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Site characterisation

A dynamic and complex process that needs:y p p
Close links to repository design and PA

Integration of a huge volume (and flux) of information into site descriptive 
d l th t l i ti ti dmodels that evolve as investigation proceeds

Iterative review and modification of the characterization plan; based on 
improved understanding, changes in socio-political conditions or in the long-p g, g p g
term disposal program and/or in response to technology development

The challenge: development of advanced methodology
Information Synthesis and Interpretation System (ISIS)

A component of  the comprehensive JAEA Knowledge Management System

Active application during site investigation rather than simply recording what has been doneActive application during site investigation, rather than simply recording what has been done 
by a conventional “static” methodology – e.g. “geosynthesis”

Use advanced technology from Knowledge Engineering; e.g. incorporating past experience 
and know-how (e.g. from URLs) into Expert Systems
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Geosynthesis – linking data to user needs
Information flow diagrams have been used to couple measurements in the field 
to the key safety functions of the natural barrier or parameters used for 

it d i BUT l k th fl ibilit t d t i d hrepository design BUT lack the flexibility to respond to surprises and have 
limited functionality for autonomic data processing
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Objectives of ISIS development

Supporting planning implementation and integration ofSupporting planning, implementation and integration of 
a site descriptive model (SDM) with associated site 
characterization data-set based on past experience andcharacterization data-set, based on past experience and 
know-how obtained in Japan (URL R&D) and elsewhere 
Aiding user-friendly communication with experts inAiding user-friendly communication with experts in 
different disciplines 
Providing flexible restructuring of information forProviding flexible restructuring of information for 
performance assessment and design teams (and, 
potentially communication with other stakeholders)potentially, communication with other stakeholders)
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Role of ISIS in Safety Case development
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Geological Environment Survey Plan Design Manual Testing and Research Plan

The ISIS toolkit

Key tools and methods currently investigated within ISISy y g
Blackboard architecture: a method for efficient sharing and 

assessment of an evolving knowledge baseg g

Hybrid systems: pragmatic integration of IT methods with human 
expertsp

Problem-solving methodology: formal approach for identifying 
conflicting requirementsconflicting requirements

Expert system development tools: particularly focused on 
capturing tacit knowledge in rule-based or case-based systemscapturing tacit knowledge in rule based or case based systems
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Overall structure of ISIS

KR module Inference module

Argumentation 
diagram editor

SDM d l t

Rule-base system

Case-base system

Decision/optimisation support 
moduleM t

SDM development 
environment

Documentation 

y

DB integration module

moduleManagement 
cockpit

support system
Decision support tool (AHP)

Decision support tool (MAA)DB integration module

Unified geological 
database

pp ( )

Confidence assessment tool 
(ESL)Groupware

Unified interface 
with virtual DB

Rule-base system

Case-base system
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Smart search 
engine

Generic project management  
tool

Overview of the Management Cockpit for Geosynthesis:
Relationships

Upload dataSupport tasks

M t k it

Project leader
(Geology)

Assign
Assign

Share Information Share 

Managers
Management cockpit

Upload dataAssign

Share Information

Share 
Information

Information

Major tasks for managers

Determine goals (and priorities)

Major tasks for project leaders

Conduct surveys

Information

Determine goals (and priorities)
Select survey methods
Develop survey plan
Consider RC and Safety Assessment
D fi QA i

Integrate survey results
Develop and edit models
Primary QA
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Define QA requirements
Project leader
(Geochemistry)



Management Cockpit for Geosynthesis:
How does it work ? –SDM Viewer

Model viewer
Plug-in viewer of 3D 
models: rotate, zoom-in 
and zoom-out functionsand zoom out functions

Information window
HTML  viewer  for 
information associated with 

d l h t t h tmodels, such as text, photos, 
and figures.

8

SDM viewer : serves as visual gateway to data and information

Management Cockpit for Geosynthesis:
How does it work ? – Link to KMS tools 

Link to KMS tools 
S iServes as gateway to appropriate 
supporting tools, such as Scarab, ES, 
case-base system to provide support 
for geosynthesis tasks…
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Links to supporting tools: serves as a gateway 
to KMS tools supporting geosynthesis tasks



