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1. Introduction

In this study, the procedure of Scenario Exploration Method is extended
to the area of near-field host rock for nuclide transport, and the nuclide
transport analyses are executed in a stochastic mode or a deterministic
mode. '

This report consists of the following sections.

First of all, in the section 2, the outline of Scenario Exploration Method is
explained by summarizing the procedure of Scenario Exploration Method
and the basic concepts as to the shadow model. Inthe next 3 and 4 section,
the shadow model which solves the nuclide transport through near-field host
rock and the methodology of sensitivity analysis used in this study are
explained in detail. In the b5 section, the contents of stochastic
analysis by the shadow model for nuclide transport through near-field host
rock are mentioned. And in the 6 section, the contents and results
of deterministic analysis of that are summarized.

2. Methodology of Scenario Exploration

Scenario Exploration Method is the main approach to respond to the limits of
the scenario analysis method based on conventional language and to
supplement these limits. By using continuous numerical values instead of
the scattered expressive media as a language, Scenario Exploration Method
can obtain more all-inclusive results in both "width" and "fineness".

The flowchart of this examination in Scenario Exploration Method is shown
in Fig.2.1.

21



|

D. Correspondence to the -
shadow model of FEP.
Confirmation of the coverage of

whole known FEP.
Physical interpretation of the
area not corresponding to the

A. Definition of system.

v

B. Definition of the premise in the

evaluation.

nuclide release mode/ ability
index/ evaluation period
objective nuclide

v

known FEP.
- C. Construction of the general shadow

model.
feature strain of barrier
flow nuclide transport

'
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F. Stochastic calculation through the whole identified area
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G Classification of the system behavior by cluster analysis
of the results for stochastic calculations

v
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analysis of main element.
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I. Analysis of the behavior of each system and judgement
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F. Unifying of the evaluated results and guantification
of the general uncertainty

Fig.2.1 Flowchart of the examination in Scenario Exploration Method.



3. Shadow model for nuclide transport through near-field host rock.

The characteristics of the shadow model for nuclide transport through
near-field host rock developed last year as a prototype model are as follows:

1. Path for nuclide through near-field host rock is explalned as achannel
network.

2. Each channel is adjacent to the corresponding rock matrix. In the channel,
advection/dispersion are dominant mechanisms for nuclide transport. In the
rock matrix , molecular diffusion is a domlnant mechanism for nuclide
transport( dual porosity : model) _ S

3. Chemical structure -of radloactlve nuchdes transportlng through the
channel/matrix are changed ‘due  to - whether its reaction is fast
(instantaneous equilibrium) or slow (transfer rate is also considered).
Consequently, the average transportmg charactenstlcs (flow rate,
diffusivity) are changed. s

4. Flow rate and direction of groundwater 1n each channel will be changed
depending on time. S D T

5. Geochemical conditions in each channel/matrlx are assumed to that of
standard deep underground or that of geochemical anomaly, and these
conditions may be changed depending on time period and location.

6. Transition patterns of geochemical conditions can be expressed as the
simultaneous fluctuation over the whole area and the periodic/local
fluctuation by spread of geochemical front.

7. Depending on above two geochemical conditions, mass distribution of
nuclide between various chemical structures and average transporting
characteristics are changed.

Above characteristics of shadow model for nuclide transport through near-
field host rock are shown in Fig.3.1.1 conceptually. And the shadow model
is divided into the shadow sub-models shown in Fig.3.1.2 and is discussed as
well as the shadow model for nuclide migration within engineering barrier.

Mathematical model formulating above model is solved by Shadow Tiger
that is a nuclide migration solver based on Tiger. And preprocessor
"STEPPER" 1is constructed to make out a large scale batch file for input
file of Shadow Tiger, especially stochastic analysis mentioned later.



X 3.1

Fig.3.1.1 Concept of shadow model for nuclide transports through near-field
host rock.

Shadow model for migration in the near-field rock

Geometry Migration

Hydraulics Geochemistry

Fig.3.1.2 Component of shadow model for nuclide transports through near-
field host rock.



