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Study on Development of the Mining
Technology for Radiation Protection

Tokunosuke Abe™
© Abstract

In the fiscal year of 1991, the preventive capability of radon barrier which is
using for coating materials of underground rock wall surface has been studied by
the Radiation Protection working group.

In October, the experimental apparatus were completed. The radon leakage test
of the radon barrier coated on the surface of concrete slabs was commenced at
the Kurosawa Laboratory of Waseda University in Novenber.

Improvement of sensitivity of the radon moniter which had made last year was
produced by Aroka corp. and the performance test of the monitor was done at the
same laboratory and confirmed the 2+7 times advanced sensitivity of the new
monitor.

As the activity of the working group of Mining, the questionnaire concerning
the countermeasures against the I[CRP new recommendation and development of the
new mining methods for radiation protections were sent to the oversea uranium
mining companies in last October.

The responses to our questions were received from some of the mining companies;
most of them replied are low-grade uranium mines whose radiation exposure levels
are sufficiently low to their employees.

The working group of the mining method exprnt system which was organized this
year discussed the most suitable process to select the mining methods for deve-
lopment and exploitation of new deposits.

After & alot of discussions, a simple expert system was built as the Ist step.
It is necessary to improve this expert system step by step.

In the chapter 1, the policy of research and study of the year and the summary
of them are described.

In the chapter 2, results of the test of coating materials to prevent the ema-
pation of radon from minewall are described. The apparatus, test pieses, coating
materials concerned with the experiment are also described.

In the chapter 3. the concepts of design of the new radon monitor and the re-
sults of the performance test of it are described.

~In the chapter 4, the questionnair to the foreign uranium mining companies and

the responses from them are described as the Ist activity of the working groupe
of mining. The 2nd activity of the working groupe was research on the new tech-



nology for the radiation protection mining in foreign papers. In this chapter,
the outline of the papers are also presented.

In the chapter 5, concerning the research and study for aiming at the mining
method expert system brief explanation of conventional mining methods, the selec-
tion process of the mining method are described.

A siople mining method exprnt svstem obtained this year as the result of woking
groupe activity is shown also. '

In the chapter 6, the summary of the results obtained by the activity of the

commitiee are described, The subject and policy for further study are pointed
out finally.

Work performed by the Mining and Metallurgical Institute of Japan under comtract
with Power Reactor and Nuclear Fuel Development Corpérutlon.
Contact Number 03000208

PNC Liaison:Exploration and Mining Technology Development Sectiom. Chubu Yorks:
Koii Tsubota

# :The Mining and Materials Processing Institute of Japan:President
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® Chevron Resources Company
6001 Bollinger Canyon Road
Bullding L-4212 San Ramon
CA 94583, U.S.A.

@® Quivira Mining Company
Kerr- McGee Center
P.O.Box 25861
Oklzhoma City
0L 73125, U.S.A.7

® Malapal Resources Company
Central One and Thomas Building
-2828 North Centr..l! Avenue
Suite 880, Phoenix, Arizina B5004
U.S.A.

@® Energy Resources of Australla Ltd.
20 Bond Street, Level 30
Sydney N.S.W. 2001
AUSTRLIA

® Western Mining Corp. Ltd.(WMC)
360 Collins Street
‘Melbourne 3000
AUSTRALIA

A T+ ¥

® Amok Limited
817-825 45th Street Wesi
Saskatoon, Saskatchewan
STK 3X5, CANADA

@ CAMECO{Canadian Mining and
Energy Corporation) ,
122-3rd Avenue North, Saskatoon
Saskatchewan STK 2Hé6
CANADA

@® COGEMA Canada Limited
817-825, 45th Street West
P.O.Box 9204 Saskatoon
Saskatchewan STK 3XS
CANADA

® Denison Milnes Limited
200 Bay Street,
Royal Bank Plaza Suite 3900
Toronto, Ontario MS5J 2K22
CANADA .

