac
cording to Briggs. Unfortunately Briggs has published different repre
sentation of the plume rise, so that a reference to Briggs is somewhat 
ambigous. This fact became evident in the work done in the OECD Compa
rison Study on Reactor Accident Consequence Modelling, and is documen
ted in (Ref. 20). In the OECD Working Group there was, however, reached 
a consensus on employing one specific representation, and this will 
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gradually bt introduced in all reactor accident calculation aodelt, 
including the Nordic ones. In reality this it • (low process. At the 
present tie» it has neither been introduced in any of the Nordic 
models, nor in any of the many versions of CRAC. 

The representation of cross-wind concentration distribution aay be of 
importance in connection with acute health effecti, but not in connec
tion with stochastic health effects. In the Nordic models the 
representation is as follows: 

- Gaussian: ARANO, PlUCONt. UNIOOSE 
- One-step top-hat: CRAC 
- Special approach: ISAK 

In ISAK the crosawind concentration distribution is basically Gaussian. 
When the puff option is used, the concentration will be composed of 
contributions from several puffs. 

In UNIOOSE the individual doses calculated are either peak values 
(along center line of a sector), or averaged over a ten degree sector 
(in the crosswind direction). Collective doses and health effects are 
calculated using a Gaussian approach. 

The only ones of the Nordic models capable of taking change of weather 
conditions during plume travel into account, are CRAC and ISAK. There 
are, however, some doubts as to whether this feature improves the re
sults. The weather changes are generally observed at the position of 
the release point. But the plume at the time when the waafter change 
takes place, is in quite a different position, and it is not known 
whether the weather change takes place at this point, and whether it 
occurs simultaneously. There is good reason to believe that the weather 
changes in a model using weather change during plume travel, in the way 
it is used now, are too sudden. The worst weather condition (the ona 
giving the highest consequences) is very often one in which the plume 
has travelled a long distance, reaches a large population, and then it 
suddenly starts to rain. In reality the weather will to a large extent 
follow the plume. A point travelling with the plume will not encounter 
sudden rainfalls in the way a point on ground may do. 

All the Nordic models are straight-line models, with the exception of 
ISAK, which has a trajectory option, and REG-2000 as well as TRA00S, 
which are trajectory models. 

5.2. Transfer from ground to water 

Oeposited activity will gradually be re-distributed. It may be dissol
ved in surface water and run off, to a river, lake or sea, and will 
from there follow the same exposure pathways as activity released 
directly to these water bodies. It may also be redistributed on the 
surface by repeated resuspension and deposition. It is hard to see, 
however, that this effect might be of importance other than in desert 
areas. 

Deposited activity may also be brought to water bodies via a much 
longer and slower route. Namely by vertical and horizontal trans
portation with water in the soil. 
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9.2.1. Run-off 

Run-off it the mechanism of deposited activity being removed with pre
cipitation. Of the atmospheric model*, only UNIDOSE can take run-off 
into account, using a fixed factor, given a* input data. This factor 
may, however, have a different value for each sector segment, and in 
this way it is possible to take difference* between urban and rural 
areas into account, if data are available. 

The compartment model* (BIOPATH, OETRA, TERRA) can take runoff into 
account. 

5.2.2. Infiltration 

By infiltration is meant in this context the vertical and horizontal 
transportation of radioactive materials in the ground. Precipitation 
sinking into the ground will result in a vertical movement, while 
groundwater movement will lead to a horizontal movement. These trans
portation mechanisms may be extremely slow. 

All of the Nordic models take account of a certain vertical movement 
(Ref. 211, and none of them take horizontal movement into account. 

In the compartment models infiltration can be taken into account, if 
data can be determined. SEOPATH is developed specifically for calcula
tion of transportation of radioactive materials with ground water. 

5.3. Dispersion in water 

Of the models designed for calculation of atmospheric dispersion, only 
ISAK includes calculation of dispersion in water. However, there are a 
number of models in use or under development in the Nordic countries 
designed for calculating dispersion in water. These models use results 
from atmospheric dispersion calculations as source input. None of these 
models, however, are directly coupled to an atmospheric dispersion 
model, that is, with the exception of ISAK. Such coupling is, however, 
planned; e.g. between REG-2000 and BIOPATH. 

