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Study of Quantitative Assessment Methods of Events with
an Extremely Low Frequency of Occurrence concerning
Performance of Waste Disposal Isolation System : Part(I)

— Preliminary Study on Alternative Groundwater Scenario —

Hiroo Ohkubox
Abstract

In order to draw the groundwater scenarios of events with an extremely
low frequency of occurrence in the safety assessment of HLW disposal,
first, (1) basic concept/assumption, (2) model, (3) data, (4) factors
relating to each phenomenon which have been treated as the standard case
of groundwater scenario in H3 report‘®’ were listed up, and then state
variable appeared on the basic case and the outline method to be
required were roughly summarized.

Secondly, according to 102 FEP’s which have been defined by PNC,

(D factors related to each FEP, @ quantitative concept of each FEP

® its direct influence on other FEP's were arranged as a table (called
memo-comment) based on various informations, and then FEP’s which have
not yet been treated in the basic case were discriminated from those
which have already been treated there. And as a first example, the
magma intrusion scenarios were drawn, concretely.

Finally, quantitative concepts such as intial condition, boundary
condition and parameter introduced in each model of base case were
listed up in connection with each FEP, and some examples of
deterministic and probabilistic models which conld treat the FEP’s
respectively were surveyed and arranged. Further, the discussion has
been made on how to handle the magma intrusion scenarios in the
framework of performance assessment of ground water scenario.

This report is the result of research conducted by Mitsubishi Research
Institute, Inc. under contract with Power Reactor and Nuclear Fuel

Development Corporation.
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Study of Quantitative Assessment Methods of Events with
an Extremely Low Frequency of Occurrence concerning
Performance of Waste Disposal Isolation System : Part(I)
— Preliminary Study on Alternative Groundwater Scenario

Hiroo Ohkubox

Abstract

In order to draw the groundwater scenarios of events with an extremely
low frequency of occurrence in the safety assessment of HLW disposal,
first, (1) basic concept/assumption, (2) model, (3) data, (4) factors
relating to each phenomenon which have been treated as the standard case
of groundwater scenario in H3 report‘®’ were listed up, and then state
variable appeared on the basic case and the outline method to be
required were roughly summarized.

Secondly, according to 102 FEP's which have been defined by PNC,

@ factors related to each FEP, @ quantitative concept of each FEP

® its direct influence on other FEP's were arranged as a table (called
memo-comment) based on various informations, and then FEP's which have
not yet been treated in the basic case were discriminated from those
which have already been treated there. And as a first example, the
magma intrusion scenarios were drawn, concretely.

Finally, quantitative concepts such as intial condition, boundary
condition and parameter introduced in each model of base case were
listed up in connection with each FEP, and some examples of
deterministic and probabilistic models which conld treat the FEP’s
respectively were surveyed and arranged. Further, the discussion has
been made on how to handle the magma intrusion scenarios in the
framework of performance assessment of ground water scenario.

This report is the result of research conducted by Mitsubishi Research
Institute, Inc. under contract with Power Reactor and Nuclear Fuel
Development Corporation.
Contract No.:050D0285
Department, section, and the name of staff in charge:
Hitoshi Makino, Geological Isolation Technology Section, Waste
Technology Development Division, Tokai Works

* Energy & Environment Sect., Energy and Natural Resources Dept.,
Research Center for Environment and Development.
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Foreword

In the performance assessment of HLW disposal, the nuclide migration
scenario can be classified into two categries, one of which is called
as "direct approach scenaric” where the nuclides will be released to
biosphere directly, and the other is "groundwater scenario” where the
nuclides will be carried by the groundwater through artificial and
natural barriers to be released there indirectly. The groundwater
scenario includes variations caused by uncertainties of events with an
extremely low frequency of occurrence such as magmatic activity, uplift,
erosion and/or denudation, and fault activation.

