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Abstract

The Biospheric Model Validation Study-Phuse 1I (BIOMOVS. 11) was an international
cooperative program that tested the accuracy.of predictions of environmental assessment
models. Model evaluation was based on calculations made by individual participants for 10 test
scenarios that addressed both short- and long-term releases of radioactivity from facilities such
as power reactors, s0lid waste disposal repositories and uranium mill tailings, Model predic-
tions were compared with cach other and, where possible, with independent field observations,
and reasons were sought for any differences that arose. Qualitative topics were also considered,
including development of systematic methodologies for radiological assessments. This paper
addresses conclusions arising from.the study as a whole, Confidence intervuls on predictions
and differences between predictions and observations were: often less than a factor of 10,
altbough there was much variability among models and scenarios, Model performance depend-
ed critically, not'only on the formulation and parameter values of the mode! itself, but ulso on
the experience and assumptions made by the user, The study demonstrated the need to better
explain and justify all aspects of mode! structure and application and to assess all sources of
uncertuinty. A key recommendation was that assessments should not be undertaken in isolation
by one-individual using one model. D 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Mathematical models are commonly used to simulate contaminant transport
through the environment following real or hypothetical releases, Invariably, these
models are simplifications of complex natural processes and predictions derived from
them are approximations. Model reliability must therefore be cvaluated and under-
stood before predictions can play a part in decision making. The comparison of mode!
predictions with observations collected following actual rcleases. provides the most
rigorous test of model credibility. Where: such data are not available (for example, in
scenarios involving hypothetical releases from deep geological waste repositories),
confidence can be established in a number of other ways: by intcrcomparing predictions
from several models applicd 1o a common scenario and identifying and explaining any
diserepancies; by demonstrating that the assumptions on which the model is based are
reasonable in light of current scientific practice: by quantifying the uncertainty in modcl
predictions; by investigating model behaviour through sensitivity analysis and by
verilving the computer code of the model, In this paper, the full suite of activities
undertaken to establish model credibility is termed mode! evaluation.

The need to test assessment models for radioactive contaminants has recently
become more urgent given the increasingly prominent role that models play in
asscssing real and postulated releases. from the growing number of nuclear facilities
warldwide. In response to this need, several international cooperative studies were set
up in the 1980s. Among these were programs that focussed on the geosphere (SKT.
1987; SK1, 1990), on probabilistic safety assessment (NEA, 1991) and on the behaviour
of radioactivity in the environment following the Chernoby! accident (IAEA, 1993).
Also established was the Biospneric Model Validation Study (BIOMOVS, 1993),
which dealt with models of contuminant transfer through the biosphere and intake by
man. The release scenarios in BIOMOVS encompassed a broad range of assessment
issucs and included some relatively novel modclling problems, particularly for long-
term releases from solid waste disposal facilitics, BIOMOYVS ran from 1986 1o 1990
under the auspices of the Swedish Radiation Protection Institute (SSI),

Some of the issues addressed in BIOMOVS were not fully resolved by theend of the
study, and not all potentially important pathways, radionuclides and scenarios had
been considered. Accordingly, a second phase of the program, BIOMOVS H, was
established in 1991 with funding from five organisations: Atomic Energy Control
Board, Canada; Atomic Encrgy of Canada Limited; Centro dc Investigaciones Ener-
geticas Medioambientales y Tecnologicas, Spain; Empresa Nacional de Residuos
Radiactivos SA, Spain: and SS1. BIOMOVS 11 had three main objectives:

o to test the accuracy of the predictions of environmental assessment models for
selected contaminants and exposurc scenarios:

« 10 explain ditferences in predictions among models; and

e 10 recommend priorities for future research to improve model performance.

The study was also designed (o act as a forum for the exehange of ideas, experience
and information to help improve confidence in the models. Scientific direction was
provided by a Coordinating Committee made up of one member of cach of the 26
organizations that formally joined BIOMOVS (1, A Steering Committec composed of
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representatives from the funding agencies organized and managed the administrative
aspects of the project. Both committees received support from the Scientific and
Technica] Secretariat, QuantiSci Lid. Ultimately, the study involved 160 organisa-
tions from 31 countries.

