PNC TN454 82-03

N
\J
i

1982 % 7 H

BIF - BIRER R E M
A B i 2 AT

A
il AL



WENBCOBHBOAFIKOVWTHE, TRIEBEWADETE W,
TI07T HERSERKEKL -9 —13
BhE - BRERARERE
ERiBHE BREEE

Inquiries about copyright and reproduction should be addressed to:Technical
Evaluation and Patent Office, Power Reactor and Nuclear Fuel Development
Corporation 9-13, 1-chome, Akasaka, Minato-ku., Tokyo 107. Japan

BHE - EREBIREIT (Power Reactor and Nuclear Fuel Development
Corporation)




PNC TN454 82-03
July, 1982

Uranium Processing
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Abstract

Uranium rescurces and uranium processing in the world are
described and process innovations and challenges for the future

presented.

It will be predicted that the social concerns and the
stringency of regulatory controls in regard to the radiocactive

waste from uranium processing inclease abruptly.

The cost for the waste treatment is expensive under the
present conditions. It will be necessary to develop the new
uranium preocessings which include the waste treatment and is

economical.
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(Freeport Uranium Recovery Co.  Unele Sam, La. 750000 690,000 HER
Freeport Uranjum Recovery Co.  Donaldsonville, La. 425000 41B,000 1981 EPHAIRR
(@ Agrico Chemical Co. )
Wyoming Mineral Corp. Pierce, Fla. 500,000 425000 e
(@ Farmland Industries)
Gardinier Tampa, Fla. 560,000 450,000 HFEAP
Earth Sciences, Inc. Calpgary, Alberta 160,000 100,000 g
{@Western Cooperative Canada
Fertilizers, Ltd. )
International Minerals & Mulberry, Fla. 840,000 750000 HFERP
Chemical Corp.
{ New Wales Plant )
International Minerals & Bartow, Fla. 1,315000 1,260,000 HpEp
Chemieal Corp. and
(®C.F. Chemical, Inec ) Plant City, Fla. '
Uranium Recovery Corp. Bartow, Fla. 330,000 285000 BELTNVEW
(@W. R. Grace & Co. )

Totals 4525000 4025000

tgt ; U. S. Department of Energy and AIF survey. 1980

BIPEYD £ 2o\ X35 EW (co-production) X LT, 77 VA T& LIty 5 v R
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1980 ik, #

0,05 LTS ¢, ©2HE

v 5 IR, BERSEMHREAL HEMCAEE T BN & LTl o < B,

=24 b (pegmatite ), AR (vein), FEABMEIR (unconformity ), K

(conglomerate ), BERL® 4 (sand stone), BEHAE (bituminous shale), 4

L OEM (metasomatic) DEWEBICHTCHERT A (F—34, CONETHEL T

5o

B—3006, LROFERMONET, SINKS LY T EEREY DT SRy, F—

4 CmrT,

R—A4Thb»2X5, LIRS LT S v AERL LI, BEDARTI S L 8L,

BT, BE, SRS LCTEAEEERB OB L 0D, o hbBREDE, BE #R
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Saskatchewan (Carswell Structure), 1500 - 2000 £ U/a Vein- on or clese to Pitchblende, Uraninite, Coffinite Acid
Canada unconformity
Ontario (Elliot Lake), Canada 2000 - 3000 t U/a Congtomerate Brannerite, Uraninite, Monazite hcid
Saskatchewan {North of Lake 1000 - 2000 t U/a Vein pitchblende Alkaline
Athabasca), Canada
Saskatchewan (Wollaston Lake 10G0 - 2000 t U/a Yein Pitchblende, Carnotite Leid
Fold Belt), Canada
Ontario {Agnew Lake), Canada 100 - 500 t U/a Conglomerate Yranothorite, Monazite Aeid inplace,
Acid heap
Ontaric (Bancroft), Canada 100 - 500 t Y/a “Pegmatite Yraninite, Uranothorite pcid
Ontaric (E1liot Lake), Canada 1000 - 2000 ¢ U/a Conglomerate Uraninite, Drapnecite, ionazite Acid
Ontario {F1}iot Lake), Canada 500 - 1060 t U/a  Conglomerate Uraninite, Brarnerite, Monazite fcid
Ontario (E1ligt Lake}, Canada 500 - 1060 t U/a Conglowerate Uraninite, Brannerite, onazite Lb"aw/:“' o
. . o hinda US04
tew Mexico {Grants Mireral 2000 - 3020 t U/a Sandstone Uraninite heid
Belt), U.S.A, : By 2 A Feox
Utah {Big lndian District}, U.5.A. 200 - 600 t L/a Sandstone Uraninite Alkaline,
s Acid
South Texas, U.S.A. 500 - 1000 v Wa Sandstone Uraninite, Loffinite heid s MM ’gﬁ
[TLhers o2,
Colorado [Front Range), U.S.A. 200 - 1000 t U/a Sandstane (75%) Uraninite, Coffinite (Sandstane) Alkaline
vein (25%) Pitchulende (Yeir) ?,thf»u’”M Ova
Washington (Spakene), U.S.A. 100 - 500 t U/a vein Uraninite, Coffinite, Pitchblende  ficid UbaTA
Wyoming (Powder River Basin), U.5.A. 1000 - 1500 t U/a Sandstone Coffinite, Ureninite Acid
Wyoming (Gas Hilis}, U.S.A, 106 -500 t U/a Sandstone Coffinite hcid
Wew Hexico (Grants Mineral Belt), 3600 - 4000 ¢ Ufa  Sandstione Coffinite hcid
U.S.A,
U - juby L Ufa Sands Lone Uraminitg, Lutinite Ao

