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INTRODUCTION 

T H I S  PlOFGUING, I WOULD L I K E  TO ADDi7Z'S.S THE .IJWLNIUbl-PLUTO1\II-fl~i I.'mL CYCLE 

AS I T  P-WSENTLY E X I S T S ,  AND Em'4INE THE AOJUSThEMTS IWICSI A m  ~~TECESSITA'TED 

BY A RECENT S E R I E S  O F  P O L I T I C A L  DECISIONS PXDE TO IMPROVE THE NONPROLIFERATION 

OBJECTIVES O F  THE UNITED STATES. I N I T I A L L Y ,  THE 14AJOR D E C I S I O N S  L E m I M G .  TO 

!, . THE CURRENT CONDITIONS OF THE CYCLE WILL. BE REVIZ\JEI) AND THE PROGRMIS A I E E D  

A T  I\J)DRESSING THE CONCOMITAXT PROBLEXS WILL BE OUTLINED BRIEFLY.  - SELECTED 

bIETHODS TO ALTER THE BACK END OF THE CYCLE WILL THEN BE. DESCRIBED BY SELECTING 

ALTERNATIVE OPEEWTIONAZ MODES THAT ARE UNDER C0;JSIDERATION T O  CONSTPAIN OR 

"IIARDEN" THE CYCLE. ALTHOUGH NO F I N A L  CHOICE CAN BE PWDE A T  T H I S  T I M E ,  SEVERPAL 

TYPICAL FEPROCESSING PLANT FLOWSHEETS BiILL BE PRZSENTED TO GIVE YOU AN APPRECIA- 

T I O N  FOR S O 1 E  OF THE T E C H N I C . !  ASPECTS OF T E S E  ALTEmjATIVES. THE EFFECTS O F  

THESE DIVEF.SION-R3SISTIZNT.FLOT,U'SHEETS, PXICH YIELD PRODUCTS O F  DIFFERENT CHAR- 

A C T E R I S T I C S ,  ON TKE OXIDE COXVERSION A i D  FUEL FABRICATION SYSTDIS b7ILL BE . 

DISCUSSED I M  SONS DETAIL.  FINALLY, TEE STATUS O F  "CLOSING-THE-CYCLE" \ J I L L  BE 

CONSIDEFED I N  THE LIGHT O F  THE P-RESENT SITU>.TION.. 

P O L I T I C A L . D E C I S I O ~ ~ S  AFFECTING THE NUCLEAR FUEL CYCLE 

OVER THE PAST FEW YEARS, MAJOR P O L I T I C A L  D E C I S I O N S  HAVE CAUSED MAJOR 

PERTURijA'PIO>iS TO TI-IE NUCLEAR F m L  CYCLE. WE ARE NOT ATTEFIPTIMG TO SOLVE ANY 

POLI'.L'ICAL PROBLEMS J b l  T H I S  TALK. OUR TOUCHING ON THESE P O L I T I C A L  D E C I S I O N S  

I S  TO EST3SLISI-L THE CLIPlATE 1.N TJHICEI THE TECHNICAL D E C I S I O N S  WILL J3.AVE TO BE 

MADE. q 

PRF'PT377\', d.>. , 1;?l.r CARTER' s A?J~JOUNCEPENT OF APRIL 7, 1977,  HAS CERTAINLY HAD A 

PI~ONOllXCGD EFFECT ON NUCLEAR FUEL CYCLE PL4NXING. FIGiJRE 1 PRESENTS THE 

POL'iCY IIIERARCFIY DIRECTLY AFFECTING TiXE CYCLE. B A S X C U L Y ,  HE ANNOUNCED THAT, 

I N  'l'III: 1JATIONAL INTEREST,  TIIE UNI!rED STATES SIIOULD ACTIVELY DISCOUKiSGE TiIB 

PROLIPEIW'rION OF NUCLEAR pxAPONS. I N  ADDITION, HE O F F E E D  AN I?.LPLE?*?PlTATIO?.J 



AND DOPESTIC NEEDS: AND ( 2 )  EXPLORE, ON AN INTEJXWATION& BASIS ,  AN PLZDPROACH 

TO REDUCE THE S?FEAD OF PiUCLm EXPLOSI-VE CAPAEIEITY, HE THEN OUTr,I?iED A 

SERIES OF SHORT-TEa1 TACTICS TO BE CARiIED OUT WITIfIN A TWO-YEiL? T I t ; E  FE~F\I'JZE. 

THESE TACTICS INCLUDED THE DEFEFtRAL OF Co?LERCIAL REPROCESSING I N  THE WIITED 

STATES AND EST-BLISFPlENT OF 1.1AJOR PROGRkYS TO ADDFSSS TIIE ISSUE.  THE INTER- 

NATIONAL FUEL C Y C U  EVALUATION (INFCE) A N D  THE NONPROLIFERATION AI,TEEZI\J&TE 

SYSTEM ASSESSEENT P R O G W  ' (NASA!?) WERE SPECIFICZGLY t4ENTIONED. BRIEF DISCUS- 

SIONS OF THESE PROGm4S AtYD T B I R  OBJECTIVES TJILTA BE INCLUDED I N  TE2  SECTIONS 

THAT FOLLOW, 

THE COMGRESS ALSO EXPaESSED CONCERN ON TIlE NONPROLIFERATION ISSUE AND 

RESPONDED WITH LEGISLATIOX, PASSED I N  F I N A L  FOR4 IN SEPTZ>lBER 1977, T.THICIf S E T  

FORTH THE POLICY OF THE UNITED STATES. THE MOST RECENT LEGISLATION PASSED, 

HR-8638 AND S - 8 9 7 ,  SPELLS OUT TdE SPECIFIC U.S. POSITION. FIGURE 2 PRESENTS 

A SU1.IiYARY OF THIS POLICY AS EXTRACTED FROX THE BILL.  

I N  ADDITIO>7 TO THE P40% RECENT DISCUSSIONS RELATING TO NONPROLIFERr~TIOX, 

A SENES OF POLITICAL DECISIONS PJLZDE OVZR THE PAST DECADE.REFLECTZD THE DESIRES 

OF TI-IE UNITED STATES. SPECIFICALLY, ON DECEPLEER 2, 1967, PRESIDENT JOEINSON 

S ~ A T E ~  I N  A SATELLITE TELEVISION CO>~lUNICATION WITH PRESIDENT SAmGET OF ITALY 

THAT TIIE "U.S. PiOULD PERYIT TIlE INTERNATIONAL ATOMIC ENERGY AGENCY. TO APPLY 

I T S  SAF'EGUAlWS TO ALL NUCLEAR FACILITIES  I N  THE UNITED STATES .... EXCLUDING 

ONLY TIIOSE WITII DIRECT NATIONAL SECURITY SIGNIFICANCE." THE OBJECTIVES Or" 

TI.IIS OFFER tqAS TO INDICATE THE STRONG SUPPORT THAT THE UNITED STATES HAD FOX 

TIIE NOEiPD.OLII?EPATIGN TREATY. EACH SUCCEEDING PTZESIDEEIT HAS GONE ON RECORD 

AS SUPPORTIPIG THE ISSUE- ALTHOUGFI TI.IIS OPFELi PJAS IiL4DE EARLY, I T  HAS NOT BEEN. 

ACCEPI'E:D: HO!.iET\WR, TI-IERE I S  SOXE INDICATIOX THAT I T  T'IILL SOON BE IPL?LEI,IEXTZD. 



PIO-XD O F  TiIE NUCLEAR F U E L  CYCLE I S  ONE O F  SI"I'DIES AND P A P E R .  THE S T U D I E S  

I b w O L V I N G  THE I ~ ~ L P R O V E F ~ N T  or" TZIE DIVERSION-RESISTANT i i . i ~  N O N P R O L I F E X ~ T I ~ N  

ASPECTS OF THE FUEL CYCLE FIAVE NOT PROGXESSED INTO THE L ~ B O ~ T O F ~ I E S ,  E Q U I P ~ N T  

DETEL6??4ENT1 O R  DEPIONSTRATION PXASES ON A MAJOR S C A L E .  SOZtE O F  T H E  P R I ' N C I P A L  

STUDY PROSRAE*IS THAT HAVE BEEN COXPLETED OR ARE UNDER .VTAY ARE B1I IEFLY SUZiIfi4RIZED 

E G I O N X L  NUCLEAR F U E L  CYCLE CENTER STUDY 

T H E  REGIONAL NUCLEAR F U E L  CYCLE CENTER STUDY P R O J E C T  WAS U F i D E R T m N  BY 

THE INTERLUATIONU ATOI'IIC E I E R G Y  AGENCY ( I A E A )  IPJ 1.975 AND WAS IIEPORTED f N  FIMAI,  

FOW4 I N  A S E R I E S  OF !l37O V O L U ? E S  I N  1977. THE ADVANTAGES AND. LIt.IITATIOi\:S 

E S T A B L I S F E D  FROM THE STUDY A F E  PRESENTED, I N  F I G U R E  3 .  I T  WAS F E L T  THAT T H E  

ADVANTAGES ACCURING FRO31 A RFCC P?OULD INCLUDE (I) PEDUCTION O F  I N C E N T I V E S  

FOX PTATIONFIl; PLANTS,  (2) I N C P a S E D  CONFIDENCE I N  THE S.WEGUARDAJ3ILITY O F  T H E  

BACK E?JD O F  THE CYCLE, ( 3 )  R E L I E F  FRO21 THE PROBLE2.1 O F  S P E N T  F U E L  STOSXGE 

S P A C E ,  ( 4 )  RZDUCTIObI ;IF' S.WEGUAFDS C O S T S ,  AND ( 5 )  ENHA?iCE?tE>IT OF-  P U S L I C  . . 

ACCEPTALLCE. LIMITATIONS T-JOULD INCLUDE ( 1 ) P O T ~ T T I A L  PHPSICAL PROTECTIO~I 

E ~ U I P S P I S N T S  ( 2 )  THE'  TRANSFER OF' S E N S I T I V E  TECHNOTJOGY TO OTHERS,  AKD 

( 3 )  T-LUOVER PROBLEMS. 