® Rio Algom Limited
120 Adelaide 'Street West
Toronto, Ontario MSH 1W5
CANADA

@ Uranerz Exploration and Mining Ltd.
1300 Saskatoon Square
410-22nd Street East, Saskatoon

- Saskatchewan S7K 5Té
CANADA

@© Urangesellschaft Canada Limited
2812 Toronto Dominion Bank Tower
Toronto, Ontario M5K 1Al
CANADA

@ COGEMA
2 rue Panl-Dautier, B.P., No.4
78141 Velzy-Villacoublay, Cedex
FRANCE

77NN

®Rossing Uranium Corp. Ltd.
Caital Center, Kaiser Street
P.O.Box 22391
Windhoek 9000
NAMIBIA

@Compagnie Miniere d'Akouta (COMINAK)
B.P.10545 Niamey
REPUBLIC OF NIGER

@®Compagnie des Mines d'Uranium
de Franceville {(COMUF)
B.P. 260 Libreville
Republic of GABON

w7 AUN

|

@ (CNEA) ;
Comision Nacional de Energia Atomlcai
Avenida del Liberutador 8250 ‘
Buenos AIRES.

1429 ARGENTINA

®Uranc do Brasil (UB)
Avenue Prsidente Wilson, 231-Castelo
CFP 20030 Rio de Janeiro, RJ.
BRAZIL
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MMI1JI #H@EA FE - FHER

THE MINING AND MATERIALS PROCESSING INSTITUTE OF JAPAN
{Formerty, THE MINING AND METALLURGICAL INSTITUTE OF JAPAN}

Nogizaka Bldg. 9-6-41 Akasaka, Minato-ku, Tokyo 107 Japan

03}402-0541, Fax{D 1776,
TO WHOM IT MAY CONCERN Phone{03}4 ax{03}403-1776, Cable address MMLITYD

Attention: Chief Mining Engineer/
Radiatlon Safety Engincer

Research Commlittee of Development of
Mining Technology for Radiation Protection

Ryohel Kurosawa, Chairman

Re Questionaire on Mining Technology
of Uranium Ore Deposit

Dear Sir,

Cur Mining and Materials Processing Institute of Japan has organized a Research
Committee of Development of Mining Technology for Radiation Protection in order

to study for safe mining method to prevent radiation exposure for the miners.

in November 1990 the International Committee of Radiation Protection (ICRP)
has adopted a new recommendation, which has a tendency to become more

stringent on radiation exposure.
As to the new ICRP recommendation, we would be interested to know your
company measures taken to meet with the new recommendatlion, which is

our interest to have your kind advice to guide us in our research and

technical apllication,

We would appreciate your kind guidance on our Questionaire,as enclosed.

We thank you in advance for kind consideration,

Yours sincerely,

Ryohel Kurosawa
Chairman, RCDMTRP
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QUESTIONAIRE

1~1f'you have your mine/compay brochure, we would appreciate receiving
one ‘copy.

2-1f any technical papers are published on your mining method in the radio-
active orebody, we would be interested to recelve a copy.

3-As to the new ICRP {1990) Recommendation, what was your reaction?

4-The problems lnvo.hied with radiation exposﬁre protection.
1) At present what ls your main objectives to prevent exposures?

2) We believe one way to prevent exposure would be to automate mechanical
mining method. But, if you have any automated mechanical mining method,
we would be Interested to know your mining method machineries used.

3) In order to reduce radiation exposure for the miners, do you have a new
stoping method or developed a new machineries?

4) Please advise amount of radiation exposure received by the miners.
{a) What types of control method are taken for yearly exposures?

(b) What types of apparatus are used for radiation measurements for
the miners working at different headings and stopes ?

(c) Comparison between the current radiation recommendation value and

the actual values measured per year by miners at different working
conditlions,

5) If there are any problems with your mine ventilation method, what
would be your advice.

