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An Exploratory Approach for Global Sensitivity Analysis on Long-Term
Performance of the Geological Disposal System (IT)
' Kiyoshi Oyamada*, Takao Ikeda*
Abstract

The near-field represents the least speculative and best controlled part of the
geological disposal system for the high level radioactive waste. However,
prediction of the behavior of radioactive substances migrating from the
waste through the EBS is subject to a considerable amount of uncertainty
due to the mechanical, thermal, chemical and hydrological perturbations to
and from the host rock that drive the near-field to evolve into one of a range
of possible futures. Impacts of evolving physical and chemical conditions in
the near field on migration of radionuclides are often dealt with by filtered
discussions and -audits by expert groups. The source term models
subsequently employed further fix the conditions within barriers (e.g., the
integrity of the barrier materials, quasi-steady-state conditions, or step
changes) 'and incorporate further assumptions (radial symmetry,
instantaneous equilibrium, linear partition of nuclide mass, and so forth).
This approach is motivated by the recognition that detailed knowledge of the
individual processes that will take place in future is generally lacking and
that it is necessary to keep the model simple enough to allow computational
efficiency. Thus “conservatism” is employed to justify such simplifications.
However, the complexity of the problem, i.e., spatio-temporal dependence of
events and coupled processes, their timing or sequencing, calls into question
the validity of the experts’ judgment concerning whether ignoring certain
features and/or processes is in fact conservative. In order to underpin and
defend the definition of calculation cases and simplified PA models, we
discuss a complementary approach which reverses the standard procedure of
scenario development and case definition described above.

A methodology which is prototypical to the Scenario Exploration Method is
called the Environmental Simulation Method. An important feature of this
methodology is in its capability of producing large number of quantitative

realizations of the future system behavior by varying the input parameter |
values in a stochastic manner. An obvious limitation of the existing
Environmental Simulation Method is the constraint in the coverage due to
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use of specific mathematical models. To overcome this problem, we design a
set of extremely flexible mathematical tools called ‘Shadow Models’ for the
particular purpose of ‘scanning’ the whole parameter/model space which has
not yet been rejected by the experts rather than scrutinizing it.

In the financial year 1996, we developed the Shadow Source Term Model
(SSTM) which solves nuclide transport equations within the engineered
barrier system (EBS). The key feature of the SSTM as a source term model is
in its very generic formulation and flexibility to model wide spectrum of
transport behaviors such as

a) the partition_ihg of the nuclide mass due to fast (instantaneous) reactions
such as aqueous speciation, sorption, and colloid formation;

b) the partitioning of the nuclide mass due to slow (kinetic) reactions such as
dissolution/precipitation, mineralisation, and crystallization;

¢) the variation in values for diffusivity of different chemical forms of the
nuclides;

d) the formation, and sealing, of the possible gaps in the EBS and the
advection of nuclides in various chemical forms with possibly different
mobilities within the gaps;

e) the effects of time-dependent flow around and inside the EBS on nuclide
migration;

f) the effects of geochemical evolution (changes in pH, Eh, temperature, etc.)
in and around the EBS on chemical partitioning of nuclide mass;

g) the effects of movement/deformation of the EBS (such as cave-in, canister
sinking, etc.) on nuclide migration.

The SSTM was used extensively to generate an ensemble of stochastic
realizations of the possible nuclide transport behaviour within the EBS. The
principal component analysis on the ensemble and the analysis of the
contribution of input parameter variations to the output variations
reconstructed the existing knowledge concerning the sensitivity structure for
the reference cases in a more formal and quantitative way. In addition, an
analysis on the subset of realizations corresponding to high peak release rate
revealed a critical combination and sequence of events that could potentially
lead to a significantly higher release rate than that of the reference cases.
The result suggests the importance of considering what type of actual
phenomena can cause this sequence of events and how; whether it is
physically possible or not; and how likely they are, in the process of scenario
development and safety case definition. This, in turn, encourages the use of
our methodology as a complementary approach to the more standard PA
procedure guiding and supporting the experts’ understanding of the future

v



system behavior.
In the current financial year, the objective of the study is three-fold:

(1) To conduct a more thorough stochastic calculations using SSTM with
improved efficiency and to support the results obtained in the last
financial year. This includes a set of (repeated) importance sampling
around high release cases and the ‘reference’ case deﬁned by PNC
followed by more detailed local sensitivity analysis; - S

(2) To use the SSTM in a deterministic mode and produce a set of

calculations for a number of perturbatrons around the reference case
provided by PNC; '

(8) To extend the methodology further and develop a shadow model for
nuclide transport through near-field host rock which is represented as a
time-dependent channel network with dual porosity. ' '

Work performed by J GC Corporation under contract with Power Reactor and
Nuclear Fuel Development Corporation.

PNC Liaison: Isolation System Analysis Section, Waste Technology
Development Division, Tokai Works, Katsuhiko ISHIGURO

*Project Management Department, JGC Corporation
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1. Introduction

We expand and apply the methodology of Scenario Exploration Method to the
following three field.

1) To conduct a more thorough stochastic calculations using SSTM with
improved efficiency and to support the results obtained so far.

2) To use the SSTM in a deterministic mode and produce a set of calculations
for a number of perturbations around the ‘reference’ case provided by PNC.
The existing deterministic calculation code is also applied for the
‘reference’ case provided by PNC. Both calculation results was estimated.

3) To extend the methodology further and develop a shadow model for nuclide
transport through near-field host rock. To analyze the exercises using
this developed model.

2.The methodology of Scenario Exploration Method

The scenario exploration methodology described in this report provides an
alternative to top-down scenario analysis. The objective of the methodology
is to search for key scenarios within an envelope of possible behavior.

Complex internal and external events are included within simulations by
default, rather than being omitted on the basis of subjective expert.
judgment. The search conducted in exhaustive and incorporates many degrees
of freedom in the possible scenarios. The search is, therefore, more
complete than a conventional language-based top-down scenario analysis,
where coverage of calculational cases is prescribed prior to calculatlon

and is limited by the resolution of the terminology.

An exhaustive search can be carried out because the focus of the methodology
is on the generic behavior, so rather than deploying extremely detailed
models, the methodology uses shadow models whose focus is on functional
behavior. This facilitates the inclusion of more features, events and
processes and the generalization of extrapolation of known scenarios. Hence
we can answer question such as “was the assessment framework designed to
be inclusive, and incorporate a wide variety of possible impacts upon and
changes to the system?” with the confident response “a wide range of
externalities are characterized by their generic impacts upon the migration
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system, not by their source”.

The outputs from the search for key scenarios are quantitative answers to
questions such as “what kind of scenarios may lead to behavior that is
critical to performance assessment?” and “how can events and processes
combine and be sequenced in order to obtain high release behavior?”. The
quantitative answers identify common properties from scenarios having
similar radionuclide releases and enable precise reporting of results to
an expert group. This is an advance on the top-down scenario approach, since
instead of asking experts broad questions such as “what can happen?” or “how
canhighor critical release occur?”, experts are shown particular scenarios
that result in critical releases and are asked focused and specific
questions like “can this happen?” or “what is uncertain?”. Thus expert
knowledge is channelled to considering only scenarios of critical interest.

3.Stochastic calculations and improving efficiency of it

To show the reliable results of stochastic calculations, we need to check
the number of samples is enough to achieve the analysis compared with the
volume of analytical space. Firstly there is a necessity of comprehensive
and uniform sampling for cluster analysis. We need the mmber of samples
is enough to achieve the goal to fix cluster division.

On the second level of sampling, dominant parameters set on typical figures
like a reference case or high peak release rate case. Under these condition,
sensitivity of the other parameter were examined.

To improve efficiency of analysis, the number of parameters was decreased.
To fix the nuclide is efficient way because more than half of parameters
depend on the nuclide feature. .

The procedure of stochastic calculations was shown in the Figure3. 1.