BIOMOVS II activitics were carried out through Warking Groups (WGs), The first
task of each WG was to define clearly the questions it sought to address, Most WGs
then developed test scenarios to answer those questions through a series of model
caleulations, The scenarios included all of the information needed to carry out the
caleulations; source terms, transfer pathways, properties of the environmental system
and end points. Wherever possible, the scenarios were based on ficld data. Individual
members of the WGs submitted predictions for the end points using the models and
resources at their disposal. The predictions were intercompared and discussed al
semi-aanual meetings to identify, explain and resolve any differences among them in
terms of differences in assumptions, model formulation and/or parameter values, In
cases where data were available, predictions were also compared with observations,
which were withheld from the modellers until calculations were complete, Partici-
pants were requested to quantify uncertaintics in their predictions, Interaction among
WGs was encouraged.

BIOMOVS 11 endzd in 1996, This paper bricfly reviews its activities as a whole,
presents major overail conclusions and makes recommendations for further work.
Detailed discussions of the results of individual WGs can be found in the pupers that
follow in this issue and in the BIOMOVS 1T Technical Reports published by SSI on
behalf of the Steering Committee (Table 1),

Tuble |
Scenarios comprising the BIOMOVS 11 progrim
Scenario Technical  Relerence in
Report® this issue

Guidelines for uncertuinty analysis ! b
Guidclines (or comparison of model predictions 3 b
Reference biospheres for radioactive wasie disposal < and 6 van Dorp ct al,
Contaminant migration and impacts from uranium mill tailings sund Camus et al.
Effect of user interpretation on mode! predictions 7 Kirchner ct al,
Tritium transfer in the fosdchiin 8and 13 Barry et al.
Chernoby! dats — washoll from experimental pioty 9 Konoplev et al.
Chernoby! datn ~— consequences of contaminntion of aquatic media 10 Krvshev et al,
Chernioby! data — atmospheric resuspension of radionuclides 1 Gurger ¢t ul,
Complementary studics - biosphcre modelling for ussessment 2 Klos et al.

of radioactive waste disposal
4C migration and accumulation in a lake 14 Bird et al,
Water flow and radionuclide transport in Jysimelers 15 Butler ¢t al.
Effect of model complexity on uncertainty estimates 16 Eler et al
Overview of the BIOMOVS 11 program and its results 17 This puper

* All technical reports arc available from the Swedish Radiation Protection Institute, 171 16 Stockholm,
Sweden.
"There is no paper for this scenario in this issue.
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The concept of validation bus long been controversial. Philosophers such as Popper
(1959) have argued that scientific theory cannot be validated, only invalidated, and
that past demonstrations of accuracy do not guarantee similar performance in the
future, Other scientists (e.5. McCombie and McKinley, 1993) have claimed that
a model can be considered validated if it achieves an acceptable level of predictive
accuracy given its history of testing, the complexity of the system in question and the
future application of the model. In this paper, the term validation is restricted to past
demonstration of accuracy without implications as to fucure merit. Most BIOMOVS
IT participants, however, took a more pragmatic view: given the need for quantitative
radiological assessments, 2 model with a good track record is preferable to no model
at all, even if it has not been rigorously validated. It was also gencrally recognized
that, regardless of the meaning given to. the term validation, the process of model
evaluation leads to a better understanding of the transport mechanisms in question
and to tmproved confidence in the use of model results,

