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1. JUPITER ( BX#AXBBERFRAFMERR)TEYE
EEBRQOHEY , kKERTOHBOKR , BE~OF - 2GEFHE, GEORLBIRLELDONT
%%ébko%@@%y%v—y%ﬁﬁ?nvzﬁbKE%Lk%@?&(,kﬂFBR@F
WEEE A BET A LCEBRIBIRTWEAD , AL LOREBHZEEABFTIN T
%0
1.1 DOE —Headquarter 85f4
1) B B%:Qﬂlia(ﬁ) 11200am~1623:00pm
2) ¥ Fi:DOE —Headquarter
3) MEH .
(7AYsHE) P.B.Hemmig ¢ Chif of Physics, RRT
John W.Lewellen , Virgil W.Lowery I
(B & @) #HEEK,
BEBE (£ v Y b v, ARREETE)
4) R &
@ HE:IbBenchmarkEBREBEAKB THIC LA TELLOILRDATLERDNT
BHMOBER~NDL LRI, BF s W EOTKSIdaheo TRNWEABERT TWAHET LK
st L#tEE Tk~ 7o FREBRICE > EORMEABELSHOMM BN T~ o
® chicHL, Hemmig KL b , KB #F 5 FBR review ORE A EO LM
REAECECHT 2 bEE, SE O BenchmarkEEALPOBERI L 2o T
BLEOBBBED - Ko
® Phase | ®Broad schedule CDPWTRD L 5 ZFHBAHE B - %o
a. 4600£0initial core BAE5 AN LEMEMML, ERCAo ko &
41 0AREmS TS 50
b. initial core DEXEHMIL large sized LMFBR OFWERBTEERIC
CEBHHRELTRIRE Ko o T650MWe RIZ900MWe % EOREEOF
OB ERBEOCLCHEERBEHRDZ o
¢c. 2FBOcore 11AEALEARINITFETLE#H, TREREL THEV,
ZHSGAPREDETEHD )0
BAPufissile EHE% 2500 U T &L Tw2EAK, Pufissile &

HEBRO uniform% plate OFEAEL L OHBEI TS %50 uniform%Z plate



THREFIL S EBEFTLLD B

d. #bPEODcorelCidheterogeneous core 2ERT AL LA BED H,. T H
%%%@ﬁ@%%&&iﬁ%ﬁ%ﬁﬁi& { I;hysics OE» LA FEE EEHERET S
RBHBEHFSIOTH B,

e . " Memorandum of Understanding K3 ErhTwabHEb,Lioksx
Benchmark ERROEWAWIE , Z2 1 FUEC 203N 2w, s TH
WMAEBIELAS L TS5HEHOENEIEL L,

@ initial core OFE, B2 FRA LA & Idaho T TWwd, Thid, 251
FEfFuel Cycle Evaluation €2W T Chicago OMAEENREILTID oD T
$5, pre-analysis, post-analysis {d Idaho @ Linberry @ & 25 TfTw T
Wb,

® Benchmark OWE #3133 ICIXDOE Ao Hemmig® , ANLOA, EHoO
GE,WH,AIZEM1 OBARET-THER LA, ZO&E0EMEZOL T,
—2L eore con_figﬁration DRE,O—DUEBHEOERAREOCHRRATD 5,

HEBEBCOWTRGEZEDLLOBREDIEDIANTEZ L Omodify R LT3, BERK

DWTRANLBEBC T 2ERBEHEBEOFBR2IOKBLTVwEG, COLIREBTE

K1EAXE 2EDOEEBTHNTWEDOT, CORPLEAELLGH ENEMTE 3

L5, %01 BEARGREC BFICERE LA,

® ANLE#UJ%Benchmark REROREFETill KAH , BEERCE LeSage KA %
Twbe Idaho @B Tld Carpenter Z2manager & & TWwhb,

@ pre-analysis,post-analysis, experimental data % &+~ Tech-
nical Memorandum ( TM ) Report THEEH & L“C’FEEE’S:J’L%@’C' y THhEBRXE
W68, [daho HERWK 2 TELZET R (AT 3%, report 0FEH, 2N HE%

CFIRXANLTHA&Y 5,

® Phase [ €2WwTiH, RARFOSBROBHFBAREHEXR 240, TORE , B
i ERDOWTHEL TV L& Lk, B Benchmark ER 42w REH D O
TRIBSUBEIZRANWEDI DL ETdhw Ko

