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Expert System on Miniog Desing and Development

*

Noboru Masuko
Abstract

Since the fiscal vear of 1991, the activity has heen started in a
subsidiary working group ol the comniltee for study on desing and development
of the mining technology for radiation prolection. In the fiscal year of 1992,
this committee was [ounded to develop au expertsysiem for mine design and
deve lopment.

In the fiscal vear ol 1991, preliminary study has heen carried oul. At
first, varions mining methods were surveyed and the distinctive leatures of them
were discussed. Finally, a Liny experi systew fur seliecting an appropriate
mining method was proposed. In the fiscal vear of 1992, a required investigalion
for mine development was cxamined. Special attention has been paid to rock mass
clussification. And also the tiny expert system was pul Lo the test-ruo.

In this [iscal vear, rock mass evaluation/classiflication systewm was
discussed and a new cvaluation/classification system was proposd. The precisce
and detaled dala of mines were collecied and test run of tiny cxperl system was
carried aut for these mines. And, multi-media data base or knowledge base was
discussed. Finally, items nccessary for detailed designing and development of
mine were discussed.

In chapler 1, the abject of this study and the outline of results in this
year were statled.

In chapler 2. rock mass eveluation/classificalion system for selecting and
designing mine was discussed. And, a new eveluation/classification system was
proposed.

In chapter 3, precise and detailed data of wines collected divectly from
experls who have worked in mines and know mines very well were compiled. And,
the test-run of the Liny expert syslem was carried out. The expert systew
developed in the fiscal vear of 1991 awd modified in the fiscal year of 1952
performed quile well,

In chapter 4, possibility of wulti-media data base or kuowledge base was
discussed and it was concluded that multi-media system is effective and strongly
recommended for Lhis study.

[n chapter 5, ilems necessary for detailed designing and development of
minc were discussed.

Finally in chapter 6, a brief summary of the results and the subjecls to be
studied in the next year are described.

Work performed by the Mining and Materials Processing Instilule of Japan under
contract with Power Reactor and Nuclear Fucl Development Corporatlion.

Contract Number OHODG260

PRC Liaison : Resources Appraisal Section Chubu Works ; Akio [shido

¥ : The Mining and Materials Processing Institute of Japan ; President
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HIRIE L FREFRER SR

6. BI-FA LGS

AL E-% 7

F - & andfor F—F
220k

BED ¥ 1 FEGRSRE) -
$LEE OB IRAR, RS -
IR EE)

SLROEFEC )
SLEEOORM(E X T OEEE)
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1,400m~1,900m

REERE BB, IRE : 7 — YR G

EXREERRE)

BETM: AEE200m~100m), T8 ABRA

(feERE)

HRZA

HEFE@e, ETMERINTLE, WBHREHD,



417'[ -

7. LR
$nh&®r - - AL Rg L(E8AR 3)
2L — & andfor F— FEEES D)

23R

D 7 F(EIRELES)

L DA, IRk, J@ k%
TR EE)

BLERDESIC )
SLEDOHB(E LT OERR)
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MOS2 0.6~54%
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100m ~300m 7

16. K&
Al AL
F L — 4 andfor 4 —F - KEaE )

FELE:

BLRED & 4 F{BukEIES) |
BEpR DRI, IR, R SE) -
THEESF) :

FLRDRREN" )
FLEKDORUE(E S TDIBER) -

SALC b 7o Y B andior &45R)
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F50H g t

Zn 4.3%
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2 DRFEEE
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Au bgft

50m ~400m
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FlE
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3.80m~4.70m & 2.80m~3.00m T, FOMDIEEA6.5m

3%

28% ~36%

125m

GBRERERUBHEE

GRHLE R UFEEE

LR b RUERAANL ML L) =T - A3
ST, 1LSmERIZT 5 & (HLEEE6m)



2 1.

ST

AL — & and/or A —F
PR T

FLIRD 5 4 T(MKGLIRE)
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UaOs 4.5%(C0OG 0.5%), {fits : 1081b
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B S 8k, 274 CETHAI S S D R 30%
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WE. BEES S b MAITET S HERENRS L.,
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R DL 6RO, WO FIZSRDERTT 5.

