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Study of Quantitative Assessment Methods of Events with
an Extremely Low Frequency of Occurrence Concerning

Performance of Waste Disposal Isclation System : Part(IV)
Hiroo Ohkubox
Abstract

This yeat, in the first step, in order to clear an overall frame for
the consequence analysis of events with an extremely low frequency of
occurrence in the groundwater scenario, an illustrated example of
assuming calculational cases and the analysis have been demonstrated for
the volcanism scenario, while the fault-activation scenario, and uplift
and erosion scenario were discussed how to reflect them on the boundary
conditions in the influence diagram.

Secondly, for the purpose of evaluating the significance of influence
of external events in the groundwater scenario, which items should be
prepared for reflecting expert opinions on the scenario analysis was
discussed, generally, and then listing up the requisite items of expert
judgement for the volcanism scenariao,

Finally, considering the connection with the existing data base systenm,
a function of visualization was added to the scenario-generator system
developed last year, and the applicability of this tool to risk
assessment and handling the hierarchical information system was also

discussed.
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B 2 Creation of an External Process System Model Description of.
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This yeat, in the first step, in order to clear an overall frame for
the consequence analysis of events with an extremely low frequency of
occurrence in the groundwater scenario, an illustrated example of
assuming calculational cases and the analysis have been demonstrated for
the volcanism scenario, while the fault-activation scenario, and uplift
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conditions in the influence diagram,

Secondly, for the purpose of evaluating the significance of influence
of external events in the groundwater scenario, which items should be
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Foreword

Events with an extremely low frequency of occurrence such as volcanisnm,
earthquake and fault-activation etc. are considered to be important in
the assessment of groundwater scenario since they may cause variety and
uncertainty to the groundwater scenario.

In the past years, to evaluate the influences caused by them on the
groundwater scenario, the influence diagram-représenting the corelétions
among FEP's (features, events, processes) and parameters has been
discussed, and it has been discussed how to deal with the subjectivity.
of experts for the quantification of.them. Further, scenario-generator
system has been discussed in order to support to construct the scenarios
using the corelation among FEP's., Concretely, it is necessary to
arrange these influences as the changes of hydrological, mechanical,
thermal and chemical boundary conditions to combine them with far-field
FEP’s. It may be also necessary to quantity them with the aid of expert
opinions. And it is said to be a matter to develop an integrated system
to promote a more efficient scenaio analysis, by improving the pilot
scenario-generator tool developed last year and connecting it with a
data base system.

This year, the first matter is to arrange the influences of events
with an extremely low frequency of occurrence on the above-mentioned
boundary conditions. The second matter is to list up the items for the
expert judgment, based on the AHP's framework. And the third matter is
to discuss on how to arrange and construct the scenario analysis system
including the advancement of the scenario-generator system,

Through these efforts, this report aims to contribute to the

performance assessment of Japan’s HLW disposal.



Further,a flowchart is described as below to show the total steps for
evaluating influences of events with an extremely low frequency of

occurrence, and to clear the main matters of this year in this flowchart.

(@ making reference to and discussiom on the
influences and models investigated in the
past years

® discussion on the influences of an external
event on the boundaries of far field

!

® discussion on the correspondence between main matter
the above-mentioned influence and the > of
quantitative model this year

@ discussion and arrangement on how to make
the consequence analysis for an external
event

® in the above~mentioned step®,
discussion on what should be
done for an illustrative
analysis (especially, how to
expain the reason or the ground
of setting a value to a
parameter by using some models
if possible, or expert
judgement if impossible)

® illustrative analysis simulation in
Heisei 8 year




1, Arrangement on Influences of Events with an Extremely Low Frequency
of Occurrence in the Groundwater Scenario by Changing the Boundary
Conditions such as Parameters Comnecting the Initial Events and

FEP's in the Far Field

1.1 Trial of Calculation for Volcanism Scenario

Referring to the preliminary studies for the analysis on volcanism

scenario‘!’ ¢

and Figure 1, a process to the calculation for

volcanism scenario (indirect release case) was illustrated. Generally,
it might be better to use the scenario generator tool which can generate
FEP's chains initiated by volecanic activity, based on the concepts such
as FEP's corelation matrix and EPSM (External Process System Hodel) %’
(see Figure 2). But, in this study, according to the steps shown in
Figure 1, first of all, as a part of PSM(Process System Model),
inflnence diagram with the FEPs directly related to changes in the four
boundary conditions was rewritten in Figure 3, while a part of EPSH
initiated by volecanic activity was shown in Figure 4,

