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Analysis 'of:"Confrol Rod Worths in the NSRR
(Reactor Pfjf:ics and iﬂucle,or Desigﬁ of the
Nuclear Safety Research Reactor-111) '
Tokeharu ISE and Yasuoki NAKAHARA

Division of Reactor Engir:eering, Tokai, JAERI
{Received July 19, 1973)

The present report shows tae calculational method and the results of analysis of
control rod worfhsrfor the NSRR (Nuclear Safety Research Reactor), the study being
performed as a part of the preliminary design calculation of the reactor.

The characteristic feature of the reactor structure lies in the presence of a big
exparimental hole at the center of the compact annular core. As a result of this,

the present calculation hes given the following conclusions on the control rod effects:

i) The interference among control rods gives a non-negligible positive effect to

the worth, even when only J iransient rods are inserted in the core.

The control rod worths and the: neutron flux distributions in the core are affected

-
-
—

by the neutron ledkage through the experimental hole.

iii) The control rod worths depend on a material in the experimental hole.
There is little interference, however, in the neutron flux between the experimental

maierial and the reactor core.

iv) The convergence achieved through the iteration in the diffusion calculation

becomes poor os the arrangement of the control rods becomes asymmetric.
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Fig.32 B, REGION IN R-# DIFFUSION
CALCULATION  Fig3s3

B,C ROD CELL EQUIVALENT TO
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Fig. 3.4 CONTROL ROD CELL



Table 3.1

A

U

ATOMIC DENSITY FOR NUCLIDES USED
'~ IN CONTROL ROD. CALOULATIONS

. FAERI-M 5361

Table 3.2 - BROAD GROUP

" Nuclide - | < B,C " elodd.
B 0.02177
¢ - 0.005442 o
©.8US (SST) T | o079 | 3.2425x107
_Fe 0.040854 | 24845107
or  Ni 0.004994 | 2.9995x 1074
cr 0.01123 | e.7asvx 107
H{(ZrH) 0.034919
H (H20) 0.017577
Ox | 0.087887
235, | 2.28596 x 1074
28y 9.1647 x 1074
Zr 0.022298

24

unit= 10° otoms/éc

ENERGY BOUNDARIES

ﬂ:;‘:.r fast thermel
1 110, Mev-3.68Mev |6 1.125 - 0.42ev
2 | 3.68MeV-1.35MeV|7 0.42 - O.14eV
3 | 1.35MeV-0.64MevV|8 0.14 - 0.05eV
4 | 0.64MeV-9.12Kev |9 0.05 - 0.0 oV
5 | 9.92kev-1.1250v
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'Teble 33" CALOULATIONAL METHODS -

Thermal Group

group constants

sigma library

kernels

Fost Group
all

One Dimensional Diffusion

temperature coefficients

lo: Peff

Two Dimensional Diffusion

contro! rod worths

logerithmic boundary
conditions

THEWOS

30 energy points, below 1.125 eV
UNCLE (SUMMIT) for ZrHg
GASKET-FLANGE for HpO

free gas for others

GAM-1 , GGC

GURNET=-1

GURNET-2

EXTERMINATOR-2

THERMOS
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;ﬁua#ﬂ'*( control lfoq .ﬁorth )%EL'CI‘I. R@I—?Kﬁﬁbfﬁ(o
: ] fe e 2 ( Eon»tro_l rod worjthA)

= Koutk—j‘ Kin =AK 7 ( ﬁfﬂﬁﬁf\t )
- Xout K in reactivity
(41)
5N, ! e
: _2K 1 (bmﬁﬁ ) (42)

K B eff in dollars-

ze?e, |
Koys= HES N7 HBEIFELIMCHEI N T D RBOK opf
Kin = BEShAWHBAFELAICHE > TR RBOK eff
. ﬁ.eff= FELEIEPEFHE ( efféctive delayed neutron fraction)
* 7, ﬂﬁ#rﬁ@ﬁﬁ?%@ﬁftbfﬁ,; HBETHELE ( interference factor ) #IX
DEOTEHRL TR,
HETEHLHE ( interference factor )
1ERHONHEEHR
T 1R ERONEELR

—;—x ( Nrods worth)

one rod worth (4.3)

TR RT, EBRILACAIEALNMCL-TEEZDLY, EUBDICERHASTHS (K1
FEELTINV) EBDONBNAERBICOVTHAN, BTBEAS#ELZ St sOREICD
WTHBN D, REICHRHEYY ( BWREREYDR ) BERDELELTHAIN R E EOEBRK
DnThHiNL B, :

RO4 1LV 4 2HOETRARDNTNADZ £, T ORFHFCRHIEEOHEL TE
B 72 (HRER) THorZ &T, —REICE, B0 241 7ORFHTF T L HlHHOR
RLZOLOCED LI KEREINTRE?,

4.1, REILDZIL oBE o HEEHR

KRILKEAZR (L TR BEAFORKOFTHERBL T ) BASTWEELT, 37 2EKD
REBIAI Ly 2T 9 7ELTHRWONBOT, SIRERMICE S & E4 Do Lidioe
TREROCD R IBAFLICEZ - Tnd, ZOLOZRTOHNEBEPROHAT F 1T 7o
FTOFKERT Tabled 1 CFRT, CZTHE S all rods worth & 5501, PBERE 6,
SNREIER, B EFVFARKFARE,L CFHREREC R > T & %5 T. Control—