2 2. Stanleigh
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Stanleigh (CANADA)
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Ak
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Ak BERY
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s 4, 27400

HAE2EUPRETH L.

iz

HEHBETH 5.



6 —

—

25. &%

A2

Al —F mdlor A —F :
TRELRE

$EEE D & A SRS

gL D RARGRR IR AR TF)
SFE(EEE)

HEOBESC ) -

HEREOHEE Lt OERR)

B b 7z b B andior )
SEEOREE(LR TR EEREES)

S aOhHEN - EAHE
I

R -

MR
BEOHE - HR
Eraliiie

BAODEN « HEEOHE
B
[1:1: 4
EMaHE

RO - A :
Z Ot

e

ZOHAFEEHE

BT

A &E B

T A -

BRI EAT

2T

%ﬁ%&&s,uuom\ FESERG00m, TME1m~30m(TEy
50° ~80°

22,000F t

Ag 144git, Zn 7.6%. Pb2.5%
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BRETHS, (—HELELHD)
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26. BB
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SREE
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@3ﬂim:fﬁf‘?ﬂ§~ Wk S ubloevoel

Input 9 2 i 3 2 2
Shape Size Value Depth Ore Rock Foint
Open Pit Good Good GGood NO Good Good -1
Room & Pillar NO Good Good Fair Good Fair -1
SubLevel NO Fair Good Good Fair Fair -1
Over C & F Good Good Goaod Good Fair Fair 0K
Under C & F Good Good NO Good Good Fair -1
Shrinkage Fair Good Goaod Goad Good Fair QK
Stull Falr Fair Fair Good Good Good 0K
Block Caving NO NO Good NO Good Good -3
Sub L Caving NO NO Geood NO Good Goaod -3
Longwall NO NO Good Good Good NO -3
0K A AT EEME RS G

Point : A~ 72 & & (NO) .8

@) gy WF R, RMLE: Shor L wall

Input 5 2 2 3 2 2
Shape Size Value Depth Ore Rock Point

Open Pit Good Good Good NO Good Good -1
Room & Pillar Good Goad Good Failr Good Fair 0K
SublLevel NO Falr Good Good Fair Fair -1
Over C & F NO Good Good Good Fair Fair -1
Under C & F NG Good Good Good Good Fair -1
Shrinkage NO Good Good Good Good Fair -1
Stull NO Fair Good Good Good Good -1
Block Caving NO NO Good NO Good Good -3
Sub L Caving NO NO Good NO Good Good -3
Longwall Good NO Good Good Good NO -2
0K D AN AEENREHL LT L

Point : A @ 7 & 4 (NO) © ¥



By gl K. BB Over C&F

Input 8 1 1 2 3 3
Shape S5ize Value Depth Ore Rock Foint
Open Pit Failr Good Good NO Good Good -1
Room & Pillar NG Good Good Good Fair Fair -1
SubLevel NO NC Good Good Fair Fair -2
Over C & F Fair Good Good Good Fair Fair DK
Under C & F Good Good NO Good Good Fair -1
Shrinkage Falr Good Good Good Good Failr 0K
Stull Fair Goad Fair Good Good Fair OK
Block Caving NO NO Good Good Good Good -2
Sub L Caving NO NO Good Good Good Good -2
Longwall NO NO Good Good Good Fair -2
0K P ABREEHBPRB STV

Point : A # 7 & £ (NO) D

@ o SIFAL (EH.EH) 0L REEOver CE&F

Input 8 3 2 2 4 4
Shape Size Value Depth Ore Rock Point

Open Pit Fair Good Good NO Good Good -1
Room & Pillar NO Good Good Good NO NGO -3
SubLevel NO Good Good Good Failr NO -2
Over C & I Fair Good Good Good NO NO -2
Under C & F Good Good Good Good Good Fair OK
Shrinkage Fair Good Good Good Fair NO ~1
Stull Falir Tralr Good Good Good NO -1
Block Caving NO Good Good Good Good Good -1
sub L Caving NO Good Good Good Good Good -1
Longwall NO Good Good Good Good Good -1
0K AN EEMSRE R SRV

