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Heat Depostion in a Single Test Fuel Pin in the NSRR
(Physics and Nuclear Analysis of the Nuclear Safety

Research Reactor-1IV)

Takeharu ISE and Yasuaki NAKAHARA

Division of Reactor Engineering, Tokai, JAERI

(Received February 7, 1974 )

Extensive parametric studies have been performed on feasi-
bilities and conditions to get maximum heat depositions in UO2
test pins located in the central cavity of the NSRR in the
pulsed mode.

Thé present study is concerned only with a single UO2 pin
in a test capsule filled with water, although the fuel pins of
BWR, JP2, PWR and FBR have been selected as sample pieces. As
a result of the calculations, the following conclusions are ob-
tained.

Higher the enrichment of UO2 and smaller the thickness of
the pin, more the heat deposition per unit volume of the test
pin. The heat deposition estimated by using the THERMOS data
differs to some extent from that by GATHER data. The heat de-
posit depends on a water sheath around the pin; the optimum
thickness to give the maximum deposit is 5.3 cm independent of
the enrichment of uranium and the size of the test pin.

Thinner the capsule wall, more the heat deposition; the heat
deposition is increased by using Inconel instead of Stainless
steel as a capsule material. On the other.hand, the heat de-

position in a pin decreases as the core become large.
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1. 1 U i

NS RR ( Nuclear Safetv Research Reactor, ZEEH%R 'KF‘) T, RS A
K& AERAORT, RERE OB R A5, BT FETATAADL B HIRF 85K
FLABEN RGBT, ST Le*y 7 (water capsule) RICH, REREE ¢~
HIEATEHFINT VA, NSRRTH, CORBRBCy# I LTHEL 2 8BS v 20T
PAZRAMF T, ERMIFLFOHERAEDT, “:k%’ﬁﬁﬂ kD i ¥~ O,
SR L RICIRRRB) FE R ALY, FaTkak L NEMILNOGHEAREbATALER
L%,

SEPE Eo b LTH, DO S0 LFT, €y OHED fnk & O (HEED, 062
em, 0.533 em, (0.466cm¥F L X027 em) % FELX A, LN »FIRIT, BWRY >, JP2
€y, PWRE>IUFBRY v FEZMTTEL<, UONEEEICOWTT, 2.6%, 52
%, 100%XF200% D& i*lﬁ‘%z“%

ﬁ@ﬁ,%»ftwm%myﬁV%%mT L oTM U0 N spE st EHE , — R THER

9 — FQURNET L w53 A F U of « =<4 THAL, UDO,DERE L AHEBag~D
%@,UQEmGﬁKlE%%,ﬁﬁ&m%K£2%%,fyftwmmﬁﬁmﬁgmlg

S, ¥ 7R ABEOEICLAEE, FLe LCBNEDTHEICY F287 ED~bhi 77 .

O H

%ﬁﬂ'ﬁtﬁ FEEEG HCONTOE A D@, Bv )~ XTOROBEFTIT-T
nan TS Y e e e, HEFEC DT ERICE T, 16 ol P A EE T A T8
BIC2VWTEH~, &Wﬂ%%ﬁt/ﬂﬂmfm BV T DN TN A,

2.1 EFFEHE

SERPAEL Vo ORESEHE OB, RO 3~ FE i»ﬁiv: bh ot

(@) GGU—4(GAM—GATHER—OQMBOI '

® THERMOS—MUG

@ CGURNET

b a— vid, WS FACOM 230,60 BT FUTEE A ST D b TH A,
GGO—4 & THERMOS=MUG @, BHERSTERE 2 - FTab ., GGU—4irBmE R
MEEREF R RS T A(GAW\ﬁlQﬂm%%2«ﬁ¥7A(GAHHh]W#HT%
PEEALR 2, THERMOS=NUGH , b -l b#mEaEORaET = ~7 b 3 LHETE
AW ENLNE . LzhaT, NS BRER (U —ZrH)O®EHEIAZHLRBIcLT
. GAMETHERMOS—MUG % BT E A5 30, FOqud 000 s icom LT,
GG(—A%m%mmb,ﬁ%nﬁﬁmm¢u+1«¢bi£f¥%bkﬁ%ﬁﬁ@h%nﬁn
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1. & L % i

NSRR(lemrsmmwI%MamhammMr,%@ﬁﬁ%mfjfﬁ,m%m%%
KE ZEFHLOBT, RBBEOERER FI1T0  WOILTFE TN TN 2D, 5 Es % K
& {,fzit??fiﬂ‘m?ﬁ%%"(', BMAKFHEEZ L Fy 7 water capsule ) I, SEEH v
FAEATERAIA TS, NSRATEH, COXBRE C o %IF LTEEL L8R v 2T
LALIARFE—T, BMALAOHERAOCT, RRBHCYKGHEAND =34+ ¥— (TR DL,
RERSBR NCERSER)FE52 AL9, ¥y 72y DVEMILPAOTRHF TEOAENES
L,