Based on these steps, a total image of analytical framework, which
could be constructed by using (or combining) some mathematical models
for FEP's as investigated in the last year‘®', has been discussed (see
Figure 5), In this illustrative analysis, however, the modeling of EPSH
part has not been done, because the analysis of EPSH part would entail

an elicitation of expert judgements,



Step 1
Construct the process system model, typically as a graphical

"process influence diagram” or "PID” (note, this activity should
also include assignment of "importance levels” to all influences
between FEPs)

Step 2
Describe conceptual and mathematical models necessary to

calculate the performance of a repository as portrayed by a
process system model (this ‘activity should also include obtaining
appropriate computational codes for these models)

Step 3
Specify external FEPs (EFEPs) that represent separate "scenario
initiating events”

Step 4
Define representative data sets for calculational cases for

individual scenarios
Step b

“Conduct calculational cases of scenarios to illustrate possible
impacts on repository performance and safety.

Figure 1 Step of Scenario Analysis Using Process System Nodel

Source : (4)



Vulcanism —

EFEP

Figure 2 Creation of an External Process System Hodel Description of
Vulcanism EFEP for Repository Process Systerm Nodel {PsSM)
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Figure 4 Influence Diagram for the Volcanism EFEP (External FEP)

In this trial, the result obtained in Kristallin-1 (K-1)¢%? is
referred as a "Base Case” for four reasons;
a)the similarity in waste package design and HLW waste form between
Nagra and PNG,
b)the great detail of information and data provided in the Kristallin-
I report,
c¢)the extremely low possibility of an actual magmatic event occurring
.in Switzerland even over the next million years will help assure
these illustrative calculations are not misused or misapplied, and
d)selection of the Heisei-38 report (PNC, 1992) as a "Base Case"” might
raise unwarranted and unintended concerns by subsequent reviewers.
For the calculation, the MENTOR‘*’ (Model! with an Evolving Near-field
and Transport Of Radionuclides) code, which has shown a good agreement

with the reported results of K-I under the same data, has been selected,
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Figure 5 MNodels already investigated in H6 report to ar}alyze the alternative
scenarios in the groundwater migration scenario




Table 2 shows this actual calculation cases which has been set by
combining four variational factors of Table 1. Further, the reason or
the ground of setting a value to an input data has been explained by

using some mathematical models.

Table 1 Example of the Cases for a Trial Calculation
of Volcanism Scenario

Influence of Temperature Rise (BCIV)

- degradation of buffer performance arising from cnhanced
illitization rates of smectite clays,

- enhanced solubility of radicelements (the poor quality of
thermodynamic data for most radicelements at temperatures above
25°C; at temperatures above 100°C, which are certainly possible
under certain volecanism scenarios, the effect of temperature on
radioelement solubilities is almost non-existent)

Inflnence on Groundwater Chemistry (BCV)

+ the addition of additional complexing anions

+ a possible change in pH (especially to strongly acidic
conditions)

- a possible change in redox potential (especially to oxidizing
conditions). For the illustrative purposes of these
calculations two different (not necessarily bounding)
groundwater compositions have bheen selected:

—a high-chloride/ neutral pH/ reducing brine
—a high-sulfate and high-bicarbonate/ acidie/ oxidizing dilute
water

Influence on Gas Formation (BCVI)

- The formation of a free-gas phase at the repository depth,
attributable to a deep-seated magmatic body. Two-phase
hydrological models are not typically applied in repository
programs examining deep, hydrologically saturated sites, but
they may be necessary to understand and evaluate some volcanisnm
scenarios. No effort hasbeen devoted to two-phase flow modeling
for this calculational case,

Influence on Stress Field (BCIN)
- (Although fully coupled thermo-hydro-mechanical codes should
have been employed essentially), for the purposes of this
illustrative calculational case, certain far-field flow
parameters have been altered from their base values of the K-I
analysis. These Modifications are intended to simulate changes
in flow rates and flow paths that might be impacted by a
voleanism event.