. Table 4.1

CALCULATED WORTHS OF CONTROL RODS
FOR THE NSRR

With

Case No. Worth ak/k totol $ each
1 All rods 0.09644 | 13.49
2 6 Control=safety 3 fransient out 0.05937 | 8.0 1.38°
3 6 Control -sofety 3 transient in . 0.06372 | 8.98 150 :
4 3 Transient 6 control-safety out 0.03345 K 4.69 1 .56
5 3 Transient 6 control-safety in 0.03940 | 5.51 .83
6 1 Confrol=safety others in 1:0.01586 | 2,22 2.2?
7 1 Transient others in ‘ | o.00672 2,34 . 23“:4 ‘
8 1 Transient 2 transient out, & confrol-sofety in | 0.01038 | 1.457 1.5 |
9 2 Transient 1 frami_eﬁf -ouf;,: 6 control-sofety in :‘,0;\02@7 1 3.22. l.6i N
10 2 Transient. others in v ‘jl0.02933 410 205
n 1 Transient others out 0.00 | 127127
12 2 Transient others out 0.01978 | 2.77. l;318 V
:'13 2 Back-up safety 6 control-sofety in, 3 transisnt cut 0.02569 | 3.5 180 ,
14 2 Back-up safety 6 control-safety in, 3 transient in 0.03478 | 4.86 2.43
15 Al 3T pods 0.1279 | i17.88"

The colculations were performed for air in the central cavity,
Pefi = 0.00715

|

T 19E6 M-
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X
e e
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| REWIESIHEANTADRET

1) 2HEBHRE13.49 FATHo%( case 1 )

ﬁgﬁoaoﬁ%m 8.30Fx »»z#a)%hu,; 69Fr T, 512.09F0, La#hoT
A BBREREAE LS A O#ﬁ%ﬁ%(#ﬁﬁ*éﬁ) E-RbhhB, :HEEJ: "WXK&CDEKH :
BemTHB, .

2) 2BEHBROZRILL.30FL £#58.98 l~’1v ORHET, -V REHBAMT L EEO”
FHHBHBKE V. CHESA BT LB EEPDREOBERDND (case 2,3 ),

3) 2XAAABOBEREL69FAL 6551 OBHT, 2ARELABAIhTVS L2
OHBLTHKE N ChEBEBCLE BRYROBLEBDNS (case 4 5)o

4) SR ABTECLHEBSBAINTND L 20 1 2B 1 KOHRE2.34 Fr , HEE
B1FO%R2.22 b‘w': bk, Thid -~~~ XBOFFHFELERL Y 3 WAKS Y, &6
(TS RO BERE 3 3 v, EHEBILE RYHOT, HEMIAERLA S OWL, ZLOH
2EL3 k120 TH5 (case6 7 )o

5) HOHEESN—TMAINTHEWRET, A IEF1E, 2%, 3IREMALTKL
&y “AABHOMETFETRNHLEHTES, ThENIZ S VOFHICTHE 1270
138N, L56FAL T, SuxiexBOHETEEI%, SAMOThE2 3%TH 5
(case 11,2, 4 )o EIHIT <1 REEMEL 3 3enBiNT N5 HRILERILOB 1 2 om SRR
ERDN BT LT E~T,

6) RMEEXFAINTVWEIRBOLEO XAXFEO LR, 2XK, 3XOPREL, 1FLHIC
BELT, ThEh 1,450, 1.61F , 183 MV & - A XEOKROBMIT LT H
MLTnL, ThEEADO A XELRABEOHEEBORAFEERT S X v XBROBETE %
RoborkEBhn b, BAXK—FANS VR LEBEBRLEOFERIH 8T DD ( case
8.9.5),

EECE, " RBEOEIC K, FEO AP IARIGEOKRKE AT HEL A, HERIFLAO
WL A MBCDBEFTDHD, LichoT, <A RBOWRIL5 ) L6 )OHRKHEETTH
5, Fig. 4.1 RIZTh&ERL o RO FRE, HHMOME TS ORFERL, BREH
BERHIBEINTNE LE, —RERKEFAERIBAINTVWALELEETD S, ZRIT ¢ 20HA

*4) BIFIEON D VOEBARBO L 2 T fort PENRRL S EBON B PEHOHB TRBRTE N,




one transient rod average worfh

|
7 — 6 control sofety in,

6 ‘control.safery-out

—

- number of insertéd transient rods

Fig. 4.1 ONE ROD AVERAGE WORTH OF. TRANSIENT ROD

exomple position of <
.6control sofety in core .-
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tKIZzﬁ‘KIb(clse" 10,5), - .

2 RO R LWL, "»Z#ﬂ*#&: Z:I"]fl_.\FiJ:’C,‘ NABERY o't FT e B &
lhﬁormb (rSrx g, *1 ¥ t)\h&bz, Yo LBST
8) ﬂmﬂmw#wdof\na EE, 2RORLMOBRALBE A [, 2D~ LABOHR
L10F2 LD 19%MLELTE, ‘ _ '

9) AR OERILBY <1 ABPEPN TS RETHL KA FTH 5HEAPORETEA
z‘)*)kofcjﬁAO'*Jle&lKO#J%?Tuble 42 CRT, ¥4 FO L2 0195 Fr CHL
T, BkOLzd, 215 T1 O%iﬁbu:tz:o LOTLEHARIVOLEIVEKRKOLEED
B, 'wmltf* AN RICRFHET 35 < ﬁE BT ECLBEBEDNE (HH Table
B. 2 DKesr *REL),
10)Table 4. 3 vcuﬁluoﬁ%owﬁwmamaézofctga)ﬁﬂﬁl#%%ﬁ-rn

1) FLdE (EEFH) 251 ealh S (BEBE, LHEAHR (BERL <1 2%)H0.2
BAE( BB, COT LM, ZOBEOFLTEOLLTRFLOTEFRAH CARAEY
ELANEEBDLNS (case 18 ), ! . .

