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INTRODUCTION 

This Report is a complete revision of BNWL-326, an anno­

tated bibliography of power and heat reactor design studies, 

produced by computer printout of information available as of 

December 1968. The computer program will permit frequent 

up-dating of the information and periodic publication of 

revisions. The program will also permit subject searches and 

the preparation of bibliographies from the stored information. 

Sections of the Bibliography group the designs into broad 

reactor types, as listed in the Table of Contents. Each 

design is given an alpha-numeric code. Pagination follows 

this alpha-numeric order, with the reactor code number appear­

ing at the upper right hand corner of each page. Tabs are 

provided for locating the sections. 

BNWL-326 and revisions may be discarded. 
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DO~1ESTIC 
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AC 

AC~ 

AEC 

ft.EP 

AEPSCO 

AGN 

A I FIESEARCH 

ALea 

AMF 

BNWL .. 936 

GLOSSARY AND ADDRESSES 
'" ... • • '" 

... • • 

ALLIS-CHALMERS MANU~ACTURING CO. 
NUCLEAR POWER DEPT. 
6935 ARLINGTON RQAD 
BETHESDA, MARVLAND 20014 

• • • 

FORMERLY NUCLEAR PRODUCTS ERCO DIV. Acr 

ACF INDUSTRIES 
NUCLEAR PRODUCTS - ERCO DIVISION 

DIVISIoN ACQUIRED BY ALLIS-CHALMERS IN 
1959 

U.S. ATOMIC ENERGY COMMISSION 
WASHINGTON 25, D~C. 

AMERICAN ELECTRIC POWER CO, 
2 BROADWAY 
NEW YORK, N.Y. 1000 4 

AMERICAN ELECTRIC POWER SERVICE CORP. 
SUBSIDIARY, AMERICAN ELECTRIC POWER CO. 

AEROJET~GENERAL NUCLEONICS 
SUBSIDIARY Or AEROJET-GENERAL 

CORPORATION 
P.O. BOX 78 
SAN RAMON, CALlr~ 94583 

ATOMICS INTERNATIONAL 
DIV. NORTH AMERICAN AVIATION INC. 
8900 DE SOTO AvE~ 
CANOGA PARK. CALIF. 9130 4 

AFFILIATED wITH INTERATOM, 
DANA TOM 

AIRESEARCH MANUFACTURING CO~ 
Dlv. GARRETT CORP. 
402 S. 36T~ ST: 
PHOENIX, ARIZ. 850 34 

ALCO PRODUCTS iNC. 
NUCLEAR PRoJECTS 
DEPT. 220 
SCHENECTADy, N~Y~ 

AMES INSTITUTE rOR ATOMIC RESEARCH 
IOWA STATE UNIvERSITY 
AMES~ IOwA 50010 

AMF" ATOMIC~ 

'" 
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DOMESTIC .. • .. * 

AMSTAN 

ANL 

APDA 

ARDA 

ARKANSAS P+L 

ARMOUR 

ASDA 

ASTRA 

ATl 

ATLANTIC CITY 

BNWL-936 

GLOSSARY AND ADDRESSES 
• • • • • • .' .' . 
DIV. AMERICAN MACHINE • ~OUNDRV CO. 
140 GREENWICH AV~. 
GREENWIC~, CONN. 068 30 

AMERICAN STANDARD CORP; 
DIV. AMERICAN RADIATOR AND STANDARD 

SAN IT ARV CORP: 
1682 BROADWAy 
REDWOOD CITY~ CALIr. 9 4 063 

ADVANCED TECHNOLOGy LABORATORIES 
369 WHISMAN ROAD 
MOUNTAIN VIEW; CALI~. 9 4 0 4 0 

ARGONNE NATIONAL LABORATORv 
9700 SOUTH CASS AVE. 
ARGONNE, ILL: 60 43 9 

.. 

ATOMIC POW~R DEVELOPMENT ASSOCIATES, INC. 
1911 FIRST STREET 
DETRtOT, MICHIGAN 48226 

UTILITIES GROUP 

ADVANCED REACTOR DEVELOPMENT ASSOCIATES 
UTILrTIES GROUP 
PUBLIC SERVICE COMPANY O~ COlORADO 
DENVER, COLORAOO 

ARKANSAS POWER • LIG~T CO. 
9·TH AND LOUISIANA STS~ 
LITTLE ROCK~ ARK: 72203 

SUBsIn. MIDDL~ SOUTH UTIL. INC. 

ARMOUR RESEARCH rOUNDATION 
SEE IITRI 

10 W~ 35TH STREET 
CHICAGO 6. ILLINOIS 

ATOMIC AND SPACE DEVELOPMENT AUTHORITV 
STATE OF N~W YORK 

ASTRA INC. 
SOX 266 
RALEIGH. N:C: 

ADVANCED TECHNOLOGY LABORATORIES 
AMERICAN STANDARD CORPORATION 
369 WHISMAN ROAD 
MOUNTAIN VIEW, CALIF. 94040 

ATLANTIC CITY ELECTRIC CO. 

.. 
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DOMESTIC 
* * * 

BALTIMORE G+E 

"BAR 

BAW 

BECHTEL 

13M! 

13NL 

BOSTON ED 

CALRD 

CAROLINA P"L 

CATALYTIC 

CDjoJR 

CE 

CENTRAL ~UDSON 

... 

BNwL-936 

GLOSSARY AND ADDRESSES 
... ... ... ... ... ... ... ... ... 

1600 PACIFjC AVE, 
ATLANTIC CITY, N.J. 08404 

MEMBER DELAWARE VALLEy UTIL. 

BALTIMORE GAS + ELECTRIC CO. 
GAS ... ELECTRIC BUILDING 
BALTIMORE, MD. 21203 

BURNS AND ROE INC. 
700 KINDERKAMACK ROAD 
ORADELL, N:J: 

BABCOCK ANn WILCOX 
ATOMIC ENERGy DIVISION 
P.O. BOX 1?60 
LYNCHBURG, VIRGINIA 

BECHTEL CORPORATION 
220 BUSH STREET 
SAN ~RANCISCo, CALIF. 

07649 

94119 

BATTELLE MEMORIAL INSTITUTE 
COLUMBUS, oHIO 

BROOKHAV~N NATIONAL LABORATORY 
UPTON, LONG ~SLAND, N.Y. 

BOSTON EDIsON COMPANY 
800 BOYLSTON ST. 
BOSTON' MASS: 02199 

... 

CALIFORNIA RESEARCH AND DEVE~OPMENT CO. 
LIVERMORE RESEARr,H LABORATORY 
LIVERMORE, CALlr: 

CAROLINA PQWER • LIGHT co. 
336 FAYETTyI~LE ST~ 
RALEIGH, N.C, 27602 

CATALYTIC CONSTRUCTION COMPANY 
1528 WALNUT STREET 
PHILADELPHiA; pENNA. 19102 

... 

CALIrORNIA DEPT. Or WATER RESOURCES 

COMBUSTION ENGINEERING INC: NucLEAR DIVISION 
PO BOX 500 
WINDSOR, CoNNECTICUT 06095 

ACQUIRED GENERAL NUCLEAR ENGINEERING 

CENTRAL HUDSON GAS. ELECTRIC CO, 

... 
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DOMESTIC 

BNWL-936 

GLOSSARV AND ADDRESSES 
• ... • ... • • • 

SOUTH ROAD 
POUGHKEEPSIE~ N.V. 

... • 

12602 

CENTRAL IOWA CENTRAL IOWA POWER COOPERATIVE 
PO BOX 389 
MARION, IOWA 52302 

.. .. 

CENTRAL UTILITIES CENTRAL UTIL~TiE5 ATOMIC POWER ASSOCIATES 
i0-UTILITV GROUP 

CLEVELAND ELECTRIC CLEVELAND ELBCTRic ILLUMINATING CO. 
PO BOX 5000 
CLEVELAND, OHIO 44101 

COM/EO COMMONwEALTH EDISON COMPANy 
72 WEST ADAMS ST: 
CHICAGO, ILL: 60690 

.. 

CON/ED CONSOLIDATED EDISON COMPANY Or NEw YORK, INC. 
4 IRVING PLACE 
NEW YORK, NEw YORK 10003 

CONNECTICUT L.p CONNECTICUT LIGHT • POWER CO. 
PO BOX 2010 
~ARTFORD, CONNECTICUT 06101 

CONNECTICUT YANK~E CONNECTICUT VANKEE ATOMIC POWER CO. 

CONSUMt:RS powER 

CONSUMERS PUBLIC 

CORN BELT 

CVNPA 

DAIRYLAND 

PO BOX 2010 
~ARTrORD, CONNEctICUT 06101 

CONSUMERS powER co. 
212 W. MICHIGAN AVE. 
JACKSON, MICHIGAN 49201 

CONSUMERS PUBLIC POWER DISTRICT Or NEBRASKA 
1452 TWENTV.FI~TH AVE~ 
COLUMBUS, NEBRASKA 68601 

CORN BELT pOwER COOPERATIVE 
1300 THIRTEENT~ ST. 
~UMBOLDT, IOWA 50548 

CAROLINAS VIRGINIA NUCLEAR POwER ASSOC. INC. 
SOUTH CAROLINA ELECTRIC. GAS co. 
PO Box 390 
COLUMBIA, sOUT~ CAROLINA 

DAIRVLAND powER COOPERATIVE 
2615 EAST AVE. S~ 
LA CROSSE, wtS: 54601 
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DOMESTIC 
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r;OL 

DELAWARE VALLEY 

DELMARVA 

DE TRO IT lED 

DOD 

DOUGLAS 

DOW 

DUKE 

DLiN 

DUPONT 

DUQUESNE 

ECFWCNG 

ECNG 

BNWL-936 

GLOSSARY AND ADDRESSES .. .. .. .. .. .. .. .. 

DONALD W. OOUGLAS LABORATORIES 
RICHLAND, WASH: 99352 

DELAWARE VALLEy UTILITIES 

• .. .. 

PUBLIC SERVICE-ELECTRIC AND GAS, N.J. 
PHILAnELP~IA ELECTRIC CO. 
DELMARVA POWER AND LIGHT CO. 
ATLANTIC CITY ELECTRIC CO. 

DELMARVA POWER. LIGHT CO, or MARYLAND 
SALISBURY, MD, 21801 

MEMBER, DELAWARE VALLEY UTILITIES 

DETROIT EDisON co. 
2000 SECONn AVE. 
DETROIT. MyCH. 

DEPARTMENT Ot DErENSE USA 

DOUGLAS AIRCRArT 

48226 

MISSILE AND SPACE SYSTEMS DIV. 
5301 BOLSA AVENUE 
HUNTINGTON BEACH~ CALlrORNIA 92646 

now CHEMICAL co. 
MIDLAND, MyCH, 

DUKE POWER COMPANY 
422 S. CHURCH 5T: 
CHARLOTTE, N:C~ 

48640 

28202 

DOUGLAS UNITED NUCLEAR INC. 
F'EDERAL BLDG: 
RICHLAND. wASHINGTON 99352 

E,I. DU PONT DE NEMOURS AND CO.' INC. 
1007 MARKET 5T~ 
WILMINGTON~ DEL, 19898 

DUQUESNE LyG~T COMPANY 
435 6-TH AVE. 
PITTSBURGH. PENNA. 15219 

.. 

EAST CENTRAL FLORIDA WEST COAST NUCLEAR GROUP 
rLORIDA WE~T CoAST GROUP 
101 SOUTH 5TH ~TREET 
ST. pETERSBURG, F'LA. 33701 

EAST CENTRAL N8C~EAR GROUP 
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DOMESTIC 
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ESAOA 

F'AIRCHILD 

F'ITCHBURG G+E 

~LORIOA P-L 

F'LUOR 

GA 

GO 

8NWL-936 

GLOSSARY AND ADDRESSES .. '* ... .. .. .. .. * .. .. '* 
UTILITIES GROUP 

EMPIRE STATE ATOMIC DEVELOPMENT ASSOC. INC. 
4 IRVING PLACE 
NEw YORK 3~ NEW YORK 

EUGENE WAT~R ... ELECTRIC BOARD 
500 4-TH AVE~ EAST 
EUGENE, OR~GON 97401 

F'AIRCHILD ENGINE AND AIRPLANE CORP. 
NEPA DIVISION 
OAK RIDGE, TENN. 378 3 0 

F'ORD INSTRUMENT COMPANY 
UIVISION SPERRy RAND CORP. 
31-10 THOMSON AVE. 
LONG ISLAND CITY~ N.Y. 11101 

F'ITCHBURG GAS'" ELECiRIC CO. 
655 MAIN Si. 
FITCHBURG, MASS. 01420 

F'LORIDA POWER AND LIGHi COMPANY 
PO BOX 3100 
MIAMI, FLORIDA 33101 

F'LORIDA POWER CORPORATION 
101 FIFTH ST~ ~OUTH 
ST. PETERSRURG, F'LA. 33101 

FLUOR CORPORATION LTD. 
2500 S. ATLANTIC BLVD. 
LOS ANGELES, CALIF'. 90022 

FOSTER WHEELER CORP. 
110 S. ORANGE AVE, 
LIVINGSTON; N.J. 07039 

F'LORIDA wEST COAST NUCLEAR GROUP 
~LORIDA POW~R CORPORATION 
~LORInA POWER AND LIGHT COMPANY 
TAMPA ELECTRIC COMPANY 

SEE GGA 

GENERAL DYNAMICS CORPORATION 
GENERAL ATOMICS DIVISION 
SAN DIEGO, CALIF~ 

GENERAL AiOMICS DIV. HAS BEEN BOUGHi BY 

.. 
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GE 

GEORGIA POWER 

GGA 

GIC 

GNEC 

GOLDEN VALLEY 

GPU 

HERC 

~ITTMAN 

HTRDA 

BNWL-936 

GLOSSARV AND ADDRESSES 
• * * • • • • 

GULF OIL CO, SEE GGA. 

GENERAL EL~CTRIC COMPANY 
ATOMIC POWER EOUIPMENT DEPT. 
2151 F"IRST ST, 

• 

SAN JOSE, CALIF. 95112 

GEORGIA POwER COMPANY 
210 PEAC~TREE ST~ 
ATLANTA, GA. 30 3 03 

• 

SUBSIDIARY SOUT~ERN CO. SYSTEM. 

GULF" GENERAL ATOMIC COMPANY 
GULF OIL CORPORATION 
PITTSBURGH; PENNA 

• • 

F"ORMERLY GEN. ATOMICS DIV. GEN. DYNAMICS 

GENERAL IN~TRUMENT CORPORATION 
65 GOVERNEUR STREET 
NEWARK, N.J. 07104 

GILBERT ASsOCIATES INC, 
525 LANCASTER AVE. 
READING, P~NNA: 19603 

GENERAL MOTORS CORPORATION 
ALLISON DIvISION 
INDIANAPOLIS 6; INDIANA 

GENERAL NUCLEAR ENGINEER!NG CORP. 
DIVISION COMBUSTION ENGINEERING 

GOLDEN VAL~EV ELECTRIC ASSOCIATION 
758 ILLINOIS Sr. 
FAIRBANKS, ALASKA 99701 

GENERAL PURLIC UTILITIES COR~ORATION 
80 PINE: ST. 
NEw YORK, N.V. 10005 

HERCULES INCORPORATED 
HERCULES TOWER 
910 MARKET ST. 
WILMINGTON~ DEL. 19899 

HITTMAN ASsOCIATES INC. 
4715 E. WABASH AVENUE 
BALTIMORE, MARYLAND 2121 5 

HIGH TEMPERATURE REACTOR DEvELOPMENT ASSOC. 
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INDIANA-MICHIGAN 

INTERNUC 

IOWA ELECTRIC 

IOWA-ILLINOIS 

JERSEY CENTRAL 

JPL 

KANSAS G-E: 

KE 

KIDDE 

LADWP 

LAMONT 

BNWL-936 

GLOSSARY AND ADDRESSES 
... * • • ... 

89 EAST AVE. 
ROCHESTER, NEW YORK 

... ... ... .. 

14604 

ILLINOIS INST. TEC~NaLOGY RES. INST. 
10 W~ 35 STREET 
CHICAGO, ILL: 60016 

.. 

INDIANA AND MICHIGAN ELECTRIC COMPANY 
PO BOX 18 
BOWLING GREEN STATION, N.Y, 1000 4 

SUBSIDIARY or AEP 

INTERNUCLEAR CO. 
7 NORTH 8R~NTWOOD BLVD. 
CLAYTON, Mo. 63105 

IOWA ELECTRIC LIGHT AND POWER CO~PANY 
206 E. SECOND ST~ 
DAVENPORT, IOWA 52808 

IOWA-ILLINOIS GAS AND ELECTRIC CO. 
206 E. SECoND ST. 
DAVENPORT, IOWA 52808 

JERSEY CENTRAL POWER AND LIGHT CO. 
MADISON AVE. AT PUNCH BOWL RD. 
MORRISTOWN; N.J. 079 6 0 

JET PROPuLSION LABORATORy 
CALIr. INST. TECHNOLOGV 
4800 OAK GROvE DRIVE 
PASADENA, CALIF. 91103 

KANSAS GAS • ELECTRIC co. 
201 N. MARKET ST. 
WICHITA, KANSAS 67201 

KAISER ENGINEERS 
DIVISION HENRV J. KAISER Co. 
KAISER Ct::NTER 
OAKLAND, CALIF~ 94612 

WALTER KIDnE NUCLEAR LABORATORIES 
GARDEN CITY, N:V~ 11530 

* 

LOS ANGELEs DEpARTMENT or WATER AND POWER 
PO Box 111 
LOS ANGELE~, CALIFORNIA 900 54 

LAMONT GEOpHVSICAL OBSERVATORY 

.. 
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LASL 

.LEWIS RESEARCH 

LI LCD 

LOCKI4EED 

LRL 

MA 

"1ADISON G+E 

MAINE YANKEE 

MAPP 

MARQ 

MARTIN 

BNWL .. 936 

GLOSSARV AND ADDRESSES 
• • • .. 
COLUMBIA UNIVERSiTY 
PALISADES, N:V: 

• • • 

10964 

LOS ALAMOS SCIENTlrIC LABORATORV 
P~O. BOX 1663 
LOS ALAMOS; N.M. 87544 

LEWIS RESEARCH CENTER 

• • • • 

NATIQNAL AERONAU+1CS AND SPACE ADMINISTRATION 
CLEVELAND, OHIO 

LONG ISLAND LIGHTING CO. 
250 OLD CO~NTRV RD~ 
MINEOLA, NEW YORK 11501 

LOCKHEED MYSSILES AND SPACE COMAPNV 
DIVISION or LOCK~EED AIRCRArT CORPORATION 
SUNNVVALE, CALlr~ 

LAWRENCE RADIATION LAB~ 
UNIV. CALIr. 
LIVERMORE, CALlr: 

MARITIME ADMINISTRATION USA 

MADISON GAs AND ELECTRIC COMPANy 
100 No FAIRCHILD ST. 
MADISON, WIS~ 53701 

MAINE YANKeE ATOMIC POWER co. 
9 GREEN ST: 
AUGUSTA, MAINE 04330 

UTILITV GROUP 

MID-CONTINENT AREA POWER PLANNERS 
50 UTILTTIES rROM MINNESOTA, 
WISCONSIN; iOWA, NEvADA, MONTANA. 
THE DAKOTAS 

MARQUARDT CORPORATION 
NUCLEAR SYSTEMS DIVISION 
16555 SATICOV STREET 
VAN NUYS, CA~I~. 91 406 

MARTIN-MARIETTA CORPORATION 
NUCLEAR DIvISION 
BALTIMORE, MD. 21203 

MARTIN-MARIETTA NUCLEAR DIV. HAS 
BEEN ACaUIRED BV ISOTOPEs, SUBSIDe 
OF NUCLEAR SYSTEMS Dlv" TELEDVNE 
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MET .. ED 

MONSANTO 

MWD 

NAA 

NASA 

NOA 

NEE 

• 

NEW HAMPSHIRE: 

NIAGARA MOHAWK 

NIPSCO 

NPG 

NRDS 

NRTS 

NSP 

• 

BNWL-936 

GLOSSARV AND ADDRESSES 
• • • • • 

CORP. 

METROPOLITAN EDISON COMFANV 
2800 POTTSVILLE PIKE 

• 

READING, P~NNA: 19603 

• 

SUBSIDIARV GENERAL PUBLIC UTILITIES 

MONSANTO CHEMICAL COMPANY 
800 N. LINOBERGH BLVD. 
ST~ LOUIS, MO. 63166 

* 

METROPOLITAN WATER DISTRICT Or S. CALI~ORNIA 

NORTH AMERiCAN AVIATION 
ATOMI~S INTERNATIONAL DIv; 

• 

NATIONAL AERONAUTl~S AND SPACE ADMINISTRATION 
400 MARYLAND AvE: SW 
WASHINGTON; D.C. 

NUCLEAR DEvELOPMENT CORPORATION Or AMERICA 
SEE UNITED NUCLEAR CORP. 

NEW ENGLAND ELECTRIC SYSTEM 
441 STUART ST. 
BOSTON, MA!=;S: 02116 

NEW HAMPSHiRE PUBLIC SERVICE COMPANY 

NIAGARA MOHAWK POWER CORP, 
300 ERIE BLVD. WEST 
SYRACUSE, NEw YORK 13202 

NORTHERN INDIANA PuBLIC sERVICE CO. 
5265 HOHMAN AVE. 
HAMMOND, INDIANA 46~25 

NUCLEAR POwER GROUP 
CHICAGOJ I~LINOIS 

a"COMPANV GROUP 

NUcLEAR ROcKET DEVELOPMENT STATION 
JACKASS ~LATSJ NEVADA 

NATIONAL REACTOR TEST STATION 
IDAHO FALL!=;. IOAI-IO 

NORTHERN STATES POWER CO, 
414 NICOLLET MALL 
MINNEAPOLIS. MINN. 55 401 
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NTS 

.NUMEC 

NUTMEG 

NY STATE 

OMAHA PUBLIC 

OPPD 

LlRNL 

ORSORT 

OSW 

PENNA P+L 

PGE 

PHILADELPHIA 

PHILLIPS 

BNWL-936 

GLOSSARV AND ADDRESSES 
• • • • • 

NEVADA TEST SITE 
JACKASS ~LATS, NEVADA 

• • • • .. 

NUOLEAR MATERIALS AND ~aUIPMENT CQRPORAT10N 
N~ SEVENTH AND WARREN AVE. 
APOLLO, PENNA. 15613 

SUBSInIARV ~TLANTIC RfCH~IELD. 

NUTMEG ELE~TRIO COMPANIES ATOMIC PROJECT 
CONNECTICUT UT1LITIES STUDy GROUP 
HART~ORD ELECTRIC LIG~T 
UNITED ILLUMINAT1NG 
CONNECTicUT LIGHT AND POWER 

NEW YORK STAtE ELECTRIC. GAS CORPORATION 
ITHACA, N.v~ 1485 0 

OMAHA PUBLIC POWER DISTRICT 
1623 HARNEy ST: 
OMAHA, NEBRASKA 68102 

SEE OMAHA pUBLIC 

ORANGE. ROCKLAND UTILITIES INCORPORATED 
10 N~ BROADWAV 
NVACK, N.Y: 10960 

OAK RIDGE NATIONAL LABORATORV 
OAK RIDGE, TENNESSEE 

OAK RIDGE SCHOOL Or REACTOR TECHNOLOGV 
OAK RIDGE, TENNESSEE 

OFFICE Or SALINE WATER 
DEPARTMENT Or THE INTERIOR U.S.A. 

PENNSYLVANiA POWER • LtG~T COMPANY 
901 I-IAMILToN ST. 
ALLENTOWN, PENNA~ 18101 

PACIFIC GA~ • ELECTRIC COMPANY 
245 MARKET ST. 
SAN fRANCIsCo, CALIF. 94106 

PHILADELPHiA ELECTRIC CO. 
1000 CHESTNUT ST~ 
PHILADELPHiA~ PENNA. 19105 

MEMBER DELAWARE VALLEV UTIL!TIES 

PHILLIPS PETROLEUM COMPANY 

• 
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PNPG 

PNWL 

PORTLAND GE 

PRDC 

PRWRA 

PSCC 

~UBLIC SERVICE·N~ 

PWAC 

RCA 

RCPA 

ROCHESTER G-E 

8NWL"936 

GLOSSARY AND ADDRESSES 
• • • • • • • • 
BARTLESVIL~E~ OK~A~OMA 74 003 

PAClrIC NORTHWEST POWER GROUP 
RICHLAND, WASHINGTON 99352 

BATTELLE MEMORIAL INSTTTUTE 
PACI~IC NORTHWEST LABORATORY 
PO BOX 999 
RICHLAND, WASHINGTON 99352 

• 

PORTLAND GENERAL ELECTRIC COMPANY 
621 SW ALDER ST. 
PORTLAND, OREGON 97205 

POWER REACTOR DEVELOPMENT COMPANY 
1911 rIRST STREET 
DETROIT, MICHIGAN 48226 

UTILITIES GROUP 

• 

PUERTO RICn WATER RESOURCES AUTHORITY 
PO BOX 4267 
SAN JUAN, PUERTO RICO 

PUBLIC SERVICE COMPANY or COLORADO 
PO BOX 840 
DENVER, COLORADO 80201 

PUBLIC SERvICE CO. or NEw ~AMPSHIRE 
10 87 ELM ST-
MANCHESTER, N.H, 03105 

• 

PUBLIC SERVICE ELECTRIC. GAS, NEW JERSEY 
80 PARK PLACE 
NEwARK, N.j. 07101 

MEMBER DELAWARE VALLEY UTILITIES 

PRATT AND WHITNEY AIRCRArT 
DIVISION or UNtTED AIRCRA~T 
~AST HARTrnRD, CONNECTICUT 

RADIO CORPORATION Or AMERICA 
30 ROCKrEL~ER PLAZA 
NEW yORK, N.Y. 10020 

RURAL COOPERATIVE POWER ASSOC. 
HIGHWAY 10 S:E~ 
ELK RIVER, MINNESOTA 55330 

ROCHESTER GAS AND ELECTRIC CORPORATION 
89 EAST AVENUE 

• 
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RRC 

S CAL ED 

SAEA 

SAL 

SAN OIt:GO G+E 

SAP 

SMUD 

SNEC 

SNPO 

SOUTHERN CO 

STL 

STUD 

TAMPA ELECTRIC 

BNWL-936 

GLOSSARY AND ADDRESSES 
• .. • • • • • • 
ROCHESTER, NEW YORK 14604 

ROYAL RESEARCH CORPORATION 
HAYWARD, CAU~: 

SOUTHERN CALlrORNIA EDISON CO. 
PO BOX 351 
LOS ANGELES, CALIFORNIA 90053 

.. 

SOUTHWEST ATOMIC ENERGY ASSOCIATES 
306 PYRAMID BUILDING 
LITTLE ROCK. ARKANSAS 72201 

UTILITIES GROUP 

SARGENT ... LUNDy 
140 S. DEARBORN STREET 
CHICAGO, ILL: 60603 

SAN DIEGO GAS. ELECTRIC CO. 
861 SIXTH AVE. 
SAN DIEGO, CALI~. 92112 

SANDERSON + PORTER 
72 WALL STREET 
NEw YORK 5; N.Y. 

• 

SACRAMENTO MUNICIPAL UTILITY DISTRICT 
SACRAMENTO~ ~ALIF. 

SAXTON NUCLEAR EXPERIMENT CORPORATION 
PO BOX 542 
READING, PFNNA: 18501 

SUBSInIARY GENERAL PUBLIC UT1LITIES 

SPACE NUCL~AR PROPULSION OFFICE 

• 

U.S. ATOMIC ENERGY COMMISSION 
NATIONAL AERONAUTICS AND SPACE ADMIN, 

SOUTHERN COMPANY 
3390 PEACHTREE ROAD 
ATLANTA, GA. 30326 

SPACE TECHNOLOGY LABORATORIES INC. 
THOMPSON RAMO wOOLRIDGE INC. 
REDONDO BEACH, CALIF. 

STUDEBAKER~PACKARD CORPORAT10N 
635 S. MAIN STREET 
SOUTH BEND; INn. 46627 

TAMPA ELECTRIC COMPANY 

• 



JANUARY 1969 

DOMESTIC 
* • 

THIOKOL 

TOLEDO ED 

TRG 

TRW 

TVA 

UAC 

UCRL 

UI\C 

U~ I TED I LLUM 

USAF 

USf3M 

USN 

VEPCO 

.. 

VERMONT YANKEE 

'* 

8NWL-936 

GLOSSARV AND ADDRESSES 
• • * • • ... • • 
111 N. DALE MABRV HIGHWAV 
TAMPA, FLA~ 33609 

THIOKOL CH~MicAL CORPORATION 
NEWPORTVILLE~FALSINGTON RD~ 
BRISTOL, P~NNA: 19007 

TOLEDO EDISON COMPANY 
420 MADISON AVE. 
TOLEDO, OHIO 43601 

TECHNICAL RESEARCH GROUP 
17 UNION SnUARE WEST 
NEW YORK, N.Y. 10003 

• 

TRW SPACE TECHNOLOGY LABORATORIES 
ONE SPACE pARK 
REDONDO BEACH' CALIF, 90278 

THOMPSON RAMO WOOLRIDGE 

TENNESSEE VALLEY AUTHORITY 
NEW SPRANKLE BLDG. 
KNOXVILLE, TENNESSEE 37902 

UNITED AIRCRAFT CORP. 
400 MAIN ST. 
EAST HARTrQRD, CONN. 06108 

UNIV. CALIF. RADIATION LAB~ 
LIVERMORE, CALIF, 

UNITED NUCLEAR CORPORATION 
GRASSLANDS ROAD 
ELMSrORD, N.Y. 10523 

UNITED ILLUMINATING COMPANy 
80 TEMPLE ST: 
NEW HAVE~, CONN. 06510 

UNITED STATES AIR FORCE 

UNITED STATES BUREAU OF HINES 
WASHINGTON 25, D:C. 

U.s. NAVY 

VIRGINIA ELECTRIC. POWER CO. 
700 E. FRANKLIN ST. 
RICHMOND, VA~ 23219 

• * 

VERMONT yANKEE NUCLEAR POWER CORPORATION 

• 



JANUARY 1969 

DOMESTIC 
• '* * • 

-VITRO 

WEST 

WMPCO 

WPS 

YAEC 

YANKEE-DIXIE 

GLOSSARY AND ADDRESSES 
,., • • • • ,., • • 
77 GROVE ST. 
RUTLAND, VERMONT 

10"UTlL'ITY GROUP 
05701 

VITRO CORPORATION OF AMERICA 
90 PARK AVENuE 
NEw YORK, NEW YORK 10016 

WISCONSIN ELECTRic POWER COMPANY 
231 W. MICHIGAN ST. 
MILWAUKEE, WIS~ 53201 

• 

WESTINGHOUSE ELECTRIC CORPORATION 
BETTIS ATOMIC POWER LABORATORY 
P.O, BOX 1468 
PITTSBURGH; PENNA. 1 5 2 3 0 

WISCONSIN MICHIGAN POWER COMPANY 
231 WEST MrCHIGAN ST. 
MILWAUKEE, WISCONSIN 53201 

SUBSInIARY WEPCO 

WISCONSIN pOWER • LIGHT COMPANY 
122 W. WASHINGTON ST; 
MADISON, WrS~ 53'01 

• 

WASHINGTON PUBLIC POWER SUPPLY SYSTEM 
130 VISTA WAy 
PO BOX 166 
KENNEWICK, WASHINGTON 99336 

WISCONSIN PUBLrC SERVICE CORPORATION 
10 2 9 N. MARSHA~L ST. 
MILWAUKEE, WIS. 53201 

YANKEE ATOMIC ELECTRIC COMPANY 
441 STUART ST. 
BOSTON, MA~S: 02116 

YANKEE-DIXrE POWER CO. 
NORTH CAROLINA-VIRGINIA 

• 

MINNESOTA MINING AND MANUFACTURING COMPANY 
NUCLEAR RE~EARCH DEPT. 
2501 HUDSON ROAD 
ST. PAUL, MINN~ 55101 

• 



JANUARY 1969 

fOREIGN 
• • • • • 

ARGENTINA 

CNEA 

SEGMA 

AUSTRALIA 

AAEC 

AUSTRIA 

OBRFA 

SGAE 

BELGIUM 

ACEC 

BELGONUC 

CEA 

CEN 

BNWL-936 

GLOSSARY AND ADDRESSES 
• • • • • • • • 

COMISION NACtONAL DE ENERGIA ATOMICA 
BUENOS AIRES, ARGENTINA 

SEGMA POWER COMPANY 
ARGENTINA 

AUSTRALIAN ATOMIC ENERGY COMMISSION 
45 BEACH STREET 
COO GEE 
NEW SOUTH WALES, AUSTRALIA 

OSTERR~ICHISCHE BERATENDE 
REGIERUNGSKOMMISSION rUR ~RAGEN 
DER ATOMENERGIE 
3 HOHENsTAUrENGASSE 
VIENNA 1, AUSTRIA 

AUSTRIAN ATOMIC ENERGy STUDy GROUP 
VIENNA, AUSTRIA 

ATELIERS D~ CONSTRUCT10NS 
ELECTRInUES DE CHARLEROI S.A. 

ATOMIC ENERGY DIVISION 
AVENUE E. ROUSSEAU 
CHARLEROI, BELGIUM 

ASSOCIATED COMPANIES, 
WESTING~OUSE IU.S,I 
FRAMATOME IF'RANCEI 

SOCIETE BELGE POUR L INOUSTRIE 
NUCLEAIRE S:A~ IBELGONUCLEAIREI 

35 RUE DES COLONIES 
BRUSSELS, BELGIUM 

COMMISSARIAT A L ENERGIE ATOMIOUE 
8 RUE DE LA LOI 
BRUSSELS, AELGIUM 

• 

CENTRE D ETUDE DE L ENERGIE NUCLEAIR~ 

• 



JANUARY 1969 

rOREIGN 
* ... • 

CENTRA TOME 

.EBES 

n~TERCOM 

* 

TRACTION-ELEC 

BRAZIL 

CNEN 

CANADA 

AECL 

CGE 

HYDRO-QUEBEC 

ClNTARIO-~YDRO 

• 

8NWL-936 

GLOSSARV AND ADDRESSES 
... ... ... • • • ... • • ... ... 

SRUSSELS, BELGIUM 

SOCIETE REUNIES O-ENERGIE DU BASSIN DE 
L-ESCANT IEBESI 
SOCIETE INTERCOMMUNALE BELGE DE GAZ ET 
O-ELECTRICITE IINTERCOMI 

SOCIETE REUNIES O-ENERGIE DU BASS1N DE 
L-ESCAUT 
31 RUE DE LA SCIENCE 
BRUSSELS 4; BELGiUM 

SOCIETE INTERCOMMUNALE BELGE DE GAZ ET 
n-ELECTRICITE 
1 PLACE DU TRONE 
BRUSSELS, RELGiUM 

tRACTION ET ELECtRICITE 
BELGIUM 

COMISSAO NACIONAL DE ENERGIA NUCLEAR 
350 AVENIDA MARECHAL CAMARA 
RIO DE JANEIRO; 8RAZIL 

ATOMIC ENERGV ~~ CANADA, LTD. 
P.O. BOX 711 
OTTAWA, ONTARIO, CANADA 

CANADIAN GENERAL ELECTRIC COMPANY, LTD. 
107 PARK STREET 
PETERBOROUGH~ ONTARIO, CANADA 

QUEBEC HVDRO-ELECTRIC COMMISSION 
75 DORCHESTER BLVD. WEST 
MONTREAL, nUE8EC; CANADA 

HVDRO-ELECTRIC COMMISSION 
BOX 113 
CHALK RIVER, ONTARIO, CANADA 

CANADIAN WESTING~OUSE INTERNATIONAL CO. LTD 
BOX 510 
HAMILTON, ONTARIO, CANADA 



JANUARY 1969 

VOREIGN 

8NWL-936 

GLOSSARY AND ADDRESSES .. .. • 

CHINA 

NEA 

DAEC 

.. • 

CHINA 

• • * • • • • 

CHINESE DEMOCRATIC REPUBLIC 
ACADEMIA SINICA 
PEKING. CI-IINA 

• • 

COMMITTEE or NUCLEAR SCIENCE 

CZECHOSLOVAKIA 

DENMARK 

MINISTRY or POWER 
NUCLEAR ENERGY ADMINISTRATION 
JUNGMANNOVA 29 
PRAGUE 2, CZECHOSLOVAKIA 

DANISH ATOMIC ENERGy COMMISSION 
CHRISTIANSAORG RIDE8ANE 10 
COPENHAGEN K~ nENMARK 

• .. • 

DANISH ASSnCIATION rOR INDUSTRIAL DEVELOPMENT 
or ATOMIC ENERGY 

STRANDVEJEN 102 
I-IELLERUP INEAR COPENHAGAN/, DENMARK 

EAST GERMANY 

AKK GERMAN D~MOCRATIC REPUBLIC lEAST GERMANV/ 
AMT rUR KERNrORSCHUN UNO KERNTECHNIK 
SCHNELLERSTRAssE 1-5 
8ERLIN-NIEDERSCHONEWIEDE 
GERMAN DEMOCRATIC REPUBLIC 

ATOMKRAFTWERK NORD ATOMKRAFTWERK NORD 
~AST GERMANY IGERMAN DEMOCRATIC REPUBLICI 

n NLAND 

IMATRAN IMITRAN VOrMA OY 
STATE;OWNED POW5R COMPANy 

SUOMEN SUOMEN VESyVOIMEN LItTO 
FINNISH HYDROELECTRIC POWER ASSOCIATION 

5UOMEN-ATOM SUOMEN ATOMITEoLLISUUSRHYMA 

VOIN VOrMA yDIN VOIMAHYDISTYS 



JANUARV 1969 

FOREIGN 
• .. .. * .. 

F"QRMOSA 

ALSTHOM 

ATEN 

CEA 

EDf 

BNWL-936 

GLOSSARV AND ADDRESSES 

* • • .. • • .. .. .. .. 
NUCLEAR POWER CO. LTD. 
WILL BE DISSOLVED, MEMBERS TO ~ORM 

STUDy GROUP SANKOY~TVMA IPOWER CONCERNI 
WITH SUOMEN VESIVOIMEN GROUP. 

IREPUBLIC Or C~INAI 
ATOMIC ENERGY COUNCIL 
11 SOUTH CHUNG S~AN ROAD 
TAIPEI, F'ORMOSA 

SOCIETE GENERALE DE CONSTRUCTIONS ELECTRIaUES 
ET MECANIQuES 
SERVICES D~ETUDES NUCLEAIRES 
20 RUE D-ArHENES 
75 PARtS 9E 
F'RANCE 

ASSOCIATION TECHNIOUE POUR LA PRODUCTION 
ET L UTtLIZATION DE L ENERGIE NUCLEAjRE 

26 RuE DE CLICHV 
PARIS 8, FRANCE 

BREVATOME 
25 RUE DE PONTHIEU 
PARIS 8, rRANCE 

COMPAGNIE nEs ATELIERS ET F'ORGES DE LA 
LOIRE 
12, RuE DE LA ROCHEFOUCAuLD 
pARIS 9, FRANCE 

MEMBER ~F INDATOM 

COMMISSARIAT A L ENERGIE ATOMIOUE 
29-33 RUE nE LA FEDERATION 
PARIS 7, FRANCE 

~LECTRICITE DE FRANCE 
2 RUE LOUIS-MURAT 
PARIs 8, FRANCE 
CLAMART ISEINE/, FRANCE 

FRANCE"ATOME 
6 ET 8 BOULEVARD HAUSSMAN 



JANUARV 1969 

FOREIGN 
• • • • 

GAAA 

KUHLMANN 

PECHINEV 

SCHNEIDER-CREUSOi 

SEEN 

SENA 

SENTA 

SNECMA 

SOCIA 

SOCIETE RATEAU 

8NWL~936 

GLOSSARV AND ADDRESSES 
• • • .., .., .., • • • • 
PARIS 9, FRANCE 

GROU~EMENT ATOMIOUE ALSACI6NNE ATLANTtQUE 
20 AVENUE ~DCUARD·~ERRIOi 
92/LE PLESsIS-ROBINSON ISEINEI rRANCE 

INOATOM 
48 RUE LA ROE:TIE 
PARIS 8, FRANCE 

iQ-COMPANY ORGANIZATioN 

SOCIETE UG~NE KU~LMANN 
10 RUE DU GENERAL-FOV 
PARIS 8, F~ANCE 

PECHINEy 
DIV, ENERGrE ET APPLICATIONS ATOMIOUES 
23 RUE BALZAC 
PARIS 8, FRQNCE 

SOCIETE DES ~ORGES ET ATELIERS DU CRSUSOT 
DEPT~ DES ACTIVrTES NUCLEAIRES 
15 RUE PASnUIER, 75 
PARIS 8, rRANCE 

SOCIETE D-EiUDES ET 
D-ENTERPRI~ES NUCLEAIRE 
15 RUE PASOUIER 
PARIS 8, FRANCE 

• 

SOCIEITE D-ENERGIE NUCLEAIRE rRANCO-8ELGE DES 
ARDENNES 

SOCIETE D-ETuDES NUCLEAIRES ET DE TECHNIQUES 
AVANCEES 
13 RUE DU R. P: OLOAREC, 92 
PARIS, FRANCE 

SOCIETE NATICNALE D ETUDES ET DE CONSTRUCTION 
DE MOTEURS D AVIATION 

DIVISION ATOMIOUE 
150 BOULEWARD HAUSMANN 
PARIS 8, FRANCE 

ASSOCIATE CCMPANY, INDATOM 

SOCIETE POUR L-INDUSTRIE ATOMIQUE 
48 RUE LA BOETrE~ 75 
PARIS 8, rRANCE 

INDATnM AND SEEN 

SOCIETE RATEAU 
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FOREIGN 
* ... ... * ... 

SOGERCA 

HUNGARy 

IN 0 I A 

AEC 

BNwL-936 

GLOSSARY AND ADDRESSES 

" ... ... • • ... " ... 

141 RUE RATE AU 
93-LA COURNEUVE, ~RANCE 

SOCIETE GENERALE POUR L-ENTE~PRISE DE 
REACTEURS ET DE CENTRALES ATOMIQUES 

GAAA 
ALSTHOM 

NATIONAL ATOMIC ENERGY COMMISSION 
BUDAPEST, HUNGARY 

ATOMIC ENERGY COMMISSION 
APOLLO PIER ROAD 
BOMBAY, INDIA 

" ... 

INTERNATIONAL 

ENE A 

EURATOM 

INTER .. NUCLEAR 

IURN 

OE~D 

EUROPEAN NUCLEAR ENERGY AGENCY 
O.E.E.C. 
38 BOULEVARD SUCHET 
PARIS 16, FRANCE 

EUROPEAN ATOMIC ENERGY COMMUNITY 
51-53 RUE AELLrARD 
BRUSSELS, RELGrUM 

INTER NUCLE=AR SA 
THE NUCLEAR POWER GROUP IUKI 
SNAM pROGETTI IITALY/ 
GUTEHoFFNUNGSHUeTTE Iw. GERM.I 
BELGONUCLEAIRE IBELG.I 

FORMED TO MARKET HTGR SYSTEMS 

INSTITUT UNIFJE DE RECHERCHES NUCLEAIRES 
DuBNA, ON vOLGA, USSR 

OECD EUROPEAN NUCLEAR ENERGy AGENCY IENEAI 
38 BOULEVARD SuCHET 
PARIS 16, ~RANCE 

OECD HALDEN REACTOR PROJECT 
PO 80)( 173 
HALDEN, NORWAY 



JANUARY 1969 

fOREIGN .. .. '* • 

SENA 

SYNATOM 

ISRAEL 

IAEC 

ISRAiOM 

ITALY 

AGIP 

elSE 

eNEN 

ENEL 

rIAT 

BNWL.936 

GLOSSARY AND ADDRESSES 
... ... ... ... ... ... ... ... ... ... ... 

OECD HIGH TEMPERATURE REACTOR PROJECT 
DRAGON 
ATOMIC ENERGY ESTABLIsHHENT 
WIN~RIT~, DORCHESTER, ENGLAND 

SOCIETE D-ENERGIE NUCLEAIRE ~RANCO·BELGE 
DES ARDENNES 

~RENeH"BELGIAN COMBINE 
OPERATIoN OF TI~ANGE STATION 

ISRAEL ATOMIC ENERGY COMMISSION 
P.O. BOX 7056 
HAYIRYA 
TEL"AVIV, ISRAEL 

ISRAEL NUCLEAR ENGINEERING CO" ~TD. 
6 AHUZAT 8AYiT ST. 
TEL-AVIV, YSRAEl 

AGIP NUCLEARE S.P.A 
CASELLA POsTAlE 4179 
MILAN. ITALY 

ANSAlDO MECCAN10 NUCLEARE 
RECAPITO ANSALDO 
2 PIAZZA CARIGNANO 
GENOA. ITALY 

CENTRO INFORMAZIONI STUDI EXPERIENZE 
VIA REDECEslo 12 
SEGRATE 
MILAN' ITALY 

NATIONAL CoMMITTEE FOR NUCLEAR ENERGV 
ICOMITATO NAZIONALE PER l ENGERGIA NUCLEARI 
VIA BELISARIO 15 
ROME, ITALv 

ENTE NAZIONALE PER L-ENERGIA ELlETRICA 
181 VIA DEL TRITONE 
ROME, ITALy 

F'IAT SPA 

... 
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FOREIGN 
'* 

.MONTECATINI 

SELNI 

SENN 

SIMEA 

SNAM-PROGETTI 

SORIN 

JAPAN 

HOKURIKI 

AEC 

CHOGOKU ELECTRIC 

CHU8U tLECTRIC 

HITACHI 

8NWL-936 

GLOSSARY AND ADDRESSES 

'* .. '* '* 
SEZIONE ENERGIA NUCLEARE 
CORSO SETTEMBRINI 23 
TURIN, ITALY 

MONTECATINI ~NERGY DEPT. 
NUCLEAR DIVISION 

'* 

LARGO GUIDn - DONEGANI 1-2 
MILAN, ITALY 

'* 

SOCIETA ELETTRONUCLEARE ITALIANA 
rORO BUONApARTE 31 
MILAN, ITALY 

SOCIETA ELETTRONUCLEARE NAZIONALE 
VIA TORINO 6 
ROME~ ITALy 

'* • 

SOCIETA ITALIANA MERIDIONALE ENERGIA ATQMICA 
VIA S TERESA 35 
ROME~ ITALy 

SNAM PROGETTI S.~.A. 
20100 MILAN /pO BOX 4172/ 
IT ALY 

SOCIETA RIcERCHE IMPIANTI NUCLEARI 
VIA ~ATE8ENEFRATELLI 19 
MILAN, ITALY 

HOKURIKI ELECTRIC POWER COMPANY 

ATOMIC ENERGY COMMISSION OF JAPAN 
2-2 KASUMIr,ASEKI 
CHIYODA"KU 
TOKYO, JAPAN 

CHOGOKU ELECTRIC POWER CO. 

CHUBU ELECTRIC POWER CO. 

FIRST ATOMIC POWER INDUSTRY GROUP 
TOKYO BOEKr KAIKAN BLDG. 
2, 1 .. CHOME OHTEMACHI 
CHIUODA·KU 
TOKYO, JAPAN 

HITACHI LTD. 

'* 



JANUARY 1969 

FOREIGN 
• • 

HOKA!DO 

JAERI 

JAORG 

JAPeQ 

JAPSO 

• 

KANSA I E-P 

.. 

KYUSHU ElECTRIC 

MAPI 

M ITSU 

NAIG 

SHIKOKU ELECTRIC 

SUMITOMO 

TOHOKU 

TOKYO ElECTRIC 

.. 

8NWl-936 

GLOSSARY AND ADDRESSES .. • .. .. .. .. 
ATOMIC ENERGV DEPT, 
4, 1-CHOME MARUNOUCHI 
CHIYODA .. KU 
TOKYO, JAPAN 

.. .. 

HOKAIDO ELECTRIC POWER COMPANy 

.. .. 

JAPAN ATOMIC ENERGY RESEARCH INST1TUTE 
1-1 SHIBA TAMURACHO 
MINATO-KU 
TOKVO, JAPAN 

JAPAN ATOMYC POWERED ORE CARRIER 
RESEARCH GROUP 

TOKVO, JAPAN 

JAPAN ELECTRIC POW~R CO, 

• 

JAPAN ATOMrC POWER~D SHIP DEVELOPMENT CORP. 
TOKYO, JAPAN 

KANSAI ELECTRIC POWER COMPANY 
JAPAN 

KVUSHU ELEcTRIC POWER CO. 

SEE MITsuBrSHI 

MITSUBISHI ATOMIC POWER INDUSTRIES, INC. 
OTEMACHI BLDG, 
CHIYODA"KU 
TOKYO, JAPAN 

NIPPON ATOMIC INDUSTRY GROUP CO., LTD. 
NO. 4 YURAKUCHO 2-CHQME 
CHIYODA"KU 
TOKYO, JAPAN 

SHIKOKU EL~CTRIC POWER CO, 

SUMITOMO ATOMIC ENERGY INDUSTRIES LTD. 
5 .. 22 KITAHAMA 
HIGASHI-KU 
OSAKA, JAPAN 

TOHUKU ELECTRIC POWER COMPANY 

TOVKO ELECTRIC POWER COMPANY 
TOKYO, JAPAN 
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F'OREIGN 
... ... ... '*' 

KOREA 

KOREA ELECTRIC 
. 
OAE 

MEXICO 

CNEN 

... 

8NWl-936 

GLOSSARY AND ADDRESSES 
... '*' ... ... ... 

KOREA ELECTRIC CO, 

OffICE O~ ATOMIC ENERGY 
ATOMIC ENERGy COMMISSION 
77 SECHONG";RO 
CHONGRO-KU 
SEOUL, KOREA 

... ... ... ... 

COMISION ON NACIONAL DE ~NERGIA NUCLEAR 
AV~ INSURGENTE~ SUR 1079, TERC~R PISQ 
MEXICO 18, D.f,. MEXICO 

'*' ... 

NETHERLANDS 

CAE 

3KN 

KEMA 

RCN 

SEP 

. 
SKK 

NUCLEAR ENERGY COMMISSION 
ICOMMISSIE VOOR ATOOM ENERGIEI 
LE VAN DE 80SCHSTRAAT 
THE HAGUE, NETHERLANDS 

GEMEENSCHApPElIJKE KERNENERGIECENTRAlE 
NEDERLAND 

JOINT NETHERLAND NUCLEAR POWER STATION 

COMPANY fOR TESTING ELECTROTECH. MATlS 
ARNHEM, NETHERLANDS 

NERATOOM N:V: 
NOORDEINE 38 
THE HAGUE, NETHERLANDS 

ORGANIZATION OF DUTCH fIRMS 

REACTOR CENTRUM NEDERLAND 
SCHEVEVINGsEWEG 112 
THE HAGUE, NETHERLANDS 

SAMENWERKENDE ElECTRICITEITS 
PRODUCTyEBEDRIJVEN 

UTRECHTSEWEG 310 
ARNHEM, NETHERLANDS 

STICHTING KERNVOORTSTUWING KOOPVAARDIJSCHEPEN 
IFOUNDATION fOR NUCLEAR PRO~ULSION 

OF MERCHANT SHIPSI 
NASSAULAAN 13 
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F"OREtGN 
• • • • 

NORWAy 

tF"A 

JENER 

KRE 

NAEC 

NORA'T'OM 

REDERIATOM 

PAKISTAN 

PAEC 

pERU 

JCEA 

POLAND 

CAE 

8NWL-936 

GLOSSARY AND ADDRESSES 
• ,., • • • • • 

THE HAGUE, NETHERLANDS 

SEE KRE 

JOINT ESTABLISHMENT ~OR NUCLEAR ENERGy 
RESEARCH 
P.O. BOX 175 
LILLESTROM~ NORWAY 

I~A/INST!TUT ~OR ATOMENERGII AND 
RCN IRE ACTOR CENTRUM NEDERLANDI 

KJELLER RE~EARCH ESTABLISHMENT 
IINSTITUT ~OR ATOMENERGI/I~E 
KJELLER IN~AR LtLLESTROM/, NORWAY 

NATIONAL ATOMIC ENERGY COUNCIL 
PlOt BOX 175 
LILLESTROM; NORWAY 

NORATOM A/S 
HOLMENVEIEN 20 
VINDEREN 
OSLO, NORWAV 

REDERIATOM 
INUCLEAR RESEARCH GROUP Of NORWEGIAN 

SHIPOWN~RSI 
P.O. BOX 175 
LILLESTROM; NORWAY 

PAKISTANI AT: EN~ COMMISSION 
KARACHI 29~ PAKISTAN 

JUNTA DE CONTROL DE ENERGIA ATOMICA 
AVENiDA NICOLAS DE PIEROLA 611 
APT. 914 
LIMA, PERU 

OrrICE O~ GOVERNMENT HIGH COMMISSIONER 

• • 
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F'OREIGN 
• • ... 

JNST. NUCL, RES. 

SPAIN 

AQUARIUS 

CENUSA 

F'ENOSA 

HIF"RANSA 

HyDROELECTRICA 

I8ERDUERO 

JEN 

NUCLENOR 

TECNATOM 

UEM 

SWEDEN 

• 

8NWL-936 

GLOSSARV AND ADDRESSES 
• ... • • • • • ... ... ... • 

FOR ATOMIC ENERGY 
PALACE Or CULTURE AND SCIENCE, 18TH FLOOR 
WARSAW, POLAND 

INSTITUTE of NuCLEAR RESEARCH 
WARSAW, POLAND 

AQUARIUS 
COMPANY FORMED TO MANAGE PROJECTED 
IBERIAN DUAL-PURPOSE STATION 

CENTRALES NUCLEARES S.A. 
CIO 1 HERMOsiLLA 
MADRID 1, sPAIN 

FUERZAS ELeCTRICAS DE 
CATALUNA S:A: 

MEMBBR OF' JOINT COMPANY 
FORMED TO BUILD THE 
CATALONIA PowER STATION, 

F'UERZAS ELECTRICAS DEL NORDESTE SA 

SOCIEDAD HISPANO~FRANCESA n-ENERGIA NUCLEAR 

HYDROELECTRICA ESPANOLA SA 

IBERDUERO ELECTRIC 

MINISTERIO DE INDUSTRIA 
JUNTA DE ENERGIA NUCLEAR 
SERRANO 121 
MADRID, SPAIN 

CENTRALES NUcLEAR DEL NORTE S,A, 
MADRID, SPAIN 

TECNATOM S:A~ 
VALLEHERMOSO 30 
MADRID, SPAIN 

UNION ELECTRICA MADRILENA S,A. 
AV. JOSE ANTONIO 4 
MADRID, SPAIN 

• 
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F'OREIGN 
* .. .. 

ARC 

ASEA 

ATOM-ASEA 

GOTAVERK 

JOHNSON 

KVS 

OKAB 

OKG 

• 

SWED STATE pB 

SYNDKRAFT 

• 

8NWL-936 

GLOSSARV AND ADDRESSES 
• • • • • 
LOVHOLMSVAtjEN , 
STOCKHOLM 9, SwEDEN 

.. • 

SWEDisH AToMIC RESEARC~ COUNCIL 
DOBELNSGATAN 64 
STOCKHOLM VA~ SWEDEN 

ALLMANNA SvENSKA ELECTRISKA A.8. 
NUCLEAR POwE~ DEPARTMENT 
VASTERAS, SWEDEN 

ATOM .. ASEA 

• .. 

CONSORTiuM, ASEA AND GOVERNMENT, TO 
TAKE oVER ASEA PROJECTS. 

• • 

CHANTIERS nE CONSTRUCTION NAVALE DE GOTAVERKE 
GOTEBORG 8; SWEDEN 

ISWEDISH SHIPBUILDING RES~ARC~ ~OUNDATIONI 

JOHNSON INDUSTRIAL GROUP 
AXEL JOHNsON INSTITUTe rOR INDUSTRIAL 
RESEARCH 
NYNAS~AMM; SwEDEN 

SWEDISH STATE POWER BOARD 
NUCLEAR POwER DEPARTMENT 
KARDUANSMAKARGATAN 8 
F'ACK 
STOCKHOLM 1, swEDEN 

OSKARSHAMMsVERKETS KRA~TGRUPP AG 
GROUP OF PRIvAtE AND MUNICIPAL 
UTILITIEs, CENTRAL AND SOUTHERN swEDEN 

SEE OKAB 

swEDISH STATE PowER BOARD 
FACK, STOCKHOLM 2 
swEDEN 

SVDSVENSKA KRAFT AKTIE80LAGET 
SOUTH SwEDEN PowER COMPANY 

SWITZERLAND 

ATOMKRAFT 

AZIENDA ELECTRICA TICINESE 
HELLINZONA~ SWITZERLAND 

MEMBER ENERGIE NUCLEAIRE SA 

ATOMELEKTRA A.G. 
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FOREIGN 
* '* * * '* 

BBC 

BKW 

EIR 

ENUSA 

FCAE 

MOTOR"COLUMBUS 

NOK 

RAG 

SNA 

SUISATOM 

8NWL-936 

GLOSSARV AND ADDRESSES 

'* ... ... .. .. • '* .. 
FORCE ATOMIQUE S.A. 
PRIVATBANK • VERWALTUNGSGESE~LSC~ArT 
BARENGASSE 29 
ZURICH 1, ~WITZERLAND 

BROWN, SeVERI, AND CO. LiD. 
ATOMIC POWER DEPARTMENT 
BADEN, SWITZERLAND 

BERNISCHE KRAFTWERKE A~G. 
2 VIKTORIAPLATZ 
BERN~ SWIT1ERLAND 

MEMBER OF SUISATOM 

... '* 

EIDGENOSSI~CHE INSTITUT PUR REAKTORFORSCHUNG 
WURENLINGEN. AARGAU, SWITZERLAND 

FEDERAL INSTITUTE FOR REACTOR REsEARCH 

ELECTRO-WATT LTD. 
16 TALACKER 
ZURICH, SWITZERLAND 

ENERGIE NUCLEAIRE S.A. 
10 AVENUE nE LA GARE 
LAUSANNE, SWITZERLAND 

FEDERAL COMMISSION FOR ATOMIC ENERGY 
EFFINGERSTRASSE 55 
BERN, SWIT7ERLAND 

... 

MOTOR-COLUMBUS ELECTRICAL MANAGEMENT CO. LTD. 
27, 5400 BADEN 
SWITZERLAND 

NORDOSTSCHWEIZERISCHE KRAFTWERKE AG 
FORCES ELEr,TRI~UES DU NORD-EST 
DE LA SUISSE 
BADEN, SWITZERLAND 

REACTOR A.G, 
WURENLINGEN/A.G. 
SWITZERLANn 

SOCIETE NATIONALE POUR L ENCOURAGEMENT 
DE LA TECHNIaUE ATOMIQUE INOUSTRIELLE 

MEMBERS ARE ENUSA, THERMATON, 
AND SUI~ATOM. 

SUISATOM, ~tA. 
8AI-lN~OFPLATZ 3 
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F"OREIGN 
* * * 

SULZER 

THERMATOM 

TAIWAN 

POWER 

TAIPOWER 

UNITED 

UAR AEE 

UNION 

CENTRAL A TO/-1 I C 

KURCHATOV 

MINISTRY USSR 

USSR 

* • * * • • • 
ZURICH 1, SWITZERLAND 

SULZER BROTHERS. LTD. 
WINTERTHUR 
ZURICH, SWITZERLAND 

THERMATOM, S~A~ 
ZURCHER STRASSE 9 
WINTERTHUR 
ZURICH, SWrTZERLAND 

TAIWAN POW~R COMPANY 

TAIPOWER CnRPORATION 

8NWL-936 

GLOSSARY AND ADDR~SSES 

• • ... • 

ARAB REPUBLIC 

O~ 

UNITED ARAB REPUBLIC 
ATOMIC ENERGV ESTABLISHMENT 
INSHAS 
NR. CAIRO, EGVPT~ UN !TED ARAB REPUBLIC 

SOVIET SOCIALIST REPUBLICS 

CENTRAL ATnMIC ENERGV UTILIZATION BOARD 
USSR 

KURCHATOV ATOMYC ENERGV INSTITUTE 
MOSCOW, USSR 

MINISTRY OP POWER STATIONS 
USSR 

SOVIET ATOMIC ENERGy COMMITTEE 
1ST ATE ATOMIC ENERGY COMMITTEE or THE USSR 
COUNCIL of MINISTERS/ 
STAROMONETNY PEREULOK 26 
MOSCOW, U.S.S.R. 

UNITED KINGDOM 

AEA UNITED KINGDOM ATOMIC EN~RGV AUT~ORITY 
11 CHARLES II STREET 
LONDON S.W: 1 
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F'ORE!GN GLOSSARV AND ADDRESSES 

'" ... ... .. '" ... .. .. ... ... ... ... ... ... ... 

ENGLAND 

A.E.t. • JOHN THOMPSON NUCLEAR ENERGY CO. LTD 
RAOBROKE HALL 

.AERE 

KNUTSFORn~ CHESHIRE 
ENGLAND 

ATOMIC ENERGy RESEARCH ESTABLISHMENT 
HARWELL 
DIDCOT, BERKSHIRE 
ENGLAND 

APe ATOMIC POWER CONSTRUCTION, LTD. 
29 THEOBALDS RoAD 
LONDON W~C: 1, ENGLAND 

INTERNATIONAL COMBUSTION 
FAIREy ENG. 
RICHARDSONS-WESTGARTH 

BABCOCK ENG. ELEC. BABCOCK ENGLISH ELECTRIC NUCLEAR LTD. 
REORGANIZATION Qf NDC~ 
ENGLIsH ELECTRIC 
BABCOCK • WILCOX LiD. 
TAYLOR wOoDROW 
INDUSTRIAL REORGANIZAT10N CORP. 

BAW LTD BABCoCK AND WILCoX LTD 
ATOMIC ENERGy DEPARTMENT 
209 EUSTON ROAD 
LONDON N.W, 1 
ENGLAND 

SEE BABCOCK ENG. ELEC. 

BNX BRITISH NUCLEAR EXPORT ExECUT1VE 

CEGB 

DEHAV 

DER 

ATOMIc PowER CONSTRUCTION LTD. 
THE NuCLEAR POWER GROUP 
NUCLEAR DEsiGN AND CONSTRUCTION 
UK ATnMIC ENERGY AUTHORfTV 

CENTRAL ELECTRICITY GENERATING BOARD 
BANKSIDE HnUSE 
SUMNER STR~ET 
LONDON S.E, 1 
ENGLAND 

DE HAVILLAND ENGiNE co. LTD. 
NUCLEAR POwER GROUP 
LEAVESDEN, HERrORDSHIRE 
ENGLAND 

DOUNREAY ExPERIMENTAL REACTOR ESTABLISHMENT 
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rOREIGN .. • * • 

EE 

EE-BW 

EE-BW-TW 

F'AIREY 

FW 

GEe 

GEC.SC 

HS 

MITC~ELL 

BNWL .. 936 

GLOSSARY AND ADDRESSES .. * • • • 
DOUNREAy 
THURSO, CAiTHNESS 
SCOTLAND 

• • 

ENGLISH EL~CTRIC CO~ LTD. 
ATOMIC POWER DIVISION 
CAMBRIDGE ROAD 
WHETSTONE, N~AR LEICeSTER 
ENGLAND 

SEE BABCOCK ENG. ELEC; 

SEE NUCLEAR DESIGN AND CONSTRUCTION 

• • 

ENGLISH ELECTRIC~ BABCOCK AND WILCOX, AND 
TAYLOR WOODROW ATOMIC POwER CONSTRUCTIONS LTD 
CAMBRIDGE ROAD 
WHETSTONE, NEAR LEIC~STER 
ENGLAND 

PAIREY ENGINEERING LTD; 
~ESTON, MIDDLESE~ 
ENGLAND 

MEMBER OF' APC 

rOSTER WHEELER LTD. 
rOSTER WHEELER HOUSE 
3 IXWORTH pLACE 
LONDON S.W~ 3 
ENGLAND 

GENERAL EL~CTRIC CO. LTD. O~ ENGLAND 
ERITH, KENT 
ENGLAND 

GtE.C. AND SIMON-CARVES ATOMIc ENERGy CO. 
GENERAL E~ECTRIC CO. LTD. or ENGLAND IGEGI 
SIMON-CARVEs LTD. ISCI 

HUMPHREyS AND GLASGOW LTD, 
POWER DIVI~ION 
22 CARLISLE PLACE 
LONDON S.W: 1 
ENGLAND 

HAWKER SIDnELEy NUCLEAR POWER CO. LTD. 
SUTTON LANE 
LANGLEY, NEAR SLOUGH 
8UCKINGHAM~HIRE 
ENGLAND 

MITCHELL ENGINEERING LTD. 
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~OREIGN 

'* • • ,.. • 

. 
NDe 

NPG 

NPPC 

~IO TINTO 

RR 

sc 

S5EB 

TNPG 

TW 

UKAEA 

BNWL-936 

GLOSSARV ANO ADDRESSES 
• • '* • • 

NUCLEAR POwER DIVISION 
1 8EDFORO SQUARE 
LONDON w.e: 1 
ENGLAND 

• • • 

NUCLEAR DESIGN AND CONSTRUCTION CO. 
WHETSTONE, LEICESTER 
UN !TED KINGDOM 

ENGLIsH ELECTRIC 
BABCOCK • WiLCOX LTC 
TAYLOR'"WooDROW 
REORGANIZED~ SEE BABCOCK ENG, ELEC. 

NUCLEAR POWER GROUP 
RADBROKE HALL 
KNUTSFORD, CHESHiRE 
ENGLAND 

NUCLEAR POWER PLANT CO. LTD. 
MEMBER OF' NPG 

RIO TINTO ZINC CORPORATION LTD. 
6 ST~ JAMES SQUARE 
LONDON, S.W. 1, ENGLAND 

ROLLS-ROYCE AND ASSOCIATES LTD, 
p.o~ BOX 31 
DERBY 
ENGLAND 

SIMON CARVES LTD. 
NUCLEAR POwER DIv. 
CHEADLE HEATH 
STOCKPORT, CHESH!RE 
ENGLAND 

SOUTH OF SCOTLANO ELECTRICfTV BOARD 
EDINBURGH, SCOTLAND 

THE NUCLEAR POwER GROUP 
SEE NPG 

TAYLOR WOODROW CONSTRUCTION LTD. 
345 RUISLIp ROAD 
SOUTHALL, MIDDLESEX, ENGLAND 

SEE BABCOCK ENG. ELEC. 

UNITED KINGDOM ATOMIC ENERGV AUT~ORITY 
11 CHARLES II STREET 
LONDON S.W: 1 

• • 
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~OREIGN 

* .. * 

UPC 

VICK 

* 

8NWL-936 

GLOSSARY AND ADDRESSES .. • '* • ,., .. 
ENGLAND 

UNITED POWER CO. LTD. 
MAGNET HOUSE 
KINGSWAy 
LONDON W.C: 2 
ENGLAND 

.. .. 

VICKERS NUCLEAR ENGINEERING LTD. 
VICKERS ~OUSE 
WESTMINSTER 
LONDON S~W: 1 
ENGLAND 

.. .. .,. .. 

WEST GERMANV 

AEG 

AKB 

AKS 

ALKEM 

APK 

ATOMFORUM 

ATOMKRAFT-BAVERN 

AVR 

ALLGEMEINE ELECTRIZITATS GESELLSCHAFT 
AEG'"'~OCHr..IAUS 
F'RANKFURT 70 
GERMANV 

SEE ATOMKRAFT-8AVERN 

ARBEITSGEMEINSCHAFT KERNKRAF'TWERKE STUTTGART 
STUTTGART I GERMANV 

ALKEM 
KARLSRUHE I WEST GERMANY 

NUKEM 
DOW C~EMICAL INTERNAT!ONAL 

ARBEITSGEMEINSCHAF'T PROJEKT KERNKRAF'TWERK 
WIESMOOR 
49 HORSTEN~R STRASSE 
~AMBURG·HARBURGI GERMANY 

DEUTSCHES GE5ELLSCHA~T rUR ATOMENERGIE E.V. 
WENZELGASSF 2 II 
BONN~ GERMANy 

GESELLSCHAFT FUR DIE ENTWICKLUNG DER 
ATOMKRAFT TN BAYERN M,B,H, 
BLUTENBURG~TRASSE 6 
MUNICH 2, GERMANV 

ARBEITSGEMEINSCHAFT OEUTSCHER ENERGIE­
VERSORGUNGS UNTERNEHMEN ZUR VQRBEREITUNG 
DER ERRICHTUNG EINES LEISTUNGSVERSUCHS­
REAKTORS E:V~ 



JANUARY 1969 

FOREIGN .. .. .. 

BASF 

B8C-KRUPP 

BEWAG 

* 

CHEMISCHE WERKE 

DEUTSCH BAW 

DEUTSCH WERFT 

El,.ECTROMARK 

EVS 

GEA 

GFK 

G~R 

GHH 

GKSS 

• 

BNWL-936 

GLOSSARY AND ADDRESSES 
• .. .. • • 
LUISSENSTRASSE 105 
DUSSELDORF; GERMANY 

.. .. .. • .. 

8ADlSCHE ANILIN 8NO SODA FA8RIK 

CONSORTIUM BBC·KRUPP ARBEITSGEMEtNSCHArj 
CARL-REISS-PLATZ 1-5 
MANNHEIM, GERMANY 

BERLINER KRAFT UND LICHT 
BERLIN, GERMANY 

CHEMISCHE wERKE ~ULS AG 

• 

DEUTSCH BAACOCK UNO WILCOX-OAMPFKESSELWERKE 
ATOMABTEILuNG 
DUISBURGERSTRASS~ 375 
OBERHAUSEN; GERMANY 

DEUTSCH WERFT A,G, 
HAMBURG 1, GERMANY 

IMEMBER OF GKSSI 

ELECTROMARK HAGEN 

ENERGIE-VERSORGUNG SCHWABEN 

ATOMKRAFT-SAYERN 

GESELLSCHArT FUR KERNFORSCHUNG M.B.H. 
1 FRIEDRICHSPLATZ 
KARLSRUHE, GERMANY 

GERMAN FED~RAL REPUBLIC IWEST GERMANYI 
FEDERAL MINISTRY FOR NUCLEAR ENERGy AND 
WATER ECONOMy 
LUISENSTRASSE 46 
BAD GODESBERG, GERMANY 

GUTEHOFFNUNGSHUETTE STERKRADE AG 
42 OBERHAUSEN RD 
POSTFACH, GERMANY 

GESSELLSCHAFT FUR KERN~NERGIEVERTUNG 
IM SCHIF~BAU UNO SCHI~FA~RT M.B.~. 

ICOMPANy FOR THE UTILIZATIoN or 
NUCLEAR ENERGy IN SHIP8UI~DING AND 
NAVIGATIONI 

NORMANNENWE=G 10 
HAMBURG 6, GERMANY 

• 
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rOREIGN GLOSSARV ANO ADDRESSES .. ... .. .. • 

~AMBURGISCHE 

HKG 

• • • ... • • ;. ;. 

~AMBURGISCHE ELECTRICITATSWERKE AG 
48 GERHART-HAUPTMANN-PLATZ 
2000 HAMBURG 1 
WEST GERMANY 

~OCHTEMP~RATUR·KERNKRArTwERK 
GESELLSCHAF'T MBH 
HAGEN, W. GERMANY 

;. 

INTERATOM INTERNATIONALE ATOMREAKTORBAU G,M,8.H. 
506 BENS8ERG/KOLN 

KBWP 

POSTFACH, GERMANY 
DEMAG~ W.GERMANY 
NORTH AMERICAN AVIATION, U.S. 
DEUTSCH BABCOCK AND WILCOX 

KERNKRAFTWERK BADEN-WURTTEM8ERG 
PLANNINGSGESELLSCHAFT M;S.H. 
STUTTGART-n. NECKARSTR~ 121 
GERMANY 

NOW KERNKRAFTWERK OBRIGHEIM G,M,B,H; 

KERNKRAFTWERK LING KERNKRAFTWFRK LINGEN G~M,8~H, 
SUBSIDIARY OF VEW WITH AEG 

KERNKRAFTWERK OBRIG KERNKRAFTW~RK OBRIGHEIM GIM.S.H, 
STUTTGART, GERMANY 

FORMERLy KBWP 

KFA .. JUELICH KERNFORSCHUNGSANLAGE JUELICH 
JUELiCH, GE=RMANY 

• 

KFK KERNF"ORSCHIJNGSZENTRUM KARLSRUHE 
KERNREAKTOR BAU· UNO BETRIEBS·GESELLSCHArT 
M , B , H • 

KKL. 

KKN 

KKO 

KNK 

KRB 

5 WEBERSTRASSE 
KARLSRUHE, GERMANY 

SEE KERNKRAFTWERK LINGEN 

KERNKRAFTW~RK NIEDERAICH8ACH 
SEE KNK 

SEE KERNKRAFTWERK OBR!GHEIM 

KERNKRAFTW~RK NIEDERAICH8ACH G~M.B.H. 
NIEOERAICHBACH NUCLEAR STATION 

KERNKRAFTWERK RWE-BAYERNWERK GMBH 

;. 
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F"OREIGN GLOSSARY AND ADDRESSES 

'* '* '* '* .. '* '* .. • ... 

GUNDREMMINGEN, GERMANY 
KARLSRUHE, GERMANY 

• ... ... '* 

KSH KERNENERGIFGESELLSCHAFT SCHLESWIG-HOLSTEIN 

K~O KERNKRAFTWERK OBRIGHEIM 
SEE KBWP 

~AN MASCHINENFABRIK AUGSBURG-NURN8ERG A.G. 
NURNBERG, KATZWANGERSTR. 101 
GERMANY 

NORDWEST KRAFTWERK NORDwESTDEuTSCHE KRAF'TWERK A.G) 
HAMBURG, GERMANY 

PREUSSENELEKTRA PREUSSISCHF ELEKtRIZITAT!S AG 
10-12 PAPENSTEIG 
3 HANOVER 
W. GERMANY 

RWE RHEINISCH WESTFALISCHES ELECTRIZITATSWERKE 
ESSEN, GERMANY 

RWE-8AYERNWERK KERNKRAFTWERK RWE-SAYERNWERK G,M.8.H. 
GUNDREMINGEN 
BAVARIA, GERMANY 

SIEMENS SIEMENS~SCHUCKERTWERKE A.G. 
ABTEILUNG REAKTORENTW!CKLUNG 
wERNER-VON-SrEMENS-STRASSE 50 
ERLANGEN, GERMANY 

s~w STUDIENGESFLLSCHRAFT KERNKRArTWERKE G.M.B.H. 
PEPENSTIEG 10p12 
HANOVER, GERMANY 

VAK VEREINIGTE ELEKT~IZITATSWER WESTrALEN AG 

YEW 

WI~SMOOR 

YUGOSLAVIA 

ELEKTROSTO 

RWE 
BAYERNWERK A. G, 

VEREINIGTE ELEKTRIZITATSWERK WESTFALEN A.G, 
JOINT ELECTRICITy SUPPLY GROUP 

SEE APK 

ELEKTRQSTOPANSTVo 
MACEDONIA ELECTRIC BOARD 

... 
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J:'OREIGN 
* • * • 

F'EDERAL r~ucL 

UNO 

8NWL-936 

GLOSSARY AND ADDRESSES 
• • • • • • • 

~EDERAL NUCLEAR ENERGy COMMISSION Or 
THE SOCIALrST rEDERAL REPUBLIC O~ 
YUGOSLAVIA 
29 KOSANCIcEv vENAe 
PO BOX 353 
BELGRADE, yUGOSLAVIA 

YUGOSLAV INDUSTRIAL SYNDICATE 

• • 



AQUEOUS HOMOGENEOUS REACTORS 

AND 

MOLTEN SALT HOMOGENEOUS REACTORS 

DOMESTIC 

to 
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AO. HOMOGENEOUS AND MOLTEN SALT REAC~ORS~ DOMEST1C 
• .' . .,. .,. .' .,. • .' .' .' .' .' .' .' • *\ 

NAME/OWNER 

DESIGNER 

LOCATION 

. PURPOSE 

TYPE 

POWER MWE(MWT) 

NuCLEAR H~DRAZI~EP~ODUCTlON RE.CTOR IAGN 

AEROJET~GENERAL NOCUEONICS 

STUDY~ EXPERIMENTAL ,LOOP IN MTR '/AGN,:,,302' LOOPI 

CHEMONUCLEAR REACTOR, IN~RE~CTOR PROOUCT10N O~ 
HYDRAZINE 

HOMOGENEOUS sus~eNsioN FUEL 

a 175 

COOLANT ANHVDROUSLIQUIO AMMONIA wrTH1WT~ peR :CENT 
HYDRAZ'I NE 

MODERATOR SUSPENSION ~LUID 

FuEL MATERIAL URANIUM DIOXIDE PAR~1CLES :SUSPEND5D IN ANHYDROUS 
LIQUID AMMONIA 

~UEL ENRICH. 93 PER CENT u-235 

FuEL CHARGE APPROX, 270 KG. URANIUM DIOXIDE 

BURNUP(REF'UEU RECYCLED FUEL PLUS' ABOUT 
O~58 POUND' URANIUM DIOXIDEiDAV 

NEUTRON F'LUX APPROX. 10 E.11 

CONTRO~ RODs 

COOLANT TEMP. INLET 100 F OUTLET 160 ,F' 

OOOLANT PRESS. 750 PSIA 

REACTOR VESSEL SPHERICAL VEsSEL 8 FT. DIA. 

CONTAINMENT 

REMARKS 

CANYON TYPE SHIELDING; UNDERGROUND 

URANIOM FUEL COMPOUNDS SOLUBLE iN ,LiQQI0 AMMONiA 
ARE BEING STUDIED: THE NUCLEAR HVDRAltNE 
PRODUCTION REACTOR CONCEPT DIRECTLV UT1LIZES THE 
URANIUM FISSION PROCESS TO PRoDUCE ~VORAZ!NE ~ROM 
LIQUID AMMONIA. BASIS rOR !OPERATION is A 
HOMOGENOUS SLURRY Or PINE URANIUM DIOX10E . 
PARTICLES SUSPENDED IN AN~VDROUS LIQUID AMMONIA, 
URANIUM DIOXIDE IS SEPARATED ~OR RECYCLE TO THE 
REACTOR AND FUEL REPROCESSING wrTH MAKE~UP FuEL 
ADDED AS REQUIRED~ ~IRST' STUDIES CONSIDERED U 
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AQ. HOMOGENEOUS AND MOLTEN 'SALt REic+ORS. DOMESTIC A001 
• • • 'w w • w * w .'. .' .' • • .' W 

RE~ERENCES 

:COMPOUNO SUSPENDED IN AN AIR OOO~ANT' 
'/SMOKE-~UELED/. 'GN. GENERAl. TtRE ·.'RUe8ER~ AND' 
UNION CARBIDE wi~~ WORK AS A ~ESEAROH "TS.M UNDeR 
AN AEC CONTRACT IN rISSIOOHEMtSTRV ~IELD~ NITROGEN 
rIXATioN WITH N~TURiL GAS OR OO~L GAst'fOAT10N 
PRODucts rORrE~TiLizER AND INTeRMEOtATE C~EMICAL 
PRODUctlON WILL BE ONE AREA or iNVESTiGAT10N: 
PROJECT" WILL ! NCL;UDE DES I ON OJ:'' CHEMONUCLEAR LOOPS 
AND REACTORS ANO THE DEVE~OPMENT' OF'CSRAMIC AND 
MtXED~CERAMIC·METAL rUELS, THE REACTOR WORK wILL' 
TAKE PLACE AT U~lON CARBIDES STERLING PARK 
F'AC!LIT1ES. 