In the past studies, the direct approach scenario has been highlighted
so that the FEP’s (features, events and processes) with an extremely low
frequency of occurrence has been selected, and the discussion and
investigation have been made on how to treat them quantitatively.
However, the discussion has not yet been made concretely on how the
variations of scenarios could be expressed and how the uncertainties of
the FEP's with an extremely low frequency should be handled in the
performance assessment.

Therefore, the first matter of this year is to discuss and draw the
various groundwater scenarios reflecting the FEP with an extremely low
freéuency. The next matter is to study how to treat the uncertainties
of the FEP with an extremely low frequency appeared in each scenario, by
considering the quantitative methods for handling events with an
extremgly low frequency as discussed last year and using the additional
methods, if necessary, investigated this year.

Through these efforts, this report aims to contribute to the safety

assessment of Japan's HLW disposal.




This is a blank page




1. Confirmation and arrangement of the information used to draw the
groundwater scenarios reflecting events with an extremely low

frequency of occurrence

In order to draw the groundwater scenarios in the safety assessment of
HLW disposal system, the important issues such as (1) basic concept/
assumption, (2) model, (3) data, which have already been described and
analyzed in reference (1) (called H3 report), were confirmed and
arranged. Next, (4) factors which might influence each phenomenon were
listed up and the state variables related to each phenomenon and the

model~based approach for handling each 'phenomenon were discussed.

2. Discussion and development of the groundwater scenarios concerning

events with an extremely low frequency of occurrence

2.1 Preliminary Study for the arrangement of relationships among FEPs
For 102 FEP's listed up by PNC as shown in Table 1,

(Drelated factors such as some kinds of causes of each FEP

®quantitative concept and models which could handle the cause and

effect of each FEP

®direct impacts which might be induced by each FEP's occurrence

have been re-arranged using the informations and results of refs. (2)~

(8).




Table 1. Preliminary FEP List

NATURAL PHENOMENA

.EXTRA-TERRESTRIAL

1.1 Mereorite Impact

1.2 Solar Insolation

. GEOLOGICAL

Plate Movement/Tectonic Change
Changes in the Earth’'s Magnetic Field
Magmatic Activity

[y

Metamorphic Activity

Diagenesis

Uplift and Subsidence

Seismicity/Fault Activation

Rock Heterogeneity (Permeability, Mineralogy)
MATOLOGICAL

Precipitation, Temperature and Soil Water Balance

Flooding

Sea-Level Change

0D DN BN DB DD

.CL

W N o= 00 3 O U » W o

W W W

Permafrost

3.5 Glaciation (Glacial Erosion, etc.)
. GEOMORPHOLOGICAL

.1 Land Slide

Denudation ‘

River, Stream, Channel Erosion

w
=

River Meander

Coastal Erosion

Sedimetation

Frost Weathering (Solfluction, etc.)
.8 Chemical Denudation and Weathering
.HYAROLOGICAL

.1 Groundwater Circulation

Groundwater Flow in Heterogeneous System
Groundwater Flow Change

Saline Intrusion in Groundwater System
Effects at Saline-Freshwater Interface
Confined Aquifer

Geothermal Effects
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6. TRANSPORT AND GEOCHEMICAL
6.1 Advection/Dispersion
Diffusion
Matrix Diffusion
Gas Mediated Transport
Multiphase Flow and Gas Driven Flow
Sorption (Linear/Non-Linear, Reversible/Irrevesible)
Dissolution, Precipitation and Crystalisation
Colloid Formation, Dissolution and Transport
.9 Complexing Agents
.10 Fracture Weathering and Mineralisation
.11 Accumulation in Soils and Organic Debris
.12 Mass, Isotopic and Species Dilution
:13 Chemical Gradients (Electrochemical Effect and Osmosis)
.14 Transport of Radionuclide and Oxidant through Channel

O N O U s W N

.15 Reenrichment
.16 pH Perturbation
.17 Oxidizing Condition
7.ECOLOGICAL
.1 Plant Uptake
Animal Uptake
Soil and Sediment Bioturbation

D Oy OO O Oy O Oy Oy Oy O O Oy O O O O

Pedogenesis

Chemical Transformation

Microbial Interactions

Ecological Change (Forest Fire Cycles, etc.)