Wyoming {Gas Hills), U.S.A.
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wyoming (Shirley Basin), U.S.A.
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New Mexico (Graats Mineral Belt}, U.5.A.
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1660 ¢ U/a

500 t U/a

Ufa
U/a
5060 t U/a
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Acid

Acid |

Atid

Acid

Acid

Acid
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Transvaal (West Witwatersrand),

"South Africa

Transvaal (Central and near
west Rand}, South Africa

Transvaal {Hest Witwatersrand},
South Africa

Orange Free State (Free State
Goldfields), South Africa

Greenland [11imaussag), Denmark

Limousin {Crouzille}, France

Poitou {Vandet), France

Languedoc (Herault), France

Salamanca (Saelices el chico),
Spain

Vastergbtland (Billigen], Sweden

torthern Territury (A))igetar
Rivers), Australia

Nethern Territory (Aliigator
Rivers}, Australia

Nothern Territory (Alligatar
Rivers), Australia

Queensland {Mt lsa- Clancurry),
fustralia

200

500

200

5G0

500

1000

600
500

4C0

1000

2600

3000

1060

500

1

500 t u/a
1000 ¢t U/a
500 tu/fa

1000 t U/a

1000 t Y/fa

u/a
1060 t U/a

500 t U/a
2000 t U/a

Jous L U/a

4000 t© U/a

2000 t U/fa

1000 t Ua

Conglomerate
Conglomerate
Conglomerate
Conglomerate

An intrusion composed
mainly augite syenite

Yein

Yein

Sandstane
Vein
Bituminous coal

Vein

Yein

Yein

Metasomatic

Uraninite

Uraninite, Braanerite,
Thucolite

Uraninite, Uraniferous
carbon

Uraninite

Steenstrupine, Monazite,
Thorite, Eudialyte, Pyrochiors,
Rinkite

Pitchblende, Coffinite,
Subugalite, Autunite, Gumites,
Uranospathite, Phosphuranylite,
Beta-uranotile

Pitchblende, Coffinite, Johanite

Pitchblende, Coffinite,Uraniferpus
organic material, Uranium molybdate,

saleite, Novacekite, Billietite,

Acid
Acid
Acid
hcid

Alkaline
pressure

Acid

Acid

Alkaline pre-
ssure

Uranophane,Zippeite, Curite, Zunerite

pitchblende, Coffinite, Uranophane, Acis,

Kasalite, Gumite, Autunite

Uranium associated with organic
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pitchblende, Uraninitelmsjor),

Uranium silicate, Pseudo brannerite

(minor)

pPitchblende, Uraninite

Pitchblende, Uraninite {major)

S$kiodowskite, Coffinite, Kasolite,

lircon, Psuedo brannerite

Uraninite
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vat tad

Acid

Acid

Acid
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Mg
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d— R+ F DT DA KDL ESITE
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7.1
16576
4725
103
570
409

64.66

7455

2571.4
0.1
5.5
0.6

1-49

7.3

33024

11250

227.5

580

1400

153.7

19596

4144

7.09
0.25
0.05

Honeymoon

6.8-7.0
12000-18000
3800-5000
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1500-2000

0.01-0.3
0-2
2430-12015 PCV/1

unit: mg/1
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Phospheoric acid (Temp: 54-66°C)

Gypsum

Cooling
air in cooling towers

[}

Iron phosphate

Reduction
scrap iron in rotary
drum or pits

and gypsum

0.0 mV

~—Scrap iron

0.1-0.2 g U304/1
!