NUCL~AR REACTOR M~Y MAKE OHSMtCALS~ 
CHEM. AND ENG. NEwS 3?~ 46~? IAUGUS~" 10. 19591 

NUCLEAR HYDRAZINE PROGRAM~ ~INAL TECHNICAL 
ENGINEERING REPeSTI MARCH '22 1960-MARCH '22 1961 
JH CUSACK~ OTHERS 
ASD~TR·61.7·840 IJULY 196fl 

A001 
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AC. HOMOGENEOUS AND MO~TEN SAL+ RE~C~ORS: DOMES+tC 

BNWL~Q36 

A002 

A002 

. .. .' .. • • * • .., • . . .' .' .' .., .' 
NAME/OWNER .LAPRE ILOS ALAMOS POWER REiACTOR 'E~peRfM8NTIIAEC 

DESIGNER LOS ALAMOS SCIENT!F'iC LABORATORY 

OpERATOR .LOS ALAMOS SC IENT!r r:c ,LABORATORV 

LOCAT1ON LOS ALAMOS, N ~ M ~ 

~URPOSE POWER EXPERIMENT 

TYPE AQUEOUS 
. , 

HOMOGENeOUS. C I RCULAT! NG· ~UEL 

POWER MWEHMWT) 0 800KWT 

CRtTICAL 1958: HAS BEEN DisMANTLED~ 

OOOLANTLIGHT WATER 

MODERATOR HvDROGEN IN ~UE~ SO~U+l0N 

FuEL MATERIAL URANIUM DIOXIDE IN ~QUEOUS: SOLUTioN or PHOSPHORIC 
ACID 

~uEL ENRICH. 93,4 PER CENT u~236 

~UEL CHARGE 6~5 KG,U;235 

SPECIFIC PowER 250 KW/KG U-235 

NEUTRON FLUX 

CONTROL 

THERMAL AvE. 1X10 E.13 
FAST AVE. 6x10 E+13 

MOVABLE SLEEVE of BERVLLIUM OXIDE AND GRA~HrTE 

OOOLANT TEMP, INLET 400 F 

COOLANT PRESS~ INLET 706 PSI 

OUTLET' 600 F" 

OUTLET 600 PSI 

REACTOR VESSEL C~LINDRicAL 55, GOLD iNNER CLADDING 

OONTAINMENT 

RF=MARKS 

SAFETV E~CLOSURE TANK. CARBON STEEL, COPPER LINED 

TWO VERSIONS HA~E BEEN STUDIED. 80TH USING 
PHOSPHORIC ACIDSOL0TioNS OF' 6NRICHED U AS FUEL. 
IN BOTH SYSTEMS THE HEAT' eXCHANGER F'OR POWER 
REMOVAL IS IN T~E SAME PR8S~UREVESSE~ AS THE 
REACTlNG F'LUID.F'UE~ SOLUTlON :CIRCULAT'ION IS BY 
CONVECTION IN ONE VERSION AND BV F'ORCED 
CIRCULAT10N IN THE OTHER~ IN THE CONV6CTION F'LOW 
PLANT THE ACID IS AB08T 95 ~ER CENT STRENGTH, 
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AQ. HOMOGENEOUS AND MO~TEN SALt REACfoRS~ DOMESTIC AD02' 
• w • • • • • • • ..' .' • .' .' • • 

RE~ERENC6S 

WHILE IN THE ~ORCED CkRCU~ATI0N 'SYSTEM tT IS 50 
PER CEN~~ PURPOSE or'tHE EXPER1MENTS WAS to 
DEVELOP ~IGH PRESSURE supeRHEAT8D STEAM'rOR GOOD 

'TURBINE UTILIZAf10N: 

THE LOS ALAMOS POWER REAC~OR EXPERIMENT. 
D ~R9MAN, 'ET AL~ _ 
PRoe. INTL. CONr. ON THE PEACE~UL USES or ATOMic 
ENERGV J~ 283~6 11955~ 

'THE ~UEL SYSTEM URANIUM DIOXIDE-PHOSPHORIC ACID~' 
WATER AND LOS ALAMOS POWER REACTOR EX~ERIMENT' iI 
8J THAMER 
SECOND U~N, INT~. CQN~. ON THE PEACErUL USES O~ 
ATOMIC ENERGY 7, 54.6 119981 
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AO. HOMOGENEOUS AND MOLTEN SALT RE~CTORS; DOMESTtC A003 
... .. ... ... .. .. ... • . . . .' . .' 
NAME/OWNER 

DESIGNER 

OPERATOR 

• L 0 C A T1 ON 

PURPOSE 

TYPE 

POWER MWE (MWT> 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

F'UEL ENRICH. 

FUEL CHARGE 

HRE IHOMOGENEOUS REACTOR EX~ERIMENTIIAEC 

OAK RIDGE NATIONAL LABORAToRY 

OAK RIDGE NATIONAL LABORATORY 

OAK RIDGE, TENNESSEE 

PO~ER EXPERIMENT 

AQUEOUS HOMOGENEOUS; TWO·REGION~ CIRCULAilNG rUEL 
HRE~1 CRITICAL iN 1953 WAS LIGHT' WATER COOLED. 
DISMANTLED iN 1954~ 

5 10 

1958. CLOSED OUT 1961 

HEAVY WATER SOLUTION 

HEAVY WATER 

URANYL SUU'ATE IN HEAVy WATER SOLUTION 

93 PER CENT U-235 

4 KG~ U·235 

SPECIFIC POWER 1700 Kw/KG FISSIONABLE MATERIAL 

BURNUP(REfUEL) 1600 DAys AT 5 HW/ 

CONTROL NONE 

COOLANT TEMP. INLET 494 F 
INLET 533 F 

OUTLET 572 F' 
OUTLET 539 F' 

ICORE:I 
IBLANKETI 

COOLANT PRESS. 2000 PSI 

REACTOR VESSEL SPHERICAL ZIRCALov~2 CORE 'TANK WITHIN 59-CLAD 
CARBON STEEL PRESSURE VESSEL 

CONTAINMENT 

REMARKS 

STEEL-LINED CONCRETE CELL 

PRELIMINARY STUDIES OF' BOILING HOMOGENEOUS SYSTEMS 
WERE BASED ON URANIUM TRIQXIDE·~EAVY WATER OR 
URANYL SUL~ATE sLURRIES AS ~U~L~ WITH HEAVV WATER 
AS COOLANT AND MODERAtOR: SINGLE AND iWO~REGION 
DESIGNS WERE STUDIED. HRE;'III, PROPOSED 'FOR 
INVESTIGAT1NG THE THORIUH/U-2J3 CYCLE, HAS BEEN 
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REFERENCES 

• • • • • • • • • • • 
CANCELED. FOSTeR WHEELER HAS PROPOSED CONSTRUCTION 
OF AN A~R POWER BREEDER USING A BLANKET 0' FERT1LE 
MATERIAL SURROUNDING THE CORE~ 

PRELIMINARY DESIGN AND rEASIBILtTV STUD V OF A 
LARGE-SCALE BOI~~NG SLURRY PLUTONIUM~POWER 
PRODUCER. 
LC W!DDOES, OTHERS 
Cp-51~8·84 119511 

BOILING HOMOGENEOUS REACTOR FOR PRODUCING PowER 
AND PLUTONIUM, 
HF KARMACK, OTHERS 
CP-54-8-238 119541 

THE HOMOGENEOUS REACTOR E~PERIMENT, A CHEMICAL 
ENGINEERING PILOT PLANT. 
SE BEALL, CE WINTERS 
CHEM~ ENG. PROG: 50; 256w63 IMAy 19541 

ULTIMATE HOMOGENEOUS REACTOR. REACTOR AND 
~EASIBILITY PR08LEM~ 
RA THOMAS, OTHERS 
CP-S4-8-239 11954/ 

THE HOMOGENEOUS REACTOR TEST. 
SE BEALL, JA SWARTOUT 
PROC. INTL. CON,. ON THE PEACErUL USES OF ATOMIC 
ENERGY 3, 263.82 /19551 

CIVILIAN POWER REACTOR PROGRAM, PART III. STATuS 
REPORT ON AQUEOuS REACTORS. 1960~ 
TID-8S18 IBOOK 31 

HRE-3 PRELIMINARV DESIGN SUMMARV AND REr-ERENCE 
REPORT. 
RH CHAPMAN 
CF~59·11·112 119581 

PROPOSED MODIFICATIONS TO 'T~E ~RE CORE 
CG LAWSON 
CP-60-1·20 /JANUARY 19601 

HRE-II DESIGN REPORT 
RH CHAPMAN 
ORNL-TM-348 1M ARCH 19641 

AD03 
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NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TVPE 

... 

POWER MWE(MWT) 

... ... .. .. • . ... .. ." .. 
MSRE /MOLTEN SALT REACTOR E~PERiMENT/IASC 

OAK RIDGE NATIONAL LABORAT-ORV 

OAK RIDGE NATIONAL LABORATORV 

OAK RIDGE~ TENNESSEE 

ENGINEERING EXPERIMENT 

• 

MOLTEN SALT FUELED, HOMOGENEOUS, SINGLE REGION, 
HiGH POWER DENSITV 

o 10 

ORITICAL FULL POWER, ABO~T 7:5 MWT, MAY 1966 

.. 

COOLANT FUEL MIXTURE /LITHIUM FLUORIDE-BERYLLIUM ~LUORIDE/ 

MODERATOR GRAPHITE 

FUEL MATERIAL MOLTEN rLUORJDEs, IN ~ER OENT, 65 LrT~IUM·7 
FLUORIDE, 21.1 8ERVLLIUM FLUORIDE, 5 ZIRCONIUM 
FLUORIDE, 0.9 URANIUM FLUORIDE, 

FUEL ENRICH. 25-30 PER CENT u-235 FIRST LOAD, LATER FULLY 
ENRICHED U FUEL; AND LATER ADDITION or THORIUM 

FUEL ASSEMBLY CORE REGION IS 64 IN. HIG~, CONSISTING OF UNCLAD 
GRAPHITE~MODERATOR STRINGERS wITH 1140 VERTICAL, 
CHANNELS FOR FUEL FLow. EACH CHANNEL IS 1~2 IN. 
WIDE AND 0. 4 IN~ DEEP~ A 1/4 IN~ THICK CYLlNDER 
O~ INOR-8 SURR08NDS THE CORS TO DIRECT FLOW. 
DOWNWARD THROUGH ANNULUS BETWEEN CYLINDER AND 
REACTOR VESSEL. CYLINDER IS 68 IN. HIGH AND 
56 IN~ ID~ FLOW IS THEN UPWARD THROUGH THE 

,CHANNELS. 

FUEL CHARGE FUEL VOLUME IN CORE 25 CU. rT. 
70,5 cu. PT. SYSTEM TOTAL 

NEUTRON ~LUX THERMA~ AVE. 1.5 8.13 
PEAK 3.4 E.13 

CONTROL rLEXIBLE TUBES i~ CANNED CYLINDRICAL SEGMENTS Or 
GADOLINIUM-ALUMINuM OXIDE '/8EADS/~ CLAD INSIDE AND 
OUT WfTH INCONEL, 

COOLANT TEMP. IN~ET 1015 F OUTLET 1075 F' 

REACTOR VESSEL INOR-a ALLOY. VERT1CAL GRAPHITE STRINGERS wITH 

A004 
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CONTAINMENT 

REMARKS 

REFERENCES 

* • * • • • • . ' . • 
MILLEO·YN FUEL CHANNELS. PRIMARV I~UELI LOOP IS 
SEALED IN STEEL CONTAINMENT VESSEL. COOLANT SALT 
Is IN 163 U-TUBeS~ 

CONTAINMENT CE~L IS 24 rT, DIAM~ AND 33 rT~ DEEP~ 
THERMAL SHIELD AROUND REACTOR IS A DOUBLE~WALLED 
5S TANK, ANNULUS rlLLED WfTH WATER AND CARBON 
STEEL BALLS. THE INNER WALL IS LINED WJTH THERMAL 
INSULATION AN~ HEATERS. 
PRESSURE·SUPPRESSION SYSTEM ADDED. 

THE PLANT HAS PERFORMED WE~L DURING TWO YEARS O~ 
TEST OPERATION. 
OAK RIDGE HAS PROPOSED A MOLTEN SALT BREEDER FOR 
CONSTRUCT10N, A RE~ERENCE DSSIGN ~OR A 1000 MWE 
STATION HAVING 8EEN COMPLETED~ SEE ADO? 
MSRE WAS REFULED WITH U-233 IN fALL Or 1968 
IT WILL PROVIDE INFORMATION APPLICABLE TO 
A MOLTEN SALT THERMAL BREEDER OPERAT1NG 
ON A THORIUM/U-233 CYCLE. 37 KG O~ 
0_ 233 REPLACED THE U~235 STRIPPED rROM 
THE FUEL SALT ON-SITE: 
MAPP UTILITIES wILL PART1CIPATE IN AN R·D 
AND FEASIBILITV STUDY Or THE MOLTEN SALT 
REACTOR LEADING TO CONSTRUCTION O~ A 
DEMONSTRATION PLANT 

MOLTEN SALT BREEDER REACTOR. 
HG MACPHERSON 
Cp-59-12-64 IREv.1 119601 

EXPERIM~NTAL MOLTEN SALT rUELED 30 MW POWER 
REACTOR. 
LC ALEXANDER, OTHERS 
ORNL~2796 IMARC~ 19601 

A 10 MWT MOLTEN-SALT REACTOR ~XPERIMENT. 
AL BOCH~ OTHERS 
TRANS. AMERICAN NUCLEAR SOC. 4, 331-2 INOV. 19611 

TH~ MOLrEN SA~T REACTOR EXPERIMENT. 
AL BOCH, OTHERS 
POWER REACTOR ExPERIMENTS, VOL. 1, P. 247-92 
INTERNATIONAL ATOMIC ENERGV AGENCY, VIENNA 119621 

MSRE. MOLTEN SA~T REACTOR EXPERIMENT, 
E5 8ETT1S~ W8 McDONALD 
NUCLEONICS 22, 66.70 IJAN. 19641 

MOLTEN SALT FAST REACTORS. 

• 

AD04 



JANUARY 1969 

AO. HOMOGENEOUS AND MOLTEN SALt· REACtORS; DOMES+tC 
'* .. .. .. ... .. .. 

LG ALEXANDER _ 
PRoe. CONF. ON BREEDING, SCONOMtCS, AND SArETY iN 
LARGE FAST POWER REACTORS~ ARGONNE NAT10NAL LAB., 
OCTOBER 7"10, 1963. 
ANL-6792 IP. 553-701 

FuEL PROPERTIES AND NUCLEAR P~RFORMANOE OF 
FAST REACTORS FUELED WITH MOLTEN aHLORIDES~ 
PA NE~SON~ OTHERS . . ' 
TRANS. AMERICAN ~UCLEAR SOC. 8, 153.4 IJUNE 19651 

THE MOLTEN SALT REACTOR- AN iNGREDiENT' OF' NUCLE:AR 
PROGRESS. 

.. 

FA SMITH 
POWER REACTOR TECH • REACTOR' F' U E L PRO C e S s~ 1 0 ~ 6 -16 
IIoJINTER 1966.67/ 

A004 
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NAME/OWNER 

DESIGNER 

PURPOSE 

PAR IPENNSYLVANtA ADVANOED REACTORIIWeST' 

WESTINGHOUSE ~LEC~Ric CORPORAT10N 

POWER DEMONSTRAtION PROPOSAL 

. TYPE AQUEOUS HOMOGeNEOUS; CIRCULAT!NG SOLUT10N OR 
SLURRY rUEL, SINGLE REGION 

POWER MWE(MWT) 80 IAI 
150 181 

CRITICAL R.O 

COOLANT ~uEL SOLUTION IAI 
FuEL SLURRY IBI 

550 '/81 

MODERATOR HEAVY WATER IN rUEL SOLUTION OR SLURRY 
REF: DESIGN 1~ SLURRY 

~UEL MATERIAL A '. URANYL SULFATE, HEAVY WATER SOLUTION 
8 '. URANIUM-THORIUM OXIDE, HEAVY WATER SUSPENSION 

~UEL GEOMETRY SOLUTION OR SLURRY 

FuEL ENRICH, 93 PER CENT U·235 

REACTOR VESSEL SPHERICAL STEEL VESSEL 15 ~T; DIA.I 6 IN. WALL 
THICKNESS 

• 

REMARKS PAR THIRD ROUND PROPOSAL BY PENNSYLVANIA POWER AND 
LIGHT AND BALTIMORE GAS AND ELeCTRIC WAS DROPPED 
IN 1958. AN EXTE~DED R+D EF'rORT wAS GRANTED BY AEO 
~OR JUSTlrICATIoN or THE SYSTEM~ WITH POSSIBLE 
CONSTRUCT10N OF A DEMONSTRATION PLANT: 

REF'ERENCES PRELIMINARY SYSTEM ANALYSISF'QRTHE PENNSYLVANIA 
ADVANCED REACTOR 
T GOGNIAT~ OTHERS 
WCAp·433 /19561 

THE PAR HOMOGEN~OUS REACTOR PROJECT. 
WE JOHNSON, OTH~RS 
ASME PREPRINT 56~A'170 /19561 

THE PAR HOMOGENEOUS REACTOR PROJECT-P~ANT DESIGN 
AND OPERATING PROBLEMS. 
WE JOHNSON, OTHERS 
PROC. AMERICAN pOwER CONte 19~ 640.50 /19571 

ADOS 
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PROPOSED 80,000 K!LOWATT ~OMO~ENEOUS REACTOR PLANT 
PROCESS AND PLANT DESCRIPTION. 
DH F'OX, ED. 
WCAp .. 9 119551 nECLASSIF'I6D 'F'EB~ 1957 

PAR HOMOGENEOUS UNIT. 
JE KENTON 
NuCLEONICS 15, 166 ISEPTEHBER 19571 

DESIGN CONSIDERATION ~OR THE PAR SLURRY , 
HOMOGENEOUS PLANT. 
ATOMIC ENERGy 9~ 202-10 119581 

ADOS 
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NAME/OWNER 

DESIGNER 

PURPOSE 

AQUEOUS HOMOGENEOUS REACTOR DESIGN 18AW 

BA8COCK AND WILCOX 

POWER AND SPACE HEAT 

. TYPE AQUEOUS HOMOGENeOUS~ TWO REGION • 

POWER MWE(MWT) 100 KWE 400 KWT 

CRITICAL DESIGN STUDY 

COOLANi ~UEL SOLUTION 

MODERATOR FUEL SOLUTION 

FUEL MATERIAL URANYL SULFATE I~ LIGHT WATER SQLUT10N 

FUEL ENRICH, SLIGHT 

FUEL CHARGE 4;8 KG. U·235 

BNWL .. 936 

AD06 .. ... 

8URNUP(REFUEL) FUEL ADDIT10N 580 GM./YEAR 
FUEL REPLACEMENT ArTER 5 YEARS 

CONTROL AUTOMATIC BY PowER DEMAND 

REMARKS A CONCEPTIONA~ DESIGN FOR A 150 ~WE PLANT HAS BEEN 
COMPLETED~ THIS CONcEPT IS A TWO-REGION REACTOR 
WITH A THORIA PELLET BLANKET. 

REFERENCES A DESIGN STUDY of A LOW-POWER AQUEOUS HOMOGENEOUS 
BOILING REACTOR POWER PLANT. 
BA MONG, OTHERS 
BW~AED·602 IJUNE 1~ 1955 DECL: APR1L 3, 19591 

SINGLE-rLUID TWO-REGION AQUEOUS HOMOGENEOUS 
REACTOR POWER PLANT, CONCEPTIONAL DESIGN AND 
FEASIBILITY STUDY. ~INAL REPORT~ 
NuCLEAR POWER GROUP~ BABCOCK AND WILCOX co. 
NPG-171 IJuNE 19571 

AD06 
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NAME/OWNER 

DESIGNER 

PURPOSE 

MSBR IMOLTEN SALT BREEDER REACTOR/ ORNL 

OAK RIDGE NATIONAL LABORATORY 

POWER BREEDER DEVELOPMENT 

TYPE MOLTEN SALT HOMOGENEOUS REACTOR, TWO-REGION, 
TWO-~LUID SYSTEM. THERMAL 8REEDER 

POWER MWE(MWT) 1000 2225 

CRITICAL RE~ERENCE DESIGN 

COOLANT FUEL SALT 

MODERATOR GRAPHITE 
GRAPHITE REFLECTOR 

rUEL MATE~lAL CORE. URANIUM rLUORIDE DISSOLVED IN . 
~ITHIUM·8ERYlL!UM rLUORIDE SALTS. 

8LANKET, THORIUM FLUORIDE DISSOLVED IN 
LITHIUM~8ERYLLIUM ~LOURIDE SALTS. 

FUEL GEOMET~Y GRAPHITE TUBES, CHANNELED, 3,5 IN. OD~ 

* 

~UEL ASSEMBLY CORE ASSEMBLY IS 12;5 rTf HIGH BY 10 ~T. DIAM. 

* 

COMPOSED OF 534 GRAPHITE rUEL ELEMENTS~ FUE~ ~LOW 
IS UPWARD THROUG~ PASSAGES IN OUTER REGION Or TUBE 
ANC DOWNWARD THROUGH CENTRAL PASSAGE. 
AN i8-iN. THICK MOLTEN SALT BLANKET IS rORMED BY 
8LANKET SALT FILLING THE INTERST1CES OF HEXAGONAL 
MODERATOR BLOCKS SURROUNDING THE CORE. 

spECI~lC POwER 2:89 MWT/KG FIssILE 

BURNUP(REFUEL) ON~SITE rUEL 
RECYCLE PROCESS!NG 

NEUTRON FLUX THERMAL AVE. 6.' E+14 
FAST AVE. 12.1 E+14 

COOLANT TEM? FuEL SALT INLET 1000 r OUTLET 1300 r 
OUT~ET 1250 r BLANKET INLET 1150 F 

REACTOR VESSEL HASTELLOY·~ CYLINDER 14 FT. ClAM. BY 19 rT~ HIG~. 
SIDE WALLS 1,25 IN. THICK, ~EADS 2~25 IN. THICK~ 

CONTAINM~NT 

REMARKS 

REIN~ORCED CONCRETE REACTOR CELLl STEEL LINER. 
VAPOR-SUPPRESSIoN SYSTEM~ 

AN MSBR IPAI DESIGN RErERS TO T~E DIRECT REMOVAL 

ADO? 
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Or PROTACTINIUM FROM THE BLANKET STREAM IN THE 
BLANKET PROCESSI~G STEP. EXCEPT rOR THIS STEP THE 
PARAMETERS ARE THE SAME, ALTERNATIVE MSR DESIGNS 
ARE THE MSBR IPA-PB/, USING DIRECT CONTACT COOLING 
WITH MOLTEN LEAn AND PROTACT1NIUM RECOVERV, THE 
SSCP IPAI DESIGN rOR A SINGLE~STREAM CORE BREED~R 
WITH DlRECT REMOVAL Or PROTACT1NIUM rROM THE rUE~ 
STREAM, MOSEL IpA-P81 WHICH IS AN EPITHERMAL 
BREEDER WITH DIRECT CONTACT COOLING WITH MOLTEN 
LEAD AND PROTACT1NIUM REMOVED rROM rUEL STREAM, 
AND MSCR, A MOLTEN SALT CONVERTER REACTOR; 
SEE A004, 

MOLTEN SALT CONvERTER REACTOR~ DESIGN STUDY AND 
POWER COST ESTIMATEs rOR A 1000 MWE STATION, 
LG ALEXANDER, OTHERS 
ORNL-TM-1060 ISEPT: 19651 

DESIGN STUDIES of 1000-MWE MO~TEN SA~T' BREEDER 
REACTORS 
PR KASTEN~ OTHERS 
ORNL-3996 IAUG: 19661 

AD07 
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AF'01: .. 

NAME/OWNER 

DESIGNER 

LOCAT10N 

PURPOSE 

TYPE 

POWER MWE(MWT) 

.. .. .. 

PHOEBUS/CEA, PRANCE 

CEA, FRANCE 

GRENOBLE. FRANCE 

POWER EXPERIMENT 

.. .. .' .' .. 

AQUEOUS HOMOGENE00S; CIRCUL~T1NG SLURR¥ 'FUEL, 
BOlLING~ 

o 1 

CRITICAL R.O 

COOLANT LIGHT WATER ~uEL SLURRY 

MODERATOR LIGHT WATER FUEL SLURRY 

rUEL MATERIAL URANIUM DIOXIDE IN GLASS MARBLES, SUSPENDED IN 
WATER 

REMARKS RESEARCH AND DEVELOPMENT PROJ6CT, PROTOTYPE 
REPORTEDLY UNDER CO~S~RUCTjON; BOllING SLURRY 
CONCEPT~ SECOND PHASE OF THE RESEAROH PROGRAM IS 
TO BE THE STUDY OF A BOILING CYCLQNE~REACTOR: 
PHOEBUS HAS A C~LINDRfcAL CORE. ,LIQUID FUEL IS 
I N J E C TED TAN G EN 11 ALL V AT' THE PER I PH E R Y OFT H E 
CORE, AND A VORjEX FLOW MAINTAINED. 

RE~ERENCES IDEAS ON A PROJECT POR A HOMOGENEOUS REACTOR~ 
J BENEVISTE, OTHERS 
SECOND U.N. INTL. CONr. ON THE PEACEF'Ul. ,USES or: 
ATOMIC ENERGY 9; 415-20 119581 
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NAME/OWNER SUS~POP /SUSPENS'lON POWER ONLY' pIl.E/, IRON';'iHE 
NETHERl.ANDS 

DESIGNER KEMA, THE NETHERLANDS 

OPERATOR KEMA 

l.OCAT10N ARNHEiM~ THE NE+~ERLANDS 

~URPOSE POWER EXPERIMENT 

TYPE AQUEOUS HOMOGENEOUS~ CIRCULATING SLURRY FUEL 

POWER MWECMWT) 250 KWE 

CRITICAL SUB~CRITICAL SYSTEM IN OPERATION 1955 

COOLANT LIGHT WATER FUEL SLURRY 

MODERATOR LiGHT WATER FUE~ SL8RRY 

FUEL MATERIAL URANIUM DIOXIDE SUSPENSION IN WATER 

FUEL ENRICH, 20 PER CENT U·235 

CONTROL BORON CARBIDE SHIM-SAF'ETY RODS IN THE REF'LECTOR 

REACTOR V~SSEL STAINLESS STEEL CYLINDER 

CONTAINMENT 

REMARKS 

REFERENCES 

CONCRETE SHIELD 

A SUBCRITICAL SiSTEM HAS BEEN IN OPERATION: THREE­
PHASE PROGRAM HEAVY WATER SYSTEM, ENTAI~ING 

'PRELIMINARY STUDY; DUTCH INDUSTRY STUDY, AND 
:CONSTRUCTION, HAS BEEN INSTITUTED BY'SEP WITH 
ASSISTANCE rROM KEMA, RCN AND.U,S. INDUSTRy, 
REPLACING THE PRIMARY PROJECT~ A SYSTEM USING A 
CIRCULAT1NG ~UE( or THORIUM OXIDE AND URANIUM 
OXIDE SUSPENDED IN HEAVY WATER WAS STVDIED~ AND IS 
CURRENTLY UNDER DEVELOPMENT~ sEE KSTR. 

THE DESIGN OF A SMALL-SCAL.EPROTOTYPE OF' A 
HOMOGENEOUS REACTOR F8ELED WITH URANIUM OXIDE 
SUSPENSION. 
H DE BRUYN, OTHERS 
INTL CONF. ON T~E PEACEF'UL USES or ATOM!C ENERGY 
3, 116-20 /1955/ 

AF'02 
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NAME/OWNER KSTR /KEMA SuSPE~SION TEST REACTOR/ KEMA.RCN~EUR; 
NETHERLANDS 

DESIGNER RCN~KEMAwSEP, THE NETHERLANDS 

OPERATOR REACTOR CENTRUM NEDERLAND 

LOCATION ARNHEIM, THE NETHERLANDS 

PURPOSt POWER EXPERIMENT 

TVPE AQUEOUS HOMOGENEOUS~ SLURRY ~UEL, PROTOTYPE 

POWER MWECMWT) 250 KW 

CRITICA~ DESIGN AND CONSTRUCTION ISEE ALSO SUS-POPI 

COOLANT HEAVV WATER 

MODERATOR HEAVV WATER ~UEL SLURRY 
8ERVLLIUM OXIDE REFLECTOR 

~UEL MATERIAL URANIUM/THORIUM OXIDE SUSPENSION IN HEAVY WATER 

~UEL E~RICH. HIGH 

CONTROL UNDETERMINED 

COOLANT T~M? 250 C 

REACTOR V~SSE~ CVLINORICAL SS VESSEL, CONED ENDS, 
23 IN. LONG/li.05 IN. DIA. 18 LrTERS CAPACITY 

CONTAINMENT 

REMARKS 

REFERE~CES 

DOUBLE CONTAINMENT. REACTOR SYSTEM IS IN STEEL 
COMPARTMENTS BACKED UP BV CONCRETE BIOLOGICAL 
SHIELD • THE FIRST CONTAINMENi • AND A CONCRETE 
REACTOR HAL~ • iHE SECOND CONTAINMENT: 

SUBCRITICAL REACTOR IN OPERATION, SECOND STEP 
/PROCESSI REACTOR UNDER CONSTRUCTION. PART O~ SEPS 
3.PHASE PROGRAM ISEE SUS-POP/; THE SEP PROGRAM, 
WITH ASSISTANCE ~ROM KEMA, RCN, AND US INOUSTRY, 
LARGELV REPLACE K6MAS AHR DEVELOPMENT PROGRAM: 
SUSpENSION FLOW IS 8PWARD ·THROUGH VESSEL 

DEVELOPMENT OF A 250 KW AQUEOUS HOMOGENEOUS SINGLE 
REGION SUSPENSIoN REACTOR; 
PJ KREVG~R, OTHERS 
SECOND U.N. INT~. CONf. ON THE PEACEFUL USES Or 
ATOMIC ENERGY 9, 42,.30 /19581 



JANUARY 1969 

AQ, HOMOGENEOUS AND MOLTEN SALT REACTORS,~ORE[GN A~03 

• • * * * * • • • * • • 

KSTR. THE KEMA sUSPENSION TEST REACTOR, 
NUCLEAR ENG. 8, 437.39 IDEC 1963/ 

• 

THE AQUEOUS HOMOGEN~OUS SUSPENS10N REACTOR PR9J~CT 
KEURING VAN ELECTROTEC~NISCME MATERtALEN. N4V, 
ARNHEIM. GENEVA~ 1964~ A/CONr: 28/P/635 

THE HOMOGENEOUS SUSPENSION REACTOR PROJECT 
JJ wEST 
EURONUCLEAR 3 12/. 89.92 IFE8~ 19661 
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NAME/OWNER DAVID POWER REACTOR IASEA. SWEDEN 

DESIGNER ASEA, SWEDEN 

PURPOSE CONCEPT FOR POWER, DESIGN STUDY 

TYPE SLlJRRY F"UEL HOMOGENEOUS. 

CRITICAL CONCEPT 

COOLANT HEAVY WATER 

MODERATOR HEAVY WATER 

BNWL·Q36 

AF'04 .. ... 

vUEL MATERIAL URANIUM THORIUM OXIDES IN HEAVY WATER, SLURRY 

REMARKS EXPERIMENTAL WORK IN PROGRESS 
NO RECENT INVORMATION. 

REVERENCES A BOILING SLURRy REACTOR CONCEPT~ 
O~ LINDSTROM, B: WIDELL 
ASEA RESEARCH, NO~'j, pp~239.70 119621 

AF'04 
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NAME/OWNER MOSEL /MOLTEN SALT EP[THERMAL REACTORIIW GERMANY' 

DESIGNER KVA, JUELICH, W: GERMANY 

. PURPOSE POWER 

TYPE TWO·~LUID, TWa-REGION MOLTEN SALT REACTOR 
MODULAR CONSTRUCTION 

POWER MWECMWT) 500 

CRITICAL CONCEPTUAL DESIGN 

COOLANT BLANKET fLUID, INTERMEDIATE HEAT TRANS~ER ~LUID 

~uEL MATERIAL CORE, URANIUM DisSOLVED IN MOLTEN'VLUORIDES 
BLANKET. THORIUM IN MOLTEN ~lUOR!DES 

SODIUM AND BERVLLIUM J:'LUORIOES 

fUEL GEOMETRY MO~TEN SALT MIXTURE 

fUEL ASSEMBLY FuEL CHANNEL DESIGNS iNCLUDE PIPES OR PLATES 
PLATE-TYPE COREs COULD INVOLVE CONCENTRIC RINGS. 
SPIRALS, INVOLUTEs, AND PLATES 

SPEClrIC POWER 1.3 MW/KG 

COOLANT TEMP. 550-640 C 

REMARKS A CONCEPTUAL DESIGN AND EQONOMIC STUDY J:'OR A TWO~· 
rLUID, TWO-REGION REACTOR. PowER PLANT INCLUDES 
THE REACTOR, TURBINE GENERATOR, AND VUEL 
PROCESSING fACILIT1ES: 
CORE IS SEPARATED r~OM THE SURROUNDING BLANKET BY 
A WALL. BLANKET SALT PASSES THROUGH THE CORE 
BEf."'ORE fLowING THROUGH THE BLANKET'REGION 
INTERNAL DIRECT CONTACT COOlING~ WITH lEAD AS THE 
COOLANT. AND INTERNAL COOLING WITH SEPARATE ~UEl 
AND COOLANT ARE BEING STUDIED, AS wELL AS EXTERNAL 
COOLING WITH DIRECT CONTACT HEAT EXCH~NGE~ 

REfERENCES THE MOSEL REACToR CONCEPT 
PR KASTEN 
GENEVA, 1964, PAPER ~538 
ATOMPRAX!S 10. 441-43 /19641 

THE MOSEL REACToR CONCEPT 
PR KASTEN 
3RD U ~ N: I ~TL. CONF: ON THEPEACEF'Ul USES Or 
ATOMIC ENERGY, GENEVA; 1964~ A/CONF.2B/P/938 

AJ:'05 
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AQ, HOMOGENEOUS AND MOLTEN SALT REACTORSt~OREIGN 

BNWL .. 936 

AF"05 
* * * .. • • • • • • 

DESIGN CONCEPTS FOR THE CORE STRUCTURE Or A MOsEL 
MOLTEN SALT EXPERIMENT REACTOR 
PR I-(ASTEN 
NUCLEAR STRUCTURAL ENG, 2, 224-32 119651 

COOLING CONCEPTS FO~ A COMPACT'MOSEL IMOLTEN 
SALT/ REACTOR. 
U GAT 
NuCLEAR ENG, DEsIGN 5, 113-22 IMARCH 19671 

• 

A~OS 
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AG. HOMOGENEOUS AND MOLTEN SALt REicfoRS~~OREIGN 

BNWL~Q36 

AF'06 

'* 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

F"UEL MATER IAL 

PUEL ASSEI"lBL Y 

F"UEL CHARGE 

'* • • • '* .. . .' .' . 
SAWA/INST~ NUCLEAR RESEAROH, POLAND 

INSTITUTE OF NUcLEAR RESEAROH~ POLAND 

POWER BREEDER 
" ' 

MOLTEN SALT HOMOGENEOUS, 'FAST BREEDER 

CONCEPT 

ALUMINUM CHLORInE, BOILING~ 
CLOSED CYCLE CIRCULATION 

1000 

CORE. PLUTONIUM TRicHLORID~, MOLTEN 

." '* 

. " 

8LANKET~ URANIUM CHLORIDES, SODIUM OR POTASSIUM 
CHLORInE AS DILUENT 

6000-LtTER CORE 

1000 KG~ PLUTONIUM-239 
4000 KG~ URANIUM-238 

SPECl~IC POWER 333 KW/LITER LIoUID SALT 

COOLANT TEMP. INLET 280 C ILiaUlOI 

REMARKS 

REFERENCES 

08TLET 800 C IVAPORI 

SODIUM CHLORInE IN tHE CORE COMPOSITION IS AN 
INACTIVE DILUENT. THE ALUMINUM CHLORIDE CIRCULATES 
IN A CLOSED CYC~E; THE VAPOR TRANS~ERRING HEAT 
FROM eORETO AN E~CHANGER OR +UR8INE WITH 
CONDENSER, IT Is THEN RETURNED TO TI-IE CORE IN 
LIQUID STATE. 

SA~T-BO~LING FAST REACTOR SAWA. 
M TAUBE, OTHERS 
INR-669/C IDEe: 19651 

CO~CEPTS OF THE FUSED SALT REACTORS SAWA AND WARS. 
COMPILATION OF" ~HARACTERIST!CS. 
M TAUBE, A KOWALEw 
KERNENERGIE 10, 184w6 IJUNE 19611 

NEW BOllING SALT FAST BREEDER REACTOR CONCEPTS. 
M TAUBE, OTHERS 
NuCLEAR ENG. DESIGN 5; 109-12 119671 

AF'06 
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AG. HOMOGENEOUS AND MOLTEN SALT REACTORS;~OREIGN 
• • • * • * • • • • • •• • 

NAME/OWNER WAHS/INST. NUCL~AR RESEARCH, POLAND 

DESIGNER INSTITUTE O~ NUCLEAR RESEARCH, POLAND 

TyPE MOLTEN SALT ~AST REACTOR 

POWER MWE(MWY) 1000 

CRITICAL DESIGN 

COOLANT SOILING MERCURY 

rUtL MATERIAL CORE. PLUTONIUMTRI~HLOR!DE 
BLANKET URANIUM CHLORIDE 

SODIUM OR POTASSIUM CHLORIDE DILUENT 

FUEL ASSEMBLY MERCURY IS PUMPED INTO THE FUSED SALT TO GIVE 
A DISPERSED SYSfEM, AND IS HEATED TO SOILING 
TEMPERATURE. 

SPEC!FIC PO~ER 400 KW/LITER SALT 

COOLANT TEMP. !NLET 600 C 

REACTOR VESSEL TANK-TYPE VESSEL 

OUTLET 740 C 

REFERENCES MERCURY-BOILING FUSED-SALT FAST REACTOR, WARS 
M TAUBE, OTHERS 
INR-706/C /APRIL 1966/ 

• 

CONCEpT OF ThE FUSED SALT REACTORS SAWA AND WARS. 
COMPILATION OF CHARACTERIST1CS 
M TAUBE, A KOWALEW 
KERNENERGIE 10, 184-6 IJUNE 1967/ 

~EW BOILING SALT rAST BREEDER REACTOR CONCEPTS. 
M TAUBE, OTHERS 
~UCLEAR ENG. DESIGN 5~ 109-12 11967/ 

• 
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BOILING LIGHT WATER REACTORS. nOMESTIC aOOl .. .. * 

NAME/OWNER 

DESIG~ER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

.. 

POWER MWE(MWT) 

.. .. .. • .. .. • .. 

PATHFINDER ATOMic POWER PLANT/AEC,NSP 

ALL!S~CHALMERS MANUrACTURING CO~ 

NORTHERN STAT5S POWER COMPANY 

SIOUX PALLS, S. D. 
BIG SIOUX RIVER 

POWER DEMONSTRATION 

.' .. .. 

aWR, CONTROLLED RECIRCULATION, NUCLEAR SUPERHEAT 

189 

... 

CRITICAL MARCH 1964, CO~E/BOILER/AND SUPER HEATER DEC. 1964 
SEE REMARKS 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

~UEL MATERIAL BOILER, URANIUM DIOXIDE PELLETS 0.348 AND 
O~310 IN. DIA, 
SUPERHEATER, URANIUM DIOXIDE-5S CERMET O~020 IN. 
THICK 

FUEL GEOMETRY BOllER, RODS 72 IN. ACTIVE LENGTH 
SUPeRHEATER, CONCENTRIC TUBES 71.5 IN. ACTIVE 
LE~~GTH 

FuEL CLADDING SOlLER, ZIRCALOy-2 0,04 IN. THICK 
SUPERHEATER, ss~ 0.006 IN. T~ICK 

rUEL ENRIC~. BOILER, 2.2 AND 3:2 PER CENT U~235 
SUPERHEATER, 93 PER CENT U~235 

rUEL ASSEMBLY BOILER, 81 RODS; 9X9. 

F"~EL CHARGE 

96 ELEMENTS/LOADING 
SUPERHEATER, 2 rUELED CERMET TUBES,CONCENTRIC~ 

412 ELEMENTS/LOADING 

SOllER 6560 KG. URANIUM 
SUPERHEATER 50 KG: U"235 

SpECI~IC POWER 24 KW/KG U IN BoILER 

BURNUP(REFUEL) 10,000 MWD/TON U ~UEL LIPETIME AVE~ 1,3 VEARS 
rOR SU~ERHEAT, 9 MONTHS. 

NEUTRON F"LUX THERMAL AvE. 4X10 E.13 /BOILERI 

BOOl 
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BOILING LIGHT WATER REACTORS. DOMESTIC 8001 
* • • 

CONTROL 

• • • * • 
10 E.13 /SUpERHEATERI 

~AST AVE. 2Xl0 E.14 

• • • • • • 

BORON-SS CONTROL RODS, CONTROLLED RECIRCULAT10N 

COOLANT TEMP. INLET 360 F OUTLET 825 ~ 

REACTOR V=SSEL CYLINDRICAL, CARBON STEEL, SS LINED. 

REMARKS 

REFERENCES 

CYLINDRICAL STEEL VESSELl ~EMISPHER!CAL TOP AND 
ELL!PSOIDAL BOTTOM, 50 ~T, ID./120,5 ~T. HiGH. 
ABOUT ONE-HALF BELOw GRADE, 

THE COOLANT IS CIRCULATED BY PUMPS LOCATED 
EXTERNALLY TO THE REACTOR VESSEL~ WET STEAM 
GE~ERATED IN THE BOILING REGION PASSES THROUGH THE 
NUCLEAR SUPERHEATER FOR CONVERSION TO DRY STEAM 
FOR USE IN THE ELECTRICITV-GENERATING TURBINE. 
THE SECOND SUPERHEAT FUEL LOADING wtl~ CONSIST O~ 
lOW-ENRICHMENT ORANIUM DIOXIDE PELLETS, CLADDING 
UNDETERMINED, THE BOILER ELEMENTS WILL PROBABLY 
BE UNCHANGED. 
SCHEDULED SHUT-DOWN IN SEPT~ 1967 SHOWED SEVERAL 
rAILED STEAM SEPARATOR NOZZLES. NORTHERN STATEs 
POWER HAS SHUT DOWN THE REACTOR PERMANENTLY 

A CONTROLLED RECIRCULATION BOILING WATER REACTOR 
WrTH NUCLEAR SUpERHEATER, 
CB GRAHAM, OTHERS 
SECOND U. N. INtl. CONr. ON THE pEACE~UL USES O~ 
ATOMIC ENERGy 9, 74.8 119581 

INTERIM FEASIBILITY REPORT. NUCLEAR suPERHEATER 
FOR A CONTROLLED RECIRCULATION BOILING REACTOR: 
ALLIS-CHALMERS 
AECu.3704 IMAY i958/ 

A.CONTROLLED RECIRCULA.TION BOllING WATER REACTOR 
WITH NUCLEAR SUpERHEATER. PATH~INDER ATOMIC 
POWER PLANT rEASIBILITY REPORT. 
ALLIS·CHALMERS 
ACNP.5917 /AUGUST 1959/ 

PATHFJNDER ATOMIC POWER P~ANT.SArEGUARDS REPORT~ 
PART II~ lICENsE APPLICATION. 
NORTHERN STATES POWER CO. 
ACNP.5905 /JANU~RY 15; 1962/ 

DESIGN AND CONSTRUCTION PRACTICE~ PATHrINDER AND 
BONUS~ 

8J01 
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BOILING LIG~T WATER REACTORS~ DOMEST~C 8001' .' .' .' .' .' .. 
• • * * • .. * .. .. .. 

W MITCHELL 
POWER REACTOR TECHNOLOGY ?/3/~2'6~312' 
ISUMMER 1964/ 
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BOILING LIGHT WATER REACTORS~ OOME~Tic 

BNWL':Q36 

8002 
1t' • 111 

NAME/OWNER 

DESIGNER 

OpERATOR 

LOCAT10N 

~URPOSE 

TYPE 

• 

POWER MWECMWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

VUEL GEOMETRY 

F"UEL CLADDING 

F"uEL 'ENR I CH I 

F'UEL ASSEMBLY 

FUEL CHARGE 

111 • 111 . ' . 
.' .' .' .' 111 

,LA CROSSE 9WR/DiIRVLA~DPOWER 

ALLIS-CHALMERS MANU~AetuRiNG oo~ 

'DAIRY~AND POWERCOOpERAT1VE 

GENOA~ WIsCONSIN 
MISSISSIPPI RIvER 

POWER DEMONSTRAil0N; 2ND ROUND. 

BWR, FORCED CIRbuLA+10N~ DIRECT CVCLE~ SINGLE 
PASS, SINGLE ZONE 

50 165 

JULY 1?67~ 
ON-LINE TARGET OCT~ 1968~ 

LIGHT' WATER 

LIGHT WATER 

URANIUM DIOXIDE PELLEtS O~350 IN~ DiA~/l~05 IN. 
LONG 

ROD 0~396 IN~ 00./83 rN~ ACTtvE LeNGTH 

STAINLESS STEEL 'TUBES O~020 IN. WALL THICKNEsS 
'TH I CKNESS 

3~63 PER CENT u:235 

ROD BUNDLE 10/10, Z~RCONIUM AND 55 SHROUDS 
72 ASSEMBLIES/CORE 

SS SHROUDS OF INlflAL CORE WILL_BE REPLACED PART 
WAY THROUGH CORE LIFE ~y ZlRCON1UM SHROUDS: SHROUD 
SECTIONS ARE REMOVABLE. 

8600 KG~ URANIUM 

BURNUP(REFUEL) INITIAL CORE 12;700 MWD/T 

NEUTRON F'LUX 

.CONTROL 

COOLANT TEMP. 

THERMAL AVE. 1.5 X 10 E+13 

BORON CARBIDE PELLETS IN INCONEL TUBES: 
CRUCIFORM SHEATHS OF SS 
CONTROLLED CIRCULATION 

INLET 285:6 F 

9002 
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BOl~ING LIGHT WATER REACTORS, DOMESTIC 

8NWL':'936 

8D02 .. .. .. • .. • .. • .. .. .. 

COOLANT PRESS, INLET 1350 PSIA 

REACTOR VESSEL CYLINDRICAL STEEL VESSEL. H~MISPHERICAL ENDS 
SS LINING 0,188 IN. THICK 

• .. 

8~25 FT~ 1D/37 ~T: HIGH, 4 tN. WALL THICKNESS WITH 

CONTAINMENT 

REFERENCES 

CLADDING 
SS INNER THERMAL SHIELD 

STEEL 8UI~DING, HEMISPHERICAL DOME 
LINED ABOVE-GRADE WITH 9-IN, CONCRETE; DOME IS 
UNLINED 

HAZARDS SUMMARY REPORT FOR CONSTRUCTJON 
AUTHORIZATION OF THE LA CROSSE BOILING WATER 
REACTOR, 
ALLIS~CHALMERS ~ANUFACTURING CO. 
ACNP.62574 IQCTnBER 1962/ 

LA CROSSE BOI~ING WATER REACTaR~ SAFEGUARDS 
REPORT FOR OPERATING AUTHORIZATION, 
AL~IS"CHALMERS 
ACNP-65544 IVOL. 1-2/ JULY 1965 

8002 
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BOILING LIGHT WATER REACTORS. DOMESTIC 

8NWL~Q36 

8003 . 
• • • • * • • * • • • • .' .' . ." 
NAME/OWNER SUPERHEAT REACTOR STUDY lAC 

DESIGNER ALLIS·CHALMERS MANUrACTURING CO~ 

PURPOSE POWER 

TYPE BWR NUCLEAR SUPERHEAT AND 8WR SUPERHEAT-REHEAT 
DESIGNS~ 

POWER MWECMWT) 400 

CRITICAL DESIGN 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

~UEL MATERIAL URANIUM DIOXIDE 

REMARKS AN iNTEGRAL SUpeeHE~T REACTOR lSR IS DESIGNED fo 
REACH STEAM AT 1450 PSIG AND 1000 ~ BV 3 PASSES 
THROUGH THE BOILER AND SUPERHEATER, A SUPERHEAT~' 
REHEAT REACTOR SSR CONCEPT WOULD USE TWO REACTORS, 
THE STEAM BEING DEVELOPED IN A SUPER HEAT 8WR AND 
REHEATED IN A SEPARATE SUPERHEAT' REACTOR~ 

RE~ERENCES APPLIED ATOMICS DEC: {1~ 1963 P 6.1~ 
NEWS RELEASE 
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BOILING LIGHT WATER REACTORS. DOMESTic 
• • • • • • • • • 

NAME/OWNER SUPERHEAT REACTOR rOR PROPULSioN/AC 

DESIGNER ALLIS-CHALMERS MANUrACTURING CO~ 

PURPOSE SHIP PROPULSION; SURFACE VESSEL 

TYPE BWR. NUCLEAR SUpERHEAT 

POWER MWE(MWT) 115 

CRfT[CAL DESIGN 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

FUEL GEOMETRY RODS, ACT1VE LENGTH 1 ~T~ 

ruEL ASSEMBLY BOILER, 136 ELEMENTS 
SUPERHEATER /CENTRAL/~ 343 ELEMENTS 

CONTROL RODS 

REACTOR VESSEL STEEL VESSEL 9.5 FT: ID~/30 FT~ LONG, 
WALL THiCKNESS INCLuDING CLAD 5 IN. 

CONTAJNMENT STEEL VESSEL PLUS LEAD SHIELDING~ 

• • 

8NWL .. 936 

8D04 
• • 

REMARKS rULL DESIGN STUDY HAS BEEN DONE rOR GIBBS AND COX, 
N ~ Y. 

RE~ERENCES NUCLEAR SUPERHEAT PROPULSION SYSTEM rOR A 
PASSENGER LINER~ 
ALLIS-CHALMERS, ATOMIC ENERGY DIV, 
ACN?·6125~ SUPpLEMENT 1~ 119611 

BD04 
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BOILING LIGHT WATER REACTORS; ~OMESTic 

BNWL~936 

8005 
• • • • • • • .' . .' .' .' .' . . 
NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT10N 

·ELK RIVER REACTOR/AEC 

AL~IS·CHALMERS MANU~ACTURrNG OO~ 

RURAL COOPERATlvE POWER ASSOCtAT10N 

ELK RIVER, MINNESOTA 
MISSISSIPpj RIVER 

PURPOSE POWER DEMONSTRAT10N~ 2ND ROUND 

TYPE SWR, NATURAL CIRCULATION, INDIReCT' CVOLE~ SEPARATE 
SUPERHEAT~ 

POWER MWE(MWT) 22 64 

CRITICAL NOV~ 1962~ fULL POWER ~EB. 1964 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

fUEL MATERIAL URANIUM-THORIUM OX1DE PELLETS 0;407 IN. DIA~/O:500 
IN. ~ONG 

fUEL GEOMETRY RQD~ 5 rT~ ACTIvE LENGTH 

FUEL CLADDING 55 0~410 IN~ ID:/0.ri20 IN~ THiCK 

~UEL ENRICH. 4;3 PER CENT U-235 
SPIKE ELEMENTS 5.23 PERCENT 

FUEL ASSEMBLY 25 RODS 5~5 
148 ASSEMBLiES/CORE 

SPIKE ASSEMBLIEs 5.23 PER CENT eNRICHeDWIL~ BE 
LOADED 640 DAYS A~TER STARTUP; 

FUEL CHARGE 185 KG. URANIUM 

SpECI~IC POWER 341 KW/KG Uw235 

BURNUP(REFUEL) 10.000 MWD/T FUEL 
AVE. 8730 MwD/T 

NEUTRON FLUX THERMAL AVE, 1.55~10 E_13 
~AST AVE. 4.8x10 E-13 

RE~UELED APRi~ 1967 

CONTROL BORON ALLOYED wiTH SS CLADDJNG TuBES AS BURNABLE 
POISON, ss-aORON ALLOY RODS. 

COO~ANT TEMP. INLET 450 F 

8005 
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BOILING LIGHT WATER REACTORS~ DOMESTIC 8005 
* • * • • * • • • • • • • 

COOLANT PRESS. INLET 940 PSIA 

REACTOR VESSEL STEEL SHELL. S5 CLAD, UPR!GHT CYLINDER 7 ~T; In;1 
25 rT. HIGH 

CONTAINMENT 

REMARKS 

RE~ERENCES 

VERTICAL STEEL CYLINDER 74 ~T~ DIA./115 rT~ HIGH~ 

SPIKE ASSE~BLIEs WILL INCREASE CORE LIrE, AMOUNT 
IS NOT SPECIFIED, 

A PROPOSAL ~OR A NUCLEAR STEAM GENERAT1NG PLANT 
FOR THE RURAL COOPERATIVE POWER ASSOCIATlON, ELK 
RIVER, MINNESOTA, 
AC~ IND~ INC. 
NP~7331 119581 

ELK RIVER REACToR QUARTERLV PROGRESS REPORT ~OR 
JUNE, JULV, AUGUST 1959. 
ALLIS-CHALMERS 
ACNP-ERRwS 119591 

FINAL HAZARDS R~PORTFOR THE RePA ELK RIVER 
REACTOR AT ELK RIVER, MINNESOTA~ AND ADDIT10NS 
AND CORRECTIONS TO FINAL HAZARDS REPORT rOR THE 
ELK RIVER REACTOR AT ELK RIVER, MINNESOTA; 
WS FARMER, DG STRAWSON 
TID~11734 IJULY 19601 

DESIGN PRACTICE: THE ELK RIVER REACTOR, 
POWER REACTOR TECHNOLOGY 5. 33-47 IMARCH 19621 

NUC~EONICS REACTOR rILE NO; 18 
ERR. ELK RIVER RE~CrOR 
NuCLEONICS 21 171~ IJUlV 19631 I~OLDOUTI 

TECHNICAL SPEClrlCAT10NS rOR ~HE RCPA ELK RIvER 
REACTOR AT ELK RIVER, MINNESOTA; 
A~LIS·CHALMERS ~Ar, co. 
TID.21059 IREVIsED sEPT. 1i19611 

• 

BD05 
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B01LtNG LIGHT WATER REACTORS~ DOMESTIC 

BNWL.Q36 

8006 
• " 'w 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

* 

POWER MWECMWT) 

CRI'TICAL 

COOLANT 

MODERATOR 

~UEL MATERIAL 

... ... ... '* ... .' ... .' .' .' .' ... 

ZBSR IZIRCONIUM 80ILING·SUPER~EATtNG' REACTORllAt 

ATOMICS INTERNAtlON~L 

POWER 

BOlLING"SUPERIoIEATING, DIRSCT CVCLE, F'ORCED 
CIRCULATION. 

300 778 

STUDY 

LIGHT WATER AND STEAM 

BOILER, LIGHT WATER 
SUPERHEATER, ZIRCONIUM ~VDRIDE 

BOILER, URANIUM DIOXIDE PELLETS 
SUPERHEATER, UR~NtUM tiiOXIOE SlNTEREDPOWDER 

rUEL GEOMETRY ROD BOILER, 0,394 1N: DIA,/O~3?6 IN. LONG 
SUPERHEATER' 0.403 IN. DIA. 

F"uEL CLADDING 

F'UEL ENRICH. 

F"UEL ASSEMBLY 

F'uEL CHARGE 

Sp.ECIF"IC POWER 

8URNUP(REFUEL) 
. 

CONTROL. 

COOLANT TEMP. 

COOLANT PRESS~ 

BOILER, ZIRCALOV·2 fUBES~ 0~450 IN~ 00. 
SUPERfoIEATER, SSTHIN-WALL 'TUBES 

BOILER, 2~53 PER CENT U-235 
SUPERHEATER, 3,39 PER CENT U~235 

BOILER, 140-ROD BUNDLE, 12X12 WITH 4 OENTRAL RODS 
REMOVED~ 

ZIRCALOY BOX CONTAINS 5 BUNDLES 
84 ASSEMBLIES/BOILER 

SUPERHEATER. '-ROD CLUSTER F"ITTED INTO A 1700-!N. 
DIA; F'LOW CHANNEL IN MODERATOR LOG ASSEMBLY. 

16 CHANNELS/LOG: 
45 LOGS IN SUPERHEAT REGION 

SOlLER, 28,400 KG~ URANIUM 
SUPERHEATER 12,500 KG~. URANIUM 

19 KW/KG U 

10,000 MWD/MTU IBATC~I 

BORON-S5 RODS 

INLET 593 F OUTLET 600 F 

1550 PSIG 

8D06 
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BOILING LIGHT WATER REACTORS. DOMESTIC 8D06 
• • * • * * * • * • • • • 

REACTOR VESS~L CARBON STEEL VESSEL 11 rTf 4 IN~ DlA,/51 rTf ~IGH, 
SS LINER, 

REMARKS 

RE~ERENCES 

THE REACTOR CORE CONSISTS Or A CENTRAL SU~ERHEAT 
REGION, AND A PERIPHERAL BOILING REG!ON, IN WHICH 
STEAM IS PRODUC~D~ THE BOILtNG REG!ON IS COOLED 
AND MODERATED By LIGHT WATER, THE SU~ERHEAT 
REGION CONSISTS Or ZIRCONIUM ~YDRIDE MODERATOR LOG 
ASSEMBLIES, FUEL AssEMBLIES AND CONTROL RaDS~ IT 
IS SEPARATEJ FROM T~E BOILING REGION BY A rLOw 
8Ar~LE. AND IS IN A STEAM ENVIRONMENT DURING 
OpERATION, A Co~CEPT IN W~IC~ THE ZIRCONIUM 
HY~RIDE IS USED AS BOTH MODERATOR AND rUEL 
CLADDING MATERIAL WAS BRIEFLY INVESTIGATED, THE 
INTEGRAL FUEL-MoDERATOR CONCEPT. AS WELL AS A 
50-MWE CONCEPT. 

EVALUATION OF ZIRCONIUM HYDRIDE AS MODERATOR IN 
INTEGRAL BOILING WA~ER~SUPERHEAT REACTDRS~ 
JD GYLFE, OTHERs 
NAA-SRw5943 /MARCH 1962/ 

8D06 
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BOILING LIGHT WATER REACTORS, DOMESTIC 800? 
* • * • • • • • • • • • • 

NAME/OWNER BWR DUAL PURPOSE STUDy/AMF-MITCHELL 

DESIGNtR AMF~ATOMICS, MITCHELL ENG. 

PuRPOSE POWER, DUAL PURPOSE 

. TyPE 8WR 

POWER MWE(M~T) 25 110 
COMBINED OUTPUT ~ROM NUCLEAR AND GEOTHERMAL 
WOULD BE 50 MWE 

CRITICAL STUCY 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

FUEL MATERIAL URANIUM DIOXIDE 

rUEL GEOMeTRY RoDS 

FU~L CLADDING S5 

~WEL ASSEMBLY 8X8 ROD ASSEMBLy IN ZIRCONIUM BOX 

CONTRO~ SI~vER·tNDIUM RoDs 

COOLANT T~MP, 

REMARKS 

RE~ERENGES 

476 r 

A STUDY SUBMITTED TO tTALV-S LARDERELLO co: ON THE 
FEASIBILITY OF INTEGRATING A 8WR INTO T~E 
LARDERELLO GEOTHERMAL STEAM GENERATING SYSTEM, 
COM?LETION OF STUDY IN 1962~ AMF HAS DESIGNED A 
~UAl PURPOSE REACTOR rOR POWER AND WATER 
DESALINATION BASED ON T~IS STUDY; 

NUCLEAR POwER FEB: 1962 p~ 77~ 
NEWS RELEASE. 

NUCLEONICS 21, 27/APRIL 1963/. 
NEWS RELEASE 

8007 
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BOILING LIGHT WATER REACTORS. DOMESTIC 

BNWL-936 

BD08 
... ... ... ... '* ... ... ... ... ... ... .' ... • ... 

NAME/OwNER BWR-PWR STUDY/AMF 

DESIGNER AMr ATOMICS 

PURPOSE DUAL PURPOSE, PO~ER AND WATER DESALINATION, 

. TYPE BWR-PWR, BOILINO·SUPERHEATING; 

POhER MWE(MWT) 110 

CRITICAL STUDY 

COOLANT LIGHT WATER 

MODERATQRLIGHT WATER 

F'UEL MATERIAL 

FUEL GEOtv'IETRY 

F'uEL CI..ADDING 

FUEL ENRICH, 

FUEL ASSEi"18L Y 

CONTROL 

REMARKS 

REF"ERENCES 

URANIUM DIOXIDE PELLETS 

ROO 

5S TUBES 

2~2 PERCENT U-235 

8X8 ROD ASSEMBLY, ZIRCONIUM BOX 

RODS 

T~E REACTOR WOULD BE USED WITH A MULTISTAGE r~ASH 
UNIT SUPPLr~D By AMF-S MAXIM DIVISION, AND WOULD 
DESALINIZE 10 MILLION GALLONS PER DAY wITH ABOUT 
156,000 KWH/JAY OF ELECTRICITY. THE DUAL PURPOSE 
DESIGN IS AN OUTGROWTH OF AN AMF/UK-MITCHELL 
STUDY OF" A BOILING-SUPERHEAT REACTOR rOR ITALV.S 
LARDEREI..LO COMPANY, WHICH wAS PROPOSED FOR USE IN 
COMBINAT10N WITH A GEOTHERMAL STEAM PLANT. 

NuCLEONICS WEEK~ MARCH 7, 1963, PI 3, 
NEwS RELEASE. 

... 

8DOB 



JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMESTic 

BNWL.Q36 

8009 

* * * * • • • • • 

NAMEIOWNER VMR IVARIABLE MoDERATOR REACTOR/AM-STANDARD 

DESIGNER AMERICAN STANDARD CORP. 

LOCATION CRITICAL ASSEMBLV A~ ADVANCEDT8C~NOLOGY LABS, 
CALIF"ORNIA 

PURPOSE POWER PROTOTypE 

TYPE BWR, VARIABLE MODERATOR, DIRECT 'CYCLE~ rORCED 
CIRCULAT10N~ 
CAL.ANDRIA /SHELl-ANO-TUBEI CORE STRUCTURE~ 

POWER MWECMWT) ,-50 

CRITICAL RAND 0 

COOLANT 

MODERATOR 

rUEL MATERIAL 

F"UEL GEOMETRY 

ruEL CLADDING 

FuEL ENRICI-I. 

FUEL ASSEMBLY 

FUEL CHARGE 

LIGHT WATER IN rUEL CHANNELS 

LIGHT WATER 

URANIUM DIOXIDE PELLETS, SINTERED AND GROUND~ 
0;320 IN~ DlA~ 

PINS, 0.353 IN. DIA~, 50 !N: ACTIVE LENGTH 

ZIRCALOY OR 348 SS 

2;2 PER CENT U-235 

HEXAGONAL 37 RODS 
181 ASSEMBLIES/CORE 

4590 KG. URANIUM DIOXIDE 

BURNUP(REFUEL> 15,000 MWD/TU BATCH~ 1/3 CORE PER YEAR 

NEUTRON FLUX THERMAL. AVE. 3.1X10 E.13 

CONTROL. MODERATOR LEVEL. ADJUSTMENT, OR MODERATOR LEVEL 
ADJUSTMENT ANn SOLUTION POISON. 

COOLANT TEMP. INLET 537 F OUTLET 545 F' 

COOLANT PRESS. 1000 PSIA OpERATING STEAM PRESSURE 

• 

REACTOR VESSE~ CYLINDRICAL. A212-B STEEL, 304 5S CLAD, 6 rT. 4 IN. 
IO.I 14 rTf 6 IN. LONG. 

REMARKS PROPOSAL HAS BEEN MADE By WOLvERINE ELEC. COOP~, 
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JANUARY 1969 

BOLLING LIGHT WATER REACTORS~ DOMESTIC BD09 
• • • * • • • • • . .' . * • • • 

MICHIGAN, FOR A POWER PROTOTYPE BASEO ON 
AMERICAN-STANDARD-S DESIGN STUDY OF VARIABLE 
MODERATOR REACTOR; A VMR IS UNDER STUDY' AT' 
BATTELLE MEMORIAL INSTtTUTE~ REACTOR CONCEPT 
PROPOSES AN ARRA~GEMENT Or ~UEL RODS IN CLUSTERS 
WHICH ARE SEPARATED FROM ONE ANOTHER BY RELATlVELY 
~IDE MODERATOR CHANNElS~ 'THE COOLANT WATER IN 
THE CHA~NELS IS SEPARATED '~ROM THE MODERATOR WATER 
OUTSIDE THE CLUsTERS BY A CALANDRIA DESIGN OF THE 
CORE STRUCTURE. LEVEL OF THE MODERATOR CAN BE 
ADJUSTED TO RBG~LATE AND CONTROL REACT1VITY. 

VARIABLE MODERATOR REACTOR DEVE~OPMENT' PROGRAM; 
QUARTERLY PROGRESS REPORT NO~ 1, AUGUST 31~ 1959~ 
ATL~Awl00 /19591 

HAZARDS SUMMARY REPOR~ ~OR THE VMR ORiTICAl 
ASSEMBLV EXPERIME~TS~ 
RA EGEN~ OTHERS 
9MI~1445 IJUNE io~ 19601 

TECHNICAL FEASIBIlITV AND ECONOMIC POTENTIAL Qr 
THE VARIABLE MODERA~OR REACTOR. FINAL REPORT; 
AMERICAN~STANDARD; ~DV~TECHNOLOGV LABS. 
ATL~A~109 IREV.1t IDECEMBER 19601 
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JANUARY 1969 

BOLLING lIGHT WATER REACTORS~ 60MESTic 

BNWL';'936 

BD10 
• •• 

NAME/OWNER 

DESIGNER 

OPERATOR 

.LOCATION 

PURPOSE 

TYPE 

... 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

FUEL GEOMETRY 

fUEL CLADDING 

F'UEl ENRICH. 

II.JEUTRON F'lUX 

COOLANT TEMP. 

COOLANT PRESS. 

RE;MARKS 

RE,F'ERENCES 

... ... .. .. • • • 

BORAX-4 /BOILING REACTOR EXPER1MENT~4/AEC 

ARGONNE NATIONAL LABORATORY 

ARGONNE NATIONA~ LABORATORY 

NATIONAL REACTOR TEST STATION, iDAHO 

POWER EXPERIMENT 

BWR 

2 20 

1957~ CORE REVISION 1958 

LIGHT WATER 

LIGHT WATER 

URANIUM-THORIUM DIOXIDE PELLETS 0.225 IN. DIA~ 
BORAX-3 USED URANIUM-ALUMINUM ALLOY fUEL 

PLATE 

ALUMINUM-NICKEL ALLOY 

7 PERCENT U~235 IBORAX· 3 ENRICHMENT WAS 
90 PERCENT/ 

EXTRUDED ALLOY pLATES WITH 2 1/2 IN; DIA. TUBULAR 
CAVITIES CONTAINING FUEL PELLETS, THERMALLY 
BONDED TO CLADDING WITH LEAD. 

6 PLATES/ASSEMBLY 
69 ASSEMBLIES/CORE 

THERMAL AVE. 5X10 E.13 

400 r 

300 PSIG 

EARLY BORAX EXPERIMENTS USED METALLIC rUEL TO 
INVESTIGATE 8WR STABILITY. 

DESIGN AND OPERATING EXPERIENCE O~ A PROTOTypE 
BOILING WATER PoWER REACTOR; 
JR DIETRICH, OTHERS 
PROC. INTL. GONr. ON THE PEACEFUL USES O~ ATOMIC 
ENERGY 3. 56-60 /1958/ 

.. 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMESTIC 
... ... • ... ... ... ... • • ... 

OPERATIONAL EXPERIENCE WrT~ BORAX POWER PLANT. 
WH ZINN~ OTHERS 
NuCLEAR SCI. AND ENG. 1~ 420.37 IOCTOBER 19561 

PER~ORMANCE EVALUATioN O~ DIRECT' CyCLE BOtllNG 
WATER NUCLEAR POWER pLANTS BASED ON RSCENT' EeWR 
AND BORAX DATA. 
JM HARRER; OTHERS 
SECOND U. N, INtL: CON~. ON T~E pEAOE~UL USES O~ 
ATOMIC ENERGY 9, 264-85 119581 

CIVILIAN POWER REACTOR PROGRAM. PART 11I~ STATUS 
REPORT 9N THE BoILING WATER REACTOR TSCHNOLOGY AS 
OF 1959. 
TID~8518 151 BOOK 5: 
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JANUARY 1969 

BOILING ~!GHT WATER REACTORS, DOMESTIC 

8NWL-936 

8Dl1 
• • * * • • • • * • • • * 

NAME/OWNER BORAX·5 IBOILING REACTOR EXPERIMENT~51IAEC 

ARGONNE NATIONAL LABORATORY 

OPERATOR ARGONNE NATIONAL LABORATORY 

NATIONAL REACTOR TEST STAT!ON, IDAHO ,LOCATION 

PURPOSE 

TYPE 

PO~ER EXPERIMENT, NUCLEAR SUPER~EAT DEMONSTRATION. 

BWR, rORCED OR NATURAL CIRCULATION, DIRECT CyCLE, 
NUCLEAR SUPERHEAT~ 

POWER MWE(M~T) 2 20 

CR!TICAL 1962. DRY SUPERHEATED STEAM PRODUCED OCTOBER 1963~ 
REACTOR PHASED OUT Or SUPERHEAT PROGRAM 1965 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

FUEL MATERIAL 60ILER, URANIUM DIOXIDE PELLETS 0.343 IN. DIA, 
SUPERHEATER, URANIUM DIOXIDE-S5 CERMET 

PuEL GEOMETRY BOILER, RODS, 3/8 INt DIA,/24 tN, ACTIVE LENGTH 
SUPERHEATER, PLAT PLATE, 0,01 4 IN, T~ICK MEAT 

ruEL CLADDr~G 80I~ER, S5 TUBEs, WALL THICKNESS 0,015 IN; 
SUPERHEATER, SS CLADDING 0,008 IN, THICK 

rUE~ ENRICH. BOILeR, 10 PER cENT u·235 
SUPeRHEATER. 93 PER CENT U~235 

r~EL ASSEMBLY SOILER. 49 RODS~ 7X7 
SUP~RHEATER, RIGID 4-PLATE ELEMENT 

5 ELEME~TS/ASSEMBLY 
12 ASSEMBLIES IN CENTRAL LOADING 

NEUTRON FLUX 80!~ER, 1~33X10 E~13 IAXIAL/,1,45X10 E.13 IRADIALI 
SUPERHEATER l,30X10 E.13 /AXIALI 

C~NTROL 80RAL, SS-CLAD RODS~ 

REACTOR VESSEL CYLINDRICAL, CARBON STEEL 66 3/8 IN: lOt 116 rT~ 
HIGH, SS LINED 

CONTAINMENT PIT, SHIELDED By HIGH DENSITV CONCRETE 

REMARKS S~EAM IS SUPERHEATED IN TWO PASSES, F~OWING DOWN 

8D11 



JANUARY 1969 BNWL·936 

BOILING LIGHT WATER REACTORS. DOMESTIC 8Dl1 
* * * 

RE~ERENCES 

• * * • • • • * * • 
T~ROUGH FIRST-PASS ELEMENTS, THEN UPWARD THROUGH 
SECOND PASS. THREE SEPARATE CORE CONPIGURAT10NS 
AR~ POSSIBLE. BoI~ER·SUPERhEATER WITH CENTRAL 
SUPERHEAT. PURE BOILER, NO SUPERHEAT. AND BO!LER 
WITH PERIPHERAL SUPERHEAT. DRY SUPER~EATED 
STEAM PRODUCED iN OCT: 1963. 

PRELIMINARY DESIGN AND HAZARDS REPORT. BOILING 
REACTOR EXPERIMENT V IBORAXwVI 
ARGONNE NATIONAL LABORATORY 
ANL-6120 IFEBRUARY 19601 

A NUCLEAR SUPERHEATING REACTOR-BORAX-V. 
~ NOVICK, OTHERS 

* 

SMALL AND ~EDIUM POWER REACTORS; VOL. 1,PP; 111-25 
INTERNAT10NAL ATOMIC ENERGY AGENCY, VIENNA, 1962 

DESIGN AND HAZARDS SUMMARY REPORT, BOILING REACTOR 
EXPERIMENT V 180RAX-V/. 
ARGONNE NATIONAL LABORATORY 
ANL-6302 IMAY 19611 

80HAX-V INTEGRAL NUCLEAR SUPERHEAT REACTOR 
EXPERIMENTS. 
WR WALLIN, OTHERS 
POwER REACTOR EXPERIMENTS, VOL, 2 PP. 9-26 
INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1962 

80RAX-V A NUCLEAR SUPERHEAT REACTOR. 
RE RICE, WR WALLIN 
AMERICAN POWER CONrERENCE 26i~ ANNUAL MEET!NG. 
CHICAGO, APRIL 1964~ CONF-504R2 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS, DOMESTIC 
* * * * * • * * • • • • • 

NAME/OWNER 

DESIGNER 

OPERATOR 

. LOCATION 

PURPOSE 

TYPE 

POWER MWECMWT) 

ALPR /ARGONNE LOW POWeR REACTORIIAEC-ARMY 

ARGONNE NATIONAL LABORATORY 

COMBUSTION ENGINEERING, INC • 

NAT!ONAL REACTOR TEST STATION, IDAHO 

PROTOTYPE PACKAGE POWER REACTOR 

BWR, NATURAL CIRCULATION. CIR~CT CYCLE 

250 KWE 3 

CR!TICAL 19'8, DESTROYED Bv EXPLOS!ON JANUARY 1961 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

~uEL MATE~IAL URANIUM-ALUMINUM-NICKEL ALLOY 

• 

~uEL GEOMETRY PLATE, 3 7/8 IN: BY 3 7/8 IN; Bv 34 1/2 IN. 

~uEL CLADDING ALUMINUM-NICKEL ALLOY, 0,035 IN~ THICK 

FUEL ENRICH. 91 PER CENT U- 235 

~uEL ASSEMBLY 9 PLATES/ASSEMBLY 
40 ASSEMBLIES TO CORE 

~UEL CHARGE 14 KG~ u·235 IN 40~ELEMENT CORE, 21 KG. u-235 
IN 60-ELEMENT CaRE 

spEC!~IC ?OWER 214 KW/KG U-235 IN 40-ELEMENT CORE 

BWRNUP(REFUEL) APPROX. 20 PER cENT 
IN 60wELEMENT CORE. 

3 'tEAR LIF"E, 

r~EUTRON F'LUX THERMAL AVE. 7,5X10 E.12 
~AST MAX. 3.28 X 10 E.12 

8D12 
" . 

CQNTROL BURNABLE POISON. BORON-10 IN ALUMINUM ATTACHED TO 
ASSEMBLY. 
9 CONTROL RODS 

CObLANT TEMP. INLET 175 F OUTLET 420 I=' 

COOLANT PRESS, 300 PSIG 

REACTOR VESSEL STEEL 
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JANUARY 1969 

801LING LIGHT WATER REACTORS. OOMESTIC 

BNWL·936 

8D12 
• * 

REMARKS 

• • * * * • • • • • • 

CYLINDRICAL TANK~TVpE STRUCTURE, 38 rTf DIA;I 
48 FT~ HIGH, GRAVEL SHIELDING rILL AROUND 
PRESSURE VESSEL AND COMPONENTS, 

• 

OPERATION 1958. EXPLOSION ON JANUARV 3, 1961 
DESTROYED CORE, RESULT1NG IN THREE rATALITIES; 
REACTOR HAS SEEN DISMANTLED. 

DESIGN STUDY of A NuCLEAR POWER PLANT FOR 100 KW 
ELECTRIC AND 400 KW HEAT CAPACITY. 
M TRESHOW, OTHERS 
ANL-5452 11957/ 

ARGONNE LOw POWER REACTOR. A PROTOTV~E DIRECT 
CyCLE BOILING WATER REACTOR PACKAGE PLANT rOR 
ELECTRIC POWER PRODuCT10N AND SPACE HEATING. 
CR BRAUN 
SECOND U. N. INTL~ CONF. ON rHE PEACEFUL usES or 
ATOMIC ENERGY 9~ 244.54 /19581 

A8WR PL·1 REFERENCE DESIGN REPORT. 
FJ STARON, LM JOHNSON 
CEND.70 /JANUARy 19601 

DESIGN OF THE ARGONNE LOW POWER REACTOR /ALPR/ 
NR GRANT, OTHERS 
ANL.6Q76 IMAY 1961/ 

• 
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BOrlING LIGHT WATER REACTORS. DOMESTIC 

BNWL .. 936 

B013 
• • .. 

NAME/OWNER 

DESIGNER 

OPERATOR 

.LOCATION 

PURPOSE 

TYPE 

POWER MWE(MWT) 

... ... • ... ... ... • .- . .. .- .' . 
E8WR/EXPERIMENTA~ BOILING W~TSR ~EACTORIIAEC 

ARGONNE NATIONAL LABORATORV 

ARGONNE NATIONAL LABORATORV 

LEMONT, ILLINOIs 
DES PLAINES RIvER 

POWER EXPERIMENT 

BWR~ NATURAL CIRCULATION, DIRSCT CYCLE 

5 20 
100 MWT MODl~ICATION IN 1962 

C~ITICAl 1956 

COOLANT 

MODERATOR 

ruEL MATERIAL 

~UEL GEOMETRY 

i='UEL CLADDING 

FuEL ASSi::M8LY 

~·u.EL CHARGE 

SHUT DOWN PE~MANENTLV JUNE 196, 

LIGHT WATER 

lIGHT WATER 

CORE 1, URANIUM~NIOBIUM·ZrRaONIuM ALLOY 
CORE lA, URANIUM OXIDE IN ALUMINUM MAT~IX 

SPIKE ELEMENTS URANIUM OXiDE IN ZIRCONIUM OR 
CALCIUM OXInE 

MODI~ICATION rOR PLUTONIUM-URANIUM OXIDE ~UEL 1964 

CORE 1, PLATES, THICK AND T~IN,4 rT ACTIVE LENGTH 
CORE 1A, rUELED ROO 5 rTf LONG AS SPIKE ELEMENTS 

CORE 1, ZIRCALOy .2 0:020 IN. T~!CK 
CORE 1A~ ZIRCALOV~2: 

CORE 1, 1~44 PER CENT u-235 
CORE 1A, HIGH 

CORE 1, 6-PLATE ELEMENTS 
114 AsSEMBLIES/CORE 

CORE 1A~ 49-ROD ASSEMBLY 

5600 KG. URANIUM IF!RST LOADING/ 

SPEC!V!C POwER CORE 1, 270 KW/KG u·235 

CONTROL MOVABLE RODS 

COOLANT TEMP. INLET 130 F OUTLET 469 F' 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMESTic 
• • * • • • • .' . .' . .' .' . 
REACTOR VESS~L STEEL VESSEL 84 IN, ID~, SS CLAD 

CONTAINMENT 

REMARKS 

CYLINDRICAL STEeL TANK 80 'F~,DrA~/119 ~T~ HIGH. 

ON NOVEMBER 15, 1962, THE ESWR REACHED 100 MWT: 
MODIFICAT10NS I~CLUDED ADDING 32 H]GHLV ENRICHED 
ELEMENTS TO THE CORE, ADDfTYON O~ CONTROL RODS~ 
APPROPRYATE PIPING AND VALVES: EBWR HAS BEEN SHUT 
DOWN AGAIN FOR FURTHER MODI~lCATioN ~EADING TO 
~UELING WfTH PLUTON~UM/URANIUM OXIDE, THE M~XED 
OXIDE FUEL WILL BE IN THE CENTER OF THE CORE, 
WITH ENRICHED URANIUM DYOXIDE ASSEM8LIES 
SURROUNDING IT, 
FIRST SELF·SUST~IN1NG ACTlON WITH PLUTONIUM rUEL 
ACHIEVED IN SEPT, 1965, WITH ELECTRICITY 
GENERA~lON IN OCT: 1966~ rULL ~OWER O~ 42 MWT 
WAS REACHED NOV: 11~ 1966: 

THE EXPERIMENTAL BOILING WATER REACTOR IE8WRI 
ANL-66Q7 IMAY 1957/ 

REACTORS ON~THE~LINE, EXPERIMENTAL BOILING 
WATER REACTOR~ 
NUCLEONICS 15, 92A-53, IJULY 19571 

HAZARDS EVALUATYON REPORT ASSOCIATED WITH THE 
OPERAT10N OF EBWR At 100 MW~ 
EA WIMUNC, JM HARRER 
ANL-5781 IADDI IREV 11 IOCT08ER~ 19601 

MOD!rICATION OF THE EXPERIMENTAL BOILING WATER 
REACTOR IEBWRI ~OR HIGH-POWER OPERAT10N. 
J~ MATOUSEK, COMP~ 
ANL~6552 IAPRIL 19621 

HAZARDS SUMMARY REPORT ONTHEE~pERIMENTAL 
BOILING WATER REACTOR IEBWRI 
ANL·5781' 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMESTjC 
• • 

NAME/OWNER 

DESIGNER 

PURPOSE 

* * • * • • 

PL IPORTABLE LOW·POWER//A8C·U~S. ARMY 

COMBUSTION ENGINEERiNG. INC. 

POWER AND HEAT 

.' . 

,TYPE 8WR~ NATURAL CIRCULATJON,DIRSCT CYCLE' 

POWER MWE(MWT) 1 

CRITICAL DESIGN 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

~UEL MATERIAL URANIUM DIOXIDE PELLE~S 

rUEL CLADDING SS TUBES 

FUEL ENRICH. 4:8 PER CENT U-235 

FUEL ASSEMBLY 59 FUEL ELEMENTS, 3 POISON ELEMENTS/ASSEMBLY 
24 ASSEMBLIES/CORE 

REMARKS PL IS ONE OF SEvERAL REACTORS IN THE ARMY-S BWR 
PROGRAM PROPOSED FOR INSTALLATION IN A SNOW 
TUNNEL AT BYRD STATTON, ANTARCTfCA; THE CORE 
CONTAINS 24 FUE~ ASSEM8LIES~ EACH COMPOSED OF 59 
FUEL ELEMENTS AND THREE POISON ELEMENTS. 