Note: parenthesis means a change of boundary condition defined in
Figure 3



Table 2 Cumulative Impacts of a Volcanism Event Used
to Define Calculational Cases

Case Far-Field Flow | Backfill Dissolution Rate | Radioelement
Identifier Properties Thickness of HLW Glass | . Solubilities
Base Case K-1* K-1. K-1 K-1
A Alteredy K-1 K-1 K-1
B Altered Aleered K-1 K-1
C Altered Altered Alrered K-1
D, D, Alwered Altered Altered Altered

* “K-1" means data from Kiristallin-1 report used for these parameters.
§ “Altered” means parameters are assumed to be changed by magmaric intrusion.

A comparison of dose rates of key radionuclides and total dose rates

curves has been made between the base case of K-I and the calculational

cases A to D of the NENTOR code, and the results have been discussed

(see Figure 6).
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Figure 6 Summary Comparison of Total Dose-Rates Curves or All
Calculational Cases and Kristallin-l Base Case
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1.2 Fault-Activation Scenario

A schematic influence diagram for the fault-activation EFEP is
presented in Figure 7. Boundary conditions that are speculated to be
changed by consideration of a fault-activation scenario are shown.
Faelt activation may also arise from other scenarios, particularly
vplift and erosion, as well as volcanisnm,

The FEP termed "Existing Fault Characteristics” includes information
such as orientation and length of existing rock discontinuities, their
spatial position relative to the repository, past history of timing and
dispiacement of movements, tectonic regime, fracture mineralization, ete,
As with the volcanism scenario, it is assumed that through site
characterization will reduce or mitigéte the magnitude and frequency of
future fault activation near the repositoty site., This raises the issue
of contending with undetected or unchatacterized faults near the
repository. Finally, while it is possible that faulting might lead to
changes in far-field temperatures and groundwater chemistry, it is
judged that such effects are likely to be extremely minor, hence they
will not be further considered at this time.

In this research, the quantitative concepts and their relationships
associated with earthquake and fault-activation scenarioc have been
discussed, the result of which is shown in Table 3. And the
hydrogeological effects accompanying fault movement have been also

investigated as shown in Table 4,
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Figure 7 Influence Diagram for the Fault-Activation EFEP

Table 3 Quantitative Concept associated with Earthquake
and Fault-Activation Scenario

maximum seismic slip and rupture length

maximum finite displacement and total fault length

seismicity associated with faulting

size-frequency distribution of earthquake ruptures

stress levels and pattern of stress cycling caused by earthquake
shear stress comparable with the larger observed earthguakes
frequency of ocecurrence of fault movement

degree of fault activity (EX, order of em~m/10% years) and
recurrence interval of earthquake — recurrence interval of
earthquake, length of the seismogenic active fault and-slip rate
length of an earthquake fault, amount of displacement and scale
of earthquake (magnitude)

earthquake moment (fault displacement, total areas of the fault
of the fault ete.)

earthquake risk
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Table 4 Hydrogeological Effects accompanying Fault Hovement

hydraulic conductivity changes caused by shaking

seismic pumping

dilatancy-diffusion model

substantial transient outflows of water driven by the collapse
of the dilatant zone, fluid pumping and fault valve models
coseismic strain model

groundwater table rises

change in pore pressure

increase in permeability

cycling of hydraulic properties (accomparied by hysteresis of the
fault properties)

1,3 Uplift and Erosion Scenario

Figure 8 shows é schematic influence diagram for the uplift and
erosion EFEP, with boundary conditions that are speéulated to be altered
for such a scenario. The "Mode of Uplift” refers to factors such as the
tectonic regime of the Japanese islands, the continuity of uplift(steady
-state v.s, episodic), and the underlying cause of uplift(e.g., rebound,
inflation of a magma chamber, etc)., In addition to the impact on
boundary conditions shown, an extremely important consequence of uplift
and erosion is the potential for shortening of the path length in
geosphere transport calculations, Indeed, surface exposure of the
nuclear waste repository over a million time frame cannot be totally

discounted under certain extreme assumptions.
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Table 5 shows a result of discussion and arrangement on the potential
hydrological, thermal, chemical and mechanical changes of the

performance at a disposal site.

Table 5(1) Potential Changes in Repository Performance
Arising from Uplift and Ercsiom,

Parameter Description
Hydrology
Rock Porosity Change in rock porosity because of a) unloading of rock overburden, or
b) dissolution/precipitation of fracture mincrals by deeper circulation of surface
waters.