2. Scenanos

The scenarios undertaken in BIOMOVS II reflected the interests of participants
and issues left unresolved in the first phase of BIOMOVS, Account was also taken of
the activities of other international programs such as VAMP (Validation of Model
Predictions; IAEA, 1993) and the Nuclear Energy Agency’s Performance Assessment
Advisory Group. The fina! program included scenarios that addressed a broad range
of assessment issues (Table 1), Scenarios based on field data were developed for
4C transport in lakes, tritium fluxes from soil and vegetation, formation of organi-
cally bound tritium in spring wheat and the upward transport of radionuclides in soils
in lysimeters. Data collected following the Chernoby! accident were used to develop
scenarios for atmospheric resuspension, wash-off from soils to water bodies, and
transport and accumulation in the Chernobyl cooling pond. Scenarios involving
releases from solid radioactive waste repositorics (Complementary Studies) and ura-
nium mill tailings were developed as model intercomparison exercises since test data
were not available. The mill tailings scenario considered the transport of stable
elements as well as a number of radionuclides. The end points for most scenarios were
radionuclide concentrations in various environmental compartments, but some WGs
calculated doses and risks as well. Two WGs used the scenario approach to investi-
gate specific aspects of uncertainty analysis, namely the cffects of model complexity
and user assumptions on uncertainty estimates, A WG on uncertainty and validation
provided general advice on these issucs to other participants and also developed
a glossary and guidelines for uncertainty analysis and comparison of mode! predic-
tions.

The Refercnce Biospheres WG (van Dorp et al,, this issuc) undertook the more
qualitative task of developing a methodology for constructing defensible biosphere
models for specific applications, The work was motivated by the recognition that the
underlying premises of a biospherc assesyment are often taken for granted in the early
stages of model development, with the result that the model often cannot be
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demonstrated to fit its intended purpose. The reference biospberes metbodology
overcomes this by providing a systematic approach to the definition and justification
of the composition and structure of the model. It takes into account model objectives,
assumptions made about enviromental conditions and human behaviour, and fea-
tures, events and processes (FEPs) that may nced to be included in the model.
Application of the methodology results in a conceptual model of the biosphere (a
reference biosphere) for the assessment in” question, which can subsequently be
translated into a mathematical description and computer code, The WG illustrated
the methodology for solid radicactive waste disposal. The resulting reference bio-
sphere reflected consensus among the WG members, who represented eight different
countries, and provided a consistent framework for comparing performance assess-
ments for altemative radioactive waste disposal facility designs and locations. The
methodology was also applied 1o the waste management scenario developed by the
Complementary Studies WG,

For scenarios based on observations, the amount of background infermation
included in the scenario description was governed by what the supplicr of the data
couid provide. Information was often incomplete, forcing participants to make many
assumptions to adapt the data to their models or their models to the data. For
scenarios without observations, the level of detail could be set arbitrarily, A small
amount of data allowed more leeway in interpreting the scenario and encouraged
discussion on a conceptual level. However, cxperience from the first phase of
BIOMOVS suggested that, with this approach, differences in predictions duc to
scenario interpretation could overwhelm differences due to mode! formulation or
parameter values, [n BIOMOVS I, the anempt was made to define all scenurios
tightly to reduce this problem.

3. Models and parameter vaiues

Many of the models used for BIOMOVS Il caleulations were compartment models,
retlecting the traditional approach used in environmental transport simulation. In
a compartment modcl, each of the major environmental media (soil, surface waters,
animals and so on) is represented by one or more compartments which are spatially
homogencous in their propertics. Transfers between compartments are usually de-
scribed using rate constants, Radionuclides entering a compartment are assumed to
be uniformly and instantancously mixed within its volume, Most of the differences
between compartment models used for a given scenario related to the number of
compartments and pathways considered and not to the basic formulation. But
compartment models were not used exclusivelv, Radionuclide transfer in soils was
often treated by solving the advection~diffusion equation and most participants
cmployed simple empirical models in the Resuspension scenario. A few of the models
used in BIOMOVS IT were specially ¢oded for the study but most were pre-existing
modcls that were changed as nccessary to accommodate a particular scenario.

The predictions of 2 model depend not oaly on its mathematical formulation and
structure but also on the numerical values of the transier parameters used in it. Some
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values were defined as part of the scenario-descriptions but in other cases participants
werc frec to choose and practice varied considerably. Some relicd entirely on generic
values selected from the general literature or taken from one or the other of scveral
compilations of recommended default values (c.g.. Baes et al., 1984; Posten and
Klonfer, 1986; IAEA,. 1994). Others chose values that they believed reflected the
information given in the scenario description. The result was {requently a substantial
difference among the values adopted for a given parameter.