REFERENCES PL ~INAL DESIGN REPORT. VOL. IV. REACTOR DESIGN~ 
COMBUSTION ENGINEERING INC. 
CEND-135 /VOL~ 4/ /1961/ 
VOLUMES 1.5 ARE DATED JUNE 30~ 1961~ 
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JANUARY 1969 

BOllING LIGHT WATER REACTORS. DOMESTIC 8015 
... ... 

NAME/OWt\ER 

.DESIGNER 

OPERATOR 

LOCATIOr.; 

PURPOSE 

TYPE 

POWER MwECMWT) 

CRITICAL 

COOLANT 

MODERATOR 

F'l.JEL MATERIAL 

F"uEL GEOMETRY 

F'ut:L CLADDING 

F'UEL ENRICH. 

F'uEL ASSEMBLY 

F'l;EL CHARG~ 

... ... ... ... '* • ... .. .. ... 

VB~R/VALLECITOS BOILING WATER REACTORIIGE·PACI~lC 
G ... E 

GENERAL ELECTRIc COMPANY 

PAC!~IC GAS + ELECTRIC CO. 

PLEASANTON, CALIF~ 

POWER PROTOTYPE 

bWR, NATURAL CIRCULATION, DIRECT CYCLE. 

5 20 

1957, MODIFICATIONS 1960, PERMANENiLV SHUi-DOWN 
1963 

LIGHT WATER 

LIGHT WATER 

URANIUM OIOXIDE~SS MATRIX 

PLATES, 2,9 50 IN. W1DE/37 IN. LONG, 
SOME RODS. 

5S 0,00 5 IN. THICK 

90 PER CENT U· 235 

6.~ PARALLEL PLATES/ASSEMBLY, 
120 PLAiES/CORE 

25 KG~ U-235 

... 

spECrrrc PCwER 1200 KW/KG U- 23 5 

NEUTRO~ FL.uX 

CONTROL 

COOLANT TcI"'P. 

COOLANT PRESS. 

RE"ACTOR VESSEL 

CONTAINMENT 

THtRMAL AVE, 4,5X10 E+13 

POISON PLATES, BORON"'SS AND aaRON CARBIDE 

INi..ET. VARIES OUTLET, 546 'F' 

INl..ET~ 1000 PSIA 

CA~80N STEEL, Ss CLAD~ 7 F'i • 00 I , 3 1/2 1 N • i~icK 

PRESSURE-TIGHT, UPRIGHT CYLINDRICA~ STEEL BUILDING 
48 ~T~ DIA./l00 F'T~ HIGH, 
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JANUARY ;i969 

BOILING LIGHT WATER REACTORS. DOMESTIC 8D15 
... ... ... '* 

REMARKS 

... ... ... ... • ... • • .... .. • 

TEST ~ACILITY FOR THE DRESDEN REACTOR, AND A 
DEMONSTRATION PLANT~ SUPERHEAT pROGRAMS WERE 
INVESTIGATED. SEE VESR. SEE ALSO SADE. 

REACTORS ON-THE;LINE. VBWR. 
NuCLEONICS 16~ !NSERT~ IFEBRUARV 19581 

• .. 

GENERAL ELECTRIC VALLECITOS BOILING wATER REACTOR, 
F!~AL HAZARDS SUMMARY REPORT. 
JL MURRAY, ED. 
SG·VAL~2 13RD EDI INOVEMBER 30, 19591 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS, DOMESTIC 
... • 

DESIGNER 

OPERATOR 

,LOCATION 

... ... ... ... ... ... ... ... 

DRESDEN w l/COMMONWEALTH EDISON 

GENERAL ELECTRIC COMPANY 

COMMONWEALTH EDISON 

MORRIS, ILLINOIS 

8016 
... ... ... 

CONFLUENCE OF KANKAKEE AND DES PLAINES RIVERS 

PURPOSE POWER 

TYPE 8WR, FORCED CIRCULATION, DUAL CYCLE 

POWER MWE(MWT) 200 700 

CRITICAL 1960 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

rUEL MATER!AL URAN~UM DIOXIDE PELLETS 0~49B IN. D!A~/Ot625 IN • 
. LONG. 

FUEL GEOMETRY ROD~ 1/2 IN~ DIA./106:S IN. ACTIVE ~ENGTH 
FUEL ROD CONSISTS OF 4 FUEL SEGMENTS JOINED 
ENDwTO-END, WITH SPACER PLATES BETWEEN THE 
SEGMENTS. 

~UEL CLAD~ING ZIRCALOy-2, 0.030 IN. THICK 

FUEL ASSEMBlY SQuARE CHA~NEL' 36 RODS, 6X6, 
488 ASSEM8LIES/~ORE 

FOURTH PARTIAl REFUELING APR!L·MAV 1967 
106 ZIRCALOvwCLAD URANIUM DIOXIDE fUEL 
ASSEMB~IES IN 46 4.ASSEMBLV CORE, INCLUDING 
FOUR P~UTON!UM DIOXIDE RODS FROM REACTOR~· 
PRODUCED P~UTONIUM. 

FWEL CHARGE 51,500 KG~URANIUM 
. 

SPECr~lC POWER 11.50 MW/MTU 

84RNUP(REFUEL) 10,000 MWD/TON BATCH RErUELtNG 10- 30 pERCENT 

NEUTRON FLUX 

CONTROL 

THERMAL AVE. 3,1~Xl0 E+13 
FAST ITVPICALI 1X10 E.14 

MOVABLE POISON RODS, CADMIUM-SilVER ALLOY, SS CLAD 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS. DOMESTIC 

8NWL-936 

8016 
* * * * * • • * * * • • * • 

COOLANT TEMP, INLET 504~7 F 

COOLANT PRESS, INLET 1027,7 PSIG 

OUTLET 546.4 ~ 

REACTOR VESSEL CARBON STEEL, 55 CLAD~ 12 rTf 2 IN. IO. 

CONTAINMENT 

REMARKS 

RE~ERENCES 

STEEL SPHERE, 190 FT. DIA., ABOVE-GRADE INSULATED. 

SUB COOLED WATER ENTERS AT THE BOTTOM O~ T~E 
REACTOR VESSEL AND FLOWS UPWARD THROUGH THE 
ASSEMBLIES, WHERE IT BOILS. THE STEAMaWATER 
MIXTURE FLOWS OUT AT THE TOP OF THE FUEL 
ASSEMBLIES AND IS DIRECTED TO THE REACTOR VESSEL 
OUTLET NOZZLES, EXTERNAL LOOPS HANDLE 
RECIRCULATION FLOW, THERE BEING NO RECIRCULATjON 
OF THE CORE COOLANT WITHIN THE REACTOR VESSEL. 

PRELIMINARY HAZARDS SUMMARY REPORT" rOR THE DRESDEN 
NUCLEAR POWER STAT10N~ 
G SEGE 
GEAP-1044 IMAY 1, 1957 

PRELIMINARY HAZARDS SUMMARY REPORT FOR THE DRESDEN 
NUCLEAR POWER STAT10N: 
AMENDMENT NO.1 
GEAp.3009 IMAY {, 19581 
AMENDMENT NO.2 lOP EBRIGHTI 
GEAP.3Q53 IAUGUST 22, 19581 
A~ENDMENT NO.3 IJL MURRAY, DP EBRIGHTI 
GEAp.3076 IOECEMBER 23, 19581 
AMENDMENT NO.4; PART I lOP E8RIG~TI 
GEAp s 3106 IFE8RUARY 19591 
A~ENDMENT NO.6 lOP EBRIGHTI 
GEAp.3186 IJ0NE 12, 19591 

DRESDEN ON·ThE~LINE~ 
NUCLEONICS ~7. INSERT~ IDECEMBER 19591 

PERPORMANCE AND OPERATING EXPERrENCE Of THE 
DR~SDEN NUCLEAR POWER STAT!ON~ 
IL WADE 
ASHe PREPRINT 61 w WA.268 119611 

THE DRESDEN NUCLEAR POWER STAil0N, 
POWER REACTOR TECHNOLOGY 4/4/~ 56.68 ISEPT. 19611 

NuCLEAR INDUSTRy JUNE 1967 p~ 19 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS. DOMESTIC 
• • * 

NAME/OWNER 

DESIGNER 

OPERATOR 

.LOCATION 

• • • • • 

DRESDEN-2/COMMONWEA~TH EOrSON 

GENERAL ELECTRIC COMPANY 

COMMONWEALTH EDisON 

MORRIS, ILLINOIS 

801? 

.' .' .' . • .' 

CONFLUENCE OF KANKAKEE AND DES P~AINES RIvERS 

PURPOSE POWER 

TYPE BWR, SINGLE CYC~E~ rORCEDCIRCULAT10N /2·~OOP/~ 
INTERNAL STEAM SEPARAT10N~ 

POWER MWECMWT) 715 2300 

CRITICAL CONTRACT AWARD FOR nRESOEN~2 AND .3~ T~RGE~ 1970. 
REFERENCE DESIGN 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 0,488 IN~ DIA~ 10;75 IN, 
LONG 

FUEL GEOMETRY ROD 144 IN. ACTIVE LENGTH 

FUEL CLADDING ZIRCALOV- 2 TUBES 0,0 3 6 IN~ WALl'TH1CKNESS 

~UEL ENRICH. AVERAGE 2 PER CENT U· 235 

~UEL AS5E~BLY 49-ROD BUNDLE 7X7~ APPROX~ 14 RODS HAVE R~DUCED 
ENRICHMENT. ASSEMBLY ENCLOSED IN Z1RCALOY CHANNEL 

724 ASSEMBLIES 

BURNUP(REFUEL) AVERAGE INITIAL 
15000 MWD/T 

ANNUAL 
PROGRESSIVE pART!AL BATCH 

CONTROL CRUCIFORM CONTROL BLADES, BORON CARBIDE POWDER IN 
S5 TUBES 
TEMPORARY BORON·55 POISON CURT~INS 

COOLANT iEMP. !NLET 530.4 F 

cqOLANT PRESS. 1000 PSIG 

REACTOR VESSEL ALLOY STEEL CYLINDER 6 1/8 IN~ THICK. INNER 55 
CLADDING 7/32 IN, THICK 

CONTAINMENT PRESSURE-SUPPRESSION, CORE SPRAY SYSTEM, 
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BOILING LIG~~ WATER REACTORS. DOMESTIC 8D17 
• • * 

REMARKS 

• • * • • • • • • • * 

TOTAL CAPAC!TY OF THE DRESDEN NUCLEAR STAT10N 
WILL BE 1800 ~wE 

• 

CONTRACT FO~ A THIRD REACTOR HAS BEEN AWARDED. 
POWEQ 809 M~E/2300 M~T, TARGET 1970, 

• 

:NT!KE CANAL ~CR CONDENSER COOL:NG WATER ~XTENJS 
wEST rRCM ~A~~AKEE ~!VER ANJ JISCHARGE CANAL NORT~ 
TJ !LLINOIS ;IVER 

Dq~SDEN NUCLEAR POWER STAT10N UNIT 2 
~LANT DESIG\ ANn ANALYSIS REPORT 
~o·15538 I~JI voL~ 1~2.3 

DR~SJEN NUCLEA~ POWER STATION UN!T 3 
PLA~T DEISG\ A\~ A~ALYSrS REPORT 
COMMONW5ALT~ ~~!SQ~ co. 
COC~Ei 50~2'9 

9u17 
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8NWL;g36 

8018 
•• • 

NAME/OWNER FITCHBURG GAS AND ELECTRIC PLANT/~ITC~BURG G.E~ 
FITCHBURG pApER Co 

.DESIGNER GENERAL ELECTRIC COMPANY 

LOCATION MASSACHUSETTS 

PURPOSE POWER AND PROCESS HEAT 

TYPE BWR, NATURAL CIRCULATION 

POWER MWE(MWT) 28 

CRITICAL PROPOSAL. SEE REMARKS. 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

CONTAINMENT PRESSURE-SUPPRESSION 

REMARKS PLANT WOULD SUPpLY AN AVERAGE Or 140,000 POUNDS 
OF STEAM PER DAy FOR PROCESS HEAT. GS-S DECISION 
TO BUILD NO NUCLEAR STAT10NS UNDER 50 MWE WILL 
CAUSE ~rTCHBURG G~E TO RE-eVALUATE ITS PROPOSAL. 

REFERENCES FORUM MEMO SEPT~ 1963 P. 16 
NEWS RELEASE. 

8D18 
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* 

..,. 
* 

..,. • • • • • ..,. . 
SHOREhAM NUCLEAR STATION/LONG ISLAND LIGHTING CD, 

OPERATDR 

TYPE 

CRITICAL 

MODERATOR 

GE\ERAL ELECTRIC COMPANY 

LO~G ISLANC LIGHTING COMPANY 

ShOREHAM, LONG ISLAND; NEW YORK 
LONG ISLAND SOUND 

POWER 

bWR, ~ORCEC CIRCULATION, SINGLE CYCLE 

523 1593 

T A.RGET 1973 

LIGHT WATER 

LIGHT WATER 

~UEL MATERrA~ URANIUM DIOXIDE PELLETS 0,487 IN. DIAM. 

FUEL GEO~ET~Y ROC, 0,563 IN. OD~ ACTIVE LENGT~ 144 IN. 

f~EL CLADD!~G ZIRCALOV~2, 0.032 IN. THICK 

AVE~ 2,28 PER CENT U-235 

FUEL ASSEMa~y 3UNDLEt 7X7 t ZIRCALOy-4 CHANNELS 
368 ASS~MBLIES/CORE 

REACTOR V~SSE~ STE~L CYLI\0ER 15 fT. 3 IN. ID/64 fT. 8 IN; LONG 
~AL~ THICK~ESS 4 11/16 IN; 
SS ~!NING 1/0 IN. T~ICK 

STEEL·LI~EC CONCRETE STRUCTURE 
PRESSURE SuoPRESSION SYSTEM 

SHOREHAM ~UCLEAR POWER STATION 
PRELIMINARY SAFETY ANALYSiS REPQRT~ 
~ONG ISLAND LIGHTING Cat 
DOCKET 50·322, VOL. 1.3 

8D19 
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N A ME/ 0 .~ N E R 8IG ROCK POINT STATION/CONSUM~RS POWER CO~ 

DESIGNER 

OPERATOR 

.LCCAT!Of\ 

PlJRPOSE 

TYPE 

GENERA~ ELECTRIC COMPANY 

CONSUMERS POWER COMPANY 

CHARLEVOIX, MICHl 
LAKE MICHIGAN 

?O~ER, PRODUCTION O~ COBALT-60 

8WK, FORCED CIRCULATION, DIRECT CYC~E~ HIG~ 
POwER DENSITY 

POWER MWE(MWT) 71 240 ISEE REMARKS/ 

CRITICAL SEPT, 1962, 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

8020 
... .. 

FUEL MATE~IAL URANIUM DIOXIDE PELLETS, 0,345 IN, DIA,/O~019 IN~ 
TH!CK 

FUEL G~OMETRY RODS /STACK OF CYL. PELLETS/, APPRQX, 70 IN. 
ACT!VE LENGTH 

F~~L C~AD~:NG 5S TUBES, 0.0 43 IN, THICK 
JUNE 1967, SS~CLAD PUEL E~EMENTS, NEARLY ALL 
~EPLACED 8Y ZIRCALOY~C~AC ELEMENTS 

3,2 PER CENT U-235 

FUEL ASSEM8~Y 144 RODS/ASSEMBLY, 12x12 
56 ASSEMBLIES/CORE 
SEE REMARKS 

REFUELED MAV 1966 
MARC~ 1968 

CONTROL CONTROL RODS CONTAINING BORON CARBIDE, CENTRAL AND 
PERIPHERAL BOTTOM-ENTERING, POYSON CURTAIN 
BORATED SSt LIQUID POISON !N~ECi!ON; 

COOLANT TeMP. INLET 346 r 

COOLANT PRESS. 1050 PSIA 

8020 
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REACTOR V~SSEL CARBON STEEL I SS~CLAD, 30 FT, HIGH/1Q6 IN, ID, 

CONTAINMENT 

REMAR~S 

SPHERE. 130 FT. DIA~, 103 FT. ABOVE-GRADE. 
EXTERNAL INSULATION OF CORK MASTIC COA~!NG 
PROTECTED BY ACRYLIC RESIN. 

THE ASSEMBLY HAS 12 SMALLER DIA, ~UEL RODS. 3 TO 
EACH CORNER, TO REDUCE POWER pEAK!NG, IN P~ASE 11 
OF THE R·D PROGRAM T~E CORE SIZE WILL BE 
lNC~EASED TO 86 BUNDLES. PLANNED STEP~W!SE 
APPROACH TO 240 MWT IS !NJ!CA~ED~ 
ZIRCAlOY·CLAD ruEL BUNDLES ARE BEING INSERTE~ !NTO 
COR~ iO REPLACE SS-CLAC FuE~. 
FIRST COBALT !NSERTION FOR LARG5-SCALE PRODUCTION 
O~ COBALT~60 WAS MADE DURING THE MAV 1966 REFUEL. 

NEW BOllING WATER NUCLEAR PLANT IBIG ROCK POINT. 
MIC~lGAN/~ 
MECH. ENG, 81. 80 IOCTOBER 19591 

FINAL HAZARDS SUMMARY REPORT ~OR BIG ROCK POINT 
PLANT. 
VOLUME I. PLANT TECHNICAL DESCRIPTION AND 
SAFEGUARD EVALUATION. 
CONSUMERS POWER CO. 
NP-11153 IVOL. II INOVEMBER 19611 

HIGH POWER DENSITY DEVELOPMENT PROJECT. INTERIM 
REPORT, 300 MW/EI HpD CONCEPTUAL DESIGN SUTDY. 
GEAD.3967 IJUNE 22, 19621 

DESIGN PRACTICE~ HUMBOLDT BAY AND BIG ROCK POINT. 
W MITCHELL 
POwER REACTOR TECHNOLOGY 7/11; 70-84 IWINTER 1963 
19641 

NUCLEAR INDUSTRy JUNE 1967 P. 19 

BD20 
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NAME/OWNER HUMBOLDT BAY PLA~T/pAClrIC G.E 

DESIGNER GENERAL ELECTRIc COMPANY 

'OPERATOR PAClrlC GAS + ELECTRIC CO~ 

LOCATION EUREKA, CALIF. 
HUMBOLDT BAY 

PURPOSE POWER 

TVPE BWR, NATURAL CIRCULATioN, SINGLE CYCLE 

POWER MwE(MWT) 51 240 
OPERATION AT 65 MWE IN 1968 

CRITICAL ·FEB; 1963 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

rUEL MATERIAL URANIUM DIOXIDE PELLETS 0~420 IN~ DIA,/Q,6 IN. 
LONG, SINTERED SOLID CYLINDRICAL. 

FUEL GEOMETRY RODS, 79 IN, ACt1VE LENGTH 

FUEL CLADDING SSt 
SEE REMARKS 

~UEL ENRICH, 2:6 PER CENT U-235 

~UEL ASSEMBLY 49 RODS, 7X7 
172 BUNDLES/CORE 

FUEL ChARGE 13,840 KG~ U /34,600 POUNDS URANIUM DIOXIDE/ 

SPECIFIC POWER 12.2 KW/KG 

BuRNuP(REFUEL) 10.000 MWD/TU BATCH, APPROX. 20 PER CENT 

NEUTRON F"l.UX , 

C O'N T R 0 l. 

COOLANT PRESS. 

LATER CORES 15,400 MWD/iU 

THERMAL AV~. 2X10 E+13 
THERMAL MAX. 4X10 E+13 
FAST AVE. 5Xl0 E+13 

MOVABLE RODS CONTAINING BORON CARBIDE, BOTTOM 
DRIVEN AND PERIPHERAL: POISON CURTAIN SORATED S5, 
LIQUID POISIN INJECTION. 

1035 PSIA 

'" 



JANUARY 1969 

BOILING LIGHT WATER REACTORS, DOMESTIC 

BNWL-936 

8D21 
* • • • • • • • * • .' .' .' • 

REACTOR VESSEL CARBON STEEL, Ss CLAD~ 42 FT; ~fGH/120 IN; ID~ 

CONTAINMENT 

REMARKS 

RE~ERENCES 

PRESSURE·SUPPRE~SJON lORY-WELL, SUPPRESSION 
CHAMBER AND POOL/. 

DURING MARCH-APRIL 1968, 23 HIG~·EXPOSURE 
ASSEMBLIES WERE REPLACED BY LOW-EXPOSURE ~UEL. 
3/4 OF THE 5S-CLAD ELEMENTS HAVE BEEN REPLACED BY 
ZiRCALOV~CLAD E~EMENTS, REMAlNING'TO BE REPLACED 
IN ~ALL OF 1968. 

PRELIMINARY HAZARDS SUMMARY REPORT~ 
HUMBOLDT BAY POWER PLANT' UNrT NO: 3. 
PACI~IC GAS • ELECTRIC CO: 
NP-?512 /APRIL 15;1959/ 

PACI~IC GAS '. ELECTRIC COMPANY ~tNAL HAZARDS 
SUMMARY REPORT, HUMBOLDT BAY POWER PLANT' UNIT 
NO. 3~ 
PACI~tC GAS. ELECTRIC CO. 
NP-14319 ISEPT. 1~1961/ 

* 

B021 
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NAME/OWNER 

DESIGNER 

. OPERATOR 

BoDEGA BAy ATOMiCPLANT/PACr,ic G·E 

GENERAL ELECTRIC COMPANY 

PACI~IC GAS+ E~ECTRIC CO~ 

BODEGA BAY, SONOMA COUNTY, CALl~~ 
< 

LOCATION 

TYPE BWR, fORCED CIRCULATION, DIRECT CYCLE. 

POWER MWE(MWT) 1000 

CRITICAL PROJECT HAS BEE~ CANCELED: 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

~UEL MATERIAL URANIUM DIOXIDE PELLETS 

~UEL GEOMETRY RODS 

FUEL CLADDING SS 

FUEL ENRICH. 2:7 PER CENT U-235 

~UEL ASSEMBLY 49 RODS~ 7X7 
529 ASSEMBLiES 1 CORE 

FUEL CHARGE 67,000 KG~ URANIUM 

BURNUP(REFUEL) 15,000 MWD/TON U 

BNWL·Q36 

8D22 
... • 

CONTAINMEf\:T 

REMARKS 

PRESSURE~SUPPRESSION, REINFORCED CONCRETE BUILDING 

THE PROJECT HAS BEEN CANCELED BECAUSE Or SITING 
PROBLEMS. 

REFERENCES NUCLEAR REACTORS BUILT, BEING BUILT, OR PLANNED 
A~ OF JUNE 30, 1962: 
U. S. ATOMIC ENERGY COMMISSION 
TID-8200 16TH REVISIONI 119621 

BODEGA BAY ATOMIC PARK, UNIT NUMBER 1~ EXHIBIT C. 
PREL~M!NARY HAZARDS SUMMARY REPORT, DECEMBER 28, 
1962. 
PACI~IC GAS AND ELECTRIC CO. 
i\p .. 12476 119621 

8D22 
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NAME/O\.J~ER 

Di:SIGNr:R 

OPERATOR 

'L.eCATION 

PWRPOSE 

TyPE 

POWER (4WE(MWT) 

~IAGARA MOHAWK NUCLEAR PLANT /NINE MILE POINTI 
NIAGARA MOHAWK POWER CORP; 

GE~ERAL ELECTRIC COMPANY 

~!AGARA MOhAWK pOWER CORPORATION 

OSWEGO, NEw YORK /NINE MILE POINTI 
LAKE ONTARIO 

POWER 

BWR, PORCED CIRCULATION, SINGLE CYCLE 

500 1538 

CRIT:CAL TARGET 1969. 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 

FUEL GEOMETRY ROD, ACTIVE LENGTH 144 IN; 

FUEL CLAJJr~G ZIRCALOy~2 TUBES 0.5 I~. 00; WALL THICKNESS 0;0 3 

ruEL ASSEM3~Y 64_ROD ASSEMBLY; 8X8. ZIRCALOV~2 CHANNEL 
300 ASSEMBLIES/CORE 

BURNUP(REFU~L) 15000 MwD/T BATCH, 20 ~ER CENT 
FIRST ~uE~ DISCHARGE SCHEDULED 
FOR JUNE 1969 

CONTRO~ 80RO~ :ARBIDc Po~DER IN S5 TUBES 
VAR!A8~E COOLANT RECIRCULAT!ON ~LOWI 

COOLANT T~MP, INLET 530 F 

COOLANT PRESS. INLET 1015 PSIA 

RE~CTOR VESSEL CYLINDRICAL STEEL VES$EL, HEMISPHERICAL HEADS 
17 ~T~ 9 IN, ID/61 rT. 2 IN, HIGH BETwEEN HEADS 
~ALL THICKNESS 7 IN: 
55 INNER CLADDING 1/4 IN. THICK 

8D23 
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* • * • 

CONTAINMENT 

REMARKS 

RE~ERENCES 

* * • • • • • • 

PRESSURE·SUPPRESSION STRUCTURE CONS!STING or A 
DRYWELL CONTAINiNG THE REACTOR VESSEL AND rIVE 
RECIRCULATION LOOPS~ AND SUPPRESSION POOL; 
REACTOR BUILDING IS REIN~ORCED CONCRETE HIGH.BAY 
STRuCTURE. 

CONTRACT FOR DESIGN AND CONSTRUCTION OF THE 
REACTOR. TURBINE GENERATOR AND RELATED EQUIPMENT 
AwARDED TO GE IN OCTOBER 1963~ 

PRELIMINARY HAZARDS SUMMARY ~EPORT, NtNE MILE 
POINT NUCLEAR STATION~ VOLS, i AND tI, NIAGARA 
MO~AWK POWER CORP~ APRIL 1964~ DOCKEi 50·220~ 
IAPRIL 19641 

FIRST SUPPLEMENT TO PRELIMINARY HAZARDS SUMMARY 
REPORT, NINE MILE POINT NUCLEAR SiAT10N, NIAGARA 
MOHAWK POwER CORP~ AUG. 1964 IEXHIBtT D. SUPp-11 

hAZARDS ANALYSIS BY THE DIVISION OF REACTOR 
LICENSING IN THE MATTER or NIAGARA MOHAWK ~owER 
CORPORATION 9-MILE POINT NUCL5AR STATION, OSWEGO 
CIV. REACTOR LICENSING, AEC 
TID-22438 INDI 

NINE MILE POINT NuCLEAR STATION. 
PR=LIMINARY HAZARDS SUMMARY REPORT 
VO~, l~ 2, SUPPLEMENT 1 
~IAGARA MO~AWK pOWER CORP. 
NP-1566C 

VGL,l. APRIL 1964 
VOL.2, APRIL 1964 
SUPPL~ 1, AUG~ 1964 

• 

8D23 
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NAME/OWNE~ OYSTER CREEK 5TATION-1/JERSEY CENTRAL p·L 

GENERAL ELECTRIC COMPANY 

. OPERATOR JERSEY CENTRAL pOWER AND ~!G~T CO. 

LOCATIGN OYSTER CREEK, N. J, 
rORKED RIVE~ /BARNEGAT BAY/ 

PURPOSE POWER 

TYPE BWR DIRECT CYCLE, FORCED CIRCULATION 

POWER MWE(MWT) 515 1600 

CRITICAL DELAYED DUE TO CRACKS IN PRESSURE VESSEL, 
TARGET 1969 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

FUEL MATEKIAL URANIUM DIOXIDE PELLETS 

FUEL GEOMETRY ROD ACTIVE LENGTH 144 IN. 

FUEL C~ADDING Z!RCALOV-2 TUBES 0,502 IN. OD/0;034 IN. "THICK 

~UEL ENRICH, 2,1 PER CENT U-235 

FUEL ASSEMBLY 64-ROD ASSEMBLY. BX8, ZIRCALOV-2 CHANNEL 
532 ASSEMBLIES/CORE 

FUEL CHARGE 486 POUNDS URANIUM DIOXIDE/ASSEMBLY 

BURNUP(REFUEL) 15000 MWD/T PARTIAL BATCH 

8024 
• • 

25 PER CENT, SCATTER PATTERN 

CONTROL CRUCIFORM BLADES, BORON CARB!DE POWDER IN SS 
BORON-S5 POISON CURTAINS 

COOLANT TEMP. 301 F 

COOLANi PRESS, 1000 PSIG 

REACTOR VESSEL STEEL CVLINDER 17 FT. 9 IN. 10/61 ~T~ 2 IN. 
. BETWEEN HEADS, CYLINDER CONTAINS CORE, STEAM 

SEPARATORS AND DRIERS~ 

CONTAINMENT PRESSURE-SUPPRESSION SYSTEM CONSIST1NG O~ DRYWELL 

8D24 
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REF"ERENCES 

'* '* ." '* '* '* .. '* .. .. '* 

AND PRESSURE~ABSORPTION STRUCTURE. DRVWELL 
ENCLOSES REACTOR VESSEL. ~UMPS, PIPING, CONTROL 
ROD DRIVES. 

'" 

ABSORPTION CHAMBER IS A TOROIDAL STEE~ SHELL 
ENCLOSED IN REINFORCED CONCRETE VAULT, OUTSIDE O~ 
AND BELOW DRyWELL AND PARTIALLY r!LLED W!TH WATER. 
CONTAINMENT STRUCTURE IS REINrORCED CONCRETE, 
PARTIALLY aELOW;GRADE~ 

APPLICATION TO U. S~ ATOMIC ENERGY COMMISSION ~OR 
REACTOR CONSTRUCTION PERMIT AND OPERAT1NG 
LICENCES, OYSTER CREEK NUCLEAR POWER PLANT UNIT 
PART B, PRELIMINARY SA~EGUARDS SUMMARY REPORT, 
MARCH 1964. 
JERSEY CENTRAL POWER. LIGHT CO. 
DOCKET 50 .. 219 
NP"'14365 INDI 

OYSTER CREEK 
NUCLEAR ENG, 10; 225-28 IJUNE 1965/ 

8D24 
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NAME/O~NER 

DESIGNER 

'OPERATOR 

LOCATION 

PURPOSE 

TVPE 

POWER MWE' MWTl 

CRITICAL 

BONUS IBOILING NUCLEAR SU~ER~EATIIAEC, ~RWRA 

GENERAL NUCLEAR ENGINEERING CORPORAT10N 

PUERTO RICO WATER RESOURCES AUTHORITY 

PUNTA HIGUERA, PUERTO RICO 
CARIBBEAN SEA 

POWER DEMONSTRATION 

BWR, ~ORCED CIR~ULATION, NUCLEAR SUPERHEAT 
PRESSURE TUBE 

50 

APRIL 1964 
PROJECT TO BE TERMINATED 11968/ 

COOLANT LIGHT WATER AND STEAM: 

MODERATOR LIGHT WATER 
REFLECTOR, LIGHT WATER 

rUEL MATERIAL CENTRAL BOILER, URANIUM DIOXIDE PELLETS 
O~44B IN. OiA: 

SUPERHEATER, URANIUM DIOXIDE pELLETS 0,5 IN. DIA. 

rUEL GEOMETRV 80!LER~ SEGMENTED ROD 
0.50 IN. OD:, 54 IN. ACTIVE LENGTH 

SUPERHEATER. ROD 54:6 IN. ACTIVE LENGTH 

~UEL CLADDING BOILER, ZIRCALOy-2 TUBES 
0,0 25 IN, WALL THJCKNESS 

SUPERHEATER INCONEL 0.018 INt 'Tl-lyCK 

FUEL ENRIC~. cOllER, 2,4 PER CENT U-235 WITH NATURAL U IN 4 
CENTRAL ELEMENTS 
SUPERHEAT, 3.25 PER CENT U·235 

rU~L ASSEMBLY BOILER. 32 TUBES, 64 ASSEMBL!ES~ 
SUPERHEAT~ 32 RODS, 32 ASSEMBLIES IN PRESSURE 
TUBES 

rUEL CHARGE BO!LER, 2,81 TONS U 
SUPERHEAT, 1.79 TONS U 

SPECIF:C POWER BOILER, 13.2 TMW/TON U 
SUPERHEAT. 7.25 TMW/TON U 

BuRNUF(REFU~L) 80I~ERI 12,9QO MWD/MTU 
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SUPERHEATER, 13;000 MWD/MTU 

OONTROL BORON-SS RODS~ GRAVITY SCRAM~ ORUClrORM RODS iN 
BOILER SECTION AND SLAB RODS BETWEEN B01LER-' 
SUPERHEATER, PLUS CHEMICAL SHIM~ 

OOOLANT TEMP. BOILER 540 r 
SUPERHEAT 900 F 

COOLANT PRESS. 950 PSIG 

REACTOR VESSEL CARBON STEEL CV~INDER 7 PT~ ID~/26 'T~ 6 IN~ HIGH 
AVERAGE THICKNESS 3 1/8 IN. 

CONTAINMENT 

REMARKS 

RErERENCES 

INNER SS CLADDING 1/4 IN~ TH!CK 

HEMISPHERICAL STEEL SHELL WELDED TO CVLINDRICAL 
STEEL WALL, LOW~PRESSURE, HOUSES THE ENTIRE PLANT. 
CY~INDRICAL CONCRETE OUTER WALL~ BUILDING IS 107 
rT. ABOVE GROUND. 

HEMISPHERICAL STEEL SHELL 166 ~T~ 8 IN. DIA.~ 
13/32 IN~ THICK, CONCRETE MAT', HOUSES' ENTIRE 
PLANT~ lOW-PRESSURE DESIGN, 5 PSIG INTERNAL 
PRESSURE. 
ASSEMBLIES ARE ARRANGED IN ~OUR GROUPS AROUND 
THE SQUARE BOILER ZONE. THE rUEL ROD,IS 
SURROUNDED BY A STAINLESS STEEL TUBE TO FORM 
THE STEAM COOLANT ANNULUS, AND THIS IS SURROUNDED 
By A STAINLESS STEEL PRESSURE TUBE TO PROVIDE A 
THERMAL INSULATiNG GAP BETWEEN THE COOLANT TUBE 
AND THE WATER MODERATOR. DeSIGN HAS BEEN 
EXTRAPOLATED TO A LARGE CENTRAL STAT10N INTEGRAL 
NUCLEAR SUPERHEAT STEAM PLANT~ GNEe is DESIGNING 
AN ANNULAR SUPERHEAT ELEMENT TO REplACET~E 
TuBULAR ELEMENTS Or THE rIRST CORE LOADING~ 

BOllING NUCLEAR SUP~RHEATER IBONUSI POWER STATION~ 
PRELIMINARY DEsiGN STUDY AND HAZARDS SUMMARY 
REPORT. VOL. Ii. REFERENCE DESIGN, VOL. III. 
ALTERNATE DESIGN STuDIES. VOL. IV. PRELIMINARy 
HAZARDS SUMMARY REPORi. 
PRWRA, GENERAL NUCLEAR ENG. 
'TIO-8524 IJUNE 19601 

NUCLEAR SUPERHEAT~ THE BONUS REACTOR. 
POWER REACTOR TECHNOLOGY 3. 68-74 ISEPTEMBER 19601 

BOILING NUCLEAR SUPERHEATER IBONUSI POWER STATION 
TECHNICAL SPEClrICAT10NS. 
~ BEVILACQUA 

8D25 
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GNEc.214 IOCTOBER 26, 19621 

BOILING NUCLEAR SUPERHEATER '/BONUSI POWER STATION. 
SUPPLEMENTARY StUDY; EXTRAPOLATION TO LARGE 
CENTRAL STAT I ON I N T E: G R A L NUCLEAR SUPERHEAT' PLANT. 
GENERAL NUCLEARENG~ 
PRWRA-GNEC-4 INDI 

BOILING NUCLEAR SUPERHEATER IBONUSI POWER STATION. 
rINALSUMMARY DBSIGN REPORT~ 
PRWRA~ GENERAL NUCLEAR ENG~ 
PRWRA-GNEC-6 IrES: 1, 19621 

BOILING NUCLEAR SUPERHEATER IBONUSI POWER STATI0N~ 
~INAL HAZARD SUMMARY REPORT; 
PRWRA~ GENERAL NUCLEAR ENG~ 
PRWRA~GNEC·5 IrES: 1, 1962/ 

DESIGN AND CONSTRUCTION PRACT1CE~ BONUS. 
POWER REACTOR TECHNOLOGY 7/31. 292_312 
ISUMMER 196 4 1 

BOllING NUCLEAR SUPERHEATER IBONUSI POWER STATION 
PUNTA HIGUERA SITE NEAR RINCON, PUERTO RICO 
PROJECT COMPLETION REPORT 
OAK RIDGE OPERATIONS O~rICE 
ORO·649 IJUNE 1966/ 

BOILING NUCLEAR SUPERHEATER BONUS POWER STATION 
FINAL HAZARDs SUMMARY REPORT 
PRWRA-GNEC-5 IREVI rEB. 1, 1962. REV. NOV. 15,1965 

AEC NEWS RELEASE L-151 IJULY 1, 19681 
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JA~UARV 1969 8NWL-936 

BOllING LIGHT WATER REACTO~S, DOMESTIC 8026 
• * * • * * • • * 

NAME/OWNER ~usu /NUCLEAR SUPER~EAT/ 

PURPOSE PO~ER 

8w~, DIRECT CYCLE. ~ORCED CI~CULATION, NUCLEAR 
SUFER~EAT 

200 633 

CRIT!CAL JESIGN 

COOLANT ~IGHT WATER AND STEAM 

MODERATOR LIGHT WATER 

FvEL MATERIAL ~RAN!UM DIOXXDE PELLETS, ANNU~AR, 1.114 IN: DtA./ 
0,20 IN. THICK 

rUEL GEOMETRY BOILER, ANNULAR RODS 
SuPERHEATER, DOUBLE~ANNULAR RODS 

FUEL CLADD!~G BO!LER. SS INNER AND OUTER, O~020 IN. THICK 
SUPERHEATER, OUTER SS~ INTERMEDIATE HASTELOY X, 
INNER ~ASTELay X 

rL~L ENRICH, BOILER, 4.5 PER CENT U-235 
SUPERHEATER 2~4 PER CENT U-235 

~UEL ASSEMB~Y BOILER, 42-ROD ASSEMBLY, HEXAGONAL 
30 ASSEM8LIFS/CORE 

SUPERHEATER, i6~ROD ASSEMBLY, ~EXAGONAL 
61 ASSEMBLIES/CORE 

~~E~ C~ARG~ 32.5 SHORT TONS URANIUM 

SPEC:V;C PG~ER 16.4 MW/T uRANIUM 

BURNUP(REFUEL) BATCH, 1/3 CORE 

CONTROL BORON-S5 RODS 

* 

REACTOR V~SSE~ CARBON STEEL CYLINDER, HEMISPHERICAL ~EADS, 11 rT~ 
6 IN. 10. AND 15 ~T~ 2 IN~ HIGH, SS INNER CLADDING 

REMARKS 

CYLINDRICAL CONCRETE STRUCTURE. HEMISPHERICAL 
STEEL DOME, CARBON STEEL SHELL. 
PRESSURE~SUPPRESSION SYSTEM. 

DESIGN STUDY OF AN INTEGRAL BOllING-SUPERHEATING 

8D26 



JANUARY 1969 

BOILING LIGHT WATER REACTORS. DOMESTIC 9026 
* * * 

REFERENCES 

* * * * • • • 
DESIGN WITH A TWO-REGION CORE~ BOTH 80r~ING AND 
SUPERHEAT1NG OCCUR iN THE SUPERHEAT REGION, WHICH 
IS ~UELED WITH DOUBLE ANNULAR pUEL ELEMENTS~ 
STEAM IS SUPERHEATED ON THE INTERNAL SURFACES or 
THE ELEMENT, ANn BoilING OCCURS ON THE EXTERNAL 
SUR~ACE WHICH Is IN CONTACT WITH THE L1QUID 
COOLANT WATER~ SURROUNDING BOILER REGION IS 
FuELED WITH SINGLE-ANNULAR ELEMENTS. BOILING 
OCCURS ON 80TH INNER AND OUTER SUR~ACES. LIQUID 
COOLANT FLOW IS TWO~PASS,THE BOILER SECTION AND 
TH~ BOILER PART Or THE SUPERHEAT SECTION BEING 
HYDRAULICALLY IN sERIES. 

VIRECT CYCLE BOILING WATER REACTOR WITH INTEGRAL 
NUCLEAR SUPERHEAT: 
GE~ERAL NUCLEAR ENGINEERING CORP~ 
GNEC·212 IJAN~ 19621 

A 200 MWE BOILER-SUPERHEATER REACTOR, 
PRELIMINARY DESiGN. 
GENERAL NUCLEAR ENG~ 
GNEC-136 IOCT~ 19601 

• 

8026 



JANUARY 1969 

BOILING 
* • 

NAME/OWNER 

OPERATOR 

,. LOCATION 

PURPOSE 

TYPE 

POWER MWECMWT) 

WATER REACTORS. DOMESTIC .. • * • .. .. .. 

PILGRIM STATION/BOSTON-ED. 

GENERAL ELECTRIC COMPANY 

BOSTON EDISON 

PLYMOUTH, MASSACHUSETTS 
CAPE COD BAY 

POWER 

.. • 

BWR, FORCED CIRCULATION, DIRECT CYCLE 

625 1912 

.. 

CRITICAL APPLICATION FOR CONSTRUCTION PERMfT 1967 
TARGET 1971 

COOLANT 

MODERATOR 

L.IGHT WATER 

LIGHT WATER 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 0;488 IN, DrAM. 

~uEL GEOMETRY ROO 0.562 IN~ 00 

FUEL C~ADDING ZIRCALOy·2 0.0 3 2 IN. THICK 

FUEL. ASSEMBLY 49-ROD BUNDLE, 7X7, ZIRCALOV· 4 CHANNEL 
580 ASSEMBLIES/CORE 

BURNUP(RE~U~L) AvE. 19,000 MWD/T 

CONTROL CRUCIFORM RODS, BORON CARBIDE IN SS ~UBES 

COOLANT PRESS. 1000 PSIG 

REACTOR VeSSEL STEEL VESSEL A?PROX~ 64 FT. 8 IN. H!G~, 
l8 FT. 8 !i'.;. ID 
5S CLAD l/B IN. THICK MIN. 

8D27 
.. .. 

CONTAINMENT DOUBLE PRESSURE·SUPPRESSIO~ SYSTEM, WHICH INCLUDES 
A DRYWELL AND PRESSURE-SUPPRESSION CHAMBER, ?LUS 

REMARKS 

A SECOND UNDERGROUND CHAMBER AND POOL SURROUNDING 
THE REACTOR BUILDING, TO WHICH THE LATTER IS 
VENTED. THE SECoND CHAMBER IS VENTED TO THE STACK. 

TYPE SELECTION IN ~E8RUARY 1965. 

8027 



JANUARY 1969 

BOILING LIGHT WATER REACTORS, DOMESTIC 
* * 

REFERENCES 

* • * • * .. .. 

PILGRIM NUCLEAR POWER STATION 
DESIGN AND ANALVStS REPORT 
BOSTON EDISON CO. 
DOCKET 50·293 /19671 

8D27 

8027 .. .. .. • .. • 



JANUARY 1969 

BOILING LIGHT WATER REACTORS. DOMESTic 8D28 
• • * 

NAME/OWNER 

"DESIGNER 

.OPERATOR 

LOCATION 

PURPOSE 

TYPE 

* 

POWER MWECMWT) 

CRITICAL 

COOLANT 

MODERATOR 

F'UEL MATERIAL 

F"UEL GEOMETRY 

F'uEL CLADDING 

FUEL ENRICH. 

FUEL ASSEMBLY 

REMARKS 

REFERENCES 

• ;, • ... ... .' .' .' ;, 
... ... 

SURFSIDE/ASDA, N'Y~ 
SMALL UNIFIED REACTOR~ACiLfTY WITH SYSTEMS 
FOR ISOTOPES~ DESALTING~ ELECTRICITY 

AMF ATOMICS IHiTTMAN ASSOCIATESI 

ATOMIC AND SPACE DEV. AUTHORITY 

LONG ISLAND SOUND; NEW YORK 

POWER~ DESALINATION; ISOTOPE PRODUCT10N. 

BWR, PRESSURE TUBE 

33 

DESIGN AND CONSTRUCTION CONTRACT AWARDED TO 
HITTMAN ASSOC. OCTOBER 1968~ 

LIGHT WATER 

LIGHT WATER 

URANIUM DIOXIDE PELLETS 

RODS 

ZIRCALOY TUBE 27 IN: LONG/O~440 IN. DIA. 

4~5 PER CENT U-235 

37-TUBE BUNDLE. 
82 ELEMENTS WILL BE CONTAINED IN THE 
ZIRCALOY PRESSURE TUBES, E!THER SINGLY OR IN 
CLUSTERS. TARGET MATERIALS CAN Be INSERTED 
INDEPENDEN~ OF THE REFUELING. 

SURF'SIDE WILL PRODUCE 2500 KWE NET, 1-MILLION GPO 
OF' WATER, AND NEUTRONS FOR AN EaUfVALENT' OF" 
400,000 CURIES pER yEAR OF' COBALT-60 

NUCLEONICS WEEK JULY 22, 1965 p~ 1.2 
NEWS RELEASE 

WATER DESALI~ATION REPORT OCT; 13, 1966 p~ 1 
NEWS RELEASE 
NUCLEONics WEEK OCT~ 31, 1968~ 
NUCLEAR INDUSTRY MARCH 1967 A~ 60 

BD28 



JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMESTIC 

8NWL~Q36 

BD29 
• * * * • • • .' . . • 

NAME/OWNER DEEP-POOL REACTOR/AEC 

DESIGNER AEC~8EC~TEL 

PURPOSE WATER DESALINATION, PROCESS HEAT 

.TYPE 8WR 

POWER MWE(MWT) 400 

CRITICAL CONCEPTUAL DESIGN 

COOLANT DEMINERALIZED LIGHT WATER 

MODERATOR LIGHT WATER 

~UEL MATERIAL URANIUM DIOXIDE PEL~ETS 

ruEL GEOMETRY RODS 

~UEL CLADDING ZIRCALOy-2 

~UELENRICH. 2:75 PER CENT U~235 INITIAL 

rUEL ASSEMBLY SQUARE ASSEMBLY 
120 ASSEMBLIES/CORE 
ACT1VE HEIGHT 6 1/2 FT. 

FUEL CHARGE 25,000 KG. URANIUM 

BURNUP(REFUEL) 20,000 MWO/T 

• 

CONTROL BORON CARBIDE POWDER IN INCONEL TUBES 

COOLANT TEMP. INLET 200 r OUTLET 270 F 

COOLANT PRESS. 77 PSIA 

.' . • 

REACTOR VESSEL 150 rTf DEEP TANK OF HIGH-PURITY WATER IN WHICH 
REACTOR CORE IS LOCATED. 

CONTAINMENT 

. ' 

CARBON STEEL~ 11 FT. DIA. 

STEEL-LINED CONCRETE PIT~ 100 FT. BE~OW·GRADE TO 
50 FT~ ABOVE-GRADE. 
CONTROLLED VENTILATION CONCEPT' 

• 

REMARKS DESIGN CONCEIVED BY AEC CHICAGO OPERATIONS OpPrCE 
AND DEVELOPED BY BECHTEL IN A 6-MONTH DESIGN STUD V 
THE REACTOR FURNISHES POWER FOR A 50 MGD SEA-WATER 
CONVERSION PLANT 

8029 



JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMESTIC 
... '* ... 

REF'ERENCES 

'* ... '* ... '* ... 

DEEp.POOL REACTOR FOR WATER DESALTING 
8ECHTEL CORP, 
COO-283 /19651 

• 

CONCEPTUAL DESIGN OF A REACTOR ~OR USE IN 
DESALINATION. 
US AEC CHICAGO OPERATIONS OFFICE 
COO~278 IOCT. 1964/ 

BNWL .. 936 

B029 
... 

8029 



JANUARY 1969 

BOILI~G L!G~T WATER REACTORS~ DOMESTIC 8030 

'* '* ... '* ... '* '* ... • '* .. .. '* .. .. '* '* 

NAME/OWNER MILLSTONE POINT STATION/CONNECTICUT L • p. 
HARTFORD ELECTRIC, WESiERN MASSACHUSETTS ELEC • 

.. DESIGNER 

LOCATION 

PURPOSE 

TYPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

GENERAL ELECTRIC COMPANY 

WATERFORD, CONNECT1CUT 
LONG ISLAND SOUND 

PO\'lER 

BWR, DIRECT CyCLE, rORCED CIRCULATION 

550 2011 

CONSTRUCTION. TARGET 1969 

LIGHT WATER 

LIGHT WATER 

ruEL MATERIAL URANIUM DIOXIDE PELLETS 0.488 IN. DIA. 

~UEL GEOMETRY RODS, ACTIVE LENGTH 144 IN, 

FuEL GLADDI~G ZIRCALOV-2 0.036 IN. THICK, 0,5 7 0 IN. OD~ 

FUEL ENRICH. AvE. 2,07 PER CENT" U- 235 

FUEL ASSEMBLY 7X 7 ROD BUNDLE, ZIRCALOy·4 CHANNEL 
580 ASSEMBl.rES 

CONTROL 

COOLANT PRESS. 

CRUCIFORM RODS, BOTTOM ENTRY; 
BORON CARBIDE CONTROL MATERIAL 
TEMPORARY POISON CURTAINS 

1000 PSIG 

REACTOR VESSEL CYLINDER, 18 FT: 8 IN: ID/64 rT. 8 IN. LONG 

CONTAINMENT 

REMARKS 
. 

REFERENCES 

STEEL AND REINFORCED CONCRETE STRUCTURE. 
PRESSURE-SUPPRESSION SYSTEM; 

CONTRACT AWARD 1965 

M!LLSTONE NUCLEAR POWER STATlON, 
DES!GN AND ANALYSIS REPORT 
CONNECTICUT LIGHT. POWER CO" ~ARTFORD ELECTRIC 
LIGHT CO" WESTERN MASSACHUSETTS ELECTRIC CO: 

B030 



JANUARY 1969 

BOILING LIGHT WATER REACTORS. DOMESTIC 
... ... ... ... ... .. ... .. .. .. 

Np .. 16147 INDI 

BNWL·936 

8D30 .. . .. .. .. • 

8D30 



JANUARY 1969 

BOILING LrGhT WATER REACTORS. DOMESTIC 8D31 
... ... * 

NH1E/OWNER 

DESIGNER 

PURPOSE 

" TYPE 

POwER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

FUEL GEOMETRY 

FUEL CL.ADDING 

FUEL ENRICH. 

FUEL ASSEMBLY 

BURNUP(REFUEL) 

CONTROL 

CONTAINMENT 

REMARKS 

REFERENCES 

'* ... '* ... ... ... ... ... ... ... '* 

ISRAELI BWR STUDY/US-ISRAEL JOINT BOARD 

KArSER ENGI~EERS/CATALyTIC CONSTRUCTION CO, 

POWER AND DESALINATION 

8WR DIRECT CYCLE, FORCED RECIRCULATION 
INTERNAL STEAM SEPARATION 

250 1250 

ENGINEERING AND ECONOMIC FEASIBILITY STUDY 

LIGHT WATER 

LIGHT WATER 

URANIUM DIOXIDE PELLETS 

ROD O~570 IN. DIA~, 12 rT, ACTIVE LENGTH 

ZIRCAL.Oy-2 

SLIGHT 

49-ROD BUNDLE 7X7, ZIRCALOV-4 CHANNEL 
MODULAR. STACKED, CORE IS BUILT UP O~ MODULES 
CONSISTING OF ONE CONTROL BLADE AND FOUR ~uEL 
ASSEMBLIES 

BORON CARBIDE PELLETS IN STAtNLESS STEELI 
CRUCIFORM~ CONTROL OF RECIRCULATION RATE, 

... 

PRESSURE~SUPPRESSION, DRYWELL IS A STEEL PRESSURE 
VESSEL VENTING INTO A TOROIJAL SUPPRESSION POOL. 

SEc ALSO PWR STUDy HD45, 
THE 100 MGD DESAL.TING FACILITY WOULD BE A MULTI­
STAGE FLASH DISTILL.ATION PLANT 

ENGINEERING FEASIBILITY, ECONOM!C STUDY FOR DUAL 
PURPOSE ELECTRIC POWER-WATER ~ESALT1NG PLANT~ 
KAISER ENG" CATALYTIC CONSTR, 
REPORT NO. 66·I~RE IJAN~ 1966/ 

... 

B031 



JANUARY 1969 

BOllING lIGHT WATER REACTORS~ DOMESTIC 

BNWL·Q36 

8032 
... ... ... 

NAME/OWNER 

.DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

... 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL. 

FUEL GEOMETRY 

FUEL CLADDING 

F"uEl ENRICH. 

F"uEl ASSEMBLY 

... .. ... ... ... ... ... ... . ' ... 

QUAD CITIES NucLE~R StATION/IOW~~ILL1NOIS E.G 
CORDOVA STATION 

GENERAL ELECTRIC COMPANY 

COMMONWEALTH EDiSON 

CORDOVA, ILLINOiS 
ON MISSISSIPPI RIVER 

POWER 

BWR, DIRECT CYCLE, ~ORCED CIRCULATIQN~ 
TWO-REACTOR STATION 

800 2255 

TARGET NO,l, 1970 
NO~2, 1971 

LIGHT WATER 

LIGHT WATER 

PBR REACTOR 

URANIUM DIOXIDE PELLETS 0.488 IN, DIAM, 

ROO, ACTIVE lENGTH 144 IN;, 0;570 IN. 00 

ZIRCALOV-2, O~036 IN. THICK 

2 PER CENT U~235 

7X7 ROD BUNDLE, ZIRCALOy·4 CHANNELS 
724 BUNDLES/CORE 

BURNUP(REFUEl) AVE; 15~OOO MWD/T 

CONTROL RODS, BOTTOM ENTRY, BORON CARBIDE IN 5S 

COOLANT TEMP. iNLET 530. 4 F 

COOLANT PRESS. 1000 PSI 

REACTOR VESSEL CY~!NDER 21 FT, DIAM/69 FT. LONG 

CO.NTA!NMENT 

REMARKS 

PRESSURE"SUPPRESSION, REACTOR BUILDING 

OPTION ON SECOND UNIT FOR SITE 

... 

REF"ERENC::S UTILITIES COLLABORATE ON 1618-MW NUCLEAR STATION, 

.. 

BD32 



JANUARY 1969 BNWL .. 936 

BOILING LIGHT WATER REACTORS~ DOMESTIC B032 
• ... • ... ... • ... ... ... ... • .' . ... .' . ... 

EL MICHELSON 
ELECTRICAL WORLD 168, 32~3 IJULV 17, 19671 

QUAD CIT1ES STATION UNJT i. PLANT DESIGN ANALVSIS. 
COMMONWEALTH EDisON CO, 
DOCKET 50 .. 254 

8D32 



8033 

JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMEST1C 
• * • * • • • .' . . . .' 

NAME/OWNER MONTICELLO NUCLEAR STATION/NORT~ERN STATES POWER 

DESIGNER GENERAL ELECTRIC COMPANY 

OPERATOR NORTHERN STATES POWER 

.LOCATION MONTICELLO, MINNESOTA INW O~ MINNEAPO~ISI 

PURPOSE POWER 

TYPE BWR, ~ORCED CIRbuLATION SINGLE CYCLE 

POWER MWECMWT) 500 
ArTER CORE REPLACEMENT' IN 1973, 545 MWE 

CRITICAL TARGET 1970, ~ULL POWER NOV: 1970 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

REMARKS INDUCED DR ArT COOLING TOWERS ARE PROVIDED ~OR 
OPERATION DURING PERIODS O~LOW STREAM·~LOW 

REFERENCES NUCLEAR INDUSTRy APRIL 1966 p; 39 
NEWS RELEASE 



JANUARY 1.969 

BOILING LIGhT WATER REACTORS. DOMESTIC 

BNWL-Q36 

8034 

'* '* '* '* 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PuRPOSE 

TyPE 

POW E R ~1 W E ( M \.<. T ) 

CRITICAL 

COOLANT 

MODERATOR 

'* '* '* 
,., 

'* .. '* .. 

BROWNS ~ERRY NUCLEAR STATION/TVA 
TVA NUCLEAR STATION 

GENERAL ELECTRIC CO~ 

TE~N~SSEE VALLEy AUTHOR tTY 

'* 

BROWNS fERRY, LIMESTONE VALLEY, ALABAMA 
WHEELER RESERVOIR /TENNESSEE RIVER/ 

POWER 

8WR~ SINGLE CYCLE~ FORCED CIRCULAT10N 
THREE~REACTOR STAT10N 
APPLICATION FOR NO.3 JULY 1967 

1100 

iARGET NO.1, 1970 
NO, 2, 1971 
NO.3, 1972 

LIGHT WATER 

1..1GHT WATER 

3290 /pER REACTOR I 

FUEL MATERIA~ URANIUM DIOXIDE PELLET 0;488 IN~ DIAM. 

FUEL GEOMEiRY ROD 0.562 IN, OD~ ACTIVE LENGTH 144 IN. 

FUEL CLADDING ZIRCALOy-2 TUBES 0~032 IN. THICK 

FUEL ENRICH. 2~~9 PER CENT U~235 

FUEl.. ASSEM8~Y 6~NJLE, 7X7, 

.. 

ZrRCALOy·4 sPACERS, ZlRCALDy·4 CHANNELS. 
764 ASSEMBLtES/CORE 

BURNUP(REFUEL) 1;:00 MWD/T ANNUAl, BAiC~ 

,., .. 

FUEL REMOVED fROM UNIT 1 
AT P!RST BATCH RELOADING 
W!LL BE INSiALLED IN uNIT 
3 AS PART Or !N!TIAL 
LOADING, 

CONTROL 

CONTAINMENT 

SS TUBES WITr 80RON~ TEMPORARY CURTAINS. 

COMMON. ZONED, sECONDARY CONTAINMENT, UNITS 
!~DEPENDENT OF EACH OTHER, RE!N~ORCED CONCRETE: 
PRl~ARY CONTA!NMENT~ STEEL PRESSURE VESSEL W!TH 

8D34 



JANUARY 1969 8NWL.936 

BOILING LIGHT WATER REACTORS. DOMESTIC 8034 

'* '* '* '* 

REMARKS 

REF'ERENCES 

'* .. '* " '* '* '* .. .. .. '* 
ASSOCIATED PRESSURE-SUPPRESSION CHAMBER. 

APPROVAL IS BEING SOUGHT POR AN UNDERGROUND 
DIF'PUSER PIPE CODLING SYSTEM rOR D)SCHARGE WATER~ 

8ROWNS F'ERRY NUCLEAR POWER SiATlON 1 

TENNESSEE VALLEy AUTHQRITY, DESIGN AND 
ANAI..YSIS REPORT~ 
TENNESSEE VALLEy AUTHORITY 
NP-16251 IVOL. 1.2/, 1966 

TVA-S F'lRST NUCLEAR PLANT 
CP PALO_ DB WEAVER 
POWER ENG~ 71_ 38~42 IAPRIL 1967/ 

BROWNS F'ERRY NU~LEAR POWER STATtON. UNIT 3 
TENNESSEE VALLEv AUTHORITY 
DOCKET 50 .. 296-1 

... 

8D34 



JANUARY 1969 

BOILING LIGHT WATER REACTORS, nOMESTIC BD35 
... ... ... 

NAME/OwNER 

DESIGNER 

OPtRATOR 

. LOCATION 

PURPOSE 

TYPE 

POWER HWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

REMARKS 

REF"ERENCES 

... ... ... ... ... ... ... w' • w ... 

VERMONT YA~KEE/VERMONT YANKEE NUCLEAR POWER CORP, 

GENERAL ELECTRIc CO: 

VERMONT YANKEE NUCLEAR POWER CORP • 

BRATTLEBORO, VERMONT 
CONNECTICUT RIvER 

POWER 

BWR 

514 1600 

TARGET 1971 

LIGHT WATER 

LIGHT WATER 

APPLICATION FOR CONSTRUCTION pERM:T NOV. 1966 
CONSTRUCTION PERMIT GRANTED DEC~ 1967, 
PLANT ID DESIGNED FOR ONCE-THROUGH COOLING, BUT 
AN OPEN- OR CLasEn-CYCLE COOLING TOWER SYSTEM 
hILL BE REQUIRED. 

NUCLEONICS WEEK AUG~ 11, 1966 p~ 1.2 
NEWS RELEASE 

... 

8D35 



JANUARY 1969 

BOILING LIGHT WATER REACTORS. DOMESTIC .. .. ... 

NAME/OWNER 

,DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

.. .. • .. .. .. 

PEACH BOTTOM 2 .. 3/1'HILADELFlHiAELECTRIC 
/DELAWARE V~L~EY 8TILfT!ES/ 

GENERAL ELECTRIC COMPANY 

DELAWARE VALLEY UT1LIT1ES 
ATLANTIC ClfY E~ECTRIC 
PHILADELPHIA ELECTRIC 

PEACH BOTTOM, YORK COUNTY, PENNA. 
CONOWINGO DAM 

POWER 

BWR, SINGLE CYCLE, ~ORCED CIRCULAT10N 
TWO-REACTOR UNIT 

POWER MWE(MWT) 1000 3295 pER REACTOR 

CRITICAL 

COOLANT 

MODERATOR 

TARGET NO, 1, 1971 
NO~ 2, 1973 

LIGHT WATER 

LIGHT WATER 

rUEL MATERIAL URANIUM DIOXIDE PELLETS 0,488 IN. DlAM, 

rUEL GtOMETRY ROD, ACTIVE LENGTH 144 IN, 

rUEL CLADDING ZIRCALOV~2, 0,562 IN. OD~ AND O~032 IN. THICK 

rUEL ENRICH. AVE. 2,19 pER CENT U .. 235 

FUEL ASSEMBLY 49-ROD BUNDLE, 7X7 
ZIRCALOV w4 CHANNELS 

764 ASSEMBLIES/CORE 

CONTROL CRUCIFORM RODS, BORON CARBIDE~ 
VARIATION OF COOLANT FLOW~ 
TEMPORARY POISON CURTAINS 

R E,A C TOR V E SSE L S TEE L V E SSE L 20 FT. 11 IN. I D, '2 F T ~ LONG: 

CO,NTAINMENT 

REMARKS 

CORE SPRAY SYSTEM 

REIN~ORCED CONCRETE AND STEEL SUPERSTRUCTURE WITH 
METAL SIDING. SEPARATE CONTAINMENT FOR EACH 
REACTOR, HOUSED IN SEPARATE BUILDINGS. 
PRESSURE SUPPRESSION PRIMARY CONTAINMENT 

SERVICE WATER TO BE PUMPED rROM CONOWINGO DAM AND 

8D36 



JANUARY 1969 

BOILING LIGHT WATER REACTORS, DOMESTIC 8036 
... .. * 

REFERENCES 

... .. * * ... .. ... ... ... 

DISCHARGED TO SOUTH OF STATION. 

PRELIMINARY SAFETY ANALYSIS REPORT VOL. 1~2.3 
PEACH BOTTOM ATOMIC POWER STATION UNITS 2 AND 3 
PHILADELPHIA ELECTRIC CO. 
DOCKET 50.277 AND 50·278 

... 

8D36 



JANUARY 1969 

BOILING LIGHT WATER REACTORS~ DOMESTIC 
• • • .. • .. • .. .. 

8031 
•. .' .. .. * 

NAME/OWNER DAVIDS ISLAND STA~/CONSOLIDATED EDISON CO~ 
ORANGE '. ROCKLAND UTl.LITIES 

.DESIGNERGENERAL ELECTRIc COMPANY 

LOCAT10N DAVIDS ISLAND, LONG ISLAND SOUND, N,y~ 

PURPOSE POWER 

TYPE BWR 

POWER MWE(MWT) 1000 

CRI'TICALTARGET'1978 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

~UEL MATERIAL URANIUM DIOXIDE PELLETS 

~UEL GEOMETRY ROD 

ruEL CLADDING ZIRCALOY TUBES 

FUEL ENRICH, 2:2 PER CENT U-235 

~UEL ASSEMBLY ROO BUNDLE 
764 BUNDLES/CORE 

BURNUP(REFUEL) 1ST CYCLE 11,517 MWD/T 
EQUIL~ CORE 33,000 MWD/T 

REFERENCES NEWS RELEASES 

8D37 



JA~JUA;;Y 1969 8NWl.. .. 936 

BOILING LIGhT WATER REACTORS. DOMESTIC 8D38 
* • * • * ... * ... * ... • • • • ... 

N A ~1 E I 0 \'i !~ C ~ JAM~S A, FITZPATRICK STA./POWER AUT~ORITV STATE 
OF NEW YORK IPASNVI 

.DESIGf\;ER 

LOCATION 

PURPOSE 

TYPE 

POfiER MWE(Ml<.i) 

GENERAL ELECTRIC COMPANY 

~INE MILE POINT; NEW YORK 
LAKE ONTARIO 

POWER 

BWR 

800 IDATA RE~ERS TO EASTON 750 MWE DESIGN 
SEE REMARKS 

CRITICAL TARGET 1973~74 

COOLAN7 LIGHT WATER 

MODERATOR LIGHT WATER 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 

FUEL GEOMETRY ROD, 0,562 IN, OD~ 144 IN. ACT1VE LENGTH 

FUEL CLADD!NG ZIRCALOY~2 0,032 IN, THICK 

FU~L ENRICH, 2,20 PER CENT U·235 

FwEL ASSEMBLY 49-ROD BUNDLE, 7X7 ZIRCA~OV·4 CHANNEL 
548 ASSEMBLIES/CORE 

REACTOR VESSEL VESSEL 18 ~T 2 1N~ 1D/69 rTf 2 IN. HIGH 

CONTAINME:\lT 

REMARKS 

REFERENCES 

RE!NFORCED CONCRETE AND STEEL BUILDING, METAL 
SID! NG. 
PRcSSURE~SUPPRESSION 

NIAGARA MOHAWK HAS DROPPED rTS PROPOSED EASTON 
STATION BECAUSE OF DE~AYS !N GETTING APPROVAL AND 
ASSIGNED ITS CONTRACTS WITH GE TO PASNY, PART Or 
THE NINE MILE POINT SITE WILL BE SOLD TO PASNV~ 
THE REACTOR HAS BEEN UPDATED TO 800 MWE, 

EASTON NUCLEAR STATION 
PRELIMINARY SAFETY ANALYSlS REPORT 
NIAGARA MOHAWK pOWER CORP. 
DoCKET 5QR300 119681 

• 

8D38 
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80ILI~G LIGHT WATER REACTORS. DOMESTIC 8D39 
* • * * * .. .. * * .. .. .. .. .. .. .. .. 

NAME/OWNER BURNS HARBOR STATION/NIPSCO 
BAILEy STATION"3 

.DESIG~ER GENERAL ELECTRIC COMPANY 

OPERATOR NORTHERN INDIANA PUBLIC SERVICE CO /NIPSCO/ 

LOCATION DUNE ACRES, NEAR GARY, INDIANA 
ON LAKE MICI-jIGAN 

PURPOSE POWER 

TYPE BWR 

POWER ~WE(MWT) 800 

CRITICAL CONSTRUCTION 1968 
TARGET 1972 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

fUEL MATERIAL URANIUM DIOXIDE 

REFERENCES NuCLEONICS WEEK JAN~ 19. 1967 P: 1 
NE~S RELEASE 

8D39 
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BOILING LIGHT WATER REACTORS. nOMESTIC 
* * 

NAME/OWNER 

DESIGNER 

PURPOSE 

.. TYPE 

POWER i'1WE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

~LJEL MATERIAL 

FUEL GEOMETRY 

F'uEL CLADDING 

F'lJEL ENRICH, 

~UEL ASSE~i8LY 

* ... * ... .. .. 

HIGH POWER DENSiTY 8WR 

GENERAL ELECTRIC COMPANY 

POWER 

BWR, HIGH POWER DENSITY 

600 1915 

CONCEPTUAL DESIGN 

LIGHT WATER 

LIGHT WATER 

... ... 

URANIUM DIOXIDE PELLETS 0,313 IN. 00 

ROD, 144 IN. ACTIVE LENGTH, 0: 42 8 IN. DIAM. 

ZIRCALOy~2, 0.027 IN. THICK 

2;66 PER CENT U.235 

BUNDLE, 9X9, ZIRCALOy·4 CHANNELS 
CORNER RODS OF BUNDLES HAVE SMALLER DIMENSioNS 
FOUR BUNDLES SURROUND A CRUCI~ORM CONTROL ROD 

368 BUNDLES/CORE 
CORE DIAMETER 1 36.8 IN, 
ROO SPACING IS BY A GRID or WlRES 

BLJRNUP(REFUEL) 20,000 MWD/T BATCH. 8 MONTHS 

CO~TROL 

R ErE R E i\J C E 5 

5S TUBES WITH BORON CARBIDE. CRUCIFORM RODS. 
TEMPORARY BORON CARBIDE parSON CURTAINS. 

600 MwE HIG~ POwER DENSITY BWR CORE·w CONCEPTUAL 
JESrGN, FINAL REPORT; 
DR M!LLER. OTHERS 
SEAp·4974 IFEB~ 19661 

BD40 
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BOlLING LIGHT WATER REACTORS~ DOMESTic 

BNWL·936 

8041 
• • • * • • • • • .' .' . . * 

NAME/OWNER BELL STAT10N/N.V. STATE ELECTRIC ,.. GAS CO. 

,DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

POWER ~iWE(MwT) 

CRITICAL 

COOLANT 

MODERATOR 

CAYUGA LAKE 

GENERAL ELECTRIC COMPANY 

N.Y. STATE ELECTRIC· ... GAS CO. 

CAYUGA LAKE, NEAR ITHACA, NEW YORK 

POWER 

BWR~ SINGLE CVC~E; ~ORCED CIRCULATION 

800 

TARGET 1973 

LIGHT WATER 

L.IGHT WATER 

2400 

~UEL MATERIAL URANIUM DIOXIDE PELLETS 0.488 IN. DIAM. 

ruEL GEOMETRY ROD 0.562 IN. 00, ACTIVE LENGTH 144 IN. 

FUEL C~ADJING ZIRCALOV·2 0.032 IN. THICK 

FUEL ENRICH. AVE, 2.23 PER CENT U~235 

FUEL ASSEMBLY 49-ROD BUNDLE, 7X7 
ZIRCALOV~4 CHANNELS 

560 ASSEMBLIES/CORE 

ruEL CHARGE 273,000 LBS. URANIUM DIOXIDE 

BURNUP(REFUEL) 19,000 MWD/TU 

* 

CONTROL CRUCIFORM ROD, BORON CARBIDE IN 55 TUBES, BOTTOM 
ENTRY, 
TEMPORARY POISON CURTAINS, 

COOLA~T PRESS. 1005 PSIG 

REACTOR VESSEL VERTlCAL CYLINDER 16 PT. 2 IN. 10. 69~T. 4 IN, 
LONG. WALL 5 17/32 IN: THtCK STEEL. 

Co'NTAINMENT 

REMARKS 

PRESSURE~SUPPRESSION PRIMARY CONTAINMENT SYSTEM. 
STEEL-LINED CONCRETE CYLINDRICAL STRUCTURE 

SERVICE WATER rROM CAYUGA LAKE WI~L BE RETURNED 

• 

B041 
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BOILING LIGHT WATER REACTORS. DOMESTIC 8041 
... ." ... 

RErERENCES 

.". ... ." ... ... ... ... * ... ... ... ." . 
TO LAKE VIA CIRCULATING WATER DISCHARGE SVSTEM~ 

BELL STATION. PRELIMINARY SAF"ETY ANALYSIS REPORT, 
NEW YORK STATE ELECTRIC AND GAS CORP, 
DOCKET 20-319, vOL. 1-2 

8D41 
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BOILING LIGHi WATER REACTORS~ DOMESTIC .. .. 

NHIE/OWN6R 

.DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TyPE 

POwER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

.. .. * .. * .. .. .. 

BRUNSWICK STATIoN/CAROLINA POwER. LIGHT CO, 
CAPE FEAR STATION 

GENERAL ELECTRIC COMPANY 

CAROLINA POWER. LIGHT COMPANY 

CAPE PEAR RIVER~ N. CAROLINA 
TIDAL ESTUARY 

POWER 

BWR, SINGLE CYCLE FORCED CIRCULAT!ON. 
3-REACTOR STATION 

800 2436 

CONTRACT JAN, 1968 
TARGET NO.1~ 1973 

NO.2, 1974 
NO.3, 1975 

LIGHT WATER 

LIGHT WATER 

PER REACTOR 

~uEL MATERIAL URANIUM DIOXIDE PELLETS 0.487 IN. DlAM, 

FUE~ GEOMETRY ROO 0.563 IN. CD~ 144 IN. ACT1VE LENGTH 

~UE~ C~ADD!~G ZIRCALOy~2 0.032 IN, THICK 

FUE~ ENR!CH, AVE, 2.25 PER CENT U-235 

rU=L ASSEMB~Y 49-ROD 8UND~E, 7X7 ZIRCALOV- 4 CHANNE~ 
560 ASSEMBLIES/CORE 

AVE, 19,000 MWD/i 

CONTROL RODS, BORON CARBIDE IN 5S 

REACTGR VESSEL STEEL CYLINDER 837 IN. HIGH, 218 IN. 10, 
~ALL THICKNESS 5 17/32 MrN~ 

CO~TA!NMENT . 
5S CLADDING 118 IN~ THICK 

STEEL-LINED CONCRETE STRUCTURE • 
PRESSURE SUPPRESSION SYSTEM~ 

8042 .. 

REMARKS COOLING WATER INTAKE IN THE WALDEN CREEK AREA AND 
DISCHARGE IN TH~ VICINITY Or PRICE CREEK, 

8042 



JA~UARY 1969 BNWL~936 

80rLr~G LIGHT WATER R(ACTORS. DOMESTIC B042 

• • • 

RE~ERE~CES 

* • • * • • • • 

BRUNSwICK STEAM ELECTRIC PLANT UNITS 1 .' 2~ 
FREL1MINARY SAFETy ANALYSIS REPORT 
CAROLINA POWER ~ LIGHT CO; 
COCKET 50~324, 50~325 11968/ 

.' . 

8042 
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BO!LING LIGMT WATER REACTORS. DOMESTIC 
* .. * .. .. .. .. .. .. • * .. • 

8NWL~Q36 

8D43 .. 

NAME/OWNER CO~pER NUCLEAR STATION/CONSUMERS ~UBLIC POWER, 
IOWA LIGHT. powER 

. DESIGNeR 

LOCATICN 

TYPE 

POWER MWE(MWT) 

GENERAL ELECTRIC COMPANY 

BROWNVILLE, NEBRASKA 
MISSOURI RIVER 

powER 

BWR, FORCED CIRCULATION, SINGLE CYCLE, 
HIGH POwER DENSITY 

780 2381 

CRITICAL TARGET 1972 

COOLANT LIGHT WATER 

MODERATOR LIGHT wATER 

~UEL MATERIAL URANIUM DIOXIDE PELLETS 

FUEL GEOM~TRY RODS 

FUEL CLADD!~G ZIRCALOY 

CON T A I N ~ E ;, T PRESSURE-SUFPRESSION SYSTEM 

COC?ER NUCL=A~ STAT!ON. 
?R~LIMINARY SAFETY ANALYSIS REPORT! 
CONSUMERS PGBLIC POWER DISTR!CT 
COC~ET 50-298 119680 

8D43 
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JANUARY 1969 

BOILING LIGHT WATER REACTORS~ nOMESTIC 

8NWL .. 936 

8044 
• • • • • • • • • • •• • • •• • • 

NAME/OWNER DUANE ARNOLD STATION/IOWA ELECTRIC LIGHT. POWER 

GENERAL ELECTRIC COMPANY 

OPERATOR IOWA ELECTRIC LIGHT • POWER COMPANy 

'LOCAT!ON PALO, IOWA 
CEDAR RIVER 

POWER 

TYPE BWR, 28REACTOR STATION. 
UNIT 2 NOT OPTIONED TO GE 

530 PER REACTOR 

TARGET 1973 

MODERATCR LIS..;T WATER 

REMARKS CONTRACT AWARD fEB, 1968, 
CLOSED-CIRCUIT COOLING TOWERS WILL BE USED 

~E~S RELEASES 
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BOILING L!GHT WATER REACTORS. DOMESTIC 8045 .. .. .. 

NAME/OWNER 

OPERATOR 

. LOCATION 

PI.IRPOSc 

TYPE 

POWER f-1WE (r~WT) 

CRITICAL 

MODERATOR 

~UEL MATERIAL 

~uEL GEOMETRY 

FI.JEl,. CLADDr~G 

F'l,iEL E:NRrCH, 

FUEL ASSc!\lBL. Y 

.. .. • .. • .. .. .. 

EDWIN I, HATCH NUCLEAR PLANT/GEORGIA POWER CO. 

GENERAL ELECTRIC COMPANY 

GEORGIA POWER COMPANY 

8AXLEY, GEORGIA 
ALTAMAHA RIVER 

POWER 

6WR, FORCED CONVECTION CIRCULATION 

800 2436 

TARGET 1973 

L!Gi-lT WATER 

LIGHT WATER 

URANIUM DIOXIDE PELLETS 0,487 IN. DlAM. 

ROD, ACTIVE LENGTH 144 IN, 

Z!RCALOy~2 TUBES 0.563 IN, 00. 

2;23 PER CENT U~235 

49~ROD 8UNDLE~ 7X7 
Z!~CALOy·4 CHANNELS 

560 ASSEMBLIES/CORE 

aURNUP(RE~U~~) FIRST CORE AVE. 20.000 MWT/TU 

CONTROL 

COOlAN; PF~ESS, 

CRGC!FORM RODS, BORON CARBIDE IN SS TUBES. 
SOiTOH ENTi-iY. 
TEMPORARY cOISON CURTAINS. 

1020 PSIA 

REACTOR V~SSEL CORE SHROUD IS A STAINLESS STEEL CYLINDER AROUND 
TH= CORE. VESSEL IS A VERTICA~ CYL!NDRICAL STEEL 
SH2u., 18 FT. 2 IN. ID 8'1' 69 rTf 4 IN~ LONG, 
~A_~ THICKNESS 5 17/ 32 IN, 

. 
CONTA!~ME\~ PRESSURE~SI)PPRESSION PRIMARY CONTAINMENT SYSTEM, 

REACTOR BUILDING. 

CONTRACT AWARDED IN DEC, 1967 WITH OPTION O~ 

.. 

8J45 



8C!Ll~G L!G~T 
• * * • 

BNNL·936 

WATER REACTURS. nOMESTIC 
• * * * • • • • • • 

SECOND REACTOR! 
A CaOlING row~R SYSTEM IS PROVIDED ~OR IN THE 
C~SIGNt 

~D~IN I. HATCH NUCLEAR PLANT. 
?R~~!MINARY SAFETY ANALYSIS REPORT VOL. 1·4 
DOC~ET 50.3~1 /MAY 19681 

3D45 
* • 

8D45 



8046 
• • • 

:3S~R IINTEGRAL BOILING SUPERHEATING REACTOR/WEST 

20!~1~G REG:C~I ~IG~T ~ATER 
Su~~R~EAT R~G:C\, LIGHT WATER STEAM 

r~~~ ~~T~~[A~ aO:~l~G RESrC~ 
URANIU~ DI~XIDE PELLETS ,354 IN, D!A~. 

St.,'::::Ri1EAT ~EGIO\j 

Ui-\ANIU~/: JICXIDf: PELLETS , 37 0 IN. DlAM, 

~~~~ C~AJ:r\G SC!~ING RES!ON 

._" " "( .. 
t: '\i,~ ~ :",. ."1"" ~ 

ZIRCAlJY 0.021 IN. T~!CK, GAS GAP 
SUP=~rlEAT R~GIO\ 

55 0,015 I~. T~ICK 

;uEL ASSEMbLIES W T~ J!rrERE~T ZONES or 
~NRIC~ME\T wERE S uSr2: 

~~~=~ [~SS~<::,_Y BC~~!i\G REG:Q!\ 
55~ROJ SUNJLE, 2 AssE~aL!ES/PRESSJRE TUBe 

55-RO: 3u~DLE, 2 Ass~YaLIES/PR~SSURE TUBE 
2 4 0 ASS = "I B LIE S 

AC~:VE co~~ ~~IGHT 16 FT. 

