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Abstract

This year, in the first step, the parameters, equations, and
associated calculational models for each of influences on magma
intrusion scenario described last year were listed up and discussed.

Secondly, a pilot system model for composing many FEP's to construct
various scenarios automatically has been developed, and then, it was
discussed on how to expand this model in order to generate the
parameter chains,

Finally, which FEP could be treated in each basic analysis model was

discussed,
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This year, in the first step, the parameters, equations, and
associated calculational models for each of influences on magma
intrusion scenario described last year were listed up and discussed,

Secondly, a pilot system model for composing many FEP's to construct
various scenarios automatically has been developed, and then, it was
discussed on how to expand this model in order to gemerate the
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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 release scenario” 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 information of FEP's(features, events and
processes) with an extremely low frequency of occurrence which has been
selected as the direct release scenario was arranged to develop the
~influence diagram, and then it has been discussed on how to handle the
uncertainties when we would try to quantify the FEP's appeared in the
groundwater scenario,

However, the list up of all the scenarios which could be generated by
combining the FEP's in the influence diagram and therefore the
assessment for them by using some models have not vet been made.

Thus, in order to draw and quantify the alternative cases in the
groundwater scenario using some models, the first matter of this year is
to discuss on the arrangement as the parameter level and the grouping of
the FEP's on the inflnence diagram developed in the-last year. The
second matter is to discuss on the development of the system for
composing many FEP's on the inflnence diagram to construct various
scenarios automatically. The third matter is to discuss on how to treat
the alternative cases in the groundwater scenarios.

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

assessment of Japan's HLW disposal.



1. Discussion and arrangement of the FEP's on the influence diagram for
the modeling of the groundwater scenario with an extremely low

frequency of cccurrence

In the Process System Hodel (PSM) discussed in the previous report‘!’,
both types of FEP's of the parameter level and the phenomenon level have
been appeared. It is necessary to classify these FEP's into each level
in order to treat them by some mathematical models, and also clarify the
relationship betweenrthe parameters to generate the parameter chains
along the scenarios automatically.

Therefore, the procedure for developing the parameter chains as shown

in Fig.1 was proposed.

Step 1
Making a hierarchy of parameters based on H-3 report®®’

L

Step 2
Classification and grouping of FEP's into
“Features” and “Events, Processes”
Step 3
Clarification of relationship between
“Events, Processes” and parameter groups
Step 4

Generation of parameter chains
(with the aid of a tool for creating scenarios automatically)

Step 5 ‘
Construction of the hierarchical structure with a final assessment
item, such as nuclide release or dose equivalent, to be a top event

Fig.1 Procedure for Generating Parameter Chain

As an illustrated example, the parameters, equations, and associated
calculational models for each of influences on magma intrusion scenario
described last year (see Fig.?2) were investigated and discussed

according to ref.(4). A description on FF5 is presented in Table 1.
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Table 1 An Illustrated Description on the Quantitative
Relationship related to the Influence (FF5) of PSHM

FF5 : Influence of geosphere temperature field on_temperature in near-field

changes in far—field temperature distribution due to heating from an

will affect near-field temperature distribution through
conduction and convection. Rock thermal diffusivity and groundwater flow will be
the main factors to control the respective heat transfer mechanism, Depending on
the waste heating period in the near-field, temperature in the near-field may be
increased or . exchange with far-field. In general, the thermal
pulse from an [ igneous intruszéij is expected to raise the near—field temperature.

The temperature distribution is determined by the heat transfer modes, parameters,
and thermal bo vy and source conditions. The heat-transfer modes due to
include conduction and convection, Convection includes forced
convection (caused by groundwater flow due to hydrodynamic pressure gradient) and
free convection {due to fluid density change in responding to thermal gradient),

Assuming local thermal equilibrium, the typical differential equation for
determining temperature distribution in a saturated rock is

oT ' '
[Cv'RpR(l—a) +Cy,wa8] a7 = v(?uth) —v -v(Cp.wpr) + q (1)

where
t— timelT),
C,—specific heat at constant volume(L?/T* K],
p —density (M/L%],
¢ —rock porosity(-],
T— temperaturel K],
A ¢ —thermal conductivity(ML/T* K],
v—groundwater Darcy velocity(L/T),
C,—specific heat at constant pressure(L?/T*" K],
q—heat sources or sinks[M/T®L). o
"R and "W —subscripts for rock and water respectively.