4. Method of sensitivity analysis

The stochastic analysis using shadow model is thought to be the transfer
from stochastic samples of m input parameters to n outputs. The
superiority of characteristics of this stochastic analysis as a transfer is as
follows:

a) Non-linearity of correlation between input and output
b) Overlapping of many sensitive structures

By above first characteristics, it is required that the parameter proved to
have obvious sensitivity from the sensitive analysis of the results as to the
sampling over whole area is fixed at some representative value (the case of
maximum release rate or reference case, etc.) while local samplings of which
other parameters are varied stochastically are executed one by one, and that
the sensitive structures included in the above output space should be made
clear.

In the sensitive analysis of this study, importance level of input parameter
is analyzed on main target of a local maximum or minimum point by moving
band method, the sensitivity is analyzed for many casesby local linear
regressive analysis combined with cluster analysis, and by using these
analysis methods complementary the entire feature of sensitivity for this
non-linear transfer is examined.

In the case of calculation in which samples are picked up stochastically,
thorough number of samples should be give uniform distribution in the space
of input parameter. However, as mentioned above, this is not true in the
space of output parameter because of the non-linearity of the transfer. This
state 1s shown conceptually in Fig.4.1.



Example of non-linear transfer

5 N

A//-/

Qutput

Input

Distribution of input parameter Distribution of output parameter

A B

Fig.4.1 Mechanism of generating density distribution of output space by
non-linear transfer.

To execute a series of the sensitive analysis procedure, the application called
"SASSIER" is constructed on the commercial stochastic analysis package
"SAS". The procedure of analysis using "SASSIER" is shown in Fig.4.2.
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Reading analysis
results

Moving Band
analysis

by shadow model

Cluster analysis

'

Selection of candidate
for
optimal configuration

|

Local linear regression
analysis

Fig.4.2 Procedure of analysis using SASSIER
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5. Stochastic analysis
5.1 Plan for analysis

The procedure of this stochastic analysis is divided into two stages, and in
the first stage, the sensitive structure in which environmental fluctuation of
the hydraulic/geochemical conditions and various chemical reactions of
nuclides with transport behavior are combined is quantified for the system
having one channel. And in the second stage, analysis is executed focusing
on how the knowledge of sensitive structure obtained from the first stage
would be affected by considering the branchfjoin of network of many
channels.

First stage: Quantification of sensitive structure in

Samp]_ing from whole area of which environmental fluctuation of

one channel. the hydraulic/geochemical conditions
and various chemical reactions of
nuclides ' o

First stage:

Sampling from local area of
one channel.

Second stage: Clarification of the influence by the
Sampling from whole area of branch/join of network to the
many channels., knowledge about the sensitive

structure obtained from first stage

Fig.5.1 Flowchart of stochastic analysis using shadow model for nuclide
transports through near-field host rock.

Considering adjustment with nuclide migration in engineering barrier,
Np-237 > Th-229

is assumed to be nuclides to be estimated for this analysis, and analysis of
U-238 > Ra-226

is executed additionally. '

For output format of analysis, maximum release rate of each nuclide and its
appearance period are thought to have highest order of priority.
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5.2 Sensitivity Structure
5.2.1 Sensitivity Structure of the whole area

Sensitivity of the whole area relating the migration of nuclide through the
near-field rock is governed by the hydraulic parameters and the retardation
parameters by matrix diffusion. This is consistent with the results for the
migration of nuclide through engineered barrier system. That is following
the feature of sensitivity analyzed by the plenty number of calculation of
double porosity model.

The release rate of Np from the 40 wastes in the gallery of 100m is around 40
orders from 1E-20 to 1e+20 [Bq/yr] by the analysis of whole area. Those
sensitivity structure is divided by the criteria of 1e+10 [By/yx].