Remarks:
As to our Question 4-4)-(a), please reply within your possible range.
The above reply received from your company will be kept as "Confidential™.

Chairman, RCDMTRP
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Table §.1a FHSFIREBr S s BRBL LS KAREELORLY
(Mining Magazine™ & b)

GRLLEERRL L)

Year 1584 1988

0/P Comb. U/G Total 0/P Comb. U/G | Total
Class

Large | 84 22 80 136 89 11 3% 133
(62%) (16%) (22%)) (100%)( (64%) (8% (28%)| (100%)
Medium | 89 58  17¢ | 326 104 24 244 | 372
(27%) (18%) (55%)| (100%)( (28%) (5% (66%)| (100%)
Small | 232 62 493 | 787 199 85 455 | 689
(29%) (8%) (83%)| (100%)[ (28%) (5%) (66%)| (100%)

KIS IRV IATI00TT b ELED GRS | ot S A1 00~-300 5 | o - AMRBUCIN e
ERFI0~AFT R bLRigT, 220, OPZRTERL . UAIZAPERLTH Y . Coab. £33 LORRIG &
BERALCRNITHE.

AR (RN E X FELBEEL)
Year 1969 1874 1979 1984 1989

o/P  U/G O/ UMGYONP UG /P U/G || O/P  U/G
Class

Large | 128 31 144 38 161 58 196 68 183 61
(81%) (19%) [[(80%) (20%){(74%) (26%)[(714%) (26%) (15%) (25%)

Medium | 184 270 || 214 274 ) 207 272 §f 211 277 [ 261 228
(41%) (59%) [[(44%) (56%) [{43%) (57%) [ (43%) (57%)[[(58%) (47%)
Small | 138 289 || 110 273 § 120 282 [ 142 826 | 174 342
(32%) (63%)[{{29%) (71%)((30%) (70%)f(30%) (70%) (34%) (66X)

FIRMA I ERDER RS 007 bV ELEDLOESL . Lot CAllE a5 S B ) Rt CAINES: Sk
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3, —F. Gz, ABLE3LROEEFE&ESOFHIcL ., /oS58
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Table 5. lall BF AR WMIR/BPHEEL L OMBCFEL. ChooEELESYT
BIERTERV L, WX, 77V A, BT 7TOMRREE (A2 50, B
EORRCHEDIABHEV. WK, BERETOHBEV L3 EEENANE TOR LA
EHD =T RTable 5. IR RSN 2BEY TH 3. BEFERUEVRFR L BRETI., /)
RE/RMREARLO LSS ZHEF/HE. SRUEYTL. <Y UL -KE . 572
Fresu—A T UFELROVTIRNNIE /BDFRERLOEBRELKE W, /NRIE
SRMEEEILER A=A FAY o P HBEETLIOT. LV OREI 2 FiERE
WAELUCERTHR TS 3, LAS-T, [NOBVRELHRBIE WL Coirtist
ERUETGWEARERUCRKTHTI T3S &SR LV L L, $2BEFOEBHICES
nTOAE, BRRAESERTHMBENTS > T o, ML/ HMIREEL OB - 5%
2 PRIFCHEI TOERMBLERNEICTTLOT, Ko, HHEROEVHERR
LETR, @FNAY 5 PHFEET D LS -T. TOBRREIC & - TN &/
REARUREEREFETHSEERL S,

BRELLRREABEDCHELTREORUEEH -2, BREZ L SBESRH S
D. TOMARDO GO, RABELICE~THARR~OEESKEVWETH 2, BT
b. RV RTHORRLRUATROHLIFRORBTH S, i, BULEAN & TR,
BRRESEHOSOTVEPHHBES W,