;'1,935 KG uK':',\IUM 

8U~~U~(RE~U~~) 3C:LING REG:O~ 
AVE. 16,500 MWD/MT 

SJ;;'SRHEAT Kt:GION 
AVS. 101000 MWD/MT 

R~JS, 80RO~ CARBIDE 

8D46 



JANUARY 1969 

BOILING LIG~T 

• • * * 
WATeR REACTURS, DOMESTIC 

• • • * * 
INLET 602.5 F 

SUPERHEAT REGION 
INLET 613,2 F 

* 

8NWL-936 

a046 

• * * • 

ClTLET 1000 P 

COOLANT PRESS. BolLING REGION 1785 PSIA 
SUPERHEAT R~GION 1670 PSIA 

REACTOR V~SSEL 55 VESSEL 26,6 FT. 10, 32,25 rTf HIGH 
WALL 1,125 IN. THICK 

CONTAI~MENT 

REMARKS 

REFERENCES 

PRESTRESSED CONCRETE CYLINC~R 88 PT, rC/92 ;1. 00, 
139 ~T. HIGH 
VAPOR SUPPRlSSloN SYSTE~ 

BOILING PR~SSURE TUBES LOCATED CENTRA~LY IN SCU~R~ 
LATTICE, SURROUNDED BY SUPERHEAT REGION WITH 
PRESSURE TUBES ALSO IN SQUAqE LATTICE 

GRAP~ITE MODERATED INTEGRAL GOIlING AND SUPER­
HEATING PR~SSURE TUBE REACTOR, 
WESTINGHOUSE ELF.CTRtC CORP, 
WCAP-1674 IDEC~ 1, 19601 

8J46 



t3D47 

JAI\UARY 1969 

BC:LI~G WATeR REACTORS. DOMESTIC 8:)47 
... '* '* * .. .. '* .. .. .. .. 

PH!LADE~PHIA E~ECTR!C COMPA~Y 

PER REACTOR 

Ct'T'I"f~" T~r<GE1' NO. 0 1975 i"( • ; ~ I.,.. I- :.. .... , 
NO. t;, 1977 

COCLAf\! LI'3j...lT WATER 

t-~ODERATOFi lIG~T WATER 



JANUARY 1969 

BOILI~G LIGHT WATER REACTORS. DOMESTIC 
• • * 

NAME/OWNER 

DESIGNER 

OPERATOR 

.LOCATION 

PURPOSE 

TYPE 

* • • • • • • 

ENRICO PERMI-2/DETROIT EDISON 

GENERAL ELECTRIC COMPANY 

DETROIT EDISON COMPANY 

MONROE, MICHIGAN 
LAGOONA BEACH 

POwER 

8WR 

POWER MW~(M~T) 1135 

CRITICAL TARGET 1974 

COOLA~" LIGHT WATER 

~GDERATOR L[GHT WATER 

BNWL·936 

8048 
• • 

8D48 
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BOILING LIGHT WATER REACTORS 

DOMESTIC 
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BOILING LIGHT WATER REACTORS 
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BOILING L.IGHT WATER REACTORS. FOREIGN 

BNWL. .. Q36 

BF"01 .. .. .. 

NAME/OWNER 

DESIGNER 

LOCATION 

.. • .. .. .. • • • .. 

GAMMA PROJECT/DANATOM~ DENMARK 

DANATOM, DENMARK 

KARLBY KLINT, DJURSLAND, JUTLAND 

POWER .PURPOSE 

TYPE BWR, INTERNAL SfEAM SEPARATION, SINGLE CYCLE 

POWER MWE(MWT) 200 667 

CRITICAL DESIGN-TO BE BUILT 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

~UEL MATERIAL URANIUM DIOXIDE PELLETS 

~UEL G~OM~TRY RODS, ~UEL SEGMENTS Or PELLETS, EACH SEGMENT 
CLAD WITH ZIRCALov-2, ARE JOINED TO ~ORM A 
FuEL ROD. 

ruEL CLADJ!~G ZIRCALOy·2 

1~9 PERCENT U~235 

FUEL ASSEM8~Y 15X15 ARRAY WITH SOME RODS OMITTED 
89 ELEMENTS/CORE 

.. 

CO~TROL SPECTRAL SHIFT CONTROL HAS BEEN PROPOSED fOR STUDY 

CCOLANT TEMP, IN~ET 530 F OUTLET 485 F 

RE~ARKS 

WITH BOILING SYSTEM 520 ~ AND 476 F 
WITH BOILING SYSTEM PRESSURE IS REDUCED, 

PR~SSURE"SUPPRcSSION 

REVISED DESIGN. /GAMMA 2/ IS rOR A SINGLE CYCL~ 
SYSTEM. 

GAMMA. A 200MW BOILING WATER REACTOR POWER 
STATION. 
DANATOM 
DANATOM-04-61 IAUGUST 1961/ 

GAMMA IIwA 2CQMW BOILING WATER REACTOR POWER 
ST4TION~ A KEVISION. 
CANATOM 



JANUARY 1969 

BOlLING LIG~T WATER REACTORS~ ,OREIGN 
* • • • • • • • 

DANATOM-03.62 IJUNE 1962/ 

HEAVY WATER REACTOR WILL BOIL~ 
A WILLIAMS 
POWER ENG~ 72, 18-80 INOV. 1968/ 

8F'01 

8NWL.':Q36 

BF'01' 
.' t, • • 



BCIL.rf\,o . ... • 
~AT=R REACTO:;:S, I='OREIGN 

• * • * * 

~ARAPUR STATIO~/INDIA 

~':'~,H~UR, P.;JIA 
ARABIA\ SEA 

• • • • 

?OWER, STATES OF 8UjARAT AND MAHA~ASHTRA 

8~~, DUAL CVC~E~ FORCED CIRCULATION, INTERNAL 
ST2~~ SEPARATION 
7W0-REACTO~ STATION 

1\0, 1 rUELEJ DEC. 1967 
~O. 2 ruELED JAN. 1968 

i..!GHT WATER 

i...rG"'iT ~ATER 

660 PER REACTOR 

8F"02 
• • 

r~~L C~AJ:[\G Z!RCA~OY·2~ 28 MILS THICK 

F~~L. ASS~~3~Y 6X6 ~OD ASS~~2~Y, ZrRCA~OY CHANNEL. 
2 3 4 ASS ~ ~~ :~ ~ ! E S 

R~~:TC~ V~SS~L ST~~L, 55 C~AD, 12 FT, 10./53,9 ~Tt HiGH 
5,375 IN. ~A~~ ~HICK~ESS 

~R=SSuRE~SuPP~ESS!ON, STEEL CRVWEkL. S?htR!CAL 
S::~GC':'UqE, 65 FT. DIA" NECK 23F'j, DIA" TOTAL 
~E:GHT 96.5 FT. BOTH R~ACTGRS ARE ~OUSED IN A 
CO\MO~ 8Ul~JING SUT EACH REACTOR AND ITS 
AC:ESSOR!ES A~E ENCLOSED 1\ A SEPARATE JRV.WE~L 
VE\T:NG INTO ITS OWN PR~SSURE·SUFPRESSION CHAMBER. 

~!~ST FUEL LOADI~G WILL BE ENRICHED URAN!UM, THE 
POSSIBILITY IS RE!NG CONS:P5R5~ or ~PERAT!NG THE 
P~~\T, SUBSEQUENT TO FI~ST LOA~!NG, ON 



JANUARY 1~69 8NWL~936 

BOILING LIGHT WATER REACTORS. FOREIGN BF02 
• * 

REFER~~C~S 

* * * • • • • • • • • 
PLUTONIUM-ENRICHED NATURAL URANIUM FUEL. A 
SMALL~SCALE PROTOTYPE VERSION OF THE TARAPUR BWR 
IS CURRENTLY BEING DESIGNED BV INDIAN SCIE~T!STS 
AND WILL BE BUILT AT THE TROMBAV ATO~IC ENERGY 
ESTA8LISHME~T. INTENDED PRIMARILY rOR R.O, THE 
20 M~E CAPACITY WOULD, HOWEVER, BE FED TO THE 
30MBAY POWER GRID. 

TARAPUR ATOMIC POWER STATION 
M: N. CHAKRAVA~TI; H. R. SRINIVASAN 
3RJ U.~, INTL, CONF~ ON THE PEACEFUL USES OF 
ATO~IC ENERGY. GENEVA, 1964, A/CDNF,28/P/745 

8F02 



BO!LiNG 'I' .~", ... 

I.. ,> Gr"i i 

.;, .;, .;, .;, 

SES!GNER 

~PERATOR 

Tyr.;'E 

CRITICAi.. 

COC(,.ANT 

t-ICJc:RA TOR 

WAT!::::? REACTCRS~ F'OREIGN 

* .;, .;, .;, .. • ,., .;, • 

GARIGLIANO NUCLEAR STATION/SENN, ITA~V 
PUNTA FlUME 

GENERAL ELECTRIC CO;-U.S, 

PUNTA PlUME IGA~IGlIANO/, !TA~Y 
GARIGLIANO RIVER 

?O~~R IUS~EURATnM PROGRAMI 

BWR, ~ORCED CIRCULATION, JuAL CYCLE 

150 500 

JUNE 1963, SEE REMARKS 

L FJMT wATER 

FueL. CI..A;;~!:\G Z;,~:.!ILOv .. 2, 0,019 ir-.:. THICK 
SEE fH:~A;:;I,S 

F~~L 'SS~~8_y 61 ~CDS, 9x 9 
206 ASS~~2LIES !N COR~ 

97,750 

8F03 
.;, * • 

CO\TROL 8LA0~S, TUBES ;1~~~G ~:TH aORON CAR2!J~ 
po,; :) cR. 0;':: !:: ~ A ":' ! 0 N I S F' R 0 ri 8 Ii: .. 0 ;\ T;..:: REA C T 0 ~ 
Vi:::S::L., 

71,3 AiM, ~RS. 

~~ACTO~ V~SSEL CARBON STEEL CYLINDER~ 55 CLAD 141 JN~ !D,/5 :N. 
Th:CK IINCLUDI~G CLADI1444 1/4 IN. LONGI 

CC\;TA!\11::\T SP~~RE, 168 FT, DIA" CAR3C~ STEE~I A?PROX. 



JANUARY 1969 

BO!LING ~[G~T WATER REACTORS. FOREIGN 8~03 

* * * 

REMARKS 

RE~ERENC~S 

* * * • * • * * • • • 
O~94 IN, THICK 

TRIAL OPERATIONS WERE DISCONTINUED IN SEPTEMBER 
1963 BECAUSE OF MEC~ANICAL BREAKDOWN, OPERAT]ON 
RESUMED IN 1964~ REFUELED NOV~·DEC. 1965, WITH 
ONE-HALF OF SS-CLAD ~UEL REPLACED BY ZIRCONIUM 
CLAD FUEL. 
SENN PLANS A SECOND REACTOR AT THE StTE8 

THE GARIGLIA~O NUCLEAR POWER STATION, 
M COVINO 
NUCLEAR PO~ER 7~ 65.7 IFEBRUARY 1962/ 

F!NAL HAZARD SUMMARY REPORT ~OR THE GARIGLIANO 
\UCLEAR PO~ER STAT10N~ 
SeCrETA ELETTRONUCLEARc NAZ!ONALE ISENN/, ITALy 
AFED~4022 /1962/ 

GARIGLIANO NuCLEAR POWER PLANT. 
R LEPORE, OTHERs. 
3R~ UN INTL. CONF~ ON THE PEACE~UL USES or ATOMIC 
ENERGV PAPER NO: 737 11964/ 

GAR:GLIANO NUCLEAR POWER PLANT 
EU~ATOM BULLETIN NO~ 4, p~ 4~12 IDEe, 19631 

* 

B~03 
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BOILING LIGHT WATER REACTORS. rOREIGN 

BNWL;g36 

Br04' 
• • ... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PuRPOSE 

TYPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

F'UEL GEOMETRY 

F"UEL CLADDING 

F'UEL ENRICH. 

F'UEL ASSEMBLY 

... ." ... .. • • ." .. .. .' ., ." .' 
JPDR IJAPAN POWER DEMONSTRAT10N REACTORIIJAER1' 

GENERAL ELECTRIC CO~~U.S~ 

JAERI ~ JAPAN 

TOKAIMMURA, JAPAN 

POWER DEMONSTRA~lON; SHIP PROPULSION R.O 

BWR, NATURAL CIRCULATION, DIRECT CYCLE 

45 

LIGHT WATER 

LIGHT WATER 

URANIUM DIOXIDE CYLINDERS, SINTERED 

HOLLOW TUBES, 

S5 

3;1 PER CENT U-235 

36-ROD ASSEMBLY: EACH ROD CONSISTS or 2 rUEL 
SEGMENTS 

72 ASSEMBLIESICORE 

8URNUP(RE~UEL) 12,000 MWD/TON U 1324 DAYS F'IRST COREl 

REMARKS 

REFERE\CcS 

RESEARCH AND DEvELOPMENT IS IN PROGRESS ON JPDR-2, 
A MODIFIED VERSION OF' THE GE DESIGN, SEE 8F'15. 

NuCLEAR POWERED TANKER DESIGN AND ECONOMIC 
ANALYSIS, DIREC~ CYCLE BOILING WATER REACTOR; 
GEAp.3294 IDEC, 19591 

REACTOR DESIGN REpORT FOR JPDR, 
DA VERNIER, J JACOBSON 
GEAp.3767 119611 



8F"05 

JANUARY 1969 

BOILING LIG~T WATER REACTORS. F'OREtGN 
• . ' . • • .. • • • • .' . • 

BNWL .. ~36 

BF' 05' .' .' .' . 
NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT10N 

PURPOSE 

TYPE 

POWER M\oIE(MWT) 

DODEWAARD NUCLEAR STAT10N/GKN 
SEP 8WR 

GENERAL ELECTRIC COMPANY 

NV GEMEENSCHAPPELIJKE KERNENERGIECENTRALE 
NEDERLAND IGKNI 

JOINT NETHERLANDS NUCLEAR POWER STAT10N 

DOODEWAARD, THE NETHERLANDS IBETUWE DISTRICTI 
WAAL RIVER 

POWER 

BWR DIRECT CYCLE, NATURAL CIRCULAT10N 

50 165 

CRITICAL 1968 

COOLANT LIGHT WATER 

MODERATOR LJGHT WATER 

F"UEL MATERIAL URANIUM DIOXIDE PEL~ETS 

rUEL GEOMETRY RODS-ANNULAR 

rUEL CLADDING ZIRCALOy-2 OR STAINLESS Si:EEL~ 

rUELENRICH. 2~5 PER CENT U-235 

~UEL ASSEMBLY 36-ROD ASSEMBLY 
156 ELEMENTS/CORE 

ruEL CHARGE 13000 KG. URANIuM 

SPECJPIC POWER 36.3 KW/LITER OF' CORE VOLUME 

BURNuP(RE~UEL) 13,000 MWD/TU 

CONTROL S5 TUBES CONTAINING BORON CARBIDE 

REACTOR VESSEL CYLINDRICAL VESSEL 3 H, 10./11 M~ LONG, STEEL WITH 
5S LINING~ VESSEL CONTAINS CORE AND SUPPORT 
STRUCiURE~ STEAM-WATER SEPARATOR, AND STEAM DRIER, 
WALL THICKNESS 80 MM 
CLAD THICKNESS 4 MM 

CONTAINMENT REACTOR BUILDING, PRESSURE-SUPPRESSION SYSTEM, 



JANUARY iSloS 

80ILIf\G L.IG,..;r . ... ... ... 

REMARKS 

WATER REACTORS. ~OREIGN 

* ... • .. .. • *' 

BNWL .. Q36 

BF05 
.. .. 

SEP cNGINE~P,S WORKING WITH GE WILL DO PRELIMINARY 
DESIGN, SCOPI~G, AND ECONOMIC STUDIES: EURATOM 
hAS EAR~MARKED CONSTRUCTION rUNDS rOR THE PROJECT. 

THE DUTCH hUCLEAR POWER PLANT PROJECT. 
JS TERPSTRA 
EURATOM BULLETIN NO, 4, 28e9 IDEC. 19631 

DODEWAARD NUCLEAR POWER STATtON 
P t10STERT 
EURONUCLEAR 3, 37"40 IJAN. 19661 

THE PIRST NETHERLANDS NUCLEAR STATION 
ENERGIE NUCLEAIRE 10, 293.96 ISEPj. 19681 

BF05 
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BOrlING L!GHT WATER REACTORS, FOREIGN 
... * 

NAME/OWNER 

DESIGNER 

... .. ... ... ... ... ... 

SIMPEVARP REACTOR/OKA8, SWEDEN 
OSKARShAMM NUCLEAR POWER STATION 

.ASEA, SWEDEi\j 

... .. 

OpERATOR OS~ARSHAMMSVE~KETS KRA~TGRUPP AS IOKAB/, SWEDEN 

LOGATION 

PuRPOSE 

TYPE 

PQWER MWE(MWT) 

COOLANT 

MODERA'rOR 

OSKARSHAMM, SlMpEVARP PEN!NSULA, SWEDEN 
ON BALTIC COAST 

POWER 

8WR DIRECT CYCLE, FORCED CIRCULAT!ON 

400 

CONSTRUC::TIO~. 
TARGET AUGUST 1970 

~IGHT WATER 

LIGHT WATER 

1250 

FuEL MAT~R[AL URANIUM DIOXIDE PELLETS 10 i 5 MM ClAM, 

~uEL GEOM~rRY ROD, 12.25 MM 00, 3650 MM LONG 

~uEL ClAJDING ZtRCALOV- 2 0,8 MM THICK 

2.5 PER CENT u-235, ZONED 

~UE~ ASSEv:8~Y 64-ROD 8UND~E~ SQUA~E LATTICE, ZlRCALOY ENVELOpES 
448 ASSEMBLiES/CORE 

F"UEL CHARGE 80 TONS URANIUM 

CONTROL CRUC!rOR~ ROJS wITH BORON CARBIDE 
COOLANT FLOW REGULATION 

COOLANT TeM? 160 C 

REACTOR VESSEL STE~L VESSEL 17:4 M LONG, 5.0 MID, 

CONTAINMENT 

WALL THICKNESS 120 MM INCLUO!NG 5 MM S5 CLAD. 

PRESTRESSED CONCRETE ENCLOSING REACTOR, SERVICE 
AND EQUIPMENT AUXtLIARIES~ OUTER STEEL LINING. 
PRESSURE·SUPPRESSION SVSTEM~ 
REACTOR BUILDING A GAS-T1GHT CONCRETE STRUCTURE. 

8F'06 

.' 
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BOllING LIGHT WATER REACTORS, FOREIGN BF'06 
... ... ... 

REMARKS 

RErERENCES 

... ... ... .. .. ... .. .. .. 

CONTRACT AWARD TO ASEA IN JULY 1965. 
CONSTRUCTION SCHEDULED ~OR SpR!NG 1966. 
TARGET 1970 

OSKARSHAMM NUCLEAR POWER STATION 
EURONUCLEAR 2, 382~3 IAuG, 19651 

SWEDEN-6 LARGEST NUCLEAR POWER STATION 
ENGINEERING 200; 141 IJULY 30, 19651 

LA CENTRALE NUCLEAIRE D~OSKARSHAMN 
o GtMSTEDT, S SANDSTROM 

... 

ENERGIE NUCLEAIRE 9, 298~302 IAUG~SEPTt 1967/ 

81="06 
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80IL!~G LIGHT WATER REACTORS, FOREIGN BrC' 
." ." ." ." 

NAME/OWNER 

PURPOSE 

TyPE 

POwER MWE(M";T) 

CR!T!CAL 

COOLANT 

MODERATOR 

F"uEL MATERIAL. 

." ." .. .. • ." ... ... ." ." ." 

!BR IINTEGRAL BoILING REACiOR/AEA, UNtTED KINGDOM. 

SHIP PROPULSION 

8WR, DIRECT OR INDIRECT CYCLE; PRESSURE TUBE. 

60 

CONCEPT 

LI GHT WATER 

LIGHT WATER 

URANIUM DIOXIDE PELLETS 

ruEL GEOMETRY PINS 

FUEL CLADDING 5S OR ZR TUBES 

FUEL ENRICH. 'PER CENT U~235 

~UEL ASSEMBLY FUEL PINS CLUSTERED AROUND CENTRAL BURNABLE POISON 
PIN, AND MOUNTE~ WITH IN A ZIRCONIUM-NIOB!UM 
ALLOY SHROUD. 

REMARKS THE AEA HAS STUDIED THIS CONCEPT, AND T~E BELGIUM 
CONCEPT VULCA[N; IN ThEIR S~!P PROPU~SJDN 
PROGRAM. T~O VERSIONS OF THE l.BR WERE BEING 
!NVEST1GATED. INDIRECT CYCLE, IN W~lCH THE TUBES 
CONTAINING ThE PUEL ELEMENTS ARE C~OSED AND 
JNT~RCONNECTED TO FORM A CIRCuiT ThROUGH W~IC~ 
HIGh PRESSU~t WATER IS PUMPED AS AN INTERMEDIATE 
IN THE MAIN COOLANT. AND DIRECT CYCLE, IN WHICh 
TH: TUBES CO~iAINING THE rU~L ARE OPEN AT THE ENDS 
THE COOLAN7 FLOwING DIRECTLY OVER T~E FUE~~ 
BOILING TAKES PLACE I~ THE CORE; THE PRIMARY 
COOLANT PUMP, STEAM SEPARA~ORS AND PRESSURIZER ARE 
AL~ wITHIN THE REACTOR VESSE~~ 

RErERENCES THE U. K. ATOMIC ENERGY AU~hORITVS NUCLEAR SHIp 
CO~~CEPTS I 

NUCLEAR ENG. 8, 88-9 IMARC~ 1963/ 

Br07 
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SOILING LIGHT WATER REACTORS. ~oRetGN 

BNWL .. 936 

BF'Oa 

BF'OB 

• • • • • • • • • • .' . .' .. .' . .' 
NAME/OWNER ULYANOVSK ATOMIC POWER STATION/CENTRAL ATOMIC 

'ENERGV UTILIZATION BOARD~ USSR. 

USSR DESIGNER 

OPERATOR 

LOCATION 

CENTRAL ATOMIC ~NBRGY UTILIZAT10N BOARD 

MELEKESS /ULYANOVSK REGIONI USSR 

PURPOSE 

TYPE 

POWER MWE(MWT) 

VOLGA RIVER 

POWER 

BWR~ DIRECT CYCLE 

70 

CRITICAL 1965 

COOLANT LIGHT WATER 

MODERATOR LiGHT WATER 

250 

F'UEL MATERIAL URANIUM DIOXIDE PELLETS 

~UEL GEOMETRY RODS 

ruEL CLADDING NIOBIUM-ZIRCONIUM ALLOY 

FUEL ENRICH. 1~5 PER CENT U-235 

FUEL ASSEMBLY 91 FUEL RODS, HEXAGONAL 
187 ASSEMBLIES/CORE 

FUEL CHARGE 26 TONS ENRICHED URANIUM 

SpEC!~IC POWER 9;6 KW/KGENRIC~ED URANIUM 

NEUTRON F'~UX THERMAL AVE. 3X10 E.13 

CONTROL CONTROL RODS 

COOLANT TEMP. 236.310 C 

COOLANT PRESS. 32-100 KG/SO. CM. 

REACTOR VESSEL CYLINDER, BOILER PLATE STEEL 11:2 M.HIGH, 3:8 M. 

REMARKS 

D1A; 10 CM. THICK 

THE COOLANT WATER FLOWS INTO AN ANNULUS 
BETWEEN THE STEEL PRESSURE VESSEL WALL AND THE 



JANUARV 1969 

BOILING LIGHT WATER REACTORS~ rOREIGN 

8NWL:Q36 

Broe 
• • • 

REF'ERENCES 

• ... • ... • • ... ... .' ... .. ... 

CORE. F'LOWS DOWN~ARD, PASSES OVER "THE ~UEL 
ELEMEN~S IN T~E CORE F'ROM THE BOTTOM TOT~E TOP, 
LEAVES THE REACtOR AND GOES 'TO THE STEAM 
GENERATORS. 

DOUBLE WATER CIRCUIT POWER REACTORS IN THE USSR. 
SA ~KORTSOV 

5 ~ 110';1~19 SOy lET' J. ATOMIC ENERGV 
ISEPTEMBER 1958/ 

, 
POWER REACTORS. 73 .. 5 VOL. I • PP. 

I NTERNAT"l aNAL ArOMIC ENERGV AGENCV~ VIENNA~ 1959. 

8F'08 
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BOllING LIGHT WATER REACTORS. POREIGN 
• 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

.. 

POWER MWE(MWT) 

CRfTtCAL 

COOLANT 

MODERATOR 

F'uEL MATERIAL 

F'uEL GEOMETRY 

F"uEL CLADDING 

F'UEL ENRICH, 

~UEL ASSEMBLY 

F'UEL CHARGE 

SPECIF"lC POWER 

8URNUP(REF'UEL) 

NEUTRON ~LUX 

CONTROL 

COOLANT TEMP. 

COOLANT PRESS. 

.. • .. 'II • .. • • .. 

8ELOYARSK STAT10N/MINISTRY OF'POWER, USSR; 
PROJECT-l 

USSR 

MINISTRV OF POW~R STATIONS 

8ELOYARSK URALS; USSR: 

POWER 

BWR, NUCLEAR SUpERHEAT~ PRESSURE TU8E~ 
2-REACTOR StAT10N~ 

94 
200 

8ElOVARSK-1, 1964 
BELOYARSK-2, 1967 

286 ·/BELOVARS~.11 
560 18ELOYARS~.21 

LIGHT WATER AND STEAM 

GRAPHITE 

URANIUM-MOLYBDENUM AL~OY 

ANNULAR IHOLLOWI CYLINDERS, 600 CM~ LONG, 

SS INNER AND OUTER 

8ELOVARSK·1, 1:5 PER CENT U-235 
BELOYARSK-2, 3:0 PER CENT 1-235 

6 CYLINDERS, HEXAGONAL 
750 BOILING REGION 
268 STEAM COOLED ISECONDARY STEAMI 

15,880 KG~ URANIUM 

3~2 KW/KG ENRICHED URANIUM 

BELOYARSK .. 1, 4000 MWD/T 
8ELOYARSK .. 2, 10000 MWD/T 

MAX; 2X10 E+13 

CONTROL RODS 

INLET 300 C OUTLET 34 0 C 

150 ATM. 

BNWL .. Q36 

BF'09 . .. 

BF'09 
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BO!LING LIGHT WATER REACTORS~ ~OREtGN 

BNW~;Q36 

Br09 .' . . . .' •• • 

CONTAINMENT 

REMARKS 

RE~ERENCES 

• • • • • • • • • 

NON~ OT~ER THAN REACTOR ~ALL, 

SECOND REACTOR USES ANNULAR ELEMENTS WllH LARGER 
ANNULI BUT SAME 00, AND 3 PERCENT' ENRICHED 
URANIUM~ 
A THIRD PLANT IS PLANNED ~OR T~E COMPLEX, USING 
5 PER CENT ENRICHED ~UEL rOR 1000 MWE AND 2220 MWT 

URANIUM~GRAPHITE REACTORS WITH SUPER~6ArED STEAM 
~OR ELECTRIC POWER STATIONS~ 
NA DOLLEZHAL 
SOY; J. ATOMIC ENERGY 5. 1085;1106 
ISEPTEMBER 19581 

STEAM COOLED POwER REACTOR EVALUAT10N-SELOYARSK 
IURALI REACTOR. 
GENERAL ELECTRIC COMPANY, ~ANrORO 
HW-67473 IAPRIL 19611 

EXPERIMENTAL uNirLOW STEAM SUPERHEATING REACTOR 
INSTALLATION O~ THE 'IRST ATOMIC POWER PLANT~ 
YV KOLOGOY, OTHERS 
'fTD~;T-61·340 119621 ITRANSLAT10NI 

URANIUM GRAPHITE POWER REACTOR WITH DIRSCT' 
rEEDING Or STEAM TO TURBINES. 
NA DOLLEZHAL, OTHERS 
~TD~;T-61~342 119621 ITRANSLATIONI 

ATOMIC ENERGy IN THE SOVIET UNION. 
TRIP REPORT Or THE u.S. ATOMIC ENERGY DELEGATION 
MAY 1963 

OPERATION Or THE ~lRST NUCLEAR POWER PLANT' IN THE 
WORLD. 
GN USHAKOV, OTHERS. 
ATOMNAYA ENERGlyA 16.484.8 11964/ 
AEC~~R-6463 /TRANSLATIONI 

IV KURCHATOV 8E~OYARSK NUCLEAR POWER PLANT~ 
PI ALESHCHENKOY, VM SHUVALOV 
ATOMNAyA ENERGlYA16.489-96 11964/ 
AEC~TRw6462 ITRANSLATIONI 

START-UP AND PI~OT OPERATION OrTHErIRST U~IT OF 
THE BELOYARSK NUCLEAR POwER STATtON ArTER I.v. 
KURCHATOV~ 
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BOILING LIGHT WATER REACTORS~ rORE1GN BF'09 
... ... * ... .. ... ... ... • ... ... ... .' 

AN GR1GQRVANT$, OTHERS 
3RD N.N. INiL. CONr: ON T~E PEACE~UL uses Or 
ATOMIC ENERGY, 1964; A/CONF~ 28/p/308 

wQRLD-S POWER REACTORS 1966~ CHART. 
NUCLEAR ENGINEERING APRIL .1966 
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BOILING LIGHT WATER REACTORS. ~OREIGN BF'10 
... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TVPE 

... 

POWER MWE(MwT) 

CRfTICAL 

~UEL MATERIAL 

FUEL GEOMETRY 

~UEL CLADDING 

~UEL ENRICH. 

F'uEL ASSEMBLY 

F'UEL CHARGE 

... '* '* ... ... ... • • ... 

KAHL EXP. HIGH TEMPERATURE REACTOR/RWE AND BAYERN; 
RWE-1, VAK REACTOR 

GE/AEG, US AND W. GERMANY 

VERSUCHSATOMKRA~TWERK KAHL GMBH IVAK/, W. GERMANY 
RWE AND BAYERNWERK AG 

KAHL-AM-MAIN, W: GERMANY 
MAIN RIVER 

POWER EXPERIMENT 

BWR, NATURAL CIRCULATION, INDIRECT CYCLE, 
FORCED CIRCULATioN CAN BE ADDED AT A LATER DATE. 
SUPERHEAT WILL BE ADDED. 

15 60 

NOV. 1960~ FULL POWER DEC. 1961 

URANIUM DIOXIDE SINTERED PELLETS, 0;5 IN. DIA.I 
O~63 IN~ LONG 

ROD, ACTIVE LENGTH 29:9 IN. 

ZIRCALOV, 0.85 MM~ WALL THICKNESS 

2:3.2~6 PER CENT U· 235 11ST CORE, 4 ZONE 
ENR!CHMENil 

72 RODS, TWO LAVERS, 6X6 
88 ASSEMBLIES/CORE 

5545KG. URANIUM 

BURNUP(REFUEL) 8800 MWD/T 8V ZONES 

NEUTRON FLUX THERMAL AVE. 1.5X10 E.13 

CONTROL RODS, 2 PER CENT ENRICHED BORIDED SS 

COOLANT TEMP. 286C 

COOLANT PRESS. 1000 PSIG 

REACTOR VESSEL STEEL CVLINDER DOMED ENDS, 27 F'T. 9 IN. HIGH, 
8 rTf I D • CLAD. SSt 

CONTAINMc[\;T CVLINDER, DOMED ENDS, 106 ~T. ~IG~, 45 ~T, DIA~ 

BF'10 
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BOILING LIGHT WATER REACTORS. FOREIGN 
• • • • 

REMARKS 

~EFERENCES 

• • • • • • • • • 

A PROVISION HAS BEEN MADE FOR DOUBLING THE DESIGN 
POWER, SECOND TURBOS~T MAY BE OPE~ATED IN DIRECT 
CYCLE. AEG WILL DEVELOP THE CONCEPT- IN A STUDy 
OF A SUPERHEAT STEAM PLANT ISEE RWE-BAYERNWERK 
AG STAT10N/. AEG HAS ALSO ANNOUNCED THAT A 
PROTOTYPE SUPERHEAT REACTOR WfTH A CA~ACITY O~ 
100 MWT WILL BE CONSTRUCTED NEAR KAHL. WITH 
COMPLET10N SCHEDULED FOR 1968; 

THE KAHL NUCLEAR POwER STATION. 
HJ BRUCHNER 
NuCLEAR POWER 6: 67.70 IMARCH 19611 

COMMISSIONING KAHL~S 15 MW 8WR. 
R KUHNEL, R MISENTA 
NuCLEAR ENGINEERING 7~ 40'·14 IOCTOBER 19621 

THE 15 EMW NUCLEAR POWER STATION WITH BOl~ING 
WATER REACTOR AT KAHL/MAIN IFEDERAL REPUBLIC OF 
GERMANV/, 
HJ BRUCHNER 
SYMP. ON SMALL AND MEDIUM POWER REACTO~S~ 
PAPER SMPR/ 19 
INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 
SEPTEMBER 5-9, 1960~ 

BriO 

• 
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BOILING LIGHT WATER REACTORS~ F'OREIGN 

8NWL-Q36 

81='11 .. ... ... .. ... .' ... ... ... ... ... ... .' . 
NAME/OWNER KRB NUCLEAR STA+l0N~KRBI W. GeRMANY 

RwE.BAyERNWERK 

DESIGNER 

OPERATOR 

L.OCAT'!ON 

PURPosE 

ALLGEMEINE ELECTRIZtTATS GESELLSCHAF'T~ IAEGI 

KERNKRAF'TWERK RWE-BAYERNWERK GMBH IKR81 

GUNDREMt~GENI BAVARIA; W~GeRMANY ION DANUBE/ 

PQWER 
US· EURATOM 

TYPE 8WR, DUAL CYCLE; F'ORCED CIRCULAT10N 

POWER MWE(MWT) 237 801 

CRITICAL 1966 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

F"UEL MATERIAL URANIUM DIOXIDE PELLETS 

F"UEL GEOMETRY RoD 3,30 M. ACTivE LENGTH 

F'UEL CLADDING ZIRCALOy·2 0,889 iN~ THICK, 14~29 MM. OD~ 

F"uEL ENRICH. AVE~ 2.24 PER CENT' U .. 235 

FUEL ASSEMBLY 36-ROO BUNDLE~ 6X6 IN ZIRCALOY-4 CHANNEL 
89 F'UEL ELEMENT CELLS MAKE UP THE CORE~ 
EACH CELL CoNSISTS O~ 4 ELEMENTS WITH A 
CENTRAL CONTROL ROD. 
12 SINGLE ELEMENTS AR~ ARRANGED ON THE 
PERIPHERY or THE CORE. 
TOTAL RODS 13;248 

F"UEL CHARGE 53 TONS URANIUM DIOXIDE 

BURNUP(REFUEL) 16,500 MWD/TU ANNUAL 
90 ELEMENTS/yEAR 

.... . 

CONTROL CRUC!~ORM RODS, BORON CARBIDE ABSORBER MATERIAL, 
POISON CURTAINS~ 

COOLANT TEMP, INLET 266 C 

COOLANT PRESS~ 71~3 ATM. ABS: 

REACTOR VESSEL STEEL VESSEL 3:71 M. ID~, 16~5 M. HIGH, 

BF"11 
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BOLLING LIGHT WATER REACTORS~ ~OREIGN 8F'11 .. .. ... ... 

CONTAINMENT 

REMARKS 

REF'ERENCES 

.. ... .. ... ... .. .' .' .. .. 
... 

WALL THICKNESS 121' MM: 
SS CLAD 7 MM~ THICK 

CONCRETE SHELL, ~IR GA~~ AND STEEL,CONTAINMENT: 
S~EEL STR~CTURE l~ 30 M~ 10;, 60 M. HIGH, WITH 
WALL THICKNESS {3.5/26.5 MM. 
CONCRETE SHELL T\IIICKNESS 38 ,eM. 
WIDTH O~ AIR GAp 15 CM. 

THE REACTOR J S A DEvELOPMENT oF' 'THE US. GE ~ 
DESIGNED RWE-l REACTOR~ 

THE GENERAL ELECTRIC COMPANY 100 MEGAWATT NATURAL 
CIRCULATION BOILING WATER REACTOR POWER 'PLANT~ 
GENERAL ELECTRIC CO:, APED 
'TfD~15057 119601 

'THE 150 MWE ATOMIC POWER STATtON WITH AN 
EVAPORATING REACTOR; DESIGNED BV AEG. 
E MOLDOVANYI 
ENERGIA ES ATOMTECH~ IHUNGARVI 15~ 139-43 
1M ARCH 19621 

THE NUCLEAR pOWeR STATION GUNDREMINGEN OF" THE 
KERNKRAF"TWERK RWE~BAYERNWERK GMBH. 
K PENSTER 
BRENNSTOFFE-WAERME-KRAFT 16~221~30 IMAV 19641 

THE GUNDREMM I NGEN NuCLEAR 'POWER PLANT • 
I DESF"OSSES, OTHERS: 
EURATOM BULLET IN NO. 4~26-2' IDEC~ 19631 

KRB GUNDREMMINGEN NUCLEAR 'POWER STATION 
R JAERSHKV, R TAURIT 

'EURONUCLEAR 3, 212-26 IMAy 19661 

GUNDREMMINGEN NuCLEAR POWER PLANT. 
R JAERSCHKY IAEGI 
ATOM~ STROM. 12; 103-6 ISEPT~OCT 19661 

.. 

BF"11 
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BOILING LIGHT WATER REACTORS~ POREiGN 

BNWL .. 936 

8F'12 
• . ... 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

.. .. • .. .. . .' .' .' .' .' . 
8WR STUDY/AEG, DEUTsCH WERF'Ti w~ GERMANY 

AEG~ W~ GERMANY 

SHIP PROPULSION 

8WR 

• 

POWER MWE(MWT) STUDY~ NO RECENT' I NrORMAT I ON 

CRtTICAL 

COOLANT 

MODERATOR 

REMARKS 

REF'ERENCES 

STUDY 

LIGHT WATER 

LIGHT WATER 

DEUTSCHE WERF'T ~G HAS ANNOUNCED PLANS TO BUILD A 
F"REIGHTER OF' AT LEAST 45,000 TONS 'TO BE POWERED BY 
A 8WR~ S~UDY A~D DEVELOPMENT ,OF THE PLANS WAS 
DONE IN COOPERAtiON WITH AEG~ 

ENERGIE NUCLEAI~E; JULY-AUGUST 1962, P~ 296 
NEWS RELEASE. 

8F'12 
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BOILING LIGHT WATER REACTORS~ F'OREIGN 
... .. ... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

... 

POWER MWE(MWT) 

CR!TICAL 

COOLANT 

MODERATOR 

F'UEL MATERIAL 

~UEL GEOMETRY 

FUEL CLADDING 

rUEL ENRICH, 

FUEL ASSEMBLY 

FUEL CHARGE 

... ... ... • • ... 

LINGEN 8WR/KERNKRAF'TWERK LtNGEN GMBH 
VEW STATION 

AEG, W, GERMANY 

KERNKRAF'TwERK-LINGEN, W. GERMANY 

• .- ... 

DORTMUND-EMS CANAL~ NORTH OF" MUENSTEN, WESTPHALIA 

POWER 

BWR INDIRECT CYCLE, OIL-FIRED SUPERHEAT. 

240 514 

MAY 1968 
COMMERCIAL OPERATION OCT: 1968 

LIGHT WATER 

LIGHT WATER 

URANIUM DIOXIDE PELLETS 

RODS 

ZIRCALOy·2 TUBES, 14,3 MM 00, 

AVE. 2.2 PER CENT U·235 

36-ROD CLUSTER, SQUARE ZIRCALOY CASING 
284 ASSEMB~lBS/CORE 

32,2 TONS URANIUM 

BURNUP(REF"UE~) AVE; 1ST CORE 16,500 MWD/iU 

CONTROL CRUCIF'ORM RODS, BORON CARBIDE IN 5S 

REACTOR VESSEL STEEL CYLINDER 13~5 M HIGH/3,6 MID. 

CONTAINMENT 

REMARKS 

WALL 90 MM THICK, SS CLAD 6 MM iHICK, 
FORGED RING STRUCTURE 

STEEL VESSEL 

A JOINT PROJECT FOR A 240 MWE PLANT USING THE 
AEG-SUPPLIED 160 MWE BWR REACTOR WITH A 90 MWE 
OIL~F"IRED SUPERHEATER~ 
COOLING WATER WlTHDRAWN FROM 
CANAL AND RETURNED TO RIVER 

BF'13 

... 
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BOllING LIGHT WATER REACTORS. rOREIGN .. .. .. 

REf."ERENCES 

.. .. .. .. .. .. .. 
AT JUNCTION WITH THE CANAL. 

THE LINGEN NUCLEAR POWER STATION 
o DEUBLEIN 
ATOMWIRTSCHAFT 10~ 16a.9 IAPRIL 19651 

LINGEN A SURVEY O~ THE KWL PLANT~ 
o DEUBLEIN 
NUCLEAR ENG. 13; 929-45 INOV. 19681 

.. 
BNWL"Q36 

sF'13 
". 

8F'13 
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BOlLING LIG~T WATER REACTORS~ ~OREIGN 
• • • • • '* • '* • '* '* •• • • .' . .' 
NAME/OWNER CANDU·B~W ICANDG-SOILING LIGHT' WATERI/AECL 

GENTILLY NUCLEAR STAT!ON 

DESIGNER AEeL, HYDRO~QUE8EC, CANADA 

LOCATION POINTE-AUX-ROCHES, NEAR GENTIL~Y AND BECANCOUR, 
QUEBEC, CANADA 

ST. LAWRENCE RIVER 

PURPOSE POWER PROTOTypE 

TYPE BWR, HEAVY WATER MODERATED, DIRECT CYCLE, VERTICAL 
PRESSURE TUBE ICALANDRIA/~ 

POWER MWE(MWT) 500 803 
PROTOTYPE 250 MWE 

CRITICAL PROTOTYPE CONSTRUCTION 

COOLANT 

MODERATOR 

FUEL MATERIAL 

FuEL GEOMETRY 

F'uEL CLADDING 

FUEL ENRICH, 

FUEL ASSEMBLY 

FUEL CHARGE 

TARGET 1973 

LIGHT WATER 

HEAVY WATER, ~EAVY WATER REFLECTOR. 

URANIUM DIOXIDE PELLETS 

ROD 0.78 IN. DlAM, 19.5 IN. LONG 
SEE REMARKS 

ZIRCALOy-4, 0.023 IN: WALL iHICKNESS 

NATURAL 

18~ELEMENT BUNDLEs 
10 BUNDLES/CHANNEL, STACKED 
308 CHANNELS 

101;9 TON URANIuM 

SPECIFlC POWER 24 WIG URANIUM 

BURNUPCREFUEL) ON-LOAD, WEEKLY 

CONTROL HORIZONTAL BOOSTER RODS or ENRIC~ED URANIUM 
ZIRCALOY TUBES WITH HELIUH~3 AS ABSORBER ELEMENTS 
SOLUBLE POISON ADDITION OR REMOVAL ~ROM MODERATOR 

COOLANT TEMP. 520 ~ 

COOLANT PRESS. OUTLET 980 PS!A 



JANUARY 1969 

BOILING LIGHT WATER REACTORS~ ~OREIGN 

BNWL';'936 

8F14 
'*' .. 'II! 'II! 'II! .. '*' '*' .. .. .. .. 

REACTOR VESSEL SS VERTICAL CVCLINDER 30 F'T; DIA.I 23.F'T~ HIGH: 

CONTAINMENT 

REMARKS 

REFERENCES 

CALANDRIA TUBES ZrRCALOV.2, AND PRESSURE TUBES A 
ZIRCONIUM·NIOBIUM ALLOV. 

REINFORCED CONCRETE SHELL 100 F'T~ DIA~, 182 ~T: 
HIGH, HOUSING REACTOR VESSEL, VAULT, OTHER 
EQUIPMENT~ 

A PUEL CONFIGURATION DESIGNATED TUBE-IN-SHELL WAS 
CONSIDERED. CON~ISTtNG OF A MASSIVE ELEMENT 
PENETRATED BY COOLANT TUBES; COOLANT WOULD FLOW 
THROUGH THE TUBES AND ALSO THROUGH ANNULUS BETWEEN 
THE ELEMENT AND THE PRESSURE TUBE~ CLADDING WOULD 
BE A SHELL STRUCTURE. 
JAPAN PLANS DEVELOPMENT OF' AN ADVANCED CONVERTER 
BASED ON CANDU-BLW, WrTH PROTOTVPE CONSTRUCT10N 
IN 1969, 

QUEBEC WILL GETCANDU-BLW REACTOR. 
CANADIAN CHEM. pROCESSING 49, 5'.62 IMAV 19651 

SECOND-GENERATION CANDU 
NUCLEAR ENG. 10; 301-2 IAUG. 19651 

NuCLEAR CANADA JUNE 1966 PI 3.4 
NEWS RELEASE 



JANUARY 1969 

BOILING LIGHT WATER REACTORS~ FOREIGN 
... • * 

NAME/OWNER 

DESIGNER 

OPERATOR 

TYPE 

• ... 'It .. .. • ... • .. • 

JAPCO TSURUGA STAT10N/JAPAN ATOMIC POWER CO. 

GENERAL ELECTRIC COMPANY 

JAPAN ATOMIC POWER CO, IJAPCOI 

TSURUGA, JAPAN. ON SEA OF' JAPAN. 

BWR, F'ORCED CIRCULATION, HIG~ POW6R DENSITY 

. ... 

POWER MWE(MWT) 310 

CRITICAL. CONSTRUCTION 1966~ TARGET 1970 

~IGHi WATER 

\..!(if.;T IfiATER 

RESEARCH AND DEvELOPMENT, MODIfICATION O~ THE GE 
.,JP:;R-1 REACTOR. 

~ESEARCH AND DEVELOPMENT O~ JPDR.2 
~ ~ORCED CIRCU~ATIONI HIGH POWER DENSITY SOILING 
"ATER REACiOR, 
,,; ~-1!!DA, K MOCHIZUKI 
~IPPON GENSHVIYOKU GAKKAISH! 6, 350-' IJUNE 196 4/ 

\UCLEONICS WEEK OCT: 7, 1965 p, 2 
:\E:~S RELEASE 

BF'15 
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BOllING LIGHT WATER REACTORS~ ~OREIGN BF'16 .. .. .. .. .. .. .. .. .. .. ,., ,., .. .. ,., 

NAME/OWNER 

DESIGNER 

OPERATOR 

~UKUS~IMA NUClE~R STAtlON/TOKVOElECTRIC POWER CO, 

GENERAL ELECTRIC COMPANY 

lOCATION 

TYPE 

TOKYO ELECTRIC pOWER CO., JAPAN 

FUKUS~IMA, NORTHERN HONSHU, JAPAN 

BWR, TWO"REACTOR STATION 

POWER MWECMWT) NO.1, 440 
NO, 2~ 760 

CRITICAL 

COOLANT 

MODERATOR 

FUEL ENRICH. 

RE~1ARKS 

REr:'ERENCES 

NO.1, 1970 
NO, 2~ 1973 

lIGHT WATER 

LIGHT WATER 

lOW 

CONTRACT FOR NO: 2 STATION IN JAN. 1968 

NEWS RELEASES 



JANUARY :,969 

,', ..... : .,.. 
:.....,:.u~t WATER REACTORS. rOREIGN 

* * ... .. • .. ... ... .. ... .. 

SANTA ~AR!A DE GARONA STATION/NUCLENOR, SPAIN 

JPERATCR C~NTRA~ES NUCLEARES DEL NORTE SA INUC~ENORI SPAIN 

;:lOWER ~'\oJc (M;.;T) 

'1CJERATQR 

SANTA MARIA DE GARONA, SPAIN 
i,EAR au;:;:scs 

1481 

TARGt:T 1970. 
CONSTRUCTIoN PERMIT GRANTED 

LIGHT wATER 

L!GHT WATER 

REACTC~ ~~SSEL CY~IN~ER CCM?OSED Of PORGEC STEEL RINGS, 
,:5 M, 00. 
~AL~ THICKNESS 12Q-150 ~~I 

\i::WS RC:LEASi:":S. 

8F17 



BO!L!NG ~;GHT WATER REACTORS. rOREIGN 
... '* * 

OPERATOR 

... ... * ... ... ... ... 

MuEHL8ERG STATION/BKW~ swtTZERLAND 

8ERNISCHE KRA~TWERK, SW!TZERLA~D 
IBERNESE POWER COMPANY I 

... 

MU~HLBERG, AAR RIvER, BERNE, S~rTZERLAND 

BWR 

... ... 

POWER M~E(M~T) 30G 

COOLANT 

MGDERATOR 

REFERENCeS 

CONSTRUCTION, TARGET 1971 

LIGHT wATER 

L!G"":T WATER 

MU~~LE3ERG NUCLEAR POWER S~AT10N OF T~E aERNESE 
POWER COMPA'~y 

wP ~UER 
8ROWN BOVER! REv. 54, 51w68 IFEa-MAR. 19671 

... 



JANUARY 1969 

BOlltNG lIG~T WATER REACTORS. rOREIGN 
* * * 

NAME/OWNER 

DESIGNER 

PURPOSE 

POWER MWE (MWT) 

CRITICAL 

COOLANT 

MODERATOR 

* ... * * • '* ... 

TWISTED TAPE BWR/W~ GERMANY, rRANCE 
VORTEX FLOW BWR 

AEG IW~ GERMANYI AND SNECMA IrRANCEI 

POWER 

8WR. ~tG~ POWER DENSiTY 

600 

rEAS18tLITY STUDY 

LIGIH WATER 

I.tG~T WATER 

rUEL MATER!A~ URANIUM DIOXIDE PELLETS 12;5 MM: DrAM. 

FUEL GEOM~TRY ROD 14.4 MM. 00. ACTiVE ~ENGTH 3.66 M) 

ruEL ClADDING ZIRCAI.Oy-2 O~9 MM. THICK 

ruEL ENR!CH. SLIGHT 

FuEL ASSEMB~Y 49 w ROD BUNDLE. 7X7. SQUARE ZIRCALOy-2 80X~ 
592 ASSENBLtGS/CORE 
METAL BANDs of ZIRCA~Ov·2, 0.2 MM. T~ICK, 
ARE TWISTED BETWEEN THE ~UEL RODS TO ROTATE 
THE STEAM-WATER F'LOW ALONG 'THE ASSEMBL Y ~ 

FUEL CHARGE 117,250 KG, URANIUM 

B~RNUP(REFUEL) 22,500 MWD/TU BATCH. 20 PER OENT 

CONTROL RoDs 

REACTOR VESSEL STEEL CYLINDER 

REMARKS 

REFERENCtS 

A PROTOTYPE TWIsTED TAPE ASSEMBLY ~AS BEEN TESTED 
IN THE KAHL-VAK 8WR: 

TWISTED TAPE BOILING WATER REACTOR~ 
FINAL REPORT JULY 1965·SEPT~ 1966 
AEG, SNECMA 
EUR.3651 /SEPT: 15, 19671 

BOILING WATER REACTOR WITH TWISTED TAPES BETWEEN 
TI4E j;'UEL RODS • 
..; VOlL-RADT 

BF'19 

... 



JANUARY 1969 

BOIL!NG LIG~T WATER ReACTORS. pORErGN 
* '* * .. * .. .. • • ... ... .. 

ATOMWIRT. ATOMT6CH. 12, 595-601 IDEC. 1967/ 
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BOILING LIGHT WATER REACTORS~ rOREIGN BF"20 

* .. .. .. * .. .. • .' * .' .. * .' 
NAME/OWNER ,CHOGOKU ELECTRIC STATiON/CHOGOKU ELECTRtC POwER CO 

DESIGNER HITACHI LTD IJAPANI 

OPERATOR CHOGOKU ELECTRIC POWER COMPANY IJAPANI 

LOCAT10N SHIMANE PENINSULA; ~EAR HIROSHIMA, JAPAN 

PURPOSE 'POWER 

TVPE BWR 

POWER MWE(MWT) 500 

CRITICAL CONSTRUCTION TARGET 1971' 
OPERATION 1975 

COOLANT LIGHT WATER 

MODERATOR LIGHT WATER 

RE~ERENCES NEWS RELEASES 



aC!Ltf\G L! GHT WATER REACTORS. POREIGN BF21 
* .. '* * .. .. .. .. * • 11 

NAME/OWNER wU~RGASSEN STATioN/PREAG, W.GERMANY 

AEG /W.GERMANYI 

OPeRATOR PR=USSEN ELEKTRA AG IPREAG/, W.GERMANV 

~E~R HOXTRA, UPpER WESER R!VER, W,GERMANV 

8WR, DIRECT CYCLE, FORCED CIRCULATION 

6:2 1912 

CRITICAL TARGET 1972 

Co:n.AI\ 'i LIGi-<T WATER 

M02ERA'!'OR i..!G~T wATER 

VWEL ~ATERr~L URANIUM DIOXIDE 

2.6 PER CENT U-235 

FwEL ASSE~BLY 49~?lN 8UND~E 
444·ELE~ENT CORE 

~~EL CHARGE 86 TONS URANIUM DIOxIDE 

REACTOR VESS~~ CYLINDRICAL PREsSURE VESSEL 

SPH=R:CAL CO~TAINMENT~ 
VAPOR-SUPPRESSION DESIGN. 
CONTAINMENT BUILDING DOUBLE-WALL, PRESSURE AND 
GAS T!GHT. 

STAJE AND WURGASSEN~ 
NUCLE:AR ENG. 12, 756 .. 7 IOCT! 1967/ 

BF21 



JANUARY 1969 

BOlL!NG ~:G~T WATER REACTORS. rOREIGN 
... • ... ... ... ... ... ... ... 

NAME/OWNER RHINGALS 8WR/5WEDISH STATE POWER BOARD 

LOCATION 

PURPOSE~ 

TyPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

fUEL MATER!AI.. 

F"UEL GEOMETRY 

F"uEL CLA~D!NG 

F'uEL ASSE:I'<ISI.. Y 

RH!NGALS, SWEDEN 

POWER 

BWR 

750 2270 

TARGET 1973 

LIGHT WATER 

LIGHT WATER 

URANIUM DIOXIDE 

ROD, 12.25 MM AND 11.75 MM 00 

64-ROD BUNDLE, aX8, ZIRCALOY BOX 
648 ASSEMBLIES/CORE 

l3Q TONS URANIUM DIOXIDE 

8URNUP(RE~UEL) rIRST CORE AVE, 18~600 MWD/TU 
EQUILIBRIUM CORE 26;800 MWC/MTU 

CONTROL RODSI 8CRO~ CARBIDE 

REACTOR VESS[~ STEE~ CYLI~DER 5,95 M 1D/21,0 M ~IGH 
WA~~ 145 MM THIC~~ 55 LINER 5 MM THICK 

... • • 

20 pER CENT 
ANNUAi..LY 

CONTAINMEf\! CO\CRETE AND STEEL CONTAIN~ENT STRUCTURE 
PRESSURE SGP?R~SSION 

REMARI'<S CONT~ACT A~ARD JULY 1968 

RHI'\SAL.S 
~UCLcAR ENG. 13; 838-9 lOCi! 19681 

9f22 





CAVITY (GAS CORE) REACTORS 

DOMESTIC 

• 



CD01 

JANUARY 1969 

CAVITY (GAS CORE) REACTORS. DOMESTIC 0001: 
*' *' *' *' ... ." ... • ." *' ." .' ." • *" 

NAME/OWNER GASEOUS FUEL REACTOR STUDY/BURNS AND ROE 

DESIGNER BURNS AND ROE INC~ 

PURPOSE SPACE PROPULSION 

TYPE GASEOUS FUEL 

POWER MWE(MWT) 30 

CRITICAL STUDY 

COOLANT HELIUM 

MODERATOR GRAPHITE REFLECTOR 

rUEL MATERIAL URANIUM HEXAFLUCRIDE, GASEOUS rUEL WITH BROMINE 
TRIFLUORIDE ADDED~ 

REMARKS A GASEOUS CORE REACTOR USING URANIUM ~EXArLUORIDE 
AS FUEL AND HELIUM AS AN INTERNAL COOLANT 
PROPOSED FOR SPACE PROPULSION UNIT~ CORE 
CHANNELS ARE OF A~UMINUM DOUBLE "TUBE WALL; 
URANIUM HEXAFLUQRIDE IS INSIDE THE ALUMINUM TUBES, 
HEL.IUM IS IN THE ANNULUS. COOLANT TL.OW IS BY 
NATURAL. CIRCULAT10N~ THERE IS A GRAPHITE 
REF'LECTOR~ 

REFERENCES GASEOUS·FUEL REACTOR. 
S BARON 
NUCLEONICS 16~ 128, 130.33 IAUGUST 19581 
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JANUARY 1969 

CAVrTY (GAS CORE) REACTORS~ DOMESTyC 

BNWL;Q36 

C002' 

'* '* '* '* '* .. '* '* 

NAME/OWNER GASEOUS CORE REACTOR STUDY/GE 

DESIGNER GENERAL ELECTRIC COMPANY 
~LIGHT PROPULSION LAB~ 

RURPOSESPACE PROPULSION 

TYPE GASEOUS /PLASMAI ~UEL 

CRITICAL STUDY 

MODERATOR PROPELLANT 

~UEL MATERIAL ~ISSIONABlE MATERiAL IN A PLASMA STAiE 

REMARKS ~EASIBILITY STUDY Or A CAVITY REACTOR. -T~E 
FISSIONABLE MATER1AL EXISTS IN THE GASEOUS 
/PLASMAI STATE. THE MOOERAT1NG PROPELLANT 

.. 

Is HEATED BY rIsSIONABlE rUEL AND FLOWS OUT AN 
EXHAUST NOZZLE TOPRODUCETHRUST~ F'UEL AND 
PROPELLANT ARE sEPARATED BY HVDRODYNAMIC METHODS, 

REFERENCES A GASEOUS-CORE NUCLEAR ROCKET UTILIZING 
HYDRODYNAMIC RETENTION OF FISSIONABLE MATERIAL. 
J GREy , 
PRESENTED AT THE ARS SEMI-ANNUAL MEETING, 
JUNE a-11, 1959; SAN DIEGO, CALfrORNIA, /19591 

CAVITY REACTOR CRrTICALE)(PERIMENT 
JH LOFTHOUSE, OTHERS 
GEMP.473 

ANS TRANS. 9, 340 11966/ 

.-



JANUARY 1969 

CAVITY (GAS CORE) REACTORS. DOMESTIC CD03 
* • * • • * * * • • • • • • • 

NAME/OWNER GASEOUS CORE REACTOR STUDV/LASL 

DESIGNeR LOS ALAMOS SCIENilrlC LABORATORy 

PURPOSE DIRECT ELECTRIC POWER, ~EAS181LrTY STUDY 

TYPE GASEOUS /PLASMAI rUEL 

MODERATOR GRAPMITE IHEAVY WATER BLANKETI 

rUEL MAT~RIAL FISSIONABLE GAS, URANIUM-235 OR PLUTONIUM-239 

REMARKS THE REACTOR IS A GRAPHITE CYLINDER rILLED W!TH A 
rrSSIONABLE GAS IrISSION-PLASMA REACTOR/~ ENERGy 
RELEASED IN THE rISSlON PULSE INDUCES A CURRENT IN 
A COIL WRAPPED AROUND THE GRAPHfTE CYL1NDER. THE 
hEAVY WATER BLANKET SURROUNDS THE GRAPHITE~ 

REFERENCES PLASMA REACTOR pROMISES DIRECT" ELECTRIC POWER. 
s~ A. COLGATE, RL AAMODT 
NUCLEONICS 15. 50·55 IAUGUST 19571 

C003 
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CAV(TY (GAS CORE) REACTORS. DOMESTIC CD04 
• • • * • • • • • • • • • • • * • 

NAME/OWNER GASEOUS CORE REACTOR STUDY-2/LEWIS RESEARCH CENTER 
WHEEL. FLOW GASEOUS CORE REACTOR 

DESIGNER NASA LEWIS RESEARCH CENTER 

PURPOSE ROCKET PROPULSIoN CONCEPTUAL STUDY 

TyPE GASEOUS FUEL, CoAXIAL FLOW 

MODERATOR GRAPHITE OR HEAVY WATER 

FUEL MATERIAL r!SSIONA8LE GAS~ URANIUM-235 OR PLUTONIUM-239 

REMARKS GASEOUS FUEL IS IN A CAVITY REGION SURROUNDED BV A 
REFLECTOR~MODERATOR REGION t CYLINDRICAL 
GEOMETRV WAS STUDIED AS BEING MORE APPLICABLE THAN 
SPHERICAL FOR ROCKET USE. FUEL REGION IS 
CENTRALLY LOCATED IN CAVITY REGION, EXTENDING 
ENTIRE LENGTH OF THE CAVITY~ FUEL IS CONTAINED BV 
rLOW THROUGH VORTEX TUBES; BV MEANS or SEPARATE 
COAXIAL STREAMS IN WHICH PUEL ~LOW IS AT LOW 
VELOCITY RELATIVE TO THE PROPELLANT. AND BY USE OF 
MAGNETIC rORCES TO CONFINE THE rUE~ TO A 
PARTICULAR REGION~ STUDY IS OV A CAviTY REACTOR 
WITH ~UEL AND CAVITY REGIONS COMPLETE~V ENCLOSED 
BY A RE~LECTOR·MODERATOR 100 CM~ THICK, 

RE~ERENCES TWO·DIMENSIONA~ CRITICALITY CALCULATIONS or 
GASEOUS-CORE CyLINDRICAL-CAVITV REACTORS, 
RE HYLAND, OiHERS ILEWIS RESEARCH CENTERI 
~ASA.TN·D~1575 IMARCH 1963/ 

WH~EL·rLOW GASEoUS CORE REACTOR CONCEPT. 
JC EVVARD 
~ASA.TN·D·295i INOV: 19651 

CDQ4 
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CAVITY (GAS CORE) REACTORS. DOMESTIC 

BNWL;Q36 

C005 

CDQ5 

• • • • • • • . .' .' .' .' . .' 
NAME/OWNER NUCLEAR LIGHT 8ULB/UAC, NASA 

DESIGNER UNITED TECHNOLOGY CENTER 
DIVISION UNITED AIRCRA~T CORP. 

PURPOSE ROCKET PROPULSION 

TYPE GASEOUS rUEL, VORTEX rLOW, VERY ~tG~ TEMPERATURE 

CRIT!CAL STUDY 

COOLANT NEON GAS 

rUEL MATERIAL VAPORIZED URANIUM 
PLUTONIUM ~UEL ALSO STUDISD 

rUEL GEOMETRY TRANSPARENT UNIT 18~LBI Or ~USEDSILlCA OR 
5INGLE~CRYSTAL 8ERYLLiATO CONTAIN THE ~UEL VAPOR. 

rUEL ASSEMBLY A COMPLETE ENGI~E CONSISTS Ot 7 UNlT CAVITIEs, 
STRUCTURAL GRID. MODERATOR REGIONSJ rUEL 
INJECnON DEVICES ETC: WITHIN 'PRESSURE SHELL: 
VOLUME O~ A UNIT CAVITY IS a4~2 CU~ rT~ 
NEON COOLANT GAS is INJECTED TANGENT' TO 'THE 
TRANSPARENT WALL TO DR I VE 'T~E VORTEX ~ 

CONTAINMENT VESSEL IS rILAMEN+~WOUND GLASS PRESSURE-SHELL;, 
rOUR CONrIGURATiONS WERE STUDtED 

REMARKS BOTH THE NUCLEAR LIGHT BULB ,ENGINE AND AN OPEN~' 
CYCLE ENGINE ARE BEiNG STUDIED. IN THE OPEN-ENG1NE 
SYSTEM, SEEDED ~YDRoGEN PROPELLANT f5 INJeCTED AT 
THE PERIPHERAL wALL Or THE CAVITY TO DRIVE THE 
VORTEX, HEAT BEING TRAN$rERRED TO THE CAVITY 
PROPELLANT By R~DIATION. 

RErERENCES STUDIES Or SPECIFIC N~CLEAR LIGHT BULB AND OpEN-' 
CYCLE VQRTEX STABILiZED GASEOUS NUCLEAR ROCKET 
ENGINES~ 
GH MCLAFrERTY, oTHERS 
NASA-CR-l030 IAPRIL 19681 

OpEN-CYCLE AND ~lGHT·BULBTYP6S O~ VORTEX-' 
STABILIZED GASEoUS NUCLEAR ROCKETS. 
JW CLARK, OTHERS J: SPACECRArT • ROCKETS 5/8/, 941·~ IAUG~ 1968/ 



JANUARY 1969 

CAVITY (GAS CORE) REACTORS. DOMESTIC 

8NWL;936 

CD06 
• • • • • .. '* • .' . .' .' .' . .' . 
NAME/OWNER 

DESIGNER 

PURPOSE 

GASEOUS CORE REACTOR POWER ST~TI0N STUDY/PURDUE 

'PURDUE UNIVERSITV 

CENTRAL STATION POWER 

TYPE GASEOUS /CAVITVI OORE; F'ORCED ;CtF~OULAT10N OF' F'UEL 

POWER MWECMWT) 1000 2800 

CR!T!CAL DESiGN 

COOLANT GASEOUS rUEL MIxTURE 
SECONDARV SYSTEM, WATER 

MODERATOR EXTERNAL HEAVV WATER REF'LECTOR 

F'UEL MATERIAL CORE, URANIUM HEXA~LUORIDE IN ~LUORINE.HELIUM MIX~ 
6LANKET~ THORIUM DIOXtDE·~EAVY WATER SOLUTlON 

FUEL GEOMETRY GAS 

FUEL ENRICH. 100 PER CENT 

~UEL ASSEMBLY CORE IS A SPHERtCAL CAVITY 243 CM~ RACIUS~ 
GASEOUS FUEL CIRCULATSSTHROUGH CORE AND 
PRIMARV COOLANT LOOPS BY BLOWERS 

NEUTRON fLUX 

COOLANT TEMP. 

COOLANT PRESS. 

REF'LECTOR IS SEpARATED F'ROM CORE CAVITY BY THE 
PRESSURE VESSEL~ AND F'ROM 'TIolE ,EXTERNAL BLANKET 
BY AN ALUMINUM SPHERICAL STRUCTURE. 

BLANKET ENCLOSED BV OUTER ALUMINUM STRUCTURE; 

EPITHERMAL SPECTRUM 

CORE 1040 F 
BLANKET 250 F 

CORE 860 PSIA 
BLANKET 30 PSIA 

REACTOR VESSEL THICK ALUMINUM HO~LOW SPHERE 14 0 F'T~ 01A" 1 IN. 
THICK. 
INNER BONDED ALUMINA LINiNG~ 
REFLECTOR AND 8~ANKET ARE 'SPHBRICAL ALUMINUM 
STRUCTURES 

CONTAINMENT STEEL SPHERE 
BIOLOGICAL AND BLAST SHIELDS,CONCRETE, IRON: 

REMARKS PLANT INCLUDES ON;SITE ~UEL PROCESSING F'ACILITIES. 

CD06 



JANUARY 1~6Y 

CAVITY (GAS 
* * 

COR~) R~ACTORSt DOMESTIC 
* * • • * • • • • • • • 

MODIFIED FLUORInE VOLATILITY PROCESS ~OR CORE 
MAT~RIAL A~D CONVENTIONAL T~OREX PROCESS rOR 
bLANKET MATERIAL 

CD06 
• • 

0ES!GN AND ~VALuATION OF A 1000 MWE CENTRAL 
STATION POhER PLANT WITH A CIRCULATING FUEL 
GASEOUS CORE ~~ACTOR, A STUDy CARRIED OUT AS PART 
or THE ~lRST JRADUATE NUCLEAR ENGINEERING DEISGN 
SE~!~ARf JG~E 15-AUG, 7, 1964 
~G ARCELLA, OThERS 
T!~-2222~ INJ! 

CS06 
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CAVlTY (GAS CORE) REACTORS. DOMESTIC coo, 
... 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

CRITICAL 

COOLANT 

MODERATOR 

'* ... 

GLOW PLUG REACTOR 

DOUGLAS AIRCRA~T CO~ 

SPACE PROPULSION 

GASEOUS CORE REACTOR 

... .. ... 

PRELIMINARY DESIGN STUDY 

COOLANT-PROPELLANT GAS IS HYDROGEN 

SEE REMARKS 

rUEL MATERIAL URANIUM HEXAFLUORIDE IGASEOUSI 

.. ... 

FUEL ASSEMBLY CORE CONSISTS O~ INDIVIDUAL CONCENTRIC TUBES, 

... ... 

WITH GASEOUS FUEL I N THE I NS I DE 'TUSES AND THE 
COOLANT-PROPELLANT' FLOWING THROUGH THE TUBE 
ANNULI. TUBE WALL MATERIAL STUDIED WERE SAPPHIRE, 
FUSED SILICA, AND MAGNESIA OPT1CAL CRYSTALS. FUSED 
SILICA WAS SELECTED FOR THE T~ERMAL STUDY; 

REMARKS PARALLE~, CROSS-fLOW. AND COMBINAT10NS WERE 
STUDIED. 
TUBES ARE COOLED REGENERAT1VELY BY THE ENTERING 
COOLANT-PROPELLANT GAS, WHICH THEN PASSES THROUGH 
THE SURROUNDI~G MODERATOR-REFLECTOR, IS SEEDED. 
AND IS DIRECTED PAST THE OUTSlDE TUBES WHERE IT' 
IS HEATED BY THERMA~ RADIATION FROM THE VUEL TO 
THE REQUIRED DIsCHARGE TEMPERATURE, 

RE~ERENCES CONCEPTUAL DESIGN Or THE GLOW PLUG GASEOUS CORE 
REACTOR 
F'A ROSS. R..J HAi..L 
NP-15906 /NOV~ 15~ 1963/ 

coo, 



JANUARY 1969 

CAVITY (GAS CORE) REACTORS. DOMESTIC 
• * * • • • • * • • • • 

NAME/OWNER GAS~CORE NUCLEAR ROCKET/AEROJET-GENERAL 

DESIGNER AEROJET~GENERAL 

PURPOSE ROCKET ~ROPULSI0N 

TYPE GASEOUS CORE REACTOR 

POWER MWECMWT) 14;400 MWT 

CRtTICAL RErERENCE DESIGN 

COOLANT COOLANT-PROPELLANT HYDROGEN GAS 

MODERATOR BERYLLIUM OXIOE REFLECTOR 

ruEL MATERIAL URANIUM-233 DUST 

FuEL CHARGE 24.1 KG~ URANIUM-233 

BNWL~936 

CDQ8 
• • 

REACTOR VESSEL SPHERICAL VEsSEL or TITANIUM ALLOY WITH RADIAL 
SPACING CARRYING HYDROGEN VOR COOLING 

REMARKS 

RErERENCES 

TOTAL THRUST 405,000 LB. 

GAS·CORE NUCLEAR ROCKET ENGINE 
EE DUKE, WJ HOUGHTON 
J SPACECRAFT ROCKETS 4, 1592.7 IDEe 1967 1 

coDa 
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CAVITY (GAS CORE) REACTORS 

FOREIGN 
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JANlJARY 1969 

cAVTry (GAS CORE) REACTORS. ~OREIGN CF'01: 
• '* .. .. .. .. .. • 'III..'. 'III' 'III' 'III' 'III' • 

NAME/OWNER GASEOUS CORE REACTOR EXPERIMENT~USSR 

DESIGNER USSR 

OPERATOR USSR 

PURPOSE 'EXPERtMEN~~ SPA~E PROPULStON 

TyPE GASEOUS ~UEL 

CRtTICAL GROUND-BASED EXpERIMENT OPERATED 

MODERATOR BERYLLIUM /GRAP~ITE REFLECTOR/ 

FUEL MATERIAL URANIUM HEXAFLUORIDE, GASEOUS 

~UEL CLADDING FUEL CHA~NELS A~E ALUMINUM 

rUEL ENRICH. 90 PER CENT URANIUM~235 

REMARKS GROUND~BASED EXpERIMENT IS REPORTED 'TO BE IN 
OPERAT'ION~ 

REF'ERENCES EXPERIMENTAL RE~CTO~ WITH GASEOUS F'tSSIONABLE 
SUBSTANCE /URANiuM HEXAF'LUORIDE/: 
lK KIKOIN~ OTHERS 
SECOND U. N. I NfL: . CONF, ON 'T~E pEAOEFUL' USES OF' 
ATOMIC ENERGY 9 /PART2/. 528.34 /19581 

SOVIET EXPERIMENTAL URANIUMH8XA~LUORIOE REACTOR. 
REVIEW OF SOVIET LI+ERATURE~ AID WORK ASSIGNMENT 
NO. 16~ 
LIBRARY Or CONGRESS: AEROSPAOE INF'~ DIV.~ 
WASHINGTON D. C~ 
NP-12239 /OCTOBER 1a. 1962/ 





GAS COOLED REACTORS 

DOMESTIC 



JANUARY 1969 

GAS COOLED REACTORS~ DOMESTIC 

8NWL~936 

0001 
• •• • 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT10N 

PURPOSE 

TYPE 

• 

POWER MWECMWT) 

CRtTICAL 

• ... • . ... 
• 1t .' ... 

GCRE-1 IGAS COOLED REACTOR eXPERIMENT-11IAEC 

AEROJET~GENERAL NUCLEONtCS 

AEROJET-GENERAL NUCLEONICS 

NATIONA~ REACTOR TEST STAT10N INRTSI fDA~O 

'POWER EXPERIMEN~~ MOBiLE ~LANt ISEE M~~ll 

GCR 

a 2 

.' . 

CRITICAL EXPERIME~T OPERATION 1960; D1SCONTINuED 
1962 

OOOLANT NrTROGEN 

MODERATOR LIG~T WATER 

rUEL MATERIAL URANIUM DIOXIDE DISpERSED IN SS ICERMETrUELI 

rUEL GEOMETRY CONCENTRIC CYLINDERS QR PLATES 
ALTERNATE PINS 

~UEL CLADDING 5S 

~UEL ASSEMBLY 'ruBE PLATES 

REMARKS 

REF"ERENC6S 

ALTERNATE 19-PIN CLUSTERS 

A SOLID-MODERATED EXPERIMENT MAY BE CONSTRUCTED. 
A SECOND rUEL ELEMENT DESIGN CONSISTED or ~IG~LY 
ENRIC~ED URANIUM DIOXIDE PE~LETS OONTAINED IN A 
LONG TUBLAR CAN IPIN/~ A 19-PIN HEXAGONAL CLUSTER 
fORMING AN ELEM~NT~ THE USE Of URANYL NITRATE 
INSTEAD Or URANIUM DIOXIDE IN THE CERMET MATRIX 
WAS ALSO STUDIED, 

ARMY GAS COOLED REACTOR SYSTEMS PRoGRAM. 
GCRE~l ~AZARDS SUMMARY REPORT~ ADDENDUM tIl. 
AEROJET-GENERAL NUCLEONICS 
DO-28506 IADD~ 31 IMAY 19601 

ARMY GAS COOLED REACTOR SYSTEMS PROGR4M. 
~INAL SUMMARY REPORT or'THE GAS COOLED REACTOR 
EXPERIMENT ·1~ 
AEROJET-GENERAL NUCLEONICS 
IDO~28598 IOCT, 1963/~ 

D001 
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GAS COOLED REACTORS. DOMESTIC 0002 
* • * * • • • • * • • • 

NAME/OWNER GCRE-2 IGAS COOLED REACTOR EX~ERIMENT·e/IAEC 

DESrGNER AEROJET.GENERAL NUCLEONICS 

PURPOSE PROPOSED AS BAC~-UP EXPERIMENT' ~OR GCRE-l 

TYPE GeR, SOLID HOMOGENEOUS CORE 

CRITICAL REFERENCE DESIGN, DEVELOPMENT~ 

COOLANT NITROGEN 

MODERATOR GRAPHITE 

ruEL MATER!AL URANIUM CARBIDE OR URANIUM DIOXIDE DISPERSED IN 
GRAPHITE 

FUEL GEOMeTRY HEXAGONAL GRAPHITE ELEMENT 

FUEL CLADDING SILICON CARBIDE COAT1NG, NICKEL-SASE ALLOY CAN 

rwEL ASSEMBLY HEXAGONAL FUELED GRAPHITE ELEMENT CONTAINING 
19 COOLANT TUBEs 

REMARKS A SOLID-MODERATED EXPERIMENT MAY BE CONSTRUCTED. 

RErERENCES CONCEPTUAL DESIGN AND FEASI81~lTV STUDY rOR THE 
GAS COOLED REACTOR EXPERIMENT-II; 
GA LINDENBERGER 
100-25530 IREV.I 11959/ 

• 

OD02 
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GAS COOLED REACTORS, DOMESTIC 

8NWL~'f36 

DD03 
• • 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

* 

POWER MWE(MWT} 

... * * ... ... ... ... ... 

ML-l /MOBILE LOW·POWER·11IAEC~ARMY 

AEROJETwGENERAL NUCLEONICS 

US ARMY 

... ... 

NATIONAL REACTOR rEST STATION /NRTSI IDA~O 
DEVELOPMENT AT ~T: BELV01R, VA~ 

PROTOTYPE ~OR FIELD POWER GENERATING UNIT~ 

GeR, CLOSED CYC~E~ PRESSURE TU8E~ MOBILE, 

330 KWE 

• 

CRITICAL 1961, TRIAL POWER RUN OCT~ 1962, POWER OPERATION 
1963, 

COOLANT NITROGEN. LATER; AIR 

MODERATOR LIGHT WATER 

ruEL MATERIAL URANIUM DIOXIDE AND URANIUM I BERYLLIUM OXIDE 
PELLETS 

... 

rUEL 

F"UEL 

FUEL. 

GEor~ETRY 

CLADDING 

ENRICH. 

PINS 1.72 IN. OD./32 IN. LONG~ ACT!VE LENGTH 22 IN 

HASTELLOY-X O~241 IN, 00. TUBES, 0,030 IN. THICK 

93 pER CENi U· 23 5 

FuEL ASSE~lBL. Y 

FUEL CHARGE 

19-PIN BUNDLES. INN~R 6 PINS, ENR1CHED URANIUM 
DIoxIDE, OUTER 12, URANIUM 
DIOXIDE DILUTED wtTH BERYLLIUM 
OXIDE: CENTRAL PIN IS VOID. 
ELEMENTS ARE INSULATED. 

61 ELEM~NT/CORE~ CONTAINED IN PRESSURE TUBES 

49 KG~ u-235 

BURNUP(Rc~U2L) 1ST CORE LI~ETIME 
3000 HRS. 

NEUTRON F"l..UX 

CONTROL 

THERMAL AVE. 1.9X10 E-12 
FASi AVE. 1.7xlo E.1 3 

BURNABLE POISON LINER IN EACH FUEL ELEMENT AND 
CONTROL BLADES. 

COOLANT TEMP, INLET 791 F OUTLET 1200 ~ 

DD03 



JANUARY 1969 

GAS COOLED REACTORS. DOMESTIC OD03 
• * • • • • • • * • 

COOLANT PRESS. INLET 313 PSIA OUTLET 289 PSIA 

REACTOR VESSEL STEEL VESSEL 80 IN, HIGH/31 IN. DIAl 

CONTAINMENT 

REMARKS 

REFERENCES 

SHIELD TANK CONTAINING 2 PER OENT BCRIC ACID 
SOLUTION AROUND THE CORE. RADIAL SHIELDING 
MATERIALS~ 

THE AEC-ARMY NUCLEAR PROGRAM WAS DISCONT!NUED~ 
WITH PHASE-OUT OF ML~1, POWER CONVERSION rUNDING 
CONTINUING TO JUNE 1966. 

ARMY GAS COOLED REACTOR SYSTEMS PROGRAM. 
PRELIMINARY HAZARDS SUMMARY REPORT rOR THE ML-1 
NUCLEAR POWER pLANT~ 
IDO-28537 IAPRIL 19591 

ARMY GAS COOLED REACTOR SYSTEMS PROGRAM. THE ML-1 
DESIGN REPORT, 
1DO-28550 IMAY 19601 

ARMY GAS COOLED REACTOR SYSTEMS PROGRAM. 
CONCEPTUAL DESIGN STUDY. 3000 KWE MOBILE NUCLEAR 
POWER PLANT. 
HC CARNEY~ JR. 
AGN-TM-383 IAPRIL 19611 

ML-l CRITICAL E~PERIMENTSt 
DA DINGEE, JW RAY 
MND~C.2487 IP. 203.221 119611 

ARMY GAS COOLED SYSTEMS PROGRAM~ ~tNAL ~AZAROS 
SUMMARY REPORT ~OR THE ML-l NUCLEAR POWER PLANT. 
AEROJET-GENERAL NUCLEONICS 
100. 28560 IVOL, 1/ INOVEMBER 19601 
100;28560 IVOL, 2~ SUPPLEMENT 11 IsEpTEMBER 19611 

DD03 
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GAS COOLED REACTORS. DOMEST]C 0004 ,.. ,.. ,.. ,.. ,.. • • . .' . .' .' . ,.. .' 
NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

POWER MWE(MWT) 

CRITICAL 

MODERATOR 

FUEL MATER IAL 

FUEL GEOMETRY 

FUEL CLADDING 

F'uEL ENRICH. 

rUEL ASSEMBLY 

rUEL CHARGE 

NEUTRON FLUX 

CONTROL 

COOLANT TEMP. 