SERRE € LT, UQARAE 0 ETT, ¥rO~fiED Rk 8O { FED, 062
em, 0.533 em, 0.466cm® X027 em) #E2 A, bt ¥ %W, BWRY », TP2
L PWREY®LIUFFBRY v M THE L, U0 0@HBEIC2ATH, 2.6%, 52
%, 100%X 2009 D& 2% ELE

i, #4 72 AD@HHETHAOT, LCTO U0 RO FEIT T, — R T @

v

a—FGUmmTK:qﬁﬁafruwﬁ.v~&4f%£oUmm@ﬁ§%;£%ﬂ%«m
Ta Oy oD AICL A%, BEROECIAER, *» 7o ROBEKNEICL A
Wk, %y 7 ABOEIC L AER, F0r LFRMEOTHRICL 2udl Eop~bi i,

HoE o %

EI S UEFIRREE SOV TO R L DERE, Xy | - X TOROREGFTHT-T
) _ L
m%mflSCCTH,%%%EKOMTﬁﬁﬁmﬁfﬁ@hﬂ$@+x%ﬂ%%%éfmﬁ

BT DT~ RICEEHE & v T -DOnTh FEEE T D2WnTal~A,

2.1 EHEFFER

segidl © v DRBEEE OB Y, KO — FEE rnﬁﬁvf’oﬂ 7

@ GGU—4(GAM—GATHEHﬂCOMBO3 ‘

B THERMOS —MUG'

@ GURNET

Tnbhd o — P, Wi d FACOM 230,60 jTEMHIER SOHMLETHL .,
GGO—4 F THERMOS—8iUGH, M@EsErERE o — FTa&A . GG C— 4 0 FEE
mﬁg¢ﬁ¥14ﬁhaA{GAM1n;U@¢E%z&¢raA(GyHmﬂi%ﬁﬁ%a
mmﬁm%ﬂﬁnqulNOh\MGi,%nﬁ%%wﬁ&%m@$ﬁ¥z&ﬂrﬁﬁ%$%
fém%%w%nﬁﬁbkﬁaf,Ns%&ﬁﬁ(r-%ﬂﬂm%mﬁnﬁw@ﬁMKWLf
i, GAMETHERMOS—-MUGHAWTHER DT RIN, DA R BT LT,
GG C—4 FEEERL, ﬁbﬂfffk?kmqu'fﬂ*z’\;1"7ATAfLﬂJL,7%ﬁ£ﬁfﬁ7jﬁmL“0ﬂan

e
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AR U TR T AREHT, BKX<2 34 TEHINALENHEE INAZH, R
EOREY Fx o 7T AR, LYHEDEY, THERMOS -MUG 7@ # B8 € vt
mfﬁﬁ%#ﬁ%bfﬁaﬂhﬁmaa@¢ﬁ¥mﬁmbeﬁﬁﬁnﬁnZﬂ{gzﬁﬁm
(Hy OYDHE » —% aid, Fhth, UNULElﬁi@GﬂSKHT—FLAN}Eﬂ’ﬁﬁﬁg
N dMFENL, .

BEHF RO DREOEA T A v ¥ —REd, Table 21 10W-H ¢, EuthikF8 mﬁsﬂ
BB TR A DTEITOBTH A, L0 A aF B, IR F RO OO AR
MmLEHLNEZDID THL,

I]H“Frpf’j‘“(Aﬁf;F,(nT% T~ FT 5  FHAMHEL NEHZCITIMDE N {5 cm )&
4 MBS ATM%WT,_&K%W*ES—F(P'Hﬁ“ﬂ%TOR2)mR ZENHE
T R T A DI T D LR AR SRR ST A GURNET T, &7
R L, COHEH TAEBO Ay va B, s ( L=v D/Y, ) FHERELCLT,

Ao valh®wEORD ., HRE ¢ V&aﬁjr’ﬂ S F AR L E L A L, Er
IR 2w v ot ilm & > Tni { Table 22 B ), REAEOEALIH 40 e & -

TN N THak Bbn A,
HECH A< 20 »5id, GURNET 2 — FR TR I N ARG T A o —{4KFF 5
w 2Ny orFRBnk, tHHL, PEFHERAFAD DN SANAOLX

Ve i = Ly z(zf¥¢1+z %:¢i (21)
- Ke g1 i (i

i . . N T . -

2m==2%m+§wxiﬁm-+[mwﬁﬁﬁw%n} (2.2)

b+ BE, cez Yy B,

2z 2 '
i [th] = T { .3
CimAmO@n J= ﬂ Dm /+2 13D, 2

g

ThEgbLbhA, 2T, i, jRIALEF— T ~F miba@E, X 1, b i ~OBE
AR AW T B A, w20 v fmt (2.3 ) KNENZE, wHEOE X TA NS A