® Phase I (BIEL T, BN FOLMFBRRERFTELCODWIERBL ko
a. AFORREDOWTHEMI-1rrd, BBl , (A L] €OV THH

Lo X, [HTFA]l 3 BEERB/ LA EEDTMA %o



b . XREOCBRRELOWTE, CRBRAEFBSTEHRARINTED , BERVTAHTWE
NOTEMOA S Yo — 2 REBRESThE WY, BB EZ5REDEMKT T -
TW LOBBATD S Ro
@ Cunningham X221 0A 1B TDOE%:2E50 TCHMOEENNBEKEH5LD
ETHo o
@ Heterogeneous core % Benchmark ERORKEMIKIT Iz Lo TETHE
Wk Lo
K(ETHHFCRESHEALO0BEHNB , K2 ENa voidIRE NI (T L

e

BUHLEHD IR (HEET2 VAU TLEESTWS ) , REBOF ORI L RFIOR
EDELTHEEARFEToTnd, FYWE LOFHEIETHER T I EAELXE
HTdb,

b. BEFRTIHBEPFLIK, R&EDE L THeterogeneous coreDWEIT 2175 T
Bo XBEHTH Parfait core OKBRNRFC AT ibhik, ChbidREIONE
ACRPTEROFETS 5o

e . FHHEHEFELOMBEA*REbLDEENIBEHKR THeterogeneous core
OEBERICE , HELRKRE o Thd,

d. ZBoOFORE LR, BIED, BERTE2 EMERRENWLLE PRI T HLE
BHDBL, bEbENa void RN EEFHM LB Teritical RFERE 55
PEBHECBA LT BERDEKE5, FIAHHCDATATWS £2£4 5
EMELRRMHBENE 9D TOHH, Na void IR EXECEHBRLTCL 50 BF
THHECANTWEIERE THo THET L heterogeneous corez & h Ah B2
EH BT ThEin, '

® BenchmarkFEBRETI T IRITCEERBCE2DWABRIEBIATWERTEZ(,
FE L OREA LD B L ORAROBEN THHOT, AAh b b KR LEOED
ZERMZSCHLTRL W,

@ Phase Il ®Engineering mock up (& full size ® core HMBELE d 5, fi
ERBRTNETHEh, 2 AR, BAM CHIMAN & TR bz oD TW T L L
L&o

B LTEBORE+BFT2CH-T, ZPPRTOXR EOHRE , AR oK, &,
HEZ EHMZFHRETCELRATREILAFLAVWEORERXY LTI (Cactiont &



LD ETHoTo

® ﬁ%momj,PNC&¢®&%&HK@%E%%E@&%K%%L{M%&ca&
ﬂ%bkoDOEW@RRTTE2¢%Kﬁhk%t%bﬁofm&hoRRT®$%
KEZ75&0MT, FFTF2E47uv2 bkl 444, » & physices, safety,
Fuel & material 2 E¥# 3 %,

® 4%, general ZEIBEIK 2V CiZ Hemmig K %@L T, technical ZFMAZME
KoWTHTiIllE:2BLTEKELDEIT L E LR



1.2 ANL-Chicago #H
1) B ®:9A13H(K) 9:00am~52300pm
2) ¥ PiANL-—Chicago |
3) medE.
(729 #f) C.E.Till :Division Director , Applied Physics Divi-
sion
LL.G.Lesage ¢ Associate Division Director, "
M. Lineberry : Section Head of Theory & Amnalysis, 7
Virgil Lowery ¢ DOEZE
F.H.Martens (ZPR—9, 6 REEANOS )
(B & ) HEEK
4) A &F.
@D HElnbsEOFHOBHKOWTHRELL, Till K2H#FRKO agreement
IR DN CEE LW EOREN B oo
® BFH,MmEHEKO®personnel assigument @ sign BEIEaTnDEDEOHERMN
KL, ANLBMHESZMLAWEDTZETANLARTISHBRTILITENL
%o |
® USHTOZPPRIE T Zmeetingld 2THHD 50
a . planning B F Zmeeting (K67 AE)
thizDOEXB T 54 % Y general 23 0
b . detail discussion %77 9 meeting ( K% 3~ A#E)
CESC(Critical Experiment Steering Committee YEMEE, Thid
ANL®Internal % ® CSuperviser 2581 0 #f[% 2> T, Chicago X
& Idaho ©1 AN 2 BfIfT %0
LEoHKEFER TR, AEArbH FRa2. €, BHEMERBEAD. KEETHT
CIRLI% BL, BEBADAEAEF, BEAEEKMa. KHTD Lo
@ reportsiEWOLHIREENS D,
a . Monthly TM’s
b . Topical TM’s

e . Informal Planning Documents



— Programs for Planning Meeting

— Assembly Document ( 6 # 4L )

— Detailed Work Plans (ZPR—-1) (B3~ 4[Eff)

d . Journal Publications of ANL reports ( infrequent )

HETMs ©a.bW@dDOEFHL IvEMaH 8L T3S HUERL Tndo
#oT, cOreport Till K2LH EHMABOR 6 SOB2 LT 5B, X
2AC AFABEECIE 2o ¢ . KON TH IdehoDRFOHHLNOTZAD
assignees B L Ti&E %o
Idaho 255 % L7z Assembly 9 KDV THED 5 reports 2L T
<o

® Post analysis meeting T2WnT
A@E®Benchmark R ICE 3 % post analysis meeting?® BXKME CHILLHS
EBHCITIC L ERFT B L ER S RO
® Broad schedule KOoOWTRDO3IDOEHRIK LD Mike & X b3iB#d b , BEFO
@miE Lko |
BHU-1:ZPPR—9 Experimental Program
# U—2 : General Work Plan, ZPPR Assemialy 10
# U—-3 :ZPPR Assembly 10 Program

a . Assembly— 905!