Point : A& L & & (NO)YD ¥



@ sk M TAL (L, M%) 202, BHE:0ver C&F

Input B8 3 2 3 3 4
Shape Slze Value Depth Ore Rock Point
Open Pit Fair Good Good NG Good Good -1
Room & Pillar NO Goad Good Fair Fair NO -2
SuhLevel NO Good Good Good IFair NO -2
Over C & F Fair Good Good Good Fair NO -1
Under C & F Good Good Good Good Good Fair OK
Shrinkage Fair Good Good Good Good NO -1
Stull Falr Fair Good Good Good NO -1
Block Caving NQ Good Good NO Good Good -2
Sub L Caving NO Good Good NO Good Good ~2
Longwall NO Good Good Good Good Good -1
0K AR RNREMRESL LTV

Point : A U & # (NO) ©'H

@ g : MFAL (RMBAEM)  WHHE: Snrinkage

Input B 3 2 3 3 3
Shape Size Value Depth Ore Rock Point

Open Pit IFalr Good Good NO Good Good -1
Room & Pillar NO Good Good Fair Fair Fair -1
SubLevel NO Good Good Good Fair Fakir -1
Over C & F Fair Good Good Good Fair Fair 0K
Under C & F Good Good Good Good Good Fair OK
Shrinkage Fair Good Goad Good Good Fair 0K
Stull Falr Fair Good Good Good Falr CK
Block Caving NO Good Good NO Good Good -2
Sub L Caving NO Good Good NO Good Good -2
Longwall NO Good Good Good Good Fair -1
0K AR EERRS LSV

Point : A @ 7 & # (NO) O #

— 46—



@ gl BWF AL CGEE .
Input 9 3 P
Shape Size Value
Open Pit Good Good Good
Room & Pillar NO Good Good
SubLevel NO Good Good
Over C &k F Good Good Good
Under C & F Good Goaod Good
Shrinkage Fair Good Good
Stull Falr Fair Good
Block Caving NO Good GCood
Sub L. Caving NO Goad Good
Longwall NO Good Good
OK T ABAUESEMRYEL S AW
Point T 74 (NO) OB

@ g LR, KEE: S ink

Input 8 1 2
Shape Size Value
Open Pit Fair Good Good
Room & Pillar NO Good Good
SubLevel NO NO Good
Qver C & F Falr Good Good
Under C & F Good Good Good
Shrinkage Fair Good Good
Stull Failr Good Good
Block Caving NO NO Good
Sub L Caving NO NO Good
Longwall NO NO Good
0K C A BREENEH STV
Point ARk (NO) D

3

Depth

NG

Falr
Good
Good
Good
Good
Good
NO

NO

Good

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good
Good

£ : Under C

Ore

Good
NO

Fair
NO

Good
FFair
Good
Good
Good
Good

Ore

s00d
Good
Fair
Fair
Good
Good
Good
Good
Good
Good

& F

Rock

Good
NO
NG
NO
Fair
NQ
NO
Good
Good
Good

Rock

Good
Fair
Fair
Fair
Fair
Fair
Good
Good
Good
NO

Polnt



E;ﬁiilh o B e SnorionKkage
Input 10 2 2 2 1
Shape Size Value Depth Ore
Cpen Pit Gaod Good Good NO Good
Room & Pillar NO Good Good Good Good
Subl.evel NO Fair Good Good Good
Over C & F Good Good Good Good Good
Under C & F Good Good Good Good Good
Shrinkage Fair Good Good Good Good
Stull NO Fair Goaod Good Good
Block Caving Fair NO Good Good Good
Sub L Caving Fair NO Good Good Good
Longwall NG NO Good Good Goad
0K L S T A LA T = O R S A
Polnt M I(NO)D B
@ st 2™ S, HéEk:0ver C&F
Input 12 1 1 2 4
Shape Size Value Depth Ore
Open Pit Good Good Good NC Good
Room & Pilllar NO Geood Good Good NO
SubLevel Good NO Good Good Falr
Over C & F Good Good Good Good NO
Under C & F Good Good NO Good Good
Shrinkage Good Good Good Good IFair
Stull Fair Good Fair Good Good
Block Caving NO NO Good Good Good
Sub L Caving NO NO Good Good Good
LLongwall NO NO Good Good Good
0K S N =R = B A R A