Table 5.1b FEI0F F YEIToRi LD v =7

B 8 E B & # X E &
= Mine Production | Estimated Value
&EREY
(Metals) 12% 11%
FESREY
(Industrial Minerals) 1% 3%
o R
(Coal) 20% 20%
¥ A B
F4rEVF
(Diamonds) 10% 10%
R & M 15 oy
{(Gemstones)
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- T, REERVCHAEROMMNRET 25, FBEIZ FRAS{THLEVOHNES
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RIERTREV, CITR, &M HERRCRIANSHIBENREZI S0ir 280
T 5o TLT, Fig. S. 2RFRT LS BBKOEHRETHY , BH— N RESHER- LS
RBEL2WTODAEZ 5,
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A A e S D
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KTETERLEI LT EENWHERIOT, ZREHREEEE y F2EELT. &
THEWHEAL, B - HECELToMIEEBRREEZORREORFIc>WTH LS,
Fig. 5.2 “REMBMREKRE Yy FCHVERECRETNARICEROES 2L, &
CEE-THHERREELRTVWLOET I, TOoORNOBEOEEEFWMEc>\T
X2, HOEBRHRC B 2 H LAY (V PoV L& - THR) SRBORFEUZ
AaDoBATHEL., TRIZDOERIC L > TH- 2P :OABCIHEE » FTH D, TOHOD
ﬁE%%ht%ﬁﬁXUitﬂii%ﬁt\“¢ﬂ'K&ﬁfﬁ%éﬂfh%o
Fig. 5. 2ORPMLBRELLICE VT, B TREBUBAN LTSS, COEESET
CRESOCUTORRY KE->THEALN, XVOBIRV KX -TEXSh P,
V'/Vo THRIhs#H I HE “Overall Stripping Ratio”
— “2¥LIH" T EHHLR”
EMERC LT B DB I RYFHTFOAT. BC S THANET 5. CORICIREE
n%ﬂiEt’Jltinvo THH. XY @ltia\" KL=2THEAoN S,
oV, /aY TREN 3|1 %E “Incremental Stripping Ratio”
— “Wa¥ii” EIERC &It B,
T,
Pt %E o+ 0.5.R.
Wa¥LEE oo 1SR
1+ vORE»SBOSNBRASE -+ R
1bv®ﬁ6%ﬁﬂtaow¥f5:zh&-u-cw
EUME%ﬁmﬂﬁm¢bﬂﬁfaou§#aazr%-u-cm
1 HyOXYERETHIORBTEIRME <00 C
EBWT, BRBEWL & NBELOREE > VWTRET 3,
BREMLLONS: P, 12
[BREMLORE] = [MEHSG S0 BRA) - [RIBa2x ]
KL EXS5Hh30T,

POP = Rox Vo~ (COPX V0+ C‘XV') (5.1)

ER&EN D,

1

EERERLAEEEHIH(0.5.R)ZHWS &,

Pop = vo{[RO—COP]—c'x(o.s.a.)} (5.2

23, Pp2 0 TRHRER SR WH S, EEHHEH(0.5.R. )12,

R —-C
0.5.R é[ o OP]% (5. 3)

¥

Tl HRIELR ST v,
EERFEEENRTVWEILODELT, 1 RVYF4EE., FEECLAEEICESHINED
fE?IUﬁ}’éL\POP&:‘M & &P opid

“PUP: Roxavo— (Copx avo+ wa av‘,)

H D

APOP=AVO{[R°-COP]—wa(I.S.R.)} (5. 4)

RE-THEAONE, Yy FEEOHMME L b, FEEFMIL T ~¥ ¥ HOINZEH
BPUL. AP, BT 52574+ AFEEEXS, THE. AP, H¥E st &
. BRAREOWNBESBREN S, EQ.5 4O L HEF - THEFERAS S Eizd b,
BREY Lo BONIMBYFB|AL LS L SOWAH L : “E.L.S.R. (Economic Limit
Stripping Ratio)"” »xRE 5,

ELSﬁ.==[Ro—COP1/2 (5. 5)

L]