Combined cluster analysis and linear regressxon was trled on both l1near
scale and log scale. ' ' " '
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bampl ing the input parameters within the
hole variable range and stochastic

'anaIYSis |
Cluster analysis and linear
" :|regression - analysis- on - the
. -limited area
No '
- Determination of convergence about
‘the splitting clusters
Yes
Sampl ing the clusters Sampling the clusters near

including the maximum release
rate case on the limited area

[ocal cluster analysis around
the maximum release rate
case and linear regression
analysis on the more detailed
area

~ Fixing parameter which
sensitivity become clear

the reference case on the
limited area o

Local cluster analysis around
the reference case and .
linear regression analysis
on the more detailed area

Fig.3.1 Procedure of whole stochastic analysis.
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4.Stochastic calculations and sensitivity analysis relating to migration in
engineered barrier system
4.1 The premise and condition of analysis

The premise of analysis and the range of parameter depend on the conclusion
of last year’s workshop. The feature of this year’s calculations is to set
the abstract decay pair of initial inventory and half-life. The range of
these parameter are shom in Tabled.l. 1.

Table 4.1.1 Half-life and the range of initial inventory

Half- llfe(year) | Initial inventory(mol)
Parent nuclide 103~107 - 10-2~10! |
(Log Uniform) (Log Uniform)
Daughter nuclide = |1~107 o 110-2~101
(Log Uniform) (Log Uniform)

The shadow sub model of chemical and migration feature are represented by
the form of VC=v C and DC=D,a C.V represents mean advection
coefficient. D represents mean diffusive coefficient.

4.2 The result of stochastic calculations on the whole area sampling

| Around_'ﬁ, OOO'run_s were made for the stochastic calculations from the whole
area sampling. Figure 4.2.1 shows scatter plots of stochastic analysis of
common logarithms scale of results from the sampling over the whole area.
The nuclide release rate differ over the 100 orders. Most of the result
is in the order from 0 to -25. There are two kind of tails. One of them
is on the extension line of crowded region in the order from 0 to -25. This
tail makes the trend that the two nuclide’s release rate is almost same.
Another tail is diverge into just under direction. This tail cope with
the extremely low release rate. The sen31t1v1ty is obv1ously dec1ded by
the half llfe of each nucllde o '
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Fig.4.2.1 Scatter plots of stochastic analysis results from the aanipling
over the whole area.(Common logarithms scale)




4.3 Sensitivity analysis over the whole area

Stochastic calculations using shadow model are correspond stochastic
samples to two output ( highest release rate of daughter nuclides and their
parents). It is the function from two dimensional space to 49’s d1mensmr1al '
space. P

4.3.1 Division of-_clusters

The correlatron between cluster analysrs of lmear scaIe and mean square

errors obtamed from partial linear regressron is shown 1n F1g4 3.1. Sample
- volume of the results is around 6,000 runs. Mean uare ‘errors decrease
- rapidly accompamed by the number of the clusters.__ _The__mean square errors
- will be almost 0 in cases of more than 6 clusters !
Clusters identified on linear scale correspond to hlgher release rate and
- they include only some analysis cases. Results of cluster analysis on linear
' scale should be used for the sensitivity ana1y31s of higher release rate.
_For this purpose, 1,000 cases of sampling over the whole area is enough.
As the same way, cluster analysis of logarrthm scale and mean square errors
obtamed from partial linear regression 1s shown in Fig 4.3.2.

- 432 Importance analysis of input parameter by moving band method

Moving band analysis was performed for parents and daughter nuclide.
Parameters of non-zero trend on the moving band analysis were shown in Table
4.3.1. In the table, “positive” means high input parameter makes high
release rate and “negative” means high input parameter makes low release
rate.
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Table 4. 3.1 Parameters having non-zero trend on the Moving Band analysis.