Extraction
two stages counter-
current contacting

t——Octyl pyro-phosphoric acid—

Phosphoric acid

Solvent + Phosphoric acid

Separation
centrifupges

Solvent

Gypsum

Calcium precipitation
decanter

H,50,

Solvent (1 g-U40g/1)

L 25%-H,50,

[Aétripping and precipitation

12%-HF +
= 25%-H,50,

S

Mixed acid

olvent + Mixed acid + UF,

Separation
centrifuges

Crude UF, as wet cake

Drying

i
Crude UF,
{(40~60% U50g)

Stripped solvent

Fresh solvent

Uranium recovery; ab. 70%

221" 4/ n D BBIC L B BEA DY 5 Y ENT B v



Phosphorﬁc acid(0.1l7g-U/1, 5~6M-H 3P0}

1000 1/min
6 1/min J
. 0.5M~D2EHPA--0. 1254-TOPO--Amscol 50
1006 1/min Extraction - -
(4 stages, 40-50°C) 1
[ 0.32g-U/1
500 1/win <0.02g-0/1
} 500 l/minl 105-Fe/mi
g-Fe/min
Reductive Stripped solvent N Iron metal
stripping _ X
6 1/min (2-3 stages, 50°C) BU-H3P0y, 0. 35K-Fe™™ Reduction
7 l/min 13 1/min
ab.12g~1/1, 6-10g-Fe?t/1, 10-12p-Felt/1
— Oxidation
(90°C) ——— Air
Raffinate 13 1/min 13 1/min
(to fertilizer 0.25g-U/1 . {
production} : 0.3M-D2EHPA-~0 .07 5H-—TOPO——Amsco4 50
1000 1/min Extraction = —
CO9 ~w—— | (4 stages, 30°C)
to stack I
20g-C0;5 /min 13 1/min
| 11.75g-U/1, 1.8g-P0,/1, 0.13g-Fe/l
7 1/min " Scrubbing
f (3 stages, 30°C) Water
Recycle to phosphate ‘ P 7 1/min
rock leaching clrcuit 13 limln
Carbonate strlgping Stripped solvent 13 1/min
r- (2 stages, 40°C) 550 NH /min
- [ 0.5~ (HNy) 5C04 8-
T — 34g-NHq/min, 44g-C05/mi
120g-MH 3 /min 18 limin g 3/min, g sfmin
COp ——— ]
Filtration
. 66g-C07/min and
Aqueous bleed recycle washing

to extractien
25g-Mi5 /min, AUT(44.97-U, 12.7Z-NH3, 34%-CO,)
20g-C05/min | —jCalcination

4g-U/min i
160g-U/min

To stack l
45g-NH3/min
QOg—COZImin U3OB

(97.5%-U30g, 0.5%-Fe, 0.06%-PO,, 0.5%-CO,,
25ppw-Ti, 40ppm-V, 0. 7ppm-Mo)

12
M-22 )DZEHPA+TOPOKl%ﬁ$ﬁ4%®¢5yﬁl1{27u~y—l‘

— 59 —_



1000 1/min

Phosphoric acid(0.

1000 1/min

f

17g-U/1, 5-6M-H4P0y)

Reduction

is unnecessary)

(Reduction of uranium
in phosphoric acid frowm Iron metal
calcined phosphate rock

{

[ Extraction

LﬁEvaporators]

(3-4 stages, 40-45°C)

0.3-0.4M-0PPA--Amscod 50

I
143 1/min

l

Oxidative
stripping

(2-3 stages, 40°C)

Stripped seolvent 143 1/min

r~——NaCl04, 25g/min

——10M-H 3P0y, 13 1/min

{ 1

6.3-7.8M-HqPO,
(To fertilizer
preduction)

22 1/min

13 1/min

22 1/min
l 8g-U/1

13g-0/1

Water, 9 1/min

Extraction
(3 stages, 30°C)