E.L.S.R. . “HBAMEH (Cut-off Stripping Ratio)'"” & $MfiTh, COdicEL
OREUNTEEIERE ATV VY, BRARUORBSBAEL S L SOHAF L2
BAB0 LSBT, MHMLEHE LS R EN-AEEKIE, ERISEOIRENEL LG
DIOT, RRECORKRTHIET S S EBEBFRICIE S, TR Yy FORE
BEcE b, HFARPERERONMEZEL TV R VO T, BRI, E.55T5 4
Shad6DL Db, EL.S.RRNPELBIZEFMENZ,
ELSRETOMIRTH > T, BRIREOMBX T ABABMERDITURVE LTS,
SIFRMEUECRDE, AURGEHRARETRELABSGERN S LI BENH D, £ o




T Ric, BERBUELAARRONBHI LR 3D EAHESI 5H+H: “B.E.S. R.
(Break-Even Stripping Ratio)® *'” 2R® 3, 1 <y FRORBETRERLIC L »THF
SRBECHSNIRBE AP i, BG5S AL - TEL BTV B, —A, BAIL<v 70
¢E$5ﬁ€%ﬁﬁﬂﬁmxofﬁﬂttt?5éﬁﬁEﬁK¢BREDMMMPmm

APUG= [Ro_ CUG ]XL\VO (5. 6)

KE-TELIONSB, APUG;APOP&T.H“LI{‘ COFRELUTTRERFEL b bHIREE
DEFRBESN L LZ20T,. BRELZPHD THARE I BRI LS NEH & T 3,
uwfupwﬁﬁitatSQQﬁﬂi&%\&&&&eﬁﬁtaa,&asmmmJA

BXUE5. 6L b,

B.E.S.R. =[Cuc‘cop]/c (5.7)
w

L > TEREIN D LAN-T, BWHOYMEHMBESRULER PR, TOEEL
TTR. BRREEZHAAREECVIBAS CLHRHEENE<ETH 5, LH L. Eq.5.7
CRERREEEARMLEVIBIZ0HO2 &+ ORBANNEESERI LTV
WOT, BACHhARBIEGIIN, VD BATEIMDI IR FHAXKER T, KN
FUE~OV D BAEWMES L LB UNVHEELECHES,
BARRLERAPREECH~<T, EENCERNBENS . AFERESMEKD
RELHCEOTEY | REEOIVARBRILOS ( BBEREMILTH 2, L1 L. &
WOV MAT, REORENEC(RLI L, BRELI 0 VNSO S BEBNIE
bEHENABEN DB EERLE, TLT. BRRE NS OERU LSS HER
B, MIHEBRIS>SEbHodicli, UL, B  -HERTH-TH. BSH
FOoRMNLEEEEZRICVATEREERNLEL., BT 3 4855 5,

SIS AR EORE

RROREYS S RERVBATHRROBECRERE L &V ERBEHS THELNIBS
PEARULOM LS s BERE VBRECR., HARKEEICLVREEFES c &
50 RAITHR., REEORRILSH L > TORARKEE . REERIROA DO T+ 24— +
CYRFLARHAINELBEEASIREEI NI, CoTR, BEEDATL A RAREE