1 1 ~ 1 0 .  NUCLEAR F U E L  CYCLE EVALUATION ( I N F C E )  . . 

I N  ACCORD WIT11 P R E S I D E N T  C A ~ T E R ' S  D I I X C T I O N ,  TI-IE I b F C E  PROGXW~l b7AS 

I N I T I A T E D  O F F I C I A L L Y  ON OCTOSER 19,  1977. TIIE B A S I C  GOAL O F  T H I S  PROGRilSl 

I S  TO CONDUCT, ON AN I M T E R N A T I O N U  B A S I S ,  TECIINICAL Ar'JD ANALYTICAL S T U D I E S  

O F  1 . G X S U X S  P7HICH CAN B E  TAKEN A T  THE NATIONAL LEVEL AhlD TI.IROUC-H INTERNATIONAL 

A G ~ ~ ~ ~ i . : Z J T S  TO I41MIMIZE TI-IE PROLIFEKkTIO>J  O F  ,NUCLEAR \\XAPO>lS LJITHOUT J E O P A R D I Z I N G  



ENERGY S U P P L I E 2 S  OR T H E  DEVEL0P:JZNT O F  TJ'UCLEAR ENERGY FOX P E A C E F U L  PU,WOSES.  

T H E  EVALUATIONS bE;IZRE D I V I D E D  II'JTO A S S P X E S  O F  E I G H T  L.L?JOR T A S K S ,  A S  P E S E N T E D  

Ilu '  F I G U R E  4. T H I S  S L I D E ' A L S O  INCLUDES TIIE NATIONS RZSPONSIBLE F O R  EACH O F  

TilS TASKS TO B S  EVALUATED. THE TmGET COY-DLETION DATE F O R  T H E  STUDY PIAS 

E S T A B L I S H E D  A S  NOVEMBER 1979. 

NASAP 
L )  ' 

THE 14AJOR NONPROLIFERATION STUDY UXDER \JAY I N  ' T H E  U N I E D  S T A T E S  I S  N A S A P ,  

I ~ I C I I  IS BEING CONDUCTED m-DER THE DIFSCTION OF THE D E P ~ T ~ I E N T  OF EPJERGY (DOE) .  

T H I S  PROGRAM HAS THREE MAJOR OBJECTIVES ( S E E  F I G .  5 )  : (1) T O  I D E N ' r I F Y  P a F E R R E D  

NUCLEAR S Y S T E 2 G  ALTERNATIVES AND FECOPL?!!ND P'i?OGRPJ4S F O R  I1.LPLmENTING T!iESE 

ALTERNATIVZS:  ( 2 )  TO I D E N T I F Y  O P T I O N S  FOX I N S T U T I O N a .  ARI&NGFJ,!EMTS T O  ENHANCE 

THE PROLIFELR&TION RESISTAfiJCE O F  P R E F E R i D  NUCLEAR SYSTE31 ALTER.XATIVES, AND 

(3 )  T O  P R O V I D E  TECIIMICAL ASSISTAXCE TO T E E  DEPARTMENT O F  S T A T E  . I N  S U P P O R T  O F  

THE I N F C E  PR0GWU.Y. 

ACTIVITIES CONCERNING THE BARXWELL NU.CLZ-PS FELS REPROCESSING PLANT (BNFP) 

THE ROLE AND 0UTCOi.E OF T T E  S T U D I E S  CURRFNTLY I N  PROGRESS T O  D E C I D E  T H E  

, F A T E  O F  THE $253 1.I ILLION BNFP LOCATED I F J  SOUTH CAROLINA t l I L L  B E  HIGHLY S I G N I F I C A N T  

T O  U . S .  NONPROLIFER4TION P O L I C Y  AND THT NUCLYAR F U E L  CYCLE. TTqO M.AJOR S T U D I E S  

PRESENTLY UNDER WAY A P E  SCHEDULED FOR CO2,l.I;?LETION I N  1978. A U T H O Z Z E D  3 Y  

C0NGRESSIO'MA.L LEGISLA'CION AND DIRECTED BY THE DOE, THEY ARE FUNDED I N  TWO 

PACKAGES TOTALING $14 M I L L I O N -  THE F I R S T  OF THE S T U D I E S ,  T H E  D A W J J E L L  A P P L I C A -  a 

B I L I T Y  STUDY ( B A S ) ,  I S  AUTHORIZED AT TPX $1 I4ILLION L E V E L  AND I S  B E I M G ' C A R R I E D  

OUT 5Y DOE CO?JTPACTORS, PRIVATE FIRLYS, A?JD S E V E R j L  D I V I S I O X S  O F  DOE, IMCLUDIMG 

NPD, D S S ,  I A ,  AND T I i E I R  R E S P E C T I V E  CONTX\CTO-a. I T  I S  EXPECTED T O  I N T E R F A C E  

CLOS.CLY blITFI. Ti iE O B J E C T I V E S  O F  THE I N F C E  P R O G W I ,  T H E  I A E A ,  AND THE U N I T E D  

NAT:[O?IS. F I G U P 3  6 PRESENTS A SU?J\M,~RY O F  THE'BAS A S  I T  m L X T E S  T O  T H E  O S J E C T I a S  



O F  THESE OTHER PF,OGRhCIS. THE SECO?ID PROGmI, AUTHC)i?IZED AT T l I E  $13 t,1ILr4.IO>: 

L m L ,  WILL, B E  CARRIED OUT BY TXE BNFP STAFF I N  SUPZ'ORT O F  T H E  BAS.  DASICALT,Y, 

T k E  L q T T E R  STUDY (FIGu~PE: 7) WILL INVOLVE RCD AND W I L L  B E  D I R E C T Z D  TO:JAm . 

(1) A S S E S S I N G  SPENT F U E L  t,II\.MAGEZ.EMT F ~ C T I O N S ,  ( 2 )  TESTIb lG T H E  PE?ZOm~ANCE . 

O F  'ADVANCED SAFEGUARDS SYSTEXS FmEM INTZG-ATED I\IITH PROCESS CONTZOL SYSTEI'.!S, 

( 3 )  EVALUATING THE ALTER?~A$IVE REPROCESSING ??ODES F O R  UFabJIUbl-SASED LbIR F U E L S ,  

(4)  EVALUATING TI-IE F E A S I B I L I T Y  O F  THE PEPROCESSIMG O F  THORIUI\I-SASED F U E L S ,  

AND ( 5 )  STUDYING THE IJ1AIbRENmCE, TECHNICbAL T P A I N I N G  , AND D m L O P p E : -  J4T O F  A 

PROG-wI TO F A C I L I T A T E  140TiElAL;LIMG OR DXCO$LVISSIOWING O F  A E P R O C E S S I N G  PL3.ST. 

"~IARDENING" THE NUCLEAR FUEL CYCLE 

THE FOREGOING D I S C U S S I O N S  A m  INTmDED TO F r W I L I A R I Z E  YOU WITH THE BACK- 

GROUND O F  THE S I G N I F I C A N T  EVENTS THAT LEAD U P  T O  THE MORE TECFINICIU; D I S C U S S I O N  

TECHNICAL SOLUTION BUT WILL DEPEND BOTH ON All1 APPLICATIO21 O F  TZCFINOLOGICAL 

IP4PROVB?4ELE:?JT AND ODJ POLITICkAL SOLUTIONS AI4ONG NATIONS. T.7ITII T H I S  I N  MIND, I 

WOULD L I K E  T O  TALK AI30UT S O t C  O F  THE T Y P I C A L  SCilE:ES BEING C O N S I D E m D  FOR 

ALTERING TIlE FUEL CYCLE T3 PROVIDE FOR A SYSTEM THAT I S  MORE. W S I S T m T  TO 

D I V E R S I O N  AND PROLIFERATIOX. I N  T H I S  RESPECT, I H A W  DARAL;liV HEAVILY ON 

TECIINICAL IPSFOR?~Wl'ION GENERATED AT O W L  AND AT HEDL I N  SiJPPOXT O F  TXE BAIUKvTLL 

A P P L I C A B I L I T Y  STUDY. . . 

A ILliJDY "MAP" OF THE PROCESSING S T E P S  REQUIRED I N  THE BACK END O F  THE 

F U E L  CYCLE AND SQNE OE' THE P O S S I B L E  AL'L'ERtVATIVES IS  G I V E X  I N  F I G U R E  8. I N  

T1I:CS I)IAGRAI~I, SEVJZRRL O F  TIlE BACK-END S T E P S  ARE SH0S.m I N  THE 5 COLUI'.LiS T O  T E E  

MGl['.L': F%'FROCESSING, STOX,,GE, C O P i ~ Z R S I O N ,  S H I P P I N G ,  AND F U E L  l?ABRICATION. 

TIIE PO[JR RUMS ILLUSTRATE ALTERNATIVE FUEL CYCLE FIITFI D I F F E R I N G  D.EGREES . O F  

PROTE:CTION AGAINST DIVERSION.  INCIDENTALLY, THEPS ARE TSJO D I F F E R E N T  K I N D S  

O F  C I V E R S I O N S  W i i C H  IS  TfiE I&JOR CONCERX O F  T H I S  SYI,!POSIU?.l, B U T  I T  GOES 



p7ITROUT SAYI'NG TiiAT PROTECTION AGAINST SUBNATIONAL DIVERSIOZI, FOR ~ y ~ y z p [ E ,  

BY A TERRORIST GROUT I S  --SO NEEDED. SINCE THE RESOURCES AND OSJECTIVES OF 

TFiESE TIJO TYPES OF D I E R S I O N  D.IFFER, SO ALSO FllILL TiiE EFFECT1VEb:SS OF' 

D I F F E X X T  C O U N ' I E L ~ U ~ S U ~ E ' S .  m1LESS T.E .%'ATE OTHERWISE, I N  T H I S  PAPER, P E  WILL 

BE TLUKING ABOUT PROLIFEFLATION. 