2) REOFLEAHE (BK) CHERHMOBE LML 0aldr o Tnans, —RIKE
ERNIC3 0 BELRLBhND, CZTEI10caDL 2L 3 0emD & 2 &OLBIEHY
Bt ol, BS30mDLEEOHH]1 0%EAT 5, COT ERBHKOEIZTZOLY
ZABRFFTCHE, PLOMHEEKEZ COPETROMCERT KTFT T LTTT,

») REFRERACHT 2HEBOBBABDEIHCEIR TR L O AFA -2~
Y RATEDORBETD B0, TOBEHETOETORI FODERAWD &, 2HI@EELHE
12557 THREOHR13.49F1r LESTZOQELERTERE V. ThdF1 FORE
Bl OE0ahEn) EEITCHET S (case 20 ),

case 21 LTFTARRERACMI PR ANAZREAZOTRO 4.2 HTEBT 50

L CEBCREFFTEAGT 5BOFHEERKBE (margin )ICOWTHNTAL 9, Table
4.4 B8R

() SBRIGHE ( excess )7 10.2 A 3 5L, ETFHFELELHRKIGE ( shut down

margin )X 3.29 M BROT, FHTHHLBDbhd, BEIC, TOEMGLORET1HO

WEHRSFELLGRTHLARELTRIRL 07 Fr OL#BHED Y, Hwnid 1 FOSr@Hs

B ELTEHI10 M rOR#MWHEDH S (one rod stuck margin ),

() RFFEOEERBS b, 6 XOWEMT FREIIC37%(3.29+898=0.37)% 3[#& <

»5 ) BIFDS 4k B & SIS & iR S FY MR OBMEY 55 4 Z TREREBE Lk, T8C
B,

=156~—
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_ONE TRANSIENT ROD WORTHS FOR WATER INSTEAD

Table 4.2
OF VOID IN THE TRANS IENT ROD REG ION -
Case No. | Worth - With - AkAk | $ Note
16 ‘l Tronsient 6 confrol-sofefy out, 2 frarmont in © 0.01537 | 2.15 wofor‘:iri fmmﬁenf rod
17 1 Transient 6 confrol-:ufety out, 2 tran:uent in’ 1 0.01395 | 1 95| void i_n}_tronsi‘onf rod
Table 43 CALCULATED WORTHS FOR VARIOUS: OIROUMSTANOES.
Cose No. | Worth without sofety rods | A k(k totel ($)| eoch | lNo‘m
18 All 0.09668 | 13.52 core size = 32.086 cin cf. 13.49 for .08 em | ©
19 Al 0.08661 | 12,11 'nﬂ.cror width =0 em cf. ‘1349 for 10:om = | T
2 All 0.08975 | 12.55 'p crex 10% 02 une x 107 7 for void
2 | A 0.1048 | 1466 | - Aux trop = viater, cf. 1349 for void
22 3 Transient without control | 0.03241 4.53 | 1.51 f,lusi:"h'wé water, cf, 1,56 for oir
23 1 Tronsient without control | 0.00797 1,12 | 1.12 ] fluxtrep = u;oh:;; ¢f. 1.27 for air :

P O U,
; = e -
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' Table 4.4 .OALOULATED OPERATIONAL BEQUENCES (IN .DOLLARS)

!

llods '~ -13.49  withsafety rods out

Y Cvemverees shutdown morgin

one c‘on-l'rvol rod out . 42,22
(one transient rod out +234) L

<1.07 ©  ".......... margin for one control md pulled

V( <0.95)  ...... el (margin for one fransient rod
: T pulled) ’ ’

excess 0.2

alf rods -13.49

43.29 .......... raise 6 control rods bank by 37 % out

0 1 e reactor critical at low power

5.0  eereeeees pulse appropriate to transient rods

~13.49 . Liieieees scrom after pulse, inserts all rods

-8.42"  ........ . shutdown margin after pulse

—-17— -
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; blﬁ%ﬁﬂ‘&ﬂ-&ﬂ%’&'{%ﬁ, CtD& 8, 5 FJ"OEE\&%%9“”z#?EIEﬁV\K&TBl’.,‘
»»z%éﬁ,m%r&#mzntasoﬁt#mﬁmgu(emsammmugmafur
~ pulse ) ﬁ,349F» &tboﬂE#@msﬁéﬁE&»kZ#ﬁiammﬁumxg41
‘Krbfébctdﬁmﬁ~zo

4.2 !unua!mxgraeoannm&
A#T, %&ﬂ#%ﬂoﬁémowrmbwbﬂ«fékor,ccruw(oﬁoﬁmo

MT,W%iﬁﬂmﬂmﬁlvBWR##E/#AonﬂAKomTQNTﬁ<°
%&?LPCZK# S>TnAE iﬁA(Table43#W‘)o ‘
1)%aﬂmgﬂﬂakwﬁhbagﬂw#M%fﬁ&#tﬂ»zﬁ)as%oﬁmaaot
Hbh b, tocam%&ho%QO#Ewwboﬂﬁ#ﬁﬁo*ﬁ?iﬁﬁﬁﬁm P
B, gﬁﬂﬂ*%ﬂﬂ(ﬁﬁhhﬁﬁﬁ?&ﬁ‘ft&?ﬂ( case 21, casel ),

2) <A XBHOTBHRE, ZRLERAOBEO 22% (cased, 11) CH~NT, EAE
BILOBEEL 3 5% (case 22,23 ) D% HOMNERT, RRLAOEKD, BEks
LURME L L TOBEERD & ARFCHETORRILEBICH LTit, BIREE LTS EH
FREL, THL3DOBESHAELT, WAEHRICIHERT b, <1 ABHOTFBHRHE
AERILOBAEL D, BARBALOCBEOH AL R HOH, BAOBECH, TOFTER
BT TLE O T, B9S2 RPTRESh e, HERBAKCL 5PEFES
HOEHOBEGBBCLbLEEIN 2R tEL LN B,