O.3§—D2EHPA——0.0YSE—TOPO——AmSCOASO

1
22 1/min

i

dil H3PO, ———— ]

Scrubbing
(2 stages, 30°C)

—~—Water, 4 1/min

4 1/min
(Recycle to phosphate

rock leaching circuit)

*
0.514—(NH|_,')2003, 1 l/[l'liﬂ""""

Carbonate
stripping
(2 stages, 40°C)

NHj,175g/min———w]
COp, 30g/min —

Filtration
and
washing

‘ AUT

Lpalcinatioq;]
I

160g-Ufmin

|

U30q

Stripped solvent 22 1/min

(97.5%-U30g, 0.5%-Fe, 0.06%-PO,, 0.5%-CO,,

25ppn-Ti, 40ppm-V, O.7ppum-Mo)

* 17g-NHy/min, 22g-C0,/min

3
Z-2370PPA & D2EHPA+TOPOI I ABEMALD Y5 w7 ne e 1

__60.__
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hTeb, SHELHA, FEEWUMKCTLQEER (ZEBBET AT 58, HIRTHE, 5
FEWMBCE, HhVORAEET 2, ZMTHEYZFERYLDECHREBRIN TN S,

5 — 1. WtkFEAEAD

I yREATH, BRAKPEIRLOCORKEHIAAT O, METE~ L
T, MAMTEEA LTRSS TCHERBLTWAD, —HIT, 11 OEATHMTLION, 1~
5tDKELBEET L,
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MM %z fofctlh, WIALCHRIEIN S,
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5y Aa0RUD BT, BHETOZ v o fild, 2 PCi/ml BEOHE RT, L
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0.1%DELH 10001 ORBBHE TRBELABEOZ Y v 4 (Ra™® ) PHERKA,
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(BB Ra¥ 0 0.25 KT B EHECERT S ).
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Ral 0.001 PCi/m1 LF
T BaSO BT 5HIC, Ra bkt LT, AHTE 5 UMAT: D8, ATERE, BN

BAHO Ra i, 1X10*PCi/ml b Fi
WL+ 5, V7 CREBNG 2 BT,

H—-24 Y9 20Heg

@%Tu,7sPf$VA¥+V~bMﬁ&ﬁ%LTméDm¢@¢§ym.aoswm
MTKM?T%aﬁﬁK&%Lﬁviyﬂ,1N—&SO4T@%T6&.%%H¢®¢5
Vﬁﬁ@1~2g/!&&&@f,ﬂﬁm@@ﬁmmlﬁﬂ,%@&smﬁfé%uceﬁ
&%btﬁﬁu%fﬁ,vﬁy%f@kbm.NMHHL%ﬁ&ﬁmLTmtD W o
Cf*&ﬁmbf,%@@ﬁ»v?AmﬁﬁBn%WT%ﬁ,%@%KU“&%%Lﬁ
ﬁ$@¢5yﬁﬁu,&lmmuT&ﬁéobﬁL&ﬂa,C@ﬁ&ﬂ,@%%%%ﬁi
Déb,957%@WT3&M®T,#V—FM%&K&b%hko

RISV O LCL D5 70 A BETE, BBR<) 0 A0SR AN 2, B 5 41
LR TUHE ST L2, HBRED ST ND T, FHRREUMA L~ P4 bR E S
AT, UMERGE,
ﬁkﬂﬂ?AEf@.m%ﬁ@%%%%ﬁ$U5kﬁﬁéé®T,&%m&mwxa
EEREWIITEA EE LAWFEMME IR TN S,
Twﬁuﬁ&ﬁ%%wéﬂﬁfﬂ,ﬁ&ﬁﬁ%ﬁ%%&?ﬁ?yﬁﬁﬂb,%mﬁﬁé
Ué%ﬁm,%ﬁZ(Mh&ﬁb)Tﬂ%én,mmméhéef,ﬁ¢%%%im,m
&E&EK&Nék&émo