RETURL\iICjG TO THE FIGURE : WE C\IILL FIRST DISCUSS THE ALTERNATIVE SC:FIEplES 

0 - 
FOR'CAWYING OUT TEE FUEL, CYCLE, AND THEN GO BACK AND DISCUSS I N  El.IORE DETAIL 

SEVER4L OF THE STEPS AND HOW THE ALTEF3IATImS INTERACT WITH EACH O T G K .  I T  

SHOULD BE OBSERVED THAT T H E E  I S  ONE IJIAJOR STEP I N  TEE FUEL CYCLE T m T  kTE 

HAVE LEFT OUT: HIGIi LEVEL IWDIOACTIVE T31ASTE DISPOSPL. NONE OF THE SCEIS$ES. 

DISCUSSED HE= WILL HAVE SIGMIFIC-?&'I? EFFFCI' ON THE T.JP.STE PROBLEM, SC) TINT 

I T  I S  A CONSTtWT k . E  WILL DXOP OUT OF TODAY'S DISCUSSION, 

THE F I R S T  ROW, LABELED PUREX, ILLUSTFtATES WKAT MIGHT BE CALLED TXE 

CO?TVENTIONAL U R 4 I ~ I U P I - P L U T O  FUEL CYCLE. I N  THIS  SCHEPE, THE PLUTOP:IU4I I S  

SEPARATED FROM URANIUM, HIGHLY PURIFIED, AND HELD I N  A STO&?GE TANK AS PURIFIED 

PLL'TOIdIUt,l NITRATE. LATER, I N  A COhTvERSim~;. FACILITY, TKL PLUTONIil2t I S  CONVERTED 

TO A CERiU.1I.C-GRADE OXIDE AGAIN P L q C D  I N  STORAGE. S T I L L  LATER, THE OXIDE 

I S  SHIPPED TO A FUEL F,!%l3RICATION PLANT TWEW I T  I S  BLEEiDED 'CJITH URAblIUbl OXIDE 

( ~ 0 ~ )  AiCD FABRICATED INTO PSACTOR FUEL ELmtENTS. ALTIlOUGH THE C0:QOSITION 

I S  DIFFERENT, SUCH RECYCLE FUEL ELElO2NTS COULD BE UTILIZED EITiIER I N  A 

C0NVEbIT:CONAL LIGHT VIAr.CE.R REACTOR OR AN LIWBR- INDEED, TI.bYJ'S EXACTLY MOW A 

LJUM%ER 07 'l'EST E?XL:IEFITS I-AVE: BEEN P E P A W D  FOR IRRADIATION I N  LT.7.R1S AND THE 

INIT.[N, .!,OADIt.JGS FOR THE FFTF ' REACTOR. THIS , I'NDEED , I S  DEMONST&ITED - 
mn LLC~I~JOI~~)CJY,  ALrl'1iOiJGIi ST t&S NOT YET BEEN FULLY CO:*pLERCIALIZED. I T  WAS ON 

?'I-IE VEl!CE OF BECOi.IING CO;,>LLEI?CIALIZED PEIEN PRESIDEblT CARTER ANNOUNCED TfIE 

NES.1 U- S. E.'OLICY. 



A Q U I C K  LoOK SHOWS THZ REASONS FOR T-a P O L I C Y  CHANGE. T H E  PRESENCE O F  

S I G N I F I C A N T  QUANTTTIFS OF P r J R I F I E D '  PLUTONIU+l I N  P i iOCESS INW,NTORY &ND 

STORAGE COULD SUPPLY A PEADY SOU3CE O F  FEED TO MAKE 13OMRS, I N  T m  EVENT OF 

A NATIONAL TAKEOVER O F  A REPROCESSING PLANT-  E W C l  A SB!ALL SUBNATIONAL GROUP 

MIGHT B E  ABLE T O  H I J A C K  A S H I P I ' G N T ,  OR SECURE SOME PRODUCT BY AN ARkED ATTACH 

ON A STOARAGE VAULT. I N  THE ABSENCE O F  CONSTR;\INTS, T H E  E N G I N E Z R S  HqS CI-IOSEN 

0 ' 

T H E S E  S T E P S  A S  T H E  E A S I E S T ,  APID HENCE CHEAPEST AND blOST R E L I A B L E  PROCEDURE 

F O R  1aIAKING RECYCLE FUEL.  I N  THE CONTEXT O F  ~ 0 T E X T I A . L  PROLIFE-!?ATIO11, T H I S  I S  

CLEARLY MOT A D E S I R A B L E  F W L  CYCLE. O m  APPROACH I S  T O  D M W  BACK FROI4 U S I N G  

PLUTOMIUI'I. ANOTHER APPROACH I S  TO ADULTEPATE THE PLUTONIUt4 I N  S O t W  I*JAY S O  

THAT I T  I S  NOT INMEDIATELY USABLE FOR E X P L O S I V E  D E V I C E S ,  AND THZREBY DISCOURAGE 

ITS D I V E R S I O N .  

BLEND N I T R A T E S  

THE F I R S T  ALTERNATIVE I S  T O  BLEND THE PURIFIED UXqNIUM AND PLUTONIU?4  

N I T R A T E S  TOGETHER I P P G D I A T E L Y  AFTER P U R I F I C A T I O N ,  THEN C A m Y  T E E  Tt?O MATERIALS. 

TOGETHER THROUGH TIC2 SUBSEQUENT S T E P S  TO FLqKE MIXED O X I D E  (NOX) AND RECYCLE 

FUEL.  THE RATIONALE F O R  T H I S  I S  THAT SUCH PLUTONIUM CANNOT B E  llADE I N T O  AN 

E X P L O S I V E  D E V I C E  WITHOrIT FIRST SEPAMT.LNG I T  FROM THE URANIUM. T H I S  IS  

S O t E  DEGREE O F  PROTECTION FROM A TEFGlOXIST GROUP, SYf iBOLIZED BY THE DOTTED 

L I I \ T S ,  A S  IT' I N C N A S E S  THE T I M E  AND EFFORT INVOLVED I N  MAKING A BOMB, AND 

HENCE, THE LIKELII IOOD O F  DISCOVERY BEFORE SUCCESS.  I T  HAS E L A T I V E L Y  L I T T L E  

IMPACT OM P R O L I F E R A T I O N ,  HOI?EWR, A S  A NATION OL31NING A F E P R O C E S S I N G  PLANT 

COULD I;:AS:CLY MOT BLEND THE UPANIUN AND PLUTONIUH V.EIEN THEY bTERE FEADY T O  - 
DIVER'I', ACJD t4IGHT EVEN RECYCLE THE INWENTORY O F  MIXED O X I D E  BACK THXOUGN 'l'l.IE 

PUR1F:CCATION PLANT. T O  ACCOI.1PLISH T I I I S  DEGREE O F  PROTECTION PEQUIRES DEVELOPITJG 

A NE'4 PROCESS FOR blAKIMG M I Y E D  OXIDE,  AND PIAKIKG P R O V I S I O N S  F O R  HANDLING ABOUT 



5 TII , iES AS FIUCH ibUTERIAL IPI TfiZ STOrWGE, COhVERSION, AND SHIPPI:.iG O P E h I T I O N S  . 

T Z E P ?  VlOULD BE NO CHANGE I N  THZ REPROCESSING PLANT, A!\rD 140. CE4?JGE I N  TI!E F U E L  

FkX3XtCATION PROCEDURES, PROVIDED A SUITABLE QUALITY O F  1 , I I Z D .  OXIDE COTJI,D T:E 

P-WPrLGD - 

COPROCESSING 

THE NEXT ALTERiiATIVE SHOIW INVOLV%S C O P R X E S S I M G  THE UIX?.NIW.I mD PLUTONIWI 

THROUGH THE REPRGCESSIXG P m T  S O  THAT THEY AIiE bJEVER SEPA-TED FRO31 EACH OTMER, 

BUT TOGETHER AA9E HIGHLY P U R I F I E D  FROM F I S S I O W  PRODUCTS AND OTHER CONTm!INAXTS. 

FROX T I E  OUTPUT O F  THE REPROCESSING PLANT ON', TEE= WOULD BE NO CHANGE FRO31 

TEE PREVZIOUS VARIATION. HOTEVER, THE RATIO OF UFSPJIU24 AND PLUTONIUM I N  SUCH 

A PRODUCT I S  F I X E D  BY T E E  RATIO I N  THE FEED. I N  ORDER TO BRING THE RATIO BACK 

TO T I E  PROPER OR FOR RECYCLE TO THE E A C T O X ,   SO^ UR&NIUL"I MUST BE L ~ 1 T ' H D W . b ~  

FRDZ)! TTLE: MIXTURZ, THEREBY INCREASING TI"! RATIO OF PLUTOL\IIUU, T O  T m  UTVTVNIU?l 

WHILE I T  I S  GENERALLY F E L T  TEIAT SUCH A PROCESS CAN i3E PlADE: TO OPERATE, 

I T  I S  ALSO COXCEEDED THAT A PLANT 1~71TH THOSE C A P A B I L I T I E S  COULD BE READJUSTED 

TO PRODUCE PURE PL~JTONIUM AGAIN. THERE?O-XE, THE PROCESS IS D I ~ R S I O Z J  RESISTANT 

. . 
ONLY I F  TI-IER2 I S  FULL CONTROL OVER THE PHYSICtU; F A C I L I T I E S . .  . 