Average Hydraulic | Change in average hydraulic conductiviy of rack because of a} unloading of rock
Conductivity overburden, or b} dissolution/precipication of fracture minerals by deeper
circulation of surface waters.

Fracture Frequency | Generation of new fractures because of unloading of rock overburden.

Fracture Aperture | Changes in fracture aperture (and correlated factors such as flow-wetted surface
area) because of a) unloading of rock overburden, or b) dissolution/ precipitation
of fracture mincrals by deeper circulation of surface waters.

Hydraulic Gradient | Increases in magnitude because of increased clevation and change in gecomerry of
surface.

Repository Depth | Decreases with time as a function of uplift and erosion races.

Temperature Decrease with decreasing depth of repository.
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Table 5(2) Potential Changes in Repository Performance
Arising from Uplift and Erosiom,.
Parameter Description

Chemistry

pH Increase as indicated by charge balance consideracions in a rock-buffered system
(Hanor, 1993)

Eh Increase because of deep circulation of oxic surface waters.

Cation a) Decreases because of mixing of initial subsurface waters with dilute meteoric

Concenrtrations water, or b) increases because of mixing of inicial subsurface waters with relatively
concentrated sea water.

Anion a) Decreases because of mixing of initial subsurface waters with dilute meteoric

Concenrtrations water, ot b) increases because of mixing of initial subsurface warers with relatively
concentrated sea water.

Mechanical

Stability

Buffer Eroded Reduction in size of buffer by removal of clay particles.

Buffer Permeabilicy | Increase in permeabilicy because of 2) removal of clay by erosion, or b) chemical

modification by reaction with changed groundwater.

Canister Position

Canister may sink as buffer mass and bearing capacity are reduced.

Emplacement Increase in permeability because of a) removal of clay by erosion, b) chemieal
Tunnel Damaged | modification by reaction with changed groundwater, or c) mechanical unloading.
{Fast pachway)

Shaft Seals Increase in permeability because of a) removal of sealants by erosion, or
Damaged b} mechanical unloading,

{Fast pathway)
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2. Selection of Items for Quatifying Influence of Events with an

Extremely Low Frequency of Occurrence by Using Expert Judiment

As already reported in Refs, (1) and (2), AHP method is appropriate
for subjective assessment to assign a value of significance for each
FEP's chain in the influence diagram in order to reflect expert opinion
in the performance assessment of HLW disposal.

Thus, as a next step in this research, bearing in mind the
applicability of AHP method to this assessment, a general items have
been discussed and listed up, followed by the step of a concrete
discussion based on the general items referring to the results of
chapter 1.

4 result of listing up the general items is shown in Figure 8, where

they are arranged hierarchically,
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Figure 9 A Hierarchical Representation of General Items for Assessing the Significance of FEP Chain




Next, in order to clear a role and a position of expert judgement, an
integrated image for the scenarioc analysis framework in this research
was discussed as shown in Figure 10, considering the assessment

procedure for volcanism scenario illustrated in chapter 1.

set up a
FEP list
— set up a scenario set up an EFEP
J A
set up a model 3 draw up a set up
to quantify total FEP chains
a scenario inflnence
T
l 111
set up calcula- boundary
> tional cases using conditions
a model in the i1l set up the
scemario analysis : fe—- significance
T of FEP chains
set up input data
for each case
study
L
execution of
case study

Figure 10 Concept of Total Influence Diagram
in the Scenario Analysis Flow

In this scenario analysis framework, the requisite items for expert
judgement have been discussed as shown in Table 6. Further, an exaaple
of the boundary out of modeling has been shown in Table 7 for the

volcanism scenario.
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Table & Requisite Items for Expert Judgement

- how to determine the boundary of mathematical model use
EX. EFEP's mechanism of generation and dynamics ete.

+ how to determine FEP’s chain impossible to be analyzed by
mathematical model although it is within the above-mentioned
boundary

+ how to determine the propriety of model, data and the
calculational result for the FEP's chain which can be modeled

Table 7 An Example of the Boundary out of MNodeling

- model of volcanic rock generation process
model of estimating the scale of magma reservoirs

- model of magma’s crystallization
— estimation of a period of volcanic activity

physical model of a path of eruption (viscosity of magma, scale
of vent, thickness of lava on vent etec.)