o]

Control Rods & Doppler KT 2R THWTHOIDEE T L TW A,

(o]

40r5 AKEBEL, 10 ACKTOFETS 5o

o Putissile ¥ 2 tons

o 2 zones © homogeneous core

o W HEEE O AL 1. 4

.0 peaking factor 1.2 5

o Heavy metal 341 v, o0 Td b, thilbreeding ratio® optimized '
survey L bR AY E 2.9 in (7.3 6m ) LWL L Twnbo

o FLOKEIX4600LTHTOO0MWe CHET 5o

o control rods XEAMICA - Tnbo

o sodium voidid 15 steps KA TITw o



o fission chamber i 6 4 #FiA- TWwdo

zhitfoil measurement EEDH TS,
o F M NEA CRPEM® international comparisoniC&bH L TH 5o
oTU235 fission reaction rate traverse @%%fﬁﬁiﬁ:t\ﬂPf’&ﬁiﬁf

depression LTwd, thid TEHO X 5CDU D unsymetric ZEEP L X

b @b Lng
Pty
| % Y Y = % = =
sl < < - 4
g
L]
<
k o
. 5| 18l sl &
S N Qe ©
© =] < = o < LH] E)
I ) [an] A Ay = AL I Y =]

Assembly — 1 0 OEREIHE <
o JF Bk At hexagonal IC% Y , 1 9 #FTIC control rod positions { Na
channel ) &#&F Do

assembly — 9ETEOK L IC , FLEHBKT %o

0

o sodium voiding EBR® size ¥ X F volume [d % % open TH Do
o phase A,B,CID&%
ZPPR-10AIEOC %##%, 46004 core (~700MWe#) Tcont-
rol rod position ZiiE
ZPPR—-10B:BOC %4, TCR's & #&A
ZPPR~10C:EQOC %###%, 60004 core (~950MWe#k)

o]

Phase CTZPPRMHAEHAE L Tw5b standard ZPR U-Pu-Mo pla-
tes D¥2500K fissile ®EMLAKRKRLE 2o |
o LEAHARGIE 5 0 HM @ contingeney of operation & FA T6+ROTEo

o BEZ b comments *EHBT Lo RICEERCELHTENRTELI T Lo

o high enrichment B-10IC L AEBRKDWTik, ZPPRAFEK L hHIR



2558, FCAFAOLOHN—HIKERATIALRELAEE, FOBRED
parameters ﬂséaﬂéﬁf&?ﬁb'ti?( ZLRAKRREN,
o R D planning meeting?ﬁiﬁ%EQZEXRG’i SAvBEEL» R BT, £O
LERMmFETACEN LA
¢ . heterogeneous core OEER
cUSWTOmakers (WHZ &) bOBEFB N, T BMICERT B4 S
o _
o REBEMOBTR M E A\, planning meeting O @ 1 AEIEK comm-
ents TE L\,
o Benchmark EB L LTOBREZ2HE Do
@ Plate data #» b heterogeneity cal. %79 cell cal. X ZPPRTHADE
Niwdcode 2FHLTWAE, BERNTREDLIIZFHERL TWwE2LTLEEX
H—dthTwh\witdata X JENDL % base £+ %0 cell cal. 77 5 L THHH
REEIhPTVIICT2ADE, BECIAEAF2LEMEL 1 or 28K Ida-
ho IR\ LT T & s LAio {BL, plate data —REB 3 o CEFMUEAFT
5o |
Assembly —100%TIX1 01 4Hor 15 8ELRZBFELXDOTINE TIC co-
mments RN T AEHLHEZ T &N Lk, copy&TiuH:a:Hemmich?Ea‘éég 8
L, z0%4&d general comments TYlhy EERABOFM A comments FEEAH
HESTHALT LW,
(BERATRERBE T 26z 26ERD S, HL , Assembly—10 ~O
general comentsKOll/:"C&iB%FaEJ@E%’[ﬁzzis LEMW, EfoxXBEiaH L b FAK co-
mments $HEH S X SRET T H )
@ B—-10,F .PHEBRZELODWIFCAZLOMBETEML CERTHZ LOLES
& EWLDWTAHBRBE T o
@ SHEoHEEBROLFHS," DOE—~PNC Joint Physics Large Core Cri-
tical Experiments Program” tEBEWADL , FEEHHZ LOEKL, bl
simplifyL A ZFAK LW E BB L, BANAS LR O 2 0% RE L %o
o Joint-PEP (Joint Physiecs Experimt Program)

° JELUC(Joint Experiments of Large Core )