CIVEX 

CIVEX,  LTHICII I S  A PROPOSAL E C E N T L Y  P1ADE BY LEVENSON AN3 bLqRSHALL, I S  A 

VARIAMT Or' THE COPKOCESSING SCI-IEI\<LE LEABUVE. IIJ CIVEX, CERTAIN F I S S I O N  PRODUCTS 

PRzSENT I N  THE SPZNT FUEL APE EMCOUR3GED TO FOLLOW THROUGH THE PROCESS AND 

CONT~VII:TI.II\TE THE PLUTONIU:,~-URANIU~ PRODUCT. T H I S  ADDED INGREDIE?<T OFFERS 

CONSIDEC~\BI;E ADDITIONAL PROTECTION FRO2.l DIVERSION (HENCE TIIE S O L I D  L I N E  'AROUND 

TiIE PROCESSING STEPS) BY SUBNATIONAL AND BY NATIONAL GROUPS. . TO 

SUCCESSE'U.LLY CO'JWER NATIONAL DIVERSIOX,  I T  I S  Ii~IPORTAt~IT THAT T 3 Z  REPROCESSING 

PLANT BE ILJCAPAULE OF PRODUCING HIGHLY P U R I F I E D  PLUT0NIU:dI. I N  T i i I S  CFISE, TEIE 



E Q U I  P?4EMT. I T  m b m I N S  T O  BE DEi.!OXSTRAi"ED WHETHER T H E S E  FEATU-wS CAN A C T U M L Y  

IGOTE T i W T  ALL T H E  SlJBSEC)*LENT F U E L  CYCLE S T E P S  1.lUST B E  R E - E X G I N F E m D  T O  

F m N D m  THE RADIOACTIVITY PASSED ON FRO31 THE REPROCESSING P I A U T .  A F T E R  A D I S C U S -  

S I O N  O F  P~DIATION DE'E2PRENC.E (SONETIMES CALLED S P I K I N G ) ,  I k7II;L, R E T ~ \ ~  F O R  A 

MORE DETAILED D I S C U S S I O N  O F  sOldlE O F  THESE F U E L  CYCLE STEPS, FORTmIATEI,Y, OXCE 

T H E  RECYCLE F U E L  I S  BACK I N  4 REACTOR, THE RPJIIOACTIVITY IVILL EE SW.vPED BY 

NEW F I S S I O N  PXODUCTS. THUS,  TFiESE F U E L  CYCLE ALTERNATIVES WILL NOT P E R T U B  

THE PSACTOR O P E R 4 T I O N S  AND ~ ~ ~ : ~ I I : I ~  USE . I N  THE NONPROLIFERATIOX MODE Cml BE 

MADE OF E X I S T I N G  REACTOR F A C I L I T I E S  AND TECIINOLOGY, 

RADIATION D E E R F E N C E  O R  " S P I K I N G "  

F O R  THE PURPOSE O F  INCREASING THE D I F F I C U L T Y  O F  D I V E R S I O X  O F  THAT 1.LqTERIAL FROM 

T H E  IJUCLEAR F U E L  C Y C W  AXD. I N T O  THE PREPARATION O F  A NUCLEAR E Y S L O S I V E .  . I N  

THE CASE O F  FISSILE !.lATERIAL RECOVERED FROM I R P A D I A T E D  F U E L  ( A S  I N  F U E L  REPROCES- 

S I N G ) ,  I T  NAY B E  ADEQUATE TO ALL097 SOX€? O F  THE LARGE AI.10-LINTS O F  .RADIOACTIVE 

F I S S I O N  PXODUCTS A L E A D Y  PRESENT TO REMAIN WITH THE F I S S I L E  t -L iTERIAL,  RATHE? 

THX'J T O  ADD RADIOACT.IV1TY. T H I S  S I T U A T I O N  CAN ALSO BE TEFQlED " S P I l < I N G W ,  A S  

THE END PZSULT !.:ILL B E  THE SNE. 

TIIE S A F E S T  PLACE FOR F I S S I L E  MATERIAL IS  I N  A REACTOR, AND T H E  NEXT SAEnEST 

PLRCE I S  I N  THE HIGHLY RADIOACTIVE F U E L  ELEPIENTS (SPEMT F U E L )  PSI'dOVED FROfi1 THE 

REACTOR. TIIE R~DIATION PROTECTS THE FUEL FROM UNAUTI.IORIZED USE- . IN R E C O ~ I -  

T I O X  OF T I I I S ,  S P E N T  F m L  IS  EXEXPT FROM SONE SAFEGUARDS ,REGULATIONS- . . 

A 1EASC)NABLE EXTENSION O F  T'HIS CONCEPT T O  OTHER P A R T S  O F  T H E  NUCLEZR F U E L  

CYCLE IS T O  :.IAIZ.ITAIN O R  REINTRODUCE SIC,IILAKLY H I G H  L E V E L S  O F  I W D I O A C T I V I T Y  I N  

THE J?.CSSILE LIA'CERIAL . EVEN A T  L O W R  RAD:CATION L E W L S  , T I I E P S  A m  ADVASTAGES 

U I T I I  Itr::SPECT TO P R E E N T I N G  I L L I C I T  USE. 



TI.IE COi'ICEPT OF S P I K I N G  INCLUDES A VERY PIIDE XXAEJGE O F  S I T U A T I O N S .  T H E  . .. 

DEGREE O F  S P I K I N G  I PEIICH DETEwlINES THE PADIATION L W L  I CiU4 VARY OVER A FACTOR 

O F  ABOUT A B I L L I O N  : . I T  R U i G E S  FI?OI",I THE ILL'I-I.ERENT RADIATION O F  THE FISSILE 

~.L.~TERIAL (IJHICI-I CAN PERECLPS B E  HELD I N  THE IL4N-D) TO A L E V E L  T H A T  ItTOULD 1ML.IOBILIZE 

A PERSON I N  A MATTER O F  ~ J I I S U T E S .  I N  P R I N C I P L E ,  A' LARGE NUSEER O F  I S O T O P E S  COULD 

. . 
BE USED TO S p I I s  F I S S I L E  I;LX?ERIAL, I.7ITH A VERY WIDE RViGGE O F  P X O P E R T I E S .  I N  

P - W C T I C E ,  O ~ L Y  A FEW ISOTOF'ES & Z E D  BE CONS,IDERED I N  D E T A I L ,  . T H E  CHEtdIICAL 

P R O P E R T I E S  O F  THE I S O T O P E S  N J S T  BE CO24PATIBLE WITH ALL F U E L  C Y C L E  O P E R A T I O N S  

P L U S  THE REQUIRECCNTS F O R  PJFABRICATED F U E L ,  WIiICH I S  THE END PRODUCT O F  T H E  

O P E I W T I O N S  - 
TfIE P m I O I S O T O P E  USED F O R  S P I K I K G  SHOULD B E  ONE V7HICH E E l I T S  P E N E T R q T I N G  

R A D I A T I O N ,  E I T H E 4  GAbLLW OR NE~T,so>~s. PAS SHObRJ I N  F I G U m  3, SUCH R A D I A T I O N  

A T  LON L E V E L S  CAEJ TPLPROVZ DETECTION OF T E E  REillOVN, OF  F I S S I L E  H A T E R I A L  FROM 

ITS P R O ~ X R  PLACE -- THIS IS CLULED SPIKING FOR DETECTION. AT I N T E ~ ~ D I A T E  

L E L T L S ,  T E w E D  "SPIKIPJG F O R '  DELAY, " I T  CAN A I D  I N  T H E  LOCATION O F  STOLEN 

FISSILE ~ T E R I A L  (E.G. ,  BY ERIU FIONITORING) AND IT ca-x INTEFLFERE SERIOUSLY 

WITH ATTEMPTS TO PROCESS SUCH EXiTERIAL I N T O  I tEAPONS.  . A T  VERY H I G H  L E V E L S ,  

S P I K I I q G  WOULD B E  EXTPZPELY HAZARDOUS TO TI-IOSE A T T E P P T I K G  D I V E R S 1 0 8  ( I .  E .  , I T  

COULD I l ~ U q O B I L I Z E  ANYONE COICCNG NEAR THE blATERIAL I N  A FLATTER O F  MIPU'UTES). 

T H I S  IS  C U E D .  "SP:CKiNG F O B  DETE-wZKCE", WHICH I S  AN ELPiIEiIISI ' I  F O R  K I L L I N G  

P E O P L E .  

A L L  T H E S E  LEVELS OF S P I K I N G  ARE TECHNOLOGICALLY F L q S I G L E .  T H E  P O S I T I V E  

It.IPACTS FRO;I IBPROVED RESISTANCE TO D I V E R S I O N  AND P R O L I E E R R T I O N  l.lAY B E  O F F S E T  

BY NEGATIVZ II'4PACTS, E S P E C I U L Y  AT THE 1-IICI-IER LEVELS O F  S P I K I N G .  1,ITrYY NECA- 

' T I V G  11,IPACTS CAN EE TRANSFO=ED I N T O  COSTS:  BUT SOME GO REYOXD TIII\T, T O  S O C I A L  

AND POLI ' I ' ICAL PROSLEI,IS, A S  I S  P R O L I ~ ? E F ~ ~ ~ I O M ,  I T S E L F .  B0Ti.I B E N E F I T S  AND C O S T S  

ARE SMALL AT LOW L E C ~ L S  OZ S P I K i X G .  A T  NODERYrE L E V E L S  (AROUi3D 0.1 T O  1 C i / K G  

FEAVY 1~llX"I'L) TILE COST R I S E S  ABRrJPTLY BECAUSE ALL F U E L  CYCLE O?EmTIONS NUST B E  



CARRIED OUT AND PL4INTAINED REPIOTELY- COS'-CS R I S E  VEW L I T T L E  AT STIW, I-1IGIE:R 

LEVELS.  T H E  INCREASE I N  TOTlV, ELECTRICAL GEWRATIMC; COSTS IS E ~ E C T Z D  TO BE 

NO 3 i O X  TEEIN 2% I N  TXE LFC? FUEL CYCLE. HCNZ-ER, T H I S  SEE?.~I,!GL~ ~2.~4-A N~].$ER 

~ a y s i J i T E S  T O  AaOTjT $400 MILLION P E R  YEAR I N  THE L'IID-EIGHTIES. 