Point

AW & (NO) D ¥

Rock

Good
Good
Good
Good
NO

Good
Good
Good
Good
NO

Rock

Good
NO
NO
NO
Fair
NO
NO
Good
Good
Good

Point

Point



M s kM BaEl. WHE:S
Input 13 1 2
Shape Size Value
Open Pit Good Good Good
Room & Pillar NO Good Good
SublLevel Good NQO Good
Over C & F Good Good Good
Under C & F Good Good Good
Shrinkage Good Good Good
Stull NG Gaood Good
Block Caving NO NO Gaod
Sub L Caving NO NO Good
Longwall NO NO Good
0K A BUAEERREISL STV
Point KB % fF (NO) @B
@) sb: P REE: S tul]
Input 11 1 3
Shape Size Value
Open Pit Fair Good Good
Room & Pillar NO Good Fair
SubLevel NO NO Falr
Over C & F Fair Good Good
Under C & F Good ~ Good Good
Shrinkage Fair Good NO
Stull Good Good Good
Block Caving NO NO NO
Sub L Caving NO NO NO
Longwall NG NO Good
OK T AR EHEBEH ALV
Point AHULEZHE(NO)DHE

Depth

NO

Good
Goaod
Good
Good
Good
Good
Good
Good
Good

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Fair
Falr
Good
Good
Good
Good
Good
Good

Rock

Good
Fair
Fair
Fair
Fair
Fair
Good
Good
Good
NO

Rock

Good
Fair
Fair
Fair
Fair
Fair
Good
Good
Good
NO

Point

Point

-1
-2
0K
0K

OK
-3
-3



‘IIE'&KMJ: BB o. 5. Wk Room & P il Loar

Input 1 1 3 2 1 1
Shape Size Value Nepth Ore Rock Point
Open Pit Good Good Good NQO Good Goad -1
Room & Pillar NO Good Fair Good Good Good -1
SubLevel Good NG Fair Good Good Good -1
Over C & F NO Good Good Good Good Good -1
Under C & F Good Good Good Good Good NO -1
Shrinkage NO Good NO Good Good Good -2
Stull NO Good Good Good Good Good -1
Block Caving Good NO NO Good Good Good -2
Sub L Caving Good NO NO Good Good Good -2
Longwall NO NO Good Good Good NO -3
0K s A BN ESEBPRYEA SRV

Point : 8 4 & f# (NO) D &

C D @BE, KL Room & P11 Lor

Input 1 1 1 1 3 3
Shape Size Value Depth Ore Rock Point

Open Plt Good Good Good Good Good Good 0K
Room & Piliar NO Good Goad NO Fair Falr —2
SubLevel Good NO Good Fair Fair Fair -1
Over C & F NO Good Good Fair Failr Fair -1
Under C & F Good Good NO Good Good Fair -1
Shrinkage NO Good Good NO Good Fair -2
Stulil NO Good Failr Fair Good Fair -1
Block Caving Good NO Good Good Good Good -1
Sub L Caving Good NO Good Good Good Good -1
Longwall NO NO Good Fair Good Fair -2
0K s A BEuEHEHSERIGL S HL

Point : A 7 & {4 (NO) @ &



(T 4) g KT ok 0ver C&F

Input 12 2 2 2 3 3
Shape Size Value Depth Ore Rock Point

Open P1t Good Good Good NO Gaond Good -1
Room & Plllar NO Good Good Good Fair IFair -1
Subl.evel Good Fair Good Good FFair Falr 0K
Over C & F GCood Good Good Good Fair Fair OK
Under C & F Good Good Good Good Good Fair QK
Shrinkage Good Good Good Good Good Fair OK
Stull Falr Fair Good Good Good Fair 0K
Biock Caving NO NO Good Good Good Good -2
Sub L Caving NO NO Good Good Good Good -2
Longwall NO NO Good Good Good Fair -2
0K P AR &GRS LS AW

Point : £ # 7T & # (NO) @ ¥

(G B) arl: WA WaE S Lol

Input 8 1 2 2 1 1
Shape Size Value Depth Ore Rock Foint

Open P11t Fair Good Good NO Good Good -1
Room & Pilllar NO Good Good Good Good Good -1
SubLevel NO NO Good Good Good Good -2
Qver C & F Fair Good Good Good Good Good OK
Under C & F Good Good Good Good Good NO -1
Shrinkage Fair Good Good Good Good Good OK
Stull Fair Good Good Good Good Good OK
Block Caving NO NO Good Good Good Good -2
Sub L Caving NO NO Good Good Good Good -2
Longwall NO NO Good Good Good NO -3
0K C ABEEEBRIL S LV