TApUBHEFRFO S vy o fitl, BREBHBLI VA2 BRRKCD 5, BHEREICITE Y
—ZEMATY 7y UBERLIRIC, BHETOS Y7 aOREHE, v 7 LRI
BT 5,

BB AEE XL TABEGREDD, Il bht, TAr ) BIHC I LR
LELAZBBERCEINAY S I VD 2 8BETLROONBE, —BKLC A
b Twnhn,

hH &, A2V AMTE, BAKFOTyE2=TEHEEY | ppm M ECELARNW L O IT,
B E T o Tnbh, Agnew Lake T, BEMIBLIUBRTETT » = =7 & Hn
TWaAEDT, BItKPRO7 v 2=THEHBME TRL I L0, FMRT > E=v 4
TEURAKCHEKAL ML TNBREILIE T, BCOHBETr==7THNEHT 25 —
TREL DT,

IR L 2T, EInld bRk, @HEXKRO 80 L ELEEZoTHnE, &K
BO LB I, HANEIWhERTA2HBGE, BABLOLBK, THEKEWET
WIEF 5 v, S M R BT B L e ERTRB T AL,
KEVEE T, BEHROBMARMN —RKRICEBI AN TNnL,

5 — 2. [tk

Y5 YEARDY Sy AERE, 8, BHASOCAREREALE ST, —KICO0 1~
0.5% 4%, TARUEOFRETRELZMIZELHMRNTEZNOT, MBMOKER, 4
CAAVED, AREOTREFLALR—-TS 5,

— B, BRI, 23 )L LTEIWREELN, KFEBEREGRIEFOENKELN
Bo BIWICE, BIRHAE, 27>, Y0 s flicOPHEMREETRTVE, ThD
WEOT, RUCEER LERAUNOERIEEL A0, £ELTF Y0 AL TOBBAER
MTHEI VM THb,

BFEPLEEINTWAI YT 40 95 B U ERBEINWFCARRT L, ZINHELA~D
FINORMBIK L B RHEEHRREL I P A2 (Re®?) il 28 W, £&LTF Yy Aty
YD TE D, INCHILEHNTEIRLTHEE, BE LBEAC L AR THRMAI4ER
ANBOT, LCENFOZ Vv 25 BEHL, RAEHRT 5,

BINC L BHHEBRES Pt EL 257200, LIWTEHE LU EHE, K



CRAVBBLBEARERMEA TS EoTLE S HEY, BE, KETFAbhTeb,
TARCHRLEUAR P AbhTn A,

BINTRHICEKEDD L4 = IHICH, THEKELBO@ I, AT =27 70
b2zl —t, TL5]T2770  l, Znrza7 bR )cFry (BRASL
Hypalon ), # MY 2 4~ b o b+, % k0 Saline Seal NO?%ﬁLﬁi§%
EHD D,

ﬁémi%&b#ﬁﬁﬂ~ﬁ&bf@,94:yﬁwﬁmm5na$ﬁmﬁi$,m$
BPLURARZENANLNTWE, CALDONS—HICLoT, B, & %588 T
EOHMAR, BIWPCFTEThEMBEOMEEEIL, & LUMBICI 20M%E &5 b
BNEToT, BU~OEINOHEEHILT 2 L8, 5 V> A20ORE 5 CrnT
bho 7 N HAARPMBGILITE, »- FNAHKIVFIR, B 5BREED KSR ICHRES
NTnBZENRBETD L, KARFO LK, EMEHRCLLKPORTM~OBE %
BETTHHNT, 7 -PUBB R I LA BT E2bA TV S, .

KETE, 295604 V9 5 > MBI v b O i 43185 70T B 2 25 4 (1978
( Uranium mill tailing radiation control act of 1978 ) ®®RED T, kv 5
YHBRELEI OB BT Ao TED, BIWORES, v 5 MUEFUI DY E
(UMTRA) Blio 4 LI, DOR #bZ Ao Tnih, RAHRTH, 5 N, ZInsg
2 PREETIE, LM TRPHAC L 2 AR EOERB ORI, LI NRES
3SmUEOBEITEELALBRALE T 52 L, BANEELAMNMIK 3 Mg 2

L, PLUBRBA LT LALLONT, #2ls IUBRBEEOBRAL CRBL, BiR%

BPCAhoTnE,

48) 49)
ﬁémMEnﬁmf@M%m§<kcabh1maﬁ,%@ﬁﬁ&bfm,ﬁ%ﬁﬁ¢

BHBORBEH LT 50 0ERNECEEOBER BB BB L TWT, S5,
FIRBL LUUHD: CE LAR AN A EORAMBERDOLTR L, FCRBEREFC 2H
haTds9,

513
BEOBIC, IDhLI 0 a2BETLHRY, 2R DL RbRATHEN, 4
RETORBANL AV,



6. # ) ¥

VI YBKRBRREIN, U, AR IUABRERE LY S Y OERDE Y BT % o
Fe BT, BB LUOMBECDONATOREL L FEB A4 bbb, FTRLOFKRL S,
COBRRODFMEL R, 07 b BT 5 L ORBENTENESRABIE - LA 2.