COOLANT PRESS. 

HOMR IHIGH DENSj'TV' MODERATOR REACTOR/AEO-ARMY 

AEROJE~~GENERAL N8cLEONfCS 

MOB I LE POWER PLANT' STUDY FOR ARMV 

GCR~ CLOSED CYClE IREGENERAT1VE BRAYTON CYCLE/~ 

500 KWE 

,CONCEPTUAL DESIGN 

YTTRIUM HYDRIDE; NICKEL~86RYLLIUM OXIDE REFLEctOR 

URANIUM DIOXIDE PELLE+S 

PINS. 0~35 IN~ DIA,; 16-IN. ACTIVE LENGTH 

HASTELLOV-X. 0,0 2 0 IN: THICK 

48 PER CENT U- 235 

INDIVIDUAL PINS: 1157 TO CORE,. 578 MOD. PINS 
ISOME PINS CONTAIN URAN~UM OXIDE rUEL AND SOME 
CONTAIN YTTRIUM HYDRIDE, 

108 KG, U .. 235 

THERMAL AVE. 1.4X10 E.4 

DRUM .. ,.ypE ELEMENTS IN REF'LEC'!'OR 

INLET 934 F' OUTLET 1 4 00 F" 

500 PSIA 

REACTOR VESSEL SS PRESSURE VESSEL. TUNGSTEN TOP SHIELD PLUS 
TUNGSTEN IN THE LOWER ENDS or 'THEF'UEL PINS rOR 
SHIELDING~ TUNGSTEN, SURROUND1NGCORE RADIALLY AS 
PRIMARY-GAMMA SHIELD. 

CONTAINMENT 

REMARKS 

REF'ERENCES 

LEAD OUTSIDE THE TUNGSTEN SHIELD~ 
OVERALL PACKAGE: 109~5 IN: LONG~ 109 IN. WIDE. 
90 IN~ foUGH 

CONCEPTUAL DESIGNS CONSIDERED WERE rOR VARIOUS 
THERMODYNAMIC C~CLES. MODERATORS~ AND GAS COOLANTS 
HDMR EVOLVED AS THE OPT1M~UM ~OWER PLANT~ 

ARMY GAS COOLED REACTOR SYSTEMSPRQGRAM., STUDY Or:' 
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GAS COOLED REACTORS. DOMESTIC 
• • • • • • • • • • • • • 

MOBILE GAS-COOLF.D NuCLEAR ~OWER PLANTS. 
VOLUME II PLANT DESCRIPTION. 
VOLUME II~,ANALVSIS 
VOLUME III. APPENDIxES, 
AEROJET-GENERAL NUCLEONICS 
DOw28584 IVOLS, 1~2~31 119621 

DD04 
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GAS COOLED REACTORS~ DOMESTIC 
...... ... ... ... ... ... ... 

NAME/OWNER ARGONNE TUNGSTEN REACTOR/AEC 

DESIGNER ARGONNE NATIONAL LABORATORV 

PURPOSE ROCKET PROPULS I ON ~ r:EAS I B U. frV STUDY. 

TVPE GCR~ UNMOOERATEO, ~AST REACTOR 

COOLANT GAS /HYDROGEN/ 

FUEL MATERIAL URANIUM DIOXIDe IN TUNGSTeN MATRIX 

~UEL 'CLADDING TUNGSTEN 

REMARKS DESIGN IS BEING CONsIDERED AS A BACKUP ~OR 
KIWI-NERVA FUELED G~APHITE REACTORS 

RE~ERENCES REACTOR DEVELOPMENT PROGRAM PROGRESS REPORT~ 
F'EBRUARV 1964~ 
ARGONNE NATIONAL LAB. 
ANL-686Q /MARCH 15, 1964/ 

0005 
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GAS COOLED REACTORS. DOMESTIC 
* * 

NAME/OWNER 

DESIGNER 

OPERATOR 

PURPOSE 

TYPE 

* 

POWER MWECMWT) 

• * • • • • . ' . 
CHEMONUCLEAR REACTOR STUDY-1/8NL 

CARBON DIOxiDE CRACKING 

BROOKHAVEN NATIoNAL LABORATORY 

CONCEPTUAL DESIGN~ 

CHEMONUCLEAR PRODUCTION AND POWER. 

GCR, CHEMONUCLEAR PLANT 

171 571 

CRITICAL CONCEPTUAL DESIGN 

COOLANT CARBON DIOXIDE 

0006 
• • • • 

MODERATOR GRAPHITE. GRAPHITE AXIAL AND RADIAL REVLECTORS: 

~UEL MATERIAL URANIUM DIOXIDE DISPERSED IN ALUMINUM ~OlL~ 

~UEL GEOMETRY FOIL 

ruEL CLADDING NONE 

FUEL ENRICH. 93 PER CENT U-235 

FUEL ASSEMBLY ~O!L SPACED BY A SYSTEM OF SCREENING AND ROD·, 
SPACERS COMPOSED OF SAP. CORE IS 19 ~T. DIA., 
19 ~T. HIGH 

rUEL CHARGE 559 KG. U·235 

BURNUPCREFUEL) ~O,OOO MWD/TON U 145 DAYSI 

CONTROL POISON RODS INSERTED AXIALLY 

COOLANT TEMP. 650 F 

COOLANT PRESS. 500 PSI 

REACTOR VESSEL SPHERICAL. 33 FT. DIA~ 

REMARKS 

RE~ERENCES 

CONCEPT FOR THE USE OP FISSION-PRAGMENT ENERGY TO 
SUPPLY THE HEAT or REACT]QNTO CRACK CARBON 
DIOXIDE TO CARBoN MONOXIDE~ CHEMICAL OUTPUT o~ THE 
REACTOR WOULD BE 1220 TONS Or CARBON DIOXIDE PER 
DAY, USING 129 MW or THE TOTAL REACTOR POWER Or 
700 MW. 

DESIGN or AN ExTERNALLY MODERATED, rrxEo·rUEL 

D006 



JANUARY 1969 

GAS COOLED REACTORS. DOMESTIC 
... ... ... ... ... .. ... 

CHEMONUCLEAR REACTOR. 
DA GOELLNER 

... • ... ... ... ... 

BNWL .. 936 

OD06 
... ... 

AMERICAN NUCLEAR SOC. TRANS. 5/2/. 436 INOV, 19621 

OD06 
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GAS COOLED REACTORS~ DOMESTIC 0007 
• • * * * * • • • * • • • 

NAME/OWNER CHEMONUCLEAR REACTOR STUDY-2/8NL 
OZONE GENERATION 

DESIGNER BROOKHAVEN NATIONAL LABOR'TORV 

PURPOSE OZONE GENERATION. 

TYPE GeR, CHEMONUCLEAR REACTOR 

POWER MWE(MHT) 39 

CRfTICAL CONCEPTUAL DESIGN 

COOLANT OXYGEN GAS rROM AIR S8PARATION PLANT" 

MODERATOR GRAPHITE, GRAPHITE RE~LECTOR 

rUEL MATERIAL URANIUM DISPERSED IN PAllADIUM FOIL, 2,5 MICRONS 
THICK 

ruEL ENRICH, 93,5 PER CENT u~235 

FUEL ASSEMBLY hONEYCOMB CONrlGURATION IN EACH SUBASSEMBLV, 

• 

WHICH IS 3 IN~/3 IN~ WITH 0;0 4 tN. WALL THICKNESS, 
ALUMINUM STRUCTURAL MATERIAL. 

rUEL CHARGE 100 KG. U·235 

BURNUP(RE~UEL) CORE OPERATION 635 FULL-POWER DAVS 

CONTRO~ ABSORBING RODS, AXIAL INSERT10N 

COOLANT TEMP. IN~ET -4 F OUTLET 32 r 

COOLANT PRESS. 300 PSIG 

REMARKS GAS-PHASE OZONE PROCESS USES vISSION ~RAGMENT 
ENERGY FOR GENERATING OZONE~ROM OXYGEN, THE 
OXYGEN STREAM ACTS AS COOLANT, CHEMICAL REACTANT, 
AND PROCESS MEDIUM. 

DESIGN AND ECONOMlC STUDY O~ A GAS~P~ASE 
CHEMONUCLEAR OZONE PROCESS. 
M 8~LLER, OTHERS 
8NL:a281 /1964/ 
NUCLEAR APPLICATIONS 1, 322~6 /AUG. 1965/ 

0007 
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GAS COalED REACTORS. DOMESTIC 
• • '* '* • '* ... '* ... • • ... .' ... '* 

NAME/OWNER 

DESIGNER 

EBOR IEXPERIMENTAL BERYllIUM OXIDE REACTORIIAEC 

GENERAL ATOMICS DIV: GENERAL DYNAM1CS 

OPERATOR 

LOCAT10N 

PURPOSE 

TYPE 

POWER MwECMWT> 

NOW GUL~ GE~ERAL ATOMIC 

GENERAL DYNAMtC~, 'TEST OPERATION 

NATIONAL REACTOR TEST STATION INRTSI IDAHO 

PROTOTYPE 

GeR, DIRECT CYCLE 

o 10 

CRITICAL SEE REMARKS 

COOLANT ~ELIUM 

MODERATOR BERYLLIUM OXIDE 

~UEL MATERIAL URANIUM DIOXIDE/8ER~LL1UM OXIDE pELLETSl 0:33 IN, 
0IA;/O.43 IN. LONG. 

~UEL GEOMETRY PINS; ACTIVE LENGTH 76 IN~ 

ruEl CLADDING HASTELLOY-X TuBES 0;020 IN. WALL THICKNESS 

~UEL ENRICH, 70 pER CENT u-235 

~UEL ASSEMBLY 19-PIN ELEMENT. EACH CORE ELEMENT IS A STACK O~ 
BERYLLIUM OXIDE SQUARE-ANNULAR BLOCKS W!TH PINS 
INSERTED INSIDE THE CORE ELEMENT LINER. THE 
CENTER PIN CONTAINS ONLY BERYLL1UM OXIDE. 

36 CORE ELEMENTS, IN SHROUD 'TUBES IN THE 
BERYLLIUM OXIDE MODERATOR BLOCKS. 

FUEL CHARGE 100 KG. U-235 

BURNUPCREFUEL) 100,000 MWD/T 

NEUTRON FLUX 

CONTROL 

THERMAL AVE, '.8X10 E.12 
~AST AVE, 3,lxl0 E.13 

CRUCIFORM RODS, BURNABLE POISON 

COOLANT TEMP, INLET 750 F OUTLET 1300 F' 

COOLANT PRESS~ 1120 PSIA 

REACTOR VESSEL LOW ALLOY STEEL CYLINDR1CAL 5~ELL 34 ~T. ~IGH, 

DD08 

.' 
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GAS COQLEDREACTORS~ DOMEST1C 

BNWL;936 

0006 .' .' . . .' . •• • 

CONTAINMENT 

REMARKS 

REF'ERENCES 

• • • • . ' . 
13 F'T: OD~, 5 1~4 IN~T~ICK 

REACTOR IS LOCATED IN A VAULT WrT~ CONCRETE WALLS 
AND BOTTOM~ COVERED WrT~ REMOVABLE OONCRETE SLA8S~ 

THE EBQR PROJ8Cr HAS BEEN DROPPED B8CAUSE OF' 
WANING INTEREST IN BERYLLIUM OXIDE AS A MODERATOR 
AND EBOR~S TARDi~ES~ iN GETT1NG'tNTO OPERATI0N~ 

MAR~TIME GAS COOLED REACTOR PROGRAM~ MGCR 
PROTOTYPE PRELIMINARY D E! S I G N , VOL.; 1 ~ . 
GENERAL DYNA~ICS 
GA-1612 IVOL, II IDECEMBER 19601 

THERMAL DESIGN oF'T~E MGCR OORE~ 
JT ROGERS~ R KATZ 
GAMO-1542 IAUGUST 4~ 19601 

MARITIME GAS COoLED REACTOR PROGRAM, A REVIEW Of 
THE MARiTIME GAS COOLED REACTOR PROGRAM, 
KA TRICKETT 
GA-2603 IDECEMBER 19611 

THE EXPERIMENTAL BERyLLIUM OXIDE REACTOR, 
we MOORE 
ASME PRePRINT 6i·WA~225 119611 

EXPERIMENTAL BASES ~OR THE DESIGN or eBQR~ 
WC MOORE 
POWER REACTOR ExPERIMENTS, VOL. 1, p~ '9-101 
INTERNA~IONAL ATOMIC ENERGY AGENCY, ViENNA, 1962 

MGCR AS A LAND BASED ELECTRIC PLANT, 
r DE HOrF'MANN. wT F'URGERSON 
GA-1516 ISEPT~ 6, 19601 

NuCLEONICS WEEK JAN~ 5, 1967 p~ 4 
NEWS RELEASE 

0008 
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GAS COOLED REACTORS; DOM8ST1C 

8NWL;Q36 

DD09 

0009 

.. .. .. .. .. ... ... ... ." ... ... . .' . ... .' 
NAME/OWNER HTGR /HIGH TEMP: GCR/PHILADELPHtAELECTRtC CO. 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

POWER MWE(MWT) 

PEACH BOTTOM REACTOR 

GENERAL AtOMICS elv: GENERAL DYNAMICS 
NOW GULF GE~ERAL ATOM!C 

PHILADELPHIA ELECTRic COMPANY 

PEACH BOTTOM, PENNA: 

POWER PROTOTYPE 

GCR, HIGH TEMPERATURE: 

40 115 

CRITICAL 1967 

COOLANT HELIUM 

MODERATOR GRAPHITE, GRAPHITE RE~LECTOR 

FUEL MATERIAL URANIUM/THORIUM CARBIDE DISPERSED IN GRAPHITE, 
PELLETS 

FUEL GEOMETRY ROD ACTIVE LENGTH 7~5 FT: 

rUEL CLADDING PELLETS ARE CARBON COATED. GRAPHfTE OAN, GRAPHITE 
SLEEvE. 

FUEL ENRICH. 93 pER CENT U-235 

~UEL ASSEMBLY VENTED rUEL ELEMENT; rUEL :COMPACT IN GRAPHJTE 
SLEEve, UPPER AND LOWER REFLECTOR SECTtONS. 
TOTAL LENGTH 12 FT. 

804 FUEL ELEMENTS CORE,CLOSE-pACKED 

~UEL CHARGE 220 KG. URANIUM'. 1450 KG. THORIUM 

SPECIF'IC POwER AvE~ 800 KW/KG U· 235 

BLJRNUPCREFUEL) 75,000 MWD/T 180 pERCENT PLANT LOAD, 
URANIUM + THORIuM 36 MONT~S 

NEUTRON F"LUX THERMAL AVE. 4X10 E ... 13 

CONTROL RODS, BOTTOM MOuNTEO 

COOLANT TEMP, INLET 660 F' OUTLE T' 1380 F' 

REACTOR VESSEL CARBON STEEL 14 F'T", ID. I 37 rT: HIGH. WALL 
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GAS COOLED REACTORS~ DOMEST)C 
• • • • 

REMARKS 

REF'ERENCES 

• W' • • ." . .' . ." .. ... ... .' 
THICKNESS 2 1/2 IN. 

A THRE~·VEAR DEVELOPMENT PROG~AM ON 'T~E iH'i'GR 
CONCEPT' IS BEING CONDUCTED BY GO rO~ eSADA 
INEw VORK/. ADVANCED REACTOR DEVE~OPMENT 
ASSOCIATES IARDAI HAS CONTRACTE~ WITH GENERAL 

'DYNAMICS TO STUDY A 250 MW/e/~TGR~ MEMBERS or 
OF' ARDA ARE WES~ERN UT1LtTV GROUPS, A 1000 MWE 
ADVANCED REACTOR PLANT' IS 8~tNG STUD'tBD 
ISEE TARGETI 

HTGR~UNDERLYINGPRINCIPLES AND DESIGN~ 
"p rORTESCU, OTHeRS 
NuCLEONICS 18~ e6~90 IJANUARY 19601 

"THE HTGR, AN ADvANCED HIG~ TEMPERATURE GAS COOLED 
GRAPHI~E MODERAtED" REACTOR~ 

,CL RJCKARD. 
PROC, SVMP. ON GAS COOLED REACTORS, P~lLADELPHIA. 
~E8RUAR~ 1960~ F'R~NKLtN INSTtTUTE. 11960/ 

APPLICA~10N OF' pHILADELPHIA 'ELEC~RIC COMPANY rOR 
CONSTRUCTION PE~MIT AND CLASS 104 LtceNSE~ pEACH 
BOTTOM ATOMIC POWER ST~T10N~PART' A~, GENERAL 
INF'ORMAT10N. PART 8. " 
PRELIMINARV HAZARDS SUMMARY RepORT~ VOLUME I. 
PLANT DESCRIPTIoN AND SAFEGUARDS ANALVSIS~ 
VOLUME II~ 
SITE AND ENVIRONMENTAL INF'ORMAT10N~ 
PHILADELPHIA ELECTRic COMPANY 
NP-9115 IJULY 19601 

GAS COOLED REAC~ORS: 
POWER REACTOR TECHNOLOGY 5. 60- 70 IJUNE1962/ 

STATUS OF' "THE HiGH fEMPERATURE GAS.COOLED REActOR., 
T LE CLAIR 
POWER APP~ AND SYSTEMS NO~ 62, P; 371-?5 laC TOBER 
19621 

HIGH TEMPERATURE GAS-COOLED REACTORS. 
r DE JOF'F'MANN, CL RICKARD 
THIRD U~ N. INT~. CONF'. ON T~E PEACEF'ULUSES OF' 
ATOMIC ENERGy, GENEVA 1964, A/CONr.28/~/213 



JANUARY 1969 BNWL~936 

GAS COOLED REACTORS. DOMESTIC 
• • • 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TyPE 

• 

POWER MWE(MWT) 

• • .;, * • • • • • • 

~ORT ST. VRAIN NUCLEAR STATION/PSC 1 COLORADO 
COLORADO HTGR 

GUL~ GENERAL ATOMIC 

PU8L!C SERVICE CO: OF COLORADO 

PLATTEVILLE, COLORADO~ NORTH OF DENVER 
FT. ST. VRAIN 

POWER DEMONSTRATIO~: 

GCR~ HIGH TEMPERATURE 

330 837 

CRITICAL TARGET 1973 

COOLANT HELIUM 

MODERATOR GRApHITE 
GRAPHITE RE~LECTOR 

~UEL MATERIAL URANIUM AND THORIUM CAR8IDE COATED WITH 
PYROLYTIC CARBON AND SILICON CARBIDE 

0010 
• 

FuEL GEOMETRY HEXAGONAL GRAPHITE ELEMENTS, 14 IN, ACROSS rLATS, 
31 IN~ HIGH, CONTAINING FUEL PARTICLES IN CHANNELS 

NON"VENTED 

FUEL ASSEMBLY 1482 HEXAGONAL GRAPHITE ELEMENTS STACKED IN 
247 VERTICAL CO~UMNS, . 
ACT!VE CORE IS 15 1/2 FT. HIGH AND 19 1/2 ~T~ DlAM 

OF 37 FUEL REGIONS, 31 HAVE 7 COLUMNS OF 
ELEMENTS AND 6 HAVE 5 COLUMNS Of ELEMENTS 

SPECIFIC POwER 1200 KW/KG 

BURNUP(RE~UEL) 100~000 MWD/T 1/6 CORE PER VEAR 

NEUTRON F'(..UX THERMAL AVE, 5X10 E·13 

CONTROL RODS, BORON CARBIDE 

COOLANT TEMP. INLET 760 F OUTLET 1400 F' 

COOLANT PRESS. 700 PSiA 

REACTOR VESSEL PRESTRESSED CONCRETE VESSEL ENCLOSES COMPLETE 
NUCLEAR STEAM SUPPLY SYSTEM; CARBON STEEL LINER 

0010 



JANUARY 1969 

GAS COOLED REACTORS, DOMESTIC 0010 
• • 

CONTAINMENT 

REMARKS 

RE~ERENCES 

• • • • • • • • • • • • 
IS 3/4 IN. THICK AND HELIUM.TIGHT~ SPACE BETW~EN 
CONCRETE AND LINER IS PRESSURIZED WrT~ HELIUM, 
VESSEL IS 31 FT: DIAM~ AND 75 ~T~ HIG~ 

REACTOR BUILDING 

THE PROPOSAL BY ROCHESTER G.E ~ORTHE HTGR WAS 
DROPPED~ PSC O~ COLORADO WILL BUILD THE PLANT IN 
ITS SYSTEM UNDER THE AEC ADVANCED CONVERTER 
PROGRAM. 
PLANNING INCLUDES A SECOND NUCLEAR UNIT AT THE 
SAME LOCATION WiTH A CAPACITY Or 600·700 MWE, 
TO BE COMPLETED IN 1975 OR 1976 
INDUCED DRAPT COOLING TOWER PROVIDED rOR~ 

NuCLEAR INDUSTRy DEC. 1965 p~ 15 
NEWS RELEASE 

PU8LIC SERVICE COMPANY OF COLORADO PLANT, 
CONCEPTUAL DESIGN REPQRT. 
GENERAL DYNAMICS CORP., GENERAL ATOMICS DIV~ 
GA&6802 INOV. 15; 19651 

• 

330 MWE FORT ST: VRAIN HIGH TEMPERATURE GAS COOLED 
REACTOR 
A HABUSH, AM HARRIS 
NUCLEAR ENG. DESIGN 7~ 312-21 119681 

FORT ST~ VRAIN NUCLEAR GENERATING STATtON~ 
PR~LIMINARY SAFETV ANALVSIS REPORT~ 
puBLIC SERVICE co: COLORADO 
DOCKETw50~26? 119661 

0010 
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NAME/OWNER TARGET ITHERMAL ADVANCED REACTOR GAS-COOLED 
EXPLO!T1NG THORIUMI/ GD-AEC 

DESIGNER 

PURPOSE 

TYPE 

GENERAL ATOMIC DIV. GENERAL DVNAMICS 
NOW GULF GENERAL ATOMIC 

RErERENCE DESIGN, POWER, rUEL RECVCLE. 

GCR, ADVANCED REACTOR~ 

POWER MWE(MWT) 1000 2270 

CRITICAL REFERENCE DESIGN 

COOLANT HELIUM 

0011 

MODERATOR GRApHITE AND BERVLLiuM OXIDE, GRAPHITE RErLECTOR 

~UEL MATERIAL URANIUM/THORIUM CARBIDE COATED PE~LETS IPVROCAR80N 
COATINGI 

FUEL GEOMETRY CYLINDERS 

FUEL CLADDING GRAPHITE SLEEVE; BERYLLIUM OXIDE SPINES. 4:53 IN. 
DIA~/20 FT. LONG 

FUEL ENRICH, HIGH 

FUEL ASSEMBLY SINGLE ELEMENT EXTRuDED GRAPHITE BODV WITH FUEL 
PARTICLES LOOSELY PACKED I~ COLUMNS WITHIN THE 
BODY OF THE ELEMENT, AND 8ERY~~IUM OXIDE AS AN 
ELEMENT SPINE MATERIAL, AND AN :NTERNAL ~ISSION 
TRAp ASSEMBLY. 

5,489 ELEMENTS. 

FUEL ChARGE 2374 KG. U·235, 86,330 KG.THORIUM 

8URNUP(REF'UEL) 6 .. YEAR F'UEL LI FE IBATCH 1/6 PER VEARI 

CONTROL RODS IN GRAPHITE GUIDE TU8ES~ 

COOLANT TEMP. INLET 720 F OUTLET 1410 F' 

COOLANT PRt:SS~ INLET 450 PSIA 

REACTOR VESSEL PRESTRESSED CONCRETE HEXAGONAL VESSE~f INNER 
CYLINDRICAL OIA: 56 FT. 6 !N~ 140 rTf HIGH. 
INNER SS INSULATI0N~ NEXT M1LD STEEL CONCRETE 
LINER, COOLING COILS W[TH WATER CIRCULATION, AND 
CONCRETE IN DIRECT CONTACT WITH LINER AND COOLING 

DD1!. 
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GAS COOLED REACTORS~ DOMESTIC OD11 
• • * 

CONTAINMENT 

REMARKS 

REFERENCES 

* • • • • • • • • • • 
COILS. 

A SECONDARY, CONVENTIONAL, LARGE LOW·~RESSURE 
CONTAiNMENT STROCTURE HAS BEEN E~AMINED, THE 
PRERSTRESSED CONCRETE REACTOR STRUCTU~E, AS PER 
THE RErERENCE DESIGN, IS LOCATED WITHIN A METAL 
LEAK COLLECTOR WITHiN A CONVENTIONAL BUILDING; 

PLANT DESIGN AND DEVELOPMENT, UNDER CONTRACT TO 
AEe, IS BASED ON HTGR CONCEPT: GAS COOLING rOR A 
FAST REACTOR HAS BEEN REPORTRD AT THE ~RD GENEVA 
CONFERENCE, CONCEPT IS UNDER INVESTIGATION AT 
GEN~ DYNAMICS. SEE HELIUM COOLED ~AST REACTOR, 
DO-27. 

A CONCEPTUAL DESIGN Or A 100Q.MWE HIGH 
TEMPERATURE GAS~COOLED REACTOR, 
RM FRVER 
ANS TRANSACTIONS, JUNE 1964, ABSTRACT: 

DESIGN STUDY REpORT FOR TARGET~ A lOOO-MWE HIGH 
TEMPERATURE GAS~COOLED REACTOR, 
GENERAL ATOMICS Div:, GENERAL DYNAMICS CORP. 
GA N 4706 INOV. 19641 

0011 
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0012 
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NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT10N 

PURPOSE 

TYPE 

POWER MWECMWT) 

HTRE-3 /HEAT TR~NSFER REACTOR 'E~pERIMEN?~31IAEC-' 
USA~ 

GENERAL ELECTRIc COMPANY 

GENERAL ELECTRIC COMPANY 

NATIONAL REACTOR TEST STAT10N INRTS/ IDAHO 

AiRCRA~t PROPULSION E~PERIMENT' 

GCR, DIRECT CYC~E~ HORIZONTALCON'lGURATION. 

o 32 

CRITICAL HTRE.3 1958. POwER TESTS 1960~1961' 

COOLANT AIR /SEE REMARKS/ 

MODERATOR ZIRCONIUM HVDRlnE ISEE REMARKSI 

FUEL MATERIAL URANIUM DIOXIDE IN ~ICKEL.CHROMIUM MATRIX 

rUEL GEOMETRY ROD 

~UEL CLADDING NICKEL-CHROMIUM ALLOV 

~UEL ENRICH. 93.4 PER CENT U;235 

FUEL ASSEMBLY FUEL-MODERATOR 8NiT~ SlNG~E FUEL CARTRIDGE 
150 UNITS/CORE 

REMARKS THE SERIES HAS !NYOLYED 2 REACTORCONaEPTS~ WATER-' 
MODERATEO AND ZIRCONIUM-HYDRIOE MODERATED 
REACTORS. HTRE~1 WAS WATER MODERATED AND THE CORE 
STRUCTURE WATER COOLED. HTRE~2 WAS A MECHANICALLY 
MODI~IED HTRE-l: HTRE~3 HAD SiMiLAR CONFIGURATION 
SUT WAS MODERATED WrTH SOLID ZIRCONIUM HVDRIDE AND 
THE CORE STRUCTURE WAS AIR.COO~ED~ THE REACiOR 
WAS TESTED WIiH 2 J.4? ENGINES IN PARALLEL AT A 
32.4 MW POWER LEVEL~ THE CORE WAS COMPOSED O~ AIR 
rLOW TUBES SURROUNDED BV A HEXAGONAL MODERATOR 
TUBE, EACH ~LOW TUBE CONTAINING A SINGLE rUEL 
CARTRIDGE OF ENRICHED URANIUM DIOXIDE IN A 
NICKE~~CHROMIUM MATRIX. THE REACTOR OPERATED IN A 
HORIZONTAL POSItlON~ THEPRQJECi HAS BEEN 
DISCONTINUED, BUT GE IS .CARRING OUT CONVERSION 
STUDIES TO A NUCLEAR MERCHANT SHi~ POWER PLANT: 
PROJECT IS DESIGNATED 630·A~ 

RE~ERENCES ANP HiRE-S rUL~JLL tEST GOAL5~ 
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G THORNTON, B BLUMBERG 
NUCLEONICS 19~ 45~51 IJANUARV19611 
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0013 
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NAMEIOWNER 

DESIGNER 

LOCATION 

PURPOSE 

TYPE 

630;A NUCLEAR STEAM GENeRATORiG8NERALE~ECTR!C CO. 

GENERAL ELECTRIC COMPANY 

CRITICA~EXPERIMENT NRTS, IDA~O 

SHIP PROPULSION 

GCR 
CALANDRIA IMARK SAl 
TUBE-TVPE IMARK 5S1 

POWER MWECMWT) 27,300 SHP 6 0 ;. 4 I MAR K 581 
PLUS POWER FOR 
SHIP AUX. NEEDS 

SEE REMARKS 

CRITICAL NUCLEAR MOCKUP {962 

COOLANT HELIUM 

MODERATOR LIGHT WATER 
INNER REFLECTOR BERVLL1UM OXIDE 
OUTER REFLECTOR GRAPHITE 

~UEL MATERIAL URANIUM DIOXIDE PEL~ET OR VIBRATORV COMPACTED 
POWDER 

F'UEL GEOMETRY ROD. 0,357 IN, 00:, 42~O IN~ ACTIVE LENGT~ 
LONG 14.184 IN. OD~ STACKED IN CARTRIDGES; 
LENGTfoI 27~5 IN, 

ruEL C~ADDING INCOLQY~ 0,015 iN: THtCK ICOLLAPSIBLEI OR SS 
STUDIEDI 

FUEL ENRICH, 6 PER CENT U·235 

FUEL ASSEMBLY 2?-ROD BUNDLE IN INCoLo\' OR SS SHELL. 
216 ELEMENTs D1SPERSED AROUND AND SUPPORTED 
FROM 91 MODERATOR 'TUBESEXTENDING DOWNWARD 
FROM SHIELD PLUG. HEXAGONAL PATTERN. 

FUEL CHARGE 393 POUNDS Uw239 

SPECIFIC POWER 375 KW/KG 

BURNUP(REFUEL) SEE REMARKS 

CONTROL TOP-MOUNTED BORATED SS RODS~ IN CaNTER O~ FUEL 
ELEMENTS AND BEtWEEN ELEMENTS 
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0013, 
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COOLANT TEMP. INLET 553 ~ o u i' LET 120 0' F' 

COOLANT PRESS. 830 PSIA 

REA C TOR V E SSE L S TEE L C V LIN D E R , r LAN G E D ~ 16' r:' T '. ,:5 1/2 I N ~ H I G H 

CONTAINMENT 

REMARKS 

REF'ERENCES 

LOW~CARBON STEEL PRES~URE VES~EL ENCLOSING ENTiRE 
REACTOR - SHIELri PLUG, BOllER, PRESSURE veSSEL, 
GAS CIRCULATORS; MODERATOR COOLING SYSTEM, INNER 
SHIELD ASSEMBLV: 
12 1/2 rT~ DIA.; 39 F'r. HIGH 

MARK 1~ 2~ AND :5 DESIGNS ~OR A 2?300 SHP NUCLEAR 
STEAM GENERATOR WERE as-CELL AIR-COOLSD SYSTEMS 
USING NICKEL ALLOV CLAD CONCENTRIC ~UEL RINGS AND 
rULLV ENRICHED rUEL: MAR~-4 wAS A 55~CELL CLOsED 
CYCLE SYSTEM. MARK-S is ErTHER A CALANDRIA TYPE 
15AI OR TUBE~TypE /581 SVSiEM~ THE REACTOR;SHIELD-' 
PLUG ASSEMBLV Is fHE iNTEGRAL UNIi'~ 
IN A REDESIGN F'oR A 106 MW PLANT' iNCORPORATED INTO 
A BRAVTON CVCLE~ rUEl LOADING WOULD BE 1~362 E4 
POUNDS OF' URANIUM DjOXIDE, 3~23PER ceNT ENRICHED, 
F'OR A BURN UP O~ 31,000 MWDIT AND AN OPERAT1NG LIrE 
OF" 6~37 VEARS 

6~OA MARITIME NuCLEAR STEAM GENERATOR SeOPING 
STUDY. 
GENERAL ELECTRI~ CO~, F'LIGHT PROPULSIONLABORATORV 
GEMP~108 IDECEMBER 19611 

630A MARITIME NOCLEAR STEAM GSNERATQR~ PROGRESS 
REPORT NO~ 4. 
GENERAL ELECTRIC CO:,~LIGHT PROPULSJON LABORATORY 
GEMP.175 IJANUARV 31, 19631 

THE 630A CRITICAL EXPERIMENT~ DEsCRfPT10N AND 
EXPERIMENTAL RESULTS. 
GD PINCOCK, RE wOoD 
TRANS~ AMERICAN NUCLEAR SOC; 6/1/~ 85.6 JUNE 19631 

630A MARITIME NUCLEAR STEAM GENERATOR SCOPING 
STUDV. SUMMARV REpORT. 
GENERAL ELECTRIC CO~, ~LIGHT PROP. LAB. DEPT~ 
GEr~p·107 119621 

OESCRIPT10N O~ A 10;000 SHP 630A MARIT1ME NUCLEAR 
STEAM GENERATOR: 
GENERAL ELECTRIC CO~, ADV~ TECHNOLOGY SERVICES 
GEMP.239 ISEPT. 30, 19631 
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THE 63QA MARINE REACTOR. 
NUCLEAR ENG. 9. 50-53 I~EBt 19641 

630A-MARITIME NuCLEAR STEAM GENERATOR~ 
STATUS REPORT NO.1 

• • 

GENERAL ELECTRIC CO~f ADV~ TEC~NOLOGY SERVICES 
GEMP.231 ISEPT. 12, 19631 

630A MARK~5 MARITIME NUCLEAR STEAM GENERATOR 
STATUS REPORT 
GEMP.342 IrEB. 26; 19651 

630A MARK-4 MAR[TIME NUCLEAR STEAM GENERATOR 
SUMMARY REPORT 
GEMP~341 IrEB~ 26; 19651 

DESIGN Or A MARtNE NUCLE~R POWER PLANT' UTILIZING 
THE DIRECT BRAYTON CYCLE. 
8S GATHY IUS COAST GUARD ACADEMYI 
NAVAL ENG~ J. 79, 881~95 ~Dec: 19671 

DD13 
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NAME/OWNER GCHWR /GAS COOLED HEAVV WATE~·MODERATED REACTOR/ 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TVPE 

POWER MWE(MWT) 

EAST COAST, FLORIDA WEST COAST NUCLEAR GROUP 

GENERAL NUCLEA~ ENGINEERING CORPORAT10N 

TAMPA ELECTRIC CO~, FLoRIOAPOWER CORP, 

POLK COUNTY, rLORIDA 

POWER PROTOTYPE 

GeR, VERTICAL PRESSURE TUBE 

50 

CR!TICAL PROJECT DROPPED IN JUNE 1961 

COOLANT CARBON DIOXIDE 

MODERATOR ~EAVV WATER 

ruEL MATERIAL URANIUM DIOXIDE IN BERVLLIUM MATRIX, PELLETS 
o ~ 500 IN. D I A. 

rUEL GEOMETRV ROD 

FUEL CLADDING 5S 0.015 IN, THicK /BERVLLIUM CLADDING STUDIED/ 

FUEL ENRICH. 2~05 PER CENT U~235 

rUEL ASSEMBLY 19-ROD CLUSTER ASSEMBLIES IN VERTICAL PRESSURE 
TUBES~ 6R12 BUNDLES/PRESSURE TUBE 

208 PRESSURE TUBES IZIRCALOV-!NSULATEDI 

rUEL CHARGE 20.3 SHORT" TONS URANIUM DIOX!DE 

BWRNUP(REFUEL) 10,000 MWD/TON U 

CONTROL CONTROL RODS, HORIZONTAL BLADES 

COOLANT TEMP. INLET 550 F OUTLET 1Q50F' 

COOLANT PRESS. 500 PSI 

REACTOR VESSEL SS PRESSURE VESSEL 0.75 IN. T~lCK/13 ~T, AD. 124 
F'T. HIGH 

CONTAINMENT STEEL~ CYLINDRICA~, 118.5 ~T~ HIGH/S7 ~T. OIA. 

REMARKS NEW PROPOSALS FOR STUDY INCLUDE A ~EAVY·WATER, 

.. 

DD15 
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GAS COOLED REACTORS~ DOMESTIC 0015 
* • * * 

REfERE~CES 

* * * * • • • • • 
NATURAL URANIUM REACTOR. WHIC~ WAS RE~USED By 

'THE AEC. EVALUATION STUDY DONE BY GNSC AND AEpSC 
INCLUDED A HEAVV WATER-MODERATED GCR, COLD 
PRESSURE TUBE DESIGN fOR 16 30 MWT AND 480 MWE; 
FUEL WOULD BE BERVLLIUM-CLAD URANIUM DIOXIDE, 
NATURAL OR SLIGHTLY ENRICHED, WrTH A BURN UP O~ 
ABOUT 5000 MWT/MTU. 

.' 

INTERIM REfERENCE DESIGN. GAS COOLED, HEAVV WATER 
MODERATED, PRESSURE TUBE REACTOR PROTOTYPE IGCPTRI 
GENERAL NUCLEAR ENG: 
GNEO.74 ISEPTEMBER, 19581 

PRELIMINARY HAZARDS SUMMARY REPORT: VOL. II. 
DESCRIPTION OF REACTOR AND PLANT. 
FLORIDA WEST CO~ST NUCLEAR GROUP 
GEHw24950 IDECEMBER 19591 

APPLICATION FOR USAEC LICENSES BY rLORIDA WEST 
COAST NUCLEAR GROUP: 
PART A ~ GENERAL INFORMATION, 
PART B. PRELIHINARY HAZARDS SUMMARY REPORT; 
VOLUME 1, CHARACTERIST1CS or SITE AND ENVIRONMENT. 
VOLUME 2, DESCRiPT10N Or REACTOR AND PLANT~ 
VOLUME 3, HAZARDS EVALUATION; 
AMERICAN ELEC. POWER SERVICE CORP~, GENERAL 
NUCLEAR ENG, 
Np s 8251 IDECEMBER 7, 19591 

~EAVY wATER MoD~RATED REACTORS EVALUA110N STUDy. 
AMERICAN ELECTRIC PowER SERVICE CORP., GEN. 
NUCLEAR ENG. 
NP~12344 IVOlS. 1~2~31 IOCT. 15, 19621 
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NAME/OWNER 

DESIGNER 

OPERATOR 

EGCR IEXPERIMENTAL GAS COOLED REACTORIIAEC 

KAISER ENG~/AC~ IND8 STR 1ES 

LOCATION 

PURPOSE 

TYPE 

TENNESSEE VALLEy AUTHORtTV 

OAK RIDGE~ TENNESSEE 

POWER AND EXPERIMENT 

GCR 

POWER MWE(MWT> 22 85 

CRITICAL TERMINATED. SEE REMARKS 

COOLANT HELIUM 

MODERATOR GRAPHITE, VERT1CAL CHANNELS; 

* 

FUEL MATERIAL URANIUM DIOXIDE HOLLOW CYLINDERS 3/4 IN. LONG 
0,707 ~ N ~ 00 ~ 36 PELLETS 'PER ROD '.' 2 MAGNES I A 

PELLETS. 

~UEL GEOMETRY ROO, ACT1VE LENGTH 27 IN~ 

~UEL CLADDING SS THiN-WALL TUSE 0:020 IN, WALL THrC~NBSS 

FUEL ENRICH. 2~46 PER CENT U~235 

~UEL ASSEMBLY 7 TUBES PER ASSEMBLV, GRAPH!TE SLEEVE 
1650 ASSEMBLIES/CORE 
EACH FUEL CHANNEL CONTAINS 6 ASSEMBLIES. 

FUEL CHARGE 12,23 TONS URANIUM 

BURNUP(REFUEL> 10,000 MWD/TU 

NEUTRON f="LUX THERMAL AVE. Q.?8X10 E+13 

CONTROL 55-S0RON CARBIDE RODS~ TOP-MOUNTED 

COOLANT TEMP. INLET 510 F 

COOLANT PRESS. INLET 313.7 PSIA 

OUTLET 1043 F' 

OUTLET 3Q3,4 PSIA 

REACTOR VESSEL CARBON STEEL VESSEL 20 FT~ ID~ / 45 F'T~ HIGH 
PLATE 2 3/4 IN, THICK, 5S INNER TEMPERATURE 
BARRIER~ 

0016 

CONTAINMENT STEEL CYLINDER 114 ~T: DIA,/216 rTf HIG~, 14, rTf 

0016 



JANUARY 1969 

GAS COOLED REACTORS~ DOMESTIC 0016 
•• • • 

REMARKS 

REFERENCES 

• • • • • • . .' .' .' .' .' . 
A80VE-GRADE, WItH A STEEL vessEL SURROUNDING THE 
REACTOR COMPLEX. 

CORE is A VERT1cAL CyLINDER O~ MONOLITHIC GRAP~!TE 
AND CONTROL RODs. HElIUM COO~ANT~LOW IS ~ROM 
THE BOTtOM or T~ECORE TOT~E 'TOP, WHERE IT ENTERS 
TWO SEPARATE LOOPS EACH HAVING rTS OWN HEAT 
EXCHANGER AND BLOWER. ~UEL DeVELOPMENT PROGRAM 
WILL INCLUDE WORK I~ Gc~ SILIOON CARS IDE OOAT1NGS, 
AND OTHER CERAMic ~UELS~ A 150 MWE VERSION Or THE 
pLANT HAS BEEN EVALGATED 8VTVA~ WESTINGHOUSE, AND 
THE EGCR WILL BE TERMINATED, wIT~ APPROXIMATELV 
51-MILLION EXPENDED TO DATE; 

EXPERiMENTAL GAS COOLEO REACTORPRELIMINARV 
HAZARDS SUMMARY REPORT~ 

KAISER ENG. 
ORO-196 IMAV 19591 

EXPERIMENTAL GAs COOLED REACTOR PRELIMINARY 
PROPOSAL. , 
KAISER ENG. AND ALLIS-CHALMERS MrG. CO. 
AECU- 4701 IAUGUsT 19591 

EGCR-DESCENDENT or CALDER HALL 
W~ BANKS 
NuCLEAR ENG. 6. 28.32 IJANUARY 19611 

EXPERIMENTAL GAS COOLED REACTOR 'rlNAL HAZARDS 
SUMMARV REPORT. VOLUME I~ DESCRIPT10N AND 
HAZARDS EVALUATION, 
ORo~586 IVOL. II 1196 21 

REVISIONS'TO EXpERIMENTAL GAS COOLED ~EACTOR 
rtNAL HAZARDS SUMMARY REPORT. 
VOL~ 1. DESCRIPTION AND HAZARDS -EVALUATION: 

,OAK.RIDGE OPERATIONS QrrICE, AEC 
ORo.586 IVOL. 1. SUPPLe 11 IAPR1L 1965/ 

AEe NEWS RELEASE J.4 IJAN; 7,1966, 

DD16 



0017 

JANUARY 1969 

GAS COOLED REACTORS. DOMESTIC 

BNWL':Q36 

0011' 
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NAME/OWNER UHTREX/ULTRA HIG~ TEMP: REACTOR ,EXP/ASC 
LOS ALAMOS TURRET REACTOR 

DESIGNER LOS ALAMOS SCIENTI~ic LABORATORY 

OPERATOR LOS A~AMOS SCIENTI'lC LABORATORY 

LOCATION LOS ALAMOS, N~ M, 

PURPOSE POWER EXPERIMBNT, E~TENSION O~ TURR~T 

TYPE GeR, HIGH TEMPERATURE~ REVOLVING CORE: UNCLAD ~UEL 

POWER MWE(MWT) 3 

CRITICAL 1968 

COOLANT HELIUM 

MODERATOR GRAPHITE 
GRAPHITE RE~LECTOR 

~uEL MATERIAL URANIUM CAR8IDE;GRAP~iTE 

~uEL GEOMETRY EXTRUDED HOL~OW CYLINDE~S 
1 IN. ODe By 5.5 IN, LONG 

~UEL CLADDING NONE 
PVROLYTIC GRAPHITE COATING 

~UEL ENRICH. 93 pER CENT U·235 

fUEL ASSEMBLY FOUR fUELED CYLINDERS POStTIONED END-TO-END IN 
HORIZONTAL ~UEL CHANNELS BORED RADIALLY THROUGH 
THE HOLLOW GRAPHITE CORE CYLINDER, 

312 RADIAL CHANNELS 

SpECI~IC POWER 450 WIG U·235 

8URNUPCREFUEL) 10-60 PER CENT 

NEUTRON rLUX THERMAL 2,4X10 E+13 

ON-LOAD 
1-6 ELEMENTS DAILY 
SEE REMARI<S 

CONTROL SORON CARBIDE AND BORON-55 RODS~ ARTICULATED 

COOLANT T~MP. INLET 1600 F OUTLET 2400 F' 

COOLANT PRESS. 500 PSIA 
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REACTOR VESSE;L SpHERrCAL PRESSURE VESSE;L 

CONTAINMENT 

REMARKS 

RE~ERENCES 

CARSON STEEL 13:5~T. OD~~ 1~75 IN, W~LL: 
INTERNAL INSULAT10N. 

CONCRETE STRUCTURE, STEEL·LINED~ 
DIVIDED INTO SEPARATELY SHIELDED REACTOR CELL, 
WITH PRIMARy LOOP AND F'UEL LOADING EQUIF'MENT, 
~UEL·DISCHARGE ROOM~ GAS CLEANUF' ROOM, TWO 
GAS-CLEANUP PiPING ROOMS 

THE REACTOR CORE is AVERT1CAL GRAPH!TE CVLINDER 
~ABRICATED FROM 5 NESTED, CONCENTRIC, HOLLOW 
CYLINDERS~ TAPERED PLUG IN CENTER O~ CORE IS 
SLOTTED ON ONE SlOE TO RECEIVE SPENT ~UEL ELEMENTS 
AND BORED AT THE BOTTOM ~OR 'TIoIE COOL.ANT INLET 
CHANNEL~ CHANNELS RUN RADIALL¥ ~ROM THE CENTER 
OF' THE CORE TO iTS OUTSIDE EDGE, ~UEL. ELEMENTS 
BEING LOADED AT THE PERIPHERY AND DISCHARGED IN 
THE CENTER. THE CORE ROTATES ON ITS AXIS F'OR 
RErUELING~ HELiUM COOLANT ENTERS AT THE BOTTOM 

TURRET. A HIGH TEMPERATURE GAS CYCLE REACTOR 
PROPOSAL. 
RP HAMMOND, OTHERS 
LA-2198 IJANUARy 23; 19581 

A PRELIMINARY STUDY OF' THE TURRET EXPERIMENT -, AN 
OP~RATING TEST OF' U~CLAD F'UEL AT HIGH TEMPERATURES 
RP HAMMOND, JP CODY 
L.A-2303 IMARCH 19591 
NUCLEONICS 17~ 106-9 IDECEMBER 19591 

ULTRA HIGH TEMPERATURE REACTOR EXPERIMENT IUHTREXI 
HAZARD REPORT 
L.OS ALAMOS SCIENTIF'lC LAS; 
LA-2689 IMARCH 19621 

UHTREX 
POWER REACTOR TECHNOLOGY 9, 51-63 IWINTER 1965~61 
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NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TyPE 

* * • * * * • • . ' . • * • 

PROJECT ROVER/NuCLEAR ROCKETIIAEC-NASA 
PHOEBUS 

LOS ALAMOS SCI. LAB:/WESTINGHOUSE ELECTRIC CORP. 

LOS ALAMOS SCI. lAS: IKIWII 

JACKASS rLATS, NEVADA INEVADA TEST Sf TEl 

NUCLEAR ROCKET pROPULSION 

GCR 

PowER MWE(MWT) PHOEBUS 5000 MWT 

CRITICAL KIWI 1959"1961 
NRX 1964 
~ERVA rULL POWER TEST MARCH 3, 1966 
POWER RUN, PHOEBUS 1B~ fOR 30 MINUTES AT 1500 MWT 
IN fEB. 1967 
NRX-A6 IEXP. NERVA-11 STARTUP IN DEC. 1967: ~UEL 
GAS EXIT' TEMPERATURES APPROACHING 45QO R, 
PHOEBUS 2A INTERMEDIATE POWER RUN IN 1968~ 
rOLLOWED IN TWO WEEKS; JUNE 1968, BY POWER RUN 
LASTING 32 MIN,~ REACHING POWER LEVEL O~ 4000 MWT 
FOR 12.5 MIN. AND PEAKING AT 4200 MWT~ DESIGN 
POWER IS 5000 MWT AND 250,000LB~ THRUST~ 

COOLANT GASEOUS HyDROGEN 

MODERATOR GRAPHITE 

fUEL MATERIAL URANIUM CARBIDE DISPERSED IN GRAPHITE 

REMARKS PHOEBus-2 TESTS IN 1968 ARE END Or PROGRAM BEGUN 
IN 1964, NEXT STEp WOULD BE DEVELOPMENT O~ A 
FLIGHT-READY ENGINE WITH A SP6Cr~lc IMPULSE O~ 
ABOUT 825 SEC. A SATURN V WrT~ A NUCLEAR T~IRD 
STAGE COULD LAND ABOUT TW!CE THE EQUI~MENT ON THE 
MOON AS THE AL~.CHEMICAL VERSION AND EXTEND 
EXPLORATION TIME. ~OR MANNED MISSIONS. 

RErERENCES NUCLEAR ROCKETS: LOS ALAMOS PROJECT ROVER~ 
RE SCHREIBER 
NuCLEONICS 16,70. 2 IJULY 19581 

A REVIEW Or PROjECT ROVER 
RE SCHREIBER 
IRE TRANS~ NUCLEAR sct, NS-9, 16.20 IJAN. 19621 

• 

0018 
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PHOEBUS MAY YIELD 268-POUND REACTOR~ 
F'G Me GUIRE 

• . .' 
MISSILES AND ROCKETS 12, 16.17 IAPR!L 8, 19631 

REVIEW or SOLID CORE NUCLEAR ROCKETS. 
F'C SCHwENK 
IEEE TRANS, NUCLEAR SCIENCE NS-12 I 160.168 
IF'EB. 19651 

THE NERVA NUCLEAR ROCKET REACTOR PROGRAM. 
WESTINGHOUSE ENG. 25. 66.75 IMAY 19651 

~UCLEAR INDUSTRy SEPT~ 1966 P. 19.22 
NEWS RELEASE 

NUCLEONICS WEEK NOV: 30. 1961 P~ 4 
NEWS RELEASE 

ANP PHOEBUS -GINS ARISE 
~EW SCIENT1ST J0NE 27~ 1968 p~ 692.4 
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NAME/OWNER 

DESIGNER 

OpERATOR 

PURPOSE 

TYPE 

NGE/NUCLEAR GAS ENGINE//AEC 

OAK RIDGE NATIONAL LABORATORY 

STUDY 

SHIP PROPULSION 

GeR, CLOSED CYCLE. DIRECT COUPLING TO 
REC!PROCAT1NG ENGINE 

POWER MWE(MWT) 1:5 OR 20~OOO SHP 60 

CRITICAL STUDY 

COOLANT NITROGEN OR HELIUM 

MODERATOR GRAPHITE 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 

rUEL GEOMETRY RODS, 24 IN. LONG 

FUEL CLADDING 5S CAPSULES 

rUEL ASSEMBLY 7 CAPSULES/ASSEMBLY IN FUEL CHANNELS. 
5 ASSEMBLIES/CHANNEL 
665 ASSEMBLIES 1 CORE 

CONTROL RODS 

• • 

REACTOR V~SSEL CARBON STEEL, 14 FT: DIA./23 ,T: HIGH/8 r.N~ THICK 

CONTAINMENT 

REMARKS 

RE~ERENCES 

CARBON STEEL 26 FT. 00.132 fT; HIGH/3/8 IN, THICK 

A PRELIMINARY STUDY HAS BEEN DONE or A 
RECIPROCAT!NG ENGINE COUPLED TO A GAS COO~ED 
REACTOR; SIMILAR TO GCR-2 BUT WITH A SMALL CORE. 

DESIGN CONSIDERATION FOR HIGH PRESSURE GAS COOLED 
REACTORS WITH SMALL CORES~ 
OAK RIDGE NATIONAL LAB, 
ORNL-CF-58-'.55 /SEPTEMBER 19581 

A NUCLEAR GAS ENGINE FOR MARINE PROPU~SlON~ 
OAK RIDGE NATIONAL LAB. 
ORNL-CF-58-9-12 ISEPTEMBER 19581 

PROC. 1958 NUCLEAR MERCHANT SHIP SYMPOSIUM, 
AUGUST 1958. 

• 
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T1D-7563 IJANUARY 19591 
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* • .. .. • .. .. • • • • .. .. .' . .. .' 
NAME/OWNER PBRE IPEBBLE BED REACTOR EXPERIMENTI IORNL 

DES I GNER OAK R lOGE NA T rONAL t LAsaRA TbRy 

PURPOSE POWER EXPERIMENT" 

TYPE GeR, PEBBLE-BED 

CRITICAL POSTPONED IN 1962 

COOLANT HELIUM 

MODERATOR GRApHITE RE~L8CTOR 

rUEL MATERIAL URANIUM/THORIUM OXIDE: OR URANIUM/THORIUM CARBjDE 
IN GRAPHITE 

FuEL GEOMETRY SPHERES~ 1.5 IN~ OD~ 

F'UELCLADDING GRAPHITE COATING 

ruEL ENRICH. 2:91 PER CENT U~235 

rUEL ASSEMBLY 11,700 rUELEO SpHERES/CORE 

ruEL CHARGE 17.2 KG~ U·235 

SPECIFIC POWER 3000 KW/KG U-235 

BURNU~(REFUEL) 130,000 MWD/TON EXPOSED "F'UEL RECVCLED TO TOP, 
ADDITION ANDIOR ReMOVAL BV 
GRAVITV"F'LOW AT POWER: 

CONTROL CONTROL BLADES, LOCATED IN REF"LECTOR 

COOLANT TEMP. INLET 550 F OUTLET" 1250 F" 

COOLANT PRESS. 500 PSIA 

REACTOR VESSEL CORE. GRAPHITE RErLEctED CVLINDER 2 1/2 ~T~ DIA./ 
4 FT. HIGH 
PRE 5 SUR EVE SSE L ~ CAR 8 0 N . S TEE Lev LI N D E R 9 ~ 5 F' T .: 0 D • 

20 FT~ HIGH/2.5 IN; fHICK 

CONTAINMENT SHIELDED COMPARTMEN~S~ SECONDARV OONTAINMENT 
BuILDING. 

REMARKS BASIC DESIGN WAs CONciEVED 8V ~ARRINGTON OANIE~S~ 
A TWO-REGION TH~RMAL BREEDER DESIGN, STUDY 
PROJECT BV SANDERSON AND PORTER, WAS TURNED 
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* * * 

REr:ERENCES 

* • .' . .' .' .' . . 
,OVER TO ORNL F"OR RESEARCH AND DeVELOPMENT~ 
SPHERicAL GRAPHj'TE F'UEL PEL.LETS WERE' EVALUATEO: 
FIRST P~ASE STUDY~ pBRE. 9 MWT~ SEOONDP~ASE~ 
CONqEPTl,JAL DESI~N, 33~ MWE, 800 MWT,CENTRAL 
STAT10N, RADIA~ F"LOW, OOWN~LOW AND UPrLOW 
STUDIES, LARGE CORE WrTH AX!AL ~LOW SELECTED rOR 
DEVELOPMENT. paRE PROPOSED 'F'OR INSTALLAT10N IN 
HRE:2 F"ACIL!TV AAS BEEN POS'PONEO~ 

PRELIMINARY DESiGN of A 10 MWT PEBBLE-SED 
REACTOR EXPERIMENT~ 
OAK RIDGE NATIONAL LAB~ 
CP-60-10-63 INOvEMBER 19601 

DESIGN STUDY OF A PEBBLE-BED REACTOR ~OWER PLANT~ 
Ap F"RAAS, OTHER$ 
CP-60-12.5 IREV.I IMAY 19611 

CONCEPTUAL DESIGN Or THE PEBBLE-SED R9ACTOR 
EXPERtMENT~ , 
OAK RIDGE NATIONAL LAB. 
ORNL~RM~201 IMAy 19621 

DANIELS EXPERIMENTAL POWER PILE DESIGN PROPOSAL. 
MONN;188 IBOOKS 1 AND 21 

0020 



0021 

JANUARV 1969 

GAS COOLED REACTORS. DOMESTIC 0021' 

* • • 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

* 

POWER MWECMWT) 

COOLANT 

MaCERATOR 

FUEL MATERIAL 

F'UEL GEOMETRV 

F'uEL ASSEMBLV 

CONTROL 

COOLANT TEMP. 

COOLANT PRESS. 

REACTOR VESSEL 

REMARKS 

REF'ERENCES 

. .. • • • .' .' .' . .' .' . 
GCR STUDY, SPACE PROPULSION/THIOKOL 

'THIOKOL CHEMICA~ CORPORATioN 

SPACE PROPULSION 

GCR~ PEBBLE-BED 

175 

HVDROGEN 

GRAPHITE, LATERAL BERYLLIUM OXIDE REF'LECTOR 

F"UELED GRAPHITE PELLETS~ VARIABLE DIAMETERS 

PEBBLES 

CORE STRUCTURE. CVLINDRicAL QRAPHfTE SEPARATORS 
'ENCLOSING FUEL ~E~LETS /COMPARTMENiED/~ 'F'UELED 
SPHERES,HAVE DIF~ERENT DIAMETERS F'OR DIF'FERENT1AL 
LOADING. 

ROTATING ELEMENTS; BORON~CONTAINING DRUMS IN 
REF'LECTOR~ 

INLET 25 F' OUTLET 4200 'F' 

INLET 400 PSI OUTLET'100 PSI 

GRAPHITE CVLINDER ICOREI 5 F'T: X 5 F' T ~ , 

A PARALLEL~PLATE CORE IS ALSOD!5CUSSED~ THE 
PEBBLE-BED CORE STRUCTURECONSISi'S OF" CYLINDRICAL 
GRAPHITE SEPARATORS ENCLOSING THE F'UEL PELLETS; 

.' 

D I F" F' ERE N T IA L R A [) IA L' LOA 01 N G PREVENTS INC REA S ! N G 
POWER DENSITY Ai' CORE CENTER AND REDUOES FLOW 
THROUGH THE LATERAL REF"LECTOR~ ~HIOKOL HAS SET UP 
A UNIT rOR RESE~RCH AND DEVELOPMENT IN NUCLEAR 
PROPULSION rOR SPACE AT PARSI~ANNV·~ROY HILLS~ 
NEW JERSEV~ THEY ARE PRIME CONTRACTORS IN AN AIR 
~ORCE CONTRACT IWITH GM AND NUCLEAR DeVELOPMENT 
CORP~I F'OR A NUCLEAR PROPULS!ON SYSTEM STUDY: 

PEBBLE-BED REACfoR LOOKS OKAY ~OR NUC~EAR SPACE 
VEHICLES. 
MM LEVOY, JJ NEwGARD 
SAE JOURNAL 68. 46-50 IJUNE 19601 

NUCLEAR SPACE VEHiCLES UStNG pEBBLE-SSD REACTORS 1 
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MM LEVOV, JJ NEwGARD 
Np-8586 119601 

.' .. 

'PEBBLE~BED, NUCL.EAR REACTORs'raR 'SPACE, V8H rCLE 
·PROPULSION. 
MM LEVOV, JJ NEWGARD 
AERO/SPACE ENGINEERiNG 19:.54.8 '/APRI!.; 1960/ 
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NAME/OWNER 

PURPOSE 

TVPE 

* 

POWER MWE(MWT) 

* * * • • ... . ... 

GCR-3 /GAS COOLeD REACTOR~B/ 

OAK RIDGE NATIONAL LABORATORV 
TENNESSEE VALLEv AUTHORITY 
COMBUSTION ENGINEERING CORP. 
WESTINGHOUSE ELECTRIC CORP. 

ADVANCED DESIGN STUDY 

GCR~ ADVANCED EoCR TVpE 

750 1908 

CRITICAL STUDY 

COOLANT HELIUM 

MODERATOR GRAPHITE, HEXAGoNAL COLUMNS 

• ... • * ... 

~UEL MATERIAL URANIUM DIOXIDE PELLETS 0;97 IN; OD:/O,74 IN~ io, 
1 IN. LONG STAC~ED ON ATHIN CERAMIC TUSe; 

~UEL GEOMETRY RoDS 18~9 rT~ ACTIVE LENGTH /TWO RODSI 

~UEL CLADDING SS 0;015 IN. THICK 

rUEL ENRICH. 3 PER CENT U-235 

~UEL ASSEMBLY 7.ROD CLUSTERS, GRAPHITE SLEEVES THROUGH THE 
MoDERATOR BLOCKS. 

1062 ~UEL CHANNELS 

~UEL CHARGE 216,000 LB URANIUM DIOXIDE 

8URNUP(REFU~L) 20,000 MWD/T 4-STEP PER CORE LI~eTIME~ 

CONTROL RODS, TOP~MOUNTED 

COOLANT TeMP. INLET 577 F OUTLET 1150 'F' 

COOLANT PRi::SS, 420 PSIA 

REACTOR VESSEL SPHERICAL STEEL VESSE~ 52 'fT~ 6 IN. 10" 4 IN. 

CONTAINMENT 

REMARKS 

REfERENCES 

THICK WALLS. 

STEEL-LINED REINrORCED CQNCRETE BUILDING, 

A STUDY TO EVALuATE THE rUTURE POTENTIAL or GAS 
COLLED REACTORS Or tHE EGCR 'TVP~; 

THE ORNL GCR.3, A 750~MWE GAS~COOLED CLAD~rUEL 

0022 
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REACTOR POWER PLANT: A JOINT DESIGN STUDY: 
M BENDER 1 WR GALL 
ORNL.3353 IJAN. 28, 196 31 

D022 

0022 
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NAME/OWNER 

DESIGNER 

PBR IPEBBLE BED REACTOR//SANDERSON • PORTER 

SANDERSON AND PORTER 

TYPE 

POWER ~1WE (MWT) 

POWER 

GCR, pEBBLE-SED 

125 

CRfTICAL CONCEPTUAL DESIGN 

COOLANT HELIUM 

MODERATOR GRAPHITE RErLECTOR 

350 

rUEL MATERIAL URANIUM/THORIUM DIOXIDE IN GRAPHITE~ 
BLANKET THORIUM DIOXIDE IN GRAPHITE 

F"UEL GEOMETRY SPHERes 1· 1/2 IN, D I A ~ BLANKET 3/4 I N ~ 01 A. 

F"UEL CLADDING NONE 

'* 

F"UEL ASSEMBLY 7 VERTICAL rUEL CHANNELS CONT~IN CORE ELEMENTS, 
BLANKET ELEMENTs IN ANNULAR RING F"ORMED BY THE 
CORE CHANNEL STRUCTURE AND THE THERMAL SHIELD. 

228,600 SPHERES/CORE 
2,370,000 SPHERES/BLANKET 

NEUTRON F"LUX THERMAL AVE, 2.2X10 E.1 4 

CONTROL RODS, TOP-DRIVEN 

COOLA~T TEMP. INLET 550 F" OUTLET 1250 F' 

COOL ANi PRESS. 965 PSIA 

REACTOR Vt:SSEL CARBON STEEL CYLINDER 

CONTAINMENT CONTAINMENT VeSSEL TO HOUSE PRIMARY SYSTEM, 
CONVENTIONAL STRUCTURE rOR SECONDARY SVSTEM. 

REMARKS hE~!UM ~LOW IS DOWNWARD THROUGH CORE AND BLANKET 
IN PARALLEL. THE rUEL CHANNELS ARE 6 GRAPHITE 
CYLINDERS, BORED AXIALLY WITH AN OBROUNO ~OLE 
31 !N~/37 IN. FORMING A CENTRAL CHAMBER~ 

RE~ERENCES DESIGN AND rEASIBILTTY STUDY Or A PEBBLE-SED 
REACTOR-STEAM POWER PLANT~ PART l~ PLANT DESIGN~ 
SANDERSON + PORTER, ALCO PRODuCTS 

'* 

D023 
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• • * 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

* 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

F'uEL MATERIAL 

F'uEL GEOMETRY 

F'UEL CLADDING 

F"uEL ENRICH. 

F"UEL ASSEMBLY 

CONTROL 

REMARKS 

REF'ERENCES 

• • • • • • .' .' .' .' . 
TORY/AEC 

UNIVERSITy OF' c~LtroR~IA RADliTioN LABO~ATOR~ 

UNIVERSITV OF' CALiFORNIA RADIATION LABORATORY 

NEVADA TEST SITE 

PROJECT PLUTO INUCLEAR RAMJETI eXPERIMENT 

• 

GeR, DIRECT CYCLE; HIGH TEMPERATURE, UNCLAD FUEL. 

TORy-2C 

ZERO powER, DEC: 1960 
TORy.2C; 1964 

150 
600 

PLUTO PROGRAM DISCONT1NUED 

AIR 

8ERYLL1UM OXIDE; GR~PHITE REF'LECTOR 

BERYLLIUM-URANIuM OxIDE 

HEXAGONAL TUBBS 4 IN. LONG 

NONE 

HIGH 

HEXAGONAL BUNDLESCONtAIN8DIN UNF"U6LED BERYLLIUM 
OXIDE STRUCTURAL ELEMENT. wrT~ AIR-COOLED 
HASTELLOYTUBE AT EACH CORNER OF ELEMENT. 

APPROX. 100;000 FUEL ELEMENTS/CORE 

GRAPHITE CYLINDERS WITH BORON STEEL IROTAT1NG/ 
AND LINEAR RODS 

TORy-2-A-1 HAD A CVLINDRICAL CORE 45 iNCHES LONG 
By 32 INCHES DI~METER: THE RAMJET CONSISTS oF" AN 
INLET DIFF'USER, A SiNG~E.PASS STRAIGHT.THRQUGH 
HEAT E~CHANGER /THE REACTOR/, AND AN EXHAUST 
NOZZLE. 

SUMMARY REPORT ON HIGH TEMPERATURE BERVLLIUM., 
OXIDE CRITICAL EXPERIMENTS. 
RG F'INK!: 
UCRL-6329 11961/ 

.' 



JANUARY 1969 BNWL~936 

GAS COOLED REACTORS. DOMESTIC 0024 
... .. ... .. .. .. • • ... .. .. 

NUCLEAR REACTORS BUILT, BEING BUI~T, OR P~ANNED IN 
THE UNITED STATES AS OF DECEMBER 31, 1961. 
TIO.8 2 00 /11TH REVISIONI 119641 

THE PLUTO PROGRAM~ 
HL REVNOLDS /LAWRENCE RADIAT10N LAB;' 
UCRL_6923 IMAY 17~ 1962/ 

0024 
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0025 

... ... ... • ... ... ... 
.' W' .' ... .' ... ... .' 

NAME/OWNER GCR STUDY, PROCESS HEAT/US BU;MINtS 

DESIGNER UNITED STATES 8UREAU OF MINES 

RURPOSE PROCESS HEAT rOR GASI~ICATI0N or COAL 

TYPE GCR, PEBBLE -S80; I NO I RECT 'CYCLE 

POWER MWE(MWT) 750 

COOLANT HELIUM 

MODERATOR GRAPHITE 

rUEL GEOMETRY PEBBLES 

REMARKS A NONNUCLEAR SYSTEM 'TO SERVE AS A PROTOTYPE HAS 
BEEN DESIGNED AND CONSTRUCTED~ CONCEPT IS rOR A 
HELIUM-COOLED REACTOR IHELIUM ABOVE 1000 rl TO 
HEAT STEAM. SUiTABiLITY or HELIUM~GRAPHITE 
SUSPENS IONS AS REACTOR COOLANTS I S' BE I NG 
INVESTIGA1'ED. 

RE~ERENCES HIGH TEMPERATURE SYSTEMS rOR NUCLEAR PROCESS HEAT. 
JP MC GEE 
TIO-7564 IP. 3051 119981 

INDIRECT CYC~E NUCLEAR REACTOR SySTEM 'TO rURNIS~ 
PROCESS HEAT. 
RC DALZEL~, JP ~CQE~ 
CHEM, ENG. PROG, 55, SYMP: SERIE5=22~ 111.18 
/19591 
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NAME/~WNER GCR-MHD/WESTINGHOUSE 

DESIGNER WESTINGHOUSE ELECTRIC CORPORAT10N 

PURPOSE POWER·CONCEPT 

.. . .. 

BNWL;;'936 

DD26 .. 

TYPE GCR, NUCLEAR FUELED MHO PLANT: CLOSED CYCLE; 

POWER MWE(MWT) 600 

CRITICAL STUDY 

COOLANT HELIUM 

MODERATOR GRAPHITE 

rUEL MATERIAL URANIUM CAR8IDE~GRAPHtTE 

rUEL GEOMETRY ANNULAR RODS 

rUEL CLADDING NONE 

~UEL ENRICH. SLIGHT 

~UEL ASSEMBLY ANNULAR ELEMENTS pOSltl0NSD IN rUELCHANNELS 

BURNUP(REFUEL) ION-LOAD REruELINGI 

COOLANT TEMP. INLET 1690 F OUTLET 2500 F' 

COOLANT PRESS. 25.50 PSIA 

REACTOR VESSEL CORE. RIGHT CVLINDER Or GRAPHITE MODE~ATOR AND 
REFLECTOR PIERC5D 8~ VERTICAL ~UEL CHANNELS; 

REMARKS 

REFERENCES 

UTILIZAT10N OF FISSION PRODUCTSF'ROM UNCLAD FUEL 
FOR GAS IONIZATION~ SYSTEM CONSISTS Or THE 
REACTOR, AN MHO GEN~RATOR, MHO COMPRESSOR f 
REGENERATOR, COoLER, POSSlBLV A D.C. TO A.e. 
CONVERTER, 

MHD POWER GENERATION BV NON THERMAL IONIZAT10N AND 
ITS APPLICATION TO NUCLEAR ENERGY CONVERSION. 
EJ STERNGLASS. oTHERS 
NUCLEAR ENERGY, MARCH 1963, p~ 60-66. 

DD26 
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NAMEIOWNER 

DESIGNER 

PURPOSE 

TyPE 

PowER MWE (MWn 

GCR FAST REACTOR STUDV/GGA 
HELIUM COOLEDFAS~ BREEDER 

GULF GENERAL ATOM[C 

POWER, POSSIBLY D8SALiNATION 

GeR, FAST BRE8DER 

CRfTICAL REFERENCE DESIGN 

COOLANT HELiuM ICARBON DIOxiDE STuDIEDI 

MODERATOR NONE 

~UEL MATERIAL URANJUM/PLUTONl0M aX10E PELLETS~ COREC~ O~5 IN. 
LONG. 

RADIAL BLANKET URANIUM DIOXIDE, 

~UEL GEOMETRY ROD 46 IN~ LONG 
UPPER AND LOWER BLANKeT seCTIONS EACH 18 IN, 

~UEL CLADDING ,HASTE~LOYCANS 0.44 IN~OO~, 12~5 M!LS THICK 
SPACING BY RIBS 

~UEL ASSEMBLY BUNDLES 
100 RODS/BOX, ACT I VE L:ENGTH ,116,5 CM. 
213 BOXES~ SQUARE PITCH 

GRIn-PLATE IS EGG-CRATE STRUCTURE 

FUEL CHARGE 17 7 0 KG~ rlSS1LE 

SpEClrIC POWER O~62 MWT/KG FISsILE 

BURNUP(RE~UEL) 100,000 MWO/T 

CONTROL MOTION OF POISON ELEMENTS~ ~UEL, QR 80TH 

COOLANT TEMP. INLET 300 C 
SEE REMARKS 

COOLANT PRESS~ 1000 PSIA 
SEE REMARKS 

OUTLET 600 C 

REACTOR VESSEL PRESTRESSED CONCRETE CYLINOER~ FLAT ENDS. 
INNER STEEL .LINiNG rACED WItH INSULATiNG MATERiAL,· 
ADJACENT BUILT-iN WATER COI~S~ ,VESSEL CONTAINS 

,CORE, CIRCULATORS; STEAM GENERATORS~ MAIN COOLANT 
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... .' .' .. .. .. 

CONTAINMENT 

REMARKS 

RE~ERENCES 

.. .. .. .. .. .. .. .' .. ' . 
DUCT1NG, ROD-DRivE MECHANISMS: 

:CONCRETS-LINEO ~tT 

,CARBON DIOXIDE COOLANT' AND CARsj'oe ~U8LS WERE ALSO 
STUDIED: 

'REPRESENT AT I VE nEs I GNS I NCLUOE A 463: MWE PLANT' 
WiTH HELIUM COO~ANT; OXIDe 'UEL~ WORKiNG ~RSSSURE 
1000 pst, INLET Joo C AND OUTLET' 396 C, AND A 11564, 
MWE PLANT WfT~ CARBON DIOXIDE ;COOLANT; CA~BtDE 
rUEL, WORKING PRESSURE 2000 PSI ~ INLET' 340 C' AND 
OUTl.;ET 615 c. STUDY UNDER AEC ,SPONSORS~ B~ ~ ,.,. 
APPLICATION TO wATER DESALINATION 15 CONStOER8D~ 
GENERAL A~OMICS HAS ANNOUNCED 'THE DEVELOPMENT' oF' 
G~F'RE IGENERAL. ATOM ICS F' AST 'RsAcTOR ·EXPER i MENTl 

f" • (I ' f 

WfTH EAST CENTRAL NUCLEAR GROUP, 
A JOINT PROGRAM WiTH SWITZERLAND WILLSTUD~ GAS~' 
COOI,.EO FAST BRE~DERS, WITH RESEARCH '~e:RF'ORMEO 
; 0 U RI N G 1968 AT THE S W iss F' E 0 ERA L i INS T ! T UTE F' 0 R 
WiTH A GROUP OF' 21 UTiLfTiES, GGA IS ENGAGED IN A 
2;YEAR R.D PROGRAM tOR A GASOOOLED F'AST'REACTOR 
OR EXP~ FACILITV, TO iNCLUDE CORE OBStGN AND 
DEVELOPMENT, SYSTEM COMPONENT OEVELOPMENT~ AND 
SAF'ETY ANALYSIS~ WHICH WILL COMPLEMENT- THE SWISS 
PROGRAM. 

GAS COOLING rOR PAST REACTORS~ 
P: ~ORTESCUEf OTHERS 
JRD U~ INTL~ CONF': pEACEF'UL usES ATOMIC -ENERGV'; 
GENEVA~ 1964~ A/CONr~ 28/P 694 

O,VELOPMENT oPt~~ GAS-CPOL.EO '~ST REACTOR CONcEPT 
P. ~ORTESCUE, R,T, SH~NSTROMf H. 'RENCH 
NUCLEONICS 23 151, 56.60 IM~Y19691 

STUDY OF' A GAS-OOOLEO FAST' BR8EDER REACTOR: 
INITIAL STUDY~ 'OORE,DESIGN 4NALV,$fS AND SYSTEM 
DEVELOPMENT PROGRAM. fINAL SUMMARY REPORT. 
GENERAL ATOMIC Dlv. GENERAL DYNAM!CS 
GA-5531 IAUG, 15, 19641 

DEVELOPMENT or: THE GAS~COOL80 FAST REACTOR CONCEPT 
P -F'ORfESCUE~ RTSHA~sfROM 
fiST REACfoR TEOHNOLOGY~ NAT10NALTOpicAL MEETiNG 
APRIL 26 .. 2~~ 1965: AMERICAN ,NUCLEAR SOCIETY~ 
ANS.100 IP,89.981 
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NAME/OWNER MMPPR IMULTfPURPOSE M[LrT~RY PORTABLE POWER 

REACTOR~ 

DESIGNER AeROJET~GENERAL NUCLEONICS 

PURPOSE MILiTARY POWER REQUiREMENTS; 

T Y PEG C R; A I R 0 R SUP E R ~ EAT ED, S TEA M ; COO L ~ N T -~ PRe s SUR E 
'TU8E~,PORTABLE PL~NT~ 

POWER MWE(MWT) 1 

CRITfCAL DESiGN 

OOOLANT AIR OR SUPERHEAtED ~TEAM. SEE REMAR~S 

MOCERATOR LIGHT WATER 

F'uEL MATERIAL 

Io"UEL GEOMETRY 

rUEL CLADDING 

F'uEL ENRICH. 

rUEL ASSEMBLY 

CONTROL 

COOLANT TEMP. 

COOLANT PRESS~ 

REACTOR VESSEL 

CONTAINMENT 

REMARKS 

REFo"ERENCES 

URANIUM DIOXIDE 

PIN 

HASTELLOY X 

MODERATE 

19"PIN BUNDLE 

BLADES 

1000 r MAX~ WITH BRAYTON CYCLE 1200 ~ 

500 PSI 

A L U MIN U M TAN K ~ a F' T ~ D I A ~ I 8 . F' T '. H 1 G H , 0 UTE R LEA D 
SHIELDS TO rORM AN jNNULUS ~ORCIRCULAT10N OF' 
BORATED WATER~ 

SHIELD TANKS, SAND BAGS. 

A DUAG-LOOP PLANTUTIL1ZING THE ,LOErr~ER OR ~HE 
BRAYTO~ CYCLE, CONVENTIONAL SUPERHEATED.ST~AM 
PQWER"CONVERSION EQUIPMENT. AOJRI3Cr-STEAM .. CyCLE 
PLANT USES THE sAME GAS-COOLED REACTOR, BUT IS 
COOLED BY SUPERHEAT~O STEAM WHIOH lS USED DIRECTLY 
AS THE TURBINE WORKING F'LUID.PLANT IS'DESIGNED 
FOR TRANSPORTATioN ~O REMOTE AREAS IN A TOTAL Or 
25 PACKAGES. 

DESIGNED, THE PORT~BLE POWER REACTOR. 



JANUARY 1969 

GAS COOLED REACTORS. DOMESTlC 
." ". ." ." ." . ." ". .' ...". . .' . 

·s: LUCH~E~ IA~ROJeT;G6NERAL N~C~EONtCS1 
'MECI-l. 'ENG I 87, :52.35 IJUNE 19651 

BNWl.;Q36 

DD2B 

DD28 

.' .' .' 
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GAS COOLED REACTORS. DOMESTIC .. .. .. .. .. .. • .' '.' .' . 
NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

GCR ~AST REACTOR ST8D~~1/0RNL 

OAK RiDGE NATIONAL L~80RA~ORV 

POWER 

GCR, t NO I RECTCycLe; F'AST 'REACTOR 

POWER MWECMWT) lOBO 2500 

CRITICAL CONCE~TUAL DESIGN 

COOLANT HELIUM 

MODERATOR STEEL REFLECTOR 

F'UEL MATERIAL URANIUM/PLUTONIUM DIOXIDE 
BLANKET, DEpLETED URANIUM DtOX1DE 

.' .. .. 

~UEL GEOMETRY PIN 0~25 IN. DIi.; 72 IN. ,LONG • 15 X 2 !N~ AXIAL 
BLANKET~ 

R A 0 I A L 8 LAN K E T' PIN S O~· 9 2 i N ~ 0 I A ~ ~ , 8 ~ 5 F' T. 
LONG 

FUEL CLADDINGSS 

FUEL ASSEMBLY CORE, 421.PIN BVNOLE,CVLI~DRtCAL STEEL ALLOY 
CONTAINER 9.763 IN. 00. 
154 ASSEMBLIES 

8LANKET~ RADIAL; 9 IN:OD~ 
102 ASSEMBLiES 

8URNUP(REFUEL) SHUT DOWN 

CONTROL RODS 

COOLANT TEMP. INLET 500 F OUTLET 1150F' 

COOLANT PRESS~ 1016 PSI 

REACTOR VESSEL PRESTRESSED CONCRETE SPHERE 44 F'T~ IO~, 11 FT. 
WALL THICKNESS, LINED~ 

• 

CONTAINMENT REINFOROED CONCRETE CYLINDER 100 F'T~ 10., 154~5 FT 
~iGH, WALL TH1CKNESS 4,5 F'T~ 

REMARKS TWO SYSTEMS W8RE STUDIED, HELIUM-aOOLED INDIRECT 
CYCLE WITH CONVENT10NAL STEAM CYCLE, AND SULFUR 
DIOXIDE COOLED DIRECT CYCLE SYSTEM WITH A DIRECT 
RANKINE CYCLE IsEE 0030/. 

DD29 



.. JANUARY 1969 

GAS COOLED REACTORS. DOMESTIC 
." • 

REfERENCES 

• ." ." ." .' ." . . .' .' ." 