3) EBEAHGBIAICEKCEDLDE, "NV ABIXOHEZTOLOEL IBBLL (case 4,
22 ), “ArREL1BONREL 2H%BPT 5 (case 11, 23 ) RRIFIBKTHINS
EFBHMBEENTAOCHHABYRTODOOBHELBLIT 0T, BRKOBELLUE
IRAERITE D, HEMHROY = 4 FOKE NG T BOREFHAL, -1 HLET S, 9 BT
BB THNHUCTE T T8 EELON D, COTEBSALIBEMNSESHRNE EOFHBR
HRILOEBEZT LT WL ETTRT EBEDN B, '
RRICBWRABEC Y HBASTnHHE ( Tabled, 5 2 ),

CTTCEHENE ELDOE, JPDR(BWR)BME 01X 4% 9% 4 9%0H
&7, @EKQ%TMH&A?#WéﬂkMoE?F@AWXﬁEOC&?%iT,CCTH,
»;uz&%%VLOV\*C(DJ»nE::ET Bs

B 1 EKO®RE 4.74 Fr

BE Yy 4 xO%BE 4. 69 Fa

ME Yy 9 mOBE 470 Fn

BRE Y 4 9 XOBE 4. 43 ¥
HBOADITRBILAGEIO LR LBAOLE EERT &

EHOBE 469 Fu

BKOBE 453 Fu

LOBRHECrOBAE L OFFBRNTHEEAOBEELEL RN EEL T L,
MYy 4 OBOHBREBOMCI LT TOBEEETRATED, POBRKIERILICHL

© —18—~




Table 45 CONTROL ROD WORTH WITH EXPERIMENTAL MATERIALS

Worth Experiments k with Ak/k $ n'ionvorgoncc Ci';?n' ’Timo B ‘
, c,Vv C,8 Lo -3 -3 . =5, o7 o i
-1 pin 1.12091 1.08289 | 0.03392 474 1 107007) 1 10°(107) :150 (160)
| 3 Transient , c,v C,B N 3.5 5 .5 ‘ 1
without 4 pins 1.12869 | 1.09026 | 0.03352 | ~4:.69 | 10 °(107) 107107y 1 150(060) - |0 -
| 6 controf : e o AR mia ;
L ' ~ c.V C,B e 3 s .
"" ¥ 9pins 1.13185 { 1.09374 | 0.03363 { 4,70 . 10 10 200
, c,V C,B L -3 -5
49 pins 1.13095 | 1.09507 | 0.03170 4.43 10 10 150
C = fuel instead of regulating rod,  V = void instead of transient rod, ‘B= B.C,

The quantity in () shows fhe‘convergoncy for [C ’ BJ case |
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. OBABKA FLE-TNADKELT, 4 SXOREHE XS FEALS A BoTHD, B
'umﬂ%mbm#y73wwmnx¢ﬂﬁopm#m#nmr(5x9maaﬁbrbabo

43 *&¥IQELOHT 3
zzTa, RMHLAKBREA Sk LE, ﬁb*&%ﬂﬁ.?thbmwuwﬁbf ao

IbﬁﬁlfkﬁT#?¢bKIHTBoiKRHOWﬂFOMT,%ﬁ,ﬁmﬁloﬁﬁf
&baHkBWRmﬂt/%&Déﬁhﬁ&?ﬂﬁﬁmﬁﬁoﬁsﬁ(—&OE¥F®#¢
BFTAA¥—(CH%) FERLTHES, Fig. 422 EFig. 4.3 HLBOKESE

(REBICADL) LE6H (RBICAL) LF—HEFL TN ;
1) HBHLAGRHOB S EEKDRBIONTE LTI (BERL <1 28 ) FHAZR
TwVd EET Wb, Fig. 4. 223 2B LT ALEEFHOOPR T ESA T, RS
BHOBETHE, KRILADPRFRESHE, FLOTEFRABCL > TEL( KBTS
HBZEtibrb, RRILACHREDES 2 DT, BEPETFI, RELZWEZBAEL
TL# 9, M5BT, HIESCHTHNEEARELTRFHLTNRNOT, RPBTFRGY
 FRAAOL 5 CHEEBIO R FRAG S EECBRINTWE v, Fig. 42b @,

AAZBOPLTESEREOAEFAORETRAS (FIRE) To 5, BERCL 4%
ERAOEBSERELOIATWE,

Fig. 43 Cid, EBLRCEABA-REEOFXEFHNORETHIH(FESE, B6
BLrlUE M) Thh, RRAOBEUIBAOBAL VEAR D AS (Ao TWEY, EF
OEEHFROND, BRINTEKCL o TRPETFIEORLOT, E5BEBTHETHROD
PRTFH (PETR) OHEE L BoT b, BAOBEE, H55, ZoR, BeRLT
HTFEEBD L Tn D, BKOBEE, F OB, 58, FeFLEPLTWOH, 0O
TETH B
o) KBEHRIKIPDR(BWR)RBYYBASTWERETOWTE, EEE» L, o
AEIRBMA SN AL ET EL D, (EFAOBYEFRGAHTE 98 (—BRILOENWE)
T &b BT B,

Fig., 4405 WL HRL O, B 1F Y OEBRLAOTETSFE v 2B LS
BERA LRI R V. TOT LTERY EFLEHAIC decoupled 5 & ORI EEL BN
FBv0TH B, —F, Ktk LHEEE OBETFEOBENREON 5, EHE ( Pressure
tube ) ELTHWOLNZEAH I aDIXF Y vAAF -2 ( SUS Y it, BIHELTHE,
K4 F (void ) FOFRFRAFICART HrdTnd, BE Y OB b DEKE, MNY
YRDPRY DRPETHRT 525 BERE R TND,