WEEL LCERO T WA %515+ 2,

(DG frf&, WHEEE., 54 + ¥ 2O, W &R B A 4,

CRE FHORE, HR, BHAN HERR, BRE, BA, A5, Loms
DHR REAE E,

@OHA, AR, WHE LU 30, WHEME S LU, # % S+ 5 300,

Wi TR TR, KE HTKE b LFHPCEE,

(BYHASAH & B 44

(6)45 31 0 (X D A5 4

Moo RMEIURGTEL L0 5 CERCHT HME, BEiEer LrEAEMO %Y

@)L iy - g, W, BK, BL, HAELF2 $wz=r— oy ¥,

OB FHR B, TR, FEEE L ELY, PLUREELE &,

APGAER & 3L @ PEHR, ®E, v 35 raha, BtEe LU TREEL &,

UDERQLHE © BAEMM, HHRME, LB, JARA EOWPET — 2, $ LUy,

WMBE: 2~ — 72 Vs LU BEE T 2 b T, Wik oFBEBOME, +hbi
BOIRRT 2+ O, BN DU, 7 — 2 U0 5 RIS 4 00 Pt B LUK A B+ 2
WE (N ODDWRIhAFEEDT T, W OhOMBEABITAND L &HE ),

WEEMA : OB TEBAOERES L UFKHEA Eo DAKME Tl B,

MBS I 1o X ORI B0 2 IR+ MBRIC A L T 2k L et o L, PR
PLURBUER~OES,

IDERHEHL 7% & O HNIE © FURBB DO H ik,

@ EROHEIHE b3 Lo, EMTINE, R HD, I, g, BEES, A4
R, PIUHBABRNTREY 7 v BT 2 EBBEEDL D, v 5~ BRENOEE X
fiti % Ko 2, ’

BOLFMEE b & & LT, AER LB ETEEE PO Y 5 YOO & X i -
AR ERBOBHB EHE LT, RENCEMMETEIODRML, #LUEEIRLY S



YORTEFRORB LA ol BRET, AHE 1 0y F75 > b #BR LT, RBRMICERE
TEThS. Ay FTI M REPMBL, RS LCRER Y S L EICET AT
BOTF— 2L b, TAMESOMICHALLC AbAL,

. “Mayh75

JRET 7 VRBBCERLST, <485 772 THEBWICHRES 2 %95 B8h
GAZ A= X EET TERAMACSC RO L I, LFLALETR N, HRSHHO
BRT 2L, MAOTBRIDASA oy MEXRTY, BADRHTHL PE A,

K%nwﬁ75ybDmﬁﬁ¥®E%ﬁﬂﬂ%IEfE%éﬂ%%ﬁgxﬂé&&ﬁb
—HOEMREL, MR D OMREBONTVAZ L2 HLD B, Q UV A 2%t %
STET, ZBEDI VA2 CH R I EBOFEAHALLC L, BFELETNTATE
HBCBERT 2R MBORBREEIOL T L, %%KﬁﬁmiﬁﬁCﬁb&M&%Bﬁmﬁ
BOMH, 7o —v— OMHBOEE, PIUARDEREKER LTS S,

S4By bTS Y TORETHESNE LT, BUEBRRBBORNSET 2 M i % 548
&b H 5,

BBODIAGIITHE, <A my 752 b % BRIBALTnoT, SBHARES 1
ROBNEATLAMENLE T AHBELD 5,

8. © ¥ U

VIR B RN T e - - R EET LI TOBBREMACREILT, & ok
ﬁﬁﬁngﬁﬁﬂ&&ﬁibf%,%@ﬂﬁ&@.&ﬂ@%%it&%%%ﬁ#&&ﬁ
BOREWMMBNRES R FETYRLLEL T LWL AN,