(1) controlling parameters in the higher release rate region upper the criteria

Controlling parameters in the higher release rate region upper the criteria
are as follows:

- Starting time of strong flow (negative)
- Duration of strong flow (negative)

- Minimum transmissivity (positive)

» Maximum transmissivity (positive)

- Minimum head gradient (negative)

+ Maximum head gradient (positive)

These are the parameters relating hydraulics (“positive” or “negative” in the
quotation corresponds to maximum release rate of nuclide.).This means the
higher release rate of nuclide occurs depend on the hydraulic condition.
Interval of strong flow shows the negative sensitivity because this parameter
and maximum head gradient has co-relationship. For the very higher release
rate, we need very large head gradient even If it duration is so short. The
minimum head gradient shows positive sensitivity in the lower release rate
region below the criteria. This means, before the very strong flow occurs,
nuclide shall be stored in the system. On the other hand, parameters
relating the time scale to change the transmissivity does not shows clear
sensitivity. This means more complicated feature of sensitivity that relating
the time scale of change for transmissivity is not explicitly revealed because
the possibility that the very large head gradient may occur in a short time .
period is considered. '

(2) Controlling parameters in the lower release rate region under the criteria
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Controlling parameters in the lower release rate region under the criteria
are as follows:

- Minimum transmissivity (positive)

- Maximum transmissivity (positive)

. Effective surface area of fracture (negative)

. Retardation factor In the matrix(negative)

- Minimum head gradient (positive)

- Maximum head gradient (positive)

From these controlling parameter, the flow condition of groundwater shall be
modest to make effective retardation for diffusion and containment of
nuclides through matrix. That is to say the containment of nuclides is not
efficient retardation under the severe hydraulic condition.

5.2.2 Sensitivity Structure of the vicinity of reference case

Controlling parameters of the whole area above mentioned has fixed in the
vicinity of reference case and calculated. The release rate of Np from the 40
wastes in the gallery of 100m is around 14 orders from 1E-8 to le+6 [Bq/yr]
by the analysis in the vicinity of reference case area. Those sensitivity
structure is divided by the criteria of le+3.5 [Bafyr]. The feature- of
sensitivity for these two areas are mentioned in the following.

(1) Controlling parameters in the lower release rate region under the criteria

In the lower release rate region under the criteria, the following parameter is
controlling through the region.

- kinetics of re-dissolution and immobilization reaction
This means, under the favorable hydraulic condition correspond to general
underground condition such as assumed in the reference case, the possibility

the effect of containment by the chemical thermodynamic transformation to
more stable condition may be explicit even though it is slow kinetic process.

- the second gradient of average diffusion coefficient in the matrix
- the concentration of first joint of average diffusion coefficient in the matrix

(2) Controlling parameters in the higher release rate region over the criteria

The following parameters are taking the significant separate figures from
the average figures in the higher release rate case.

+ the channel width
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- the second gradient of average diffusion coefficient of mother nuclides

- the concentration of first joint of average diffusion coefficient of mother
nuclides

- the concentration of the first joint of average advection velocity of mother
nuclides

+ the concentration of the third joint of average advection velocity of mother
nuclides

+ the first gradient of average diffusion coefficient of daughter nuclides

- the third gradient of average diffusion coefficient of daughter nuclides

+ the duration of chemical anomaly

- the intake-concentration of chemical anomaly

The apparent feature that is different from the cases in the lower release
rate region under the criteria are as follows.
"The concentration of the first joint of average advection velocity is low.
The concentration of chemical anomaly is high.
The duration of chemical anomaly is long.

These features suggest the retarded mass of nuclides in the channel is
moving downwards along with the propagation of chemical anomaly. The
large second gradient of average diffusion coefficient in the matrix means the
retarding effect in the matrix decrease relatively. In the end, This helps the
significant amount of nuclides stay in the channel. This increase of release
rate above mentioned mechanism was also observed in the analysis of
engineered barrier system. The increase of release rate (increase of release
rate compared to the initial nuclide flux of inflow) in the host rock by above
mentioned mechanism was relatively insignificant compared to that in the
engineered barrier system.
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6. Deterministic analysis

The objective is to analyze for some cases among P.A. cases of the second
collection by using shadow model, and to support this analysis.

6.1 Plan for analysis

Reference case of the second collection is selected as the first analysis case.
Secondly, as to the various fluctuation scenarios thought to be examined in
the second collection, the following analysis cases are reasonable to be
selected by the basic principle that each varied term from the reference case

is lined up one by one.