Point : A # 7 & & (NO) D ¥



QB g K. WEE: Sborin
Input 11 1 2
Shape Size Value
Open Pit Fair Gaod Good
Room & Pillar NO Good Good
SubLevel NO NQO Good
Over C & F Fair Good Good
Under C & F Good Good Good
Shrinkage Fair Good Good
Stull Good Good Good
Block Caving NO NO Good
Sub L Caving NG NO Good
Longwall NO NO Good
OK D AR EGENRIYENL LTV
Point NS B (NO)D ¥

K a g e

Depth

NO

Good
Good
Good
Good
Goad
Good
Good
Good
Good

@ el b, WHRE:Over C&F

Inpul 1 1 2

Shape Size Value
Open Pit Good Good Good
Room & Pilllar NO Good Good
SubLevel Good NO Good
Over C & F NO Good Good
Under C & F Good Good Good
Shrinkage NO Good Good
Stull NO Good Good
Block Caving Good NO Good
Sub L Caving Good NO Good
Longwall NO NO Good
0K C ABNEEMNRE LTV
Point TR R (NO)OH

Depth

NO

Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
Fair
IFair
Good
Good
Good
Good
Good
Good

Rock

Good
Good
Good
Good
NO

Good
Good
Good
Good
NO

Rock

Good
Fair
Fair
Fair
Fair
Fair
Good
Good
Good
NO

Point

Foint



1@." gl R oo L EEE S ubloevoe

Input 1 2 1 2
Shape Size Value Depth

Open Piz Good Good Good NO
Room & Pillar NO Good Good Good
SubLevel Good Fair Good Good
Over C & [ NO Good Good Good
Under C & F Good Good NO Good
Shrinkage NO Good Goed Good
Stull NO Fair Fair Good
Biock Caving Good NO Good Good
Sub L Caving Good NO Good Good
Longwall NO NO Good Good

0K D ABMAEEGEBREIEL s AV

Point A L% (NO) D %

qII' g W Toz., BEE:O0ver C&
Input 1 1 1 2
Shape Slve Value Depth

Open Pit Good Good Good NO
Room & Pillar NO Good Good Good
SubLevel Good NO Good Good
Over C & F NO Good Good Good
Under C & F Good Good NO Good
Shrinkage NO Good Good Good
Stull NO Good Fair Good
Block Caving Good NO Good Good
Sub L Caving Good NO Goed Good
Longwall NO NO Good Good
0K S A EnEENEHRL LTV
Point A T % (NO)Y o &

Ore

Good
Good
Goed
Good
Good
Good
Good
Good
Good
Good

Ore

Good
Good
GCood
Good
Good
Good
Good
Good
Good
Good

Rock

Good
Gooed
Good
Good
NO

Good
Good
Gaod
Good
NO

Rock

Good
Good
Good
Good
NO

Good
Good
Good
Good
NO



ﬁﬂlh:ﬂéﬂiﬁ\ﬁiﬁﬁ‘iﬁ:o‘«er C&T
Input 7 1 1 2 2 1
Shape Size Value Depth Ore Rock
Cpen Pit Good Good Good NO Good Good
Room & Plllar Good Good Good Good Good Good
SubLevel NO NO Good Good Fair Goaod
ODver C & F NO Good Good Good Fair Cood
Under C & F NG Good NO Good Good NO
Snrinkage NO Good Good Good Goad Goad
Stull NO Good Falr Good Good Good
Block Caving NO NO Good Good Good Good
Sub L Caving NO NO Good Good Good Good
Longwall NO NO Good Good Good NO
0K @ EHEMRIL LT
Polint Ot R (NO) o
(:::) griy cMidwes t REEE: Sublevel
Input 1 1 3 2 4 2
Shape Slze Value Depth Ore Rock
Open Pit Good Good Good NO Good Good
Room & Pillar NO Good Falr Good NO Fair
SublLevel Good NO Falr Good Fair Fair
Over C & F NO Good Good Good NO Fair
Under C & F Good Good Good Good Good Fair
Shrinkage NO Good NO Good Fair Fair
Stull NO Good Good Good Good Good
Block Caving Good NC NO Good Good Good
Sub L Caving Good NO NO Good Good Good
Longwall NO NO Good Geood Good NO
0K AR EEMNEHE LWL