The models listed under the "saltwater" or "freshwater" headings in 
chapter 3 are: 

AQUAPATH-BALTIC, BIOPATH, DFTRA, ISAK, TERRA, 
SWEOISH AQUATIC REGIONAL MODEL, and ditto TRAJECTORY MOOEL 

With the exception of one, these are all compartment models. Three are 
developed for use in a specific geographic area. The more general (and 
in the present context more interesting) ones are BIOPATH, DETRA, ISAK 
and TERRA. Of these four BIOPATH, DETRA and ISAK are operational when 
this is written. 



10 

IIOPATH. OÉTRA. ISAK and TERRA will ba both itaady-atata and dynaaic. 
DETRA hat bean reported to ba operational fro» Oecember tttZ. The sche-
dula of development of TERRA it not known. 

6. EXPOSURE PATHWAYS 
The axpotura pathway! ara summed up In table 6.1. 
The acuta axpotura pathways ara ralavant only in connection with relea
ses to tha atmosphere, and ara accordingly only incorporated in the 
models treating ataratpherie ditpartion. 
The differencat in the mannar in which the variout modalt treat tha 
three acuta axpotura pathways are judged to ba of minor importance. 
There is, however, a recant trend toward applying protection factort, 
both in connection with external expotura and inhalation. Introduction 
of protection factor! in the exitting programs it at a rule a simple 
matter. 

Air release Release to water 

Acuta 
expo
sure 
phase 

External dota from cloud 

Internal dose from 
inhalation 

External dose from depo
sited activity 

:hro-
nic 
expo
sure 
phase 

External dote from depo
sited activity 

Internal dote from conta
minated water and agri

cultural products 

Internal dose from inha
lation of resuspended 

activity 

External dote due to fishing, 
swimming and use of beaches 

Internal dose from contamina
ted drinking water 

Internal dose from aquatic food 

Internal dose from agricultural 
products contaminated via 

irrigation 

Table 6.1. The exposure pathways. 
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Tha models calculating dispersion in freshwater or saltwater incorpo-
rata exposure pathway! littad under tha chronic axposura phaaa in tha 
tabla. Not all models contain all exposure pathways, however. Savoral 
modal» discussed in thi» raport ara daaignad for (pacific purposes. The 
modal* in thii group that are of a general nature, are IIOPATM, DETRA. 
(SAK and TERRA. Theae aro all compartment modal*, and the exposure 
pathwaya to ba included in one specific calculation are chosen by pro-
par definition of compartments and transfer factors. 

6.1, Shielding factors 

Houses provide shielding, against radioactive materials in the plume, 
and against radioactive materials deposited upon ground. The latter 
case has been investigated in Denmark, at Rise, in a joint Nordic pro
ject, and at tha Swediih Oefence Research Establishment (FOAI. FOA bate 
their project upon an American computer program. The other two projects 
usa a computer program developed at Rise. At the present time the 
shielding factors calculated are taken account of in calculations with 
PluCONt and ISAK. Tha option is available in ARANO, CRAC and UNtDOSE. 
In all of these it is possible to give different values of the shiel
ding factor for different areas, though there are differences in the 
way this can ba done. In CRAC, for instanco, only two different shiel
ding factors can be given, and they are connected to the concept of 
evacuation areas. The thought behind this is that the protection of 
persons evacuating will be different from that of parsons not evacua
ting. Another aspect, which can not ba covered by CRAC, is that persons 
living in the central parts of cities will as a rule have better pro
tection than persons in one-family houses. In UNIDOSE it is possible to 
assign different shielding factors to each sector segment. 

Shielding against radioactive materials in the plume has been given a 
lower priority, since this exposure pathway is usually not dominant in 
reactor accident consiquence calculations. The option is available in 
several of the programs, and introduction of this aspect in the other 
programs should be a simple matter. 

6.2. Acute inhalation dose 

In ARANO, ISAK, PLUCONt and UNIDOSE it is possible to specify an in
halation protection factor, to account for the filtering effect of 
houses or shelters. In ARANO the population can ba divided into dif
ferent groups, according to their protection factors or breathing 
rates. In ISAK and UNIDOSE there could in principle be a different 
protection factor for each rectangle in the spatial subdivision. The 
protection factor will be the same for all persons in one calculation 
in PLUC0N4. 

In CRAC there is no inhalation protection factor included in input 
data. But input data contains a 'breating rate', and if this is modi
fied by multiplying it with the protection factor, the same thing is 
achieved. Like in PLUC0N4, the same protection factor will be used for 
all persons. 