NEWTH D, T DDl O K RO 5 E »7,

2.2 UO: FroRuzg

gl ¥ [,'I()zpﬁ’”“@’cl“ Aagia g [ heat deposits ) Fst @4 280, Yrwk
WA TS AT AR RANET T % o F — O lt, E M E LR P SEO TS NS b
BB bA A T RO | ' |

Hgp =UQ, B T34 Lz#dt ( heat deposits in UQ;, ecalZee )

Bp =D ek xh ~vF ~ { total prompt burst energy release from the

core, TOOMV—sec = 23.880 X 10%eal } .
Py =shegmk® @ v RN g @d ( total fissions in a 10, pin)
Fo =F.0RNEMENE ( total fissions in ithe core )

Vg =HFEARE O ( volume of a 1 pin {ee))

k1) NI T R LI BT A BN R D T h i, i-ﬁ!‘ai;;fgd}( DT PR 3) TN Ay

— 7 —
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Mg =Hgp#El £ D@ ( mass of a [0y pin (gr))

e (b, REBRE C RO ESAER, KX THEIN L,
LAV
Fg Vg {or Mg)
reT, EvOEBEVy (ce) THLAZFOXFBAWAE, BHFH callce PR TRD L
n,MggﬂT%oﬁﬁmﬁ%ﬁmnﬁ,cﬂ/gméﬁfxm%nznmdnmg;,im
(2.4 VYRTRkwo i, ABBRE CyNTRELAZTHAFSRFTHA, CLTHFg B
YUFFg FEHTARBIENT, 26N I vY ¢5RA i, BBICHFLT 20N

Hgp { enlscc or ealsgr ) =Tp X (2.4

0.2 BBETHA , BEEFDEERCHT AFELDNTH 3 2T 505,
B b7 id cal/ece TRDO LN REE T cal/gr WRET AT, 0, DEWEF of (gr/
el bt AE, RRTC L »TRH LIS

Hep (cal/ce)

pg (gr/ee) (2.5

‘Hgp (ealgr) =

3. FrEMRL X K

3.1 HRIMHE s DEH

CrTHWLN AZNS RROBREEREZZ Pable 2.2 Won+ind, BMENEFH L0 em,
LA E 180K M B WET TS LT 191 em iy, flux trap & LTOHEGILND KA1 MG
s em i, XBAB EYAAATHnAKEr 7Er ( water capsule YD X2 F YL 22 F
e { HUS304) OEAK emth, Fy TEAROEBEKNEIN, 5 em T, FLCE

AR BT A, REILAO K4 PEEAKOREIN, FERndcgR0gRErL 25

NAL FEHONARES T, ®% 72 AENIFrrvazs-aDEXR, ABRR O
BEIE K AOERICH T A E PO ER AL EN b, REREY I, S, 2TFEALN

TnANE, A 2OKINFMHEROEL T, Wh b, vahoda—2 ( Zrv—2 Vi T A A,

GO, Rt DnTI, B & QBRI DN T@# N AKIC, 2.6%, 52%, 100%,
200% M 4 DG A A, RERE Y O, Table 23 Wi+, T oTiH U0, MIHE

F1080gr/ee bk LTnA. Evdg 3+ ~7T, 38lem Thi,

3.2 UO: EvADOEDTHHY
U0, WO AR, £ CORMEFRD L F v ¥ — 5 L RS AT - T b3, TR
AT INTHA LT, Tk od— - 7 o= 7@EOshdimige L a0 Fie3) Tah,

MIE DT, Table 31 % L (r Table 3.2 0 LT w7, Table e T, s (eare)

f%gnfm%ﬁm.ﬁﬁ%ﬁﬁymaﬁ@f%hMBJ)mx@iv@@ﬁ(%hm32)
it s T b, ' '

AL DR b, BT L A AT SROHE DD 95 % UEHRSHTHAT ES

— 1 -
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Mg =Eg##l v v Fa# ( mase of a ()} pin {gr))
Fg b, REBBE Y RO SER

2iF, RETmEN AL

F‘q 1
Hep { eals Vgr V= "V Cor W)
<p ra ce or calsgr l:‘P FL Vg { or MS) e
_— t“y(ﬁfxﬂﬁvs (ce) TElomANKXFRANAM, BEET cal o DRI TRD L
o, Mg (gr) THEloAa AKX Binig, ua.l/s!_rmj_ﬁfﬁ'fﬁ?m%“z’; nWoORIKLL, b0