ANLEITHRHELTHEZ &N % oko ( Idaho THEZERT )
@ PR%OEE@HWW#K$LkM&@§QKﬁLTIMM)Kfﬁﬁ&ETC&K
ZoRo
® RAAEOFBREZOBREENI-17T,XPNC, FBREAKOCHARETHENI -2
THHAL o
W, EERORBIR VMK L D EP, K¥, makers R FREFE L TIToTWDRAY
B Lo
@-ANL@AmumdPMMcsmvmmnoﬁ&W9wfﬁﬂU—4K:bﬁ%ﬁ&
—#%o Associate Division Director ® Stacey BRE~BEL TS,
® FHLOWTIETFHENLDoko BRAPNCHOBEFFHWEOREDE1~2M
$/y,ANL@AwlndPmsnsDw.u7~8M$/y TZOo Y bLERE8 S
fr, KERHROERR TS Bo
® ZPR-6,ZPR—9R¥ (EARF.H.MARTENSX)
OZPR—QMSTF(&dMyTHtFhﬂlﬂy)&bTFe+U235®@%%ﬁ$
LMFBR® IUGCFBR® Safety BHROXBRP TH o %o Rod Drop Ei &K
1y, ERBOERET-> T o
o ZPR— 6 GCFBRAELC300MWe 45 1200MWe ROF LoD 2 L
SUEFT19T9EZARTOFE. @_L , full mock upZMLT LH L& o
Doppler effect , He reactivity effect % & safety LORBREE EFo
® ANL-Chicago 2£581iCTill BRLE FTROMMRAM AR available &5 D
BELTHRLWE FEN L.
a. ZPPR-5 exper‘imental data for LMFBR hypothetical core
distructive accident
b . The experimental data for higher Pu isotope effect
FOHER, open OBR TH AW, BoT2ADassignees ES, EMELTL

h ko



1.3 ANL-Idaho&5f8
1) B W:9A18A(A) 9:00am~5:00pm
2) % Bt ANL-Idaho
3) me®E
(72v#%) Paul Amundson : Manager of operation
Leo LeSage . Associate Division Director (ANL-
Chicago )
F.W.Thalgott ; Deputy Division Director ( &+ 3 04
o)
Stu Carpenter © Section Head of measurements
Harold McFarlane : Group Leader of Evaluation &
Planning
Mike Lineberry ¢ Seetion Head of Theory & Analysis
= UT 32BN mo» s =
Clarence Beck , Peter Collins , Dick Kaiser
(8 & @) HEER,BF@E, bLE#
#@ILE (BB, INFCE 5D meeting EH—#ICEM)
4) N &
@ HE»L,5HEHO agreement AT OBFEL , 24D assignees ~OE v hos-
pitality @ L TRBFOBSE+R N %o .
® Mike»bChicago TOmeeting OXFBARKODWTHESHELD %o
@ Joint Program(ltoln’:ccomeeting s Documentation , Personal assigu-
ments , ZPPR Capacities Z ¥ TChicago O T HERE L 2o |
@ ®RE®Oplanning meeting @R E2A21B(K)E#BEE: T3 L% ko
® Joint Program @ EZHLIC O W TXERL2 LR OBEND - ko
o JUPITER( Japanese -United States Program of Integral Tests
and Experimental Research)
o BRACE( Bilateral Research Agreement on Critical Experiments)
tOBOmeeting CHELB- AR, JUPITER ST LEHRE Lk,
® HfEw(EMU-1,—-2,-3KLEb,Chicago b 3, b &Mz gimEn



éb :E‘%ﬁ%ﬁ")k)

a .

Assembly — 9K 2oWwTStuK & b EEEFBA

E&lé

o 5O0IHHE, sodium véid » small samples , kinetics experiments,
special experiments , reaction rate distribution ## 7o
2 20oQEE, control rod , Dopplerid 1 0 BREKERETOFET
Bbo

o Peter £ X D control rod exp. KDOWTEEHAH - %o
single rod X9 ( 3X3 ) drawers ¥ 9o center rod O FHIEEHNS 2.6,
1 rod~2rods *¥ZFMIRIERBBHEILTHET S0

o Doppler ®ER(X central measurements THRE 1100 "C%g@%f
Assembly - 10 oW CTHEHH

o dF AL assembly —9 &R L

o reference core JINFCEKRHELAZSOXIEINEACRP® Internatio-

nal Comparison R LAZIDTS 5,

o Heavy metal BREERIL 41%
W & M 22%
FrYva ‘ 37%

OEETHb, C:htdbréeding performance % optimum €3 5% 3 © %o

o F i Xt Assembly —9CE U

oFfEF vy 2 A1 9FTH S

o 41 BDRBBREILCONTETORERE Lk INFCETLERLABADE
Fadvance L2 b 0D & 5 ICEDA Bo
MIAET T OF LEREIC L 5 Spectre L OENWEE S TH S 5 o BLELE
EZ % Doppler , Void 2 ORI EETHEREORE2H50KED 5P,
REBBLAY, TENKEDD LR E 2o Ro

o AHKATOER L LCHHEBEWRCHLOEANEIATWIOTE -1 0EH
EHMRCOWTL CORED L OATELERL o MOZART O L EKfEM
L%k enriched boron (FCAFA ) tEbECHAFT2LELMEDS 30
REBRTELIAE I ROV T SEBRF T 22 LR %o

heterogeneous core C2oWTMike KL DREAN B - ko



CHIEANL THREFOIOL , makers HEEL TWA 30 LHANATHALTY
Bo THROE Vo

( ANLZE) (WH,GE,AI ,CEZE)

o HAROBR R bhAst, heterogeneous concepts HHRICBHD B
OHEBY, BHELTVEALATRATAAEI A LAEEOT, b LERT 2 &
Lr%,%bﬁ%&%of&<$%&%%@%@@ﬁﬁ;maﬁﬁ,aﬁ&ko
L L, Bfli% comments & HATRE O , KE 1 AKEICANL~ES L