I? 

(.3. Chronic pathway* in atmospheric models 

All the atmospheric models discussed hero contain some of tht exposure 
pathways listed under the chronic exposure phase in table t.l. But they 
do not all contain the same one*. 
The exposure pathways listed as 'chronic exposure phase" and "release 
to water* are also relevant in connection with a release to tht atmo
sphere, since tht atmospheric activity may deposit dirtctly upon water 
surfaces or deposit upon the ground, and subsequently be carried to 
wattr bodits via run-off or infiltration. Only ISAK, however, of the 
atmospheric models contains these pathways. 

6.3.1. External dose from deposited activity 

The only way in which the models differ in this connection is in the 
way shielding factors can be incorporated. The shielding factors will 
be the same as during the acute exposure phase. There may be differen 
ces, however, due to the fact that in the chronic exposure phase it 
must be assumed that people lead a normal life, and share their time 
between home, work and other activities. 

6.3.2. Resuspension inhalation dose 

Calculation of the inhalation dose due to resuspended materials is per
formed in much the same manner in the different models. This method and 
data were first used in the NASH-HDO report, and are really valid for 
a desert area. It has been argued that the results are accordingly con
servative. This is, however, not selfevident, particularly in connec
tion with deposition upon road surfaces, where the traffic may cause 
resuspension. This effect will be of particular importance in heavily 
populated areas. 

6.3.3. Nutrition pathways 

This is where the models differ significantly. 

PLUC0N4 and UNIOOSE do not contain nutrition pathways. 

ARANO calculates doses via milk, meat, grain, leaf and root vegetables. 
The models are based upon the NRPB model F0O0-MARC, but a subdivision 
into growing season and dormant season has been introduced. 

CRAC calculates doses via milk and "all other agricultural products". 
The nutrition exposure calculations incorporated in CRAC are relatively 
simple, using a factor to link deposited activity per unit land area to 
activity intake per person. 
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Tha nutrition pathway aodals in AIAHO and CIAC ara siapl* eoneantration 
factor typa modalt, 15 thay ara built into tha prograaa, for raaion of 
kaaping tha computer time down. Tha factor*, howavar, hav* baan precal-
culatad uaing more aophisticatad model*. Th* ARAMO land FOOO-MARC) fac
tor* ara baaad upon calculation* with a dynamic coapartaiaot aodal. Tha 
CRAC factor* ara bated upon compartment model calculation* of a simpler 
typ*. 
ISAK i* different from all th* other atmospheric model*, by calculatinp 
dote* via nutrition using a compartment Model. It amy be (aid that it 
belong* just at much among th* hydrosphere model* a* among tha atmo
spheric models, except for the fact that it i* not designed to handle a 
release directly to water. 

6.3.1 Drinking water 

The drinking water pathway is not included in any of tha atmospheric 
models. There were plans for including it in ARANO, but it was not 
done, mainly dua to tha complexity of water usage data. Tha drinking 
water of large towns often comes from locations in a quite different 
part of the country. Helsinki e.g. gets its drinking water from reser
voirs in Middle Finland. 

6.4. Chronic pathways in hydrosphere models 

As mantioned, BIOPATH. OETRA. ISAK and TERRA are the Nordic models that 
calculate dispersion in saltwater or freshwater, and at the sama time 
are of a general natura. Basically these models have the same capa
bilities. 

7. ENVIRONMENT DESCRIPTION 
Extensive information about population, agriculture, drinking water, 
industry, type of housing and much more, may be needed in a consequence 
calculation. The way in which this information is fad to the computer 
program is of importance. There may be large differences in the amount 
and level of information accepted by two different programs. The amount 
of work involved in preparing the same information for two different 
programs may also differ, as may the ease with which modifications to 
this information can be introduced. 

The usual manner in which the area is subdividid, is by dividing it 
into sector segments by drawing concentric circles centered at the 
release point, and intersecting lines through the release point. This 
approach has also been adopted by all except one of the Nordic models. 
ISAK uses a rectangular subdivision of tha area, with a steplength that 
can be chosen. A maximum of 401 x 401 subdivisions are allowed. 
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T.I. Population 

In current consequence «odels. and also th* ones discussed horo. th* 
population is tssuaed to be constant with tla*. In reality there la a 
variation with a 24 hour cycle, and ono with a one-weak cycle. Changes 
in the population pattern duo to vacations *>ay also be of importance in 
•one areas. There is alao a long-term change in th* population pattern, 
which is routinely neglected, even when collective dose calculations 
are carried several hundred years into th* future. 