(24 VFHTROLOLED, BHBRBE CorRTRELAVSERRTHA, TLTEFg +
IUF, #EHTAEETENT, 28N/ DIT v $7 AN, FRFCFET EZOMR
A BB IE T BEEFO VT IR AXF —BE LA WEHAOT, FPRDERBRICILEET,
0.2%TBEBTHA, ﬂdﬂfﬁ:%m%%bwﬁ%%ﬁ»ﬂtom 3 2ETHAN L

Hb7s Ui ealsee TR bR SE % cal e THA T A, 0, DEE T pg (gr/
Pc)}"ﬂ‘ L RRIT L ATk RS

Hep (calsce)

pg {prsce) (25

Hgp (rals/gr} =

3. FHEsE R P X R

3.1 HamMHrooEsE

LZTHNGR ANS RROBEEZD Table 22 R+ m<, R#FELK L0 om, B
A HS 180 PREL EE ST ITAH 2 L’C 19.1 em M, flux trap &L TOFEGILRO K4 PR
5 em ilr, BERKE CX A ﬂfV\Z‘ sy 7er { water capsule VM X F YL XRAF
— o (NUS304) MELHE 1 em M, *a 7 aPlOEANEIL, 45 em T, S0
BB v AEE T A, EEBILNO ¥4 P RO I, SRARMCHERORAEFEX
NALISEHLRANEET, 5 7€ O RF L aF— @ EIT, RERE ©rD
GrEs F e BT Am g FOERSLED BN A, SIREL Y LT, HAE, T EL bR
TWnWANE, ADOKIMBEEOE YT, nFA b, Jonad—2( Zey— 2 ETHE,
2.6 %, 52%, 100%,

00, O BEHEE TSN, e PRGN TR AN B AT

200% D 4 DA EEN A, HERE © YO e, Table 23 TR+ . T OTH U0, Tk

F1080preek LTinA, Evng 3t e~T, 38lem THh,

3.2 U0, FrAORKRIEE

U0, PIM s, © COMEFRO T X~ ¥~ L PERFRCE T A0, T
BB AT A LT, Th AF— 7 — TEOmadg@asdss Lad i Ve 3.0 Tdn A
SE DWW TH, Table 3.1 % L (XTable 3.2 {0 LT &, Table Ma T, @@(mwm
TRAN T AR, HPE ¢ o O igh ( Table 3:1) }:“Iu-l../ﬁ\r_&}g*ﬁ{ Table 3.2 )
mﬁmf%%mfﬁ%“ '

Cn bR D, MBEFIC L AR SR I GE BT EOTHAT ER

-3 —
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PM B Evr, WLDHARE U0, €D @R IR L A (1 GLIR ) 2 & b7 B
TE L. IO ER, BLERBH N aeC Rt AL, CraOERBRATLHTHEL
i, VOl b HERICR <, Fh L

FI LRI T AL LBy, RO

BNBETE T AL QLMD & A, &, A8l T ®ER Table mO#E{ET,
Fe L Fgid, v2, 97 THER, —BFHENRKEWERnZG ¥ — T, v HEHT

AT TR vEEELTLES (R (2458 24, BEESDEN 2 21+ T
EILLTHA,

3.3 HRABHF - TEILARAOREFHSH
TR R 7R AROBGIRESE ( REFHVCONTHRET A, Fig.320,
2.6 %P BWRE Y HEM IR F 2 7 R LICER SN & kDR R R
THE. ERFLRNCIEmKICL T, U0 ¥YOHAHBETEE ) EndiEFESIN A
Z4P ) I % VT R e T HUT s T BT B A

Fig.3.376 Fig.36% T, BWR,.1P2, PWR, ¥ LY FBRO 4#EAO O, ¥ T2
WT, WRET N7 A2 —TL T, BKE e TR AR ET was ((LRELTHEG x
A FE— ST VR, EYACBBREFORIRTL ~T, Kne rDNER, &5 7
t»wmm%%ﬁmﬁA(fmxxum)#xg<,&ﬁ,%%gmﬁgmﬁﬁgﬁﬂb,ﬁ
ABKENCEDDML, CTFFAVOMFEHEHE( 5 27Tcm) LACT, Yoy kI
W TR RS A, f KOO SERGFCH T AL D2WTH, 37T TH~NA.