A CARBON DIOXIDe-COOLED SYStEM WAS 8RIE~LV 
REVIEWED, 

GAS COOLED fAST REACTOR CONaEPTS~ 
OAK RIDGE NATIONAL LA8~ 
ORNL_3642 ISEPT: 19641 

,DD29 

BNWL':936 

D029 
." 
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GAS COOLED REACTORS. DOMESTIC OD30 
* * * * • * • • • • * 

NAME/OwNER GCR FAST REACTOR STUDY-2/0RNL 

DESIGNER OAK RIDGE NATIONAL LABORATORy 

PURPOSE POWER 

TyPE GeR, FAST REACTQR~ DIRECT RANKINE CYCLE 

POWER MwE(MWT) 3168 

CRITICAL CONCEPTUAL DESIGN 

COOLANT SULFUR DIOXIDE /supERCRrTICALI 

MODERATOR CYLINDRICAL STEEL RErLECTOR~ 

rUEL MATERIAL CORE, URANIUM/PLUTONIUM DIOXIDE 
BLANKET, DEpLETED URANIUM DIOXIDE 

OxIDES COMPACTEO BY VIBRAiORY MET~ODS 

F"uEL GEOMETRY PIN 72-IN. ACTIVE LENGTH'. 15 X 2 IN.· AXIAL 
8LANKET~ 

RADIAL 8LAN~ET ~ARGER DIA~ 

FUEL CLADDI~G HASTELLOY~X SEAMLESS TUBING 1/4 IN. 00; 

F"uEL ASSEMBLY CORE, 577-PIN ASSEMBLY, CYLINDRICAL CONTAINER 
135 FUEL ASSEMBLIES 
114 RADIAL BLANKET' ASSEMBLIES 

CONTROL RODS, BOTTOM ENTRV 

COOLANT T~MP. OUTLET 910 F" 

COOLANT PRESS. INLET 1350 PSIA OUTLET' 1200 PSIA 

REACTOR VESSE~ CORE VESSEL 17 rT~ 10;, 8 IN, WALL TH1CKNESS, 
CARBON STEEL CYLINDER, SS LINER ABOVE CORE. 
PRIMARY VESSEL MAY BE PRESTRESSED CONCRETE: 
ANNULAR SPACE dETWEEN CORE VESSEL AND PRIMARY 
ICOOLANTI VEsSEL. 

CONTAJNMENT SPHERICAL SHELL; ALL-METAL RECOMMeNDED, 

* 

CENTRAL SHELL HOUSING THE REACTOR IS OONNECTED TO 
5 IDENTICAL SURROUNDING SHELLS IREGENERATOR­
CONDENSER-PUMP sVSTEM/.EACH SHE~L IS 80 ~T, DIA. 

• 

WITH WALLS ABOUT 1 3/8 IN, T~lCK. SHELLS ARE 
SEALED ~ROM TME REACTOR SHELL AND rROM EACH OTHER. 

REMARKS CORE COOLANT IS IN THE SUPERCRIiyCAL PHASE~ 

OD30 
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GAS COOLED REACTORS. DOMESTIC 

8NWL~936 

OD30 
* * * 

REtERENCES 

• * * * . ' . • • • * • 

REACTOR SUPPLIES 910 tl 1200 PSIA SUPERCRITICAL 
SULtUR DIOXIDE TO TWO 500-MW TURBING GENERATORS. 
TURBINES EXHAUST THROUGH REGENERATORS TO SUR~ACE 
CONDENSERS AND CONDENSED LIOUID IS PUMPED BACK TO 
THE REACTOR THRoUGH REGENERATORS WHIC~ PRE~HEAT 
REACTOR tEED TO 234 F AND 800 PSI. 
PRESSURE IS INCREASED BY A FEED PUMP TO 1405 PStA 
AT 238 tl 

GAS COOLED FAST REACTOR CONCEPTS 
OAK RIDGE NATIONAL LAB. 
ORNL-36 42 ISEPT: 1964/ 

0030 
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GAS COOLED REACTORS. DOMESTIC DD31 

* * * * * • • • • • • • * • • * • 

NAME/OWNER CHEMONUCLEAR REACTOR STUDV-3/8NL 
NITROGEN FIXAfl0N 

DESIGNER BROOKHAVEN NATIONAL LABORATORY 

TYPE GCR 

POWER MWE(MWT) 1500 

COOLANT NITROGEN-OXYGEN MIXTURE 1/2 BY VOLUME. 

MODERATOR GRAPHITE 
GRA~HrTE WItH BORON RE~LECTOR 

~UEL MATERIAL URANIUM-ALUMINUM ALLOY 

FUEL GEOMETRY HONEYCOMB FOIL 

~UEL ENRICH. FULL 

FUEL ASSEMBLY FOIL ARRANGED IN HEXAGONS 

FUEL CHARGE 839 KG Uw235 

CONTROL RODS 

COOLANT TEMP. INLET 485 F OUTLET 1075 r 

COOLANT PRESS. 1000 PSI 

REACTOR VESSEL PRESTRESSED CONCRETE PRESSURE VESSEL, S~HERICAL 

REMARKS 

REfERENCES 

REACTOR PRODUCES ELECTRIC POWBR rOR ELECTROLyTIC 
HYDROGEN PRODUCTION FROM WATER, AMMONIA IS 
PRODUCED BY CONVENTIONAL CATA~YTIC COMBINATION 
WITH ATMOSPHERIC NITROGEN; PROCESS DESIGN CONSISTS 
OF REACTOR SYSTEM~ POWER CyCLE. AND C~EMleAL 
PRODUCTION PLANT. 

DUAL CYCLE CHEMCNUCLEAR NITROGEN rIXAT10N PROCESS~ 
M BELLER, OTHE~S 
CHEM, ENG~ PROGRESS 63, 51.55 /APRI~ 19671 

0031 
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GAS COOLED REACTORS. rOREIGN 

BNWL:Q36 

OrOl" 
• • • • • • • ." .' ." .' .' . • 

NAME/OWNER HTGR IHIGH TEMP~ GAS-COOLED REACTOR/AAEC,AUSTRALIA 

DESIGNER AAEC-AUSTRALIA 

~URPOSE POWER REACiOR STUDY 

TyPE GCR, HIGH TEMPERATURE; PEB8LE~8ED 

POWER MWE(MWT) 500 

CRITICAL fEASIBILITY STUDY 

COOLANT CARBON DIOXIDE 

MODERATOR BERVLLIUM OR BERYLLIUM OX~DE 

fUEL MATERIAL ITHORIUM~PLUTONIUMI OXIDE~BERV.LLIUM OXIDE PEBBLeS 
A80UT 1 IN. OIA: 
A PLUTO~IUM/THORIUM/BERVLLIUM SYSTEM IS BEING 
STUDIED. 

FUEL GEOMETRY PEBBLES 

FUEL CLADDING BERVLLIA COATING 

FUEL ENRICH. FISSILE-FERTILE~MODERATOR RATIO 1-to.2000 

SPECIFIC POWER 1~3 MW/KGFUEL 

COOLANT TEMP, INLET 350 C 

CONTINUOUS, ON-LOAD. 
PART1ALLV SPENT rUEL 
RECIRCULATED: 

OUTLET ?OO-SOO C 

COOLANT PRESS. 35 ATM. 1515 PStl 

REMARKS SYSTEM INVESTIGATION, FUE~ EL6MENTS STUDIES. 
MOST PROMISING ELEMENTS INCORPORATE BERYLLIUM, 
URANIUM~ AND THORIUM. CERMET FUELS, BBRVL~IUM 
OXIDE MATRIX ELEMENTS ARE 'UNDERGOING IRRADIATION 
STUDI5S~ CONCEPT DEvELOPMENT TARGET IS 1980 
A 500 MWE REACToR HAS BEEN EVALUATED 

RE~ERENCES TENTH ANNUAL REpORT; 1961-1962 
AUSTRALIAN ATOMic E~ERGV COMMrSSJON 
1962 

HIGH TEMPERATURE GAS-COOLED REACTOR fEASIBILITY 
STUDY. 
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GAS COOLED REACTORS. F'OREIGN 

BNWL;936 

DF'01 .' . .' .' . •• • • • • • • .., . .' . 
ENG I NEE R I N G DES i G N ~ N DAN A L Y S i, s ,0 F' ABE R V L L 1 A 
MODERATED PEBBLE-BED REACTOR. 
OR EBELING, JE ~AVES' 
MEC~~ CHEM. 'ENG:'fR~N~~ 119:37' IMAY 1Q671 

THE AUSTRALIAN ~IGH TEMPERATURE GAS-COOLED REACTOR 
FEASIBILITY STUnY~ 
W~ ROBERTS 
'J~ NVCLEA~ MATERIALS i4, 29.40 1196 41 
PR09. 1ST. INTL; ~O~f: BERVLLIUM OXIDE, AUSTRAL1A. 
OCT. 1963 

DF'01 
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GAS COOLED REACTORS~FOREIGN 

BNWL':Q36 

DF'02 
* .. .. * '* • • .. • • .. .' .' .' .. . 
NAME/OWNER BRAZILIAN POWER REACTOR/C6N, BRAZIL 

DESIGNER NOT SELECTED 

~OCATION PARATI~ BRAZIL IMAMBUCABA RIV6RI 

~URPOSE POWER 

TYPE GCR WAS PROPOSED. NO CURRENT tN~ORMATI0N. 

POWER MWE(MWT) 150 

REMARKS ON COMPLETION OF' ST8D~~ C8N wtLL INVITE PUBLIC 
BIDS ~OR CONSTR8CTl0N~ 

RE~ERENCES APPLIED ATOMICS JUNE iB~1962, ~~ 8.9 

.' 
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GAS COOLED REACTORS. rOREIGN 

8NWL':'936 

DI='03 
... ... ... ... • • ... • ... ... ... ... •• • ... ... ... 

NAME/OWNER 

DESIGNER 

CZECHOSLOVAKIA ATOMIC POWER STATION/CZECH~SOC,REP; 

USSR 

OPERATOR 

LOCATION 

PURPOSE 

80HUNICE, CZECH~ 

POWER 

TYPE GeR, HEAVY WATER MODERATED, PRESSURE TU8E 
ICALANDRIAI 

POWER MWE(MWT) 150 590 

CRfTICAL NO,l 1969 ICONSTRUCTIONI 
NO.2 1974 

COOLANT CARBON DIOxIDE 

MODERATOR ~EAVY WATER 

FUEL MATERIAL URANIUM 

FUEL GEOMETRY ROD 4 MH~ DIA,/4~O M~ LONG IwIREI 

FUEL CLADDING MAGNESIUM~8ERYL~IUH ALLOY 0,45 MM, T~lCK 

FUEL ENRICH. NATURAL 

FUEL ASSEM8LY CLUSTER or THIN FUEL RODS SUSPENDED AT TOP~ EACH 
CLUSTER IS IN A MAGNESIUM ALLOV SHIELD TUBE~ 150.· 
200 RODS/ELEMENT. 

FuEL CHARGE 25,400 KG~ URANIUM 

SPECIFIC POwER 23.2 KW/KG URANIUM 

BURNUPCREFUEL) 3000 MwD/TON ICONTINUOUSI 

CONTROL RODS, SHIM-SAFETY AND REGULATING, GRAVITV DROP 

COOLANT TEMP. INLET 100 C OUTLET 425 C 

COOLANT PRESS. 60 ATM. 

REACTOR VESSEL STEEL VESSEL. IN (T IS MOUNTED AN ALUMINUM TANK 
CONTAINING THE MODERATOR WITH ALUMINUM TUBES 
CONTAINING rUEL ELEMENTS, AND POR COOLANT 
CIRCULATION, 

DF03 
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GAS COOLED REACTORS, FOREIGN 
• ... 

REMARKS 

... .. • • • • .. .. 11 .. • ... 

PLANS CALL FOR A 4-REACTOR STATION AT THIS SITE. 
A 150·MWE STATION IS PROPOSED tOR THIS SITE. 

ROD rUEL ELEMENT tOR A GAS-COOLED HEAVV WATER 
REACTOR~ 
PI KHRISTENKO, OTHERS 
SECOND UN INTL. CONF, PEACEfUL USES ATOHIC ENERGV 
6, 370-78 /1958/ 

A HEAVY WATER POWER REACTOR WrTH GAS COOLING: 
A~ ALIKHANOV, OTHERS , 
J. NUCLEAR ENERGY It, VOL. 3, 7'~82 11956/ 

ENGINEERING AND ECONOMIC ASPECTS Or CONSTRUCTION 
OF AN ATOMIC POwER STATtON INCZECHOSLOVAKIA~ 
A SEVCICK 
SECOND UN INTL. CONr. PEACEtUL UsEs ATOMIC ENERGy 
8, 322.8 /1958/ 

Dj:"03 

• 
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GAS COOLED REACTORS, ~OREIGN 

'*' .. '*' '*' '*' .. '*' * 

NAME/OWNER 8ETA/DANATOM, DENMARK 

DESIGNER 

PURPOSE 

TYPE 

POWER MWECMWT) 

DANA TOM-DENMARK 

POWER 

GCR 

175 

CRITICAL DESIGN STUDY 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE 

~UEL MATERIAL NATURAL URANIUM 

... .' . .' .. .. 

574 

ruEL GEOMETRY ROD~ 29~2 MM~ DiA~ 11:15IN,1128:a IN. LONG 

F'uEL CLADDING MAGNOX, F'INNED. 

rUEL ASSEMBLY RODS IN GRAPH(TE SLEEVES, ,LOCATED IN VERTICAL 
COOLANT CHANNELS IN CVL~ GRAPHITE STRUCTURE. 
9 ELEMENTS I CHANNEL 

3176 fUEL CHANNELS I CORE 

BURNUP(REFUEL) 3000.4500 MWD/T 

NEUTRON fLUX THERMAL MAX~ 3.26X10 6.13 
TI-IERMAL AVE. 1.,4)(10 6.13 

CONTROL RODS, SAF"ETV AND SHIM; BORON-STEEL 

COOLANT TEMP, INLET 190 C OUTLET 380 C 

COOLANT PRESS. 156~5 PSIA 

'*' 

REACTOR VESSEL PRESSURE VESSEL 68 F'T~ 8 1/2 i N ~ I D ~ SPHERE, 
LOW-C STEEL 

... 

REMARKS VERTICAL COOLANT CHANNELS ARE LOCATED WrT~IN T~E 
CYLINDRICAL GRApHITE STRUCTURE, 'THE CARBON DIOXIDE 
FLOWING IN THE AN~U(AR SPACE BETWEEN THE GRAP~lTE 
SLEEVES AND THE rUEL RODS~ A~TER PASSING THROUGH 
THE HEAT EXCHANGERS; ~HE COOLANT GAS is RETURNED 
TO THE REACTOR. 

REF'ERENCES BETA, A 175 MW GAS COOLED NUCLEAR REAOTOR POwER 
STATION~ A PRELIMINARY D6SIGN STUDY. 

DF'04 
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GAS COOLED REACTORS: rOREIGN 
... ... .. .. ... .. ... ... ... 

DANATOM 
DANATOM-01-60 /MARCH 1960/ 

BETA, DANATOMS 175 MW DES1GN STUDV~ 
NuCLEAR ENG. 5, 264~5 /JUNE 1960/ 

OF'04 

BNWL';'936 

... 
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GAS COOLED REACTORS. rOREIGN .. .. .. • .. .. .. .. .. • . ' .... .' ... 

NAME/OWNER NEUBRANDENBERG STATtON/EAST GERMANV 

DESIGNER USSR 

OPERATOR E GERMANV 

L.OCATION NEUBRANDENBERG, EAST GERMANY 

PURPOSE POWER EXPERIMENT 

TYPE GeR, HEAVY WATER MODERATED, PREsSURE TUBE 
/CALANDRIA/ 

POWER MWE(MWT) 70 300 

CRfTICAL 1964 

COOLANT CARBON DIOXIDE 

MODERATOR HEAVY WATER 

FUEL MATERIAL URANIuM 

FUEL ENRICH. SLIGHT 

REMARKS NO RECENT INFORMATI0N~ STATION REPORTEDLY +0 BE 
EQUIPPED WITH TWO 10 MW/EI REACTORS BV 1965 • 

. RE~ERENCES A HEAVY WATER~ GAS COOLED REACTOR. 
AJ ALIKHANOV, OTHER$ 
J, NUCLEAR ENERGY 3, PART 2, 77.82 IAUGUST 19561 

or05 

... 



JANUARY 1969 

GAS COOLED REACTORS. FOREIGN 
'*' • '*' • '*' '*' • • • '*' • 

NAME/OWNER 

DESIGNER 

OPERATOR 

G~l IGRAPHITE-REACTOR 1/CEA, fRANCE 

CEA~F'RANCE 

LOCATION 

PURPOSE 

TYPE 

POWER MwECMWT) 

CEA~EDF 

MARCOULE, FRANCE 

PLUTONIUM PRODUCTION, CENTRAL STATION POWER 
PROTOTYPE 

GeR, HORIZONTAL CONFIGURATION 

17 38 

COOLANT AIR 

MODERATOR GRAPHITE-HORIZONTAL CHANNELS 

fUEL MATERIAL NATURAL URANIUM CAST BARS ISLUGSI 

fUEL GEOMETRY RODS 26 MM, DIA~/100 MM. LONG 

fUEL CLADDING MAGNESIUM~ZIRCONIUM ALLOY 

FUEL ASSEMBLY ~7 SLUGS IN ONE SHEATH 
2 ELEMENTS PER CHANNEL 

1337 HORIZONTAL CHANNELS, 

.FuEL CHARGE 100 TONS URANIUM 

NEUTRON FLUX THERMAL AVE. 1.55x10 e.12 
FAST AVE. 2xl0 E+12 

CONTROL VERTICAL CONTROL RODS /80~ON CARBIDEI AND 
NEUTRON ABSORBER ELEMENTS. 

COOLANT TEMP, INLET 20 C OUTLET 200 C 

DF'06 

REACTOR VESSEL THERMAL AND BIOLOGICAL SHIELDS, NO ?RESSURE vESSEL 

REMARKS 

RE;;-ERENCES 

THE AIR-COOLED G-1 REACTOR HAS THREE AIR CIRC!UTS 
FOR COOLING THE FUEL ELEMENTS, THERMAL SHIELD, AND 
~R8NT AND REAR FACES. THE PRIMARV DIRECT CIRCUIT 
MAINTAINS THE URANIUM C~ADDING AT A MAXIMUM 275 C, 

THE: G .. 1 REACTOR 
D 1,1 ART I N 

DF'06 
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DF'06 

OF'06 
.. .. . .' .. 

ENERGie NUCLEAIRE 5~ 221.6 IJUNE 1963/ 
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GAS COOLED R~ACTORS, FOREIGN oF'O? .. * 

NAME/O,.;NE;:'; 

DESIGNi:R 

OPERATOR 

LOCATIGi\ 

PURPOSE: 

TYPE 

.. * .. * * .. .. • • ' * . ' .. 

G-2, G-3/CEA-ELECTRicITE DE rRANCE 

CEA-FRANCE 

CEA-EDF 

MARCOULE, FRANCE 

PLUTONIUM PROJUCTION, POWER 

GCR 

32 200 /UPRATED TO 240 I 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE WITH HORIZONTAL C~ANNELS 

FuEL MATER!AL NATURAL U METAL; SO~E CENTRAL RODS 

.. .. 

URANIUM-ALUMINUM ALLOY. 15.20 CHANNELS LOADED WITH 
THORIUM 

FUEL 

FuEL 

.FUEL 

GEQMt:;TRY 

CLADDING 

ASSEMBLY 

RODS 28,2 CM. LONG/2,8 AND 3~1 CM,/PERIPHERAL/DIA. 

~AGNESIUM"ZIRCONIUM ALLOY 1.5 MM~ THICK, FINNED 

F!NNED-CLAD RODS, 28 ELEMENTS/CHANNEL 
1200 FUEL CHANNELS 

.FUEL. ChARGE l10 TONS URANIUM 

SpECIFIC ~OwER 1;82 KW/KG 

BWRNUP(REFUEL) 400 MWD/TON /ON-LOAD RErUELINGI 

NEUTRON F'LUX 

CONTROL 

COOLANT TC:MP. 

COOLANT PRESS. 

THERMAL MAX. 2.8 x10 E~13 
FAST AVE. 1,2Xl0 E+13 

BORON CARBIDE RODS, STEEL CLADDING. NO BURNABLE 
POISON 

333 .. 307 C 

15 KG/Sa, CM. 

REACTOR VESSEL PRtSTRESSED CONCRETE HORIZONTAL CYLINDER, DISKED 
ENDS, MASSIVE BASE. 33.6 M. LONG /14 MilD. 

CONTAINMENT REACTOR BUILDING-CONVENTIONAL; 

DF'O; 
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BNWL-936 

OFO' 
* * * 

REMARKS 

REFERENCES 

* • • • • • • • • 

BOTH G-2 AND G-3 HAVE BEEN UP~RATED TO 30-37 MWE 
AND 240 HWT, G-3 IS EXPECTED TO pRODUOE 40 MW rOR 
THE FRENCH NATIONAL GRID. 

DESCRIPTION OF RE~CTORS G-2 AND G-3, 
SECOND U. N. INTL. CONF, ON T~E ~EACE~UL USES 
or ATOHIC ENERGy 8, 334-55 11958/ 

THE WORLDs REACTORS~ G-2 A~D G-3~ 
~UCLEAR ENG. IINSERTI IDECEM8ER 19591 

THE G-2 AND G-3 INDUSTRIAL COMPLEXES. 
L MAILLARD 
ENERGIE NUCLEAIRE 5, 226.30 IJUNE 19631 

DIRECTORY OF NUCLEAR REACTORS. VOL. I. POWER 
REACTORS, p, 151 
INTERNAT10NAL ATOMIC ENERGY AGENCY, ViEN~A~ 1959 

• 

D~07 
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8NW~~936 

DF"Oa 
• ... ... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

... 

POWER MWE P1WT) 

CRITICAL 

COOLANT 

MODERATOR 

... • ... * • ... .. .. .. • 

EL-4 IEAU LOURDEI CEAwF"RANCE 
MONT 0 ARREE CENTRALE NUCLEA!RE 

CEA-FRANGE 

CEA .. j::'RANCE 

MORLAIX, BRITTANV~ PRANCE INEAR BRENNILISI 

POWER, CONTRIBUTIoN TO EURATOM ORGEL PROJECT~ 
IPROTOTVPEI 

GeR, HEAVY WATER MODERATED 
HORTZONTAL pRESSURE TUBE 

75 250 

DECEMBER 1966, ~ULL POWER SUMMER 1967~ 
REACTOR DOWN IN JAN. 1968 BECAUSE OF C~ACKS 
IN HEAT EXCHANGER. EXPEcrED BACK ON·~!NE BY 
END OF' 1968. 

CARBON DIOXIDE, FORCED CIRCULATION 

HEAVY WATER 

F'uEL MATERIAL URANIUM DIOXIDE PELLETS 13 MM DIAM • 

. F' U E L G E 0 M l TRY ROD, 4 0 eM. LON G /11 MM. D t A I 

F'uEL CLADDING 55-THIN, LATER CORES BERVLLIUM, IRON-ALUMINUM OR 
ZIRCONIUM ALLOYS 

F'UEL ENRICH, FIRST CORE 1,4 pERCENT U-235, LAiER NATURAL 
URANIUM 

F"UEL ASSEMBLY 19-ROD CLUSTER, GRAPHITE SLEEVE, 
9 ELEMENTS ICHANNEL 

SpECIrlG ?O~ER 35 WIG URANIUM DIOXIDE 

BURNUP(REFUEL) 10,000 MWD/TON 

CONTROL GAS RODS AND SOLUBLE POISON 

COOLANT TE~P, INLET 260 C OUTLET 475~500 C 

COOLANT PRESS. 870 PSI 

REACTOR VESSel MOLYBDENUM-STAINLESS STEEL HORIZONTAL CYLINDER, 

... 

DF'oa 
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GAS COOLED REACTORS. rOREIGN DrOB 
* • 

CONTAINMENT 

REMARKS 

RE~ERENCES 

* • • • • • * • 
5;5 M~ BETWEEN END PLATES, 4 MI ID.~ 30 MM~ WALL 
THICKNESS~ ZIRCALOy~2 rUEL TUBEs JOINED TO END 
PLATES 

• 

PREsTRESSED CONCRETE CYLINDER 46 M. 10, 44 M: HIGH 
WALL THICKNESS 2.36 IN. 
SPHERICAL DOME 60 CM. THICK 

PRESSURE TUBES ARE ZIRCALLOY, THERMALLY INSULATED 
rROM THE HOT GAS PASSING THROUGH THEM~ OOLD HEAVY 
hATER MODERATOR IS CONTAINED IN A VESSEL RiGIDLY 
CONNECTED TO THE POWER TUBES BY A LEAK-PROOF 
JUNCTION. THE HORIZONTAL CHANNELS ARE ACCESSIBLE 
~ROM BOTH ENDS, THE FUEL ELEMENTS BEING MOVED 
ALONG THE LENGTH OF THE CHANNEL DURING IN-PILE 
LI~E~ A SCALED-UP 500 MWE PLANT HAS BEEN STUDIED 
AS A RErERENCE DESIGN~ AMONG THE COOLANTS. 
STUDIED BRIEFLY WAS A SUSPENSION Or GRAPHITE IN 
CARBON DIOXIDE GAS. EL-5 AS PLANNED W1LL BE A 300 
MwE PLANT WITH ITHE SAME BASIC CHARACTERISTICS 
AS EL·4~ 
A 600 MWE PLANT HAS BEEN EVALUATED. 
CEA, WITH SULZER, Is STUDYlNG A HEAVY WATER GCR 
WrT~ VERTICAL CHANNELS INTEGRATED IN A PRESTRESSED 
CONCRETE VESSEL; AND WITH SIEMENS A HEAVY WATER 
8WR, ALSO WITH A PRESTRESSED CONCRETE VESSEL; 

EL-4. CHOICE OF PRINCIPAL PARAMeTERS. 
B BAILLY DU BOIs, R~ NAUDET 
SPM~620 IMARCH 1960/ I~ FRENCH 
AEC-TR-4194 ITRANSLATIONI 

EL-4-, AN ADVANCeD NATURAL URANIUM REACTOR. 
~UCLEAR ENG. 8, 312~316 ISEPTEM8ER 19631 

HEAVY WATER MODERATED GAS·COOLED REACTORS. 
a BAILLY DU BOIs, OTHERS 
THIRD U~ N. INTL. CONr. ON THE PEACEFUL USES O~ 
ATOMIC ENERGy. GENEVA 1964, VQL~ 5, p~ 343.49 

E~.4 AND THE FRENCH HEAVY WATER/GAS LINE. 
R. CARLE, R. GIBRAT 
NuCLEAR ENG. 10; 171~174 IMAY 19651 

TH~ rRENCH NUCLEAR POWER STATION EL-4 
JC BRISSET 
INTL. CQN~. CANADIAN NUCLEAR ASSQCN. 
PREpRINT 65·CNA~212 
CONF-650515-6 

D~08 
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GAS COOLED REACTORS~~OREIGN 

8NWL;Q[36 

oroe . .' .' .. . .. • .. .. • .. .. • • 
EL-4 FEATURES AND CONSTRUCTION ~ROBLEHS 
R CARLE, P SCHULHOF"F" 
3RD UN.iNTL~ CO~F: pEACEFUL USES ATOMfCENERGV 
VOL~ 5, 350-6 11964/ 

OF'oe 
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GAS COOLED REACTORS: rOREIGN .. . ... .. • .. • .. . . • • • 

NAME/OWNER BRENDA/SNECMA AND CeA~ rRANCE 
PILE CHAU D 

DESIGNER SOCIETE.NACIONAWE_D~EtUDES ~TDE CONSTRUCT10N 
DE MOTEURS D-AVIAT10N ISNECMAI 

LOCATION CADARACHE, PRANCE 

PURPOSE AIRCRArT PROPULSION PROTOTYPE 

TYPE GOR 

POWER MWE(MWT) 1 

CRITICAL I~ITIAL CONSTRUCTION ONLY. DROPPED IN 1958 

OOOLANT GAS 

MODERATOR BERYLLIUM OXIDE; GRAPHITEOR WATER 

~UEL MATERIAL URANIUM DIOXIDE PELLETS 

F"UELCLADDING CERAMIC 

RE~ERENCES NUCLEAR POWER 4;82 IAPRIL 19591 
NEWS RELEASE 

J: NUCLEAR MATERIALS 14, 46-1 119641 

01='09 

• • 



JANUARY 1969 

GAS COOLED REACTORS. rOREIGN 
... ." ... ... ... ... ... ... ... ." 

NAME/OWNER EDF'-l/ELECTRICITE DE ~RANCE 

DESIGNER 

O~ERATOR 

LOCAT'ION 

PURPOSE 

TYPE 

POWER MWECMWT) 

CEA, ELECTRICITE DE FRANCE 

ELECTRICITE DE rRANCE 

CHINON, FRANCE 
LOIRE RIVER 

POWER 

GCR, TWO-REGION CORE. 

68 300 

CRITICAL 1959 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE, VERTICAL CHANNELS 

~UEL MATERIAL URANIUM-MOLYBDENUM ALLOY 

... .' .' . 
BNWL:Q36 

DF'10 
.... ." 

F'uEL GEOMETRY HOLLOW RODS 54CM, LONG/1 ~ 4 AND :3 ~ 5 CM ~ , D lA ~ 

FUEL CLADDING MAGNESIUM-ALUMINUM ALLOY 1.8 MM. THIC~, FINNED 
1;8 MM~ THICK, RAriliLrINS 

-FUEL ASSEMBLY 15 CARTRIDGES IdHANNEL 
1148 CHANNELS 

-FUEL CHARGE 140.000 KG. URANIUM 

SpECIrlC POWER 2~1 KW/KG 

BURNUPCREFUEL) 3000 MWD/TON 

NEUTRON F'LUX 

CONTROL 

THERMAL AVE. 1.6X10 E.13 
FAST MAX. 3,3Xl0 8.13 

SHIM-SAFETY RODS. REGULATING RODS, NO BURNABLE 
POISON 

COOLANT TEMP. INLET 140 C OUTLET 335 C 

COOLANT PRESS~ 25 KG/SQ~ CM. 

REACTOR VESSEL STEEL CYLINDER, HEMISPHER!CAL ENDS. 
10CM. THICK/22.80 LONG, 10M. D!A~ 

CONTAINMENT STEEL SPHERE 55 M~ DIA. 

DF'10 
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GAS COOLED REACTORS. fOREIGN 

BN~L·936 

Ori0 .. .. .. .. 

REMARKS 

REfERENCES 

.. .. .. .. .. • • .. • 

FIRST REACTOR OF' THE 3.REACTOR CHINON NUCLEAR 
POWER ~TATION, REACTOR HAS A TWO-REGfON OORE WIT~ 
COMPACT CENTER, MORE WIDE~V SPACED ~ERIPHERV~ 
COMMERCIAL OPERATION 1963. 

THE CHINON NUCLEAR POWER PLANT EDF:·1' AND EOF';2 
M ROUX 
SECOND U. N. INTL~ CONf~ ON THE pEACEF'UL. USBS 
OF' ATOMIC ENERGy 8,356-79 119561 

DF'10 
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GAS COOLED REACTORS, FOREIGN 
... ... ... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

... 

POWER MWE(MWT) 

*. ... ... ... ... ... ... .. ... 

EDF';'2/ELECTRICIiE DE ~RANCE 

CEA, ELECTRICITE DE FRANCE 

ELECTRICITE DE rRANCE 

CH I NON, FRANCE 

POWER 

GOR 

195 

LOIRE RIVER 

785 

CRITICAL AUGUST 1964 

• ... 

BNWL';'Q36 

DF'11 
... ... 

HAS BEEN DoWN SINCE NOV~ 1967 BEOAUSE Or 
LEAK IN rUEL ROD~ 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE, VERTIcAL CHANNELS, ~EXAGQNAL 

F'UEL MATERIAL URANIUM HOLLOW CYLINDERS 

FUEL GEOMETRY HOLLOW RODS, 52:8 CM~ LONG/2,4 AND 4.3 eM; DIA. 

ruEL CLADDING MAGNESIUM-ZIRCONIUM ALLOY CANS) GRAPH!rE SLEEVE, 
IF'INNED CANSI 

FUEL ASSEMBLY FINNED HOLLOW RoOf 12,ELEMENTS/CHANNEL 
2660 CHANNELS,HEX.SUBASSEM8fes 36 CHANNELS 
EACH 

FuEL CHARGE 250~OOO KG.URANIUM 

SPECIFIC POWER 3;1 KG/KW 

BURNUP(REFUEL) 3000 MWD/TON 

NEUTRON F'LUX THERMAL AVE. l,'X10 E.13 
FAST MAX. 3.5xl0 E.13 

CONTROL SHIM-SAFETY AND REGULATING RODS 

COOLANT TEMP. INLET 195 C OUTLET 365 C 

COOLANT PRESS. 25 KG/SQ, CM, 

REACTOR VESSEL SPHERE OF WELDED STEE~ PLATES18~3 MtD1A~/l0:6CM~ 

DF11 
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GAS COOLED REACTORS~ FOREIGN DF'11 .. .. .. 

CONTAINMENT 

REMARKS 

RErERENCES 

.. .. .. .. .. • .. .. .. .. .. 
THICK 

NONE 

2ND STATtON OF tHE 3·REACTOR CHINON NUCLEAR 
POWER STATION~ 

TH~ CHINON NUCLEAR POWER PLANT ED~·1 AND EDF'~2~ 
M ROUX 
SECOND U. N. I NTL ~ eONF'. ON ·T~E pEACEF'UL USES 
or ATOMIC ENERGy 8, 356-79 119581 

FIRST STEPS TOWARD CONVENTIONAL NUCLEAR POwER. 
JP ROUX~ C. BIENVENu 
,.J; BRIT~ NUCLEAR ENERGY SOC; 1/3/, 235 .. 59 
IJULY 1962/ 

NuCLEAR POWER STATION EDF'~2,EOF.3,AND ED~.4 
C BIENVENU, OTHERS 
THIRD U. N. INT~. GONF. PEACEFUL USES OF ATOMIC 
ENERGY, GENEVA, 1964. A/CONF'~28/P/38 

Ofl1 
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GAS COOLED REACTORS,rOREIGN 

BNWL:;36 

Dr12 
• .. • 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TVPE 

* 

POWER MWECMWT) 

CRITICAL 

COOLANT 

MODERATOR 

F"UEL MATERIAL 

F"UEL GEOMETRY 

fUEL CLADDING 

* .. * • • . .' . 
EDF~3/ELECTRICtTE DE ~RANCE 

ELECTRICITE DB rRANCE 

ELECTRICITE DE ~RANCE 

CHINON~ F"RANCE 

POWER 

GCR 

480 

LOIRE RIVER 

MARCH 1966 

• 

DOWN SINCE NOV: 1967 DUE TO LEAK IN HEAT 
EXCHANGER. OPERATION MID~1968 AT 320 MWE; 

,CARBON DIOXIDE 

GRAPHITE 

URANIUM-MOLVBDENUM ALLOY TUBE 

HOLLOW RODS 

MAGNESIUM-ZIRCONIUM ALLOY, ~tNN80 

• 

~UEL ASSEMBLY fINNED TUBE 
2700 CHANNELs 

F'UEL ChARGE 400 TONS URANIUM 

SPECIfIC POWER 1:1 MWE/TON 

REACTOR VESSEL PRESTRESSED CONCRETE 

REMARKS 

REF"ERENCES 

3RD STATION OF THE CHiNON NUCLEAR POWER COMPLEX 
CONSTRUCTION WAS STARTED IN 1961~ 

THE DEVELOPMENT IN fRANCE OF' THE REACTOR SYSTEM 
NATURAL URANIUM;GRAPHiTE-CARBON DtoxIOE ExpERIENCE 
ACQUIRED, F"UTURE PROSPECTS. 
J HOROWITZ, JP ROUX 
BULL~ INFORM. SCl~'TECH. IPARISI NO.76.J-l1 
10CT. 19631 

NUCLEAR POWER STAtIONS ED~·2,EDF~3,ANO' EDF~4; 
C BIENVENU, OTHERS 

Dr12 
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GAS COOLED REACTORS~ ~OREIGN .. .. .. • • .. • .' .' .' . .. .' . 
3RD U~ N. INTL. CON~, PEACE~~L USES or ATOMIC 
ENERGV, GENEVA, 1964. A/CONr.28!p/38 

DF'12 
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GAS COOLED REACTORS~ F'OREIGN .... • ... .. .. ... ... ... .. .. . • .. .' . .... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TyPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

F'uEL MATERIAL 

rUEL GEOMETRY 
. 
F'UEL CLADDING 

.F'UEL ENRICH. 

F'uEL ASSEMBLY 

F'uEL CHARGE 

CONTROL 

EDF'~4/ELECTRICITE DE F'RANCE 
SAINT LAURENT DES EAUX 

ELECTRICITE DE F'RANCE 

·ELECTRICITE DE F'RANCE 

.LOIR·ET~CHER, NORMAND~,F'RANCE 
LOIRE RIVER 

POWER 

GCR INTEGRATED OESIGN~ 
TWO-REACTOR STAT10N 

500 
PER REACTOR 

NO,l, 1968 
NO,2, 1970 

CARBON DIOXIDE 

1650 

GRAPHITE, GRAPHiTE REF'LECTOR 

URANIUM ALLOY 
, 

HOLLOW ROD 43 MM. 00,/23 MM, to. 

GRApHITE SLEEvE; ZIRCALOY CAN; 

NATURAL 

43,110 F'UEL ELEMENTS 
2,874 FUEL CHANNELS 

445 TONS URANIUM 

RODS 

COOLANT TEMP. INLET 217 C OUTLET 400 C 

COOLANT PRESS~ 384 PSI 

REACTOR VESSEL PRE-STRESSED CONCRETE VERT1CA~' CV~lNDER, THE HEAT 
EXCHANGER IS ALSO LOCATED INSIDE THE ~RESSURE 
VESSEL. 

REMARKS CONSTRUCTION. TARGEt rOR NO: 1 REACTOR 1968. PLANS 
HAVE INCLUDED STUDY O~ THE tN1EGRATED CONCEPT OR 
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JANUARY 1969 

GAS COOLED REACTORS: FOREIGN 

BNWL;Q36 

DF'13 
• .' ... ... 

REFERENCES 

. " ... • • • • .' .' . .' .' . .' 
MONOBLOC DESIGN: 

NUC~EAR POWER S~ATIONS ED~·2,~D~~3~ANC ED~~4: 
C 8IE~VENU" OTHERS, 
3RD U. N. INTL. CONF', PEACErU~ USES OF' ATOMIC 
ENERGy, GENEVA, 1964~ A/CONF',28/P/38 

NEW DESIGN OF' REACTOR COMPLEX AND OF' LOADING 
MECHANtSM~ 
ORNL~'N~82 ITRA~SLATI0N OF' PA~ER F'ROM CANNES 
SYMPOSIUM. 19621 



JANUARY 1969 

GAS CQOLEC REACTORS.F'OREIGN 
• 

NAME/OWNER 

DESIGNER 

O~ERATOR 

LOCATION 

PURPOSE 

TYPE 

POWER MWE(MWT) 

.. .. • * • 

EDr-5/ED~·CEA, ~RANCE 
8UGEy .. 1 

CEA, F'RANCE 

.. 

ELECTRICITE DE F'RANCE 

8UGEY~ NEAR LYONS~ F'RANCE 

.. • 

POWER AND EXPERIMENTAL F'ACILITY 

GCR 

500 2400 

.. .' .. 

CRITICAL TARGET 1971 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE 

F'UEL MATERIAL URANIUM TUBES 

F'uEL GEOMETRY ANNULAR ELEMENT 
INTERNAL ANn EXTERNAL ,C 0 a LX N G 

FuEL CLADDING MAGNESIUM ALLOY INNER AND OUTER CLADDING 

.r U E LEN RIC H • NAT U R A L 

REACTOR VESSEL PR~STRESSED CONCRETE 

REMARKS 

REFERENCES 

PLANNED WORK ON ANN~LAR METAL ELEMENTS IS ~N 
PROCESS IPROJEC~ INCA;INCORPORE ANNULAR/~ THE 
CARBON DIOXIDE CIRCUIT' WILL BE WITHIN THE CONCRETE 
VESSEL AND COMPLETELY INDEPENDENT oF' STEAM AND 
WATER LOOPS. 
8UGEY·1 WILL BE THE F'IRST OF FIVE UNITS 

PROPRIETE INDUSTRIELLE NUCLEAIRE NO~ 9 /5-15;64/. 
VOL; 7, P~ 14. 
NEWS RELEASE 

BUGEY-l NUCLEAR POWER STAT10N~ 
ME ROBERT~ MP LAUNAY 
BULL. I NF'ORM. ATEN NO: 61, 21·33 ISE~T~OCT. 19661 

DF'14 
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GASOOOLED REACTORS. F'OREIGN 
... ... ... ... ... ... ... •• • . ... • ... 

NAME/OWNER VANDELLOS NUCLEAR STATION/~RANCE-SPAIN 
CATALONIA SiAT10N 

SOCIA IINDATOM AND SEEN, rRANCEI DESIGNER 

OPERATOR SOCIEDAD HISPANo-F'RANCESCA DE ENERGIA NUCLEAR SA 
IHIFRENSA/, FRANCE-SPAIN 

LOCAT10N 

PURPOSE 

TYPE 

POWER ~lWE (MWT) 

VANDELLOS~ SPAIN ITARRAGONAI 
ON MEDITERRANEAN COAST 

POWER 

GCR 
DUPLICATE OF' FRENCH EDF'-4 

500 

CRIT1CAL CONSTRUCT10N PERMIT JULY 1968, 
TARGET 1972. 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE 

FUEL MATERIAL URANIUM-MOLYBDENUM ALLOY 

FUEL GEOMETRY ANNULAR ELEMENT 

FUEL CLADDING ZIRCONIUM-MAGNESIUM ALLOY 

.FUEL ENRICH. NATURAL 

FUEL ASSEMBLY SINGLE ELEMENT 

FUEL CHARGE 500 TONS URANIUM 

COOLANT PRESS. 26.5 ATM. 

REACTOR VESSEL PRESTRESSED CONCRETE VESSEL 
28,5 M 00 
19,0 M 10 
50 M HIGH 

HEAT EXCHANGER IS BELOW CORE WITHIN T~E VESSEL 

REMARKS NEGOTIATIONS WERE CONCLUDED IN 9CTQ8ER 196~ AND 
CONTRACTS SIGNED AT END OF' YEAR, CONSTRUCTION 
START JANUARY 1967. 

... 
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GAS COOLED REACTORS. FOREIGN 

BNWL~936 

DF'15 .. .. .. .. 

REFERENCES 

• .. • * .. • .. • 
PART OF THE ELECTRICITY WILL BE EXPORTED TO THE 
F'RENCH GRID. 

APPLIED ATOMICS OCT~ 7,1964 p~12·13 
NEWS RELEASE 

FRENCH REACTOR ~OR SPAIN. 
NUCLEAR ENG. 9,393 /NOV.1964/ 

THE FRENCH·SPANISH STAT10N VANDEL~OS. 
INDUSTRIES ATOMIQUES NOV: 1966 PI 79-80 

.. 
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GAS COOLED REACTORS. F'OREIGN 
• • • '* • • '* • • '* . . . .' . '* .' 
NAME/OWNER EDF~RWE STATION 

ELECTRICITE DE F'RANaEANDW~ GERMANY RWE 

DESIGNER SIEMENS Iw. GERMANY/ AND GAAA I~RANCEI 

LOCATION RHINE RIVER, ~RENCH stDE 

~URPOSE POWER 

TYPE GCR~ GRAPHITE MODERATED 

POWER MWE(MWT) 500 

CRfTICALPLANNED 
NO RECENT INFORMA~tON 

COOLANT GAS 

MODERATOR GRAPHITE 

~UEL MATERIAL URANIUM DIOXIDE 

~UEL ENRICH. NATURAL 

REACiOR VESSEL PRESTRESSED CONCRETE 

REMARKS 

.REF'ERENCES 

AGREEMENT ON JO I NT' PROJECT HAS BEEN Rf!ACHED. 
THERE IS ALSO A TENTATiVE PLAN F'OR A ~EAV¥~WATE~ 
MOD ERA TED G CRT 0 BE B U I L.: T ,L A T 8 RiO NTH E: G e R MAN S 'I DE 
OF' THE RIvER. 

NuCLEONICS WEEK DBC~1?~1964 P~1~2 
NEWS RELEASE 



JANUARY 1969 

GAS COOLED REACTORS. ~OREIGN 

BNWL';;936 

DF'l? 

DF'1? 

. ' . .. ... ... . ... • .' . .' .' .' . . ... .' 
NAME/OWNER 8EERS~EBA STATI0~/ISRAEL 

DESIGNER ISRAEL~ FRENC~ ~SSlST~NCE 

LOCATION NEGEV DESERT NEAR BEERS~E8A~ ISRAEL 

~URPOSEPILOT POWER, RE~EARO~ 

TYPE GeR, HEAVY WATER MODERATED 

ORITlCAL TARGET'1964.5 

COOLANT : CAR BON 01 0 X IDE 

MODERATOR~EAVY WATER 

~UEL MATERIAL URANIUM 

~uEL ENRfCH.NATURAL 

REMARKS 

REFERENCES 

REPORTEDLY VNDER CONsfRUCT10N; NO REOENT 
INF'ORMATION. 

NUCLEON~CS 19;26/FEB~ 1961/ 
NEWS RELEASE 



JANUARY 1969 

GAS COOLED REACTORS~ F'OREIGN 
... ... ... ... ... ... ... ... ... ... ... 

LATINA/SIMEA, ITALY NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

NPPc /UKI AND AGIP NU~LEARE/tTALVI 

POWER MWE 01WT) 

SIMEA, ITALY 

,LATINA, ITALY 

POWER 

GCR 

200 

CRfTICAL DEC. 1963 

COOLANT CARBON DIOXIDE 

705 

MODERATOR GRAPHITE, VERTICAL CHANNELS 

~UEL MATERIAL URANIUM 

... ... ... 

F'UEL GEOMETRY URANIUM METAL RODS,29~3 MM~ DIA;/914~4 MM. LONG 

~UEL CLADDING MAGNOX CANS, 2 MM~ THICK, GRAPHITE SLEEVE 

~UEL ENRlCH. ~ATURAL 

.~UEL ASSEMBLY SPIRAL F'INNED ELEMENT; 8 ELEMENTS/CHANNEL 
2929 rUEL CHANNELS 

.~UEL CHARGE 268 TONS URANIUM 

SpECl~IC POWER 2:62 KW/KG URANIUM 

CONTROL BORON STEEL RODS 

COOLANT TEMP. INLET 180 C OUTLET 390 C 

REACTOR VESSEL PRESSURE VESSEL 20,35 M~ ,DIA~ 

CONTAINMENT 

REMARKS 

REFERENCES 

CONCRETE BUILDING 

ELECTRICITY PRODUCTION IN MAV 1963~ rUEL IS 
COMPOSED OF' NATURAL URANIUM METAL RODS IN MAGNOX 
CANS~ THE ELEMENT WILL BE THE POLYZONAL SPIRAL 
TyPE, ~qTH SPIRAL FINS AND AXIAL PLOW SEPARATORS 
OR SPLITTERS. 

FOR BASIC DESIGN SEE CALDER 

DF'18 
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JANUARY 1969 

GAS COOLED REACTORS. FOREIGN 

BNWL~Q36 

OF1B . .. .. .. .. * ... .. .. .. .. • • .' .. 
LATINA. 
NUCLEAR ENG. 4, 329~40 IOCTOBSR 19591 

LATINA NUCLEAR pOWER STATION~ COMMISSIONING AND 
INITl~L OPERATI~G E~PERIENCE 
A 8ERTINl~ OTHERS 
3RD UN INTL. CONF~ pEACEFUL USES AiOMIC ENERGV 
VOL~ 5~ 38-46 119641 

DF"18 
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GAS COOLED REACTORS. FOREIGN 

8NWL~936 

DF'19 
* ... * * 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

* 

POWER MWE (MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

FUEL GEOMETRY 

FUEL CLADDING 

.F'uEL ENRICH, 

FUEL ASSEMBLY 

F'UEL CHARGE 

* • * • ... • 

TOKAI ATOMIC STATION/JAPCO, JAPAN 

GEC-SC, UNITED KINGDOM 

JAPAN ATOMIC POWER CO: 

TOKAr-MURA, JAPAN 
PACIFIC COAST 

POWER 

GCR 

150 570 

1965~ POWER PRODUCED NOV~ 1965 

• • • 

COMMERCIAL OPERATioN AT 120 MWE EARLV 1966 

CARBON DIOXIDE 

GRAPHITE, VERTICAL CHANNELS 

URANIUM 

RODS, HOLLOW, 40.8 MM~ OD:/23;7 MM~ID~/714 MM,LONG 

MAGNOX CAN-OUTSIDE CANNING ONLY; GRA~HtTE SLEEVE 

NATURAL 

FINNED MAGNOX CANNED ELEMENTS~ a/CHANNEL 
2048 CHANNELs 

187 TON URANIUM 

spECI~lC PowER 3~14 Kw/KG URANIUM 

NEUTRON FLUX 

CONTROL 

COOLANT TEMP. 

COOLANT PRE:SS. 

REACTOR Vf:SSEL 

REMARKS 

THERMAL AvE. 2X10 E ... 13 

RoDs, TOP .. MOUNTED 

INLET 203 C OUTLET 390 C 

205 PSIG 

SpHERICAL PRESSURE vESSEL, 62 F'T. ID./3, 1/4 IN. 
THICK 

A HOLLOW FUEL ELEMENT, CANNED ON THE OUTSIDE ONLY, 
HAS BEEN ADOPTED FOR THE TOKA! PLANT~ THE CAN IS 

DF"19 
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GAS COOLED REACTORS. PDREIGN 
* * * 

REFERENCES 

* * * • • * * • * 
SEALED AT EACH ~ND BY END PLUGS, IS LONGITUDINALLV 
~iNNED WITH HELICAL SWIRLERS, AND IS SUPPORTED 
INSIDE A GRAPHITE SLEEVE, 

FOR BASIC DESIGN SEE CALDER 

JAPANS rIRST NUCLEAR POWER STATI0N~ 
PA LINDLEY, OTHERS 
NUCLEAR POWER 5; 104-13 IMARCH 19601 

D~19 
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GAS COOLED REACTORS~ FOREIGN 

BNWL';936 

DF'20 

DF'20 

• • * * • .. • • .' t\ .' .' • .' .' 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

POWER MWE(MWT) 

GCR STUOY/FAPIG; JAERI. JA~AN 

FIRST ATOMic POWER INDUSTRy GROUp 
JAPAN ATOMIC ENERGY RESEARC~ INST~ 

POWER 

GCR~ ~IGH TEMPERATURE; DIRECT CYCLE 

CRITICAL DESIGN 

COOLANT HELIUM 

MODERATOR GRAP~fTE 

FUEL MATERIAL URANIUM CARBIDE COATED WITH CARBON, DJSPERSED IN 
GRAP~ITE. THORIOM CARBIDE MAy BE USED. 

r:UEL GEOMETRY ROD, 6.0 CM. 00:/150 CM. LONG 

F'uEL CLADDING GRAPHITE SHEATH 

F'uEL ASSEMBI..Y RODS, DOUBLE GRAPHITE SHEATH 
400 ELEMENTS 

BURNUP(REFUEL) APPROX. 30 MONTHS 

.COOLANT TEMP. INLET 488 C OUTLET 754, C 

COOLANT PRESS. 30 KG/SQ. CM, 

REACTOR VESSEL PRESSURE VESSEL 

REMARKS DEVELOPMENTAL STUDIES~ 

ON NUCLEAR DESIGN OF' THE 
SEMI-~OMOGENEOUS, HiGH-tEMPERATURE, GAS~COOLED 
REACTOR~ 
SIGERU VASUKAWA ET' AL: 
JAER1~1049 IMARCH 196311IN JAPANESEI 

CONCEPTUAL DESIGN OF' A POWER STATION USING 
A IEXPERIMENTAL/ SEMIHOMOGENEOUS ~IGH.'EMPERATURE 
GAS COOLED REACTOR, 
FIRST ATOMIC POWER IND. GROUP, TOKYO. 
FAPIG ITOKYOI 27/2/, 91-120 IAUG. 19631 
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GAS COOLED REACTORS. FOREIGN 
'* '* '* '* '* * '* ... ... * .. 

lIN JAPANESE/ 
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GAS COOLED REACTORS~ F'OREIGN DF'2~' 

• • 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT10N 

PURPOSE 

TYPE 

CRITicAL 

OOOLANT 

MODERATOR 

REMARKS 

REF'ERENCES 

• • • • • • • 

EDEVRN STATION/CEGS; UNIT8D KINGDOM 

NOT SELECTED 

• • • • 

CENTRAL ELECTRIc GENERATING BOARD, U.~~ 

CAERNARVONSHIRE; WALES 

POWER 

GCR 

PLANNED 

CARBON DIOXIDE 

GRAPHITE 

PLANNED 

rOR BASIC DESIGN SEE CALDER 
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GAS COOLED REACTORS. F'OREIGN 
* * '* '* * • '* * • • 

BNWL·936 

OF'22 
'* • 

NAME/OWNER 

DESIGNER 

OPERATOR 

CALDER ~ALL/ATOMIC ENERGY AUT~ORITY UNITED KINGDOM 

UK AEA 

LOCATION 

TYPE 

POWER MWECMWT) 

UK AEA 

CALDER HALL, CUMBERLAND, ENGLAND 

GCR 14-REACTOR sTATIONI 

45 235 

CRITICAL 1956-1958 IA1,1956,A2~1956,83,1958,B4~19581 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE, VERTl6AL CHANNELS 

F"uEL MATERIAL URANIUM 

FUEL GEOMETRY SOLID RODS~ CVLiNDRICAL 2.92 CM~ DIA/101~5CM~ LONG 

F"UEL CLADDING MAGNESIUM ALLOY IMAGNOXI CAN, o~a MM. THICK 

FUEL ASSEMBLY SOLID RODS IN MAGNESIUM ALLOy,CAN. 
6 ELEMENTS/CHANNEL ~ HELICAL 'F" l NS 

FUEL CHARGE 

IRODS LOADEn ONE ON TOP Or THE OTHERI 
1696 vERTICAL FuEL CHANNELS 

127 TON URANIUM 

.SPECIFIC POWER 1;38 KW/KG U 

NEUTRON FLUX THERMAL AVE. 6.0 2 E.12 
'F" AST AVE 2.14 E ... 13 

CONTROL RoDS, BORON STEEL IN SS, TOP-MOUNTED 

COOLA~T TEMP. INLET 140 C OUTLET 336 C 

7~O3 KG/SO.CM:OUTLET 6.' ,. 

COOLANT PRESS. INLET KG/SQ. CM. 

REACTOR VESSEL STEEL CYLINDER, ELLIPSOID ENDS 
11.25 M~lD, 121~65 M, HIGH, ,;08 eM; THICK 

CONTAINMENT 

REMARKS 

REF'ERENCES 

BIOLOGICAL SH!ELD AND REACTOR BUI~DING 

THE HEAT OUTPUT OF' EACH REACTOR !-lAS BEEN INCREASED 
TO 220 MW~ 

SYMPOSIUM ON CALDER WORKS NUCLEAR POWER PLANT, 

DF"22 
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GAS COOLED REACTORS, ~OREIGN 

BNWL-936 

OF"22 
... ... ... ... ... ... * * • ... ... ... ... 

J: BRIT~ NUCLEAR ENERGY CONr, 2, 41~291 /19571 

COMMISSIONING AND OPERATION O~ A STATION, CALDER 
WORKS~ H~ G. DAVEV 

• 

J: BRiT~ NUCLEAR ENERGY CONr, 3, 101.8/APRIL 19 58/ 

DESIGN OF GAS-COOLED, GRAPHITE MODERATED REACTORS 
DR POULTER, ED. 
OXFORD UNIV. PRESS, N~ v. 1963 
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GAS COOLED REACTORS, ~OREIGN 

• • • • • • * • • • • .' . 
NAME/OWNER CHAPEL CROSS/AToMIC ENERGV AUT~ORtTV, U.K. 

DESIGNER 

OPERATOR 

UK AEA 

UK AEA 

LOCATION 

PURPOSE 

TYPE 

CHAPEL CROSS, DUMFRIESCHIRE, SCOTLAND 

PLUTONIUM PRODUCTION, POWER 

GCR-CALDER HALL DESIGN 

POWER MWE(MWT) 35 235~240 
4.REACTOR STATIoN 

CRITICAL 1959.1960 14TH REACTOR MARCH 19601 
DOWN 1196a~ DUE TO MASS!VE~UEL MELTING. 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPH!TE, VERTICAL CHANNELS 

FUEL MATERIAL URANIUM 

FUEL GEOMETRY RODS 2~92 CM. DIA~/10i~5 CM: LONG 

FUEL CLADDING MAGNOX 0.8 MM. ~HfCK REMOVABLE GRAPHITE SLEEVES 
IN REACTORS 2,3; AND 4 

FUEL ENRICH. NATURAL 

.FUEL ASSEMBLY SOLID CVLINDRICAL RODS, MAGNOX CAN, ~INNED 
6 ELEMENTS/CHANNEL 

1696 FUEL CHANNELS 

ruEL CHARGE 127 TON URANIUM 

SPECIFIC POWER 1~38 KW/KG U 

CONTROL RODS BORON STEEL IN SS. TOP-MOUNTED 

COOLANT TEMP. OUTLET 340 C 

REMARKS HEAT OUTPUT Or EACH REACTOR WAS INCREASED TO 220 
Mw IN MARCH. 1961 

REFERENCES CHAPEL CROSS. 
NuCLEAR ENG. 4, 250.2 IJUNE 1959/ 

DF23 
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'* ... ... ... ... ... • ... .. ... w' .' ... .' ... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

WINDSCALE AGR/AfOMIC BNERGV AUT~OR!TV, U~K: 

UK AEA 

UK AEA 

WiNDSCALE~ CUMBERLAND; ENGLAND 

POWER PROTOTYPE 

TYPE 

POWER MWE(MWT) 

GCR, HIGH TEMPERATURE 

33 105 

CRITICAL AUGUST 1962 

COOLANT CARBON DIOXIDE IHELIUM STUDIED AS ALTERNATEI 

MODERATOR GRAPHITE 

~UEL MATERIAL URANIUM DIOXIDE PELLETS, SINTERED.· 0.400 IN. DIA.I 
0~40 IN: LONG 

rUEL GEOMETRY PENCILS 

ruEL CLADDING SS CANS 0.015 IN. THICK RIBBED 

FUEL ENRICH. 2;5 PER CENT U-235 

FUEL ASSEMBLY MARK 2 F"UEL, 21"ELEM~NT IPENC~LI CLUSTER IN 
GRAPHITE SLEEVE 13FT~ LONG!, rUEL ELEMENT ASSEMBLY 
IS COMPOSED OF" 2 CLUSTERS, F'UELELEMENT STRINGER 
IACTIVE LENGT~ 14 FT~ 5 IN.! IS MADE UP O~ 
4 ASSEMBLES. 

253 FUEL CHANNELS 1197 IN USEI 

rUEL CHARGE 290 KG. U-235 

SpECI~IC POWER 350 KW/KG Uw 235 

BURNUP(REFUEL) 10,000 MHD/TON U ICONTINUOUS-DURING OPERATIoN! 

NEUTRON FLUX 

CONTROL BORON STEEL RODS 

COOLANT TEMP. INLET 250.325 C OUTLET 500-575 C 

COOLANT PRESS. 270 PSIG 

REACTOR VESSEL CYLINDER 21FT. 10./54 F'T~ HIGH~ OOUBLE·S~ELL 

DF'24 
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GAS COOLED REACTORS~ rOREIGN 
• 

CONTAINMENT 

REMARKS 

RErERENCES 

* • • • • • • • 
CONSTRUCT10N 

STEEL HEMISPHSRICAL TOP,TRUNCATED-CONE .LOWER ~AL' 

ZERO-ENERGY EXPERIMENT IHEROI CRIT1CAL IN FEBRUARY 
1962. BERYLLIUM CLADD1NG, PLANNED rOR 'IRST CORE, 
WILL NOT BE USED. IN THE BERYLLIUM DESIGN, THERE 
WERE 36 FUEL 6Le MeNf RODS PER CLUSTER~ AND THREE 
SUCH CLUSTERS peR BeRYLLIUM ELEMENT SUBASSEMBLY. 
COOLANT FLOW IS UPWARD INTO A COLLECTOR BOX ABOVE 
THE CORE. PRESSURE VESSEL IS or DOUBLE-SHELL 
CONSTRUCTION, THE INNER SHELL CONTAINING THE HOi 
GAS AND THE OUTeR SHELL OPERAT!NG AT THE COOLER 
INLET GAS TEMPERATURE: FULL POWER OPERATION IN 
FEBRUARV 1963 f wI~H ELECTRICITY SUPPLIED TO THE 
NATtONAL GRIDe 
AGR-S WILL BE IN OPERATION Ai DUNGENESS-B 11970/ f 

HINKLEY POINT.2 119,3/~ HUNTERSTON.8 119'3/~ 

DESIGN CONCEPT of THE AGR, 
RV MOORE 
ELEe, REVIEW 169, 774~Q2/NOVEM8ER 17; 19611 

T~E DESIGN OF GAS-COOLED, GRAPHITB.MOOERATED 
REACTORS, 
DR POULTER, ED. 
OXrORD UNIV. PRESS, N~ v. 1963. 

AGR 
NUCLEAR ENGe 6,151.58 IAPRIL 19611 

SVMPOSUIM ON THE ADVANCED GAS·COO~6D REACTOR, 
BRITISH NuCLEAR ENERGy soc. J: 2/2/ 95.294 
IAPRIL 1963/ 
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GAS COOLED REACTORS~ rOREIGN 
." ." 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATlON 

FlURPOSE 

TVPE 

." 

POWER MWE(MWT) 

CRIilCAL 

COOLANT 

MODERATOR 

F'uEL MATERIAL 

·F"UEL GEOMETRY 

F'uEL CLADDING 

FUEL ENRICH, 

F'uEL ASSEMBLY 

... '* ... '* '* ." '* ." '* 

DUNGENESS-B/CEG8, UNftED KINGDOM 
AGR':'2 

ATOM I C POWER CONSTRUCTION ,LTD ~, U 1<: 
AGR':'2 DESIGN BV UK AEA 

CENTRAL ELECTRIC GENERAT1NG BOARD 

KENT,ENGLAND 

POWER 

'GeR. ADVANCED HiGH TEMPERATURE 
TWO~REACTOR STATION 

600 
PER REACTOR 

TARGET 1971 

", 

DELAYS DuE TO CONSTRUCTION AND DESIGN 
PROBLEMS 

CARBON DIOXIDE 

GRAPHITE 

URANIUM DIOXIDE PELLETS, SINTERED. 0.57 IN~ DIA. 

PINS 0.57 IN. DIA;/40 IN~ .LONG 

'55 CANS O~015 IN. WALL THtCKNBSS 

1~47.1~76 PER CENT ~-235 

C~USTERS, 18 pENCILs/CLUSTER. GRAPHITE SLEEVE. 
3"RING CLUSTER 

a-ELEMENT STRINGERS, 465 OHANNELS /412 AT 
EQUILIBRIUM/ 
ACTIVE CORE HEIGHT 27~T~ 

BURNUP(REFUEL) 18000-20000 MWD/T CONTINUOUS ON-LOAD 
AXIAL SHurF'LING 

CONTROL RODS 

COOLANT TEMP. INLET 320 C OUTLET 675 C 

COOLANT PRESS. 450 PSI 

REACTOR VESSEL PRESTRESSED CONCRETE CYLINDER, !NNER SEAL or WATER 

DF'25 
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GAS COOLED REACTORS. rOREIGN Dr25 
... ... ... 

CONTAI~MENi 

REMARKS 

REF'ERENCES 

• .. '" .. .' . '" '* '" 
COO~ED MILD STEEL MEMBRANE. VESSEL HOUSSS CORE, 
GAS CIRCULATORS; AND BOILERS. INNER PRESSURE SHEL~ 
SEPARATES CORE rROM 80I~ERi 

SINGLE CONCRETe 8UILDING HOUSES 80TH REACTORS AND 
OTHER PLANT EQU1 P MENi: REACTOR CENTERS: ARE 160 F'T! 
APARi r; 

APC-S ADVANCED GCR DESIGN WAS SELeCTEO F'OR THE 
SECOND COMPLEX AT DUNGENESS STATtON, 
EURAro~\ PARTIC1~AT'ION HAS 8EE~J eXTENDED 'TO 
MARCfo1; 3l t 19'0; 

ADVANCED GAS-COoLED REACTORS-AN AsSeSSMENr~ 
RV MOQREr. JT THoRN~ 
8RIT1SH NJCLEAR ENERGY SOC, .;; 2/2/" 9' .. 11:1. 

APRIL 19b~/ 

DUNGENESS·S AGR REACTOR POWER ST1T!ON 
p,TO~l NO:, 7., F', 168 .. 74 ISEPT. 1965/ 

MAIN DESIGN FEAtUREs or DUNGENESS~8 
NUCLEAR ENG. lOi 3~7 !SEPT. 1965/ 

DUNGENESSRB AGR NUCLEAR POWER STATION 
CEG8, LONDor, 
NP"'15473/t\:ij 

DUNGENE~S 8~ ~DVANCED GAS COOLED REACTOR POWER 
STATlOi\;. 
Ep DUr~'f 

~; l. L 1:: ARE N G. '1. 2; 5 :2 Ai • :2 8 ,. J U LVi 9 6 '7 ! 

D~25 
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GAS COOLED REACTORS. FOREIGN 
* * • • • • • • • • • • 

NAME/OWNER BERKE LEV/CENTRAL ELECTRIC GENERATING BOARD, U.K. 

OPERATOR CENTRAL ELECTRIC GENERAT1NG BOARD 

LOCATION BERKELEV, GLOUCESTERSHIRE, ENGLAND 

PUR POSt POWER 

TVPE GCR,CALDER~TypE 

POWER MWE(MWT) 138 560 
TWO-REACTOR STAT10N 

CRITICAL APRIL-MAY 1962 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE, VERTIcAL CHANNELS, GRAPHITE RErLECTOR 

FUEL MATERIAL URANIUM 

~UEL GEOMETRY ROD 1.1 IN. D1A:/19 IN~ LONG 

FUEL CLADDING MAGNOX, HELICAL FINS 

FUEL ENRICH. NATURAL 

FUEL ASSEMBLY U SLUGS IN MAGNOX TUBES~ 24 IN. LONG 
13 ELEMENTS/CHANNEL /ST~CKED/ 

3265 FUEL CHANNELS 

FUEL CHARGE 231 TONS U 

SPECIFIC POWER 2;4 KW/KG URANI8M 

BURNUP(REFUEL) 3000 MWD/T AVE. ON-LOAD. pARTIAL 
10 CHANNELS/WEEK 

NEUTRON FLUX THERMAL AVE. 9,6X10 E.12 
CORE CENTER 1~7Xl0 E.13 

CONTROL RODS, BORON IN STEEL, TOP-MOUNTED 

COOLANT TEMP~ OUTLET 345 C 

COOLANT PRESS~ 139 PSIA /INLET/ 

REACTOR VESSEL CYLINDER, 50 FT: DIA.,3-1N. THICK STEEL, 

D~26 
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GAS COOLED REACTORS. POREIGN 
* 

CONTAINMENT 

REMARKS 

REFERENCES 

.. .. .. .. • • ... .. 
80 rT HIGH AND 50 rT HIGH /2-REACTORSI 

REACTOR BUILDING 

BOTH REACTORS IN OPERAT10N IN APRIL-HAV 1962: 
BERKELEY BEGAN PRODUCING 6000 KWE ON THE NO~ 1 
GENERATOR IN JUNE 1962. 

SEE CALDER 

REACTORS ON-THE.LINE. NO~ 10; BERKELEY. 
NUCLEONICS 12. IrACING PAGE 361 IDECEMBER 19611 

BERKELEY CONSTRuCT10N~ SECTION DRAWINGS 
NuCLEAR ENG~ 8,15'-163 IMAY 19631 
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GAS COOLED REACTORS. FOREIGN 
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BNWL~936 

oF'27 .. .. 

NAME/OWNER DRAGON/ATOMIC ENERGY AUTHORITY, U,K. AND 
EUROPEAN ~UCLEAR ENERGy AGENCV IENEAI 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

POWER MWECMWT) 

ATOMIC ENERGY RESEARCH ESTABLISHMENT, U.K. 

UK AERE 

WINF'RITH HEATH, ENGLAND 

POWER EXPERIMENT 

GCR, HIGH TEMPERATURE~ CERAMIC SVSTEM 

o 20 

CRITICAL AuG~ 1964~ POWER OUTPUT 20 MWT APRIL 1966 

COOLANT HELIUM 

MODERATOR GRAPHITE 

~UEL MATERIAL URANIUM-THORIUM CARBIDES, SINTERED COMPACTS WITH 
GRAPHITE COATING 

F'UEl GEOMETRY ANNULAR ROD, 6 rT~ LONG 

rUEL CLADDING GRAPHITE TUBES 

.FUEL ASSEMBLY FUEL-MODERATOR ELEMENTS. CLUSTERS OF HEXAGONAL 
GRAPHITE TUBES CONTAINING GRAPHrTE F'UEL BOXES 
WITH ANNULAR F'UEl INSERTS. 

37 ASSEMBLIES/CORE. ICENTRAL AND PERIPHERAL 
ZONESI 

SEE REMARKS 

SPECIFIC POWER 1;4 MW/KG 

BURNUP(REFUEL) 100.000 MWD/TON CAPABIlITV 

CONTROL RODS, BORO~ CARBIDE IN SSTU8ES 

COOLANT TEMP. lNLET 350 C OUTLET 750 C 

COOLANT PRESS, 300 PSIA 

REACTOR VESSEL CYLINDER, CONICAL TOP 350 eM, DIA, 

CONTAINMENT 

REMARKS 

INNER STEEL SHELL~ OUTER CONTAINMENT BUILDING OF 
SEALED CONCRETE~ 

DRAGON IS A JOINT UNDERTAKING BV UK AND ENEA 

OF'27 
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GAS COOLED REACTORS, ~OREIG~ 

* 

REFERE~CES 

* • * • * • 
IOF OECD/~ HELiuM COOLANT rLOW IS UP THRQUGH THE 
rUEL ELEMENT ASSEMBLIES, aVER SURrACES Or GRAPHITE 
CLADDING TUBES, AND WITH IN iHE PASSAGES rORMED BY 
SPACER RIDGES ON THE GRAPHITE TU8ES~ PRELIMINARY 
STUDIES or 1000 MWT REACTORS ARE BEING PERrORMED~ 
HOT CRITICAL EXpERIMENT IZENITHI OPERATIONAL IN 
1959 ft ~UEL LOAnING FOR DRAGON IN MARCH 1964~ 
PROJECT WAS EXTENDED fa 1967 TO PROVIDE FOR THE 
DESIGN o~ A POWER PRODUCTION PROTOTVFE, AND A 
FINAL DESIGN HAS BEEN COMPLETED FOR A 540 MWE 
REACTOR WHICH WOULD PRODUCE COOLANT GAS AT A 
TEMPERATURE OF ,50 C. THIS TEMPERAiURE MIGHT BE 
RAISED TO 850 C WITH L!TTLE DESIGN CHANGEr MAKING 
IT POSSIBLE TO LINK THE SYSTEM CIRECTL¥ W!T- A 
GAS TURBINE. PARTNERS IN THE DRAGON ~RQJECT ARE 
EURATOM MEMBER STATES PLUS AUSTRiA, BRITAIN. 
DENMAR~, NORWAY~ SWEDEN AND SWITZERLAND, 
DUR[NG MA!~TENANCE SH~TDOWN IN CCT~ 1966 MOST Or 
THE ORIGINAL rUEL CHARGE WAS REPLACED~ SECOND rUE~ 
CHARGE CONTAINS NEWLY-DEVELOPED COATED FUEL 
PART1CLES, PLUToNIUM·BEARI~G rUELS~ D!RECTLY 
COOLED ~UEL COMpACTS~ AND FUEL SAMPLES FROM THTR 
I~! GERMANY; AND OAK RIDGE~ START-UP IN JANo 19671 

HIGH TEMPERATURE GAS-COOLED REACTOR PROJECT. 
THE ENGiNEER~ 415~17 IMARCH 19591 

RES~ARCH AND DEvELOPMENT ASPECTS O~ THE DRAGON 
REACTOR EXPERIMENT. 
LR SHEPHERL, PJ MARIEN 
POWER REACTOR ExPERIMENTS VOL; It PP. 13-47 
l\TERNATIONAL ATOMIC ENERGY AGENCY. VIENNA, 1962 

TH~ DRAGON REActOR. 
POWER REACTOR TECHNOLOGY 6 11/. ,4.80 
IDECEMBER 19621 

TH= DRAGON REACTOR DEVELOPMENT AND DESIGN or THE 

GE ~OCKETT, RAU HUDDLE 
~UCLEAR POWER 5~112.1' IFES; 19601 

HOW DOES THE DRAGON PROJECT STAND, 
P CAPRIOGLIO, M DE BACCI 
EURATOM 3~20.23 ISE~T~ 19641 

APPLIED ATOMICS AUG~ 17, 1966 P. 2.3 
NEWS RELEASE 

CHEM.+ ENG. NEwS OCT: 17, 1966 PI 79 
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BNWL;Q36 

OF'27' 
• • * . ' . • • .' .'.' .' .' .' .' .' .' 

NEWS RELEASE 

APPLIED ATOMICS FEB: 15, 1967 P:4 
NEWS RELEASE 
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DF'28 
'*' • '*' '*' • • .' . .' .' . .' . 
NAMEIOWNER 

DESIGNER 

OJ:)ERATQR 

LOCAT10N 

PURPOSE 

TVPE 

POWER MWECMWT) 

CRITICAL 

COOLANT 

MODERATOR 

r:"UEL MATERIAL 

FUEL GEOMETRV 

FuEL CLADDING 

.FUEL ASSEMBLV 

TRAWSF"VNYDD/CENTRALELECTRIC GENERAT1NGBOARD, U.K 

ATOMIC POWER CO~, U~K; 

,CEGB 

MERIONETHSHIRE,WALES 
LAKE 'TRAWSF'VNVDD IRESERVO I RI 

POWER 

GCR, CALDER TYPE 

250 870 ITWO-REACTOR STATIONI 

NO.1 SEPT. 1964, ON-LINE JAN; 1965 
NO.2 DEC. 1964 

CARBON DIOXIDE 

GRAPHITE, VERT1CAL CHANNELS 

URANIUM 

ROD 1 1/8 IN. DIA~ 

MAGNOX~ LONGITUriINAL SPIRAL 

9 ELEMENTS/CHANNEL IST~CKEDI 
3720 FUEL C~ANNELS 

,FUEL CHARGE 280 TONS URANIUM 

SpECIrlC POWER 3:11 KW/KG URANIUM 

8URNUP(REF'UEL) 4500 MWD/TON U ON-LOAD 

CONTROL BORON STEEL RODS 

COOLANT TEMP. OUTLET 392 C 

COOLANT PRESS~ 240 PSIG 

REACTOR VESSEL STEEL SPHERE 61 FT. ID.~ 3 1/2 IN. PLATE THICKNESS 

REMARKS 

REF'ERENCES 

ON-LINE IN JANUARY 1965~ 

FOR BASIC DESIGN SEE CALDER 

TRAWSFYNYDD 

Dr:"28 
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GAS COOLED REACTORS, '~OREIGN OF'28 
." .' . ." ." ." . ." ." ." .' .' ." .' .' . .' 

NuCLEAR ENG~ 6~12~23 IJAN: 19611 

THE APC-S DESIGN rOR TRAWS~VNVDO 
NUCLEAR ENG. 4, 289;96 IJULV~ AUGUST~ SEPTEMBER, 
19591 

TRAWSF'YNYDD DESiGN,F'EArURES~ 
NUCLEAR ENERGY ENG. 13, 489-95' IOCTOBER 1959/ 
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GAS COOLED REACTORS. FOREIGN .. .. .. 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

.. 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

FUEL GEOMETRY 

F'UEL CLADDING 

·F"uEL ENRICI-I. 

F'UEL ASSEMBLY 

F'UEL CHARGE 

BURNUP(REFUEL) 

NEUTRON F'LUX 

CONTROL 

COOLANT TEMP. 

COOLANT PRESS. 

REACTOR VESSEL 

CONTAINMENT 

REMARKS 

.. • .. . .. .' .. .' .' . 
HINKLEY POINT-l/CENTRALELEC+RIC GEN. BOARD. U~K. 

ATOMIC POWER GROU~~ U~K~ 

C5GB 

HiNKLEY POINT. SOMERSET. ENGLAND 
BRISTOL CHANNEL 

POWER 

GeR, CALDER TYPE 

250 911 

NO. 1~ 1964~ POWER +0 GRID FEB. 1965 
NO. 2; OCT~ 1964. POWER 1966 

CARBON DIOXIDE 

GRAPH[TE, VERTICAL' CHANNELS 

URANIUM 

ROD 1 1/8 IN. DtA: /36 IN~ LONG 

MAGNOX, FINNED 

NATURAL 

8 ELEMENTS/CHANNEL /STACKED/ 
4500/ FUEL CHANNELS 

376 TONS URANIUM 

MINIMUM 3000 MWD/tON 

THERMAL MAX, 3X1DE.13 
F'AST MAX. 3.6x10 e.13 

RODS, BORON STEEL 

INLET 180 C OUTLET 315 C 

200 PSIA 

BOILER PLATE STEEL SPHERE, 61 Ii' T'~ 

REACTOR BUILDING 

DIA~ 

CEGB WILL BUILD A SECOND STATtON AT SITE. 

DF'29 
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GAS COOLED REACTORS. ~OREIGN 

BNWL .. 936 

D~29 

"'" . .. .. .. .. 

REFERENCES 

• .. .. .. .. .. • • .' .. .. 
A PROPO$AL By TNGP IS F"OR AN ADVANCED GAS-COOLEL 
REACTOR. 
SEE DF'40 

rOR BASIC DESIGN SEE CALDER 

HINKLEY POINT 
N~CLEAR ENG. 3, 286 IJULy19581 

HINKLEY POINT NUCLEAR POWER STAT10N 
D REED 
NuCLEAR ENERGY SEPT: 1965 p~ 212.83 

DF"29 
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GAS COOLED REACTORS~ rOREIGN DF'30 
... ... ... ... ... • ... ... • ... • .. .. .. .. ... . . 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

rUEL GEOMETRY 

FUEL CLADDING 

.FUEL ASSEMBLV 

SIZEWELL/CENTRA~ ELECTRIC GENERATING BOARD, U.K. 