In none of the Nordic models is tim* variation of th* population pat
tern possible. 

7.2. Land use characteristics 

The land use characteristics that are needed to describe th* area, de
pend upon the type of information the computer program is designed to 
take account of. Possible land use characteristics are 

Fraction of area which is inhabited 
" freshwater 

" saltwater 
forest 

" mountain 
agricultural area 

" dairy area (pasture) 
industry 

Other characteristics may be given. E.g. agricultural area subdivided 
into area for production of grain, production of leafy vegetables etc. 

In ARANO it is possible to specify the production of milk, meat, grain, 
green and root vegetables, investments in housing, agriculture, indu
stry and public services for each segment. 

In CRAC it is possible to specify fraction of habitable land, fraction 
of agricutural land and fraction of dairy land, along with the belong
ing economic factors. 

In PLUC0N4 this type of information is not used. 

In UNIOOSE it is possible to specify land use characteristics for each 
sector element, in the same way that population is specified. 

The land characteristics may be specified for each sector segment, for 
the complete area, or for something in between. This will also differ 
from one model to another. This point can be illustrated by the way in 
which CRAC is designed: Habitable land fraction is specified for each 
sector segment. Agricultural and dairy land fractions are specified for 
groups of sector segments. For each sector segment is specified a 
'state code", and this shows what specific group of sector segments 
this particular sector segment belongs in. The name "state code" stems 
from the fact that the designator was originally used to show what par
ticular State of the United States of America the particular sector 
segment was located in. 
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In ARANO the land use characteristics ere specified in • «lightly dif
ferent format: All of this inforaation it given separately for each 
sector segaent. Population (which can be divided into group* with dif
ferent shielding factor*I; the value of investments in dwellings; the 
value of investments in agriculture, industry and public service*; the 
production per year lin Monetary unit*I in agriculture, industry and 
public services; the production per year lin Monetary units or weight) 
of milk, meat, grain, green vegetable* and root vegetables. 

7.3. Compartment models and environment description 

In compartment models the description of characteristics like popula
tion and land us* are integral parts of the compartmentation. If finer 
detail is desired in the description of geographical variation*, com
partments must be subdivided. In DETRA the maximum number of compart
ments is JO, though fewer may be available if long radionuclide decay 
chains are included. 

a. MITIGATING ACTIONS 

Mitigating actions are actions carried out for the purpose of reducing 
radiation exposure. The actions may be divided into two groups, as they 
are always carried out for one of the following purposes: 

- to avoid or reduce the number of and/or the 
severity of acute health effects 
to avoid or reduce the number of stochastic 
health effects. 

Actions in the first group must be carried out soon (a few hours or 
days) after a release in order to be effective. Actions in the second 
group may be effected months to years after the release took place. 

8.1. Dose criteria 

The main project under which the present report is published, also con
tains a project on dose criteria. The larger part of this subproject 
was performed at STL, Finland, but smaller parts were also performed at 
VTT, Finland and IFE, Norway. This subproject was completed in early 
summer 1982 (Ref. 22, 23 and 2*1. 

Decisions concerning mitigating actions should really be based upon 
cost-benefit considerations, where the benefit is the radiation expo
sure avoided. It may, however, be difficult to carry out a calculation 
of costs and benefits in such a way that they may be balanced against 
each other. 

In consequence calculations it has been common practice to relate miti
gating actions to numerically fixed dose criteria. A dose criterion may 
e.g. be a limit upon the dose received over a period of 30 years. This 
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limit should ba tat to that whan tha doaa la abova tha liait. tha bene-
fit raapad froa tha mitigating action will ba largar than tha coat, for 
an avaraga aituation and location. At praaant it appaara. howavar. that 
doaa critaria ara raally choaan in a «rora arbitrary mannar. 

Tha mannar in which doaa critaria ara amployad varias strongly. Hora is 
said about this in tha following chapters. 

8.2. Evacuation 

By "evacuation" is maant in this r«port moving of population groups a 
short tima after an accidant (on tha ordar of hours to days), ?nd sub
sequent return to tha original location within days or weeks. 

Evacuation and sheltering are closely related, as they are alteratives. 
A person can either evacuate or seek shelter; not both. 