3.4 HREMHE AUV FLAOENSH

SHERRE IR T, HERBSCHESE T A0, HOAET, MAS ST R TE AR
Wl A b RS N A, Fig. 3776 Fig.3.10 2 T, ABEOFE ¢ v+ 20 h
WA (R FE ) B L T anfr, m DA T L Th, BLLOENEYHEL TN
A, ohdER, NS RRT, #fnrhmadis tn s s Iethg (70 h,

flux trap & LUSEMILNARE-Hhd ), PLA RS $I0, SEHLR ORI
WMETEAMENGE AN T HRA L, T BO®E

(TR E N BT R e AR R R,

RO EEART, U0, A T NN E

ﬂfvwmmﬁﬁﬁm,nm
Zagit, YOG NEKE N,

Fig.3705Fig.310 % TOE>Sm AL

.

Mgy DR SRS NER G L, F T,
cnwaﬁMM@.Fm.ayvmpaﬁﬁﬁﬁlﬁﬁ.Ey¢fmwﬁ$%mﬁAW@ﬁ
@Kl%%%#&ﬁmﬁ%f%%oFm.wiKBW&EV&JP25y¢WMﬁﬁﬁm&m
Rl Tetndf, ExOR A Table 23105 La k2, 1 P2 YO FPBRBWRKE YLD

i’:-:u! ll’\ o

3.6 U0, OEmELERELOBE K
HAMEHOGEDHE, B AEALEDTEAUD, EvEN il ¥4 AT EThi,

Table 3.3 Wi, ecalseed L calsgr TRl 7T 3EH

—_ A -
-+

g g (Hep YD T & A, Fig.
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3126, Table 3.3 & XU Table 3.4 # R LA SD T eallee TRLTH A, BWR,
TP 25 LUPW RO € o, SHEAE ST VO T ( Fagn, #EH0.62 cn, 0.533
em. 0.466em ), WAL & HBBE LD ERILAL O KRB AFLTNAD, FBRE M,
D X b BN 0.27Tem@¥GE NN T, TN A v, NSO — 7 LR ST,
HEEHE T 5 A,

BWR, 1P 22 X0PWRO Sy BRET 2LEPNANTH A, LEfoT, Pig.312
PFERE L OFE L (HWRLAZSNAFig.313 Tha, @0 BA, TR 7w R, Fig.314
B RSN AIORBIE € v Pk Ry T ek Rk FROKTH A, BWR, TP 2, PWR
PLUEFBRNEYE DN THRETHELTEWE |

Pig.312 DABE, o 70y SEFATAL L ED U NEBETHE, CTTH,
K U Y TEBARONLLAD TR D, RRENCBRRE ., T IR4ETHE M
GEFOREFSH? ECLAFERRDS 07 ) FOFE, TALH T o AT DT,
ERMEDBBEAMAETELELEL b A, Table 3.4 CF, FEOAKIT T ABEDT

AN Tn b,

3.6 UO, FUETHETILOERHReENDER

Wik TORBEHAOTCA 2 BHRE © v OHEHE, SEbET R L CRFETES
L T, 'ﬁ?kx«'& Ve ATHEB LA SO HEHANL T & fztnj'c_ﬂ'\:&j‘-}vfﬁ A2 o
ARETE ST E/WW&HVCI%NJ:%—T—HE%TEW’P#@ 3':4* ThRbL, BLERKTT SEL
TmﬁmnCm%fWKl%%%%KﬁT%%%H,—&Kﬁ.Eyﬁk<ﬁ%%,éﬁ,9
SN EEIENE R AR, KE(MCERbn AL, 20T, BWREX TP 2T
SNTF— 7 oA LR FBET A | :

30T AR N L O, CYAOERAT, BAFSBREFITELASOTHL, LAD T,
@m@%ﬁﬁbfm#,ﬁwﬁﬂt/nﬂbf 2Hi ATk B S L A AR = — V(O THER-
MOS -MUG)Y TE#ICH KN TE R ARERPERILTAL,

Table 3.5 Cii FP £F v Tt E LA RBEOCERIFINTHA, GATHER T 3N T
N AER, wARRS b TEREAEEE (GG O - PO GATHER &~ — F » THHE I N
A ATEL AR LM, THERMOS TREaR TWhWAEE, Fa~kgZipd, ¥ ihs
PR N wEE L AR ER W T e a0 Th B, HAED & F O EE, WO h
A BRI I B A%, AR & B, THERMOS € I AR SO FH ST REWE #wl, F®

T H 2 &, THERMOS (€ X A5 30 FHN X (i # a5, 475, THERMOS [T L A%CRIT T
AFBEL WD THAD, COETE OB RO AL EO R <7 b5 580 FEi L
Ao CATHER & — 7 > MEF 2T, © ¥ Ol Wl s 2 < 2 b 7 2 T3 ARIT, TR
dr D, (R Ton T AL A QiR DR PR T RO AT AN ENTL 90T, #
e SR L A GA AL O KW SN A
ot 1 e i F i
TR = X ——
Y LA IR AN T -1