ATOMIC POWER GROUP, U:K~ 

CEGB 

ALDEBURGH~ SUrrOLK COAST, .ENGLAND 

POWER 

TwIN HAGNOX GCR 

290 948 
PER REACTOR 

NO.1 REACTOR DEC~ 1965 
NO.2 REACTOR EARLY 1966 

CARBON DIOXIDE 

GRAPHITE 

URANIUM 

ROD, 42 IN, ACTiVE ~ENGT~ 

MAGNOX, POLYZONAL HELICALLY F'!NNED 

7 RODS/CHANNEL ISTACKED/ 
3aoo FUEL CHANNELS 

321 TONS URANIUM 

SPECIFIC POWER 2~96 KW/KG URANIUM 

. F'uEL CHARGE 

BURNUP(REFUEL) ON-LOAD 

CONTROL RODS, STEEL W!TH BORON STEEL INSERTS 

CQQLANTTEHF, INLET 214 C OUTLET 410 C 

COOLANT PRESS. 279 PSIA 

REACTOR VESSEL STEEL SPHERES 63 F'T~ 6 IN~· 10., 4~125 IN, THICK 

CONTAINMENT 

REMARKS 

REF'ERENCES 

SiNGLE REACTOR BU1LDING TO HOUSE BOTH REACTORS~ 

CONSTRUCTl ON 

~OR BASIC DESIGN SEE CALDER 
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GAS COOLED REACTORS~ rOREIGN 
... ", • ... ... • ... ... • • • 

SIZEWELL NUCLEAR POWER STATION. 
BRITISH POWER ENG: 2/2/, 86~6 IJANUARV 1961/ 

SlZEWEL~ NUCLEAR POWER STATION, 
!-is ARMS, OTHERS 
NUCLEAR POWER 6; 61~81 ISEPTEMBER 1961/ 

FROM HINKLEY TO SIZEWELL. 
~UCLEAR ENG. 6, 364-70 ISEPT~ 1961/ 

BRITAIN-S SEVENtH NUCLEAR POWER STATION 
ENGINEERING 200; 70 IJULY 16, 196 9 / 

DF"30 

Of30 
• 
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GAS COOLED 'REACTORS~ F'OREIGN 

BNWL;';Q36 

tiF'31 ' ..' . . ' . . .' .' . .' .' .~ .' . 
NAME/OWNER 

DESIGNER 

OPERATOR 

HUNTERSTON~A/S,scoiLiND EL8C~RfCrTY BOARO' 

GENERAL ELECTRI~ 00.: ~TD~, SlMON CARVeS, u:~: 

LOCATION 

PURPOSE 

TYPE 

POWER MwE (MWT) 

S; SCOTLAND ELECTRlelTY BOARD 

AVRSHIRE IWEST KILBRIDEI SCOTLAND 
F'IRTH CF' CLYDE 

POWER 

GCR~ TWO-REACTOR STATION 

150 
PER REACTOR 

CRITICAL NO.. 1 SEPT, 1963 NO: 2 APRIL 1964 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHfTE 

FuEL MATERIAL URANIUM 

FUEL GEOMETRY RO.DS 1~15 IN. DiA;/24 IN~LONG 

FuEL CLADDING MAGNO.X, POLYZON~L AXl~L FINNED GRAPH1TESLEEVE 

·F'UEL ENRICH. NATURAL 

FUEL ASSEMBLY 10 RODS/CHANNEL ISTACKEDI 
3288 FUEL C~ANNELS 

FUEL CHARGE 251 TONS URANIUM 

spEcr~IC POWER 2;13 KW/KG URANiuM 

BURNUP(REFUEL) APPRQX. 2100 MWD/TON ICN·~OWER, BOTTOM LOADI 

NEUTRON FLUX THERMAL MAX. 1,35x10 e+13 

CONTROL RoDs, BORON STEEL 

CO.OLANT TEMP. INLET 400 F OUTLET 735 F' 

COOLANT PRESS. 150 PSI 

REACTOR VESSEL STEEL SPHERE 70 FT', I D , AND :3 I N ~ THICK WALL 

CONTAINMENT REACTOR BUILDING 

.' 
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BNWI,;;Q36 

DF'3:1. .' .' .' .' . 
REMARKS 

REFERENCES 

STATION,ON-LINE IN JUNE 1964 
HUNTERSTON-B wILL 8A A 125D Mwe 'TWIN-REACTOR AGR~ 

SEe Dr.46 

~OR BAStCDESIG~ SEE CALDER 

GAS COOLED REActOR rOR THE SOUTH OF' SCOTLAND 
ELECTRICITY BOARD: 
'PJ GRANT' 
NUCLEONICS 16~ 108-13 IMAY 19'81 

HUNTERSTON, MOst POWERFUL ATOMIC,STATlON. 
: ENG I NEE R I N G 198, 38 I> .,' IS B P T', ,25, 19 6 41 

01='31 
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NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPosE 

TYPE 

POWER MWECMWT) 

CRI'TICAL 

COOLANT 

MODERATOR 

F'UEL MATERIAL 

F'uEL GEOMETRY 

F'uEL CLADDING 

.F'UEL ENR ICH. 

F'uEL ASSEMBLY 

F'UEL CHARGE 

'DUNGENESS~A/CEGB, UNITED KINGDOM 

'THE NUCLEAR POWeR GROUP~ U .~ I( ~ 

CEG8 

KENT, ENGLAND 
STRArT OF' DOVER 

'POWER 

GeR, CALDER TYPE 

275 840 '/TWO-REACTOR STATIONI 

NO. 1 REACTOR JuNE 1965 
NO.2 REACTOR OCT: 1965 

CARBON DIOXIDE 

GRAPH!TE 

URANIUM 

MAGNOX 

NATURAL 

7 ELEMENTS/CHANNEL ISTACKBDI 
3932 CHANNELS 

300 TONS URANIUM 

SPECIF'IC POWER 2:78 KW/KG URANIUM 

CONTROL RODS 

COOLANT TEMP. INLET 250 C OUTLET 410 C 

REACTOR VESSEL MILD STEEL SP~ERICAL VESSEL~ 

CONTAINMENT 

REMARKS 

REF'ERENCE5 

BUILDING WITH VAULT FOR RSACTOR PRESSURE VESSEL 

AGR HAS BEEN SELECTED F'OR THES8COND COMPLEX AT' 
DUNGENESS~ 

SEE DF'25 

DUNGENESS NUCLEAR POWER STAT10N 
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GAS COOLED REACTORS: F"OREIGN 
•• • . .. • • .' . 

RD VAUG~AN, OT~~RS' " 
NUCLEAR POWER 6, 16.96 IAPRIL' j;9611 
RD VAUGHAU, OTHeRS 
NUCLEAR POWER 6; '6:96 lAPFUL ,19611 

BNWL;Q36 

OF'32 

DF'32 
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BNWL~Q36 

DF'33 .' . 
NAME/OWNER 

DESIGNER 

OPERATOR 

OLDBURV/CENTRAL ELECTRIC GENERAT1NG SOARD, U:K: 

LOCATlON 

PURPOSE 

TVPE 

POWER MWE(MWT) 

THE NUCLEAR poWeR GROUP, U,K~ 

CEGB 

OLDBURY~ON·SEVERN; GLOUCESTERSHtRE~ENGLAND 
SEVERN ESTUARV 

'POWER 

GCR~ CALDER TYPE 
2·REACTOR S~AT10N 

300 834 

CRITICAL 1967 
OPERATION O~ NO; 1 REACTOR DELAYED DUE TO 
LEAKAGE OF' COOLANT GAS THROUGH REACTOR VESsEL 
INSULATION, 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHITE 

~UEL MATERIAL URANIUM 

rUEL GEOMETRY RODS, 1~10 IN, 00: 138,3 IN~ LONG 

FuEL CLADDING MAGNOX, SPIRAL F'INS 

.~UEL ASSEMBLY 8 ELEMENTS/CHANNEL ISTACKEDI 
3308 CHANNELS 
3320 F'uEL CHANNELS 

F'UELCHARGE 293 TONS URANIUM 

SPEC IF'! C POWER 2;85 KW/KG URANIUM 

BURNUP(REFUEL) 4500 MWD/TON U 

CONTROL RoDS, TOP-SUSPENDED 

COOLANT TEMP, INLET 245 C OUTLET 410 C 

COOLANT PRESS, 364~3 PSIA 

REACTOR VESSEL PRESTRESSED 
77 F'T~ ID~, 

CONCRETE VERTICAL CYLINDER 
60 F'T; INNER HEIGHT, END SLABS 

" TH I C:KNESS 15 ~T', TfolICK, WALL 
22 FT, 

DF'33 
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BNWl,,;'936 

oF'33 
... • '* 

CONTAINMENT 

REMARKS 

REF'ERENCES 

... '* '* '* '* 
MILD STEEL LINER 

REACTOR BUILDING 

• • • '* .' . .. ... • 

EACH REACTOR AND rTS BOILERS ARE WITHIN A CONCRETE 
'PRESSURE VESSEL /INTEGRAL DESiGN/.CARBON DIOXIDE 
COOLANT F'LOWS FROM BLOWERS BU t,L T I NrO 'THE PRESSURE 
VESSEL BELOW THE F'08R BOILERS, WHICH ARE ARRANGED 
SYMMETRICALLY AROUND THE CORE~rLOW is UPWARD 

'THROUGH THE CQR~. 

FOR BASic DESIGN SEE CALDER 

OLDBURY~ F'IRST 8. K~ CONCREi:E PRESSURE VESSEL. 
NUCLEAR ENG. 7,446~8 INOVEMBER 19621 

OLDBURV DESIGN APPRAISAL: 
NuCLEAR POWER 7; 44~50 INOVEMBER 19621 

DF'33 
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NAME/OWNER 

DESIGNER 

OPERATOR 

BRADWELL/CENTRA~ ELEC~RIC GENERAT1NG BOARD, U.K. 

THE NUCLEAR POWER GROUP, U,K, 

LOCATION 

PURPOSE 

TYPE 

CEG8 

BRADWELL-aN-SEA; EssEx, ENGLAND 

POWER 

GOR, CALDER TVPE 

POWER MWE (MWT) 150 538 /a~REACTOR STATIONI 

CRITICAL NO.1, 1961 NO. 2~ 1962. 

OOOLANT CARBON DIOXIDE 

MODERATOR GRAPHtTE, VERTI~AL CHANNELS 

FuEL MATERIAL URANIUM 

FUEL GEOMETRY RODS, 1.155 IN.DIA: 13.3 FT, LDNG 
13 F'T~ACT. LENGTHI 

FuEL CLADDING MAGNOX, RADIAL FINS 

F'uEL ENRICH. NATURAL 

F'UEL ASSEMBLY 8 ELEMENTS/CHANNEL ISTACKED/ 
2837 CHANNELS 

FuEL CHARGE 241 TONS URANIUM 

SPECIFIC ?OWER 2~20 KW/KG URANIUM 

BURNUPCREFUEL) 3000.4500 MWD/ToN U 

NEUTRON FLUX THERMAL AVE. 1.59x10 6.13 
CORE CENTER 1.7xl0 e·13 

CONTROL RoDs, BORON STEEL 

COOLANT TEMP, INLET 180 C OUTLET 390 C 

REACTOR VESSEL MILD STEEL SPHERE~ 66 ~T~ 9 IN. 0 U : , 
Tf.lICK 

CONTAINMENT REACTOR BUILDING 

REMARKS POWER OPERATION IN NOVEMBER 1962 

3 AND 4 IN, 

DF34 
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REFERENCES 

• • .. • • • • • 

BRADWELL NUCLEAR POWER STATION. 
NUCLEAR POWER 7; 78~105 IAPRIL 19621 

BRADWELL A HARO;WON AC~IEVEMENT 
NUCLEAR ENG. 8, 164~67 IMAV 196 31 

. ' . 
BNWL'::'Q36 

DF34 
.. .. 

DF'34 
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NAME/OWNER 

DeSIGNER 

O~ERATOR 

LOCAT10N 

PURPOSE 

TYPE 

POWER MWECMWT) 

WYL~A/CENTRALELEC'rRIC GENERAT1NG BOARD, U~~: 

ATOMIC POWER GROUp, u~~~, 

CEGB 

WYLF'A HEAD, N. W. WAL8S /ANGLSSEV ISLANDI 
IRISH SEA COAST' 

POWER 

GCR~CALDER TYPE; ONCE~THROUGH BOILER 

590 

CRtTfCALCONSTRUCTION CONTRACT AWARDED 1964: 'TARGEf' 1969~ 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPHrTE, VERTICAL, CHANNELS 

~UEL MATERIAL URANIUM 

~uEL GEOMETRV RODS 1~10 IN. DrA~/42 IN. ,LONG 

~ U E L C LAD DIN G MAG N 0 X, HER R I N G BON E 'F" H'''::::' 

~UEL 'ENR ICH t NATURAL 

~UEL ASSEMBLY 6 ELEMENTS/CHAN~E~ /StACKEDI 
6150 F'UEL C~ANNELS 

~uEL CHARGE 595;4 TONS URANIUM 

spECI~IC POWER 3;16 KW/KG URANiuM 

BURNUP(REFUEL) ON-LOAD 

CONTROL RoDs, BORON STEEL OR MILD STEEL 

COOLANT TEMP. INLET 247 C OUTLET 414 C 

COOLANT PRESS. 400 PSIA 

REACTOR VESSEL PRESTRESSED CONCRETE, SPHERICAL INNER SHAPE 
11 rT.THICK WALL 

CONTAINMENT 

REMARKS 

REACTOR BUILDING 

UPC CONTRACT ~OR REACTOR NO. 1 WAS CANCELLED AND 
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Or:'35 
... * 

RErERENCES 

* .. * • • .. W· • 

CONTRACT rOR 2-REACfoR STATION AWARDED TO APG IN 
j:'EB~ 1964. 

WYLrA NUCLEAR POWER STAT10N 
NUCLEAR ENG, 10 /7/; 139.54 IAPRiL 1965/ 

• 

D,:'35 
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DF'36 .' .' .' .' 
NAMEJQWNER 

OESIGNER 

WEISMOOR st~TIO~/AP~, w~,GERMANY' 

NOT SELECTED. SEE REMARKS~ 

LOCA~10N WE1SMOOR, W~ GERMAN~ 

PURPOSE POWER 

TYPE GCR-ADVANOED TVpE 

POWER MwECMWT) 40 

CRnl,CAL PROJECT' HAS BEEN CANCELED 

REM ARK S PRO P 0 SAL S F' ROM uK F' 0 RAN A G R \tI ERE SUB M ~JT TED, A ~ n 
STUDY CONTRACT WAS MAOE WiTH GUTTEHOrrNUNGSHUTTE 
STERKRADE AG ANn us GA~ SITE WAS TO'IolAVE BEEN 
WEISMOOR 
A PROPOSAL BY GHHF'OR A GAS 'TUR8INE HTGR HAS BEEN 
ACCEPTED,BV KSH FOR A SfTE NEAR HAMBURG~ 
SEE DF'43. 

REfERENCES NEWS RELEASES 
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, 
NAME/OWNER 

DESIGNER 

OPERATOR 

AVR PEBBLE BED REACtOR/AVR, W. GERMANV' 

BBC-KRUPP~ W. GERMANY 

AVR, WEST GERMANY 

JUELICH~ W. GERMANY LOCATION 

PURPOSE 

TVPE 

POWER EXPERIMENt, PROtOTYPE 'FOR 150 MWE PLANT~ 

GCR~ HIGH TEMPERATURE; PEBBLE BBD 

POWER MWE(MWT) 15 46 

CRITICAL AUGUST 1966 

COOLANT NEON-HELIUM IPROBAB~V PURE HEL1uM WILL BE USED/ 

MODERATOR GRAPHITE 

~UEL MATERIAL URANIUM, THORIUM CARBIDE PEBBLES 

rUEL GEOMETRY SMALL SPHERICAL PEBBL8S 6 'CM~ DIA, 

~UEL CLADDING MACHINED GRAPHITE SHELLS, GRAPHrTE PLUG. 

rUELENRICH. 20 PER CENT U~235 

ruEL ASSEMBLY GRAPHITE-CLAD PEBBLES 
100~OOO PEBBLES/CORE 

BURNUP(REFUEL) ION-LOADI 

CONTROL CONTROL OF THE COOLANT' GAS- NO RODS EXCEPT 
SHUT-DOWN 

COOLANT TEMP. INLET 200 C OUTLET 850 C 

COOLANT PRESS. 10 ATM, 

• 

CONTAINMENT DESIGN WORK IS IN PROGRESS ON PRESTRESSED CONCRETE 
PRESSURE VESSELS FOR LARGE UNfTS,CONCTRUCT!ON 
EXPECTED BY 196'. 

REMARKS THE GOR PEBBLE-sED REACTOR CONCEPT' WAS 
STUDIED BY FARRINGTON DANIELS, AND A ~URTHER 
DEVELOPMENT BY wINNETT' BOVD WAS DESIGNAlED THE 
DANfELS-BOYD NUCLEAR STEAM GENERATOR, WHICH USED 
LOW-ENRICHMENT URANIUM CARBIDE wA~ERS IN A POROUS 
GRAPHiTE SHEATH FOR THE PRODUCT tON or 400 MW E: 



JANUARV 1969 
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RH"ERENCBS 

... ... ... .. .. .. ... 

T~E CONCEPT WAS STUDIED rURT~ER BY WINNETT BOYD IN 
ASSOCIAT10N WITH ARTHUR D. LITTLE. AS WELL AS BY 
SANDERSON AND PORTER AND T~E OAK RIDGE LABORATORY. 
T~E AVR PROJECT AT JULICH WAS DESIGNED AND 
DEVELOPED BY BBC/KRUPP or MANNHEIM. THE USAEC 
HAS REQUESTED FUNDS IN ITS CONSTRUCT10N 
AUTHORIZATION BiLL rOR A COOPERATfVE PROGRAM 
WITH THE AVR PROJECT. AEC WOULD DEVELOP AND HAVE 
rABRICATED A COATED;PARTICLE REACTOR CORE fOR 
IRRADIAT10N IN tHE AVR PEBBLE-BED REACTOR; A 

"EURATOM CONTRACT WAS SIGNED IN 1964 
A LONG-TERM DEVELOPMENT PROGRAMF'OR TIoIE 'PE8BLE~8ED 
CONCEPT INCLUDEs THE 15 MW E PLANT AS AF'IRST 
STAGE~ A SECOND STAGE REACTOR ALSO 15 MW E BUT 
CYCLING THE HIGH-TEMPERATURE IoIELIUM DiRECTLY TO A 
GAS TURBINE, AND A 150 MWE REACTOR AS'THE F'INAL 
STAGE~ WITH A TARGET DATE OF' 19'O~ 
THE REACTOR FAMiLY HAS BEEN DESIGNATED THORIUM:. 
HOCHTEMPERATUR ~EAKTOR ITHTR/1 
DESiGN STUDY PO~ ~ 200 MwE FULL-SCALE T~TR WILL BE 
DONE IN COOPERAT10N WiTH EURATOM~ 

DANi~LS EXPERiMENtA~ POWER ~I~E DESIGN PROPOSAL. 
MONN.~88 IBOOKS I AND II 

PRE~IMiNARY DESiGN or A 10 MW/TI PEBBLE-BED 
REACTOR EXPERIMENf~ 
OAK RiDGE NATIONAL' l.AB~ 
CF"·60;10~63 INOVEMBER 1960/ 

DEsiGN STUDY OF A PEBBLE-BED REACTOR POWER PLANT, 
Ap rRAAS, OTHERS 
DEVELOPED BY BBC/KRUPP OF MANNHEIM~ 
A GERMAN CONSOR~1UM HOCHTEMPERATUR-KERN"RA~TWERK 
GESELLSCHAPT ~As SEEN rORMED TO SPONSOR DEVELOp·' 
MENT O~ A 300 MwE HIGH-TEMPERATURE THORIUM REACTOR 
/tHTR/~ WiTH CO~SiRucfl0NTARGETED 'OR 1969 AND" 
OPERATION IN 19;4: THE DESIGN, By BBC/KRUPP AND 
JUELICH RESEARC~ CENTER UNDER EURATOM CONTRACT, 
WILL BE EXTRAPoLATED TO COMMERICAL SCALE, 
BBC/KRUPP IS EXpECTED TO MAKE ArORMAL BID TO T~E 
CONSOR~IUM, SEE DF44; 
NUCLEONICS 14~ 34;51 IMARC~ 19561 

BOYO-S ACT1VE CiRcuiT GAS REACTOR." 
CANADIAN CHEM~ pROCESSING 43: 54.6 IMAV19591 

SPECIAL rEATUREs or THE BROWN BOVER}-KRUPP REACTOR 
o MACHNIG~ OTHERS 
NuCLEAR POWER 6: 63~6 /MARCH 19611 

D!i37 
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THE AVR H1GH TEMPERATURE GAS-COOLED RSACTOR. 
HW SCHMIDT 

... . 

PREPRINT' PAPER NO~ 31; ENGINEERS JOINT COUNCIL~ 
NEW YORK. 11962/ 

HiGH TEMPERATURE REACTOR DEVELOPMENT BV 8BC/KRUPP 
R SCHULTEN, a MACHNIG 
ATOMPRAXIS 4. 117~122 IAPRIL 19631 

ENERGV OUT O~ PEBBLES 
P SCHULTEN 
EURATOM 4~ 44-48 /JUNE 1965/ 

THE PE8BLE BED REACTOR, GERMANV-S HIGH TEMPERATURE 
GAS-COOLED PROJSCT, 
NuCLEAR ENG~ 10; 333-34 ISEPT~ 1965/ 

DF'37 
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OF'38 

." .' . . 
NAME/OWNER KNK NUCLEAR sT.flQN/ATOMKRAr~~BAVERN, W~ GERMANV 

NfEDERAIC~8ACH STATION / BA¥ERNWERK REACTOR 

DESIGNER SIEMENS~ W~ GERMANV 

OpERATOR KERNKRAF'TWERK NiEDERAicHBACH GMBH 

LOCATION N~EDERAtCHBACH, BAViRiA, W~ GERMANV/ON ISAR RivER 

PURPOSE POWER PROTOTYPE 

TVPE HEAVV WATER MODERATED; GCR, PRESSURE TUBE 

POWER MWE(MWT) 100 

CRITICAL CONSTRUCTION 1966; ~ARGeT19'O 

COOLANT CARBON DIOXIDE 

MODERATOR HEAVV WATER 

rUEL MATERIAL URANIUM DIOXIDE 

ruEL GEOMETRY RODS 

ruEL CLADDING 5S 0~25 MM. THtCK 

~uEL ENRICH. 1:1 PER CENT U-235 

rUEL ASSEMBLY 19-ROD BUNDLE 

SpECIrIC POWER 

BURNUP(REF'UEL) 

NEUTRON F'LUX 

COOLANT TEMP. 

COOLANT PRESS. 

CONTAINMENT 

REMARKS 

1404 ELEMENTS IN 351' CHANNELS 

6~6 KW/KG 

11,600 MWD/T ON-LOAD 

4 ; 5 E.13 

550 C 

880 psi 

DOUBLE CONTAINMENT' 

THE SIEMENS DESiGN STUDY WAS OOMMISS10NED BY AKB, 
FABwERKE HOECHS~, AND BAVARIAN GOVERNMENT~ IT HAS 
BEEN DECIDED THAT BAYERNWERKE WILL UNDERTAKE THE 
PROJECT ALONE~ WITH CONSTRUCiION TO START IN 1965~ 
KNK IKERNKRA~TWERK NIEDERAICH8ACH/ GMBH HAS BEEN 
FORMED TO CONSTRUCi THE PLANi, AND WIL.L 'TAKE OVER 

OF'38 
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REF'ERENCES 

.. * '* '* • '* • 

THE OPERATION AFTER F'iVE VEARS. 

NUCLEAR POWER STAT~ON WITH HEAVV WATER MODERATED 
PRESSURE TUBE REACTOR fOR HIGH TEMPERATURES. 
W KELLER, HANS~JOACHIM PRSSUSS 
SIEMENS~Z~ 37~ 302.4 IAPRIL 1963/ 

THE AKB PROJECT FOR A GAS~COOLED HEAVV WATER POWER 
REACTOR; 
\oj KELLER 
ATOMWIRTSCHAFT 8, 645_54 IDEC~ 19631 

NIEDERA!CHBACH NUG~EAR POWER STATION. 
EURONUCLEAR 2~ 261-3 IJUNE 19651 

NUCLEAR INDUSTRy DEC. 1965 p~22 
NEWS RELEASE 

DF'38 
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* * * .. * • * • .' . .' . .. .' . .' .' 
NAME/OWNER 

PURPOSE 

TYPE 

F"RUSS/POLAND 

POWER~ rOR SUPERHEAtlNG SUP8RCRtTICAL STEAM. 

GeR, PRSSSURE TUBE 

POWER MWE(MWT} 1000 

CRITICAL DESIGN 

COOLANT GAS 

MODERATOR GRAPHITE 

F'UEL MATERIAL URANIUM 

~UEL ENRICH. NATURAL 

REFERENCES~RUSS • 1000 MWE NAtURAL U GAS-COOLED GRAPHITE 
MODERATED PRESSURIZED REACTOR FOR SUPERORITICAL 
STEAM PARAMETERS. 
J; LOPUSZYNSKI ipOLISH ACAD~ SCI., INST. NUCLEAR 
RES: WARSAW/ 
PAN~p43/IX/JULY 1964/ 
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NAME/OWNER 

... .. .. .. .. .. .. .. 

HINKLEY POINT-S/CEGB, GT~ BRITAIN 

THE NUCLEAR POWER GROUP-UK 

'* .. .. 

BNWL;Q36 

DF'40 .. .. 

DESIGNER 

OPERATOR 

LOCATION 

CENTRAL ELECTRIC GENERATING BOARD, GT~ BRITAIN 

HINKLEY POINT~ SOMERSET~ ENGLAND 

PURPOSE 

TYPE 

POWER Mr.JE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

BRISTOL CHANNEL 

POWER 

AGR IADVANCED GCRI 
TWO-REACTOR STAtl0N 

626 1504 

CONSTRUCTION. TARGET 1972 

CARBON DIOXIDE 

GRAPHITE 

IPSRREACTORI 

F'UEL MATERIAL URANIUM DIOXIDE PELLETS 0.60 IN~ DIAM~ 

FUEL GEOMETRY PIN 

F'UEL CLADDING SS 

.F'uEL ENRICH. LOW 

rUEL ASSEMBLY 36-PIN BUNDLE, GRAPHITE SLEEVE. 
8 ELEMENTS LINKED TO FORM STRINGER 

ACTIVE CORE HEIGHT 27,2 ~T 
CORE IS GRAPHITE STACK 'CQNTAINING 
308 FUEL CHANNELS. 

FUEL CHARGE 122~5 TONS URANIUM 

BURNUPCREFUEL) 18,000 MWD/T 

CONTRO~ RODS 

COOLANT TEMP. INLET 310 C 

WHOLE CHANNEL DISCHARGE, 
ON-LOAD 

OUTLET 66:; C 

COOLANT PRESS. 34 KG/SQUARE CM~ 

REACTOR VESSEL VERTICAL CYLINDER; PRESTRESSED CONCRETE, 62 FT~ 10 
AND 63.5 FT. ~IGH 
INNER SURFACE I~S~LATEO ANDCOOLED~ 

OF'40 
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REMARKS 

RErERENCES 

... ... • ... ... ... ... ... ... .. ... 

REACTOR UNITS ARE COMB.INED IN A SINGLE COMPLEX~ 
BOT~ BEING SERVeD BV THE SAME REF'UELING MACHINe. 
BOILERS ARE IN AN ANNULUS SURROUNDING THE CORE; 

HINKLEY POINT 8~ SURVEY Or DESIGN AND CONSTRUCTION 
NuCLEAR ENG, 13, 652.68 IAUG; 19681 

HINKLEY POINT B 
-ENGiNEER 223, 220.1 IrEB. 10~ 19671 

DF'40 
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NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT!ON 

F'ESSENHEIM STATrON/EDF', FRANCE 

EDF', CEA, SCHNEIDER GROUP IF'RANCE/ 

ELECTRICITE DE rRANCE 

PURPOSE 

TYPE 

POWER MWE(MWT) 

F'ESSENHEIM, FRANCE 
RHINE RIVER 

POWER 

GCR, TWO-REACTOR STATION 

740 PER REACTOR 

CRITICAL CONSTRUCTION AufHORizED. TARGET 1972 

COOLANT CARBON DIOXIDE 

MODERATOR GRAPH!TE 

FUEL MATERIAL URANIUM 

FUEL GEOMETRY HOLLOW ROD, EDF:3T~PE 

FUEL CLADDING MAGNESIUM-ZIRCONIUM ALLOY 

F'uEL ENRICH, NATURAL 

REACTOR VESSEL PRESTRESSED CONCRETE 

BNWL~936 

DF'41 .. '* 

REF'ERENCES THE FRENCH NATURAL-URANIUM GRAPHITE-MODERATED 
GAS-COOLED NUCLEAR POWER STATIONS. 
C BIENVENU, B SAITCEVSKY 
ANS TRANS~ 10, 315 IJUNE 196'/ 

DF'41 
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NAME/OWNER 

DESIGNeR 

PURPOSE 

GcrR IGAS-COOLED rAST REACTORI UK AEA 

UK ATOMIC ENERG~ AUtHoRITY 

POWER BREEDER 

TYPE GAS-COOLED ~AST REACTOR. PEBBLE~BED 

POWER MwECMWT) 1000 2380 

CRITICAL STUDY 

COOLANT HELIUM 

MoDERATOR GRAP~ITE RE~LEOTOR 

FUEL MATERIAL URANIUM/PLUTONI~M OXIDE PEBBLSS~ OOUB~E ·COATING 
O~ PYROLVTIC CARBON AND SItlCON ,CAR810e~ 

BLANKET, URANI~M DIOXIDE peeBLEs IAXIALI 
URANIUM DIOXIDE PINS IRADIAL/ 

ruEL GEOMETRY PEBBLES 
RADIAL BLANKET; PINS 

FuEL CLADDING SLEEVE O~ S5 GA0ZE AND INNER SLEEVE or SILICON 
GARBIDE WITH MA~HINED·1N ORIFIces. rORMtNG ANNuLUS 
rOR ruEL PEBBLES. 

RADIAL BLA~KET~ THINSS CANS. 

FUEL ENRICH. 20 AND 26 PER CENT PL8TONIUM 

. ruEL ASSEMBLY CORE IS A PEBBLE BED DISPOSED AS AN ANNULUS WITH 
COOLANT FLOWING RADtA~LV FROM OUTER TO INNER 
SURFACE~ THE ANNULAR CONTAINER BEING'ORMEO BY 
TWO CONCENTRIC SLEEVEs. 

RADIAL BLANKET ASSEMBLIES ARE HEXAGONAL 
BUNDLES or FUEL PINS HOUSED IN AN EGGCRATE 
STRUCTURE. EAC~ ASSEMB~V RECElves AN 
INDIVIDUAL COOLANT SUPPLY' 

FUEL CHARGE 1978 KG EQUIV~ PLUTONiuM.239 

8URNUP(RE~UEL) 80,000 MWD/T orp-LOAO, MONTHLy 

CONTRO~ RODS. BORON CARBIDE 

COOLANT TEMP. INLET 300 C OUTLET 1000 C 

COOLANT PRESS. 750 pSI 

REACTOR VESSEL PRESTRESSED CONCRETE VESSEL 

D~42 
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GAS COOLED REACTORS, FOREIGN 

8NWL~936 

DF'42 
... ... ... ... 

REFERENCES 

... ... ... ... ... ... ... ... ... ... ... ... 

A GAS.COOLED FAST REACTOR USING COATED PARTICLE 
FUEL. 
CP GRATTON, OTHERS 

.. 

J~ BRITISH NUCLEAR ENERGy SOC; 11 3/, 233.42 /19681 

DF42 
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GAS COOLED REACTORS. FOREIGN DF43 . . . ", ", . . . • . ,..' . ", .' ,. .' ", 

NAME/OWNER 

DESIGNER 

OPERATOR 

KSH REACTOR/KSH; W" GERMANV 
GEESTACHT GAS TURBINE 'REACTOR 

GUTEHOFFNUNGS~UTTE STERKRADE AG /GHH/, W. GERMANY 

KERNKRAFTWERK SCHLESWfG-HOLSTEIN GMBH /KSH/ 

LOCATION GEESTACHT~TESPERHUDE ON ELBE RIVER, W. GERMAN V 
NEAR HAMBURG 

PURPOSE 'POWER PLUS DESALINATtON OR DISTRICT HEAT1NG 

TYPE GeR, HIGH TEMPERAfuRE~ DIRECT CVCLE 

POWER MWECMWT) 25 

CR!TICALCONSTRUCTION TO START IN FALL 1969~ 

COOLANT HELIUM 

MODERATOR GRApHITE 
GRAPHtTE REFLECTOR 

FUEL MATERIAL URANIUM-THORIUM PELLETS COATED WITH SILICON 
CARBIDE 

~UEL GEOMETRVTUBES 

.FUEL CLADDING GRAPHfTE TUBES 3.27 M LONG, 8.9 eM THICK 

FUEL ASSEMBLV ELEMENT CONSISTS OF A CVLINDRICAL GRA~HrT~ TUBE 
FILLED WITH FUEL PARTICLES AND A CENTRAL GRAPHITE 
ROD: 

633 ELEMENTs/CORE 

CONTROL BORON CARBIDE RoDs 

REACTOR VESSEL STEEL VESsEL 10 M LONG. 4 MID, 85 MM THICK 
WALLS 

CONTAINMENT 

REMARKS 

REFERENCES 

NO SAFETV CONTAiNMENT 

REACTOR TO BE COUPLED TO A HELIUM TURBINE: 
A 300 MWE DESIGN STUDY HAS BEEN DONE. 

THE GEESTACHT GAS TURBINE HTGR CLOSED CYCLE GAS 
TURBINE~ 
NuCLEAR ENG. 12; 542 /JULV 1967/ 

DF'43 
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GAS COOLED REACTORS. FOREIGN 01="44, .. • .. • • .. .' . • • • 

NAME/OWNER 

DESIGNER 

OPERATOR 

THTR ITHORIUM HjGH TEMP. REACTORI HKG, W. GERMANY 

BBC/KRUPP, WI GERMANY 

HOCHTEMPERATUR-KERNKRAFTWERK QESELLSC~ArT HKG 

LOCATION POSSIBLE SITES ARE HAGEN AND DORTMUND 

PURPOSE PoWER PROTOTYPE 

TYPE GCR, HIGHTEMPERAfuRE; PEB8LE~8ED 

POWER MwE(MWT) 300 

CRITICAL CONSTRUCTION TARGET 1969~ OPERAT]ON 1974 

COOLANT HELIUM 

MODERATOR GRAPHITE. 
GRAPHITE REFLECTOR 

FUEL MATERIAL URANIUM AND THORIUM CARBIDE SPHERICAL PART1CLES 

FUEL GEOMETRY SPHERES IPEBBLESI 

FUEL CLADDING GRAPHITE SPHERES 6 CM~ DIAM~ OONTAINING FUEL 
SpHERES • 

. FUEL ENRICH. 92 pER CENT U·235 

FUEL ASSEMBLY CYLINDRICAL CAViTY WITH CONICAL BOTTOM IN A 
GRAPHITE AND CARBON STRUCTURE CONTAINS THE FUELED 
SPHERES~ 

INITIAL CORE 650;000 SPHERES 
CORE IS 5,6 M. DIAM~ AND 5~1 M. ~IGH 

8URNUP(REFUEL) ON-LINE, CONTINUOUS 

COOLANT TEMP. INLET 262 C OUTLET' 750 C 

COOLANT PRESS. 40 ATM. 

REACTOR VESSEL PRESTRESSED CONCRETE 

REMARKS 

REFERENCES 

DESIGN WILL BE eXTRAPOLATED 'TO COMMERC1AL SCALE. 
THTR IS A DEVELOPMENT OF' THE AVR JUELICH REACToR. 
SEE DF37. 

THTR HIGH TEMPERATURE REACTOR PROTOTV~E. 
ENGINEER AUG, 11. 1967 P. 204.5 

• 
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GAS COOLED REACTORS. fOREIGN 
... * * • .. • .. 

CONCEPTUAL DESIGN STUDY FOR A 1000 MWE HIGH 
TEMPERATURE PEBBLE-SED REACTOR. 
W KERSTING 
NUCLEAR ENG. DESIGN 7~ 345.66 119681 

DF44 
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GAS COOLED REACTORS. FOREIGN .. .. 

NAME/OWNER 

DESIGNER 

LOCATION 

PURPOSE 

TYPE 

* 

POWER MWE(MWT) 

CRtTICAL 

* .. .. • • .. • .. .. 

SEATON-CAREW STATION/CEGB, GT. BRrTAIN 
HARTLEPOOL STATioN 

TENDERS INVITED 

HARTLEPOOL, ENG: IN'Et COASTI 

POWER 

GeR, TWO~REACTOR STATION 

625 

TARGET NO~1. 1973 
NO.2~ 1974 

PER REACTOR 

REACTOR VESSEL PRESTRESSED CONCRETE 

REMARKS HAS BEEN APPROVED 
CONTRACT PLACED WfTH BABCOCK 6NGLISH 
ELECTRIC NUCLEAR LTD. 

DF"45 

... .. 
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GAS COOLED REACTORS, ~OREIGN 
... ... ... 

NAME/OWNER 

DESIGNER 

OPERATOR 

L.OCATION 

TVPE 

POWER MWECMWr) 

CRITICAL 

F'uEL MATERIAL 

rUEL GEOMETRY 

rUEL CLADDING 

r:UEL ENRICH, 

F'UEL ASSEMBLY 

... .. ... .' . ... .' ... .' . 
HUNTERSTON-B/S, SCOTLAND ELSCTRrCfTY BOARD 

THE NUCLEAR POWER COMPANY, U~K, INFOI 

SOUTH or SCOTLA~D ELECTRICITV BOARD 

HUNTERSTON, SCOTLAND 
F'IRTH OF CLVDE 

AGR IADVANCE GCR/, TWO-REACTOR STAT10N 

625 1500 PER REACTOR 

TARGET 1973 

URANIUM DIOXIDE 

PIN 1039 MM LONG, 15,25 MM DIAM~ 

SS 

SLIGHT 

8 ELEMENTS/CHANNEL 
308 rUEL CHANNELS 

F'UEL CHARGE 122~5 TONS URANiUM 

.BURNUP(REFUEL) 18,000 MWD/T ON-LOAD 

REACTOR VESsEL PRESTRESSED CONCRETE VEssEL'rOR EACH REACTOR~ 

CONTAINMENT 

REMARKS 

RErERENCES 

SINGLE CONTAINMENT' BUILDING 

APPROVAL RECEIVED JuLY 1967~ 
CONTRACT AWARD OCT~ 1967 

NEWS RELEASES 

HUNTERSTON-S 
NUCLEAR ENG. 12; 924.25 IDEC~ 19671 

DF'46 
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HEAVY WATER MODERATED REACTORS; DOMEST1C EDOl 
• • • • .. • • • .. . . .. .' . 
NAMEJQWNER 

DESIGNER 

PURPOSE 

TY~E 

ROWER MWE(MWT) 

CRITICAL . 
COOLANT 

MODERATOR 

SSCR ISPECTRAL SHtrt CONTROLLED REACTORJ/AEO.SAW 

BABCOCK AND WtLoOX 

POWER PROTOTYPE 

PWR~ SPSCTRAl SHIPT REACTOR 

330 1074 

RErERENCE DESIGN 

HEAVY WATER '. LiGHT WATER 

HEAVY WATER '. LIGHT WATER 

ruEL HATERIALURANIUM DIOXIDE POWDER, COMPACTED 

~uEL GEOMETRV RODS, SWAGED. CORE ACTIVE HEIGHT 107 IN. 

FUEL CLADDING ZIRCALOy~2 TUBES o~o25 IN:THrCK~ ALTERNAfE SS~ 

rUEL ENRICH. 3:33 PER CENT u:235 AVERAGE 

rUEL ASSEMBLY ZONE LOADING. 
220-ROD ASSEMBLY, 72 ASSEMBLIES 
laa-ROD ASSEMBLY WI T~ 'CENTRAL CONTROL';ROD 
BLADE~ 25 ASSEMBLiE~t 
130-ROD, TRIANGULAR, PARTIAL ELEMENTS, 
12 ASSEMBLIes 

TOTAL 109 fUEL ASsEMBLIEs 

FUEL CHARGE 40,325 KG~ URANIUM 

BURNUP(RE~UEL) 16780 MWD/MTU 790-DAY INTERVALS 

CONTROL COMPOSITION OF ~OQLAN1·MODERATOR MlXTURE, CONTROL 
AND POISON RODS: 

COOLANT TEMP. INLET 542F OUTLET 590~ 

COOLANT PRESS. 2140 PSIA 

REACTOR VESSEL STEE~ CYLINDER 13 FT~ OD~/29 ~T. HIQ~, 5S INNER 
CLAD. 

CONTAINMENT 

REMARKS 

SPHERE, 125 FT. OIA: 

VARIAT!ONS OF THE REFERENCE DESIGN INCLUDE CORE 
WITH 55 CLADDING, NUCLEAR PLANTS Or 154-458 MWE 

.. 

ED01 
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HEAVY WATER MODERATED REACTORS: DOMEST1C 

BNWI.;Q36 

8001 ' .' .' .' • .' . 

REF'ERENCES 

.' . * • . .' .. .' . 
WiTH ZIRCALOy-2 CLAD CORES, A~TERNATES USING SS 
CLADDtNG~ AND A PLA~T WITH A REACTOR CORE OF' 

'THORIUM OXIDE AND RECYCLED U~233 OXIDE CLAD iN 
ZIRCALOY, BURNs., ROE HAS STUDiED A 
DESALINIZATION-POWER PLANT ~OR THE N.Y, ATOMic 
RESEARCH AND DEVELOPMENT AUTHoRrTY WITH 
CONCENTRATION ON AN SSCR WITH THORIUM AS THE 
FERT!LE F'UEL. OTHER INTERESTS INCLUDE A 'PROPOSAL 
F'OR A KEY WEST~ FLORIDA, DESALINIZAT10N PLANT, 
LOS ANGELES DEPT. Or WATER AND POWER, AND SIERRA 
PAci~ic POWER, fHE LATTERF'OR A PLANT ON WALKER 
LAKE NEAR RENO, NEVADA. 

THORIUM AND URANIUM FUEL CYCLES 'PCR SPECTRAL SHIF'T 
CONTROLLED PRESsURIZED WATER REACTORS; 
GK RHODE, MC EDLUND 
ANS THIRD ANNUAL MEETiNG, JUNE 195, 
PAPER 4';'1 119571 

THE SPECTRAL SHiFT ~ONTROL REACTOR DESIGN AND 
ECONOMIC STUDY. 
D MARS. D GANS. JR. 
BAW~1241' IDECEMBER 19611 

THE SPECTRAL SHi~T CONTROL REACTOR IA VARIATiON 
OF' PWR/. 
MC EDLUND 
SMALL AND MEDIUM POWER REACTORS~ VOL.l •. p~ 165;78 
INTERNAT10NAL ATOMIC ENERGY AGENCY. VIENNA: 1961~ 

SpECTRAL SHIPT CONTROL REACTOR. 
J COUGHLIN 
ASME PREPRINT 6i-PWR-6 119611 

SpECTRAL SHIFT REACTOR. 
POWER REACTOR TECH. 5/4/~ 81-6 ISE~TEMBER 19621 

WATER COOLED THoRIUM REACTORS 
HS BARRINGER 
TID~7650 IPI 172~931 119621 
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HEAVY WATER MODERATED REACTORS: DOMESTIC ED02' 
... 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

POWER MWECMWT> 

CRITICAL 

COOLANT 

MODERATOR 

F"UEL MATERIAL 

... ... ... ... ... • ... ... ... 

~WOCR /~EAVY WATER ORGANIC COOLED REACTOR 1 

COMBUSTION ENGINEERING 
BABCOCK. WILCOX 
ATOMICS INTERNAtIONAL 

POWER 

~EAVY WATER MODERATED; ORGANIC COOLED, PRESSURE 
TUBE 

500 1550 

DESIGN 
PROJECT HAS BEEN CANCELED, 

ORGANIC LIQUID, SANTOWAX OMP 

HEAVY WATER 

URANIUM DIOXIDE OR URANIUM METAL 

.' 

FUEL 

F'UEL 

GEOMETRY 

CLADD!NG 

ROD 0:513 IN, ODe 131 RODSI AND 0.313 IN, 17 RODSI 

SAP TUBE 0.010 AND 0.016 IN; THICK 

F'uEL ENRICH, 

.F'UEL ASSEMBLY 

INITIAL 1~25 PER CENT U-235 OR NATURAL~ 

37-ROD ASSEMBLY: 
5 ELEMENTS/pRESSURE TUBE ISTACKEDI 
600 PRESSURE TUBES 

PRESSURE TUBES HAVE AN INNER LINER OF' SA~, A GAS 
GAP, AND AN OUTER TUBE OF ZIRCALOY.2~ 

246,000 LBS. URANiuM DIOXIDE.98~1 TONS URANIUM 

SPECIFIC POWER 15.7 HW/MTU IN ENRIC~ED FUEL DESIGN. 

BURNUPCREFUEL) 20,000 MWD/MT 
NATURAL FUEL 5UaO MWD/MT 

COOLANT TEMP~ INLET 536r OUTLET' 760F 

COOLANT PRESS~ 28~1 KG/SQ. CM. 

REACTOR VESSEL ~EAVY WATER TANK, VERilCAL PRESSURE TUBES 

CONTAINMENT STEEL SPHERE 

REMARKS REF'ERENCE DESIGN HAS BEEN DEVELOPED rOR -ECONOMic 



JANUARY 1969 

HEAVY WATER MODERATED REACTORS: DOMESTIC 

BNWL~936 

ED02 
• * * • 

RE~ERENCES 

• • * • • • • • • 
EVALUATION AND APPRAISAL~ JOINT R.D WILL BE 
PER~ORMED ON THE CONCEPT BY CE AND AI, WITH 
ASSISTANCE rROM DUPONT, UNDER AEC CONTRACT 
A PRELIMINARY CONCEpTUAL DESIGN rOR A 1000 MWE 
STAT10N HAS BEEN DONE BY CE AND AI. 

ORGANIC COOLED, HEAVY WATER MODERATED REACTOR 
POWER PLANT CONCEPTUAL DESIGN AND EVALU~TION: 
VOL~ II~ RErERENCE PLANT DESIGN~ 
COMBUSTION ENG.~ NUCLEAR DIV. 
CEND w 175 IVOL. I AND III IMARCH 1963/ 

HEAVY WATER ORGANIC COOLED REACTOR 
1000 MWE NUCLEAR POWER PLANT, PRELIMINARV 
CONCEPTUAL DESIGN: 
VOL: 2, PLANT DESCRIPTION 
COMBUSTioN ENG.; ATOMics INTERNATIONAL 

HEAVY WATER ORGANIC COOLED REACTOR, 500 MWE 
NUCLEAR DEMONSTRATION PLANT DESIGN. 
ATOMICS INTERNAf10NAL~ COMBUST10N ENGINEERING 
Ar-CE-MEMO-25 1M ARCH 29~ 19661 

• 

ED02 
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HEAVY WATER MODERATED REACTORS: DOMESTIC 
... ... .. 

NAMEIOWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

... .. ... ... ... ... • .. ... • • 

HWCTR/HEAVV WATER COMPONENTS TEST REACTOR/AEC 

E;l: DUPONT DE NEMOURS AND CO; iNC~ 

E~I~ DUPONT DE NEMOURS AND CO: INC. 

SAVANNAH RIVER, GEORGIA 

.. 

FUEL ELEMENT TESTING, POWER REACTOR CONDIT10N 

HEAVY WATER COOLED AND MODERATED, PRESSURE VESSEL 

POWER MWE(MWT) 0 60 

CRITICAL MARCH 1962, SHUT DOWN 1965 

COOLANT 

MODERATOR 

F'UEL MATERIAL 

F'uEL GEOMETRY 

F'uEL CLADDING 

.F"uEL ENRICH, 

F'uEL ASSEMBLY 

HEAVV WATER 

HEAVV WATER 

ZIRCONIUM·ORALLOY 

TUBES 2~3 IN, 00,/1:96 IN~ ID:/9~T. 5 IN. LONG 
TARGEiS WITH BORON ALONG AXIS 

ZIRCALOV-2 O~015 IN: THICK, ZIRCALOV. 2 ~OU8ING 
TUBES 

93 PER CENT U·235 IN DRIVER 'TUBES 

DRIVER ELEMENTS 1241 ON OUTSIDE ·OF CORE, CENTER 
OCCUPIED By ELEMENTS UNDER TEST; 1 36 POSril0NS 
AVAILABLE/. 

... 

T~ST' ELEMENTS liST CHARGEI ARE NATURAL U TUBES 
2,06 IN. 00. 

BURNUP(REF"UEL) 

CONTROL 

AND 1~467 IN. 10. WITH 110 LB. NATURAL 
U/ELEMENT. 112 POSITIONS AVAILABLEI 

OPERATING LrF'E 33 MONTHS 

RODS, 58 WITH BORON~ GRAVITY DROP, IBURNABLE 
POISON-SORONI 

OOOLANT TEMP, INLET 214C OUTLET 239C 

COOLANT PRESS. 1000 PSI 

REACTOR VESSEL CARBON STEEL, S5 LINED, CYLINDRICAL, REMOVABLE TOP 

CONTAINMENT PRESTRESSED REINFORCED CONCRETE IBELOW GRADEl AND 

E003 
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HEAVY WATER MODERATED REACTORS: DOMESTIC 

BNWL·936 

ED03 
* * * * 

REMARKS 

* • * * • • • 
CARBON STEEL IABOVE GRADEl. CYLINDRICAL 
BUILDING 70 FT. DIA~/125 rT; ~IG~. 

• * 

HEAVY WATER FLOW IS DQWN T~E ~UEL ASSEMBLIES, 
DISCHARGING AT THE BOTTOM Or THE ~UEL HOUSINGS, 
THEN UPWARD THROUGH THE MODERATOR SPACE AND OUT' 
NEAR THE TOP OF THE CORE. STEAM IS DISCHARGED TO 
TO THE ATMOSPHERE: PROVISION HAS BEEN MADE 

• 

IN THE DESIGN FOR INSTALLATION OF ISOLATED COOLANT 
LOOPS fOR AS MANY AS 6 OF THE TEST rUEL POSITIONS, 
THE TWO CURRENTLY IN USE ARE rOR A LIOUID HEAVY 
WATER-COOLED ISoLATED LOOP, AND A BOILING HEAVY 
WATER~COOLED ISOLATED LOOP, 
OPERAT10N WAS TERMINATED AFTER A 33·MONTH pERIoD. 
THE HWCTR HAS BEEN PLACED ON STAND.BY, AND WILL 
NOT BE FITTED FoR AN ORGANIC COOLANT, 

A PRELIMINARY EVALUATION OF GAS COOLING or POWER 
REACTORS MODERATED BY HEAVY WATER. 
RC HOLMES, OTHERS 
Dp·307 IAUGUST 19581 

HEAVY WATER COMPONENTS TEST REACTOR. 
SAVANNAH RIVER PLANT. PLANS AND EST1MATE. 
DP·412 IOCTOBER 19591 

HWCTR~ ,THE SAVANNAH RIVER COMPONENTS TEST' 
REACTOR~ 
NUCLEAR ENG, 5. 221-2 IMAY 19601 

FINAL HAZARDS EvALUATION OF THE HEAVV WATER 
CRITICAL TEST REACTOR IHWCTRI 
LM ARNETT~ OTHERS 
Dp-600 IDEC. 19621 

ED03 



ED04 

JANUARY 1969 

HEAVY WATER MODERATED REACTORS: DOMESTIC 
• • • • • • • • • • • 

BNWL;Q36 

ED 04· 

.' t, .' • • 

NAME/OWNER 

DESIGNER 

PURPOSE 

TyPE 

HEAVY WATER REACTOR S+UDV~1/DU PONT 

E ~ i • DUPONT DE ~ E M 0 U R S AND CO. ~ INC. 

'POWER 

HEAVY WATER MODERATED ANDCOOL;ED~ 
COLD PRESSURE 'TuBE 

POWER MWECMWT) 491 

CRITICAL STUDy 

CpOLANT HEAVY WATER 

MODERATOR HEAVY WATER 

~UEL MATERIAL URANIUM DIOXIDE rUSED~ COMPACTED~ SWAGED WITH 
ZiRC.2 TUBES 

PUEL GEOMETRY COAXIAL TUBES IMASSIVE, rULL~~ENGTHI 3· CONCENTRIC 

FUEL CLADDING 

F"UEL ENRICH. 

ZIRCALOy-2 0.02 IN. THICK~ 
CLADDiNG 3~792 iN: 

1~19 PER CENT U~235 

I 

DIA.Or'TUBES AT OUTER 

FUEL ASSEMBLY~UEL BUNDLE ICOAXIAL TUBESI 115F"T. LONGI 
226 F"UEL POsITIONS 

~UELCHARGE 27.1 TONS URANIuM 

SPECIFIC POWER 68 MW/MTU 

BURNUP(REFUEL) 14.000 MWD/MTU 

CONTROL RoDs 

COOLANT TEMP. INLET 260C OUTLET' 310C 

COOLANT PRESS. 1730 PSIA 

REMARKS ECONOMIC STUDIEs 

REFERENCES AN EVALUATION OF HEAVY WATER MODERATED POWER 
REACTOR 
Dr BABCOCK, OTHERS. 
Dp-830 IJUNE 19631 
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~EAVY WATER MODERATED REACTORS: DOMESTlC 
• '* • '* • • • .' . 

BNWL;Q36 

EDOS' . . .' .' .' 
NAME/OWNER 

DESIGNER 

OPERATOR 

PURPOSE 

TYPE 

POWER MWE (MWT) 

C.R I TIC AL 

COOLANT 

MODERATOR 

~UEL MATERIAL 

F'UEL GEOMETRY 

FUEL CLADDING 

F'UEL ENR!C~, 

HEAVY WATER REACTOR STUDY':'2}DU· PONT 

E: I ~ DUPONT DE ~ E M 0 U R S AND CO. ; INC ~ 

STUDY 

·SEA~WATER DISTl~LATioN 

HEAVY WATER MODeRATED AND COoLED~ VERT1CAL 
'PRESSURE TUBES 

550 

STUDY 

HEAVY WATER 

~EAVY WATER 

3500 

URANIUM DIOXIDE COMPACTED SWAGED WITH ZIRC;2 TUBES 

CONCENTR I C T\,JBES ICOAX I AL 'TUBES!.3. 0 I A. OUTER 
CLAD TUBEs 3,7 IN: 00: 

ZIRCALO.,.·2 

1:2 PER CENT U-235 

. F'uEL ASSEMBL y3 COAX I ALTUBES 7 1/2 'F'T ~ LONG 
420 ASSEMBLIEs 

. F"UEL CHARGE APPROX~ 63 TONS URANIUM 

BURNUP(REFUEL) 15000 MWD/MTU INTERIM 1/3 REPLACEMENT 

CONTROL RoDS, TOP~MOUNTED CON~ROL, GRAVTTY SA~ETY 

COOLANT TEMP. 320C 

COOLANT PRESS. 1700 PSI 

REACTOR VESSEL S5 TANK, wELDED-IN PRESSURE 'TUBES 

CONTAINMENT 

REMARKS 

CONVENT10NAL LOW~~EAKAGE STEEL SHELL 

PRIMARY COOLANT SYSTEM 18 LOOPS/, COOLANT 
DISTRiBUT10N TO PRESSURE TUBES BY HEADERS AND PIG 
TAILS~ ALL PRIMARY PIPING AND EQUIPMENT IS CARBON 
STEEL~ STUDy Is F'OR APPLICATION TO SEA-WATER 
DIST1LLAT10N PLANT~ 



JM~UARY 1969 

HEAVY WATER MODERATED REACTORS~ DOMESTIC E005 

* .. * 

REF"ERENCES 

* .. ... ... .. '* .. .. 

HEAVY WATER REACTORS rOR SEA-WATER DISTILLAT10N 
PLANTS. 
DS ST~JOHNI OTHERS, 
Dp-866 IJAN. 19641 

.. 

EDD5 
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HEAVY WATER MODERATED REACTORS; DOMESTIC 

8NWL~Q36 

ED06 .. .. ;, ;, • .' .' . 
HEAVY WATER REACTOR STUDY-3/DU PONT 

E ~ I. DUPONT DE NEMOURS AND CO t, t NC. 

SEA WATER DISTILLATION-STUDY 

NAME/OWNER 

DESIGNER 

F'URPOSE 

TYPE HEAVY WATER MODERATED; ORGANIC COOLED, PRESSURE 
TUBES ICOLD/ 

POWER MWECMWT) 2660 8300 
. 

CRITICAL STUDY 

~OOLANT ORGANIC LIQUID 

MODERATOR HEAVY WATER 

PUEL MATERIAL URANIUM CARBIDE 

F'UEL GEOMETRY CONCENTRIC TUBES, 10 PT~ LONG~ 
3:20 IN~ DIA. 

F'UEL ASSEMBLY CONCENTRIC TUBES 
1400 ASSEMBLIES 

OUTER TUBE, CLAD~ 

BURNUP(REPUEL) 8500 MWD/TON ON-LINE, l' POSITION AT A TIME 

CONTROL RODS 

COOLANT TEMP. INLET 280c OUTLET 380e 

COOLANT PRESS. 300 PSI 

REACTOR VESSEL CALANDRIA~ ALUMINUM TUBES, TUBE SHEET AND SHELL~ 
AXIAL A~D RADIAL tHERMAL SHIELDS ARE ANNULAR 
CARBON STEEL TANKS. 

CONTAINMENT 

REMARKS 

CONVENTIONAL STEEL VESSEL. INNER CONCRET:E SHADOW 
SHIELD. 

THE PRESSURE TUBES OF" ZIRCONIUM-NIOBIUM ALLOY 

;, 

ARE LINED WITH A DIF"FUStON BARRIER~ AN O~120·fN~ 
ANNULUS or INERT GAS IS PROVIDED BETWEEN T~E 
PRESSURE TUBE AND THE CALANDRIA TUBe~ IN THE 
OPTIMUM FUEL ASsEMBLY DESIGN, T~ERE MAY BE A SOLID 
CENTRAL ROD INSTEAD OF A SMA~L DIA~ T~BEt 
PROTOTypE PLANT DESIGN IS ON 3500 MWT. 

REF"ERENCES ~EAVY WATER REACTORS rOR SEA WATER DISTILLATION 
PLANTS. 

ED06 
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HEAVY WATER MODERATED REACTORS~ DOMESTIC 
... ... ... ... .. ... * 

Os ST~JOHN, OTHERS. 
Op~866 /JAN~ 1964/ 

... 

EDQ6 

BNWL';;936 

ED06 
... ... ... ... 



JANUARY 1969 

HEAVY WATER MODERATED REACTORS: DOMESTIC 
... ... ... ... .. ... ... ... • . . . ... . 
NAME/OWNER HEAVY WATER REACTOR STUDV-4/DU PONT 

DESIGNERE: I ~ DUPONT IJE NEMOURS AND CO" INC. 

PURPOSE POWER, U~233/THORIUM rUELCYCLE~ 

TYPE HEAVY WATER MODERATED AND COOLED, PRESSURE TUBE 

POWER MWE(MWT) 981 

GRtTICAL STUDY 

COOLANT HEAVY WATER 

MODERATOR HEAVY WATER 

~UEL MATERIAL THORIUM METAL WrTH 1.5 PER CENT U-233 AND THORIUM 
BLANKET 

~UEL GEOMETRY TUBES~ BLANKET tHORIUM SLUGS 

rUEL ASSEMBLY CONCENTRIC TUBES AND BLANKET SOLID ELEMENTS. 
678 rUEL POsITIONS 

rUEL CHARGE 103 TONS THORIUM. 1540 KG. U;233 

CONTROL RODS 

. COOLANT TEMP, INLET 264C OUTLET 3Q4C 

COOLANT PRESS. 

REMARKS 

REF'ERENCES 

500 PSI A 

v~233 THORIUM ruEL CYCLE STUDY, CONCE~T, rURTHER 
DEVELOPMENT IS PROPOSED TO THE AEC. 

THORIUM-FUELED HEAVY WATER MODERATED POWER 
REACTORS 
DF BABCOCK ET AL. 
Dp-S64 11963/ 

HEAVY. WATER REACTORS FOR BREEDING WIT~ THORIUM 
OS ST.JOHN, JW WADE 
~UCLEONICS 22~54.57 ISEPT~ 19641 

EDD7 

... 
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HEAVY WATER MOCERATED REACTORS: DOMESTIC .. 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT10N 

PURPOSE 

TYPE 

.. 

POWER MWE(MWT) 

• • lip .. .. .' .' .' .' .' .' . 
PRTR IPLUTONIUMRECYCLE TEST' REACTOR/, IAEC 

GENERAL ELECTRIC COMPANY 

PACI~IC NORTHWEST LAB~, BATTELLE MEMORIAL INST: 

HAN~ORD~ RICHLAND; WASHINGTON 
COLUMBIA RiVER 

POWER~ PLUTONIUM REOYCLE DEMONSTRAT10N 

HEAVY-WATER MODERAT~D AND COOLEn~ PRESSURe TUBE 
ICALANDRIAI 

o 70 

CRITICAL DECEMBER 1960 

COOLANT HEAVY WATER 

MODERATOR HEAVY WATER 

~UEL MATERIAL ~IRST CORE URANiUM DIOXIQE wr~H 'PLUTONIUM-ALUMiNUM 
SPIKE ASSEMBLIEs. LATER, UNl~ORM LOADING wITH 
PLUTONIUM/URANIuM DIOXIDE. 

~UEL GEOMETRY RoDS 0,504 IN~ DIA,I7 FT. 4 IN. LONG, MARK 2 
CONCENTRIC TUBEs. 

~UEL CL.ADDING 

. ~UEL ASSEMBL Y 

ZIRCALOy~2 o,03b ~N: THICK 

19-ROD ASSEMBLIES~ 85 PROCESSTUBES~ 
CORE 1, 52 URANIUM DIOXIDE AssEMBLIES 

33 SPIKE ELEMENTS 
1963, 44 URANIUM/PLUTONIUM OXIDE ELEMENTS 

22 ALuMINuM-PLUTONIUM ITEST/ AND 19 
URANIuM DIOXIDE ITEST/ ELEMENTS; 

SPECI~IC powER 15 KW/KG URANIUM DIOXIDE 

BURNUP'REFUEL) ~RANIUM DIOXIDE ELEMENTS 5000~8000 MwO/T 
PLUTONIUM-ALUMINUM ELEMENTS 50 PER CENT 

NEUTRON FLUX 

CONTROL 

THERMAL AVE, 8.3X10 E.13 /RADIALI 
~AST AVE, 2,7Xl0 E.13 IRADIAL 

MODERATER LEVEL; SHIM CONTROL BY ABSORBER ELEMENTS 

COOLANT TEMP. INLET 478F OUTLET 530F 

COOLANT PRESS. 1050 PSIG 

E006 
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HEAVY WATER MODERATED REACTORS: DOMEST1C E008 

* • * * • * • • .' .' .' .' • * 

REACTOR VESSEL ALUMINUM CALANDRIA TANK CONTAiNiNG THE MODERATOR 
WITH rUEL CHANNELS ~ND PRoceSS,'TUBES MOUNTED 
VERTICALLY, PROCESS TUBES ARE ZlRCALov-e WITH 
GAS:GAP THERMAL INS8LATIONS~ 

CONTAINMENT ALL~WELDED STEE~ CVLINDER, HEMISPHERICAL TOP~ 
80 ~T, DIA, AND 120 ~T. HIGH 

REMARKS THERE ARE 85 ~UEL CHANNELS~ VERTICALLY MOUNTED 
WITHIN THE CAlANDRIA~ 'THE INNER 'PROCESS TUBE IS 
O~ ZIRCALOy-2 AND CONTAINS THE ~UEL ELEMENTS: 
INITIAL LOADING CONTAINED TWO TYPES O~ ELEMENTS~ 
THE MARK I ELEMENT IS A 19-ROD CLUSTER ASSEM8LY~ 
THE MARK II ELEMENT IS COMPOSED o~ A ROD 
SURROUNDED BY TWO CONCENTRIC ANNULAR RINGS IN 
ZIRCALOy·2 CLADDING~ HEAVY WATER rLOWS 
VERTICALLY UPWARD WITHIN THE PROCESS TUBES. 
SHUTDOWN IN JUNE 1962 FOR RErUELING~ 

THE PLUTONIUM RECYCLE PROGRAM~ A RESUME or THE 
CONCEPT~ PROGRAM~ AND rACIL(TIES. 
HAN~ORD ATOMIC PROD~ OPN~ 
HW-50700 IJUNE 12; 19571 

THE PLUTONIUM RECYCLE TEST' REACTOR ~INAL 
SAFEGUARDS ANALySIS~ 
NG WITTENBROCK, OTHERS 
Hw·61236 loCTOBER 1959/ 

THE PLUTONIUM RECYCLE TEST REACTOR~ 
POWER REACTOR TECHNOLOGY 3;53;57' IJUNE 19601 

MEASURED PHYSICS pARAMETERS, DEsr~N rEATURES~ AND 
OPERATING CHARACTERISTICS Or PRTR. 
JR TRIPLETT, RE PETERSON 
POWER REACTOR E~PERIMENTS VOL~ 2, PP. 213~26 
INTERNATIONAL AtOMIC ENERGY AGENCY, VIENNA, 1962 

*' 
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HEAVV WATER MODERATED REACTORS: DOMESTIC .. .. 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

... 

POWER MWE(MWT) 

.. .. .. .. .. .. .. .. . ... 

PHWR STUDY/GNEG~AEPSC 

GENERAL NUCLEAR ENGINEERING ·COR~ORATION 

STUDY 

HEAVV WATER MODERATED~ VERTfCAL. 'PRESSURE TUBE 
/COLDI 

489 1850 

CRITICAL STUDY 

COOLANT HEAVV WATER 

MODERATOR HEAVV WATER 

• 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 0;23 IN: 10, AND O~500 IN, 
00, 

FUEL GEOMETRV HOLLOW RODS 

FUEL CLADDING ZIRCONIUM-NIOBIUM ALLOY 0;015 IN~THICK 

FUEL ENRICH, 1;43 PER CENT U~235 

FUEL ASSEMBLV 19-ROD BUNDLE, 4,5 FT~ LONG, 4 BUNDLES ARE STACKED 
END TO END IN E~CH OF THE 560 ZIRCONIUM-NIOBIUM 
PRESSURE TUBES. 

560 FUEL POSITloNS 

. rUEL CHARGE 51,4 METRIC TONS URANIUM 

SPECIFIC POWER 35.5 MW/TON U 

BURNUP(REFUEL) 19,700 MWD/MTU ION-LINE REFUELINGI 

CONTROL BA~L COLUMNS, HyDRAULICALLV ACTUATED BORON SS 

COOLANT TEMP. INLET 257 C OUTLET 302 C 

COOLANT PRESS. 1760 PSIA 

REACTOR VESSEL 5S 22 FT~ 4 IN. DIA:/21 FT~ HIGH HEAVV WATER TANK, 
1;25 IN~ WALL THICKNESS~ 

CONTAINMENT 

REMARKS 

REFERENCES 

SPHERICAL STEEL SHELL~ 165 ~T; DIA~ 

STUDY MADE FOR ECNG 

HEAVV WATER MODERATED REACTORS EVALUAT10N STUDY, 

ED09 
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HEAVV WATER MODERATED REACTORS~ DOMESTIC 
... .. ... ... • ... • . .' ." . ." ." . 

AMERICAN ELECTRic POWER SERVICE CORP. AND GENERAL 
NUCLEAR ENGINEERING CORP~, EAST CENTRAL NUCLEAR 
GROUP INC~ . 
NP-12344 IOCT. 15~1962. VOL; 1~2 AND 3~ 

·ED09 
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HEAVY ~ATER MODERATED REACTORS~ DOMESTIC ED10 
• • • • • .. .. .. • .. .. .. .. • 

NAME/OWNER BHWR STUDY/GNEC~AEPSC 

DESIGNER GENERAL NUCLEAR ENGINEERING CORPORATION 

PURPOSE POWER 

TYPE HEAVY WATER COOLED AND MODERATED, BWR, PRESSURE 
TUBE 

POWER MWE(MWT) 1697 

C~tT1CAL STUDY 

COOLANT 

MODERATOR 

F'uEL MATERIAL 

FUEL GEOMETRY 

FUEL CLADDING 

FUEL ENRICH. 

FUEL ASSEMBLY 

FUEL CHARGE 

BOllING HEAVY WATER 

HEAVY WATER 

URANIUM DIOXIDE PELLETS, CORED, CYLINDR!CAl, 
0:50 IN~ 00./0.20 IN. 10. 

ROD 

ZIRCONIUM-NIOBIuM TUBES, 0;015 IN. WALL THICKNESS 

1~352 PER CENT U- 23 5 

19~ROD BUNDLES, 4 BUNDLES IACT~ LENGTH 18 F'T:/ 
IN EACH ZIRCONIuM-NIOBIUM ALLOY PRESSURE TUBE 

700 ,PRESSURE TUBES IN 'CORE 

77.5 TONS URANIuM DIOXIDE 

SPECIFIC POWER 24.8 MW/TON U 

BURNUP(REFUEL) 19,620 MWD/MTU 

CONTROL Hy-BALL COLUMNS 

COOLANT PRESS. 110Q PSIA 

REACTOR VESSEL 24-FT, DIA. VESSEL, PENETRATED By PRESSURE TUBES. 

CONTAINMENT 

REMARKS 

ISTAINLESS STEELI 

SPHERICAL STEEL SHELL, 160 PT; DIA. 

STUDY FOR ECNG.CORE CQNSrSTS O~ 70Q PRESSURE 
TUBES SURROUNDED BY MODERATOR, THE HOT BOILING 
COOLANT IS INSuLATED FROM T~E MODERATOR AND 
PRESSURE TUBE By 4 ANNULI OF STAGNANT HEAVY WAfER 
LOCATED INSIDE THE PRESSURE'TUSE BETWEEN THE F'UEL 

• 

ED10 
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HEAVY WATER MODERATED REACTORS: DOMESTIC 

BNWL~Q36 

EDiQ 
• • * * 

REf='ERENCES 

* • .. .. * • .. .' .' .' . .. 
BUNDLE AND THE TUBE: 

HEAVY WATER MODERATED REACTORS EVALUAT10N STUDY. 
AMERICAN ELECTRic POWER SERV1CE 'CQRf'~ ~ GENERAL 
NUCLEAR ENG. ~ORP; 
NP-12344 IOCT. 15, 19621 VOL. lt2 AND 3. 

ED10 
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HEAVY WATER MODERATED REACTORS~ DOMESTIC 

8NWL~936 

ED11" 
* * • * • • • * • * • * * 

NAME/OWNER HEAVY WATER REACTOR STUDY/ORN~ 
BOILING LIGHT WA1ER COOLED 

DESIGNER OAK RIDGE NATIONAL LABORATORV 

PURPOSE POWER AND WATER DESALINIZATION 

TYPE HEAVY WATER MODERATED~ LIGHT WATER COOLED, 
VERT1CAL PRESSURE TUBE /CAlANDRIA/, 

POWER MWECMWT) 8333 

CRITICAL RE~ERENCE DESIGN 

COOLANT BOllING LIGHT WATER 

MODERATOR HEAVY WATER, GRAPHITE RErLECTOR, 

~uEL MATERIAL URANIUM DIOX1DE; VIBRATORY COMPACTED RINGS ABOUT 
O~6 IN. THICK 

FUEL GEOMETRY 2 CONCENTRIC TUBES 4,326 IN~ OD~/72 IN. LONG 

FUEL CLADDING ZIRCALOV. 2 0,020 IN~ THICK 

FUEL ASSEMBLV STRING OF ELEMENTS IN EACH TU8E~ ACTIVE CORE 
LENGTH 28,5~T. 

1308 PRESSURE TUBES 

FUEL CHARGE 747 TONS URANIUM 

• 

BURNUP(REFUEL) 7000 MWD/MTU 

COOLANT TEMP, INLET 464 "r 

COOLANT PRESS, INLET 720 PSIA 

FUEL SHUFFLING 10 ELEMENTS/DAV 

OUTLET 486 F 

REACTOR VESSEL 

CONTAINMENT 

REMARKS 

OUTLET 620 PSIA 

CUBICAL ALUMINUM~CLAD STEEL CALANDR!A VESSEL~ 34 
rT, ON SIDE. CONTAINING COLD MODERATOR AND 
GRAPHITE REFLECTOR, ALUMINUM CALANDRIA "TUBES, 
GAS-GAP INSULATiON FROM PRESSURE TUBES, 

SEPARATE CYLINDRICAL BUILDING FOREAC~ REACTOR Or 
A COMPLEX STATION~ DOUBLE CONTAINMENT, WITH ZONE 
BETWEEN THE TWO BARRIERS ~r A NEGATIVE PRESSURE. 

RE~ERENCE DESIG~ PR~PARED~OR A DUAL PURPOSE 
~AcrLITV USING ~HREE 8333 MWT REACTORS AND 
PRODUCING 2·8IL~ION GAL, WATER/DAV~ PLANT D6SIGNS 
WERE PREPARED FOR ORNL BY SARGENT AND LUNDy paR A 



JANUARV 1969 

HEAVY WATER MODERATED REACTORS: DOMESTIC EDlt 
• • 

REF'ERENCES 

• • • • • • • • • . ' . • 
25000 MWTSTATION AND A 3500 MWT R1:ACTOR, 

A LARGE DESALINizATION REACTOR BASED ONCURRENi 
TECHNOLOGY, 
I SPIEWAK 
NuCLEONICS 21,64, 66, 68 IJULY 19631 

SALINE WATER CONVERSION POWER REACTOR PLANTS 
SARGENT AND LUNDY 'rOR OAK RIDGE NAT10NAL 
LABORATORYI 
SL-1998 IJANUARy 11; 19631 

• 

1:Dl1 
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~EAV~ WATER MODERATED REACTORS; DO~ESTtC 

BNW~;;Q36 

8012' 
• 

NAME/OWNER 

DESIGNER 

OPERATOR 

L.OCATION 

PURPOSE 

T'YPE 

* 

POWER MWE(MWT) 

.. .' . • .' . '.' .' .. .' .' .- .' 
'PARR SHOALS PLANT ICVNPA 

CVTR~CAROLjNAS';'VrRGINiA TUSe'REACTOR 

WEST1NG~OUSE ELECtRic CORPORA~10N 

CAROLINAS~VIRGI~lA NUCLEAR ASSOC]ATES ICYNAI 

PARR SHOALS, S.C: 

'POWER DEMONSTRATION~ PROTOTYPE 

HEAVY WATER MODeRATED AND :COOLED~PRESSURE TuBE 
IU·"UBEI 

17 56 

CRtT!CAL MARCH 1963 
CLOSED DOWN IN ~ALL Or 1961 

OOOLANT HEAVY WATER 

MODERATOR HEAVV WATER 

FUEL MATERIAL URANIUM DIOXIDE 'PELLETS, O~,43 JN~ DiA,/O t 636 IN~ 
LONG IOUTER ZONEI AND O~53 IN. IINNERI 

FuEL GEOMETRVRODS, ACT1VE LE~GTH 95,4 IN: 

• F' U ~ L C LAD 0 I N G Z IRe A LOY· 4 0 ~ 02151 N. T HI C K '. _ Z IRe A L a V ~ 4 WI R E 
WRAPPING 

,F'uEL ENRICH. OUTER ZONE, 2,0 PER CENT u. 235' 
INNER ZONE, 1~5 PER CENT u· 23 5 

FUEL ASSEMBLY 19-ROD BUNDLE IHEX·COOLAN~·fLOW 8AF~LE AROUND 

FUEL CHARGE 

BURNUP(REFUEL) 

CONTROL 

COOLANT TEM~, 

COOLANT PRESS. 

BUNDLEI 
72 FUEL ASSEMBLIEs 11 ASSEMBLY IN EACH END OF' 
u-rUBEI 
36 PRESSURE TuBES IZIRCALOY~4 INSIDE CORE, 
SS OUTSIDEI 

3280 KG~ URANIUM 

8404 MwD/TON U cveLl C REF'UELING 
IINiTIAL CORE AvE:1 

RODS, BORON-55 AND 5S 

INLET 505 F OUTLET 541' F' 

1500 PSIA 
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HEAVY WATER MODERATED REACTORS: DOMESTIC 

BNWL~Q36 

ED12: 
• • '* '* • • '* • .' . .' .' .' . 
REACTOR VESSEL SS MODERATOR TANK WrTH HEAVV WA~ER, UPRIGHT' 

CVLINDER. 

CONTAINMENT 

REMARKS 

REF"ERENCES 

RiGHT VER~lCAL tV~I~DeR, ~LAT BASEl HSMtSPHERICAL 
,DOME, S"EE~-LrN~D REINF"ORCED CONCRETE~, 58 ","T:, io~ 
AND 11 t4, F" T '. H I G H 

;COLO+U8E DESIG~, IN WHICH THE PRBSSURE'TUBE IS 
INSULATED F"ROM THE HIGH TEMPERATURECIRCULAT!NG 
rLU iD ~ PHYS I CS 'TESTS ~ MA I NtENANCE SHU"~DOWN iN 

:JUNE-JULY 1964, POSSIBLE POWER PRODUCTION TARGET 
JULY 1964,; A LARGE 'PLANT DESIGN HAS BEEN 
DEVELOPED. 

,CAROL I N .4 S ,;, V I R G I NIA TUBE REACTOR REF' ERE N a E 
DESIGN II WESTINGHOUSE ELSCTRIC :CORP~~ 
,STONE., WEBSTER ,ENG: CORP; 
CVNA-40 IDECEMBER 16, 19591 

CVTR-PRESSURE-TUBE REACTOR. 
PG DEHUF'F' 
WESTINGHOUSE ENGR~ 31~ 98~102 IJULV 19611 

CAROLINAS~VIRGINIA NUCLEAR powER ASSOC~ATES. 
~iNAL HAZARDS SGMMARY REPORT~ PART' 8~ LiCENSE 
APPLICATION. 
CVNA-90 119621 

CAROLiNAS-VIRGINlA ~RESSURE 'TUBE REACTOR~ 
NUCLEAR ENERGY, PP. 424_7~ NovEMBER 1962 

DESIGN PRACTICE: THE CAROLINAS-VIRGINIA 'TUBE 
REACTOR~ 
POWER REACTOR TeCH. 6~ 63.81' IF'ALL 19631 

THE CAROLINAS-viRGINIA TUBE REACTOR. 
NuCLEONICS 23~ 50;51' IMAy 19651 

• 
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HEAVY WATER MODERATED'REACTORS: DOMEST'fC eD1S: 
•• * * • • * * •• .' .' .' .' • .' .' 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

p.O \oj E R M W E ( M \oJ T) 

CRITICAL 

C'OOLANT 

MODERATOR 

F'UEL MATERIAL 

F'UEL GEOMETRY 

ruEL CLADDING 

~uEL -ENRICH. 

FUEL ASSEMBLY 

'CVNA REACTOR/WE~T~C~ROLINAS~viRGINIA NUCLEAR ASSOC 
CVNA 

WEStINGHOUSE ELECTRic CORPORAtloN 

DESIGN STUDY, POWER 

HEAVY WATER MODERATED ANDCooLED,PRESSURE TUBE. 
COLD tUBE U-TuBE 

300 

DESIGN 

HEAVY WATER 

HEAVY WATER 

1136 AS IN CASE IV 

URANIUM DIOXIDE PELLETS O~5 IN. DIA. 

RODS, 0~54 IN~ 00: BY 16~03 F'T~ ACT1VE LENGTH 

ZIRCALOY 

SEE REMARKS 

3'·ROD CLUSTER ISEE REMAR~S/~ 
5 ELEMENTS pER PRESSURE 'TUBE 
384 PRESSURE tUBES IN REACTOR 

SPECfF'IC POWER 14.8 MWT/MTU 

COOLANT TEMP. INLET 488 F' OUTLET 510.8 F' 

COOLANT PRESS. 1480 PSIA 

REACTOR VESSEL SS MODERATOR TANK~ vERTICAL CyLINDER. 

REMARKS F'OUR CASES WERE STUDIED. CASE 1, USING NATURAL , 
URANIUM DIOXIDE ruEL ~N 19-ROD CLUSTERS. CASE 2, 
ENRICHED URANIUM DIOXIDE IN 19-ROD CLUSTERS. 
CASE 3; NATURAL FUEL IN 3'-ROD CLUSTERS. AND 
CASE 4~ ENRICHED F'UEL IN 37"RODCLUSTERS. PRIMARY 
SYSTEM PRESSURE IS 1000 PSIA paR THE NATURAL 
URANIUM SYSTEMS; TO MtNIM1ZE THE WALL THICKNESS 
OF' THE PRESSURE TUBES AND FUEl,;,:,ROD CLADDING 

CAROLiNAS~VIRGINIA TUBE. REACTOR: l.ARGE PLANT STUDY 
WEST1NGHOUSE ELEC: CORP. 
RG MC GRATH, ED: 
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HEAVY WATER MODERATED REACTORS~ DOMESTIC 

BNWL;Q36 

ED13: .' .' .' .' • ... .. • .. .. . ' ... .. ... .. 
CVNA-184 IJUNE 19631 

HEAVY WATER REAOTORS. LARGE P~ANT STUOleS~ 
POWER REACTOR TECHNOLOGY '. '401~6 I'ALL 19641 
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HEAVY WATER MODERATED REACTORS: FOREIGN 
... ... ... 

NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT'ION 

... ... ... • ... • 

NPO-2/AECL' ONTARIO HyDRO, CANADA 
NUCLEAR POWER DEMONSTRAT10N-2 

CGE-CANADA 

ONTARIO HYDRO 

DES JOACHIMS, ONTARIO~ CANADA 
OTTAWA RtVI!R 

POWER DEMONSTRATION 

.' ... 

P.URPOS E 

TYPE HEAVY WATER MODERATED AND COOLED, HORIZONTAL 
TO BE CONVERTED TO BOILING HEAVY WATER IN 1 9 68 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

F'uE;L MATERIAL 

F'UEL GEOMETRY 

·F'uEL CLADDING 

20 

APRIL 1962 

HEAVY WATER 

HEAVY WATER 

URANIUM DIOXIDE 
LONG 

PELLETS 

ROO 0.6 IN. DIAM; i9~5 

ZIRCALOy .. 2 TUBES O~Oi5 

~UEL ENRICH. NATURAL 

83 

2;38 CM~ 

IN. LONG 

I N I WALL 

F'UEL ASSEMBLY 7-ROD BUNDLE, WIRE-WRAP S~ACING 
9 8UNDLES/CHANNEL 
132 CHANNELs 

FUEL CHARGE 15,000 KG~ URANIUM 

SPECIFIC POWER 5;55 KW/KG. URANIUM 

BURNUP(REFUEL) 54QO MWD/T 

NEUTRON FLUX THERMAL AVE. 2.6XiQ E.13 
FAST AVE. 1.6X10 E.i3 

DIA~/2~11 

THICKNESS~ 

CONTROL 1 BOOSTER ROD. ADJUSTABLE MODERATOR LEVEL; 

COOLANT TEMP. INLET 530 F OUTLET 485 r 
WITH BOILING SYSTEM, 520 AND 476 F 

COOLANT PRESS~ INLET 78 KG/SQ.CM~ OUTLET 72 KG/SQ~CM. 