Fig. 4.5 @, BREEYRAIKOBRETHE, B EY LFLLOBRETFHBEALNE K
TeE, REEKLHIEE LOTHBOEEALET 1 REYOBEEEARTH B, 1 MoK
FHROOEHBE RO TWT L E, BREY PERZDHEFIBOIAZ WO, 1FRICHLT,
KA FOERHBIEL L, Licdio TEKOERIML BoTnbBhERDN B, K1 FERDD
OZHEE~NOBNEEL BE, K1 MEROENELGF1 FERAO PH:FEIHOBERHIK
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C R ———ail rods in
i~ -w=-m-gll rods out

(r)

10°
3
5
1d*
Fig. 4.2a FLUX DISTRIBUTION IN THE FLUX TRAP
'WITH AIR
10® 3
by the fronsient rod by the reguiating rod |
10°® l E
17 4
Z 7
é i
Z
|
ot / ' '
T .3.1 3.1 2T

¥ &

Fig. 4.2b ANGULAR FLUX DISTRIBUTION  IN THE FLUX
TRAP WITH AIR




fiux (r)

flux (r)

——"all rods out

Fig.4.3 FLUX DISTRIBUTION IN THE FLUX TRAP
WITH WATER

10 r

~ pulse rods in

-~—— pulse rods ouf
o
/ \\
J/ N
i5 ———— \
10 The———

r Zry-2 ,SUS water
water ./ void },{ core B,C core
10* T |

Fig. 4.4 FLUX DISTRIBUTION IN THE FLUX TRAP
WITH 1 PIN
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Fig.4.5 FLUX DISTRIBUTION IN THE FLUX TRAP
WITH 4 PINS

pulse rods in
-———= pulse rods out

flux (r)

Zry =2 (wrapper tube)

water
. US water
" Pping void core
10

Fig. 4.6 FLUX DISTRIBUTION IN THE FLUX TRAP
WITH 9 PINS
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Fig.4.7 FLUX DISTRIBUTION IN THE FLUX TRAP
WITH 49 PINS
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COMP shows composition material : |=core, 2=watsr, 3=stainless steel, 4=B 4C, 5=void,
&2p~2, 7=UQy, @=void instead of B4C, D=BWR pin data homogenized within wropper tube,
GRP, D, 5IGR, 5IGA, NUSIGF, and BSQ show the energy group number, diffusion coefficient,
scattering removal=$,Zq,vk¢, and g2 respectively Lo with the group number from 6 to 9 for 84C

show the quantities of logarithmic derivative condition for cantrol rod.
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TableB. 1, TableB. 2 HLI¥ Table B. 3 H%4ﬁ®TﬂﬂeM4Twu42b
LU Tabled 3 OBMMOTICE % Kogg ELNENRLTE, £2T, (K, with )
.&FEﬂTM5MW@CHHﬁ§#ﬁ#ﬂTM5&Cbﬂ#ﬁ&&ﬂTh%&E,VHAWZ
##ﬁ#ﬂTm%&é BUHMEED LN A AMBBAINTND L EFRT, Lo

, 00, BYEHNWTHBE &, 6XOHMEBNSHITAT, XD SLMEMAIA

tmaca%xfcﬂwagsﬁﬁfaaozﬂsumfﬁ%,Tuﬂbz#f,BSﬂﬁé
METRL, COXEORICHTHERER, ZNZnOHHRO%RT R

WIEMR R 2 KTHMST — FEXTERMINATOR— 20R— 6 8% AnTHbn
7ets, HHRORE (Fig. 3.1 BR) #OELT, MHEMELL, FLEMAESLLLHH
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oﬂfﬁﬁ?ﬁonuTameB.4&Taqu.1&§ﬁL&ﬁeﬁﬁTaa,mocam

VWAB ERD, :

RNURBEPBEADEL 2T, Kert OUBTHIHOIFLE 2L ETHO15% , B
EREEHAOL 5T, 0.20%, “r BB LUBEBFLTHAOL 2T, 0.31% EFL
KBEAS WA BB D LB KL R 65aT, ZOEIMLTHL (Table B. 5 28 ), &
nE, BIRKIC L 5 7 FROTSALRAEELT AL WO 3 F0 1 FLOE &M, TLIT
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PEFRORFE( flux convergence) ; Keff OURHE (Keff convergence ) X {¥
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Table B.1 K, USED IN Table 4.1
Worth k with ) T A k/k 10 8 each
Al (6Centol A bose .
3 Transient 13 103109 0.09644 13.49
6 Control-/ 3 Transient Out (A : B,V
L4N3 - | 1.07338 0.05937 8.30 1.38
6 Control / 3 Transient In C,B : B,B ’
: : 1.0126  y 1.03100 1 0.06%2 | 8.98° 1.50°
3 Transient / 6 Control Out N A : ' C,B . o e v
SR 1143 . ) 1.10296 |.0.03345 4.69 . 156
3 Transient / é Control In ~ B,V : B,B ] N : :
- , 1.07338 | 1.03109 10.0340 | - 5.5 . 1.83
1 Control / Others In 158, 1T=V, 378 | 8,8 e : N e
L _ 1.04770 | 1.03109 0.01586 22 | a2 B
& ¥ Transient / Others In 65, 11=v, 218 | g8 o B B T s B -
b 1.04862 | 1.03109 0.01672 2.4 2.34 Vi B
! 1 Transient / 2 Transient Out B,V ,:65=B, 1=, 21=v } | S " . S 5
. 6 Control in © 1.07338 .t 1.06224 | 0.01038 1.45 T4 P E '
2 Transient / 1 Tronsient Out | B,V  I65=B, 1T=V, 2T=B : :
6Control In 1.07338 : 104862 ] 0.02%7 - | 322 ! 1.6
2 Trarsient / Others In 65=B, 1T=B, 2=V | B,B : : '
' . on0e24 ) 103109 0.02933 40 | o205 ) !
1 Transient / Others Out c,v §5=C, 17=B, 2T=V : S ! B o
: . AR ENEE 28 0.00011 | 1,27 R L -
2 Transient / Others Qut c,v $S=C, 2T=B, 1T=V ) TR
N 14N | rnese . |oors | 277 | 13
2 Backup Safefy /6 Control In 28S=C, 65=B, 3T=V: 2BS=B, 65=B,. 3T=V] S
: 3 Transient Ouf 1.07338 j1.04581 "1 0.02569 3.59 1.80
2 Backup Sofety / 6 Control In | 65=B, 31=8 I All rodesB ) ‘
p Safety / § Control In. osioy | Codsss  fo.ownm | 4ss 243 ,
H| Al C,V | All RodeB : : - G
Rods Al ians 1 “o.99s2 0.1279 17.68
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Table B.2