1. Scenario only considering hydraulic fluctuation
2. Scenario only considering geochemical fluctuation

6.2 Reference case

We analyze this case using one channel corresponding to the mean value of
regular distribution for transm1ssw1ty

Fig.6.2.1 shows the result.
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Fig.6.2.1 Flux of nuclides at exit of a channel (Reference case).
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6.3 Example of hydraulic fluctuation scenario (the fluctuation of sea level)

We consider the periodic transient by change of sea level while in the
reference case hydraulic gradient is assumed to be constant (=0.008) over the
whole period. To be more concrete, we consider such fluctuated pattern as
that the surrounding of level ground(period I) will be converted to that
under the bottom of sea(period II) and will be converted again to that of
level ground(period V). As shown in Fig.6.3.1, the fluctuation of hydrauhc
gradient is assumed to occur continuously at a fixed velocity.

Hydraulic gradient
A
I 1L I 1
®P,
®P,
®P, >

Time t

Fig.6.3.1 Fluctuated pattern of hydraulic gradlent in the fluctuation scenario
at sea level.

Fig.6.3.2 Fig.6.3.3 show these analysis results.

Tt is found that from the results of analysis case that the maximum
hydraulic gradient is 0.08 and the fluctuated period for hydraulic gradient
of 1.0E4 year, the peak of release flux at an output arrives later compared
with the influence by the fluctuation of sea level in spite of fitting the peak of
entering flux of nuclide with the period of fluctuation of sea level at an input
of channel. The extent of vibration indicates non-linear correspondence
from input to output, and is thought to let the maximum release rate of
nuclide to be increased slightly depending on the mutual location with the
breakthrough curve of nuclide. This implies that the nuclides remained in
channel and matrix are washed in a short time till fluctuation of
sea level will occur as well asthe increase of release rate of nuclide
from engineering barrier to host rock due to the flow rate at period
of I and II.
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Fig.6.3.2 Flux of nuclides at 1m from the entrance of channel.
(Fluctuation scenario at sea level)
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6.4 Example of geochemical fluctuation scenario
(Formation of oxidation/reduction front by radioactive decomposition)

In this scenario, we assume that an oxidizer enters from the upper reaches of
channel in near-field host rock during a fixed period and to be consumed
by the reactions within channel and matrix.

Fig.6.4.1?—Fig.6.4.3 shows the analysis results that oxidizer concentration
is 0.1lmol/m3, Fe concentration in a matrix is 1.0E3mol/m3, and
continuous period for the entrance of oxidizer is 1.06E6 year.

Release rate of nuclide from engineering barrier increases in a magnitude
of four order at the period when geochemical anomaly occurs(after
about 100,000 year). Therefore the inventories remained within engineering
barrier are exhausted in a comparatively short period(corresponding
to aperiod for exudation of glass).(refer to Fig.6.4.1 ) And in the
crossing of oxidation/reduction front through a channel, the nuclide
remained in a matrix should be released promptly(sharp drop at
1E6 year in Fig.6.4.2). Flux of nuclide at 1m from the entrance of a
channel(Fig.6.4.3) has the characteristic which has two peaks. In this curve,
the first peak is corresponding to the increase of release rate from
engineering barrier, and the second peak is corresponding to the sudden pass
of nuclide deposited at the cell of upper reaches by crossing of the
oxidation/reduction front through the cell. This second peak migrates with
growing accompanied with the transfer of oxidation/reduction front. At the
exit of channel, the height of the second peak is ten times as tall as that of
the first peak.
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Fig.6.4.1 Flux of nuclide at entrance (Om) of a channel.
(Scenario of oxidation/reduction front by radioactive decomposition)
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Fig.6.4.2 Total amount of nuclides in a matrix
(Scenario of oxidation/reduction front by radioactive decomposition)

-38-



1.00E+07

1.00E+06
1.00E+05 -
1.00E+04 1
1.00E+03 A

1.00E+02 1

1.00E+01

Flux (Bg/yr)

1.00E+00 1
1.00E-01 1
1.00E-02 A
1.00E-03 1

1.00E-04 T T !
1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07

Time {yr)

1.00E407

1.00E+06 1

1.00E+05 4

~—&— Np_237

1.00E+04 -

Fiux (Bg/yr}

1.00E+03

1.00E+02 T T y
8.0E+04 1.0E+05 1.2E+05 14E+05 1.6E+05

Time (yr}

Fig.6.4.3 Flux of nuclides at entrance (1m) of a channel,
(Scenario of oxidationfreduction front by radioactive decomposition)
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