Parameter Trend of release rate
1 |Parent half-life Positive(parent, daughter)
2 |Daughter half-life Positive(daughter)
3 |Parent inventory Positive(parent, daughter)
4 |daughter inventory Positive(daughter)
7 |Parent retardation factor Negat ive (parent)
19 | Daughter retardation factor Negat ive (daughter)
31 |Glass dissolution time Negative(parent, daughter)
34 |Hydraulic conductivity of EDZ Positive(parent, daughter)
35 |Hydraulic conductivity of rock Positive(parent, daughter)
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4.3.3 Sensitivity analysis

Main component analysis was performed about main 6 clusters identified by
cluster analysis on logarithm scale. Dominant parameters identified by main
component 1 and 2 of cluster 4 and 2 including meamngful release rate region
are almost same as identified nON-2ero trend parameters by moving band
analysis. ' '

4.4 Stochastlc calculations by the 2nd Iocal sampllng
4.4.1 Area and purpose of local sampllng

Sensitivity analysis to results of stochastrc caiculatlons over the whole
area indicates obviously. 1mportant parameters 1s ~dominant to the
sensitivity of the result. Sen31t1v1t1es of other parameters are covered
these dominant parameters. Under . these c1rcumstances, the local sampling
isefficient to get more hlghly advanced 1nformat 1on In the local sampling,
obvious parameters are fixed on typlcal f lgures and other parameters which
is not identified its rmportance and sensxt1v1ty are sampled

4.4.2 Analyticai condition of local sampllng

In the 2nd sampling, 9 parameters'are' 'f'i'xed édrreSponding to highest release
case or reference case. The other 40 parameters are sampled over the whole
area. Y

4.4.3 The result of 2nd local sampling _eerresponding to highest release case

Figured.4. 1 shows results of stochastic calculations on 2nd local sampling
near highest release case (3,800 cases). These results show the “y” shape
correlation between the release rate of parent nuclides and daughter
nuclides. The long side of “y” shape is characterized by radioactive
equilibriun of Np-237 and Th-229. The short side of “” shape is
characterized by release rate of Th-232 which rate is determined by glass
dissolution rate. Table4.4.1 shows the parameters having non-zero trend
on the Moving Band analysis.
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Fig.4.4.1 Stochastic analysis results from the second sampling in
the maximum release case.(3800 case)




Table4.4.1 Parameters having non-zero trend on the Moving Band Analysis

Parameter Trend of release rate
23 | Over-pack corruption time Positive(daughter)
25 |Minimum hydraulic gradient Positive(parent, daughter)

32 | Times when .the rapid transition | Negative(parent, daughter)
starts

33 |Time scale of the rapid transition|Positive(parent, daughter)

The common feature of above shown 4 parameters is relating with physical
retardation of nuclides.

Figured.4.2 shows the sensitivity of input parameters in each cluster.
Over-pack corruption time and minimum hydraulic gradient are dominant in
each cluster. They cover the more complicated and subtle sensitivity.

4.4 .4 The result of 2nd ioca!l sampling corresponding to reference case

Figured.4.3 shows results of stochastic calculations on the 2nd local
sampling near reference case (2,200 cases). These results show
boundary-line on logarithm release rate of parent and daughter :each -3
to -4 or -6 order.

- The release rate bf Np-237 in the -3 to -4 order is corresponding to glass
dissolution rate. The release rate of Th-229 in the -6 order is also
corresponding to ‘glass dissolution rate. It is interesting that some
results beyond boundary-line. These cases are mot included in the main
cluster because the number of them is small.

We can use the moving band method over the whole area including the small
cases which are not in the cluster.

Tabled.4.2 shows the parameters having non-zero trend on the Moving Band
analysis.
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Table 4.4.2 Parameters having non-zero trend on the Moving Band analysis.
(Second sampling near the reference case about Np-237 and Th-229)

Parameter Trend of release rate
1 |The second gradient of parent Positive(pa_rent)
nuclide (diffusion) S
10 [Passivation rate of parent nuclide. Negatlve(parent)
11 {Dissolution rate of stable phase of P031t1ve(parent)
parent nuclide e T
12| The second gradient of daughter Pos it_fi_iréj(dé__dg:h_ter)
| nuclide (diffusion) e v
21 Passivation rate of - daug'hter-{' Negative (daughter)
22 |Dissolution rate of stable phase of-_' 5’P_0__si'-t'i've'__'(_dsi:jg'ht'er)
| daughter nuclide Gkl e
25 |Minimum hydraulic gradient fPOSLtlve(parent daughter)
31 |Maximum hydraulic gradient = |Negative(parent, daughter)
33 | Time scale of the rapid transition :'P051t1ve(parent, daughter)
39 | Time scale of the chemicz[l:-an'omslﬂvﬁ -'P031t1ve(parent, daughter)