BRLTTH, L DRENZMBECEIRAEINTE AL, 4K, WSk L EEminm
Ee—hIC LA, REDLABZRA LAY Y MHELEL, TOHLANMENL hAE
HCEHECRELDBLOBOHLLNETHA S,

BHEREYOLER L A RBEOREN T T2 TREC 2o TH Lz L TFEIN LD T,
%n%m%ﬁ%%%k;Uﬁ%%%ﬁﬁ¢5&%ﬁﬁﬁ;Uﬁﬂib%.—%%ﬁbﬁ%i
DERCN>T, 07 REE (FBEEGURELT LAY 5 o UBEE) 2 BT LANE, D5
Vﬂﬁm@ﬁﬁﬁﬁ?%fééﬁuﬁbmﬂﬁﬁm,%i?%bhféh%(@ﬂﬁ&ﬁ&




FEIAMpAMELEI N 2 A MO KA I b00PHsL, FIlniEls L TEFELT A,



B Bk

1) OECD, NEA and TAEA (1981), Uranium-resource, production and demand;

2) R.V. Davies et al. (1964), Extraction of uranium from sea water;
Nature (Sept.), 12, 203, 1110-1115

3) ﬁ%$%@§ﬁ%(msw,@%%@K$Hé¢5yﬁﬁﬁ%©ﬁﬁ(wsm,Em

MK N433-81-02, 182

4) D.R. George and J.R. Ross (1967), Recovery of uranium from uranium
mine waters and copper ore leaching solutions; Processing of low-
grade uranium ores, IAEA, 227-234

5) TAEA#(1980), Significance of mineralogy in the development of flow-
sheet for processing uranium ores; IAEA, 230-241

6} J.W. von Backstrom and R.E. Jacob (1979), Uranium in South Africa
and South West Africa (Namibia); Phil. Trans. R. Soc. Lond. A., 291,
307-319
7 F.I. Dahlkamp (1980), The time related occurrence of uranium de-
posits; Mineral. Deposits (Berl.), 15, 69-79
8) F.J. Dahlkamp (1979), Classification of uranium deposits; Mineral.
Deposits (Berl.), 13, 83-104
9) vI¥ by ARYBIRERS (B36), VI -TORB LYY, HEEE,
332-341
10) ﬁﬁm,Kﬁ%—%.ﬁm%%(msm,f%mmgmv5y@%mﬁmomr;ﬁm
HHE, 15(6), 287-298
11) R.S. Clarke Jr. and Z.S. Altschuler (1958), Determination of the
oxidation state of uranium in apatite and phosphorite deposits;
Geochimica et Cosmochimica Acta, 13, 127-142
12) BEHE—-(1975), YABR( VABIERE) h b0 5 v HIN y BRI PNCT
842-75-05
13) H.H., Adler (1974), Concepts of uranium-ore formation in reducing

environments in sandstones and other sediments; Formation of



uranium ore deposits, IAEA, IAEA-SM-183/43, 141-168

14) H.C. Christopher and J.R. William (1979), Recovery of uranium by in
situ solution mining; Colorado school of mines, 0010-1745/79/2201, 12
15) Monitor (June 1980), Solution mining in the United States; 29-32
16) L.D. Boughton (1971), Sclution mining well completion services and
techniques; 71-AS-36, Society of mining engineers of aime, New York, 18
17) NEA/IAEA, Uranium extraction technology (draft); NEA/TIAEA
18) A.J. Kuhaida, Jr. and M.J. Kelly { A 8 ), Solution (in situ leach)
19)  LEHE—A0, MRS, IRHEEER, W/IEIE (WE54), TARURKHES LD Y F A,
201, — 44 ML — ) BREEREA®R AN -441-79-05, 25
20) R.C. Merrit (1971), The extractive metallurgy of uranium; Johnson
publishing company, 576
21) Mines administration pty. limited (Australié) {March 1981), Honey-
moon project - Final environmental impact statement, 87
22) Hazen research, Inc. (1980), In-situ recovery of uranium from
Peterson property samples; 35
23) G. Hunkin (1975), Environmental impact of solution mining for
uranium; Mining Congress Journal, October
24) J. Cameron (1979), The history of the evaluation and exploitation
of a group of small uranium mines in Portugal; International sympo-
sium on uranium evaluation and mining techniques, IAEA, Buenos Aires
25) kag=, LBE—m(1978), 21, 75 vaR =Y —AHIEREH B

