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Introduction

for such work and a range of models have been developed
to interpret, interpolate and extrapolate observational
data

+ Inearly days a major constraint was the capability of
digital computers; requiring great simplifications in
representation of system understanding and use of
analytical / semi-analytical approaches or even analog
models
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Starting point: analytical solutions
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Computer models (1)

..both system and
process description
had to be greatly
simplified
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The IBM 1401 in the early 1960's - the first
mass-produced digital, all-transistorized,
business computer. The basic 1401 came with
4,096 characters of memory; a Storage
Expansion Unit expanded this 16K!l Cost was

mem $125,000 - 180,000 with a weight of 1- 3.5
tons
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Computer models (2)

v Growth of finite-element and finite-difference models for
engineering and hydrogeological applications (generally 2D)

§

1,000,000
[ Y oore’s Law

10,000 - Exponential growth in computer
Py

:

Number of Transistors
on an Integrated Circuit

capacity
1,000 4 c .
mcm 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year

Example —'80s &

Crek(Cyl"
ne0.6L
k=38

Leg ICal Cm pglg
.

: f s s . s
E] 0 1 z 3 L 5

Log [Cwl Cy polimi

.1 FREUNDLICH PLOT : '¥7Cs/ ALTHABREAC DEGRADED GRAKITE ! 25°C.

! | L
4 -3 -2

+ Some models extended to consider non-
linear sorption of Cs - represented by a
Freundlich isotherm - but very complex
to develop and test (man-years of
effort)

+ Box model used to verify semi-analytical )
models including non-linear sorption; in-
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Computer models (3)

solute transport (2D & 3D)

+ Exotic model variants to take advantage of parallel computers (e.g.
Cellular automata)
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Pros & cons of different approaches

icult to set up and computationally heavy for regional systems
with extensive heterogeneity and variable time constants for
different processes. Difficult to develop in a modular fashion.

+ Cellular automata: extremely flexible and suited to parallel
processing, but little experience for complex, real-world applications

+ Box / compartment models: computationally inefficient, but
extremely flexible and suited to modular development =
recommended approach for F-TRACE
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Additional argument: biosphere models

A

Technical Report
TR-10-09

Biosphere analyses for the safety
SR-Site - sy i
and summary of results
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Fundamentals
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4. Sorption in rock matrix boxes

Fig. 2.2:  Typical system constructed from boxes and comparative 3-D simplification of . 3 - . .
t Fig. 5.1:  Representation of sorption in the box model

and the impacts of various measures to control Cs
mobilisation

v Although many different approaches exist, the
inherent simplicity and flexibility of box-modelling may
be appropriate - especially as the power of modern
computers compensates for the major disadvantage of
this method (computational inefficiency)

mcem




Application to F-TRACE

+ Small scale: quantification of redistribution and gain/loss
within a specific local reservoir

v Use of a common model structure facilitates integration within
a total system model

+ Can be readily extended to include:
+ Population dose assessment
+ Effects of migration counter-measures

mcem

Outline of regional scale model

via reservoir

“ Valley: via reservoir
Loss by . agricultural land

deep burial . built up
\ river

groundwater Coastal plain: Toss o deep
y . agricultural land -
= . built up
deep burial .
\ river
groundwater
Coastal water
A\ 4
Loss by \
mcm deep burial Loss by

deep burial




Outline of study area model: forest
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Capture of system understanding (1)

Combined microbiological / macrobiological processes can
play a significant role also in forest soils in ferms of both
uptake/release and bioturbation

+ Important distinction between soil porewater (which may
gradually percolate deeper and hence contribute to Cs
immobilisation) and surface water (which may transport
Cs in dissolved, particulate and “organic” form)
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Small-scale model - soil
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Capture of system understanding (2)
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+ A box model is extremely flexible and can readily include
uptake involving:
v Irreversibility or slow sorption / desorption

+ Concentration-dependent sorption (e.g. described by a
Freundlich isotherm)

+ Spatial and temporal variation due to changes / evolution
of properties of both solid and solution phase

v System with more than 2 phases (e.g. including explicit
treatment of colloids, microbes)

Small-scale model
- river




Capture of system understanding (3)

+ Suspended solid sedimentation / re-suspension is very
variable in both space and time and may be completely
dominated by extreme flow events - e.g. during typhoons.
These need to be explicitly represented and cannot be
sensibly "averaged” in any way.
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Biosphere box models
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modification will be to develop simple partitioning models
for relevant built-up areas

+ Specific Cs partitioning data are derived or extrapolated

from existing data, but continually refined by field
measurements
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Simple biosphere model - forest
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Capture of system understanding (4)

compared to limiting use of forest foodstuffs)

v+ Although basic model can be readily derived from
existing biosphere codes, databases may well be
incomplete and need to be expanded by specific data
mining / R&D work
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Practicalities

+ Redistribution is run forward in time steps, tracing
inventories in different compartments. Comparison with
measurements allows continuous refinement of the model.
The dose calculation models allow impact on local
populations to be assessed for various defined lifestyles
(which may integrate input from several geographical
units)

v For specific sub-components of the model, the impact of
various strategies from the remediation tool kit can be
assessed.
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Model testing

models)

+ Validation is frickier - showing that the model adequately
represents reality. This is best done using relevant analogues.
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Possible way forward

output is “sensible”

+ Set up analogue test case (Scotland) - run for 30-50 year
timescale

+ Assess output: if reasonable, extend functionality to
include biosphere components, possible counter-measures
and dose calculations
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