4. Uncertinty

In recognition of the vital role that uncertainty estimates play in establishing model
credibility, a main focus of BIOMOVS II was to quantify uncertainties for the models
and scenarios considered in the study. Guidelines. for performing an uncertainty
analysis were published (BIOMOVS [1, 1993a) and advicc on specific issucs related to
uncertainty was available throughout the program. Most participants carried out
a parametric uncertainty analysis and included a quantitative uncertainty statcment,
such as the 95% confidence interval, with their predictions, Unfortunately, the
analyses werc sometimes inconsistent with regard to-the parameters included, their
probability density functions (pdfs), the sampling scheme, and the method used to
propagate uncertainties through to model cadpoints, The result was substantial
variability in the magnitude of the uncertainty estimates, The smallest 95% confi-
dence interval estimated by an individual participant in a given WG was usually
abouta factor of 2, but intervals up to 10 times larger were not uncommon (Fig. 1), To

Deposition {Bq m™'}

10’

A BCDETFGHI J
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Fig. 1. Uncertuinties ussociated with predictions for the user interpretation scenasio (Kirchner et al., this
issue). The end point of the caleulation was the total amount of 12°Cs deposited from the atmosphere at
Bremen following the Chernboy! accident. The vertical lines are the 5% confidence intervals calculuted by
cach participant, with best estimates shown as crosses, The hatched area denotes the 95% confidence
intcrval of the field measurcments,
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some extent this is to be cxpected given the many subjective judgments that are
inherent in uncertainty analysis (JAEA, 1989), But the variability makes it difficult to
draw general conclusions regarding the magnitude of purametric uncertainty for the
models and applications considered here. Tt would be prudent to assume that the
magnitude for cach scenario corresponds to the largest uncertainty estimated by any
of the participants. This. means that the parametric uncertainty for most scenarios was
about a factor of 10 and closer to a lactor of 100 for the Resuspension, Complemen-
tury Studies and Model Complexity scenarios. In generul, uncertainties tended to be
relatively small in the scenarios that dealt with releases dircetly to the atmosphere or
to surface water bodies and larger for those that treated releases from underground
waste repositories or movement through soils.

Owerall, the uncertainties estimated in BIOMOVS T were substantially less than
those in the first phase of BIOMOVS. There were several reasons for this:

« Qver time, participants gained greater understanding of their models and the
problems to which they are applied. Uncertainties, which are subjective cstimates of
the confidence the participants have in the accuracy of their predictions, have
thercfore decreased.

» The WGs spent considerable time defining the scenarios to ensure they were com.
pizte, consistent and well understood. This allowed participants to choose purameter
values with some confidence and assign relatively narrow distributions to them,

» With time, participants became more familiar with uncertainty analysis tools and
were able to apply them appropriately.

o Many WGs used a consensus approach to specify pdfs for the distributed para-
meters in the analysis. This led 10 greater confidence in the parameter values and
narrower distributions. Informal expert clicitation of this sort helps to overcome the
bias that a single individual inevitably brings to the process and avoids the need for
formal elicitation (Hofer, 1986), which is expensive and time-consuming.

Sources of uncertainty other than those duc lo parameter values were also investi-
gated in BIOMOVS II. The user interpretation WG showed that uncertaintics arising
{rom assumptions made by the mode! user can casily exceed an order of magnitude for
scenarios involving radionuclide transport in terrestrial food chains, Similarly, the
model complexity WG showed that variability of this size must also be expected in soil
transport scenarios duc 1o uncertaintics in model formulation, The work of the
reference biospheres WG suggested that a systematic approach to the composition
and structure of 2 model at the start of i1s development could help to reduee model
uncertainty, Various WGs noted that simple human crrors such as miskeying of
numbers, misplaced decimal points and incorrect units appeared occasionally in the
results and must be guarded against. When. all sources arc taken into account, the
total uncertainty in model predictions for each scenario considered in BIOMOVS 11
was likely considerably larger than parametric uncertainty alone,