Eq. (1) may be solved in coupling with groundwater flow and mass continuity equations
(see FF8). The site heterogeneity and anisotropy may affect temperature results.
Thermal disturbances caused by may serve as prescribed heat flux
or temperature at the boundarie ied, provided that these
disturbances can be expressed quantitatively, - '

To consider free convection, water density as a function of temperature is required.
In mathematical modeling, it is usually expressed as a linear function of
temperature:

P, =Py — P B(T-T,) ©3)

where 8 is water thermal expansion coefficient (1/°K) and subscript "0" refers to
ambient conditions.

TOUGH2 (Transport of Unsaturated flow of Groundwater and Heat) (Pruess, 1991) ® and
ECLIPSE 500 (Intera, 1995)  are integral finite difference codes that simulate
coupled heat transfer (both conduction and convection) and groundwater flow in both
multi-and single-phase porous media, Both codes have built-in equation-of-state for
water. BECLIPSE 500 also considers porosity change due to thermal expansion of rock
as well as fluids. There are numerous codes for simulating heat conduction, For
exanple, HEATING-8, A revised version of HEATING-5 (Turner, 1977) ”, is a finite
difference code designed to solve heat conduction in multi-dimensional systems.

PARAMETERS : 4 « (ML/T*" K], v(L/T), o (M/L®), & [-), C.[LZ/T*" K],
Co[L2/T*K), 8 (1/ K} and po(M/L®), q(M/T’L]




2. Development of a system for drawing groundwater scenario of FEP's

with an extremely low frequency of occurrence

According to the procedure for generating parameter chain (as proposed
in Fig.1), a pilot system (tool) by which various scenarios could be
automatically constructed from many FEP's has been developed., The main

characteristics of this toel is presented in Table 2,

Table 2 Characteristics of a Pilot System {tool)
for Generating Scenarios Automatically

MWe have only to assign a value between 0 and 1 for each FEP chain

according to a degree of Iimportance.

@4All the passes can be listed up, within a given range of
importance, which can be ordered according to the degree of
importance. (We may select how to calculate the degree of
importance, )

@ The case with feedback loop can be treated,.

@41l the passes and each pass can be displayed graphically.

®0thers. (Multiple FEP's can be selected as initial points, and the

pass that must include a specified FEP can be listed up.)

As an illustrated example, the FEP chain from magmatic activity to

thermal phenomenor is listed up as follows
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< ROOT NO. 8>

014 A. 2.2 Changes in the Earth's Magnetic Field
| 02— ——17 I :A.2.8 Magmatic Activity
| 03] | A.2.4 Metamorphic Activity
L——04 | 4.2.7 Seismicity/Fault Activation
05 | 4.2,.8 Rock Heterogeneity (Permeability,
06 | A.3.1 Precipitation, Temperature and Soil
07T———q A.5.7 Geothermal Effects
08 | A.B,16pH Perturbation
09 | B.3.5 Geothermal Energy Production
10| B.3.10Injection of Liquid Wastes
11F : C,1, THERMAL (Nuclear and Chemical)
< ROOT NO, 9>
01 A. 2.2 Changes in the Earth's Magnetic Field
02— I : A,2.3 Magmatic Activity
03 | A.2.4 Metamorphic Activity
04+ 4,2,7 Seismicity/Fault Activation
05——n 4.2.8 Rock Heterogeneity (Permeability,
06 | A.3,1 Precipitation, Temperature and Soil
07 | A4.5,7 Geothermal Effects
08—~ A.6,16pH Perturbation
08 | B.3.5 Geothermal Energy Production
104 B.3.10Injection of Liquid Wastes
11F : C.1. THERMAL {(Nuclear and Chemical)

Next, it was discussed on how to obtain the parameter chains from the
FEP chains, and two approaches were proposed as follows :
{1) Two steps approach using the above developed tool where in the first
step, input the data of FEP level to get the passes and related FEPs.
Then, input the parameters related to these output FEPs to obtain

parameter chains,

-{2) As shown in Fig.3, develop an expanded system where both types of

FEP and parameter chains can be treated uniformly.

_10._



©@ input the information on the relation between parameter groups

through FEP levels A~D

® ® @

¥ 3 3 N

A —- B - C — D
y y y y
@' ®' ©®’ @’

where A~D : Events, Processes

: Features (parameter) affecting A
@' : Features (parameter) affected by A etc.