L O 9  LEVELS O F  SPI ICING ?W B E  Al3VMJTAGEOUSr BUT PRESENT D E m C T I O N .  bETHODS 

CAX PROBABLY B E  MADE ADEQUATE T O  COUNTER COVERT THEFT.  t4ODESqTE AND 'HIGH L E V E L S  

O F  SPIlX>!G L P P E A R  TO B E  RE4SONABLY EFZ'ZCTIVE DETERPSNTS FOR T E m O a S T  A C T I O N S ,  

BUT COSTS ARE S O  LARGE THAT ALTERNATIVE bi2?I%ODS OF PfiOTECTION NEED ETfALUATION. 

FOX PREVENTIOX O F  NATIONAL D I V E R S I O N ,  HIGfI  LEVELS O F  S P I K I N G  BY T m I S E L W S  . 

A= O F  L I p l I T E D  VALUE, AND ADDITIONAL ACTIONS LJklICH GO BEYOND T H I S  A m  E S S E N T I A L .  

I N  A L L  C A S E S ,  THERE IS  SUBSTANTIAL B E N E F I T  TO CONCEPTS THAT REQUIRE C m , l I O \ r ,  

PROCESSIPJG O F  THE DIVERT.'E:D 1,lATERIAL (INCLUDING COPROCESSING AND S P I K I N G  AT ' 

H I G H  ENOUGH LEVELS)  BECAUSE T H I S  \-JILL IFJVOLVE ADDITIONAL MANIPULATIONS AND 

DELP,YS. S P I K I N G  FURTHER CO?QLICATES SUCH PROCESSING. 

. MUCN I'4ORE INZ'OJX4ATION I S  REQUIRED, ESPECIALLY EWZR1E;lENTAL DATA UNDER 

R E A L I S T I C  CONDITIONS,  T O  PERPIIT A 1.1E-qNINGFUL AND kDEQUAT2 EVtXUATION O F  S P I K I N G ,  

POXER REACTOR FLKLS WOULD OFFER AN EXCELLIDJT T E S T I N G  GROUND FOR S O S E  O F  T H E S E  

CONCEPTS. 

WHILE l.!ODERATE TO HIGH LEVELS O F  S P I K I N G  APPEAR ,TO BE REASONASLY E F F E C T I V E  

D E T E Z i i ' T T S  FOR T E R R O R I S T  ACTIONS, THERE IS  SUBSTANTIAL D I S A C E E B E N T  ABOUT 

RnDIATIOEI LEVELS R E Q U I E D  FOR DETERRENT S P I K I N G ,  RANGING FROM 1000 R/HR a t  

1 FOOT TO 2 0 , 0 0 0  R/I.IR AT 1 I G T E R  (OR EVEN 14ORE), F O R  5 KG O F  FISSILE 1;WTEWAL-  

TIIIS IS CCHT.i\INL.Y ONE P A W J E T E R  VII-IICII NEEDS EARLY RESOLUTION. T i IE  L0i;IER PART 

OF T~I 'TS  ~ L ~ E I G E  PIAS SELECTED FOR TXE BARNWZLL APPLICABILITY STUDY AND CAN n.,: 

WACIIED UY COP2OCESSING A S I G N I F I C A N T  PORTION O F  THE F I S S I O N  PRODUCTS k7ITII 

THE E'ISSxLE MATERIAL, OR BY W C Y C L I N G  SOi*lE OF THE !:]ATERIALS IIECOVEADED FRO?,l 

. . 



T'IE VJASTE, S O  LONS A S  THE TII '42 FOLLOWING =ACTOR DISCH-L?GE DOES NOT EXCEED 

A FEFJ YEARS ( S E E  F I G U N  1 0 ) .  THE HIGFIER VALUES (OR THZ I ~ C Y C L E  OF LOMGE- 

CSOLED FUEL) X ~ d I t i c '  S P I K I N G  BY OTHER I S O T O P Z S  ~.ZINUFACTTJIIED F O R  TfIE PURDOSE', 

O i  I H I C I I  60C0  I S  PFtOBARLY T h Z  B E S T .  THE 60C0 I?OULD P i E P E N \ a L Y  RE U T I L I Z E D  

A S  DETEROGENEOUS, ATTACHSD SOURCES. 

THE idOST S U I T A B L E  ISOTOPES FOR 'SPIKING DEPEND SOLXZIJtlAT ON T H E  GOAT, n N D  

T H E  F U E L  CYCLE.  FOR URANIUM-FUELED LWXS U T I L I Z T X G  COPXOCESSED F I S S I O N  PRODUCTS,  

lo6RU-RH PPIOVIDES MOST O F  THE RADIATIO31 PZTER Ti-E F I R S T  YEAR BECAUSE T H E  
> 

ZIRCONIUM DECAYS ACJD C S  W I L L  NOT FOLLOW P U  THROUGIi REPXOCESSING.  F O R  A D D I T I O N  
. . 

T O  ANY F I S S I L E  bL4TERIAL TO P R a V I D E  A G-WJU.IA RADIATION F I E L D  U P  T O  Tm H I G H E S T  

L E V E L S  SUGCESTCD, 60C0  IS  S U P E R I O R  T O  RWY OTHER I S O T O P E .  

COBALT-60 I S  A R W I O A C T I V E  P4ATERIA.L WHICH I S  ALRE-Y A V A I L V 3 l X  I N  MEGd4CURIE 

Q U A N T I T I E S .  THE TECENOLOGY F O R  PRODUCTION, HANDLING, AXD D I S T R I B U T I O N  I S  V E L L  

WORKED OUT. THE NUCLEAR P R O P E R T I E S  O F  COBALT A= JUST ABOUT R I G H T  T O  PRODUCE 

THE GREATEST h'<OUNT O F  Rl lDIATiON AT LOItEJEST COST.  T H E  P Z L A T I V E L Y  LONG I-IAw- 

L I F E  ( 5 . 2 7  YR) IJ~EANS L I T T L E  DECAY ALLOWANCE 1370ULD BE R E Q i J I P ? D ,  EVEN F O R  LONG 

I < I S S I O N S .  'OTHER CONSIDERATIONS i'dLqY A R I S E ,  SUCF A S  Ti-IE CCEMICAL S O L U B I L I T Y  O F  

COBALT I N  TKE PLUTONIU1'4 P ~ R E C I P I T A T I O M  S T E P  PiHICH WOULD R3QUI~X.Z T H E  U S E  O F  AGTOTHER 

I S O T O P E .  

REFERRING AGAIN T O  F I G U L W  10, P X L L  GO OVER SOME O F  TXE P O I N T S  T O  BE 

CONSIDERED CONCE&\JING T E E  USE O F  F I S S I O N  PRODUCTS. 

ZIRCBNIUPI lJOULD BE S U I T A B L E  .FROM A PROCESSING STA?iDPOINT BUT PROBABLY 

HAS TOO SIIORIC A HALF-LIFE TO PROVIDE S.=EGUARDS LEVELS 09 R A D I A T I O N  F O R  P E R I O D S  

OF SI<VT<RttL YEARS. 

RUfrI1GM.CUX I S O T O P E S  PRODUCE A VERY HIGH LEVEL O F  RADIATION,  m I D  BY V I R T U E  



m R L I E R  STUDY BY E P H  v.mICH SUGGESTED TiIAT ABOgT 1/3 O F  BOTH THE RUTHEp.]IUfiI AND 

T H E  ZIRCOMIUM COULD B E  S E N T  THROUGH THE P.UREX PROCESS P7ITI.I THE PLUTOMIU:.: PRODUCT. 

T H I S  F R q C T I O N  05' T E E  RUTHENICTFl WOULD B E  ENOUGH T O  A C H I E I E  THE SAFEGUARDS C R I T E R I A  

F O R  NEARLY 5 YEARS - RUTHENIUEI, L I K E  ZIRCONIUirl, P I ILL NOT P R E C I P I T A T E  I N  T H E  

PLWED PLUTONIU:~I OXIDE COLWRSION PIIOCESS . HOLEVER, THESE 2 ISOTOPES WILL 

C O > E  D05nJ I N  A HYDROXIDE P E E C I P I T A T I O N ,  WHICH I S  TKE REFERENCE PROCESS F O R  

3 . .  MIXED O X I D E  PREPARATION. FURTElSR POTENTIkAL D I F F I C U L T I E S  PIITH RUTHENIUM ARE T H E  

P O S S I B L E  EVOLUTION O F  VOLATILE R u 0 4  DURING S I N T E R I N G ' O F  THE F U E L  P E L L E T S  

(ALTHOUGH I T  I S  B E L I E V E D  T H I S  Cm B E  CONTROLLED) AND TXE PRODUCTION O F  A D D I T I O N A L  

INSOLUBLE R E S I D U E S  DURING D I S S O L b T I O N  O F  T I E  F U E L  W T E R  THE NEXT IR%>DIATION 

P E R I O D .  T t I E S E ,  AbJD ANY OTHZR P O S S I B L Z  D I F F I C U L T I E S  VI'i'H F U E L  I N C O > P A T I B I L I T Y ,  

SI7;V.ER-l lOm I S  MOT A D I P E C T  F I S S I O N  PRODUCT, BUT I S  AN ACTIVATION PRODUCT 

109 
O F  A STPLBLE F I S S I O N  PRODUCT ( AG) . THUS,  I T  COULD E I T H E R  B E  RECOiKEXD FROM 

F I S S I O N  PRODLJCT WASTE, OR I T  CAN BE PRODUCED BY S P E C I A L  I R R A D I A T I O N S  O F  NATUR4L 

S I L V E R .  S I L V E R  DOES NOT SEE>*l TO HAVE AMY CHEMICAL ADVANTAGZS OVER G°CO I N  T H E  

PLUTONIUM CONVERSION PROCESS, A3ID S I N C E  60C0 HAS T H E  ADVANTAGE O F  A I.ONGER 

HALF-LIL7C, S I L V E R  WOULD PROB.ULY NOT BE CHOSEN A S  A S P I K Z .  