K, USED IN Table 4.2

Worth k with A kA $ . each-
|'— .
1 Transient / 6 Control Out 65=C, 2T=B, T“W‘65=C 31=8
(Woter)/ 2 Transient In 1.12017 l 1.10296 0.015%7 2.15 2,15 -
! Transient / 6 Control Out 65=C, 2T=B, 1T=V. '6S=C, 31=B
(Void) 2 Transient In 1.11856 : 1.10296 0.01395 1.95 1.95
Table B.3 K¢y USED IN Table 4.3
Worth k with A k/k $ each
All .V 1 BB
1.127217 1} 1.01819 0.09668 13.52 ot core size = 32. 066,cf -'|3 49$
: : ot core size = 33.066, 02%mon ’
All Cc,v i B.B
1.14773 | 1.03779 0.08661 12.11 ot reflector thu:ltnou = 30 Oecm,
| cf“=l3.49$,|‘0 3% lem
Al cv | BB o |
1.12530 i 1.01000 0.08975 12.55 with D = i void -
i b= 10'7 of voi
i ¢A39L69%hu
All A ¥ ' '
1.05990 { 0.94887 0.1048 14.66 with H20 in flux trop, cf, =13.49 $ with
| void, 8.7 % more
3 Transient Cc,vV }] C.B
1.05990 ) 1.02555 0.03241 4.53 1.51 1.56 (oir) 3% les -
! with H2O flux trop .
1 Transient c,v | C, 11=8
1.05990 } 1.05145 | 0.00797 1.12 1.12 1,27 (air) 13% less
L




Table B.4 K. AND CONTROL ROD WORTH IN 1/3 CORE

CALCULATION
Worth k with Ak $ soch . '
Al c.v i B,B - - i
1.14112 : 1.03433 0.09358 13.09 ef, 13.49 ot 2K core, 3.0%less
] .
6 Control 7 3 Transient Out c,v : B,V ) o ) o
1.14112 : 1.07550 0.05751 8.04| 1.34 of. 8.30(1.38), 3.2% lem
H
6 Control / 3 Transient In C,B : B,B . . N
1.10296 : 1.03433 0.06222 8.70| 1.45 ef, 9.11(1.52), 4.6 % lems
. . -
: 1
1 Control / Others In 65<B, 1T=V, 27=8 ! B,5 ' a8
1.04770 1 1.03433 0.01276 1.79 cf. 2.08, 14-% less : *
] _ R
1 Transient / Others In 6%=B, 1T=B, 2T=B | B,B ' 2 ; _ o
1.04862 :1.03433 0.01363 ¢ 1914 1 ef. 2.34,18.4%les .. . ol : A .
1 Transient / 2 Transient Out {8, )18 : S .
6 Control In 8 Vv y 2=V ) ‘ C o L
1,07550 1 1.06224 0.01233 1.72 ) S I s
! ' : -
2 Trarsient / 1 Transient Out BV : B, ;I:;/ . L . ) ‘
6 Control In y ) '
10755 .02 | o028 | 350l 1.75 | SRR
] ! ) C . . ) L SR o
2 Tronsient / Others In B, ;L?/ : B,B - S
1.06224 : 1.03433 0.02628 3.67) .1.84

Notes common from Toble B,1 to Table B.4 ;: C= fuel instead of reguloting rod, V=void instecd of tronsiend rod, BwB,C. The quontity
in { ) one rod overoged worth.




Table B.5 COMPARISON OF K, BETWEEN 2r- snd L/3-CORE ~~ v = = =

Core type

keff

21~ core

1/3 - cére

 Difference |

Without any control rod
3 Tronsient rods in

6 Regulating rods in

9 Rods all in

1.14113

1.10126

1.07338 |

1.03109

1.14112

1.10296

1.03433

1.07550

S 0.0

EX T

I n&aiﬁ"r
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Table ai CONTROL ROD WORTH ACCORDING TO
INSERTION INTO CORE -

T

B4C position k ‘;k/k $ C.P.U,time{min.)
out of core .2358 106
174 in 1.2216 | ooi49 | 1.607 | 106
half in 1.2086 | ©0.02194 | 3.069 | 105
3/4 in 11938 | 0.03394 | 4.747 | 107
full in I.188l 0.03857 | 5.394 | 106




fuel

fuel

E fuel ¥ B/C

l fuel . ByL )
100 . 8l ‘Y7I 3 |2 1]
woler grey core gray water
10 38.1 llb.-l(—— 40—
Fig.C.1

| mesh point in Z direction

region length ( cm )

CONTROL ROD POSITION IN Z-DIRECTION IN

R-Z CALCULATION -

Fig. 0.2

CONTROL

~/

125§
| off
'|.20 - 5.
«
- 4B
; _ B
r =
. : =
3. "o
8
s ¢ o
| {..
L A!'.
110 - N N - A
out of 174 holf V4 full
control rod position in core
ROD WORTH TO ROD -POSITION IN CORE
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Table E.1’
THE
DIMENSION SPECIFICATIONS