CM. 

EF'Oi 
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HEAVV WATER MODERATED REACTORS~ FOREIGN 
• * * • • • • * • • +' • • 

WITH BOILING SVSTEM~ PRESSUR~ IS REDUCED 

REACTOR VESSEL CALANDRIA ITUBE~IN·SHELL SVSTEM/~ CALANDRIA TUBES 
ARE ALUMINUM~ PRESSURE TUBES ARE ZlRCALOV·2~ 
HORIZONTAL CVLINDER; ALUMINUM, DOU8LE-WALLED: 

CONTAINMENT 

REMARKS 

RE;ERENCES 

REACTOR VAULT, CONCRETE 

A 68 MWE REACTOR HAS ALSO BEEN STUDIED, A DESjGN 
FOR AN OFF-THa-SHELF CONCEPT, HWR-eO, HAS BEEN 
MADE. 
NPD WAS SHUT DOWN IN MARCH 1968 -rOR CONVERSION TO 
AN EXPERIMENTAL BOILING SYSTEM, PUEL AND STEAM 
CONDITIONS ARE UNCHANGED. 

'THE CANADIAN NPD-2 POWER STATION~ 
IN MACKAY 
SECOND U. N. INTL: CONF. ONT~E PEACEFUL USES Or 
ATOMIC ENERGY 8; 313.21 119581 

DESIGN OF NPD AND CANDU 
IL WILSON 
AECL-799 IPAPER NO. 111 119591 

NPD ON THE LINE~ REACTOR FILE NO. 13~ 
NuCLEONICS 20. IrACING p~ 46/ INOVEMBER 1962/ 

NPD~2; CANADA-S PROTOTYPE POWER 'REACTOR, 
A WVATT 
NUCLEAR ENERGY~ MAY 1962, PP. 192-201 

UPRATED NPD OR HWR~80 
JL OLSEN 
AECl-1599 IPP. 43.531 /SEPTEMBER 19621 

HEAVY WATER MoDERATED NATURAL URANIUM POWER 
REACTORS. 
JL GRAY, OTHERS 
AECL-1646 IOCTOBER 19621 

HWR. OFF-THE-SHELr DESIGN ~OR NUC~EAR POWER. 
DAB CHASE 
CANADIAN NUCLEAR TECHNOLOGY 1 16/. 31.8 11962/ 

NUCLEAR POWER DeMONSTRATION GENERATING STATION~ 
rlNAL HAZARDS REPORT. 
CANADIAN GENERAL ELECTRIC CO. 
AECL-1813 IAUG. 1963/ 

HEAVY WATER REACTOR wiLL BOIL 
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HEAVY WATER MODERATED REACTORS: rOREIGN .. .. .. .. • .. • .. .. .. .' .. .. .. .. 
A WILLAlM$ 
POWER ENG. 72~ 78~80 INOV, 19681 
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HEAVY WATER MODERATED REACTORS: ~OREiGN 

BNWL;Q36 

EF'02 
... • 

NAME/OWNER 

DESIGNER 

O~ER~TaR 

LOCATION 

PURPOSE 

'tYPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

FUEL GEOMETRY 

FUEL CLADDING 

F"UEL E:NRICH. 

F"uEL ASSEMBLY 

F'UEL CHARGE 

... ... ... • • ... . ' . .' .' ... 

ONTARIO HYDRO/ONTARIO HYDRO, AECL, CANADA 
PICKERING NUCLEAR GENERAT1NG STATlON 

AECL AND ONTARIo-HVDRO, CANADA 

HyDROELECTRIC POWER COMM~ OF' ONTARIO /ONTARIO-HYD/ 

FAIRPORT, LAKE ONTARIO, CANADA 

POWER 

HEAVY WATER MODERATED AND COOLED, HORIZONTAL 
PRESSURE TUBE, AOT~ 2·REACTQR STATION 

508 1742 IPER REACTOR I 
TWO-REACTOR STATION 

NO.1 TARGET 1971' 
NO.2 TARGET 1972 

PLANT HAS BEEN DELAyED ABOUT A yEAR By 
S T R IKE S AND EQUIPMENT' PROCUREMENT' PRO B L E M 5. 
PICKERING 3 AND 4 HAVE BEEN AUTHORIZED 

HEAVY WATER PRESSURIZED 

HEAVY WATER, CO~D~ HEAVY WATER REF'LECTOR 

URANIUM DIOXIDE PEL~ETS 

RODS 0~6 IN. DIAl OVER CLAD 

ZIRCALOY TUBES 0.41 MM. WALL TH!CKNESS 

NATURAL 

28-ROD BUNDLE 
12 BUNDLES/CHANNEL 
390 CHANNELS 

105 TONS URANIUM DIOXIDE 

SPECIFIC POWER 18.8 KW/KG 

BURNUP(REF'UEL) 8000 MwD/T 

NEUTRON FLUX 

CONTROL 

THERMAL MAX. 1X10 E.14 

RODS 

COOLANT TEMP. INLET 249 C OUTLET' 293 C 

EF'02 
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JANUARY 1969 BNWL~936 

HEAVY WATER MODERATED REACTORS: FOREIGN EF02 
** * * • • • • * .' . .' 
COOLANT PRESS. 1285 PSIA 

REACTOR VESSEL HORIZONTAL 5S C~LANnRIA WITH ZlRCALOV TUBES 
ROLLED INTO 5S 5ND FITTINGS~ COOL~NTTUBE BORE 
IS 10 CM. 

CONTAINMENT 

REMARKS 

REFERENCES 

VERTICAL REINFORCED CONCRETE CVL1NbER~ ELLiPSOID 
DOME, ELASTOMER LIN5R: CALANDRIA VAULT~ 
PRESSURe-RELEASE SYSTEM~ 
INDIVIDUAL BUILDINGS WILL HOUSE "THE TWO REACTORS~ 
THE CONTAINMENT SYSTEM DEPENDS ON PRESSURE 
REDUCT10N BY MEANS of A LARGE VACUUM BU1LOiNG, , 
TO WHICH ALL REACTORS ARE CONNECTED BY'DUCTWORK. 
THE BUILDING WILL BE PERMANENTLY EXHAUSTEO TO 
1 PSIA. A TANK CONTAINING 350~OOO CU~ ~T~ WA~ER 
At TOP OF THE VAC~UM BUILDING WILL: PROV!DE A 
DOUSING SPRAY IF THE PRESSURE RiSEs ABOVE 6~2 PSIA 

ZiRCONIUM-NIOBIUM ALLOY MAY BE usED FOR 'PRESSURE 
'TUBES~ COOLANT fUBE 10, WILL BE INCREASED FROM 
6:26 CM IDOUGLA~ PTI to ABOUT 10 OM AND NO: OF 
TUBES REDUCED 8~ ABout 113, AN ALTERNATE 22~Ron 
BUNDLE MAY BE DEVELOPED FOR lATER lOAD1NGS: 

POWER REACTOR DEVELOPMENT ,EVALUATION. A 
SUMMARY REPORT BY A COMMITTEE or AEel STA~r, 
AECL-1730 IMAY 1,19631 

STUDI~S OF CANDU-fYPE REACTORS !N~HE 500 MWE 
RANGE. 
IL WILSON;CE BEYNO~, OTHERS 
THIRD U~ N. INTl. CONF. ON THE PEACerUL USES O~ 
ATOMIC ENERGY, GENEVA~ 1964~ A/OON~t2B/P/6 

DESIGN PARAMETERS FOR 500 MW CANDU REACTOR~ 
IL WILSON~ CE BEYNON, OTHERS 
CANADIAN NUCLEAR TECHNOLOGY 'J/~/~38·42 IrALl 19641 

THE PICKERING NuCLEAR GENERATING STATION 
CE BEYNON 
AECL-221 4 IAPRIL 19651 

HEALTH PHYSICS MAy 1966 P. 725-6 
NEWS NOTE 

PROGRESS REPORT ON THE PICKERING GENERAT1NG 
STAT10N 
WG MORRISON 
AECL-2558 IAUG. 19661 



JANUARY 1969 

HEAVY WATER MODERATED REACTORS: ~ORE!GN EF'02 
• • • • ." . * • ." ." .' . 

MULTI-UNIT ASPEtTS O~ THEprC~ERiNG GSNERAT1NG 
Si'Ai'lON~ 
WG MORISON 
HEAVY WATER POWER REACTOR$, PROC~ SYM~OSlUM, 
ViENNA, SEPT. 1967 ~I 26?~84 
IAEA, VIENNA~ 1968 

EF'02 
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HEAVY WATER MODERATED REACTORS: rOREIGN 

NAME/OWNER 

* . .;, • 

CANDU/AECL, CANADA 
DOUGLAS POINT 

• • 

AECL, ONTARIO-HVDRO; CANADA 

• • •• • 

BNWL·936 

EF"03 .. ... 

DESIGNER 

OPERATOR 

LOCATION 

PURPoSE 

HyDROELECTRIC POWER COMM. Or ONTARIO /ONTARIO-HYD/ 

DOUGLAS POINT, LAKE H~RON, ONTARto, CANADA 

POWER AND COBALT-60 PRODUCTION. 

TVPE HEAVY WATER MODERATED AND COOLED, PRESSURE TUBE 
IHOR!ZONTAL/, CALANDRIA 

POWER MWE(MWT) 220 688 

CRITICAL OCT; 1966~ FULL POWER JAN. 1967 

COOLANT HEAVY WATER 

MODERATOR HEAVY WATER 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 14~24 MM~DIA./20 MM. LONG 
24 PER ROD, 

ruEL GEOMETRY ROD 0~6 IN. DIA: OYERCLAD, 19~5 IN~ LONG 

F"UEL CLADDING ZIRCALOV.2 TUBEs 0:017 IN. 'THICK, 0~6 IN: 00 

FUEL ENRICH. NATURAL 

. FUEL ASSEMBLY 19-ROD BUNDLES. 
12 BUNDLES/FuEL CHANNEL 
306 FUEL CHANNELS 
3091 FUEL BUNDLEs IN 2 FUEL ZONES 

FuEL CHARGE 42,000 KG NATURAL U 

SPECIFIC POWER 15,8 KW/KG NATURAL U 

BURNUP(RE~UEL) 8400 MWD/TU 

NEUTRON FLUX 

CONTROL 

THERMAL AVE. 1.8 E.14 
FAST AyE. 1.6 E.1 4 

REGULAT1NG AND BOOSTER RODS; 

5 BUNDLES/DAy 
ON-LOAD 

CHANGE IN MODERATOR LEyEL, CHEMICAL SHIM 

COOLANT TEMP. INLET 480 r OUTLET 560 F" 

EF"03 
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HEAVY WATER MODERATED REACTORS: rOREIGN Er03 
• • • • • • • • • • • • • • • 

COOLANT PRESS, INLET 1480 PSI OUTLET 1310 PSI 

REACTOR VESSEL CALANDRIA~ A HORIZONTAL SS CYLINDER 19 rT~ 8 IN. 
10, 16 rTf 8 IN: LONG~ WALL THICKNESS 1 IN: 

CONTAINMENT 

REMARKS 

PRESSURE TUBES ARE ZIRCALOy-2, 306 TUBES PASSING 
THROUGH THE CALANDRiA~ 

STEEL AND CONCRETE VAULT. 
REACTOR BUILDING A CONCRETE CYLINDER WITH HEMISPH~ 
DOME Or 0~5 IN. STEEL: BUILDING IS 130 ~j~ 10, 
140 ~T~ HIGH, CoNCRETE WALLS 4 rT~ THICK~ 
ELASTOMER LINER 

COOLA~T rLOW IS IN OPPOSITE DIRECTIONS IN ADJACENT 
TUBES. BOILING CORES FOR THE CANDU CONOE~f HAVE 
ALSO BEEN STUDIeD; AS WELL AS A REACTOR O~ 
INTERMEDIATE SIzE~ ONTARIO HyDRO IS CONSIDERING A 
COMPLEX Or POUR 450 MWE CANDU~~YPE REACTORS, WITH 
PRESSURE-SUPPREssioN SYSTEM~ 
PRODUCED A PRACTICAL QESIGN FOR AN 18QO MW NUCLEAR 
POWER PLANT, HWR-1800, BASED ON CANDU. 
FOUR OF THE 306 FUEL CHANNELS HAVE BEEN LOADED 
WITH COBALT TOWARD THE SUPPLY or INDUSTRIAL-GRADE 
COBALT-60. 

BASIC CONSIDERAT10NS IN THE DESIGN OF A ~ULL 
SCALE HEAVY WATER AND NATURAL URANIUM POWER 
REACTOR. 
WB LEWIS 
AECt_785 IMARCH 28, 19591 

STATUS REPORT ON THE DOUGLAS POINT PROJ8CT~ 
DLS BATE 
AECL-1599 IP, 54-681 ISEPTEMBER 19621 

HEAVY WATER MoDERATED NATURAL URAN1UM POWER 
REACTOR~. 
JL GRAy, OT~ERS 
AECL-1646 IOCTOBER 19621 

DOUGLAS POINT NUClEAR GENERATING STATION. 
ATOMlC ENERGy Or CANADA LTD. 
AECL-1596 IOCTOBER 19621 

DESIGN AND COST ESTIMATE or A MULT1PLE UNJT· 
HEAVY WATER MODERATED AND COOLED NUCLEAR ~OWER 
PLANT~ 
NL WILLIAMS ICANADIAN GENERAL ELECTRIC ao;~ LTD.I 
CANADIAN NUCLEAR ASSOCIATION-INTERNATIONAL 

EF03 
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HEAVV wATER MODERATED REACTORS~ rOREIGN Er03 
• • • • • * • • • • • • 

CONrERENCE, MONTREAL, MAy 1963 
NUCLEAR ENG. 8, 343 /SEPTEMBER 1963/ ABSTRACT 

DOUGLAS POINT. THE CANDU REACTOR~ 
CE BEVNON 
AECL-1807 /P. 25.30/ /1963/ 

THE WORLO-S REACTORS NO. 37 CANDU /DO~GLAS POINTI 
NUCLEAR ENG. 9, 289~294 /.iNSET/ /AUG, 1964/ 

DOUGLAS POINT. A PRE·CRITICA~ REPORT~ 
CANADIAN NUCLEAR TECH~ 5, 19.33 /SEPT.OCT~ 1966/ 

DOUGLAS POINT~ 
ENGINEERING 20 3; 255-9 /~E8~ 1'~ 1967/ 

DOUGLAS POINT~ rACT SHEET CANDU·PHW·200~ 
DOUGLAS POINT NuCLEAR POWER STATlON. 
CANADIAN NUCLEAR TECHNOLOGY NOV~DEC 1967 P. 30:33 

.. 
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HEAVy WATER MODERATED REACTORS: FOREiGN EF'04, .. • .. .. • .. .. • • • .' .' ." ,., .' ,." . 
NAME/OWNER 

DESIGNER 

OPERATOR 

LOCAT10N 

PURPOSE 

TYPE 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

F'uEL MATERIAL 

r:'UEl GEOMETRV 

. F'UELCLADD I NG 

F'UEl ENRIC~. 

WR-l /WHtTESHEL~ REACfoR-l/AECL; CANADA 

CANADiAN GENERAL ELECtRIC CO; 

AECl 

WHITESHELL NUCLEAR RESEARCH ESTABLISHMENT~ 
PINAWA; MANITOBi, CANADA 

ENGINEERING TEST REAC+OR, REACTOR FUELS 
AND MATERIALS 

HEAVY WATER MODERATED; ORGANIC COQLED~ 
PRESSURE TUBE /eALANDRIA/ 

40.60 

NOV; 1965 

TERPHENYL 

HEAVV WATER 

URANIUM DIOXIDE PELLETS 

ROD TYPE 1, LENGTH 75:+ CM. 
TYPE 2, LENGtH 42,84CM. 

TYPE 1~ SAP 1~43 CM; iO. _ . 
TYPE 2, Z I R CON I u M • N I 08 I U M ALLOY i. 3 8 4, C M; I 0 • 

NATURAL 

FUEL ASSEMBLY TYPE 1, lS-ELEMENt' BUNDLE 
3 BUNDLES/CHANNEL 

'TVPE 2, 1a-ELEMENT BUNDLE 
5 BUNDLES/CHANNEL 

BURNUP(REFUEl) AVE; 5000 MWD/T OFF-POWER 

NEUTRON F"LUX 

CONTROL 

THERMAL AVE. 5:59 E+13 

PRIMARILY BY VARIATION IN MODERATOR LEVEL 
AND TEMPERATURE: 

COOLANT TEMP. INLET 640 F OUTLET 700 F' 

OUTLET 165 RSl COOLANT PRESS. 

REACTOR VESSEL VERTICAL 5S CALANORIA; 5 M. 'HIGH, 2~7 M. 10, 



EF'04 
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HEAVY WATER MODERATED REACTORS: F'OREiGN 

BNWL;QJ6 

EF'04, .' ", .' .' ", .' ", .. 

CONTAINMENT 

REMARKS 

REF'ERENCES 

", ", .. . . .. 

WALL 1'~27CM.T~ICK~ 

NO CONT. I NMENT. STEEL AND 'CONCReTE SH tELD I NG: 

THE OCDRE PROJECT WAS DROPPED IN F'AVOR OF' AN 
ORGANIC T8ST REic+o~,THE WR-l 

'CANADIAN GE HAS P~O~O~ED A DESIGN F'OR 'THE HEAV~ 
WATER MODERATED; ORGANIC ~OOLeD 'PROTOTYPE F'O~ _ 
J EN, - SPA IN· DON. THE 1 0 6 t' 5 M W T REA C TOR : CON S :1 S T S 
OF' A CA~ANDRIA', 132F'yEL CHANNELS~ CENTRAL~T~5T' 
CHANNEL, SHUT-DOWN SHIELDS, AND A'TOP ROTAT1NG 
DECK PLATE. 

'THE OCDRE PROGRAM~ 
101M CA.MPBELL 
AECL-945 10CTOBSR 19591 

-THEOR~ANIC·cooLED HEAVV~WATER MODERATED REACTOR 
SYSTEM. 
KH CAMPBELL 
AECL~1807 IP~ 68-731 1196~1 

WR-1 TYPE REACToR PROPOSED F'OR SPAIN-S' DON 
DBA CHASE P. ENG. ICAN. GENERALE~ECTRIC COl 
CANAD IAN NUCLEAR TECHNOLOGY 'F' ALL 1965 'P ~ 42-43 

WR-1' DESIGN DETAILS 
CANADIAN NUCLEAR TECHNOLOGY NOV~DEC 1967 P~ 34~5 
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HEAVY WATER MODERATED REACTORS: ~OREIGN 

BNWL~Q36 

E~05 
... . * ... ." 

NAME/OWNER 

DESIGNER 

~URP05E 

TyPE 

* 

POWER MWECMWT) 

CR!TICAL 

COOLANT 

MODERATOR 

~UEL MATERIAL 

F'uEL GEOMETRY 

F'UEL CLADDING 

FUEL ENRICH. 

F1UEL ASSEMBLY 

... ." . • . .' .", ." 

ESSOR IESSAI ORGELIIEURATOM 
DEMAG AG, DEUTSCH 8.W~ AI 

,GAAA, INTERATOM; MONTECATIN! 

:COMPONENTS TESTiNG rOR ORGEL 

HEAVY WATER MODERATED AND 'COO~En, PRESSURE TUBE 

a 35 

'~ULL POWER EARLV 1966 

HEAVY WATER 

HEAVY WATER 

URANIUM ALLOY rEED rUEL. SEE REMARKS. 

PLATES CURVED AND MOUNTED TO ~ORM 3~~ART 
Tu8ULAR ELEMENT 150 CM. LONG. 

ALUMINUM 

93 PER CENT u·235 

BR·2 TYPE ELEMENTS, 16 CHANNELS SURROUNDING THE 
'EXPER~MENTAL OR ORGEL ZONE; 17.PLATEELEMENTS 
IN 44 FUEL EMPLicEMENTS, 20 or WHICH ARE 
SUPPLEMENTARY~ THE CENTRAL OR ORGEL ZONE HA~ 12 
CHANNELS, EACH wITH INDEPENDENT COOLANT LOOP. 

BURNUP(RErUEL) 4 ELEMENTS I MONT~ 

NEUTRON PLUX 10 E+14 

CONTROL RoDs 

COOLANT TEMP. INLET 47 C 

REACTOR VESSEL CENTRAL ZONE COMPARTMENT AN ALUMINUM VESSEL. 
VERTICAL SS TANK CONTAINING HEAVY wATER, WITH 
EXTENS10NS IN THE LOWER PART ~OR PASSAGE OF THE 
ORGEL CHANNELS-zIRCALOY CALANDRIATU8ES, SINTERED 
SAP PRESSURE TUSES,GAS INSULATED. 

CONTAINMENT CYLINDRICAL SHELL 45 M. OIA. 

REMARKS TEST REACTOR IN THE EURATOM ORGEL PROGRAM F'OR 
TESTING COOLANT CHANNEL ASSEMBLY, PRESSURE TUBE, 

E~05 
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HEAVY WATER MODERATED REACTORS: rOREtGN ErOS' .' .' .' .' •• lIf· • 

RErERENCES 

. ' . . • • •• •• • 
THERMAL' INSUL~TioN' C4LANDRIA 'TUBE~ 'CONNECT10NS, 
~UELELEMENTS.· ·ECO '/EXPERIENCECRIT1QUE ORGEL1 
'DE5iG~EC BY DUT~HNeR~TooM is UNpERCONSTR~C~10N 
AT' iSPRA CENTER IN rTALY~ 8CO' wiLL. USE :u Me+~1" . . - .', 

RoDS 1 N A\..UM I NUM CANS, 0 I PHENYL. :COOL'NT.AND HEAVY 
WATER MODERATOR: 

,OESCR IPTl ON OJ:" A SPEC t j:' r C 'TEST' REACTOR rOR 
STUDYING THE ORGEL SYSTEM~. 

;C CHASSIGNET~ OTHeRS 
POW ERR E ACT 0 REX PER r MEN T S ~ v a l... t t, 'P p.18 3 .;, 212 . 
INTERNAT10NAL ATOMIC ENERGYAGENCV~ VjENNA~ 1962' 

ESSOR~SPECIFICTES+ REACTORF'OR HEAVY WATER 
REACTOR CONCEPTs DEVELOPED BIf :EURATOM ~ 
JC LENY, OTHERS, ' 
THIRD U.·Nt INTli CONF'. ON THE ~EACEj:"UL USES OF' 
ATOMIC ENERGY, 1964 
A/CONF~ 28/P/?8 

THE ORGEL PROJECT 
JC LENY~ S aR\..OWS~1 
NuCLEAR ENG. 10: 96~100 IMARCH 19651 



JIlNUARY 1969 

HEAVY WATER MODERATED REACTORS~ FOREIGN 
• • .. 

NAME/OWNER 

DESIGNER 

PURPOSE 

TYPE 

• 

POWER MwECMWT) 

1r • • • • • • • • • 

ORGEL IORGANIQUE EAU LOURDEIIEURATOM 

RE~~ DESIGN BELGONUCLEAIRE, INDATOM, SlEMENS 
ISEE ALSO ESSORI 

POWER 

~EAVY WATER MOD: ORGANIC COOLED-PRESSURE TUBE 
ICALANDRIAI 

250 759 

CRITICAL DEVELOPMENT 

COOLANT TERPHENYLS 

MODERATOR HEAVY WATER 

~UEL MATERIAL URANIUM CARBIDE 

ruEL GEOMETRY PENCILS OR TUBULAR ELEMENTS, 2.34 CM.OD. 

rUELCLADDING SAP O~13 CM. THICK 

~UELENRICH. NATURAL 

ruEL ASSEMBLY REFERENCE ~UEL IS Il 19-ROO BUNDLE 

SPECIF'lC POWER 24 MW/T 

BURNUP(REFUEL) 8900 MWD/TON 

NEUTRON F'LUX THERMAL MAX. 6.9X10 E.13 

COOLANT TEMP. INLET 265 C OUTLET 400 C 

COOLANT PRESS; 16 KG/SQ.CM~ 

REACTOR VESSEL VERT1CAL CYLINDER-5S-CONTAINING 'COLD ~EAVY WATER, 
ZtRCALOY CALANDRIA TUBES, SAP PRESSURE TUBES; GAS 
INSULATED~ IVERTICAL CALANDRIATUBESI 

REMARKS ESSOR~ THE HEAVY WATER REACTOR DESIGNED BY GAAA 
AND INTERATOM~ is AN EXPERIMENTAL REACTOR FOR 
ORGEL~ EURATOM-S DEVE~OPMENT O~ THE ORGANIC 
CONSTRUCT10N AT ISPRA, 
DESIGNED BY DUTCH NERATOOM, IS UNDER WAY AT' iSPRA 
CENTER IN ITALY: ECO WILL USE U METAL RODS IN AL 
CANS, DIPHENYL COOLANT AND HEAVY ,WATER MODERATOR~ 
EXPO, 'THE EXPONENT1AL EXPERIMENT, IS ALSO UNDER 

EF'06 
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HEAVY WATER MODERATED REACTORS: FOREIGN 
... • • .. 

RErERENces 

• • • • *' ... • • • . .' ... 
STUDY rOR AN ORGEL PROTOTYPE. A T~ORIUM OXIDE 
~UELED REACTOR HAS BEEN STUDISD AS COMPARISON TO 
T~E URANIUM CARBIDE SYSTEM. 

ORGEL~A EUROPEAN CONCEPT. 
JC LENY 
NUCLEAR ENG. 6. 508~12 IDECEMBER 19611 

DESIGN CRITERIA; ENGINEERING rE~TURES~ 
EXPERIMENTAL PROGRAM FOR THE ECO REACTOR. 
P BONNAURE, OTHERS 
ENERGIA NUCLEARE 9 /9/. 529-34 ISEpTEMBER 19621 

EXPERIENCE CRITiQUE ORGEL 18eOl 
NUCLEAR ENG. 8,440-41 IDEC. 19631 

,L.E PROJET ORGEL 
NEUE TECHNIK INTI NO. 10, 1963 P. 58S~96 

THE ORGEL PROJECT 
JC LENY; S ORLOWSKI 
NUCLEAR ENG. 10~ 96·100 1M ARCH 19651 

WHAT IS ORGEL '. A BRIEF' RECAP~ 
EURATOM 4~ 49.54 IJUNE 19651 

PERFORMANCE OF AN ORGEL REACTOR ~UELEO WITH 
THORIUM, 
E LAFONTAINE, OTHERS 
HEAVY WATER POWER REACTORS, PROC~ SYM~OSlUM, 
VIENNA, SEPT. 1967 P. 409·28 
IAEA, VIENNA. 1968 

EF'06 

.' 
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HEAVY WATER MODERATED REACTORS~ FOREIGN 

'* '. * '* ... '* ... ... .' .' . 
NAME/OWNER 

DESIGNER 

LOCATION 

PURPOSE 

VULCAIN / BELGONUCLEAIRE-UK AEA 

8ELGONUCLEAI Re-UKAEA 

SEE REMARKS 

SHIP PROPULSION 

TYPE PWR, SPECTRAL SHIFT 

POWER MWE(MWT) 20 65 /POR 20,000 SHPI 

CRITtCAL CONSTRUCTION, DEVELOPMENT: SEE REMARKS 

tOOLANT HEAVY WATER-LIGHT WATER, 

MODERATOR HEAVY WATER~LIGHT WATER. 

rUEL MATERIAL URANIUM DIOXIDE PELLETS, 7,5 MM~,DIA. 

~UEL GEOMETRY PINS, 3 rT~ 8 3/ 4 IN, ACTIVE LENGTH 

FUEL CLADDING SS 

rUEL ENRICH, 6 PER CENT U-23S 

BNWL~936 

E~07 .' . 

FUEL ASSEMBLY 181~PIN ASSEMBLY, HOLLOW INCOMPLETE ~EXAGONAL, 
WITH CENTRAL ZIRCALOY TUBE AS GUIDE ~OR SHUT-orr 
ROD. NO SHROUDS~ 

18 AssEMBLIES IN CORE 

. FuEL CHARGE 1263 KG~ URANIUM 

BURNUP(RE~UEL) 40,000. 45,000 MwD/T 
3 YEARS 

NEUTRON ~LUX THERMAL AvE, 3X10 E.13 

CONTROL SPECTRAL SHIFT, BORON-55 RODS 

COOLANT PRESS, 2100 PSI 

REACTOR VESsEL STEEL VESSEL 6 rT~ 4 IN. ID~, 153 IN, HGIH~ 
POSSIBLY SS INNER CLADDING. 

CONTAINMENT 

REMARKS 

STEEL SPHERE 25FT, DIA~, 1 ,1/6 IN~ T~ICK. 
SECONDARY CONCRETE SHIELDING~ 

THE VULCAIN PROGRAM INCLUOED OONSTRUCT10N AT CEN 
O~ A ZERO-POWER REACTOR VENUS IVU~CA1N EXPERIMENT' 

EF'07 
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HEAVV WATER MODERATED REACTORS: ~OREIGN .. .. .. 

RE~ERENCES 

.. .. .. .. .. '* .. .' • 
NUCLEAR STUDY!, CRITICAL IN APRIL 1964· AND ENDED 
IN MARCH 1966. THE 8R~3 REACTOR WAS MADE AVAILABLE 
TO THE VULCAIN pROGRAM AND MODIFIED TO OPERATE 
WITH A VULCAIN CORE; REACHING POWER IN DEC~ 1966. 
SEE 8R-3!VULCAIN, Hr01 

PROJECT VULCAIN; DESCRIPTION AND PRINCIPAL 
CHARACTERISTICS~ 
VN-61.305 !BELGONUCLEAIRE, 19611 

THE VULCAIN PROJECT AND rTS DEVELOPMENT PROCESSES. 
P MALO AGUE 
ATOMWIRTSCHArT 7. 317~21 IJUNE 19621 

THE VULCAIN REACTOR~ 
PE MALDAGUE 
POWER REACTOR EXPERIMENTS: VOL. 2, p. 253.73 
INTERNATIONAL ArOMIC ENERGY AGENCV~ VIENNA: 1962~ 

THE U~K. ATOMIC ENERGY AUTHORITV-S NUCLEAR SHi~ 
CONCEPTS. 
NUCLEAR ENG. 8. 88-9 IMARCH .19631 

THE VULCAIN CORE POWER EXPERIMENT. 
J STORRER 
GENEVA 1964. A!CONF~28/P/515 

CENTRE DE L-ENERGIE NUCLEAIRE 
ANNUAL REPORT 1966 
Np .. 17126 

EF'07 
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HEAVY WATER MODERATED REACTORS~ rOREIGN 

BNWL:Q36 

eF'08 

EF'08 

... . ." • • • • .' .' ... .' .' . .' 
NAME/OWNER 

DESIGNER 

LOCATION 

PURPOSE 

TYPE 

~OWER MWE(MWT) 

RAPP/RAJASTHAN ATOMic POWERPROJECT//tNDIA~ 

CANADIAN GENERAL ELECTRIC 

RANA PRATAP SAGAR~ RAJASTHAN STATE, INDIA 
RESERVOIR SfTE 

POWER 

HEAVV WATER MOOSRATED AND COOLED, PRESSURE: TUBE 
/CALANDRIA/ 

TWO-REACTOR STATiON 

200 pER REACTOR 

CRfTl'CAL 'TARGET NO; 1, OOT: 1970 
TARGET NO~ 2, 1972 

COOLANT HEAVY WATER 

MODERATOR HEAVY WATER 

F'uEL MATERIAL URANIUM DIOXIDE 

~UEL GEOMETRY RODS 

F'uEL ENRICH. NATURAL 

REMARKS CANADA WILL SUP~LV' ~ALFTHE ~UEL ~OR ~HE rlRST' 
CHARGE~ STATION,WtL~ CONSIST OF TWO 200 MWE PLANTS 
RAPP-l AND RAPP·2. 

REF'ERENCES F'OR GENERAL DESiGN pARAME?ERS SEE CANDU 
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HEAVY WATER MODERATED REACTORS: rOREiGN 
• * • • • 

BNWL;Q36 

E~09 . .' ." . 
NAME/OWNER KALPAKKAM STATION / IND!A 

MAPP PROJECT /MADRAS ATOMIC POWER STAttON/ 

LOCATION KALPAKKAM~ NEAR MAORAS~ INDIA 

PURPOSE POWER 

TYPE CANDU-PHRTypE 
TWO-REACTOR STATION 

qR!TtCAL PLANNED. NO.1 TARGET 1972 

COOLANT HEAVY WATER 

~ODERATOR HEAVY WATER 

~UeL MATERIAL URANIUM 

~UELENRICH. NATURAL 

REMARKS TWO CANADIAN-TYpE PRESSURIZE HEAVY WATER REACTORS 
ARE PROJECTED FOR THE SITE. 
INDIA IS UNDERTAKING CONSTRUCT10N or THE MAPP 
PROJECT'DESIRING TO PROCEED WITHOUTrOREIGN 
ASStS~ANCE. DETAILED DESIGN IS IN PROGRESS 

RErERENCES NuCLEAR CANADA MARCH, 1968 P~ 5~6 
NEWS RELEASE 
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HEAVV WATER MODERATED REACTORS: F"OREIGN 

BNWL':'Q36 

EF"10 .. .. .. ... ... .. .. .. ... .. ... ... ... ... .. 

NAME/OWNER HALDEN REACTOR/jENER, NORWAV AND OEEC 

DESIGNER JENER, NORWAV 

OPERATOR EUROPEAN NUCLEAR ENERGV AGENCV 

LOCATION HALDEN, NORWAV 

PURPOSE PROCESS STEAM 

~VPE HEAVV WATER MODERATED AND 'COOLED BWR 

POWER MWECMWT) a 20 

dRITICAL 1959 

COOLANT HEAVV WATER 

MODERATOR HEAVV WATER 

FUEL MATERIAL URANIUM DIOXIDE: FIRST CORE URAN!UM MeTAL WITH 
URANIUM DIOXIDE SPIKE ELEMENTS~ 

FUEL GEOMETRV RODS 25 MM~ DIA:/2.4 M. LONG 

~UELCLADDING SS. F"IRST CORE F~NNED ALUMINUM 

F"UEL ENRICH. SLIGHT. FIRST CORE NATURAL URANIUM. 

rUEL ASSEMBLV 316 RODS/CORE. pROVISION rOR 325 

NEUTRON FLUX THERMAL PEAK 3X10 E+13 

CONTROL SHIM AND SCRAM RODS; CADMIUM TUBES, SS CLAD 

COOLANT PRESS. 400 PSI 

REACTOR VESSEL CLAD STEEL CVLINDER 2~7 M. DIA.1476 CM, HIGH~. 

CONTAINMENT 

REMARKS 

FACILITV IS CONSTRUCTED IN A CAVE W~T~ THE 
REACTOR IN A DEep PIT ~N THE F"OU~DAT10N, REACTOR 
HALL IS 28 M./10 M./11.4 M. HIGH, 

'SECOND CORE OPERAT10N MARCH 1962: PROPOSED 
CONVERSION TO SpECTRAL SHrrT OONTROL. INTEREST' 
IS IN APPLICATIoN TO AN OCEANOGRAPHIC RESEARCH 
VESSEL. A 3·VEAR RESEARCH PROGRAM WI~L BE DEVOTED 
TO LONG-TERM TESTING O~ ~UEL ELEMENTS. 
EXPERIMENTAL CHEMISTRV, DEVELO~MENT o~ 
INSTRUMENTATION: PARTICIPANTS WILL INCLUDE 

EI="10 
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REF"ERENCES 

.., .., .., • .., • • • • • .. 
UK AEA, NORWEGIAN INST. rOR ATOMENERGI. DANISH AND 
~INNISH AEC, RCN INETHERLANDS/, AB.ATOMENERGy 
ISWEDEN/, AND Us AEC. rULL DESIGN OUTPUT OF 
20 MWT ION SECOND rUEL CHARGEI HAS BEEN USED TO 
PROVIDE PROCESS STEAM FOR NEARBy PAPER AND PULP 
MILLS IJANUARY 19641 
THE DEVELOPMENT PROGRAM HAS BEEN EXTENDED TO 
DECEMBER 1969 AND WILL INCLUDE ON-LINE COMPUTER 
CONTROL OF THE REACTOR, AND THORIUM PHYSICS 
INVESTIGATIONS. 

THE HALDEN BOILING WATER REACTOR, 
N HIDLE~ 0 DAHL 
HPR .. 2 119581 

HALDEN BWR 
NuCLEAR ENG. 4. 106-12 IMARCH 1959/ 
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NAME/OWNER KANUPP/KARACHI ~UCLEAR POWER ~ROJ./PAK1STAN AEC 

DESIGNER CANADIAN GENERAL ELECTRIC 

LOCATION KARACHI AREA, PAKISTAN /PARADISE POINT/ 

~URPOSE POWER 

TYPE HEAVY WATER MODERATED AND COOLED~ 
HORIZONTAL PRESSURE TUBE, INTEGRAL DESIGN 

~OWER MWE(MWT) 125 

qRITICAL TARGET 1970 

COOLANT HEAVY WATER 

MODERATOR HEAVY WATER 

vuEL MATERIAL URANIUM DIOXIDE PELLETS 

fUEL GEOMETRY RODS 

ruEL CLADDING ZIRCALOY 

ruEL ENRICH. NATURAL 

rUEL ASSEMBLY 19-ELEMENT BUNDLE 
2288 rUEL BUNDLES/CORE 
11 8UNDLES/rUEL CHANNEL 

BURNUP(REFUEL) ON-LOAD 

REACTOR VESSEL INTEGRAL CALANDRIA/nUMP-TANK SURROUNDED Bv A LIGHT 
WATER THERMAL SHIELD. CALANDRiA IS 5S 16 rTf 6 IN. 
Bv 16 rTf 4 IN. FUEL CHANNELS ARE ZIRCONIUM ALLOY~ 

CONTAINMENT 

REMARKS 

REFERENCES 

PRESTRESSED CONCRETE CYLINDRICAL BUILDING 
115 rTf 10/120 rT: HIGH, WALLS 4~5 ~T~ THICK 
hEMISPHERICAL DOME,ELASTOMER.LINING. 
THE REACTOR VAULT IS A SEALED, STEEL~LINEO~ 
REINrQRCED CONCRETE STRUCTURE rI~LED WITH LIGHT' 
WATER IN WHICH THE CALANORIA CONTAINING THE 
MODERATOR IS IMMERSED: 

CANADIAN CONSTRUCT10N Or THE NUCLEAR POWER PLANT 
HAS BEEN APPROVED~ 
THE UNITIZED SYSTEM COMBINES CALANDRIA AND DUMP 
TANK IN A SINGLE UNiT~ 

PAKISTAN TURN~Ey CONTRACT FORCGE 
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CANADIAN NUCLEAR TECHNOLOGY 4; 23-24 /SUMMER 1965/ 

KANUPP DESIGN D~TAILS 
CANADIAN NUCLEAR TECHNOLOGY 4~ 24 /SUMMER 1965/ 
KARACHI NUCLEAR POWER PROJECT; PROGRESSIVE 
CONSTRUCTION AND DESIGN ~EATURES 
RC JOHNSTON 
HEAVY WATER POW~R R~ACTORS, PROC: SYMPOSIUM, 
VIENNA, SEPT, 1967~ P: 113.23 
IAEA, VIENNA. 1968 

DEVELOPMENT IN REACTOR BUILDING DESIGN FOR CANDU·' 
TYPE NUCLEAR POWER PLANTS; 
RL WILLIAMSON, wP RAFFERTY 
ENGINEERING JOURNAL 50. 41~48 /OCT, 1967/ 

EF11 
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NAME/OWNER 

DESIGNER 

OPERATOR 

PURPOSE 

* ... • ... ... ... • .' . 
DON I JEN, CENUSA~SPAIN 

AI IUNITED STATES/-jEN 

CENTRALES NUCLEARES SA /CENUSAI 

POWER PROTOTYPE 

• 

BNWL':Q36 

EF'12 .' . .' 

TyPE HEAVY WATER MODERATED~ ORGANIC COOLED. CALANDRIA. 

POWER MWE (MWT) 30 

CRITICAL DESIGN. PROJECT DROPPED 

eOOLANT SANTOWAX OMP 

MODERATOR HEAVY WATER, HEAVY WATER REF'LECTOR 

~UEL MATERIAL WRANIUM CARBIDE PELLET 12~7 MM. DIA. 

~UEL GEOMeTRY ROD~ 2895~6 MM. ACTIVE LENGTH 

F'uEL CLADDING SAP 0~5 MM. THICK, F'INNED 

F'uEL ENRICH, 1~7 PER CENT U-235 

F'uEL ASSEMBLY 19-ROD CLUSTER, SAP SHROUD TUBE~ 
138 ELEMENTS/CORE 

FUEL CHARGE 12230 KG. URANIuM 

SpECI~IC POWER 8~2 KW/KG U 

BURNUP(RE~UEL) 8000 MWD/HTU 

CONTROL RODS, STEEL TUBES FILLED WITH BORON CARBIDE 

COOLANT TEMP. INLET 299 C OUTLET 343 C 

REACTOR VESSEL ALUMINUM CALANDRIA STRUCTURE F'OR THE HEAVY WATER~ 
PROCESS TUBES ARE SAP IN CORE REGION, SS AND 
CARBON STEEL IN THE RBST. 

CONTAINMENT 

REMARKS 

CONVENTIONAL BUILDING~ LEAK 'TIGHi~ 

CO~CEPTUAL DESIGN By AI HAS BEEN COMPLETED~ 
FINAL PLANS WILL BE DEVELOPED BY JEN~ CONSTRuCT10N 
TARGET wAs 1965~ 
PROJECT HAS BEEN DROPPED IN rAVOR O~ F'ASi REACTOR 
DEVELOPMENT. 
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• • .. 

REF'ERENCES 

• • • • • • • .' .' . • ... 

ORGANIC COOLED HEAVY WATER MODERATED POWER REACTOR 
STUDY~ 
BL HOF'F'MAN 
TID~7575 IP. 10811MARCH 1959/ 

THE 22ND PROJECT. 
L PALACOIS, G VELARDE IJEN, MADRIDI 
PREPRINT IOTTOWAI . 
CANADIAN NUCLEAR ASSOC.~ 1962 

THE DON PROJECT~ 
F PASCUAL, L PALACois; MK SANDERS 
THIRD U~ N. INTL. CON~. ON T~E PEACE~UL USES OF' 
ATOMIC ENERGY, GENEVA; 1964; A/CONF'~ 26/P/601 

SAF'ETY F'EATURES OF' THE DON REACTOR CONCEPT~ 
A ALONSO, BL HOrF'MAN. 
THIRD u~ N. INTL. CONF'. ON THE ~EACEF'UL USES OF' 
ATOMIC ENERGY~ GENEVA; 1964; AlCONF'. 28/P/495 

DEVELOPMENT OF' THE DON PROJECT 
EURONUCLEAR 2~ 283-4 IJUNE 1965/ 

NUCLEONICS WEEK JUNE 1, 1967 p~ 8 
NEWS RELEASE 
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NAME/OWNER 

DESIGNER 

OpERATOR 

LOCAT10N 

PURPOSE 

TYPE 

POWER MWE(MwT) 

CRITICAL 

COOLANT 

MODERATOR 

FUEL MATERIAL 

~UEL GEOMETRY 

FUEL CLADDING 

FUEL ENRICH. 

rUEL ASSEMBl.Y 

FUEL CHARGE 

AQESTA REACTOR STAT10N/STATE POWER, AS-ATOMENERG1, 
CITY OF STOCK~OLM~ SWEDEN 

ASEA-AB.ATOMENERGI 
R/3-ADAM 

STATE POWER BOARD; SWEDEN 

AGESTA, SWEDEN 
LAKE MAGELUNGEN 

POWER AND DISTRicT' HEATING 

HEAVY WATER MODERATED AND COOLED PWR 

10 65 

JULY 1963~ FULL POWER MARCH 1964 
DOWN IN 1968 BECAUSE OF PIN~HOLE CORROSION 
OF FUEL CLADDING~ WITH SOME RELEASE OF 
RADIOACTIViT~ to HEAVY WATER SYSTEM. 

BACK ON~LINE ocf. 1~ 1968 WrTH FUEL 
ELEMENTS OF NEW DESIGN 

HEAVY WATER 

HEAVY WATER 

URANIUM DIOXIDE PELLETS 17 MM; DIA~/733 MM. LONG 

ROO COMPOSED OF 3 ELEMENTS SCREwED TOGETHER, 
3 M: LONG 

ZIRCALOy-2 TUBE 

NATURAL 

19-ROD BUNDLE. 4 BUNDLES MAKE UP THE ~UEL ELEMENT, 
IN ZIRCALOY PROTECTIVE CAN. 

140 ELEMENTS/CORE 
NEW CORE HAS 84 ASSEMBLIES OF 
NEW DESIGN 

18 TON URANIUM DIOXIDE 

BURNUP(REFUEL) 5000 MWD/T 

CONTROL RODS, HYDRAULIC OPERAT10N; SILVER-iNDIUM-CADMIUM 
IN SS CLADDING 

COOLANT TEMP, INLET 400 F OUTLET 430 F' 
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COOLANT PRESS. 4Q5 PSIG 

REACTOR VESSEL STEEL VESSEL. IN~ER SS CLADDING~ 4~5 M. DIA. AND 
6 M; HIGH 

CONTAINMENT 

REMARKS 

REF"ERENCES 

,CAVERN, LiNED WiTH CONCRETE AND WELDED STEEL P~ATE 

THE PROJECT DEVELOPED FROM TWO DESIGN STUOIES, 
DESIGNATED R-3 AND ADAM~ IN THE ADAM,CONCEPT 
DEVELOPED BV ASEAFOR HOUSE HEAT1NG PUR~CSES, 
PRESSURE VESSEL WAS ~iLLED WITH HEAVY WATER. 
COOLANT' ENTERED T~E REACTOR VSSSEL BY 8 'PIPES 
THROUGH THE BOTtOM, FLOWED UPWARD THROUGH THE 
MODERATOR~ AND WAS TURNED DOWNWARD BETwEEN THE 

'THERMAL,SHIELD AND THE VESSEL WALL~ fT WAS THEN 
DISTRIBUTED TO THE FUEL ELEMENTS THROUGH A SPACE 
BETWEEN THE GRID PLATE AND THE BOTTOM ALUMINUM 
,CAST1NG~ AF"TER 'PASSING 'THEF'(jEL RODS THE HEAVY 
WATER ENTERED T~E UPPER PLENUM AND LErT 'THE 
REACTOR: A FUEL ELEMENT' WAS OOMPOSED OF" 
19 ALUMINUM CANS CONTAINING FVEL PELLeTS~ THERE 
WERE 168 ELEMENTS IN THE OORE. IN THE R·3 CONCEPT 
DEVELO~ED BV AS;ATOMENERGI rOR ~OWER AND HEAT 
PRODUCTION, THE F"UE~ ELEMENT CONTA1NEO FIVE 
SUBASSEMBLIES OR BUNDLES COMPOSSD OF 19 INDIVIDUAL 
FuEL RODS IN A SUPPORT1VE SHROUD OF ZIRCALOV;2: 
EACH F"UEL ROD wis B~IlT UP OF" .URANIUM DIoxiDE 
PELLETS ENCASED IN A ZlRCALOV~2CAN~, COOLANT 

'FLOW WAS UPWARD THROUGH THEF"UEL ELEMENT'SHRQUfiS, 
'THEN DOWNWARD THROUGH THE MODERATOR AND BOTTOM 
RE~LECTOR REGIONS TO THE OUTLET NOZZLES. THE 
AG~STA PWR HAS A cvLlNDRICAL OORE CONTAINING 140 

,ELEMENTS SECUREn TO THE LID OF" REACTOR PRESSURE 
VESSEL. ELEMENTS PENETRATE BOTTOM CORE PLATE 
INTO COOLANT PLENUM~ COOLANT fLOW IS'ROM THE 
INLET PLENUM UPWARD THROUGH E~EMENTS, DOWNWARD IN 
THE MODERATOR SPACE BETWEEN THE ELEMENTS~ THERE 
IS A PROVISION F"OR RAISING THE REACTOR OUTPUT TO 
125 MWT BV MEANS Or A MORE powERFUL CORE AND 
ADDED HEAT EXCHANGERS ISTAGE III: 

R/3~ADAM. SWEDISH NUCLEAR HEAT-ELECTRIC STATI0N~ 
NuCLEAR ENG. 5. 202.5 IMAV 19601 

DESCRfPTION O~ THE AGESTA PLANT~ 
IBOOK IN PREPAR~TION. NEw 'TECHNIQUE INTI 12.?13 1 

19631 

THE AGESTA REACTOR. 
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B Me HUGH 
NUCLEAR ENERGY sEPi~ 1964 p~ 252~261 

'THE SWEDISH AGESTA POWER REACTOR 
rA ABADIE-MAUMERT 
ENERGIE NUCLEAIRE 7; 330.32 ISEPTt.OCT~ 196 5 1 

EF'13 
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NAMEIOWNER MARVIKEN POWER STATION/STATE POWER BOARD, SWEDEN 

DESIGNER ASEA, A8 ATOMENERGI; SWEDEN 

OPERATOR STATE POWER BOARD, SWEDEN 

LOCAT10N MARVIKEN, SWEDE~ INORKOPINGS BAy AREAl 

PURPOSE PROTOTYPE, POWER AND SPACE HEAT 

TYPE HEAVY ~ATER MODERATED AND COO~ED BWR. DIRECT 
CyCLE, NATuRAL CIRCULATION, INTEGRAL NUCLEAR 
SUPERHEAT 

POWER MWECMWT) 200 

CRITICAL CONSTRUCTION 
TARGET 1968 

COOLANT HEAVY WATER AND STEAM 

MODERATOR HEAVY WATER 

FUEL MATERIAL URANIUM DIOXIDE PELLETS 12.5 MM~ DIA. IBOILINGI 
AND 11.5 MM, DIA. /SUPERHEATINGI 

FUEL GEOMETRY ROD 

FUEL CLADDING 80ILER ZIRCALOy;2 
SUPERHEATER CHROMIUM-NICKEL STEEL 

FUEL ENRICH. BOILER 1,3 PER CENT U·235 
SUPERHEATER 1~5 PERCENT 

FUEL ASSEMBLY 36-ROD CLUSTERS IN BOILING REGION. 
4a-ROD CLUSTERS IN SUPERHEATING REGION. 

147 BOILING CHANNELS, NON-INSULATED SHROUDS 
32 SUPERHEAT CHANNELS, INSULATED SHROUDS 

SUPERHEAT ChANNELS wILL BE EMPTY DURING rIRST 
YEAR OF OPERATInN~ 

SPEC!~IC POWER 18 KW/KG URANIUM 

BURNUP(REfU~L) 13000 M~D/T 

CONTROL RODS 

COOLANT TEMP, INLET 120 C OUTLEi 

ON-LOAD ~OR BOILING 
ELEMENTS~ 
SHUi-DOWN fOR SUPER 
~EAT ELEMENiS~ 

EF14 

• 
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COOLANT PRESS, INLET 49~5 ATM~ 

• • • • 
BOILING 263 C 
SUPERHEAT 415 C 

REACTOR VESSEL CARBON-MANGANESE STEEL VESSEL 26 M HIG~, 
5 M DIAM~ 

• • 

MODERATOR TANK SEPARATING MODERATOR ~ROM BOILING 
CIRCUIT 

CONTAINMENT CIRCULAR WALLS AND PRESSURE-SUPPRESSION 
CONTAINMENT OF pRESTRESSED CONCRETE. 

REMARKS A REDESIGN OF THE ORIGINAL PROPOSAL WAS DONE 
UNDER PROJECT BASHFUL~ WHICH WAS CONCERNED WITH A 
NATURAL CIRCULAfION DIRECT CYCLE PLANT~ THE 
ORIGINAL PROPOSAL WAS FOR A 100 MWE BWR" 

.' 

ADVANCED DESIGN ENVISAGES THE GENERATION OF 
SUPERHEATED STEAM TO PRODUCE 204 MWE, BUT IT COULD 
PRODUCE 160 MWE OPERATING WITH SATURATED STEAM~ 
PLUTONIUM FUELS WILL BE STUDIED: THE PROJECT HAS 
BEEN RENAMED MARVrKEN~K~ SWEDISH PARLIAMENT 
HAS APPROVED CONSTRUCT10N Or A 200 MWE STATION: 
PRELIMINARY WOR~ IS REPORTEDLY IN PROGRSSS ON AN 
ENLARGED REACTOR, BASHFUL-l000 Or THE MARViKEN 
TYPE~ 

REFERENCES 8F-4; SUMMARY REPORT IPRE·PROJECTI CONCERNING 
BASHFUL AB. ATOMENERGJ REPORT~ MAY 1962 
NEUE TECH~ INTI 4/12/, 713 11963, 

THE DEVELOPMENT.WqRK ~EADING UP TO THE MARVIKEN 
NuCLEAR POWER srATION. 
PH MARGEN 
NEUE TECH, INTI 4/12/~ 699·'14 11 9631 

HEAVY WATER STEAM IN DIRECT CYCLE-MARVIKEN 
R NILSEN 
NUCLEAR ENG, 11; 456.60 IJUN~ 19661 
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NAME/OWNER 

DESIGNER 

RURPOSE 

TYPE 

... 

POWER MWE(MWT) 

CRI'TICAL 

OOOLANT 

MODERATOR 

F"UEL MATERIAL 

F'UEL GEOMETRY 

FUEL CLADDING 

F'uEL. ENRICH, 

F"uEL ASSEM8LY 

F'uEL CHARGE 

... • ... ... .. ... .. ... 

PHWR IPRESSURIZED HEAVY WATER REACTORI 
AB~ATOMENERGI~ SWEDEN 

AB-ATOMENERGIE, SWEDISH JOHNSON CO, 

POWER REACTOR STUDY~ 

.. 

HEAVY WATER MODERATED AND COOL.ED~ CROSS~FL.OW 

250 .. 400 

CONCEPT' 

HEAVY WATER 

HEAVY WATER 

1200 

URANIUM ILATER pLUTONIUM-ENRIOH8D URANIUMI 

ROO 

ZIRCONIUM 

1~5 PER CENT U-235 

SINGLE ELEMENT ~ NO CLUSTERING 

APPROX~,33.7 TONS URANIUM 

... 

SpECI~IC POWER 35.6 KG/KG U 

REACTOR VESSEL CY~INORICAL, 36 M;.DIA,/50 MI HIGH 

REMARKS 

REFERENCES 

CONCEPT IS BASEO ON A CROSS~~LOW REGIME, WITH THE 
FUEL ELEMENTS LAID ACROSS 'THE 'P~TH OF" THE COOL.ANT 
FLOW, PROVIDING DIRECT' CONTACT' BETWEEN F'UEL AND 
HEAVY WATER. PHWR-400 IS AN INVESTIGATION OF 
CONCEPT AS A POSSIBLECHOI-CE F"OR F'ULL-SCALE 
INSTALLATION F'OR 1970 SERVIOE; FULL-SCALE 
REACTOR EVALUATION HAS BEEN DONE By NORDSTJERNAN 
GROUP IN COLLABORATION WITH AS ~TOMENeRGIE AND US 
WESTINGHOUSE. A FINAL REPORT ON THE FEASIBILITY 
OF' A 250 MW PLANT HAS BEEN COMPLETED FOR AB 
ATOMENERGIE BY wESTjNGHOUSE, BECHTEL, JOHNSON OO~ 
THE rEASIBILITY OF" BUILDING A PHWR IN MADRAS 
STATE. INDIA, Is BEING STUDIED BY JOHNSON CO~ AND 
INDIA-S AEe. 

APPLIED ATOMICS~ MAy 16, 1962, p. 11-12. 

'EF"15 

• • 
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NAME/OWNER 

DESIGNER 

O~ERATOR 

LOCAT10N 

PURPOSE 

TYPE 

• 

~OWER MWECMWT) 

COOLANT 

MODERATOR 

F"UEL MATERIAL 

F'uEL GEOMETRY 

F'uEL CLADDING 

F'UEL ENRICH. 

F'UEL ASSEMBLY 

• * • • .' .' . 
SULZER PROJECT/F"EDERAL INST~ .TECH., SWITZERLAND 

SULZER BRbTHERS; SWiTZERLAND 

FEDERAL INSTITU+E OF' TECHNOLOGY, SWITZERLAND 

ZURICH, SWITZERLAND 
LIMMAT RIV~R 

POWER AND DISTRiCT' HEAT 

HEAVY WATER MODERATED AND COOLED, PRESSURE TUBE 

6~8 30 

HEAVY WATER 

HEAVY WATER, GRAPHI~E REF'LECTOR 

URANIUM METAL 

HOLLOW RODS 

ZIRCALOY 

NATURAL IOUTER ANNULAR RING 1PER CENT U-2351 

INDIVIDUAL F'UELTUBE IS BONDED ON 'THE INSIDE TO 
A Z IRe A LOY PRESSURE TUBE, 13 M M ~ 1 D. E1 G H T . TuBE 
ELEMENTS, WITH AN OUTER 'THIN Z'IRCALOY SHEATH, ARE 
HOUSED IN AN oufER CASINGTU8~, SEPARATED F'ROM 
THE HOT URANIUM S~RF'ACE BY rNSULAT10N~ 

88 ELEMENTS/CORE 

CONTROL RODS 

REACTOR VESSEL MODERATOR TANK, THIN-WALLED ALUMINUM, OPEN AT TOP 
GRAPHITE REFLECTOR BELOW AND AT SIDES, THERMAL 
SHIELDS~ AND CYLINDRICAL BIOLOGICAL SHIELD OF" 
CONCRETE WHICH CAN SERVE AS PRESSURE VESSEL~ 
THERMAL SHIELD IS WATER-COOLED. 

CONTAINMENT UNDERGROUND CONSTRUCTION~ 

REF'ERENCES SULZER PROJECT FOR A PROTOTYPE HEAVY WATER POWER 
REACTOR FOR .LOCATION IN AN UNDERGROUNLJ CAVERN. 
P DE HALLER, AF FRITZSCHE 
SECOND U. N. INtL; GONF~ ON T~EPEACE~UL USES OF 
ATOMIC ENERGy 9, 16.35 11958/ 
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'*' .' '* • • . .' . .' •. '* 
REPORT ON THE CONSTRUCT10N OF' A NUCLEAR HEAT AND 

, POW E R S T l Tl ON' ~ 0 R T ~ E Dis T R tOT' HE A T t N G S T A i' 'ION 
OF' THE· F'EDERAL i NST fTUTE or 'TSCHNOLOGV. 
SULZER BROS. 
NP-?9 45 IN.D.I 

• 

EF'16 
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NAME/OWNER 

DESIGNER 

OPERATOR 

LOCATION 

PURPOSE 

TYPE 

* 

POWER MwE(MWT) 

.. .. '* .. .. .. .. .. .. .. ' .. 

EXPERIMENTAL POWER PLANT LUCENS/SNA, SWITZERLAND 

SULZER BROTHERS; SWrTZERLAND 

SNA, SW 1 TZERLAND 

LUCENS, SWITZERLAND 

'POWER EXPERIMENT 

HEAVY WATER MODERATED AND COOLED, PRESSURE TUBES 
ICALANDRIAI 

30 

CRITICAL 1966 

COOLANT 

MODERATOR 

FUEL MATERIAL 

~UEL GEOMETRY 

FUEL CLADDING 

FUEL ENR!CH. 

FUEL ASSEMBLY 

HEAVY WATER 

HEAVY WATER 

URANIUM-CHROMIUM ALLOY 

ROD, 17 MM. DIA:/650 MM~ LONG~ 4 SEGMENTS/ROD 

MAGNESIUM·ZIRCO~IUM ALLOY, FINNED, 1~75 MM~ THiCK 

0;96 PER CENT U~235 

'.ROD ELEMENT IGRAPHITE SUPPORT IN THE PRESSURE" 
TUBE, INTO WHICH RODS ARE INSERTEDI 

CORE IS CYLiNDRICAL WITH 2' CONCENTRIC ZONES. 
73 ELEMENTS 

5640 KG~ URANIUM 

Sp6ClrIC POWER 12 KW/KG U 

CONTROL RODS, TUBULAR, SILVER-CADMIUM ALLOY CLAD WITH 55, 
GAS-COOLED 

COOLANT TEMP. INLET 221 C OUTLET 384 C 

COOLANT PRESS. 60 ATM. 

REACTOR VESSEL MODERATOR VESSEL ALUMINUM CYLINDER, ZIRCALOY 
PRESSURE TUBES 

CONTAINMENT, 

RE:MARKS 

CAVERN CONSTRUcf10N~ BIOLOGICAL SHIELD. 

SNA IS SPONSORING T~E PROJECT, W~ICH HAS REPLACED 

EF'1' 
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THE PROPOSAL CONSIDERED BY SNA MEMBERS THERMATOM, 
ENUSA AND SUISATOM ~OR A REACTOR O~ SULZER DESIGN, 
THE CORE IS DIViDED INTO TWO AREAS BY THE PITCH O~ 
THE ~UEL ELEMENTS~ THE PRESSURE TUBES ARE O~ 
ZIRCALOV· 2 • COO~ANT FLOWS DOWN THE INSIDE Or THE 
TuBE AND PASSES UP OVER THE ruEL ELEMENT PROPER, 

LUC6NS.SWITZERLAND~S EXPERIMENTAL PRESSURE TUBE 
REACTOR~ 
NUCLEAR ENG. 7, 449~51 INOVEMBER 19621 

THE EXPERIMENTAL NUCLEAR PLANT AT LUCENS. 
P DE HALLER, W HELB~ING 
ENERGIC NUCLEAI~E 5, 501.11/NOV~ 19631 

THE NUCLEAR EXPERIMENTAL STATION AT LUCENS~ 
P VERSTRAETE 
INDUSTRIES ATOMIQUES 3/ 4 , 55~67 11964/ 
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NAME/OWNER 

DESIGNER 

OPERATOR 

SGHWR /STEAM GENERATING HWR/AEA, UNITED KINGDOM 

U,K, ATOMIC ENERGY AUTHORfTY 

LOCATION 

PURPOSE 

TYPE 

POWER MWE(MWT) 

U;K; ATOMIC ENERGy AUTHORfTY 

WINfRITH HEATH, DORSET~ ENGLAND 

POWER PROTOTYPE 

HEAVY WATER MODERATED~ lIGHT' WATER COOLED, 
DIRECT CYCLE 
PRESSURE TUBE~ ICAlANDRIA/ 

100 294 

CRITICAL FULL POwER JAN, 1968 

COOLANT LIGHT WATER, BOiLING 

MODERATOR HEAVY WATER 

fUEL MATERIAL URANIUM DIOXIDE PELLETS 0;57 IN~ ClAM; 

fUEL GEOMETRY ROD~ ACTlvE LENGTH 144 IN. 

fUEL CLADDING ZIRCALOV~2 CAN 0~028 IN. WALL THICKNESS 

~UEl ENRICH, 1~4 PER CENT U-235 

fUEL ASSEMBLY 36-ELEMENT CLUSTER 

fUEL CHARGE 21.41 TON U 

8URNUP(RErUEL) 12,000 MWD/T ON-L.OAD 

CONTROL VARIAT10N IN HEAVY WATER LEVEL, BORrc ACID 
INJECTION fOR QUICK SHUTDOwN AND REACT1VITY 
ADJuSTMENT. 
EMERGENCY CORE SPRAY BY MEANS Or CENTRAL SPARGE 
PIPE IN CORE. 

COOLANT TEMP. INLET 527 F OUTLET 538 F' 

COOLANT PRESS. INLET 970 PSI 

REACTOR VESSEL ALUMINUM-MAGNESIUM ALLOY MODERATOR TANK MOUNTED 
INSIDE WATER-FILLED SHIELD TANKS: A~UMINUM· 
MAGNESIUM CALANnRIA TUBES, ZIRCALOY IN~CORE 
PRESSURE TUBES. 

EF"18 

.' 



JANUARY 1969 

HEAVY WATER MODERATED REACTORS~ POREIGN E~18 
• • • * 

CONTAINMENT 

REMARKS 

• • • • • • • • • • • • 

THICK REINFORCEO CONCRETE S~IELD AROUND REACTOR, 
STEAM DRUMS AND PRIMARY DRUMS. 
SECONDARY CONTAiNMENT ENC~OSES WHOLE O~ MAIN 
8UILDING~ WALLS ARE STEEl~lINED: 

PROTOTYPE CONSTRUCTION WAS STARTED IN MAY, 1963; 
THE UK HAS BEEN STUDYING THIS REACTOR CONCEPT 
SINCE 1958. BRtTAIN-S INDUSTRIAL CONSORTIA WILL 
COLLABORATE AND SHARE IN DESIGN AND DBVELOPMENT 

• 

O~ THE PROJECT, TECHNICAL COLLABORATION WILL ALSO 
8E CARRIED ON WITH CANADA AND SWEDEN, 
LOW~LEVEL rORCED"DRA~T COalING TOWERS WILL BE uSED 
DEISGN rOR A LARGE-SCALE DUAL PURPOSE REACTOR 
HAS BEEN DEVELOpED. 

SYMPOSIUM ON PRESSURE TUBE WATER REACTORS. 
BRIT1SH NUCLEAR ENERGY SOCI8TY, RISLEV~ LANCS •• 
ENGLAND; JULY 1962, 

THE SGHWR PROTOTYPE REACTOR~ 
A FIRTH~ JER HOLMES 
NUCLEAR ENG. 9.46-9 IFEB. 19641 

GENERAL DESIGN O~ THE STEAM GENERATING HEAVY WATER 
REACTOR; 
S FAWCETT, OTHERS 
THIRD U. N. INTL. CONr. ON THE PEACE~UL USES Or 
ATOMIC ENERGY, GENEVA~ 1964~ A/CON~.28/P/129 

THE STEAM GENERATING HEAVY WATER REACTOR 
H CARTWRIGHT 
TRG REPORT 1246 R 119661 

SGHWR~ A DARK HORSE COMPETITOR 
H CARTWRIGHT 
NUCLEONICS 24, 60-63 /SEPT. 19661 

BRITAIN-S HEAVY WATER REACTOR~ 
ENG!NEERING 204; 411-15 ISEPT, 15, 19671 

WIN~RIT~ SGHWR 
NUCL~AR ENG. 13/144/ P. 416-25 119681 

STEAM GENERATING HEAVY WATER REACTOR 
UK AEA 

BROCHURE ISSUED FEB. 1968 

A LARGE-SCALE DuAL-PURPOSE PLANT'rOR WATER/POWER 
PRODUCTION. 

EF18 



JANUARY 1969 

HEAVV WATER MODERATED REACTORS: rORElGN 
• • • • • • • • 

Dw CL.ELl.AND 
DESAL.INATiON 2, 215-19 /19671 

8NWL.;Q36 

eF'18 .' . 
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~EAVV WATER MODERATED REACTORS: FOREIGN 
... • 

NAMEIOWNER 

DESIGNER 

PURPOSE 

TVPE 

POWER MWE(MWT) 

• . ' ... .' . 
R~l AND R-2 I USSR 

USSR 

... .' .' .' ... ... 

POWER CONVERTER~CONcEPT DEVELOPMENT 

~EAVV WATER MOD~RATED; ORGANIC COOLED: PRESSURE 
TUBE~ 

500 1600 

CRITICAL CONCEPTUAL DESIGNS R-1' AND R-2 

COOLANT ORGANIC LIQUID 

MODERATOR ~EAVY WATER-GRApHITE RErL~CTOR, 

FUEL MATERIAL R~1 NATURAL URANIUM METAL 
R~2 URANIUM DIOXIDE 

FUEL GEOMETRY R.l RODS 
R·2 TUBES 

rUEL CLADDING MAGNESIUM.BERYLLIUM A~LOY 

FUEL ENRICH. NATURAL 

ruEL ASSEMBLY R~l THICK~WALLED ANNULAR URANiuM~ 
680 CENTRAL CHANNELS 

F'UEL CHARGE 

356 PERIPHERAL CHANNELS 
R~2 TUBULAR CLUSTERS 

580 CENTRAL CHANNELS 
290 PERIP~ERA~ OHANNELS 

R;l 100 TONS URANIUM 
R;2 120 TONS 

BURNUP(REF'UEL) R~2 9000 MWD/T 

COOLANT TEMP. INLET 230 C OUTLET' 300 C 

REMARKS 

REF'ERENCES 

THE R;1 DESIGN HAS A HIGH PLUTONIUM PROOUCTI0N 
RATE, AND R-2 A HIGH URANIUM ~UEL BURNUP, 
MATERIAL rOR THE PRESSURE TUBES IS NOT SPEcrrIED~ 

NATURAL URANIUM HEAVY-WATER-MODERATED ORGANIC~ 
COOLED POWER CONVERTER REACTOR, 
A ALICHANOV, OTHERS 
THIRD U~ N. INTL. CONr~ ON THE PEACEF'UL USES Or 
AT 0 M 1 C ENE R G y, M A If 1964, A I CON r ~'2 81 P 187? 

EF'19 
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HEAVV WATER MODERATED REACTORS~ rORErGN 

BNWL~936 

EF'2Q .. .. .. 

NAME/OWNER 

DESIGNER 

O~ERATOR 

LOCATION 

~URPOSE 

TYPE 

.. 

POWER MWE(MWT) 

CRITICAL 

COOLANT 

MODERATOR 

F"uEL MATERIAL 

F'UEL GEOMETRY 

F'uEL CLADDING 

F'UEL ENRICH. 

F'UEL ASSEMBLY 

.. .. .. .. • .. .' .. .. .. . 
MZF'R/MEHR-ZWECK-FORSCHUNGS REAKTQR/IMtNISTRY 
ATOMIC POWER, W: GERMANY 

SIEMENS, w. GERMANY 

GESELLSCHAF'T FUR KERNF'ORSCHUNG M8H 
SOCIETY FOR NUCLEAR RESEARCH 

KARLSRUHE RESEARCH CENTER, KARLSRUHE, W. GERMANV 

POWER PROTOTYPE 

HEAVY WATER MODERATED AND COOLED, PRESSURE VESSEL 

50 200 

DECEMBER 1967~ FULL POWER 
DOWN IN 1968 D~E TO LEAKAGE OF' HEAVY WATER 
INTO BOILE~ DURING 'FUEL REOHARGE~ 

HEAVY WATER 

HEAVY WATER 

URANIUM DIOXIDE PELLETS 1:0 4 MM: DIA, 

ROD 1.864 MM~ ACTIvE LENGTH 

ZIRCALOV· 2 
THICKNESS 

NATURAL 

3?-ROD BUND:..E 

0.6 MM: THICK TUBE 

TWO ELEMENTS STACKED INF'UEL CHANNEL 
242 ELEMENTS/CORE 

FUEL CHARGE 13570 KG. U~ANIUM DiOXIDE 

BURNUP(REFUEL) ON-LOAD 

NEUTRON FLUX THERMAL AVE. 1.2X10 E.14 

CONTROL ABSORBER RODS. CADMIUM-INDIUM~SlLVER, P~US 
VARIATION IN THE MODERATOR TEMPERATURE 

COOLANT TEMP, INLET 252 C OUTLET' 280 C 

COOLANT PRESS. 1280 PSIA 

REACTOR VESSEL CYLINDER 13.45 rT: ID~, CONTAINING A SEOOND 

.. 

EF'20 



JANUARY 1969 

HEAVY WATER MODERATED REACTORS~ rOREIGN .. .. .. .. 

CONTAINMENT 

REMARKS 

REfERENCES 

.. .. .. .. • .. .' . .. • • 
SUSPENDED VESSEL HOLDING THE MODERATOR. VESSEL IS 
PERFORATED BY SAROUD TUBES INSULATED 8Y LAYERS OF 
STAGNANT WATER. 

SPHERICAL STEEL BUILDING 98~4 rT~ DIA., 23 ~T. 
ABOVE GROUND, 

RESEARCH AIMS ARE TO TEST NATURAL URANYUM 
REACTOR fUEL ELEMENTS UNDER OPERAT1NG CONDIT!ONS~ 
IN-PILE LOOP RESEARCH ON COOLANTS. MATERIALS 
TESTING. THORIOM~ U· 233 ~UEL CYCLE; ISOTOpE 
PRODUCTION. PRODUCTION OF FISSILE MATERIAL. 
NUCLEAR SUPERHEAT~ NEW CONSTRUCT10N DESIGNS. MZVR 
IS A MODI~ICATION OF THE SIEMENS SNDR-1 6/StEMENS 
NATURAL DEUTERIuM REACTOR I 

THE SIEMENS MULTIPURPOSE REACTOR DESIGN. 
A ZEIGLER 
NuCLEAR POWER 6: 71·4 1M ARCH 19611 

APPLIED ATOMICS FEB~ 16, 1966 P. 11 
NEWS RELEASE 
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HEAVY WATER MODERATED REACTORS~ FOREIGN EF'21 .. .. * * .. .. .. .. .. .. .. .. . .. .. 

NAME/OWNER MITSUBISHI HEAV~ WA~ER REACTOR/M1TSUSfSHI ATOMIC 
POWER IND, INC.~ JAPAN 

DESIGNER 

PURPOSE 

TYPE 

MITSUBISHI ATOMic POWER INO: tNC:, JAPAN 

POWER 

HEAVY WATER MoDeRATED/COOLED, PWR, PRESSURE TUBE. 
CLOSED CYCL.E 

POWER MwE (MWT> 345 1163 

CRtTfCAL. DESIGN STUDY 

COOLANT HEAVY WATER 

MODERATOR HEAVY WATER 
REFL.ECTOR, LIGHT AND HEAVY WATER 

~UEL GEOMETRY RODS 

rUEL CLADDING Z!RCALOY TUBES 

rUEL ENRICH. NATURAL PLUS DEPLETED URANIUM 

FUEL ASSEMBLY 47,500 RODS/CORE 
500 LONGITUDINAL PRESSURE TUBES, COLD 

8URNUP(REFUEL) 8000 MWD/TU 

NEUTRON FLUX THERMAL AVE. 1.2 X 10 E.4 

CONTROL RODS, MODERATOR POISON 

COOLANT PRESS. 102 ATM. 

REfERENCES DESIGN STUDY OF PRESSURIZE HEAVY WATE~ COOLED 
POWER REACTOR~ 
MASA-rOSHI YOKOSUKA /MITSUB1SH! AT. POWER IND~/ 
GENSHIRYOKU HATSUOEN 8, 51.61 /SEPT~ 1964/ 

.. 

E~21 
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JANU~RY 1969 

HEAVY WATER MODERATED REACTO~S: ~OREtGN 

8N~H.;g36' 

Er:'22' 
• .' ,.,' * .. • • .' . .' .' .' .' .' .' .' 
NAMEIOWNER 'YUGOSLAV REACTOR 

DESIGNER UNO IYUGOSLAVIAI AND ASEA'/SW80Sr:U. 

AURPOSEPOWER 

TYPE HEAVY WATER MOC: AND' COOLeD, BWR' 

POWER MweCMWTl 200~400 

OR fT I,CAL 

OOOLANT 

MODERATOR 

REMARKS 

REF:ERENCES 

:DEVELOPMENT. TARGET' 1911';'2 

HEAVY WATER 

HEAVY WATER 

AN AGREEMENT BETWEEN ASEA ,ANO !UNOON REACTOR 
DEVELOPMENT HAS8EE~ ~lGN8D;, 

BUS~NESS ATOMfC~ RE~ORT MARCH ,16~1966 p~ 4 
NEWS RELEASE 
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HEAVY WATER MOCERATED REACTORS:POREiGN . ' '.'. • . ' .' . . .' . .' '" 

BNWL:Q36 

EF'23, .' .' .' . .' 
NAME/OWNER VENTURE/CANAD r AN GENERAL' ELSCTR tC 

DeS I GNER 'CANAD i AN GENERAL' ELEiCTR tC :CO~ ,Ltb. ~,CANADA 

PURPOSE 300 

TYPE~EAVY WATER MODSR~TED/COOLED 
VERTtCAL PR9SSURE'TUBE 

CRfTtCAL 'DESiGN 

OOOLANT ~EAVY WATER 

MoDERATOR ,~EAVY WATER 

~UEL MATERIAL URANIUM 

~UEL GEOMETRY -PENCIL 

~uEL :ENRICH.NATURAL 

F'uEL ASSEMBLY 8UNDLSS; STACKED INr:UEL O~AiNNEL;S 

BURNUP(REFUEL) ON-LOAD. SlNGLEr:~CE 

CONTROL 'DiGITAL COMPUTER CO~TROLS MODERATOR LEVEL~ 
ABSORBER ~ND CONTROL RODS~ 

REACTOR VESSELCALANDRIA A VERT'ICAL' WEl"D8DSS'TANK 
ZlRCALOy.2CAL.ANDRIA'TUBES 

CONTAINMENT 

REMARKS 

ZlRCALOy·2 r:UEL' OHANNELiS 
INTERSPACE BeTWEEN 'TuBE F't L LED 
CARBON DIOxIDE 

WfTH 

PRESTRESSED CON~RETE BUILOtNG~~REE·ST~NDtNG~ 
LINED WfTH RESIN. 

A 'TWO;;'REACTOR UN!'T' 1600 MWEI MAY BECONS'IDEREO F'OR 
,LOCATION ON A RfVER IN EAS'T~CENTRAL :CANADA 

,DESfGN OET~lLS oF" T~E CGE VERT1CAL.1 HEAVY WATER 
'PRESSURE TUBE REAtTOR:,SOME'FACTORS INF'L.UENctNG 
THE DESIGN, 
NL WILLIAMS I 

HEAVY WATER ~OWER,REACTORSI 'PROC, SYMPOSlUM. 
V lEN N A • SEPT, 19 6 7' p, 2:5 3 • 4 :3 , 
IAEA. VIENNA, 1968 
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JANUARY 1969 

HEAVY WATER MODERATED REACTORS: F'OREIGN 
• .. • *' .. . • • • 

BNWL:Q36 

EF'24, .' '. .. .' .' .. .' 
NAME/OWNER AHGENT1Ne MZF'R/ARGENTINE AEO 

ATUCHA STAT·ION 

DESIGNER 

OPERATOR 

LOCAT'lON 

PURPOSE 
-
TVPE 

SiEMENS; W~ GBRMANV 

·CNEA, ARGENTI NA 

ATUCHA, ARGENT1NA 

POWER 

,HEAVY WATER MODERATEDPWR 

~OWER MWE(MWT) 300 1100 

CRITICAL ~CONSTRUCTION. fARGET 1972 

OOOLANT HEAVY WATER 

MODERATOR :HEAVy WATER 

~UEL MATERIAL URANIUM DIOXIDE 

~UEL GEOMETRVROD 11~9 MM~ 00 

F'UEL CLADDINGZiR~ALO~~2 

F'uEL 'ENRtCH. NATURAL 

F'UEL ASSEMBLV 36-ROO BUNDLE 

BURNUP(REF'UEL) 8;000 MWD/T 

COOLANT TEMP. OUTLET 305.4 C 

COOLANT PRESS~ 117 KG/sa. 'CM. 

REACTOR VESSEL VESSEL' 5360 MM. 10. 

SPHER!CALSTRUCTURE~. 

RA01ALSHUF'F'~~NG 
ON~t..OAD· 

CONTAINMENT 

REF:ERENCES STEAM G e N ERA TI N G AND OTHER HEAVY WATER! REA C TOR S~ 
NUCLEARENG~ 13; 52t-2' /MAV 1968/ 
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HEAVV WATER MODERATED REACTORS~ rOREIGN 

BNWL:Q36 

EF"25 
... • • * ... ... ." • ... .' .' .' .' .' . 
NAME/OWNER8HWR/CZECHOSLOVAKiA 

~URPOSE 'POWER 

TYPE HEAVY WATER BWR; NAfuRAL CIRCULAfl0N, DIRSCT' C~CLE 

POWER MWECMWT) 500 

CRfTICAL STUDY 

.cOOLANT HEAVY WATER 

MOOERATORHEAVV WATER 

F"UEL MATERIAL URANIUM 

F"UEL ENRICH. NATURAL 
CONT1NUOUS~ON·LOAC. 

REACTOR VESSEL 'PRESTRESSED CONCRETE VESSEL 
'PRESSURE-DAMPING SYSTEM 

RE~ERENCES A 500 MW BHWR~TYPE' NUCLEAR P.LANT' 
M JOVANIC~ L MOJOV1C . 
NUKL. ENERG. 5 14/, '-15' '/t9671 

E~25 