C E S I U N  V O L A T I L I Z E S  DURING THE P E L L E T  S I N T E R I N G  OPEiCITION.  UNLESS A S T A B L E  

'IIGII-TE1'4PERATURE COMPOCTND CAN BE FOUZlID SLXICH IS  C O N P A T I S L E  TJITN THE O X I D E  FITEL 

SYSTEP,I, P E  MUST R U m  OUT C E S I W 4  I S O T O P E S .  .OTI-IERVISE, CESIU2,I V7OULD B E  TIIE P R I P * E  

SOURCE 05 '  I'ENETRATING RADIATIONS I N  EIIXED F I S S I O N  PRODUCTS. 

CERIUt.1-144 I S  T I I ~  S P I K I N G  PaIATERIkAL I4OST NEARLY C O : . l P A T I B ~ ,  CI-IE::IICALLY, 

1 4 4  
PIITLI OXIDE I- 'E:PAR4TION APJD FUEL FABRIUYL'ION. HO:*TEVER, C E  GEXEWL'E A S I G N I -  

FIC?.'NT NsIOUNT O F  f.1cm AND WOULD h T C E S S I T A T E  A R E D E S I G N  AND REOPTII.II'ZATION O F  

THE PLIO HANDLING AND STOKqGE F A C I L I ? I E S  FOR D I S S I P A T I O N  O F  T H I S  A D D I T I O N A L  
2 



ALONG PJPTII T d E  PLirTONIUly PRODUCT, BUT PXOCESSES FOR Fc~CO:ERY OF CERIUC.~ FRO?,I 

P U X X  WASTE ON A CON.?lEZCIAL SCRLE A m  lC?JOt?N- 

E U R O P I U ~ ~ - 1 5 4  I S  ANOTHER O F  THE RArE-EARTX ELE?,ENTS bmOSE CFEMISTRY I S  

CO2;LPATIBLE WITH THE PLUTONIUX OXIDE FUEL. I T  I S  ALSO, L I m  
11 Om , AN ACTIVA- 

T I O N  PRODUCT O F  A F I S S I O N  PRODUCT, \*ZiICH b:OULD BE AN ADVANTAGE I N  EPEq ' iTED 

RECYCLE, AND I T  HAS A FAVORABLY LONG I-LAW-LIFE. U N F O R T ~ I A T E L Y ,  
3.' 

l S 3 ~ u  . I-L~S A 

R E L A T I W L Y . H I G H  NEUTRON ABSORPTION CROSS-SEC?ION. EUROPIUM-154 COULD llLSO B E  

PRODUCED BY ACTIVATING NATURAL EUROPIUI.1, 'BUT TEE NEUTRON CROSS SECTION IVOULD 

BE EVEN HIGHZR T F N  FOR F I S S I O X  PRODUCT EU2OPIU:4. T i IE  HIGH NEUTRON ABSORPTION 

CROSS-SECTION b7OULD BE RELATIVELY UNIMPORTANT I N  PROTECTING PLUTONIW/I \ViiLCH . - 

IS  .INTENDED FOX FAST REACTOR FUEL. 

FUZL CYCLE S T Z P S  

REFERRING BACK TO OUR W ( F I G .  8) TtTE WILL NOW LOOK AT SOXE O F  THE D E T A I L S  

O F  THE E'UEL CYCLE S T E P S  AND S E E  S O ? C  OF THE NAYS THAT CFL%NGES I N  TH" LSE S T E P S  

INTERACT WITH EACH OTHER. 

A CURSORY UXDERSTANDING O F  THE B A S I C  PUFEX PROCESS CAN S E R W  AS A LOGICAL 

P O I N T  O F  COI'+IPAIIISOX WITH SOME O F  THE ALTERNATIVE SCI-Et4ES P R O P O S E D . I N  TEIE S T U D I E S  

UNDER WAY.. I N  T H I S  FIGURE 11, THE PATH O F  EACH i"4AJOR CO>IPONENT I N  TFIE PROCESS 

l.lAY EE FOLLO'IED BY A COLOR SCFIE&E. F I S S I O N  PRODUCTS ARE COLORED 1 

URANIWI , AND PLUTONIUM 

E F E R R I M G  AGAIN TO FIGUiRE 11, FUEL I S  DISSOLVED AND THE RESULTING 

URANIUi4-PLUTOZiIUi4 MIXTURE IS  EXTRACTED USTPlG A 309 TBP PTO34AL P A R A I . P I I  I4I:<TUPS 

TO WUOVE THE F I S S I O N  PRODUCT AND I O N I C  C.ONTLX~INA;JTS FROH THE FEED. THE 

PLUTONIU;,l IS  SEPAPA'I'ED IPJTO AN AQUEOUS STRE:UI BY L W I N G  A CHEZJIICAL VALENCE 

ADJUST?.EiJT I N  TIIE PARTITIONING OPEPATION. THE PLUTOMIU;,! IS  TI~IEN' O X I D I Z E D  AND 

FURTLlEIt P U R I F I E D  I P J  TI.10 ADDITIONAL CYCLES O F  SOLVEXT EXTPLXCTIObl TO YIELD A 

P U R I F I E D  PLU'i'ONIUI*I P J I T M T E  SOLUTION. THE DECONTM,lIPIATION FACTOR, BASED OX 



7 
3 3 , 0 0 0  biLt7D/TON IRRADIATED LII\TERIAL, I S  hPPXO.OXIMZ.TELY l o 6  TO 10 . THE U~.ANIUF: 

I N  THE F I R S T  CYCLE IS  S T R I P P E D F X 0 2 , l  THE 0,PGANIC STREPJ4. INTO AN AQUEOUS PSDIUi,I 

PTiSSED THROUGii Tb70 SUBSEQ-GL\iT SOLVENT EXTRACTION CYCLES F O 2  FURTHER . 

P U R I F I C A T I O N .  TFI: PLUTONIUM PRODUCT FR9N T H I S  PROCESS I S  I N  A HIGHLY P U R I F I E D  

COPf?C)CESSING 
0 '  

ONE O F  THE PlAJOR CONTENDERS FOR A MORE DIVERSION-RESISTPAUT PIiOCESS I S  

*FIE COPROCESSIFIG PIODE OF OPERATION- THE UNIQUE FEATURE OF T H I S  S C H E t E ,  PRESENTED 

I N  FIGURE 1 2 ,  I S  THAT S O - E  O F  THE URANIUM I S  ALLOPED TO FOLLOW THE PLUTONIUN 

PRODUCT STREAi4, THEREBY bIAKING A CHEMICAL SEPARATION I4ANDATORY BEFOPS THE 

F I S S I L E  PLUTONIUN COULD BE USED I N  A NUCLEAR t?EP.J?ON, THE COLORING ?*LETHOD 

U T I L I Z E D  I N  T i I S  FLOV7SIGZET I S  THE SNE AS THAT A P P L I E D  I N  THE B A S I C  P U m , X  

SCHEPE. THE TECHNOLOGY IhiVOLTED I N  COPRO.CESSING IS  READILY AVAILAaLE, AND . 

SOXE EXISTIPJG . PUREX PLWS HAVE U T I L I Z E D  t'CODECONTMIINATIONtt F I R S T  CYCLES A S  

T I E  PRi!L4RY S T E P  I N  N O f i i L  OPEPATION. T H I S  LATTER SCHEt2I.E DOES PRESENT THE 

S ~ I E  BASIC XIISADVANTAGE TO DIVEPSION AS THE PUREX PROCESS BECAUSE OF THE 

"WINDO5%1" CREATED BY HAVING A P U P 3  F I S S I L E  PLUTONIW4 STRc'AM I N  TEIE PLANT. 

THIS FLOWSHEET PRESENTS T H P ~  BASIC CODECONT~JIINATIOM CYCLES VXICH'PROVIDE 

CO~JIPLETE DECONTLVIINATION FROM F I S S I O N  PRODUCTS AND I O N I C  I M P U R I T I E S :  HO>EVER, 

EQUIPi.lENT AND FLOWSFSET MODIFICATIONS CAN BE USED T O  R E S T R I C T  THE NUI4B"sR O F  

CYCLES TO YIELD LO?JER DECONTrX!YINATION FRO>] F I S S I O f J  PRODUCTS. T H I S  SCI.E!#LE 

TIIEPJ CPSArl'ES AN "INTER~.AL S P I K E t t  I N  TIEE CONBINED URANIUM-PLUTONIUL'? PRODUCT. 

OF TI-IE .FISSIOX PRODUCTS CONTAINED I N  THE PROCESS, ONLY RUTHENIU;4 AND ZIRCONIU?J~  

THROUCII P7ITLI THE PRODUCT PLUTOXIUM STPS.X,l. BOTH Rt.iTFEPJ1Ui.I AND ZIRCONIW*I HAVE 

APPIIE:CIA'~ISE D I S T R P G W I O N  COEFFICIENTS AND A m  TIIE L I M I T I N G  F A C T O S  I14 IIIGH- 

T A E N  'TO ACIIIEVE FIIGII-DECOMTAIIL.IATION PROCESSING. SUCH C~IODIPICATIO;\IS INCLUDE 



OPERQTING V71TB LON UR;\NIU?,l SATURqTIOM I N  THE SOL~22!ui, IiIGEf ORG~JNIC FLOWS, AFID 

LITTLE SCRUBBING O F  THE ORGANIC STREFGJS. Rr7STaTS O F  L~ORATORY STUDIES IPJDICATE 

105 
THAT 559 O F  TEIE RU PRESENT I N  THE FEED COULD EE MADE TO FOLLO77 Ti12 PLU+ONIU~'~I 

I N  T H I S  S C H E f G  OR I N  THE ST-WDARD PURE2 FLOYSfiZET. BECAUSE O F  TFIE COOLING 

P E R I O D S  MECESS-UY P R I O R  TO REPROCESSING AND T i E  SHOFT I-!!-LIFE O F  ZIRCONIUI.1, 

L I T T L E  O F  THE ZIRCOiJIUlY ACTIVITY WOULD RE%AI>i: H O r ; E m R ,  T E E  ' .06~u uomn RAE 

S U F F I C I E N T  A C T I V I T Y  TO PROVIDE A RADIATION D E T E P a P I T  TO RXCONSTITmED FUEL 

( 1 0 0 0  R/HR a t  1 FT FROM 5 KG O F  PU) F O E  LDPROXIEWTELY 5 YEARS. 