I  DIsTs ongulor mesh intedion

0:15% 3 0,310 4 0,465 5 0.923 P TS 1L T A PYY 1 I DakEQ Dashs,
g%-.oa.m 12 0,770 0.830 14 0,925 1% 1.020 16  1+080 @l —dalé0— 18 1,165 1,190
23 1.328 10385 25 LeAT9 26 14BTA 27 1,63 e bt
[V 7L W TR U T T » S WY 1T . hJM._ ~LeBle 3 1.879 35 14939 . 36 2.0% 3 <249
u 2.406 39 2,539 40 2.619 29 - i L2229 84 - 20734 AL AT yIL.r e
AT 2.864 AR 2.924 49 3,019 T3 n 3,174 s N
. As_.\un__é._:du L1] 3-#19 .479 60 3574 34669 6 . _%' -
- O R I O ET
6 ) - - -2 -l e B A :
s.018 u 5,113 s.zos s6 s.zu LY : 3 PR
gi_:.uu 5,513 4 5.513 5,668 6 5.163 97 5.8
101 _ 5.95¢ l;pg__’_-_e_g:_ 6008 1o~ 6,068 105 6.128 106 6.293 1
J  DISTs  radiol mesh inem . . . e
2 0.942 3 1.88% 4 2.827 3,769 4712 T 5.65¢ 4 6:3% 9. 1,838 10 8,401
11 9.423 12 10.365 13 11,308 12.250 12,888 13.298 17 14.177 | 18 15,060 ° 10,842
20 16.824 17,706 22 18.589 23 19,A71 : : i
29 23.434 B8Q . 3L _ 24,450 _ 32 234020 FLTY1 2bs18L 35 IR EY 29:120
3 30,107 9 31,098 40 32,080 33,066 42 3%.:066 35.066 A% 36.064 . 45 37,066 46 38,066
A7 39.066 48 40.066 49 41,066 50 42,066 51 43,066 .
Table E.2 MESH POINTS OF DIFFUSION CALCULATION FOR
THE FLUX TRAP WITH 1 BWR PIN '
DIMENSION SPECIFICATIONS s
1 pIsT+  ongulor mesh ir rodion -
2 0°15% 3 0310 4  UtA8% 5 0e%25 6 05885 T 0610 04635 0+660 0685
11 0.710 12 0.770 1 0.830 14 0,925 15 1,020 16 1.080
zo_._mu_u_hm_é_#m 23 1.325 24 1.38% 25 1.aTS 1.5740 27 1,63% 1,694
29 1.719 3g Ll.744 - 1,769 32 1,794 3% l.8le 34 1,879 35 1l.939 ' 36 2,09¢ 31 2.748
38 2.404 39 2.5%9 A0 2,61y A4l 2,679 42 2,704 & 2,729 A4 2,754 ¢ A 2,TTe A6 2,A04
a7 2.364 & 2,924 49 3,019 30 3224 31 3.7 4 42g1___;____;gz;;___;;___;.;fg.
n_.?_-ziﬁ_.gs_b.m S8 3.419 59 3,479 60 3574 &1 3.669 €2  3.729. €3 3.789 64 3,413
[3] 3.830 & 3.863 67 3.583 68 34913 69 3.973 70 4,03 1L sl 272 4,303 13 a9
T4 4,653 k4] 4,713 76 4,773 m 4,798 T 4_423 T 4,308 80 «473 an 4,098 82 4,9%
s.ols  sa 3.113 g3 5.208 86 5.268 é_un__n_&.:%__a__ﬁ_m_m_hmﬂ%i_hgg
93 5.513 94 5.573 95 5,668 [] 5.763 97 5.7 98 . 5.883 - 99 5.908 0 5.9
101 5.9358 102 5.983 103 6.008 104 6,068 105 64128 106 &.283 107 G437
J  DISTs rodial mesh incm .
2 0.133 0,267 &4 0,400 (3 0.533 6 o0.572 @ o0.611 8 1.689 . 9. 2,767 3,843
11 4.923 6.001 64501 7.001 15 g.0% 16 9,111 17 10.1g6 .- 18 1,221 12,276
- 120911 134321 184,204 23 13.086 15,988 25 16,851 26 17+73377 27 18:615 &8 19.a9?
: F 34 23,460 33 23,906 ' 36 24,477 3T 25,087
8 25.617 39 25.1a7 ) 78 ol 23,160 42 29,147 43 30,130 aa 31,12p 45 32,10¢ 9 33,093
‘AT 34,093 a8 35.003 49 n.o&u 50 37,093 51 38.093 52 39,093 - 537—%0.093“»—41.095— 42,093 —

‘56 --43.093

MESH POINTS

OF DIFFUSION CALCULATION FbR
FLUX TRAP FILLED WITH WATER OR AIR

—eads 2
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Table E.3 MESH POINTS OF DIFFUSION CALCULATION FOR
THE FLUX TRAP WITH 4 BWR. PINS '

DINENSION SPECIFICATIONS

1 pIsT, ongular mesh in rodion
2

23 1,325 26 1383 25 10479 26 12574 27 14634
29 719 30 oT4h WT69 32 1,794 33 1.819 34 1,379 35 1939 26 2.0%
38 2,608 39 2,559 A0 2,619 AL 2,679 A2 2.704 L84 24754

e AT 20864 24924 49 3,019 30  3.114 31 3.1T764 ; 5%
3 58 34815 39 3,479 60 S5TA 6 3,669 6 729
€3 3.8 « 86 6T  3.000 68 3,913 69 3973 TO 4.033 TL 4.8 T2 4,343