5. Model evaluation

For scenarios involving experimental data, the primary tool used by most WGs
to cvaluate model performance was graphical comparison of predictions and
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Fig. 2. Observations and prcdxctlons for the resuspension scenario (Garger et al., this issue), The endpoint
of the calculation was air concentration in Kicv in December 1991 due to resuspension of *?Cs previously
deposited from the airborne Chernoby! plume. The bars on observations and predictions are 95%
confidence intervals,

observations {Fig. 2). Conclusions regarding model validity were based on a qualita-
tive assessment of the extent to which confidence intervals overlapped. A similar
approach was takes in those scenarios for which no test data were available, but in
these cases the comparisons involved only. the predictions and uncertainties of the
various models. For a given scenario and endpoint, the best estimate predictions of
the various models tended to scatter around the observations. Highest and lowest
predictions often lay within about two orders of magnitude and it was not uncommon
for individual predictions.to differ from the observations by less than a factor of 10,
Confidence intervals on predictions and observations overlapped for some models but
not for others, suggesting that uncertainties were underestimated in some cases.
Statistical methods for making quantitative statements of mode! performance were
presented in a BIOMOVS II Technical Report (BIOMOVS. 11, 1995) but found little
scope for application in the WGs. There were three main reasons for this. First, the
mode! predictions were usvally not independent, normally distributed or drawn
randomly from populations and 30 violated the fundamental assumpt)ons of many
statistical tests, Moreover, the uncertainty estimates in most scenarios may not have
been consistent cnough to provide the basis for quantitative comparison. Second,
althougb statistical tests are quantitative, thmroutput cannot beused without making
subjective judgments. When applied to a given set of predictions, a particular test
might return a value a where perfect agreement would be signified by . There are no
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general criterta that indicatec how close 2 must be to B for the agreement to be
considered acceptable in some way. Thus statistical measures are of little usc for
validation purposes, although they can indicate which of 2 group of models performs
best with respect to a given set of observations,

The third reason lies in the recogniticn that other tools are avajlable for establish-
ing the credibility of model predictions. The most important of these is a physically
based evaluation of all parts of the model, justifying the processes included in it, how
they are formulated mathematically, the choice of parameter values and the assump-
tions made, From this comes an understanding of why the model behaves as it does,
the ability to explain differcnces between its predictions and observations, and the
insight to improve it. Most WG cflorts went into such evaluations to the benefit of the
participating models, Many of the conclusions are scenario specific and can be found
in the reports of the individual WGs, but a few are generally valid, For the most part,
participants in a given scenario considered the same processes and pathways and
simulated them in a similer manner, This suggests that there is consensus on what
processes and pathways are important and how they are best modelled. Some of the
differences in predictions could be ascribed to the complexity of the mode] used for
a given process. But in marny cascs the explanation for differences lay in the values
chosen for the mode! parameters. Many processes are described by bulk transfer
parameters that depend strongly on the cnvironmental conditions under whick they
were measured. Values reported in the literature vary widely, as did the choices made
by the participants. In general, predictions made using site-specific parameter values
agreed more closely with observations than did those using generic values,

6. Conclusions

Some of the more important overall conclusions to emerge from BIOMOVS Il are
summarized balow:

1. Collaborative, multi-disciplinary efforts such as BIOMOVS II play a vital part
in improving environmental transport models. This applies as much in terms of broad
methodology as in details of data interpretation and process understanding, Interna-
tional efforts are cost effective and provide 2 mechanism for identifying and resolving
points of difference. Consensus on individual discrepancies represents a collective
view of the state-ofthe-art; if no consensus can be reached, an arcu of future research
has been identified. The participation in BIOMOVS [1 of a wide range of people with
differing cxpertise (ficld experimentalists and mathematical modellers) and perspecs
tives (rescarchers, regulators and operators) helped contribute to the development of
consensus, The study also provided participants with the opportunity to explain and
justily their models to a diverse audience, a procedure that often identified significan!
issues. of concem and mechanisms for dealing with those concerns, The open frame-
work for discussion and debate was useful for achieving these goals.