A S C I I E t E  FOR GENERATIPIG A PRODUCT CONTAINING 2 0  TO 30% PLUTONIUN I S  

PRESENTED I N  FIGUIiE 13. T H I S  SCEIEWZ PRODUCZS THE 1,LqSTER MIX O F  PLUTONIml- 

U m ? J I U > l  SWICEI CAW BE FINALLY BLENDED i J I T i I  URqNIUM TO Y I E L 3  A PRODUCT MQRE . .. 

APIENKaLE TO FAST FEACTOR APPLICATION.  AGAIN, THE FLOWSHEET TkND EQU1P:GNT CAN 

BE DESIGNED TO PROVIDE A KO% RGDIOACTIVE PROCUCT VIITH TEE ADDED PROTECTION 

AFFO-WED BY m V I N G  A IJIIXED ISOTOPE C O 2 ~ P O S I T I O N .  T H I S  FIGURE ALSO SHOL.7S THE 

ADDITION OF AbT EXTERbJAL S P I K E ,  I N  THE .EVE?IT THAT TkIIS SHOULD B E  COI'JSIDERED 

A F E A S I B L E  APPROACH TO PROTECTION. 

THE NATURE OF 'THE PP,ODUCT FRO24 THE REPP.OCESSING PLXIIT HAS A plAJOR IMPACT 

ON THE "DOF7NSTEA!4 OPERATION" SUCH A S  OXIDE C0Z.WRSION AND F U E L  FASRICATION.  

OXIDE CO>JVERS ION 

THE NEXT I'4AJOIi S T E P  I N  THZ PROCESS I S  T E  CONVERSION O F  TPiE PRODUCT 

PLUTONIUi4 NITPATE (OR NIXED PLUTONIUN-UR;\NILE4 NITRATE) TO APJ OXIDE SUITABLE 

FOR FUEL E'ASRICATION. FIGURE 1 4  SHOSJS THE STED'S I N  THE COLWENTIONAL P u O  
2 

CONVERSION PROCESS - TFIIS PROCESS STARTS FlITH A II IGIILY P U X I F I E D  PLUTONIUN 

PIITPATE AND PRO9UCES A EIIGH QUALITY CER.7Lh4IC GPADE OXIDE POSDER. THE OXALATE' 

P F S C I P I T A T I Q N  STEP P m V I D E S  COXSIDERWLE ADLIIT'IONIU; P U R I F I C A T I O N ,  AND INDEED 

I F  R~D'COACTIVELY C O > I T ~ ~ . ~ I N A ~ ~ E D  PLuTONIUW \.:EM?, PUT THROUGH SUCII A PROCESS, A 

SICPISPICANT DBG?.EE O F  DECONTA!.IIMATIO>J ICO'JLD RESULT. THUS, SO2.E OTHER PROCESS 



I.!uST BE USED I F  THE PLUTONIU:,I IS  TO BE COh5ERTED TO THE OXIDZ I N  THE PRESENCE 

OF OTHER SUBSTtANCES AND T H I S  Ii'!CLUDES .URA?IIU?.I. 

TIIE "COPRECFJ;" PROCESS ( F I G .  15) I S  ONE SUCH PROCESS P E S Z N T L Y  mlDER. 

DEVELOP>ENT BY GENERAL ELECTARIC COL'QANY. I N  T H I S  P R O C E S S ,  T i l E  F E E D  IS.  P R E C I -  ..- 

P I T X E D  WITH A.PPIONIA APJD T m  E N T I P S  VOLUPE OF SLUPStY P L U S  SUPZTJJATE I S  F E D  

T O  T H E  FLUID-BED C-IALCINER- T H E E  IS  NO F I L T R A T E  STRE-V*l T O  CARRY ApJAY T H E  

ADDED RADIOACTIVE S P I I ( E ,  ?ATHIC:.I T X Z E F O E  W I L L  UPEAR I N  T H E  PROD'JCT . HO>ElIE:R, 

AMY OTHER NON-VOLATILE IfiPUF!ITIES P F E S E N T  I N  THE: F E E D  PI ILL U S 0  REPORT T O  

T F E  PRODUCT, S O  THAT I T  RE? lAINS TO B E  D6'4ONSTFGTED WHETEER THE PdIXED O X I D E  

PRODUCT W I L L  MEET A L L  S P E C I F I C & T I O N S  F O l i  F U E L  FABRICATION F E E D .  THE S T E P S  

SMOV7Y IIERE ARE TECHNICALLY MUCH MORZ D I F F I C U L T  TO PERFOP21 T K W  I N  T m  C A S E  O F  

THE OYALATE PROCESS ABOVE, APKI WI-LL B E  IiIADE EVEN MORE D I F F I C U L T  I F  THEY 1,lUST 

B E  OPEPLtTED REFIOTELY I N  'L"tfIC% C O Z I C ~ T E ,  CELLS.  MOST A U T H O R I T I E S  AGPZE THAT 

\JHATEVER C O S T  INCREASES APE INCU-WSD I N  HANDLING HIGHLY RADIOACTIVE PLUTONIUM 

THROUGII T H I S  CONVERSION S T E P ,  THSY W I L L  BE WILD CONPAFED. T O  THE I N C P S A S E  THAT 

\ J I L L  BE S E E N  I N  THE F U E L  FAE3A?.ICATION S T E P .  

F U E L  FAJ3RLCATION 

THE CO2NENTIONAL F U E L  F=?SRICATION PROCESS I S  OUTLINED I N  F I G U E  16. 

A BETTER ESTII.L~TE O F  THE TRUE CO-'.PLEXITY O F  T H E  PROCESS I S  THAT THE= ARX 

ABOUT 10 l ~ K 4 M L P U L A T I O ~ S  O F  THE PIATERIAL O R  HARDWARE A S S O C I A T E D  WITH EACH BLOCK 

USED TO 17ACRICATE VIRTUALLY )ALL THE UO POWER REACTOR F U E L  I N  THE U . S .  TODAY. 
2 

TIIE ADD:CTION OE' PLUTONIUM DOESN 'T C I - ~ N G G  THE PROCESS SIGNIFICAKTLY, BUT IT 

D9ES ADD CO>IPLEXITY A S  THE EQUI?:,EKT I.!UST BE B U I L T  I N '  E N C L O S U L ~ Z S  1':idICH \?TILL 

ADEG[JAT'L?LY' CONTAIPJ THE T O X I C  P1,UTOXIUZ.I AND S H I E L D  T I E  OPERATORS FRO:4 T H E  

DI.R.k:C:T RilDI:AT1ONS. HO:(IEVER, THE R q D I A T I O N  FRO2.1 I?Um PLUTOXIUM ARE NOT S O  

STRO?iG AS TO PREVENT HANDS ON PLXINTENANCE O F  THE E(Z.UIP?4ENT TiIXO'JGII GLOVED 



po?~S I F  I;IOST O F  T f E  FUEL I ~ A T E X L X S  CAN BE MOL7EI) AWAY FL?OPI TEE F A I L E D  

P E Z * I I T  TO BUILD SUCH A F A C I L I T Y  I N  SOUTH CAROLIP?'. I F  P7E APZ TO CONSIDER 

FZLSXICATING "HOT" FUEL THEN A GREAT DEAL O F  FURTFER DECTELOP2ENT \ J I L L  BE . 

P E ~ I P E D  i P 3  TWO DIRECTIOJJS. O W  IS TO STREAMLINE T H E  PPIOCESS, S O  T&.T THERE 

. . 
K I L L  BE A MINIMUM NULYBI~R OF ILWIPULATIONS. AND IXSPECTIO2dS. THE OTHER IS  TO 

DEVELOP TECHNIQUZS'.TO PEPS'OAY REMOTELY THOSE INSPECTIONS WHICH CANNOT B E ,  

AVOIDED. FURTHERiYOSGZ, ALL 03 THE EQUID24ENT MUST BE D Z i L O P 3 D  TO T3.E P O I N T  

kmEl?3 I T  CAN BE REPIOTELY lnAI?iTAINED A S  \.JELL AS OPERqTED. 

\THAT WILL I T  COST TO FZBilICATE RADIOACTIVE FUEL? EARLIER S T U D I E S  HAVE 

'ESTABLISEIED THAT THE INCRENZ?iTnT, FUEL FABRICATION COST R I S E S  S,LO:jKY WITH LOS.ER 

LEVELS OF SPIKING UNTIL n may SHA-w INCREASE OCCURS AT A L ~ E L  CO~WSPONDING . . 

TO APPROXIiL9TELY 0 .1  C i  05' 60C0 P E R  KILOGRAM OF PLUTOI:IUJI. T E E  PROPOSED 

6 0 
TO IzlEET SXE'EGUARDS C R I T E R I A  (25 C i  OF CO PER KILOG-V.I,I OF PLUTONIU?,l PTiICEi 

WILL PROVIDE A RADIATION C 3 S Z  RATE O F  1001) R/HR AT 1' F T  FROI'dl AM UNS,, 

STORAGE COKTAINER IIOLDING 8 KG O F  PLUTONIUM) I S  WELL ABOVE THE P O I W  PIIIEm 

SUCH A EEE&K OCCURS. THE REASON FOR THE EREAIC IS  T K h T  A CL$FW?D CHAXGE OF  

.TECFINOLOGY I S  F C Q U I m D  TO PROVIDE 'THE NECESSARY RADIATIOX PPiiOTECTION TO THE 

FAERICATION PLANT STAFF.  