MR AW PNC -N455-78—-01, 20

26)

27)

28)

R.G. Woslery and S. Ramachandran (1978), An alkaline heap leach

evaluation: South Texas uranium geminar, 87-90
R.C. Merrit (1979), Uranium ore processing; Uranium resource/tech-
nology seminar, 208-243

D.J. King and P.M. Blythe (May 1979), The impact of the design of

uranium extraction plants due to the use of a fluidized bed seclid



29)
30)
31)

32)
33)
34)
35)!
36)

37)

38)

39

40)
41)

ion exchange loading system; CIM Bulltin, 135-140

R.J. Ring (1979), Alternative leaching process for uranium ores;

Seventh Australian conference on chemical engineering, 1979, 22-24

August, 226-230

b.D. Skorovarov, et al. (1979), Processing of low grade uranium ores

in the USSR; Proceedings of an advisory group meeting on uranium ore

processing, IAEA, Vienna, AAEC-LIB/TRANS-621

D.W. Boydell (1980), Impurities in uranium process solutions; Pro-

duction of yellow cake and uranium fluoride, Proceedings of an ad-

visory group meeting, Parisg, June 1979, TAFA, 29-49

Mining engineers (August 1974), United Nuclear-Homestake parters

recover U30g via alkaline leaching; 34-36

AAERTS (1980), e RMNM, BE- AROSBY, NHF2 | HMEALE
SRS 4, 338

KU, LOTTE(1975), BABH & BEKMIT | ST IR SH, 309

LFTFEEHE (1975), (LB THER, WT=R ) LBER&H, 1450

A. Himsley (1979), Continuous ion exchange processes in uranium ex-

traction; Pacific southwest minerals conference, 25

J.W. Clegg and D.D. Foley (19538), Uranium ore processing; Addison-

Wesley publishing company, Inc., 436

W.M. Craig, et al. (July 1978) The design and operation of a con-

tinuous ion exchange demonstration plant for the recovery of uranium;

Journal of the South-African institute of mining and metallurgy,

316-324

J.H. Perry (1963), Chemical engineers' handbook; 21-17, McGraw-Hill,

New York

R.E. Treybal (1963), Liquid extraction, 2nd edition,

A.J. Brown and B.C. Hayden (1978), A comparison of liquid and resin

ion exchange process for purification and concentration of urani-



42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

ferous selution; Can. inst. min. metal, Annual conf. Metallurgists,
Montreal
Mining engineering (1974), Anacond's resin-in-pulp process: Another

route to yellow cake; 32, August, 31-33

BENE(1981), ABMPENRNC T2y 7 > Wie LRR , OAREESE, 97,

860 -865

J. Kennedy (1965), Extraction of uranium from sea water, Part 1:
The physical and chemical states of uranium in sea water; Chemistry
division, Atomic energy research establishment, Harwell, Berkshire,
AERE-R5023, 49

F.E. Harrington, et al. (1966), Cost commentary on a proposed
method for recovery of uranium from sea water; Oak Ridge national
laboratory, ORNL-TM-4757, 77

H.R. Beard, I.L. Nichols and D.C. Seidel (1979), Absorption of
radium and thorium from Wyoming and Utah uranium mill tailing so-
lutlon; Bureau of mines report of investigations, RIB396, 15

5.M. Barmes, J.L. Buelt and V.0. Hale (1981), Accelerated aging
tests of liners for uranium mill tallings disposal; DOE/UMT-0205,
PNL-4049, UC-70A, 42

U.S. Nuclear regulatory commission (1979), Draft generic environ-
mental impact statement on uranium milling; NUREG-0511, 1, summary
and text

U.S. Nuclear regulatory commission (1979), Draft peneric environ-
mental impact statement on uranium milling: NUREG-0511.2. Appen-
dices

R.K. Ryan and D.M. Levins (1980), Extraction of radium from uranium
tailings; CIM Bulletin, 73, 822, 126-133

C.N. Wentz, R.C. Merritt, and H.D. Peterson (1979), Heap leaching

of uranium ore; 108th AIME annual meeting, 19



52} C.A. Fleming and M.J. Nicol (Feb. 1980}, A comparative study of

kinetic models for the extraction of uranium by strong-base anion-

exchange resins; Journal of the South African institute of mining

and metallurgy, 89-99

— 73 —