Lo

@ ZPPROEB LD capabilily # IUBERHEFLCOWT, ZHOFHREAFL

Ko

a .

=2

Physics Studies of a Heterogeneous LMFBR

Control Rod Interactions in ZPPR-7G

Enriched Boron‘Inventory

ZPPR Assembly 9 Conpigﬁration

CRs using Enriched Boron (ZPPR-3)

Figure Titles for " Physies Studies ofla Heterogeneous
LMFBR " by M.J.Lineberry,et al.

~Control Rod Worths in ZPPR- 7G

Description of Reactivity Samples Available for Use in
ZPPR

ZPPR PSR (Poison Safety Rod }) Locations &‘ Oscillator



Positions
j. CR’s using Enriched Boron (ZPPR- 6 )
k . ZPPRl Material Cﬁmpositions
1. Master Inventory
m . Review of FBR Physics
n. ZPR Internal Memorandum ZPR-1 Memo /b
0 . ¥ u
p.- " v
g - ” n
r . " o
5 . " "
t . " "
u . # 13
v . " "
w . " "
x. ZPR Technical Memorandum ZPR-TM-320
v - # 7 " 323
(A EDEREBIARRE )
® EBR-IR#
(R LAA) EBR-IFLBEROA
(B Les) HERKR, akifgs, hbEg, SHLE
(RE®m) s-c¢vs, s, HiEs
o full power TEEP THwo 7o
o carbide B OBHFE T TIC 2 0 FHET- T 5o

o hRKEARFF T rE R\,

301
302
305
306
307
308
309
310
311

312

o 420 [E%B] LD trainees OWE T EHM , @ L 7o _



2. INFCE 5/D techniecal meeting
BEFRBRR Y1 2 v 2 ERALAFLHECODWXK, Bl , Ao 3 sEMo 7 - # 258
B 2HDOEFEMHE L hh ko ZEFEEf@%%ﬁVCl YREWNET -4« o POBIRET» Ao
2~3OWMEMAFTMAES TITLh 5T LA ko
1) A BI9A14ACRI~9A15H (&)
2) B PFiANL-Chicago
3) HEE: (¥ ) Gunter Kessler (KfK)
Hans Bogensberger (KfK )
Udo Wehmann ( Interatom)
(B&F) HERKR(PNC)
HHIAE(JAERI)
(kE) C.E.Till (ANL)
Virgil Lowery (DOE)
Mike Lineberry ( ANL)
Leo LeSage ( ANL)
Herb Henryson ( ANL)
Yoon Chang ( ANL )
4) BLAREH
(i) " Nuclear Studies on Alternate Fuel Cycles for Fast Breeder
Reactors ” ( ¥k )
(i) “ An Investigation of Nuclear Physics Characteristics for
Fast Breeder React:ors with Various Fuel Cycles, ” { H&E )
(i) * A Study of Sodium —Cooled Fast Breeder Reactors with
Thorium Blankets for Supply of U-233 to HTGRs, ” ( H&)
(iv) © Integral Testing for Thorium Cycle Nuclear Data, ” (24 X)
(v) “ Alternate Fuel Cyeles for Fast Breeder Reactors, ” (XkH)
5) HEAE
@® LEEC(i), i) # LT (v)Dpapers K2WwT,B8EPu-UReAE ORERCHET
BRE LORE &P LB D THRA L,
%7 - 2D\l , kKELEHHSENDE,/B—F (AL Th 232 @ capture Rk



ANLTHMIha30 ) xBEABENDF/ B0 %o Tndo
¥EQPu—UBYW LMF BRIZBEEE (FH52MWD /&) L(EREFFHADRE
(499C/343C) #ET conservative Th oo BHELERORTFFHADE
EiX540C/390C TS5,
t7 , kEORNY, SBOREEMNS 3~54MWD KiiosTed, CORHK
REBEWID L EsTWnADO Toptimistic THELHLOFERE LAH, XERA
HEBR-ICTOXRSABEANS 20 CHERZWELOZ & T, B, AARLEHH
h\n DR R R E o o
Fyh s BAEBRIWOREY 1 27 v 03 BB L AR, XEER{IY , RILY, €8O
FTRTEF—~1 LA OEREL %o
H&XOLMFBR&#IUFGCFREHEBGBRAOE T -2 L THD , 3HE
JFlya B LCpeaking factor #MA LAV OEMLTWHEOT, O 2/7ELOD
EELBEEL Y
® WkEkEOEEPu~UZLMFBR OBRHIGERHINRILIENTELD
B WhEDER N TbRR, BEMI VU TORBIHELRLTELE TS LATH
BL,EMEORE%RX £/