Parameter 1,10,11,12,21,22 show. dszerent trend that they are beyond or
under the border line. Thiswill make a guess that above mentioned migration
mechanism beyond the glass dlssolutlon determmlng rate 1s depend on the
precipitation front. : Lo

4.5 Stochastic calculations by the 3rd ..Io:csi 'sempling

The followmg estlmatlon is 1ntroduced from the result of 3rd stochastic
calculations: | '

There is a possibility that kinetic passivation like a irreversible
adsorption, precipitation as stable phase and crystallization make a buffer
reaction to rapid alteration of system and play a important role to the
robustness of multi-barrier system.
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5.Deterministic calculations for migration in the engineered barrier
5.1 Deterministic calculations using shadow source term model

To apply the SSTM in a deterministic mode where all the shadow functions
are specified according to a set of physical(real) phenomena which need
to be taken account in the H12 performance assessment as perturbations to
the reference case.

5.1.1 Reference case -

The near field of reference case consist of;

- glass waste form,

- steel overpack,

- buffer material (70% Kunigel-V1 bentonite + 30% sand),
« decomposition zone in the host rock,

The nuclides to be taken into account in the reference case calculations
are as follows; _

- Am-243 — Pu-239 — U-235

- U-238

- Am-241 — Np-237

5.1.2 Perturbations to reference case

In what follows we list the perturbations to reference case to be modeled

by the S5TM. - ' . e

- Geometry transition of engineered barriers from the swelling of overpack
corrosion product | ” -

- Effect of incomplete mixing in decompressed zone

- Flow of buffer pore water driven by gas pressure

- Effect of kinetic dissolution/precipitation reactions

- Effect of element dependent diffusivity -

- Effect of sorption onto corrosion product layer

- Effect of redox product by the radiolysis of porewater

5.1.3 Results

5.1.3.1 Reference case

Figure 5.1.3.1 shows the result of reference case. Figure 5.1.3.2 shows
the comparison of analysis results of reference case by shadow model related
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to migration analysis in engineered barriers with those by MESHNOTE. We
can understand peak release rates of Np-237, U-238, Pu-239 and Am-243
calculated by shadow model and MESHNOTE are almost same. On the contrary,
Those of U-235 and Am-241 differ from each other. This is because that shadow
model did not consider the shared solubility. MESHNOTE consider the shared
solubility of U and Am.

5.1.3.2 Porewater transition by gas
Time scale of Porewater transition by gas is so short compared with the

nuclide migrate scale. The result is not so different from the result of
reference case. : '

5.1.3.3 Effect of kinetic dissolution/precipitation reactions

Experiments of precipitation shows solubility determining solid phase like
a hydroxide are observed around several weeks to several years. So first .
order kinetic coefficient was set 0.1 to 1 per year. These results are almost
same compared with the result of reference case.

5.1.3.4 Effect of element dependent diffusivity

Each element dependent diffusivity was set as shown in the Table 5.1.3.1

Table 5.1.3.1 Diffusion coefficients depending on the species of element.

Nuclide Diffusion coefficient in porevater
| (m?/yr) |
Am 1. 89E-3
Pu ' 1. 89E-3
U ' ' 1. 42E-2
Np 1.42E-2
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5.1.3.5 Effect of redox product by the radiolysis of porewater

Redox front will move forward about 11cm for 10million years from the result
of calculation that all of oxidizing agents produced by radiolysis g0
through the overpack to buffer material and they react with pyrite
instantaneously in buffer material. Under this condition, we analyzed that
the result is not take more high peak release rate than that of reference
case.