2. At the beginning of BIOMOVS 11 a glossary was developed and published for
use by participants (BIOMOVS 11, 1993b). However, experience within the study and
clsewhere has shown that, for a variety of reasons, consistent internationa) use of
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terminology is hard to achicve. This contributes to difficulties in interpreting the
assessment problem, the information and data available for solving the problem and
the presentation and explanation of results,

3. In most multi-pathway, multi-contaminant scenarios (e.g. Uranium Mill Tail-
ings.and Complementary Studies), cxposures were not dominated by a single pathway
or radionuclide. Multiple pathways and radionuclides must be considered, at least at
the screcning stage of assessment caleulations,

4, Complex models do not neccssarily provide results in better agreement with
observations than simple models, nor do their predictions necessarily have smaller
uncertainties. On the other hand, complex. codes can incorporate explicitly a larger
range of processes and may be required to model time-dependent behaviour,

5. Environmental transport models can rarely predict the actual course of future
events in long-term asscssments because of difficulties in accounting for changes in the
physical environment and human lifestyles over very long periods of time. Modcl
outputs for these types of applications should be interpreted, not as predictions of
reality, but as indications of what might happen based on best available knowledge,

6. Environmental transfer models are effective tools which can be employed as one
of severa!l inputs to the decision making process. They should not be considered in
isolation but should be combined with other inputs such as reasoned arguments,
bounding calculations and public opinion,

7. Blind testing of model predictions against field data plays « key role in establish-
ing mode! credibility. Confidence in the model will ingrease as more supporting data
become available, Quantitative statements regarding the performance of the model
can be made only for the conditions under which it was tested, ulthough the model
may perform well outside those conditions.

8. Testing model predictions against field data is not sufficient to establish model
validity. Confidence building should also involve sensitivity and uncertainty analyses
and code verification. Most importantly, the model must be shown 1o be fit-fors
purpose by demonstrating rigor in defining the ussessment context, deriving the
model, justifying the assumptions made, selecting the parameter values and interpret-
ing the results, It must be shown that cach of these activities is treated appropriately
given prevailing levels of understanding, These methods provide the only approach to
establishing confidence in models for which experimental validation is not possible,
such as models that predict the long-term impact of radionuclides released from deep
repositorics. _

9. As many intermediate results and endpeints as possible should be tested to
identify compensatory crrors in the models and areas where the state of knowledge
should be improved.

10. Evaluation of uncertainties involves a significant clement of subjcctive judg.
ment. Despite this, uncertainty analysis can be undertaken in a way that will provide
meaningful and useful results, Modeliers should be familiar with the techniques that
arc available and choose an approach that is consistent with the purpose of the model,
the quality of the data and the nature of the application, The pdfs uscd in parameter
uncertainty analyses should be set by u process of consensus. The methods used and
assumptions made in carrying out the analysis must be documented in detail,
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11. The uncertainty estimates provided by participants with their mode! predic-
tions almost invariablv reflected parameter uncertainty only. Better metbods for
estimating uncertaintics due to conceptual model formulation and user interpretation
should be developed and applied routinely.

12. A variety of steps can be taken to reduce uncertainties:

« Model calculations must be based on a clear understanding of the assessment
context. The nature of the endpoints and properties of the system being addressed
must be clearly defined. Calculations should be undertaken in an iterative fashion to
provide opportunities to remove ambiguities and inconsistencies, This will reduce
uncertaintics due to user interpretation.

« Initial construction of the mode! should be based upon a rigorous and systematic
approach to ensure that all relevant FEPs have been included, This will decrease
uncertainties due to model formulation,

» The use of site-specific vaJues lor the most sensitive parameters of the system will
reduce paramctcr uncertaintics,

» Greater clarity and consistency in model requirements and assessment guidelines
will lead to models with greater similarity in goals and endpoints, making compari-
son and verification casier,

13. The level of agreement between predictions and observations depended on
seenario and endpoint but differences in many cases were less than a factor of 10.
Uncertainties were of the same magnitude but would likely have been larger
had participants included uncertainties due to model formulation and user inter-
pretation.