T4 4653 T3 ATI3 T6 A TT3 TT A TeN I8 4823 Ty 80 AeBTS 61 [ A.898
3.0l 84 5,113 g3 5,200 86 5.2¢s 23 _
R 3 93 5.513 94 5,573 95 3,668 5,763 97 5.8 98 . 5.003
A 5.958 102 5.983 103 6,008 104 6,068 105 §:128 106  6.203 107 6437

J DISTe raodia mesh incm ' . S : :
2 O.260 0.526 4 0,780 1,040 6 1,300 T 1360 ‘® 1020 @ 1.98
1 397 4055 13 5,238 5,715 15 7.027 16 $.339 1T 9,651 18 20.989%
12:910 134320 14,202 15,084 25 16,049 26 17.731 27 18.614
X 3 2 012 34 23.458 '35 23.905 36 24,475

9

6 6olog 0 27,17 +159 9145 43 350,132 44 31,113 43 32,103
AT 34,091 A 35,091 A9 36,090 50 37,091 51 34.091 52 39.091 53 40.09i 7 %4 41,091

2,779
63 3. Te

36 43.091

) 0°15% 3 0:310 4 0s465 5 04525 6 0385 7 0°610 00633 . 9 0660 10 0.ées
11 ¢,7l0 22  o0.770 ;é 0:8% 14 0,925 15 1,020 16 1,000 . Y i 1

28 1.6%
31 2,289
A6 2,804
4 3,813
79 4,498
2

Table E.4 MESH POINTS OF DIFFUSION OALOtTLATION FOR '

THE FLUX TRAP WITH 9 BWR PINSB

DIMENSION SPECIFICATIONS ’
1 plsy. angulor mesh in radion

2 04155 3 0320 & Ueags 5 0+52%
11 0.710 12  0.770 13 DB30 164 0,929

. 23 1325
9 9 39 T84 WT69 32 1,794

33 2.406 39 2.359 40 2.6l9 A1 2,619
AT 2.e68 A 2,924 49 3.019 50 3.114
:g 3.334 gi 3,359 "a 3,429 59 3,479
3 3.030 o863 6T  3.808 68 3,913
T4 4653 T35 4.T13 T6  4.T73 TT A.198
3.018 84 5,113 a5 5,208 a6 %.26a 2

93  5.513 94 5,573 95 5,668 o 16

1 3.958 102 5,983 103 6.008 104 6.068 103 4.129

J  Disy. radial mesh in em

*8
6203

. 25.613 59 26.183 40 27189 28,156 42 29,342 43 30.129 es 31,113 a5 32,102
:Z 2;-3:: 43 35,008 A9 36,086 50 37,088 51 35,088 52 39,088 33 40.088 3% 4,00

0.403 0.806 4  1.209 162 6 zous T 28 ® 2002 @ 021 10 aim
4,247 4,852 13 5,382 4? 15 7.026 16 833 17 e.64s 10 10,960 P 12,272
12+907 13.517 22 14.199 2

15.964 2% 16.406 26 17.728 27 18.613 48 19,493
__é_z;.‘ém 54 23.a36 35231902 96 24.472 37 23.082

33:088-
42,088

©

e




Table E.5

THE FLUX TRAP WITH 49 BWR PINS .

DIMENSION SPECIFICATIONS

! plIsTe ongulor mesh in radian

2 04155 3 04310 4 0865 5
11 0.7y 0,770 L 0+830 14

1 1.2 1, 23

29 1,719 3p ' Th4 V769 32
38 2.404 39 2,359 40 2,619 Al
AT 2,864 & 2,924 49 3,019 50
56 3.334 gs 3,359 58 2,4l9 59
65  3.838 6 3.663 67 3,888 .68
T4 4,653 75 AT13 T6 4,773 717

3 5,013 84 5,113 85 5,208 86
ﬁ._:uu 93 3,513 94 5,573 95
1 5.958 102 5.983 103 6,008 104

J DIST. rodiol mesh in ecm

2 0.839 1.678 4 2,517

11 7.530 8,198 84748

124907

13.017 14,199
LY Py

] %.613 39 6.183 69 4
AT 34,088 48 35,088 A9 36,088 50
56 43.088

Notes on Table E.l to Table E.5

Mark O shows the boundary of material region, mark

underline shows the regulating rod region.

0:525
0,925
1,325
1,794
2,679
3,114
3.479
3.913
4,798
5,268
5.668
6,068

3.356
9.298
15,082

37.088

6
15
24
33
42
51
60
69
18

105

6
15

K
51

02585 1
1,020 1¢
1.385 25
1.819 34
2.704
3.174

3,574 6
3.973 T0
4,823 19
2
5.763 97
64128 106
4419% 1
94893 16
15.964

[Y% 7S
38.088 52

04610
1,080
14479
1,879
2.729

IS

3.669
"033
4,848

5¢8
6282

5.034
pYILY 1]
164846
23,456

307129
39,008

MESH POINTS OF DIFFUSION CALCULATION FOR

064635 9 04660 10 068
4 1 1,165 19 1,190

26 1:574
35 li939
os 2.754

33

6 3.729
71 4188
80 4.873

98 5.883
107 64437

B 5,873
17 1l1l.p82
26 17.728
35 23.902
aa—3Lidis -
33 AQ.pB3

277 L.634
36 . 2,094
% 2,779

[} 3,789
72 4,343
31 4,898
5.908

(:) 6. 712
11,6717

21 13,611
36 260412
a4y 327102
54 ‘x-o'.

8
]

_1.694
2,249

2,804 |

T3.913 -

4,498

4.958
5.933

6,062
12,272
‘19,493
25,082

in the underline shows the transient region, and mark — = in the .

33:0.'”7W;'1"

i
i
i

1965 pE-I4EVE -