5.1.3.6 Efiect of overpack corrosion product -

Using SSIM the Effect of overpack corrosion product was analyzed. We
calculated migration of Am-241 and Np-237 in the engineered barriers.
The result is almost same' compared with that of reference case. It shows
the effect of overpack corrosion product to the transition of geometry in
the engineered barrier is small.

5.2 Deterministic calculations using MESHNOTE

To support analysis of reference case by MESHNOTE which is a calculation
code for migration in engineered barriers applied by PNC, we compared with
results by SSTM and MESHNOTE. Furthermore We analyzed perturbations of
reference case in the engineered barriers.

5.2.1 Comparison with the results by VS_STIV_I and MESHNOTE

We analyzed the migration of nuc!ides under the same condition and parameter
which is same as those of SSTM. We analyzed three kind of cases. Those are
reference case fixed by PNC, effect of overpack corrosion product and effect
of redox product by the radiolysis of porewater. The result of reference
case is shown in Figure 5.1.3.2. Without the effect of shared solubility
of nuclide, Results of calculations by SSTM and MESHNOTE are almost same
in all cases. L .

5.2.2 Perturbatidns of reference case
5.2.2.1 Analysis case

We analyzed the migration of nuclides under the condition of perturbations
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of reference case in engineered barriers. Cases as perturbations of
reference case are;
- Geometry transition of engineered barriers from the swelling of overpack
corrosion product
- Effect of ground water taking the long way round in decompressed zone
- Effect of sorption onto corrosion product layer
- Effect of redox product by the radiolysis of porewater

5.2.2.2 Results

Results of effect of overpack corrosion product and redox product by
radiolysis of porewater are almost same as that of reference case.

The result of the effect of ground water taking the long way round in
decompressed zone is not differ distinctly. This is because the fixed
solubility is relatively high and under this condition nuclides do not make
precipitation. The solubility for each nuclide set up as consmermg the
effect of ground water taking the long way round. :
All of results do not have higher peak release rate because the soundness
of bentonite buffer was kept through the estimate period.

6.Formulation of shadow near field rock transport model

6.1 Model

The migration of shadow near field rock transport is modeled. We assume
that the host rock consist of the two distinctive component One is net
work channel. The other is matrices of rock.

Main transition of near field enviromment is categorized as follows;

- transition of geometry

« transition of hydrology

 Transition of geochemistry

6.2 Mathematical formulation
6.2.1 representation of channe! network

We introduce the concept of “pseudo-order”. Figure 6.2.1 shows example of
network. In this particular example, We introduce four points, {a.b.c.dl
and introduce the following “pseudo-order” shown in Figure 6.2.1 and define
two marginal flows. o
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Marginal flow 1 Marginal flow 2
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Source ‘s 2 .
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-Rank 1 A
Rank 2 B.,C
Rank 3. D

Fig.6.2.1 Definition of the distribution of flow and channel network.
6.2.2 General advection-dispersion-matrix diffusion equation for single leg

We formulate a general advection-dispersion-matrix diffusion system for
the collected state j of a nuclide i in a single leg by the following
equations; _

(1) Channel transport equation

(‘Ar:(:;")r = Dc[Ac(ﬂf?Cg)x]x— [qcﬁgcg]x_ 2 ACRI(CE’Cj)— xAcCg + x-IAcC:.:-” - acAcF':i'

Jek

where

X ! Coordinate along the channel,
A, Cross section of the channel [m’]

CY(x,t) : Total concentration of collected state j of nuclide I in the channel
[mols/m®], ' | |
D, : Dispersion coefficient in the channel [m*/year],

q. . Flow rate in the chamnel [w’/year],

BY : Advective mobility of collected state j of nuclide i [-],

-58-



R': Kinetic reaction rate from collected state j to k [mols/m*/year],
A, A ! Decay constant of nuclide i and its parent respectively [1/year],
8. ' Surface area unit volume of flowing water [m’/m’]