Ecological Response to Climate (Desert Formatiom, etc.)
Plant and Animal Evolution

e e S IS R
© 0 O U W

. HUMAN ACTIVITY
1.DESIGN AND CONSTRUCTION

1.1 VUndetected Past Intrusions (Boreholes, etc.)

1.2 Investigation Borehole Seal Failure and Degradation
1.3 Shaft or Access Tunnel Seal Failure and Degradation
1.4 Stress Field Changes (Settling, Subsidence or Caving)
1.5 Dewatering of Host Rock

1.6 Material Defects (Early Overpack Failure, etc.)

2.0PERATION AND CLOSURE
2.1 Inadequate Buffer or Backfill Compaction and Voidage
2.2 Heterogeneity of Waste Forms (Chemical, Physical)




3.POST-CLOSURE SUB-SURFACE ACTIVITIES (INTRUSION)
3.1 Recover of Waste or Repositoty Materials
Sabotage and Act of War
Exploitation Drilling
Exploratory Drilling
Geothermal Energy Production
Resource Mining
Tunnelling
Underground Construction
(Settlement or Other Waste Disposal)
3.9 Archaeological Investigation
3.10 Injection of Liquid Wastes
3.11 Groundwater Abstraction
4, POST~CLOSURE SURFACE ACTIVITIES
.1 Loss of Records
.2 Dams and Reservoirs, Built/Drained
3 River Rechanneled
.4 Irrigation '
5 Altered Soil or Surface Water Chemistry
6 Agricultural and Fisheries Practice Change
7 Demographic Change and Urban Development
8
9

.CA)QDOOOOC/OCADQD
0 3 Oy U bW o

Anthropogenic Climate Change (Greenhouse Effect, etc.)
Quarrying and Peat Extraction

= = =Y A T SN SN

. WASTE AND REPOSITORY EFFECTS
1. THERMAL (Nuclear and Chemical)
1.1 Host Rock Fracture Aperture Changes
1.2 Induced Hydrological Changes
(Density Convection, Fluid Pressure and Viscosity)
1.3 Induced Chemical Changes
(Solubility, Sorption, Species Equilibrium, Mineralisation)
2. CHEMICAL
2.1 Metallic Corrosion
(Pitting/Uniform, Internal and External Agents,
Gas Generation eg. Hz)
2.2 Interactions of Host Materials and Groundwater with
Repository Material
2.3 Effects by Organic Matter
2.4 Microbiological Effects




3. MECHANICAL
3.1 Overpack Movement
3.2 Changes in In-situ Stress Field
3.3 Host Rock Deformation
3.4 Tunnel Failure
3.5 Gas Effects
4, RADIOLOGICAL
4.1 Radiolysis (e -Radiolysis, B -Radiolysis)
4,2 Irradiated Failure
4.3 Nuclear Criticality
4.4 Radioactive Decay and Ingrowth (Chain Decay)
5. Hydrological
5.1 Resaturation
5.2 Groundwater Movement in Buffer Material

2.2 Relationships between the groundwater scenario (base case) and FEPs,

and arrangement of the FEP’S chains

Then, by constructing the FEP's chains based on the results of this

re-arrangement (called FEP memo comment), the FEP's which have already

been involved in the base-case model of the ground water scenarios as

conformed and arranged in chap.l were roughly discriminated from those

which have not yet been treated there. Fig.1l shows the FEP's chains

which have already been treated in the base-case model analyses of H3

report,
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Then, the FEP’s which could impact on these analytic models were more
listed up.