Frbt, ekt QOB T ied B A Bn R Te A, 37, UO,MibRE 5 ¢ %
__5_
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npf, FnClkFL T, U0ROEBEDEINL T, ThABEEIICHE LA A,

—%, THERMOS B ihid, UOMgEs 8  and, £kl 7, U0 DEIRAS
W —F, RULUT L =T EFRO@B SR 1, TNHREZ 2 vxF DO RNFTHELA
Ao LN L PRBEESBERCHE A ADT, GATHER YT L A4, 6 & & L CF i
EFE I L #n,

LT, O, FE#HEEETR, RO FRETHOSOEERE T A,

3.7 F+TEARDEKORBEDES
Ky T ANBHTESTELE LS, BEBE CrFnFnlel. T, s RkNES S5

55 ALY, 20 T rAOBKDEISERLL L THA,

Fig.315 & Fig . 316 € DREA A5 # — LT, BKOEIORE & LTU0,O
B A | T vk, VP AINKABBROGEFOE I T, WS mhIn, 28
i, A, 0.5 em BINT» ANT, aMé b il 30l
I LA wﬁﬁmkﬁafxm

Fig. 317 &b Fig.3.20 F 7Wid, #nE0D il HT A, U0.MD i

BB Y o DS TR, ¥ rdk

Tk BREKD

HEOE I ANERETE L Tenad, WOnDE Tl T dEmEORIT L Afad #n

FAT L |

HijE, REBEHREY vITE KD EB Y LS LA EKDEHNEINS S cn BEFLEbN AL, L
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Table 21 Broad epergy group struncture

2 ; Group . ;
Energy regime pumb e ¢ EFnergy interval {eV)
3 15 x 16°— 3 x 10"
2 3% 10°— 15 X 10°
Fast group .
3 15x 10— 06 x 10°
for GAM .
1 06 x 16°— 912 % 10°
5 912% 10°— 1125
6 L125 — 0.42
Thermal group
7 042 = 014
fer GATHER
8 D14 - 0.05
or THERMOS
9 Q.05 -— 0.0
Table 2.2 Standard radial mesh intervals (em) in the
diffusion caleulations
vo, * L ;
Sin Zry—2iWater| KR0S [ Void QTS | Water| CCore ]HBeflector
i
Region width 0.p2 |9,085 15285 1.0 5270 | 0.640 041011910 3BA6
Mesh width 0,124 0.,047510.5285 N2 527 | .32 0.205 |0.A3A671 19230
]
Number of
3 2 10 5 10 2 .2 {30 20
me shes i
(%) For BWR »pin
Table 23 Speecifications of tesi pins
Type of ) Farichment(#) : 26, 52, 100, 20.0
test pins . —
BWR ! iP2 PWR FBR
Radius of UD; meat
ne 2 533 0.466 0.2 7
{(em)
Thickness of Zry—2
0.0.85 0.0785 0070 0p3 25
ciadd, (cm)
Length of test pin
381 181 381 381
{em} :
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JAERI—M 3613
Tahle 3.11 Heat deposits in a BWH pin as a function of
Tpeonel—X thiekness’
Thickness 2.6% enriched
{ecm) Kﬁf_E F‘S(m*"“) ; Fa l['}SP(lUscal/cc)
10 1.0026 0.57213 0.15908 |  1.8a7
0. R 1.0038 0.5 RA01 015807 1.913
0.5 1.00 62 0060817 N15904a 1.9 85
.3 ].‘(J()P.f! 0. 6h2 284 0.165906/ - 2.03 3
: i
N1 ' 1.0107 ; NAa3IHILDER ; D158 05 2473
? !
” ({ THTRMOS data )

Table 312 Heat deporits in a BWR pin as a function of

the core =z1ze

Outer 26 % enriched
radius P -
(em) Keer Fgo (107) ¥a Hep(107calfc)
2900 0,95317 n79027 15842 2582
2950 0.9 247 075718 0.1 58 085 2.47 3
24994 .97 032 0.72977 0.1IR”RO7 2.3 R 3
30_.00 noe7v7137 (7216 n1s8a7 2372
3INs0 No7987 06 0703 0.15900 22768
3140 198801 DA GHEDL Nl159 02 21 RB
11.3853 No9ai50 i 0LAL14 4 0159903 2127
3150 N.yghx 80 0.6 46 08 015904 2111
3200 1.003 3 HAE1955 0.1590A5 2022
o 1.609 3 Nea6019 015007 16549
32.42 —