" . Loss rate from the channel to the matrix [mols/m%/year],

(2) Matrix transport equation

(6.c1) = G )[e Di£ (Naic?) ] Za R(Cr.Cr)- %8 c,i,%?f-_'emq;;_‘,_

Jek

Where _
y : Coordinmate in the matrix,
0, . Porosity of the matrix [-],
CiL(xyt) : Total concentration of collected state j of nuclide i in the
matrix [mols/m®],
: Diffusion coefficient of dissolved nuclide ii in the matrix [m®/year],
a‘r{, : Diffusive mobility of collected state j of nuclide i [-],
tw - Coordinate factor, e.g.,{,=1 for Cartesian-1D,{,=y for

Cylindrical-1D.
6.2.3 Shadow submodel |

In the general advection-dispersion-matrix diffusion equation, number of
“free” parameters are involved. We design the following set of shadow
submodels so that we can model impacts of a wide range of internal/external
processes on nuclide transport by making optimal use of the degree of
freedom remaining in the formulation described in 6.2.2.

6.2.3.1 Flow rate

We denote the “marginal” flow rate through the kth leg in the mth sequence
bY qum=9m(®20, ¥, 20 and we claim q,,()<qu,. (), V,20. Then the flow

rate of this leg is given by

= ZSgn(k, m)qhn(t)’

where sgn (k,m) is direction of the marginal flow through the kth leg in
the mth sequence which can be defined in an unambiguous manner by taking
any ordering in the set of points (joints of the legs).
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6.2.3.2Channel cross-section, flow wet surface and matrix porosity

The channel cross-section, A, and the flow wet surface of the channel, S.,

can be any reasonable (e.g., continuous and differentiable)function of x, t,
while the matrix porosity, # . can be any reasonable function of x,y,t
which needs to be reasonable as a function of x,t.

6.2.3.3 Mobility functions

Unlike the other shadow functions, the mobility functions are also
dependent on the total concentrations and the geochemlcal mdex v, Hence
we have '

al =a’ (C,',’, (x,y.0)¥(x,y, t)),
B = BU(CY (e, ¥(x.0)

6.3 Functional templates
6.3.1 Piecewise linear template

One of the simplest class of the shadow function is the ones which depend
on a single variable, e.g., the “marginal” flow rate q, (t) and the mobility

functions at a fixed geochemlcal 1ndex For these shadow functi ions, it 13
often approprlate to apply the p1ecew1se llnear template '

6.3.2 n+1-dirriehsioria! ellipsoid template
Another simple but important class of the shadow function corresponding
to propagation of the front two distinctive states. A simple starting point

to describe propagation of such front-like structure inn-dimensional space
is an n+l-dimensional ellipsoid.
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6.4 analysis of exercises
The example of stochastic channel net work is shown in Figure 6.4.1.

a—

- Source

P3 P5

Fig.6.4.1 An example of the channel network targeted by the
test case.

Rank of each points are as follows;

rankl : Pl
rank2 : P2, P3
rank3 : P4, P5

We analyzed time dependent total concentration in channels and matrices
consist of single leg.

Furthermore we analyzed single nuclide "'c"ransportation with an example of
the stochastic channel network constructed for the test case. The result
shows concentration profile is expanding to lower side with progressing
of time. Upper side 1ike channel 0 and channel 2 are in a steady state after
100thousand years. On the contrary, channel 4 and channel 6 are not in a
steady state because concentration profiles after 100thousand years and
Imillion years differ distinctively:
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source

Fig.6.4.2 An example of the channel network constructed by the test case. -



7.Conclusion

(1) We clarified the sensitivity structure by conducting a more thorough
stochastic calculations using SSTM with improved efficiency and to
support the results. This includes a set of (repeated) importance
sampling around high release cases and the ‘reference’ case defined by
PNC.

(2) We used the SSTM in a deterministic mode and produce a set of
calculations for a number of perturbations around the ‘reference’ case
provided by PNC. We also calculated using MESHNOTE. Their results were
compared with those of SSTM.

(3) We extended the methodology further and develop a shadow model for
nuclide transport through near-field host rock which is represented as
a time-dependent channel network with dual porosity. The developed model
was tested through exercise.
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