+ model of evolution of magma reservoir

mnode! for temperature and changes of composition of magma
reservoir

model of volcanic tremor (magma migration along the fracture)
- combined chemical and physical model for plutonic devolatilization
- model of estimating magma's intrusion scale and magma’'s heat flux

- {thermo-hydrological} model of magma's rise and eruption process
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3. Discussion on the Groundwater Scenario Analysis Systenm

3.1 Visualization of the antomatic tool generating the groundwater

scenario

A pilot scenario-generator developed last year has been improved to
visualize its output information, based on the result discussed in
section 3.3. An example of ocutput of improved tool was illustrated in

Figures 11(1)(2).
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Figure 11(1) An Example of Visualization of Output
from Improved Scenaric Generator
—Display of All the Passes~—
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An Example of Visualization of Qutput
from Improved Scenario Generator
—Display of Date Base Information—

3.2 Discussion on the Applicability of Scenario Analysis to 'a Risk

Assessment and a Display of Hierarchical Information of FEP

In order to evaluate the HLW disposal risk for the purpose of safety

assessment,

the information on the calculational results of the

probability of occurrence of FEP (chain) and its consequence (or the

series of them along FEP chains) will be required after generating the

FEP chain along the groundwater senario,

That information may be treated like the significance of FEP (or

parameter) chain defined in the framework of the scenario generator

system developed last year,

- 91 -

This concept is shown in Figure 12,
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Figure 12 A Concept of Treating the Value of Risk of FEP
Chain as an Information of Significance

Next, a concept of a display system has been discussed where a higher

ranked FEP, called super FEP, is lined up on the diagonal while the

information about lower ranked FEPs connecting two super FEPs, called

sub FEP, is displayed at the non-diagonal element on the matrix as shown

in Figure 13,

also treated in this systenm.
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The parameter chain discussed in last year‘® could be
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Figure 13 Concept of a Display of Visualization Tool
for Hierarchical Information Data

3.3 Discussion on the Connection to an Existing Data Base System

4 discussion has been made on how to link the scenario generator
system to an existing data base system through the investigation of the
characteristics such as the merit and demerit.

First, investigation and discussion have been made on the trend of the
circumstances of data base and visualization tool such as the GUI
(Graphical User Interface) and computer machine,

After then, a discussion has been made on the construction of a HLW
scenarjo analysis supporting system.

As a result, it has been cleared that the visualization tool developed
in section 3.1 can be connected to an existing data base information

system (see Figure 14).
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(MUse a communication software using TCP/IP communication protocol by
Ethernet LAN mode.

@ Use EXCELLENT as ADD IN software of table calculation software EXCEL,
then access to RDB (ORACLE, SYBASE, Informix, Ingres, ADABAS) on UNIX,
and put the data on the worksheet of EXCEL.

@Transform the data on the worksheet of EXCEL to text file using text
file transforming function of EXCEL.

@Generate the required data except for @ by using scenario generator.

®Run the scenario generator developed by use of FORTRAN language.

®O0utput of scenario generator.

@Display the output of scenario generator by use of Visual Basic
language.

®Display the related information picked out from text file by clicking
FEP(chain) on the visualized picture. (indirect referring to the data
of DB)

Figure 14 Scenario Generator and Visualization
Tool Linked to an Existing Data Base
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Afterword

This year, the following three tasks have been performed;

(1)

(2)

(3)

In order to clear a concept of total system of this scenario
analysis, an illustrated example of the consequence analysis has
been shown for volcanism scenario, referring to the results obtained
in the last few years. And, the preliminary investigation and
discussion have been made on fault-activation, and uplift and

erosion scenarios.

Referring to the results obtained from task (1), a discussion has
been made on how to set the assessment items to reflect expert

opinion in the scenario analysis,

According to the result of a discusion on how to connect the pilot
scenario generator developed last year to an existing data base
information, a function of visualization of its output has been
added to the scenario generator. Eurther, a preliminary discussion
(with a conceptual design) has been made on how to apply this
scenario generator to risk assessment and/or display of hierarchical

information of FEP.

The next main matters to be considered are listed up as follows;

—execution of consequence analysis for volcanism scenario
—discussion on the procedure of consequence analysis and execution
of illustrative analysis for the other EFEPs intiated scenario

—reflection of expert opinion on the assessment fTactors in the
volcanism scenario which may be hard to be expressed
quantitatively

—arrangement of the overall framework of consegquence analysis

— improvement of the scenario generator based on this preliminary
result of using data base and displaing the hierarchical

information about FEP.
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