T 1LU202 0.5 7728 159009 1884 (%)
32.50 L1004 05966 15907 147
2300 1.0173 0.57491 0159009 1877

- {THFRMOS data )
(%) The core size was increased inward by 1 cm,
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Table 3.13 Heat deposits in a 26% enriched BWR vnin -

as a funetion of the reflector thicknesa

Thickness 2.6% U0,
- T ] . .
(em) K Fe (107%) o b (107 cal ) | Differ (%)
eff 5 ¢ P Dgp
100 1L.0073 n.ﬁomliﬂ.mqoz% 1.aa 2.3
- ; ek o
200 10083 060377 0.159044! Lo 7 R
I
! |
30.0 LUORR 0.6 0222 0185005 1.Y& L5
H
440 LO094 059978 ., 015007 1485 1.1
| j
. i T ! - T
500 1.0101 059678 0159009 1648 ¢ ne
i ; ’
& 0.0 1.01009 0.7 936 3 '(}.15911i 1937 { 0o
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Fig 3.1 Relative number of fissions in a BWR pin
and in the core as a function of energy—groups
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Fig.3.2 Flux distribution in NSRR with a capsule

containing a 2.6% enrichment BWR pin
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Fig .33 Thermal neutron flux tilt in a BVR pin
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@
o

—_

o

UQ, [ radius = 0.533 cm )
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400785 Water

53885 0
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Fig.34 Thermal neutron flux tilt in a IP2 pin
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F B (r)

Enrichment %
.6

Relative flux

UQz (radius =Q466¢cm) ]

Zry-2 Stainless steel
~10.090 Water \
5466 .0
|02 " L . il . o . 1'02
Q0 10 . 20 30 40 50 6.0
Radius 1 (em)

Fig .3.5 Thermal neutron flux tilt in a PWR pin

Relative flux

UOz( radius =0.27 cm )

56

L " L. " 1 il " ik

'0;.6' 0 20 30 30 50 60
Rodivs r (cm)

Zry-2 Stainless stes|
4—0.055 Water I 5

Fig. 36 Thermal nentron flux tilt in a FBR pin
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Fig.37 Power distribution in NSRR with a BWR pin
in the flux trap

[ enrichment ]

! (%)

__’-é—— 2:6 Tg.- 1 T
0%k E
10°F g

- 0.533 > 3

L L L A 1 I 1 'l A L l A L L 1 l 'l L L L l A s

00 02 04

Fig.3.8

13.32150 - 200 25.0
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Fig.39 Power distribution in NSRR with a PWR pin

in the flux trap
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Fig.3.10 Power distribution in NSRR with a FBR pin
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15.0 __ Enrichment (%) _
i 200 .

10.0 .

5.2 _

2.6

Heat depasit in UO, (10® cal/cc)

100+ =

5.0 -
- <
L FBR P?R ;TPZ BWR

PR T Y PITTOR A FPTPPTTY YO

FEPYPTTT FSTIPL 0 PRTTRPT T PP 1
01 02 03 04 05 06

Rodius of test pin (cm)

Fig.3.14 Heat deposits in UQO; pins as a funetion of

the pin radius

5
'2‘3.0 - ]
g FBR
o0} i
: PWR
E JP2
BWR
‘S 1.0 - ~
o 1 1 i 1 1 1 J 1 | |
1.0 30 50 7.0 9.0

Water thickness inthe flux trap (cm)

Fig.315 Heat depesits in 2.6% enriched UO:; pins as a

function of water thickness in the flux trap
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3151 4
3T

I FBR
MQ |
Siol |
=
e L
=t
g L .
8 s PWR
:c; L Jr2
¥ : . BWR

150 SJ.O 5.IO 7.10 2.0
Water thickness in the flux trap (cm)

i 1 1

Fig.3.16 Heat deposits in 20.0% enriched UO, pins as a

function of water thickness in the flux trap

enrichment (%) :
5¢  20.0._ ]
2.6

Heat deposit in U0, (17 cal/eg)

i A

1.0 3.0 50 7.0 9.0
Water thickness inthe flux frap (cm)

. L

Fig.3.17 Heat deposits in a BM pin as a functioen of

water thickness in the flux trap

kel
T

w
T

enrichment
(%)

20.0

Heat deposit in U0z 110° calie)
A

10 30 56 70 90
Water thickness in flux trap {cm)

1

Fig.3.18 Heat deposits in a JP2 pin as a function of

water thickness in the flux trap
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b enrichment
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S 20.0
£ 4 2.6 -
8 3t ]
@D
=]
. 2F i
=)
Q
T 1+ :
1 1 L L i [ L | 1
1.0 3.0 5.0 7.0 9.0

Water thickness in the flux trap {cm)

Fig.3.19 Heat deposits in a PWR pin as a function of

water thickness in the flux trap

< I 1
k=) - g
% F ]
= T enrichment (%) ]
8 7L 20.0 i
& r 2.6 .
?ﬁ- b . -
8_ - .
g s -
© 1.0 30 5.0 7.0 9.0

Water thickness inthe flux trap {cm)

Fig. 3.20 Heat deposits in a FBR pin as & function of

water thickness in the flux trap
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10!

r B (r) — With copsule wall
-—- Without capsule wal

- U0z
i Stainless steel
-/ Zy-2 Water

/

00

i
Water l-» Air | Core Reflector
| | | | i | |
10.