There are no mitigating actions built into UNIDOSE, and accordingly no 
evacuation. Nor is there any separate model for evacuation in ISAK, but 
evacuation can be handled by performing calculations with alternative 
population distributions. 

The evacuation model in ARANO is flexible, but is mostly used as fol
lows: Up to a distance of 20 km from the release point it is assumed 
that the exposure to radioactive materials on the ground is limited to 
8 hours, more than 20 km from the release point, the exposure time is 
i.ssumed to be 24 hours. But it is possible to assign different exposure 
..'.nas to different portions of the population; e.g. SOZ receives 4 
hours dose, 20Z receives 10 hours dose, etc. 

The evacuation model in CRAC is as follows: A certain area around the 
release point is defined as the "evacuation area". If the release dur
ation is less than 3 hours, this area is in the wind direction, and is 
45 degrees wide, with the wind direction in the middle. The width is 
specified in input data, and another value can be chosen if desired. 
The radial dimension of the evacuation area can also be chosen, and is 
part of input data. The radial dimension of the evacuation area will be 
the same for all releases calculated in one computer run. If the dura
tion of release is more than 3 hours, the whole- circular area around 
the release point, with the radial dimension of the evacuation area, is 
evacuated. This assumption seems drastic, especially since the releases 
with longer release duration as a rule have a smaller consequence 
potential. In the CRAC version used in Norway, this aspect of the pro
gram (for releases longer than 3 hours) has been put out of operation, 
and the evacuation area has the same shape as for releases shorter than 
3 hours. 

At a certain time after release (at the end of the so-called warning 
time), which is specified in input data for each type of release, the 
whole population inside the evacuation area starts moving outward from 
the release point. They all move in the wind direction, and they all 
move at the same speed, which is also specified in input data. The 
evacuation speed in the CRAC calculations performed till now has been 
quite slow ( 1 - 2 km/hi. 

Eventually the cloud will catch up with the people, but they will then 
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be it a further distance froa the release point (end will usually 
receive lower doses) than if no evacuation had taken place. When the 
cloud catches up with the people, they are astuaed to reaain in this 
position: receive the full external exposure fro» the cloud and the 
full inhalation doat. and also exposure froa aaterials deposited upon 
ground during the next four hours. 

There is no separate model for evacuation built into ISAK. Evacuation 
is treated by calculating on alternative population distributions. 

Evacuation as such is not built into PLUCONl. But one can specify spe
cific exposure times at specific distances from the release point, and 
manually impose the proper corrections on the doses calculated by PLU-
C0N4. No evacuation velocity is employed. 

a.3. Iodine tablets 

Taken in large enough quantities, potassium iodide (Kit will block 
absorption of radioiodine by the thyriod, and reduce the thyriod dose. 
The doses from all other radionuclides as well as all external doses 
(including those from radioiodine) are left unaffected. The tablets 
will accordingly be of real benefit only for releases in which radio
iodine dominates. 

Because of the limitation mentioned above, none of the models discussed 
are designed to calculate the dosereducing effect of iodine tablets. 

8.4. Relocation ard decontamination 

The use of the words "evacuation" and "relocation" may occasionally be 
confusing. In this report "relocation* will be used to mean moving of 
persons to avoid or reduce stochastic health effects only. This means 
that relocation will be initiated after a time period of some months to 
about a year after the release took place. 

Relocation will reduce external exposure to radioactive materials depo
sited upon ground. Relocation is coupled to a dose criterion, as de
scribed in S.I, and a typical dose criterion is that the dose over 30 
years should not exceed 25 rem. Calculations show that about 10Z of the 
30 year dose is received during the first month after deposition (for 
typical hypothetical large reactor accident conditions), and about 22 
during each of the immediately following months. The dose may evidently 
be reduced considerably by relocation, even when carried out many 
months after an accident. 

If the dose criterion for relocation is the same for the whole popula
tion at a certain geographical location, use of the criterion in a con
sequence model is relatively straight-foreward. It may, however, be 
reasonable to assume different criteria for different population 
groups. It seems reasonable to consider persons living in the area and 
persons working in the area separately. The time of exposure per week 
will be lower for persons only working in the area. 
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Oacontaaination «ay b* parforawd in different ways. Th* contaaiinated 
surfaces stay be removed, and hard surfaces may be washed ot vacuus 
cleaned. 