14. Much of the difference in model predictions could often be traced to the use of
different parameter valucs. It is important to evaluate data critically in terms of their
source, quality and intended application before values are chosen, Modellers who fail
to do this run the risk of making meaningless calculations. The best model is often the
one that is best supported by data.

15. A given modelling project should not be carried out in isolation by one
individual using one model. This will likely introduce bias and limit the credibility of
the results, The independent usc of two or more models and rationalization of any
differences in their predictions will lend more confidence to the results, Such problems
can be further reduced by ensuring that a multi-disciplinary team is used. including
those providing information on the physical system, those responsible for model
development and those using the model,

7. Suggestions for the future work

L. More work is required to improve and implement methods for evaluating model
performance and uncertainties to gain & better understanding of the true level of
confidence that car be placed in the predictions of environmental transport models, In
particular, continuing emphasis should be given to
« explaining and justifving assumptions made in the models;

» methods to assess sources of uncertainty other than parameter uncertainty;
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» greater understanding of the effects of user interpretation on model predictions;

» protocols for replicating assessments to reduce the subjectivity introduced by
individuals:

e development of improved physically based methods for deriving values for key
transfer parameters (sorption cocfficients, concentration ratios and so on) from
site-specific data; and

» presentation and interpretation of results so that a wide range of audiences (e.g.
scientists, regulators, operators, members of the public) can better understand the
implications.

2. The reference biospheres mcthodology was successfully developed and
partially tested in cooperation with the Complementary Studies WG, and an
important degrec of international consensus was reached. This work should be
extended to: :

« develop further the principles for defining critical groups relevant to long-term
radiological assessments;

 apply the methodology (o a range of basic systems und alternative assessment
contexts; and

o use the methodology to develop more fully and formally a set of conceptual models,
including clarification of the ways in whick FEPs arc represented and the correse
ponding databases defined.

3. A varicty of specific environmental transport and accumulation processes were
identified during BIOMOYVS II for which further experimental and modelling studies
are warranted. Thesc include:
= lysimeter studies to clarify the role of various soil and plant processes in the upward

migration of contaminants through vegetated soil profiles;

» behaviour of contaminants in vegetation. following irrigation;

* long-term behaviour of tritium following continuous rcleascs as well as specific
processes such as re-emission from plants.and soil and the formation of organieally
bound tritium;

= contaminant migration from uranium mill tailings and consequent behaviour in

aquatic ecosystems;

chemical transformations of contaminants in environmenta! inedia and 2n under-

standing of specics-dependent behaviour;

behaviour of “*C in the terrestrial environment;

collation of data to facilitate the comparison of human health risks from radioactive

and non-radioactive contaminants;

« assessment of exposures and risks to non-human biota; and

o the transport of radionuclides in solid form by processes such as erosion and
bioturbation.

4, The increased understanding of transport processes gained in BIOMOQVS 11 and
other programs should be used to help update transfer parameter values published in
various handbooks. ,

5. Simplified versions of some BIOMOVS II scenarios have been used as exercises
in student training. More scenarios could be published to further help educate
students of radioecology.
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6. More effort should be put into preparing historical data or generating new data
for use in mode! Lesting to help establish the credibility of environmental transport
models in different applications,

7. Data sets and predictions from BIOMOVS [l are available for use by
modelling groups that were unable to participate formally in the study. The Technical
Reports provide sufficient information to enable other groups to calculate predictions
and compare them with the original results and with the obscrvations, where they
exist,

There is a continuing need to provide u forum to bring together the different types
of expertise and disciplines involved in understanding and improving the performance
of environmental transfer models, The BIOMASS (Biosphere Model Assessment)
program set up by the IAEA in 1996 (IAEA, 1996) is filling this need, vigorously
continuing and extending the work described here.
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