(DConnect A to B parameters {parameter’'s importance vector % 0 )

a’ b,
A ---2 > a' = a’'s ——y ph = b2

m
a
"]
o
o
o

obtain the element of family a'N b

BEoB=A ---: N® - > B

o~ SRR

@ Expert judgement flow is displayed as A ----: >B ‘in the case of

parameter’s importance vector = 0

Fig.3 Concept on Conjunction of FEP Chain and Parameter Chain
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3. Discussion on how to simulate the groundwater scenario of FEP's

with an extremely low frequency of occurrence

Based on the FEP memo comment discussed in the last year, it was
discussed on which FEP to be treated in each base case model, and then
the result was arranged as the format of Table 3 where the related parts
were checked., Through these efforts, we can identify some scenarios
where more than one parameters should be changed simultaneously such as
a case of thermal-hydro-mechanical combination models, or the others

which must be treated in the new concept models,

Next, the relationships among the parameters appeared in each of
inflnences on magma intrusion scenario of PSH investigated in chap. 1
were clarified through the classification of them into five categories
such as mechanical, hydrological, chemical, thermal and other analytical
frames, and the parameter chain for each inflnence was expressed
hierarchically as shown in Fig.4. And which parameters could be
influenced by magmatic activity was also checked on the hierarchical
diagram as shown in the hafching lines of Fig.4, An illustrated example

for the contents of Table 1 is presented in Fig.35,

...12_.



_g“[_

Table 3

Influence (Example) of each FEP Chain and Relation to Each Basic Model Analysis Frame

basic model analysis frame

already
treated hydrological | nuclide geochemical metal mechanical | nearfield thermal radiatien dose
FEP chain influence (example) by H3 migration corrosion resaturation effect evaluation
report ,and
hydraulics
after
resaturation
A.2.3 Hagmatic Activity
C.1 Waste and Repositoty Therml O
Effects (Nuclear and Chemical}
# Change of Groundwater Quality Juvenile water O

(magmatic water),
generation of hot

spring vater
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endogenous variable

mathematical model

EX. known calculation code

parameter

initial condition

boundary condition

P] Pk—j Pk IC] ICz ICm BCE b BCn—[ BCn
Fig. 4 Hierarchical Expression of the Relationships among the Parameters etc.
Note : means that the parameter etc. may be influenced by magmatic activity.




{FF5) Influence of geosphere temperature field on temperature in near-field
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Influences Nechanical Hydrolegical Chemical Thermal Other
FFB v ! groundvater Darcy T : temperature p :density
velocity A« t thermal conductivity ¢ ! rock poreosity
Ce ¢ specific heat at corstant pressure t :time
Cv : specific heat at constant volume
q ! heat sources or sinks
f : vater thermal expansion coefficient
tempera%ure (dis 1but10n
in the saturate rock
thermal ana1y81s model EX. TOUGHZ, ECLIPSES00,
; HEATING-6, HEATING-5
[ | ]
parameter | initial condition | I boundary condition
| | |
rock water
[ I [ i [ I T }
specific gensity rock thermal ﬁpecific de%31ty specific groyndwater
heat at or rock porosity conductivity eat at heat at Darey
cons tant cons tant water constant velocity
volume volume pressure
for rock for_water for water
v, R PR € z-t Cv.w Pw Cp.w v
{
! ]
water density po
thermal at some
expansion temperature
coe f]BCIBDI'. 0

Fig.,5 An Illustrated Arrangement of the Quantitative Relationship related to the Influence (FF5)
of PSM by Classification into Model Categories and Hierarchical Deseription



Afterword
This year, the following three tasks were done;

(1) Discussion on the quantitative variables such as parameters related
to the FEP's, and the passes on the influence diagram initiated by

igneous intrusion made in the last year,

(2) Discussion and development of a pilot tool for generating scenarios
automatically from many FEP's, and a preliminary study on the

concept of generating parameter chains,
(3) Discussion on how to handle each FEP in the base case model.

As a result, the (known) mathematical models and the parameters
related to each influence on the PSK initiated by magmatic activity,
which had already been described last year, were clarified, and the
influences among those parameters were analyzed and arranged. And,
which (102) FEP's (defined by PNC) could be treated in each basie
analysis model was also discussed and arranged. Using these results and
synthesizing the information on the correspondence between PSH and 102
FEP-based influences, we will be able to obtain some useful informations
on how to simulate the alternative cases intiated by magmatic activity.
Further, a pilot system model for composing many FEP's to construct
various scenarios automatically has been developed, and a prospect to
improve this model in order to generate the parameter chains was also

obtained,

_17_



In the next subject, it is desirable to make an extension of this
pilot tool to a system where parameter chains can be also treated
explicitly, to construct the alternative scenarios based on the
parameter chains with the aid of this tool, to establish the calculation
method to simulate the scenarios together with the required data
arrangement, and also, to evaluate the significance and/or the
probability for each scenario, based upon those data and the expert

opinions.
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