As for FEP's which have not yet been treated in H3 report, the FEPs
which could have more impacts on the other FEPs were listed up as

A.2.3 Magmatic Activity

A.2.7 Seismicity/Fault Activation

A.2.8 Rock Heterogeneity (Permeability, Mineraldgy)

A.3.1 Precipitation, Temperature and Soil Water Balance

A.6,16 pH Perturbation

B.3.1~B.3.11 Post-Closure Sub-Surface Activities (Intrusion)

B.4.1 Loss of Records

It is recommended to use the analysis code efficiently to search and
select all the passes of these FEPs which may lead to the basic frame of

the groundwater scenarios.

2.3 Construction of magma intrusion scenarios

By the way, it is necessary to consider the passes leading to the
factors/influences and index (parameter etc.) as indicated in Table 2,
since, generally, all the FEPs cannot be treated in the framework of the
base-case models only,

Thus, for an example, the FEP chains initiated by volcanic activity to
pass only one FEP to reach the factors etc. of Fig.2 were listed up
without degeneracy, and these passes were converted to the documents,
referring to the FEP memo-comment.

In the same way, it is possible to develop all the scenarios
initiated from any FEP through any intermediate FEPs. Fig.2 summarizes

a generalized procedure for developing the scenario (up to the

documentation).




Based on the above discussions and the connection between the FEPs and
their model analyses, the process system model¢'®’ was used to construct
the scenario chains (influence diagrams) initiated by volcanic activity
for base case, far-field impact and near-field impact as shown in Fig.3,
Fig.4 and Fig.5, respectively. And, the document was made for the
contents of FEPs, FEPs' chains denoted as FF and NF, and changes of
four (hydrological, mechanical, thermal and chemical) boundary

conditions ¢10>~C18)

Table 2. Factors/Influences and Index (parameter) etc.

(1)Repository Factors/Influence
- Time and location of contact of water with repository,
(A.5.3, A.6.1)
- Time and location of contact of water with overpack/canister,
‘ (4.6.2)
- Corrosion of overpack/canister, (C.2.1)
- Degradation/failure of backfill,(B.1.2, B.1.3)
- Dissolution of vitrified waste form, (4.6.7)
- Changes in near-field chemical environment, (C. 2)
- Changes in mechanical properties of near-field barriers,
(B.1.4, C.3.1, C.3.2, C.3.3, C.3.4)
- Changes in hydrological/transport properties of near-field
barriers (C.5, A.5.3)
- Changes in thermal properties of near-field barriers, (C.1) ‘
- Changes in chemical/retardation properties of near-field barriers.
(A.6.1, A.6.2, A.B.4, A.6.5, A.6.6, A.6.7, A.6.8, A.6.9, A.6.10)
(2)Site Factors/Influence
+ Changes in groundwater composition,
(x change of groundwater quality)
- Change in transport time of nuclides,(4.5.3, 4.6.1)
- Change in transport path-length for nuclides,(A.5.3, A.6.1)
- Change in chemical/retardation properties of site, '
(A.6.1, A.6.3, A.6.6, A.6.8, A.6.9, A.6.10)
- Change in hydroiogcal properties of site,
(A.5.1, A.5.2, A.5.3, A.5.4, A.5.5)
- Changes in mechanical properties of site, (corresponding to
B.1.4, C.38.1, C.3.2, C.3.3, C.3.4 as far-field)
- Changes in thermal properties of site,
(corresponding to C.1 as far-field)
- Changes in flow rate and direction of groundwater, (A.5.3)
- Gencration of new pathways for nuclide transport,(B.1.4, C.3.2)
- Introduction and mixing of new groundwater types (sea water,
meteoric, hydrothermal solutions)(A.4.8,A.5.4, A.6.4, A.6.5).

_10..