15. 20. 25. 30. 35.
Radius r (cm)

Fig.3.21 (Comparison of the flux distributions in NSRR with

a BAR test pin with and without the capsule wall

8 enrichment %
,.g sl 20.0 ]
“é. sl 10.0 |
= sl 5.2 i
8 ol 2.6 |
8
51t :
[
I 1 L L L 1 L L L Il 1

o1 03 05 08 10

SUS thickness of a capsule wall {cm)

Fig.3.22 Heat deposits in a BVR pin as a funetion of the
capsule wall (SUS) thickness
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2.6% enriched
251 sUs 304 BWRpin 4

i /Inconel -X ]

2.0r

Heat deposit in U0, (10%cal /cc)

1 L

08 1.0

L L L |

O 03

05
Capsulie wall thickness (c¢m )

Fig.3.23 Comparison of the heat deposits in a UD; pin

with SUS and Inconel capsule wall

2.5 - .

Heat deposit in UO, (10%cal/cc)

| I | ! | ) ] i ]
1o 29 30 31 32 33

Core outer radius {cm)

Fig. 3.24 Heat deposits in a BWR vin as a funetion of

the core size
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Core size (¢cm)

@(r) inner radius ouler radius
CurveA: 1332 29.0
CurveB: 1{3.32 32.492
CurveC: 12.32 32.42 10?

Relative flux

Stainless Curve C
steel
L 0 H10?
Zry-2 —=—\Void Core A Water
r=—Void —= Core B Water—
Water . void Core C Water—
| R o L . X A T S
5 10 15 20 25 30 a5
Radius r (cm)
Fig.3.25 Comparison of the thermal flux distributions
for different core sizes
1015 BWR
= JP2
F PWR
Kett [ FBR
1.010
1,005
m_llllilllllllllllllll
I 50 10.0 5.0 20.0

Enrichments (%)

Fig. 326 FEffective multiplication factors of NSRR as a
funetion of U0, enrichment of tesi fuel pins

in the flux trap
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1.050 (— .
= Enrichment (%)

Kott | 20.0

{.025 | 2.6

1.000

0.9?5 { 1 1 I | | I | | | 1 1 I

1.0 3.0 50 7.0 9.0
Water thickness in the flux trap (cm)

Fig.3.27 Effective multivliecation factors of NSRR as a

funetion of water thickness of a BWR pin in the

flux trap
1.03
K - Enrichment (%)
off |
= 20.0
1.02} o6
1.01
I T T R |
1. '
00 0.1 03 05 08 1.0

Thickness of capsule wali (cm)

Fig.3.28 Effective multiplication factors of NSRR as a
funetion of capsule wall thickness of a BWR pin

in the flux trap
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Table A.1 Atomic densiiies for U0, with various enrichments
{10%* atoms/ce)
Enrichment of 10, (%)
Nuclide
2.6 5.2 10.0 200
Oxygren 0. 0486 0.0486 j M 04RG N.O3Ra
i
S
2350 000063172 0.0012636 | 0002430 0. 0ODARED
| _
|
238yy 0.UZ3RBS 0.023036 |  NHO2IRTO N 019440
|
i)y density = 1089 g/cc,
. . L . 12
Fable A-2 Atomie densities for Zirv—2
Atomic concentration
Nuclide -
10%% atoms/ecc Fraction (%)
Or 77162 X 1070 018
Fe L1213 %X 19074 026
Ni 3R907TX 107 n.0 9
Zr 42487 %X 1072 , 9830
i
Sn 50434 x 1074 1L17
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1)
Atomic densities for NS 304

Table A.4
Atomic concentration
Nuclide ) X
10°* atoms/cc Fraction (%)
. -4 .
[ 3.035 X 10 0,36
. -3
Si L6436 X 10 : 1.95
|
. -z
Or .68 1R X 10 1995
L -3
Mn 1.6776 X 10 i.99
Fe 2.0714 %X 107°% 6601
Ni 74521 % 10 ° 88 4
. L. 1)
Table A.5 Atomiec densitiea for Tnecopel —X
: Atomic enncentration
Nuclide 5 _
10 atoms-ce Tractinn (%)
AL 1.294 X 10°° 1.5 3
Cr 1.4ROE X 10 ° 17.62
Fe 6264 X 1077 741
Co 4227 %X 107" 0.5 ¢
Ni f11agX 107°° 7233
i
Nb 5157 %X 10" 0.6 1
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