AS THE IC!DIATION LEVEL I>?CREASES, VARIOUS 0PERATIO:JS IzIUST BE DONE RENOTELY, 

OR I7:CTfI SO;.lE SHIELDING:  T!.IIS CAUSES A STEADY INCREASE IN COST. D I - X C T  FIAIMTENANCE 

03' TIfE EQUIPMENT I S  PRACTICIU UNTIL THE LEVEL REACHES THE EQUIVALENT O F  0.1 TO 

1 C I  Or 6 0 ~ ~  PER KILOt.9AI4 : ABOVE THAT, IIO5EVER. RCI.IOTZ PiL9IPITEBANCE BECONES 

1.1CCE:SSARY. FIGURE 1 7  IJMICI-I REDRA!\'S\I FRO24 A SAE'EGUAIWS STUDY IilADE: AT BNL 

ILLUSTRiiTES T H I S  POICIT. 



T H I S  FTJNDA1.ENTAL CHANGE (Fxo~,! DIRECT.  PLaIPJTENANCE O F  T H E  E?UIPI ,E?iT T O  P.E;.lOTE 

P-~Z~INTENAXCE) N E C E S S I T A T E S  A COalPLETE REARRWJGEMENT OF' T H E  F A C I L I T Y ,  E S P E C I A L L Y  

INCECEASED S P A C I N G  OF THE EQUIPLWNT, CPNJ,E AND 1 4 A N I P I J L ~ r O R  DECONTaIINATIO>j AMD . 

R E P A I R  F A C I L I T I E S ,  AND OTHER ANCILL4RY F A C I L I T I E S .  P R O C E S S E S  T L ~  LONGER: 

HENCE THE F A C I L I T Y  MUST EXPAND IN S I Z E  A G A I N ' I N  ORDER T O  6BINTA131  I T S  THROUGHPUT. 

THE coslrs INC-EASE IN SEERAL T'IAYS : HIGHER CAPITAL CK~RGES,  L~RGER  OPER~TIPIG 

- S T A F F ,  k'WD ADDITIONAL COSTS ASSOCIATED WITH APJALYTICAL, WASTE P R O C E S S I X G ,  AND 

BUILDIPIG 14AINTENANCE. HOVEVER, O>JCE THE R 4 D I A T I O N  L m L  E E C O ? E S  H I G H  EROUGH 

T O  FORCE THE D E S I G N  TOWARD FULLY EF:C)TE O P E m T I O N  AND I.WINTEN>JICE, THE C O S T S  

L E V E L  O F F  A N D . R I S E  ONLY S L I G H T L Y  A S  S P I K I N G  I S  F U 2 T H E R  I K C R L P S E D .  

INTERFERENCE k7ITEI NONDESTRUC%'IE 'ASSAY AND I N S P E C T I O N  

TIIE CNL STUDY ALSO CONSIDEPST) THE I D P A C T  O F  GFlrG44 OR NEUTRON SPIKING ON 

THE NUPLEROUS NONDESTRUCTIVE ASSAY SVSTEI'dIS THAT HAVE BEZN DEVELOPED IhT THE 

ENHANCED THE. C - P A B I L I T Y  F O R  SAFEGUARDING S P E C I A L  ,NUCLEAR L4ATE!UAL. E X P E R I E N C E  

HAS SHObIN THAT INTRODUCTION O F  EVEN A SMALL Z ~ ~ O U N T  O F  EXTRANEOUS ~ D I O A C T I V I T Y  

W I L L  DEGRADE THE S E N S T T I V I T Y  AND THE P R E C I S I O N  O F  T H E S E  SYSTEMS F O R  DETZCTIL<G 

PLUTONIU?4 AI.9 l4EASURING ISOTOPIC:  ASSAY. SP4ALL AFOIJi'JTS O F  A C T I V I T Y  I4AY P O S S I B L Y  

PROVE ADVANTAGEOUS WITH REGARD TO I ~ J P R O V I N G  THE DETECTIOX S E N S I T I V I T Y  O F  

PORTAL MONITOPS AND b7ASTE DKU91 .ITOOIITORS, PROVIDED T H E  R A T I O  BETICETJ TiIE SPI.YL?INT 

AND THE SPECIAL,  NUCLEAR MATERIAL CAN, BE DEPENDED UPOX. HOWEVER, S P I K I N G  T O  

THE LEVELS ASSUIJLED F O R  DETERRENCE t 7 I L L  CO?4?LETELY I P W A L I D A T E  ASSAY SYSTEI 'G ,  

INCLUDING PRESENT I L ? A  I N S P E C T I O N  1.lETHODS. 

THIS II.~PACT NOT ONLY HAS . SAFEG~JAPDS I P I P L I C A T I O N S ,  BUT ALSO AFFECTS THE 

QUALITY-C'Qb!T?OL P!iTASUm?,LEMTS tTiIIC!I =LATE TO THE U N I F O m , l I T Y  OF T i I E  F I S S I L E  

LOADII~IG O F  TEIE F U E L  RODS AND, HE?!CE, THE ALLOblAI3LE OPER&TLMG P O F E R -  ANC)Ti.lER 

Il.IP3I'e'I'AM'1 ASPECT IS  TI IE  FIPIAMCIAL VALUE O F  THE PLUTONIUi4. A G E h T  DEAL O F  



I..IoNEY 15 COXTIGI%T ON TiIE RESULTS O F  T i i 3  VERY D I F T I C U L T  AP~~U;YTICAL D ~ T E ~ . ! ~ M ~ , T I O N .  

SOXX ALTESNATIV2 ALJALYTICU TECHNIQUES I!UST B E  DEVELOPED .TO H ~ ~ ~ D L E  THESE P~OBI;E~.!S 

IX Ti-15 CASE 09 S P I K E D  FUEL.  

A mLATZD ASPECT I S  THE GREATLY E P X U C E D  DIF'FICULTY O F  INSPECTIPIG THE 

CO?.IPONENTS AND T E E  COMPLETED F L E L  A S S E . I B L I E S  UNDER CONDITIONS OF' HIGH PADIATIO>l  

LEVEL-  A PUiJOR DEVELOPI'IENT PROGm4 W I L L  HAVE TO B E  ACCO.'.PLISI-IED BEFORE P E  ! J I L L  

FXOW TIlIiT I T  I S  F E A S I B L E  T O  PRODUCE AND I N S P E C T  XXCTOR-READY RECYCLE F U E L  

IVFIICI-I I S  HIGHLY RADIOACTIVE. 

PUTTIMG T H I S  TOGETFEX ( F I G .  181, k E  S E E  mAT "HOT" FUEL F I X ~ R I ~ T I O ~ ' ~  I N V O L W S  

E 1 4 O T E  PltZL'JTZNWCE A S  WELL AS RECdlOTE OPZP.\TION. INTERrnE?SNCE VIITH THE F I S S I L E  

ASSAY SYSTEM ~ V D  ~;ECHANICRZ; INSPECTIONS A ~ D  ALHOST CERTAINLY HIGH COST. . . 

F I C U H E  13 SU~,P4ARIZES THE TECHNICAL CONSIDE!G4TIOXS T.E HAVE: DISCUSSED T H I S  
. . 

I.~oRNING.'.' Ti lE UPA?JIU?4-BASED FUEL C Y C I E ,  USING B E D  PLUTO>JIU>l T O  PROVIDE THE 

F I S S I L E  E:WRICIL;.LENT, IS  TiIE FUEL, SYSTE24 PIITH THE HIGIIEST DEGREE O F  CO:,~JEZCIAL 

DEVELOP?G:NT AT THE P I G S E N T  TIhIE.  H O I + J E ~ J ~ R ,  BECAUSE P U R I F I E D  PLUTONIml  CAN B E  

'USZD I I <  VlEAPOXS, THIS FUEL CYCLE I S  P 0 E i ; i T I A L L Y  WLWERASLE T O  D I E R S I O r J  O F  

THAT PLITTO2IIUt.l. I T  DOES APPEAR THAT Ti-ZF'E ARE TECI-NOLOGICALLY SOUPJD k7AY I N  

b7iiICEI T i lE  PLUTOHIUbl I S G H T  B E  ADUILPERATZD BY ADPliXTURE 1 I T i I  238U AED/OR RADIO- 

ISOTOE'ES, AI.JD MAIP!TAIE.ED I N  THAT STATE T>IROUGHOUT TI-IE FUEL CYCLE, S O  TIIAT T H E  

LIKELl~[Ir30L) 07 A SUCCESSFUL DIVERSION I S  Q U I T E  Si~lALL.  ADULTERATION O F  THE 

PLUTONI'JE! I E J  T H I S  PlAEINER PIOULD HAVE REIATIVELY LITTLE E F F E C T  ON THE OPERATIONS 

O F  EXISrJ.'Ii\lG OR PLk'l.?NED WACTORS.  STLJDIES 1,IOW IPJ PROGPESS SFIOULD SHOrJ IJITI-IIN 

A YE:AIi OK 'I750 P1Hf;Ti-IER TIIE LESS' EXTEEJSIVE COPROCESSING SCI.1Et.E WOULD PROVIDE 

AD1':Qr.lAII"L:: PR08.rECTION (COUPLED PERHAI?S WITX ELABOZ?iTE COPVENTIO:JAL SAFEGUARDS 

PIW(:I:DU~~LS) OR IF 'rrrz N O ? ?  EXPENSIVE S P I : ~ D  FUEL CYCLE IS NEEDED AS IN  T F ~ E  

PROPOf:;E!I CICVEX PROCESS.  I F  THE LATTER I S  THE CASE,  I T  WILL BE FURTHER 



NECESSARY TO DETE*lINE TFIE OPTIP!UPI SPIKING LEmL,  PEIICH COULD VARY A3 l.igei[ 

AS A FACTOR OF A RTLTATON. A VERY BASIC QUESTION HANGS ON TI.IESE DETE&~lI?.TATIO>IS: 

I.JKZ\T IS  TO BE THE NATJRE Or' THE RECYCLE FUEL FABRICATION F A C I L I T I E S ?  IF THE 

HOT, FULLY- EPIOTE FUEL FABRICATION I S  REQUIRED, THEN A GPEAT DEAL OF FURTHER 

DEVELOPI'.IENT WO-X WILL BE REQUIRED TO PWKE THE FUEL CYCLE FULLY COFPLERCIkIL, 
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