Decontamination is in present consequence models coupled with reloca
tion. This is usually don* by applying th* relocation criterion after 
credit has been taken for decontamination. Seen from the calculational 
point of view, decontamination is more closely related to shielding 
factors. In both esses th* raduction is expressed as a simple reduction 
factor on the doses. 

The decontamination and relocation model in ARANO is as follows: It is 
assumed that it is possible to reduce the ground activity by a factor 
of 3 by decontamination. A ground dosa of 10 rem over 30 years is assu
med to be acceptable. If decontamination can bring the dose below this 
dose limit, it is assumed that decontamination is performed. In the 
opposite case, it is assumed that the population is r*Locat*d. It is, 
however, possible in ARANO to use different dose criteria for different 
population groups. 

The decontamination and relocation model in CRAC is as follows: It is 
assumed that it is possible to reduce the ground activity by a factor 
of 20 by decontamination. A ground dose of 25 rem over 30 years is 
assumed to be acceptable. If decontamination can bring the dose below 
this dose limit, it is assumed that decontamination is performed. In 
the opposite case, it is assumed that the population is relocated. 

In PLUCON* relocation is calculated in a combination of manual and com
puter calculations. The population specifications in the surroundings 
are corrected manually for relocation, and the new specifications are 
used as input for a collective dose calculation with PLUCONt. Deconta
mination is not directly coupled to relocation in PLUCONt. If deconta
mination is to be included in a calculation, a decontamination dose 
reduction factor may be specified as input parameter for each of the 
sector segments. 

In ISAK there is no "automatic" decontamination and relocation, like in 
CRAC. It is possible in ISAK to obtain as output the population within 
a certain isodose curve, partially for the purpose of calculating the 
collective dose within the curve; and partially for calculating the 
number of persons. From this information it is then possible to calcu
late the collective dose avoided by moving population groups. 

UINDOSE does not consider decontamination and relocation. 

8.5. Deep plowing 

Deep plowing is a way of taking advantage of the shielding effect of 
the soil material itself. But it serves a double purpose, as deep plow
ing will also to a smaller or larger degree place the radioactive mate
rials below the root zone, and accordingly ceuse reduction of the 
nutrition doses. 

Deep plowing places the material, which was originally on the surface, 
at a depth of to - 45 cm. This is under the normal plowing depth, and 
the reducing effect is more or less permanent. A reduction factor due 
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to shielding of 10 - 100 can be obtained. 

Deep plowing can not directly be accounted for in any of the modell, 
except PtUCONt, but it i* possible to tak* it into account in siapl* 
ways, lik* for instance by uaing a "dot* criterion" which is lower than 
the dot* criterion actually used in a calculation, by a factor corre
sponding to the reduction factor acchieved by deep plowing. 

In PLUCONt a reduction factor giving the dose reduction achieved by 
deep plowing can be specified for each of the sector segments. 

8.6. Agricultural products 

Condemnation of agricultural products may be used as a mitigating 
action in the year of the accident, i.' the release took place during 
the growing season. For the following years it must be assumed that 
alternative agricultural production is used as mitigating action. 

In ARANO are used concentration limits corresponding to 0.5 rem in the 
course of one year from all agricultural products. If the dose is not 
below this limit, all agricultural products will be condemned. Differ
ent food pathways can also be considered separately. 

In CRAC the criteria for condemnation of agricultural products are: 
Milk interdiction is effected if the thyroid dose over one vear from 
iodine is more than 10 rem. If the whole body dose from cesium exceeds 
3,3 rem/year, or bone marrow dose from strontium exceeds 3.3 rem/year, 
the other agricultural products are interdicted. Since it is referred 
to doses during the first year, only doses due to radioactive materials 
deposited directly upon the plants need to be calculated to be compared 
to these criteria. 

In ISAK the dose criteria for condemnation of agricultural products are 
set as part of input data. Otherwise condemnation seems to be calcula
ted in a manner similar to the ones in the other programs. 

Condemnation of agricultural products is not considered in PLUC0N4 and 
UNID0SE. 

8.7. Aquatic food products 

In connection with radioactive exposure via aquatic food, any type of 
acute health effect is out of the question, even after the largest 
conceivable nuclear accidents. 

It must be expected that contamination will be mare evenly distributed 
than in the land contamination case. The reason for this is that radio
active materials will at the average stay dissolved in water longer 
than they will stay suspended in air. Sedimentation is a less efficient 
removal mechanism than deposition. 