Selection of FEP

L

Base-case models
of H3 report

Arrangement of information of
each FEP (memo-comment)
- relating factors

- quantitative concept
- direct influence on other
FEP’ s :

L

Sketch of influence diagram

between two FEP’s

(EX. disturbance — base-case
model)

L

Selection
of
(initial)
FEP

List up of FEP's directly
influencing the (final)
base-case model

Arrangement of the passes
leading to the base-case

List up of factors
/influences and
index (parameter)

L

model and/or factors/
influences and index
(parameter) from the
selected intial FEP (without
degeneracy)

L

Arragement (or
Grouping) of FEP’s
influencing (final)
factors/influences
and index(parameter)

Documentation of scenario
corresponding to each pass

according to the memo—-comment

' Discussion on how to treat each documented
: scenario in the framework of base-case

- Sketch of scenario

.- Mathematical formulation if possible

Fig.2 Flow of Scenario-Drawing Process
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3. Preliminary study on the analysis and assessment of the groundwater
scenarios considéring events with an extremely low frequeny of

occurrence

3.1 List up of quantitative cncepts of (base-case) models of the

groundwater scenario

In order to discuss which and how FEPs arranged in Chap.2 could be
handied in each base-case model of the groundwater scenario conformed
and arranged in Chap.1l, the quantities defined in each base-case model
were listed up and arranged to clarify the main outputs, intial
conditions, boundary conditions and parameters etc. in connection with

each FEP,
3.2 Survely of models associated with each FEP

In order to evaluate each scanario drawn in Chap.2, it is necessary to
develop something like analytic frame (including the assessment of
importance of influence between FEPs using AHP and utility analysis.

For the fTirst step (as shown in Fig.6), it is desirable to check whether
each FEP can be quantified as a mathematical model. Therefore, some
examples of the deterministic model and the probabilistic model were
surveyed and arranged to clarify the correspondence of each model to

each FEP.

3.3 Preliminary study on how to treat the magma intrusion scenarios
Concerning the magma intrusion scenarios constructed in section 2.4,

the discussion was roughly made on whether they could be treated by the

parameter variation (or sensitivity analysis) and changes of boundary

_15_




condition in the base-case model or whether some new models should be
developed or combined. As a result, since all the scenarios made here
could not be treated by the same approach of Fig.6 because of lack of
releted data and information, a concept of detail analysis using
sub-mode! was shown in Fig.7 for the scenarios with larger impacts which
would be identified through case study (or sensitivity analysis) of
base-case models,

And, some subjects were listed to be solved to proceed the above

modelling process.

List up of the models which Documentation of scenario
may treat each FEP corresponding to each pass
- deterministic according to the memo-

- probabilistic comment

Selection of the model treating FEP's related to the
documented scenario, and arrangement and re-definition of
common variables, parameters, new parameter, boundary

condition etc.

Development of the framework to analyze each scenario, and

+ performance assessment considering uncertainty by using :
. subjective evaluation method such as fuzzy theory :

Fig.6 Discussion Process for Handling Scenarios

_16._




Base-case models of H3 report

L

Set up the width of variations of quantative
concepts such as initial condition, parameter
and boundary condition defined in each model

L

Case study (or sensitivity analysis) of each model
within the variations set up in the above )

L

Detail analysis by using sub-model reflecting each FEP
with larger impacts which may be identified through
the above case study (or sensitirity analysis)

Fig.7 Concept of the Flow of Quantitative Scenario Analysis
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Afterword

In order to draw the groundwater scenarios reflecting events with an
extremely low frequency of occurrence, the confirmation and arrangement
of the groundwater base-case scenarios and informations concerning 102
FEP's have been made, and after discussing the scenario-drawing process
on the gréundwater scenario reflecting the FEP's with a extremely low
frecuency, the magma intrusion-initiated scenarios have been drawn and
roughly discussed on how to be treated in the framework of the
groundwater scenario analysis and assessment. It can be said that,
through these efforts, a perspective of how to draw and treat the
arbitrary FEP-initiated groundwater alternative scenarios in the model
analyses has been clarified, |

In the next step, it will be desirable for the arbitrary alternative
scenarios to be drawn by using an automatic scenario-making tool based
on scenario-risk analysis method such as the fuzzy theory, and analyzed

through the development of required models.
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