XKEF - # W7 - £

PLBEBET(MWE) 2500 3120
(27405251 0%5[%) (342052510%5(%)

BEEBILAI(W, ) 459 420
BB (em) | 1016 95
BB e K 318 498
BEEL YO ECH 271 271

L toBHF— 228 N e—%> 7 RE(BLEKEFRER2RBTEDL) &
K d EKERL.60 %D, AHRMNLT4ERT, TOEEHLI0%5TDE, LA
B TEMRAL O FBRECBHNTBELEBLRAATNE LRET 5 L WEORE
7 — #{X consistent Td B,

@ HEILATEARUTOI> Z3IDOTH bo



a . breeding ratio ®FiT, KERBPu241 DFRNTDdecay #EFICALT
g

b. BHORHEOTHA~NKZBD , I conservative T 3o

c . MBEETHETTSHE, breeding ML inventory CEB 2 5L 2FHOER N
BObhb, FlATTEREAFHEEF v+ >~ % 2T absorber 2HA LARECHRMLT
WnWdo BIFBEOERKMKERL1 9KTHD , BHIES5EKTS 5,

d. Th232@capture cross section 2Tk, XkELHBIIHEFD Smith-
Poenitz OFMfi7 - 22 BHAL %), BEEARENDF,/B-N%#£HAL T b,
BRAOTF - 2N L3155 T-Tna,

@ BEHOFEEFICHESIA-22hBMT2R2AEL , BiH £17- ko smear de-
nsities , fuel volume fractions, plutonium isotopiec content,Pu 241
decay, linear heat ratings 2 ETEHETOEERN D A4, breeding ML L v
fissile loadings Tid homogeneous cores ROWTREBH L —KLTWEZ
ERbrb, KEF -~ 23PHECETHDE L 0RE W,

® W, XE, AFE03 vEIE 5D D data base & LTKEORHFAErERT s &
ZWE Lko KEE , breeding ¥ X U inventory STE W THREDRG @ ab-
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'ZPPR-9 EXPERIMiNTAL PROGRAM BEHU-10

The principal objective of the ZPPR-9 program is to provide clean bench-
mark data for a homogeneous, two-zone LMFBR with a volume of 4600 liters
(nominal 700 MWe). Experiments shall be done in sufficient detail to cnsure
confidence in C/E ratios for a wide range of physics parameters. In addition,
the experiments shall provide a firm basis for future EMC measurements as well
as for future measurements in heterogeneous cores of this size.

The following'summary establishes the framework of the measurements.
1. Control Rods

. Worth of single rods as a function of radial position
Rod interaction effects

. Worth of rod groups in likely ring positions

. Alternate control materials

. Rod diameter and composition effects

2. Sodium Void

. Central zone measurements
. Detailed axial measurements to separate leakage and
non-leakage components

. Radial map with single drawer
. Quter core zones, x and y

3 Doppler
. Central measurement

4, Small Samples
. All fissile and fertile materials available

. Structural materials

. Control materials

. ‘Radial and axial measurements
. Fission source

5. Kinetics Experiments

. Test point kinetics model
. Reference for future experiments in heterogeneous core
. Boff> B/%, a; sets, transfer function

. Static measurements, involving power and reactivity
distributions with an inserted, off-center control rod

6. Special Experiments

. y-heating
. Ex-core detector (concurrent with other measurements)
7. Reaction Rate Distribution

. X~y radial map .
Several axial traverses Tﬂ&
. Counters for fission rates in higher isotopes
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( ft8¢ Assembly document KRETZ$0) ‘ HHU—-20
GENERAL WORK PLAN

ZPPR Assembly 10

A.I. Approach to Critical, Phase A

Assembly 10 Phase A will be similar to assembly 9, except that it will
have hexagonal core boundaries and nineteen sodium-filled control rod posi-
tions {CRPs). Atsthe end of the Assembly 9 program, fuel drawers will be
removed from the proposed ZPPR 10 CRP locations and the outline rearranged
according to Fig. 1. Fuel will be removed from these drawers and stored in
the vault; the drawers, then containing only inert materials, will be re-
numbered to correspond to expanded inner coré positions and inserted into the
matrix. The approach.to critical will be performed by first adding fuel to
the inert inner core drawers,and then by spiking selected inner and outer core
drawers. Spiked drawers will be the same type as the outer core-double-column
drawers of Assembly 9, as shown in Fig. 2.

_ A1l steps in the approach to critical will be approved by the Reactor
Manager. The detectors use& for the approach will include the two picoammeter
channels, the half-1 and wall BF3 chambers, and two fission chambers
near the core center.