The models calculating dispersion in water do not explicitly take con
demnation of aquatic food products into account. 



a.8. Drinking water and irrigation 

Restrictions might be imposed upon two different types of use of water 
resources: 

- drinking water 
- irrigation 

Contamination of drinking water will vary strongly from one area to 
another in the Nordic countries, as ground water is used as drinking 
water in some areas, while surface water is used in other areas. 

Generally drinking water is not considered an important exposure path
way, while irrigation may be quite important in some areas, and is 
actually of increasing importance. One important aspect of irrigation 
is that there will be direct contamination of the leaves all through 
the growth season, and even during the years following the year of tne 
release, if the water is still contaminated. This is quite different 
from the ground contamination case, where contamination of leaves can 
take place only during cloud passage. 

Of the Nordic models for atmospheric dispersion, only ISAK contains 
calculation of exposure via drinking water and irrigation. BIOPATH, 
DETRA and TERRA are all designed to take these exposure pathways into 
consideration. 

9. DESIRED RESULTS FROM CALCULATIONS 

The results desired from a calculation will vary with the purpose of 
the calculation, as well as with the conditions. For instance if a 
release consists only of noble gases, the only relevant results are 
external doses from the passing cloud; individual and collective; 
local, regional and global; and risk curves based upon these same 
quantities. 

It is desirable that a consequence model may supply results on various 
levels, as needed and requested. 

In most consequence models the format of the results is too rigid to be 
able to satisfy different users. Both ARANO and CRAC are known, how
ever, to be quite flexible. 

9.1. List of types of results 

Here follows a list of doses, health effects, and non-radiological con
sequences that might be desired as results. 

Acute dose The dose which is used to calculate 
acute health effects. Should be 
given separately as a result for 
each organ of interest. 
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latent dot* 

Acute fatalities 

Th« dose which is used to calculate 
the latent or itocastic health 
effects, for each organ. 

- Acute injuries 

- Latent effect For each body organ, or each type 
of health effect. 

Effective dose 
equivalent 

Both individual 
and collective 
doses 

Arranging of 
collective 
doses in dose 
magnitude bins 

For use if it is decided to use 
a non-linear dose to health-effect 
relationship 

Interdiction Area within which milk is inter-
milk dieted, and also cost of milk 

interdiction 

Interdiction As above 
crop 

Interdiction As above 
marine food 

Relocation Area of relocation, number of per
sons relocated, and/or cost of 
relocation 

Decontamination Area of decontamination, 
cost of decontamination 

and/or 

Evacuation Area evacuated, 
sons evacuated, 
evacuation 

number of per-
and/or cost of 

Drinking water Area or volume of reservoir conta
minated, duration in days of re
striction, and/or cost 

Irrigation 
water 

As above 

In ARANO and CRAC all these types of results are possible to obtain, 
except interdiction of marine food, and specifications of drinking 
water and irrigation water characteristics. These exceptions are obvi
ous, as the related exposure pathways are not incorporated in the pro
grams. 



22 

10. PROGRAMMING AND DOCUMENTATION 

Accettibility of a calculation model depend! ttrongly upon the quality 
of documentation. Sut it alto depends to quit* a large d*gr** upcn th» 
way in which th* actual programming on th* computer hat been done. 
Quite simple differences can make it difficult to combine two computer 
programs, that otherwise seem to fit well together. As an example can 
be mentioned differences in the space grid used for population distri
bution. This, of course, may as a rule easily be brought in unison, but 
other similar differences may cause great difficultiet. 

"Impenetrable" programming 1-ieglect.ing use of comment cards, and using 
variable names that say nothing about the meaning of the variables) may 
make it almost impossible to introduce moc'ifications. 

Documentation of the Nordic models is generally weak. Descriptions of a 
few of the models are available (ARANO. GEOPATH, PLUCONl. UNIDOSE), but 
some are written in rather general terms. Actual descriptions of input 
data and of the format of the output from the models are not available 
as published reports, but may be available upon request, as internal 
reports. 

CRAC is an exception, as documentation is good, and detailed descrip
tion of input and output are available. This description is, however, 
full of printing errors. Documentation of the closely related model 
CRAC2 is more dependable, and should be used as a check, together with 
advice from persons familiar with the model. 

Concerning programming, information remains to be gathered. 

PLUCONt is the only model programmed in Algol. All the others are in 
versions of Fortran, and implementation on other computers should not 
be too complicated. 
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