Point : A & I %& # (NO) & &



@SJELLI:S tan |l et gh. HE: RooM & P i 11
Input 3 3 1 3 1 1
Shape Sirze Value Depth Ore Rock
Open Pit Good Good Good NO Good Good
Room & Pillar Good Good Good Falr Good Good
SubLevel NO Good Good Good Good Good
Over C & F NO Good Good Good Good Good
Under C & F NO Good NO Good Good NO
Shrinkage NO Good Good Good Good Good
Stull NO Fair Fair Good Good Good
Block Caving NO Good Good NO Good Good
Sub L Caving NC Good Good NO Good Good
Longwall Good Good Good Good Good NO
oK D AR EENES L AL
Point @ A8 2 & & (NO)D ¥
@Iﬁ? gill c Key Loakoe. 4%k :0pen P it
input 1 1 3 2 3 3
Shape Size Value Depth Ore Rock
Open Pit Good Good Good NO Good Good
Room & Pillar NO Good Fair Good Fair Fair
SubLevel Good NO Fair Good Fair Fair
Over C & F NO Good Good Good Fair Fair
Under C & F Good Good Good Good Good Fair
Shrinkage NO Good NO Good Good Fair
Stull NQO Good Good Good Good Fair
Block Caving Good NO NO Good Good Good
Sub L Caving Good NO NO Good Good Good
Longwall NO NO Good Good Good Fair
0K S A RN EERS LS AW

Point : A~ & 77 % & (NO) D ¥

!
'



C D :Rbb i L Lake. i :0pen P it

Input 1 1 2 1 3 3
Shape Size Value Depth Ore Rock Point
Open Pit Good Good Gaood Good Good Good OK
Room & Pillar NO Goad Good NO Fair Falr -2
SublLevel Good NO Good Fair Fair Fair -1
Over C & F NO Good Good Fair Fair Fair -1
Under C & F Good Good Good Good Gooad FFair 0K
Shrinkage NO Good Good NO Good Fair -2
Stull NO Good Good Fair Good Fair -1
Block Caving Good NQO Good Good Good Good -1
Sub L Caving Good NO Good Good Goad Good -1
Longwall NO NO Good Fair Goad Fair -2
0K s AN EENR LS EW

Point : A &% &£ & (NO)Y D &

@Dl @M, g Sup e Vel

Input 12 3 2 1 2 2
Shape Size Value Depth Ore Rock Point

Open P1t Good Good Good Good Good Good 0K
Room & Pillar NO Good Good NO Good Fair -2
SublLevel Good Good Good Fair Falr Fair 0K
Over C & F Good Good Good Falr Fair Fair 0K
Under C & F Good Good Good Good Good Fair 0K
Shrinkage Good Good Good NO Good Fair -1
Stull Fair Falr Good Fair Good Good 0K
Block Caving NO Good Good Good Good Good -1
Sub 1. Caving NG Good Good Good Good Good -1
Longwall NO Good Good Fair Good NO -2
OK :Ki@t&éﬁ#ﬁiﬁétéfxm

Polnt : A& i@ 75 & # (NO) © ¥



ﬁﬁm:ﬁiiﬁsﬁﬁﬁﬂi:Short woa l l

Input 3 1 1 2 3 a
Shape Size Value Depth Ore Rock Point

Open Fit Good Good Good NO Good Good -1
Room & Plllar Good Good Good Good Fair Falr OK
SubLevel NO NO Good Good Fair Falr -2
Over C & F NO Good Good Good Fair Fair -1
Under C & F NO Good NO Good Good FFair -2
Shrinkage NO Good Good Good Good Fair -1
Stull NO Good Failr Good Good Fair -1
Block Caving NO NC Good Good Good Good -2
Sub L Caving NO NO Good Good Good Good -2
Longwall Good NO Good Good Good Fair ~1
0K C ABBEERREL S AW

Point : A @ 74 & & (NO) @ 8
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