Example of KMS tools
Lists of Expert Systems for site characterization

１．既存情報に基づく予察的地
質環境モデル構築ESリスト

地質環境モデル構築

モデル化領域設定

地形発達モデル構築

地質モデル構築

調査計画書作成のメニュー画面

概要調査全体計画書の
策定

調査対象要素の抽
出

地形発達

地質

2．調査計画書作成に関わるESリスト

3.調査に関わるESリスト 4.解析・モデル化に関わるES

p y

地理地質／地下水流動モデル構築

地球化学予察モデル構築

岩盤力学／熱モデル構築

物質移動モデル構築

生物圏モデル構築

はじめに

情報の整理

水質形成プロセスに関わる予察

予備解析

水理地質／地下水流動

地球化学

岩盤力学／熱

物質移動

生物圏

調査手法要素の抽
出

地形発達

地質

水理地質／地下水流動

地球化学

岩盤力学／熱

調査のメニュー画面

地表調査

地殻変動観測

空中調査

リモートセンシン
グ
空中物理探査

解析・モデル化のメニュー画面

海成段丘を対象とした隆起速度算出

地形変化モデル

既存情報の抽出

地形判読

地形モデル

Estimation of the transit time from recharge using 14C

生物圏モデル構築

個別調査計画書の策定

空中調査計画
の策定

リモートセン
シング

岩盤力学／熱

物質移動

生物圏

調査対象要素の優先順位化

調査手順および地点の設定

除外要件確認にための調
査手順

地形調査

表層水理調査／気象観測

地表水の採水調査

地表地質調査

地上物理探査

岩石の室内調査・分析

古気候調査

地形判読

段丘面の対比及び段丘形成年代の把握

隆起速度の算出

調査候補地点の抽出

旧汀線高度の把握

被覆層の厚さの把握

段丘形成年代の把握

地表調査計画
の策定

海上調査計画

地殻変動
観測地形調査

水理調査／気象観測

地表水の採水調査

地表地質
調査地上物理
探査

空中物理探査

岩石の室内調
査・分析古気候
調査

海上調査

海底地質調査

海上物理探査

海底堆積物・岩石の室内調査・分析

海域における水理特性調査

海水の採水調査

ボ リ グ調査

古気候調

地質構造発達モデル

河成段丘を対象とした隆起速度算出

侵食速度算出

地殻歪速度算出

地質構造モデル

水理地質構造モデル

Next

の策定
海底地質
調査海上物理
探査海底堆積物・岩石の室内
調査・分析海域における水理特
性調査海水の採水
調査

ボーリング調査計画
の策定

ボーリング掘削

岩芯地質調査／掘削泥調査

孔壁画像調査

物理検層

ボーリング調査

ボーリング掘削

岩芯地質調査／掘削泥調査

孔壁画像調査

物理検層

VSP／孔間トモグラフィ探査

孔内力学試験

岩芯 室内調査 分析

水理地質構造発達モデル

地球化学モデル

水質形成プロセスの解析

pH，酸化還元電位の解析

はじめに

空間分布の解析

物理検層

VSP／孔間トモグラフィ探査

孔内力学試験

岩芯の室内調査・分析

流体検層

水理試験

長期地下水モニタリング

トレーサー試
験地下水の採水調査

はじめに

必要書類の確認

岩芯の室内調査・分析

流体検層

水理試験

長期地下水モニタリング

トレーサー試験

地下水の採水調査支援

はじめに

地球化学変遷モデル

地下水の滞留時間の解析

解析結果のとりまとめ，モデル構築

はじめに

水理地質構造に基づくシステム区分・シナリオ構築

過去の化学条件変動幅の推測
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必要書類の確認

ボーリング掘削方
法
トレーサーの選定

地下水採水方法の
選定
採水区間の設定

分析項目の設定

立案した計画の整
理

①ボーリング孔掘削時の掘削水の管理・トレーサー濃度の
測定

②物理化学パラメータなどのモニタリング

③地下水・岩石試料の採取，分析

④データセットの構築と品質確認
物質移動概念モデル

岩盤力学モデル

岩盤変化モデル

鉱物学的例証に基づく変動幅の検証

シナリオ解析と鉱物学的例証の比較，相互検証

まとめ

Procedure for knowledge acquisition 
leading to ISIS developmentg p

I. Task flow organization
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V. Creation of an interface template and formulating knowledge elements 
as a menu, based on the results of syntax analysis.
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VI. An expert uses the interface in step “V” to create the rule base and 
case base by selecting knowledge elements and syntax.
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VII. The expert system group is produced automatically.
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Task flow analysis
Requirements from 

performance 
assessment and designSurvey/Review of

Existing Information

Planning of  Ground/Marine Exploration
Relevant 

Properties/Processes
and

Ground Exploration Marine Exploration
flow of supporting data

Quality evaluation and 
interpretation of data 
obtained in previous 

investigations

Existing Information

Aerial Exploration

and
Required Information 

Information on geology and 
geological structure

Surface geological survey
Topographical survey

Laboratory examination/analysis 
etc.