A.II. Operational Measurements

The total worth of the poison safety rods will be measured and the
temperature coefficient will be shown to be negative. The safety rod gangs
will be the same as in assembly 9, so fhat the insertion rate will be measured
only for the highest worth gang. Additional measurements will include gap

worth, shim rod calibrations, and effective source.

— 23 —



. . . g
A.III. Reaction Rate Distributions ®

Radial and axial reactjon rate traverses will be measured in sufficient

detail to provide reference distributions for later phases of Assembly 10.

Foils of 239Pu, 23SU and 238U and TLDs will be used for the reaction

rate maps.

A.IV. Control Rod Worths

Selected groups of mockup rods will be measured, such as the central
rod, the six inner ring rods, the 12 outer ring rods, and each ring with
the center rod. buter ring flats, outer ring corners, and a combinatioﬁ
of outer ring flats and three inner ring rods will also be included. Suffi-
cienq single rod meésurements will be included for determinihg rod interaction
effects. The~"mockup" rods are larger in‘croés section then typical power |
reactor subassemblies. A number of central rod meésurements will be made
to study specific control rod designs. These will use boron pins, enriched

to 90% 10

B, and steel pins in calandria to model different rod geometries,
Natural boron carbide pins will also be used to'study enrichment effects.

AY. Small Samples

Radial reactivity traverses will be measured for a small subset of the

samples used in ZPPR-9. At a minimum, reactivity normalization will be
23 10 ' 252

obtained for 9Pu and ""B. Other measurements, including Cf, will

be made if interest arises from analysis of the ZPPR-9 experiments or other

LPPR-10 measurements.

A.VI. Sodium Voiding

| Sodium void reactivity will be measured in several radial and axial
steps. Voided zones will emphasize proximity to control positions as well as
similarities to zones voided in ZPPR-9. Sufficient data.will be accumulated
to compare with ZPPR-9 results, to determine the influence of the large CRPs
on the nearby sodium coefficient, and to form the basis for measurements in

ZPPR-108,
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A VII Other Measurements

The need for additional measurements may be identified during the
completion of the Assembly 9 program and initial part of Assembly 10. Experi-

ments would be added as required to respond to specific data needs.

B.I. Approach to Critical, Phase B

Thererwili be seven mockup control rods {CRs} inserted in phase B, in
positions 1,8,10,12,14,16, and 18 as shown in Fig. 1. The approach to
critical will Be accomplished by spiking both the inner and outer core zones.
Spiked drawers, whether used in the inner or outer core, will be of the same
type as the outer core double column drawers. The detectors used will be the
same as in StEp A.I above.

B.I1. Qperational Measurements

Essentially the same measurements will be performed as for phase A,

" except for gap worth.

B.III Phase B Experiments
1. Reaction Rate Distribution, as in phase A, with emphasis on distri-
butions near CRs.
2. Control Rod Worths, including inner ring and outer ring corners.
3. Small Samples, as in phase A. -
4, Sodium Voiding, as in phase A, with emphasis around CRs.
5. Other Measurements, as required.

C.I Approach to Critical, Phase C

Phase C of assémbly 10 will be the maximum size (6000 liters) that can be
achieved with the present materials inventory (approximately 2450 kg fissile
of standard ZPR U-Pu-Mo plates). After all inner and outer core spikes from
phases A and B are removed and stored, the CRs will be changed to CRPs as

in phase A, but positioned as in Figure 3. The outer-core single-column



drawers (containing Na2 C03) Qi]] be used to expand the radius of the

inner core, and the outer core will be expanded to maintain roughly the

same power split and volume ratio as in phase A. The steps in the approach to
critical will begin with the repositioning of the spikes to double column
outer-core drawer locations. Since the fnventory of Na2003 is exhausted

by the smaller phase A and B, preloaded single column outer core drawers with
no Na2603 will thenlbé Toaded in the outer core. The use of Na2C63 pro-

vidés a bettef simulation of'the stoichiometric balance between heavy metal and
oxygen. The radial blanket and reflector will be éxpanded along with the core
in order to maintain the same thickness as in phases A and B. Detectors used
will be the same..as in the'previous phases.

C.II Operational Measufements

Cperational measurements will be the same as in phase'A, including
gap worth.
C.IIT Phase C Experiments

1.‘ Reaction Rate Distributions, similar to those performed in
phase A.- | |

2.  ControT Rod Worths, similar to those performed in phase A except
“more limited in scope. | _

3. Other Measurements for normalization to other phases.
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Time Estimates for ZPPR Assembly 10

Experiment

Phase A Approach
Operational Measurements
Reaction Rate Distributions
Contfo1_Rod Worths

Small Samples

Sodium Yoiding

Phase A Total

Phage B-Approach
Operational Measurements
Reaction Rate Distribution
Control Rod Worths

-Small Samples

Sodium Void

Phase B Total

. Phase C Approach
Operational Measurements
Reaction Rate Distribution
Control Rod Worths

Phase C Total

Operational Requirements {15%)

Assembly 10 Total

Time, days

11
2
3

10
4

20

S w NN

20

50

- 42

12

21
17
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ZPPR Assembly 10 Program