o) SHE /Y K7 7' Ti2, RESR 2E05 FORMEABEL S R ELTHY . SSTRSBLS R o0 Tl s,

o P —

Py

EREHEDFL. 0%k, TEUHABRKLEC >V TRET 5,
MREBELUENEMY B BEOBRRBE4 RV TFEFNTHEIOT. EH&hA
RARMEOBERESTE(, R, S8 B8 ENE0EShhTwn 5. It
NERREORBCKLTR., EXH M OFESRIONTL Y, BIEZH - 05
DIREBCETOTHNREEOBEN T HEHITHO D & EHB U, Peele!™, SHEY,
AIME' O~y ¥y s RETR, REYIPOZHFEICLY . ANREESTCES b
. REYITI(Stopes T i Openings) DRWEFTF > TV 5D,
1) BEXERRREE:
(Self-Supporting, Naturally Supported, or Unsupported Stopes)
e REBIVEBETEEZATIMNCEFLEVERE TS 5. £ E0— A
DELTRBEXFTOIES— (MH) L LTHERALAD., TREME SR sE
DEROXRBEANCL -~ TLEREREL AN ETH 2, RVRO—FHPh
SVREI RV —THL PR EHNFREICEONIBE LB I M, T oFiE 2
y—RERENRERTH B,
D XEREE
(Artificially Supported or Supported Stopes)
e MESAVRRBEORENFVE, REVHOREC L TRERROER
BROXJALGTXADILHBLN D, T, REVTO#IEOL DS
RE5F, MR~ORMBORE OB T PHIRRE) N shHB VRS,
BWEREZRRAYRETAINEXH L, SORTBESLE L 5, ZEREBEE TR,
FENMDOVF 2R LBR~OBEEZB I 0., UPNRCATHLE XE
PREEN. FIHRER SV TREN > 2 BRHIB1(Ground Contrel) BfFhh 5,
3) r—ErorE
(Caving Methkods)
*r-EYERVBELIOLS - BEERO-NE, ERMCHBALL
VoBE (F—7:Cave) SHIRUETH 3, EEORMMBICL-THThAT
Bk, TOLBOREHZVRER  RHMBTIC L L BB Sh, SLE
OHIRBBIC RPRQEBHFHRD o MEELUT0LHOSRWEFE Capping) &5 5 —
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Table 64 Application of Usderground Metal-mining Methods ] 5. 4 FHEERHFBRURIFXZAN-} YRAFLORS
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5. 4. 2 REuERTo—H

1)K ™
(%Y 1)

Shape of Ore Body

5) #4FEORSA

OITEHRERBEORR U 2EB MY AT S,
OITEUTEERIEAThE. BRIZXOHEVTH 3.

Good S - | H 1:Massive Ore Body
Fair T TrgE
N o o -2~ 3% 2:Tabular( Dip 0°-10*) Thickness <2m
OLHON 3: om-5m
OK : NO&ERAZHORVWESR 4: Sm<
NE P =~ (NO:RoREHOH)
S:Tabular(Dip 10°*-35*) Thickness <2m
6: 2m-5m
7: Sm<

8:Tabular(Dip 35*-70°) Thickness <2m
i 9: 2m-5m
1 10: - I -1 T4

11:Tabular(Dip 70*~90*) Thickness <Im

12: 1m=-3m
13: 3m=-10m
14: 10m<
? 2
(KM 2)

Size(0Ore Reserve)

l:lLess than 3 Mt (Mega ton)
2: 3 - 15 Mt

3: 15 - 150 Mt

4:More than 150 Mt

7?2
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(XM 5)

Quality of Ore

(KM 3) RMR QfE BPH
; Ore-Value per ton ' |
i ) 1:Very Good 65¢ 10¢ Ch
L . 65-60 10-7 Ch
” 1:Less than  ¥10,000 2:Good
O 3:Fair 60~-50 7-5 Cm
2: ¥10,000 - ¥30,000 ‘ 50~40 5-2 Cl1
3:More  than ¥30,000 4:Poor
5:Very Poor 40> 2> D
7?2
EEHTHBEUTEROEEERDTTIL
? 2
(%K 8)
Quality of wall Rock or Host Rock
(XM 4) .
‘ RMR
Depth QiE LA R
; ' : 1:Very Good 65¢
| 1:Less than 200m | : - o
| : 2:Good 65-60 10-7 Ch
2: 200-500m .
- o o, “ 3:Fair 60-50 7-5 Cm
‘More an . :
. m ; 4:Poor 50-40 5-2 Cl
2 - / 5:Very Poor 40> 25 D
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