Ground geophysical survey

Marine geological survey
Side scan sonar

Laboratory examination/analysis 
etc.

Marine geophysical survey

Geochemical 
modeling

Rock mechanical 
modeling

Hydrogeological 
modeling

Geological 
modeling

Aerial Exploration

Ground/Marine

geological structure

Information on groundwater f low 
characteristics

Information on geochemical 
characteristics of  groundwater

Update to Model

Electromagnetic survey

g p y y

Reflection seismic survey

…

Marine electromagnetic survey

g p y y

Reflection seismic survey
( Acoustic survey )

…
Integration in 

geological 
environment model

Ground/Marine 
Exploration Information on geology and 

geological structure

Information on groundwater f low 
characteristics

Information on geochemical 

Geological distribution

Geological structure

Distribution of  the resistivity 
corresponding to geology distribution

Extraction of  key topics/Aims

Selection of investigation 
methods

Optimized program of field 
investigations

Borehole 
Investigations

Synthesis Data Flow Diagram
Planning of  borehole 

investigations

characteristics of  groundwater

Existing information

Information for geology/geological 
structure interpretation

corresponding to geology distribution… Methods to obtain required 
knowledge

gSynthesis Data Flow Diagram 
of coastal geological 

environment
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Identification of relevant knowledge elements

Rule-base Decision-making rules within e.g. Selection of drilling methods

- Rule-base and Case-base -

Rule base Decision making rules within 
tasks of site investigation,  
represented using IF...THEN 
format

e.g. Selection of drilling methods

If full core recovery needed

YES

Then a wireline drilling method 
should be selected 

YES

Then a non-core drilling method 
should be selected (tricon bit, 

NO

Case-base Cases how a problem in site e g Troubleshooting of drilling fluid loss

s ou d be se ected (t co b t,
etc.)

Case base Cases how a problem in site 
investigation was solved in 
the past, to suggest ways to 
handle similar problems in 

e.g. Troubleshooting of drilling fluid loss
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the future



Concept of 
th ES d l t i t fthe ES development interface

Expert

User

Expert 
system ES development interface allows experts from 

various fields to produce Expert Systems which fit 
h i i i h i killUser -

interface
their requirements without programming skills

Inference ES interface

support

engine

Rule 
Make Expert System

14

base ES_developerMake Expert System
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The structure of the ES development 
i t finterface

I f f h l

ES development interface

Interface for the rule-
base

Interface for 
the ES-top page 

Decision tree Truth table

Produces the “top page” of ESs. 
On the top page, the concept of the User makes the rules in the format

Decision tree 
format

Truth table 
format

ES and key background 
knowledge are presented.

User makes the rules in the format 
of a decision tree OR truth table.

Inference
Previously  prepared 

f i E t

User makes the linkage 
of rules & the inference engine

through the ES-top page interface
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Inference 
engine

for use in Expert 
Systems



The Rule format

The Decision tree format & Truth table are appropriate for describing the 
h t i ti f k l d i l t fi ld ith th i i f ff tcharacteristics of knowledge in relevant fields with the minimum of effort

The ES development interface allows both formats.

Truth table
When you want to describe all the 

requirement combinations and then 
choose the best option

Decision Tree
When you make the rule in the 

form of input & if then rule and choose the best option

input rule
Output-1

form of input & if-then rule and 
output Requirement 1 Requirement 2

Method 1 ○ ○

Method 2 ○ ×

M h d ○input rule
Output-2

Method 3 × ○

Method 4 ○ ×
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ES development interface
Rule-base editor

The interface for the rule base

View or Edit the existing Rule file
Name of the rule file : NEW

Rule 
Number IF part Branch THEN part

Go to the 
next rule 
(rule number)

Add a rule

Delete a rule

Rich Text 
Editer

Add a Branch

Delete a Branch

Rich Text 
Editer

Add a Branch

D l B h
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Delete a Branch



Example generated by using ES 
d l t i t fdevelopment interface

18

Conclusions and a look to the future

Conclusions
• The methodology and tools for acquiring required expert 

knowledge have been developed
• ISIS can provide a solution to the problems examined to date, 

i ll h t ithi th t t f hi KMSespecially when set within the context of an overarching KMS 
program

F t Pl (fi )Future Plans (five-year program)
• Expansion of the range of test applications, leading to 

implementation of a system applicable to a volunteer siteimplementation of a system applicable to a volunteer site
• Extension of methodology from “simpler” rule-based reasoning to 

utilize more complex case-based knowledgep g
• Review of expert system contents in a formal manner, to support 

integrated QA of the KMS supporting Safety Case development
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