Benchmark Critical Experiments for Two-Zoned
LMFBRs in the 700-950 MWe Range

Argonne National Laboratory
Appiied Physics Division
September 13, 1978



Summary
Three Assembly 10 phases are proposed to study the neutron physics
of two-zoned LMFBRs of two different sizes:
ZPPR-10A: An end-of-cycle configuration {sodium-filied control rod
. positions, but no inserted control rods} for a 4600 liter
core (700 Mde).
ZPPR-10B: A beginning-of-cycle configurat%on for the same reactor
(seven inserted control rods)
ZPPR-10C: An end-of-cycle configuration for a 6000 liter core
| (%950 Mie)
Measurements wiil include reaction rates, controT rod worths and inter-
attions, sodium-void reactivities, small-sample worths,.and other necessary

experiments that can be jdentified.



Objectives .

The ZPPR Assembly 10 program is intended to add to the information
available on intermediate-sized LMFBRs. Recall that Assembly 9 was a clean
benchmark experiment for reactors in the 700 MiWe class; it had a simple
geometric configuration and no simu]éted control rods. Assembly 10 is the
next step; as shown in Figure 1 it contains nineteen control rod positions and
core outlines more typical of real reactor designs. As Assemblies 2-4 formed
a reactor physics data base for demonstration-sized LMFBRs, Assemb]ies 9-10
are intended to form a datalbase for the intermediate-sized systems.

The ZPPR-10 configuration should be typical of LMFBR designs, and the
program should address perceived design issues. .In addition, maximum use
should be made of the ZPPR-9 information, and straightforward comparisons of

results from the two assemblies should be possible.
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Configu;ations

Some general observations about ZPPR-10 configurations include:

. The reactor compositions will be similar to those in
Assembiy 9. For the cbre, cell designs simulating near-
optimum breeding performance will be retained:

~Heavy metal volume fraction 41%
Structure 22%
Sodium 37% -
Cell desiéns for the major reactor zones are shown in Fig. 2; they
are~the same as in ZPPR-9.

. The core volume (4600 Titers) and height (40 inches or
1.02 metersi of ZPPR-10A and 10B will bé identical to
those in ZPPR-9.

. The core volume of ZPPR-10C ( 6000 Jiters) will correspond

© to the largest system of 40" height that can be constructed
with thgse compositions. |

. The enrichment split will be fixed to yield a suitable peak-
to-average power charactér‘isfic. .This will be done by add‘itidn
or subtraction of double-column fuel drawers.

. The control rod design (3 x 3 matrix positions) is large, but
was chosen because of its symmetrical geometry, and because
natural B4C can be used to provide enough worth. Special
experiments were done in ZPPR-9 to examine size and enrich-

ment effects: more will be done in ZPPR-10 if needed.
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Experiments

The experimental program for Assembly 10 will take about six months,

and includes:

Control rod measurements to emphasize size effects,

tilts and interactions.

Reaction rate distributions, particularly in the vicinity

of CRs and CRPS’ |

Sodium void reactivities for comparison with earlier measurements,
and to study effects near CRs and CRPs

Perturbation worths to facilitate comparisons to other

assemblies and to complement other experiments.

Other experiments, as needs are demonstrated by results

of the experiments and analysis of the Assembly 9

program.
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®
ZPPR-10A

7PPR-10A will be a 4600 1iter core which simulates the end-of-cycle
configuration with nineteen sodium fij]ed channels. This phase will be mosf
' nearly like the assembly 9 configuration, and will provide the reference
configuration for the assembly 10 program. Limited inner-core spiking with
double fuel column drawers {about 2% of the drawers) will be required to
compensate for the configuration changes relative to assembly 9. The core
outline is shown in Figure 1. .

ZPPR-10B

ZPPR-10B will simulate a beginning-of—cy;1e configuration having 7 :
control rods inserted. These will include the central rod and six outer ring
rods Tocated on the flats of the hexagonal boundary. Measurements in this
phase will emphasize the presence of the control rods and the resulting shift
in the neutron flux . The configuration wiil be the same as for ZPPR-10A,
witﬁ criticality being maintained with the addition of double fuel column
drawers;- |
ZPPR-10C _

ZPPR-10C will be a 6000 Titer core which simulates an endwof;tyc1e
configuration. The basic design will be the same as before, with similar
compositions, 19 CRPs, and hexagonal core boundaries. The bianket and reflec-
tor volumes will be expanded'to'accomodate the increased core siie. The core

is shown in Figure 3.
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@
Experiments

The experimental program for Assembly 10 will take about six months,
and includes:

. Control rod measurements to emphasize size effects,
tilts and interactions.

. Reaction rate distributions, particularly in the vicinity
of CRs and CRPs |

. Sodium void reactivities for comparison wifh eariier measurements,
and to study effects near CRs and CRPs

. Perturbation worths to facilitate comparisons to other
assemblies and to complement other experiments.

. Other experiments, as needs are demonstrated by results
of the experiments and analysis of the Assembly 9

program.
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