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(1) £4F#lo point burn-up & 1XJG one . batch burn- -up D HIx
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(3) BEFHINV—TEEET JHic 38V} % one batch burn-up

(4) BEFHINV—THREETIFCET S refueling burn-up

(5) FWoHE, *Ofh

Refueling /53L& L Cik out-in, 3 LT in-out FHE A RE LicAt bidirectional JFZIE
HE g — FOHIR» bR IS
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On Burn-up Characteristics of Pressure Tube Type D.O
Moderated Power Reactors
Summary

The fuel burn-up characteristics for pressure tube type D,O moderated power reactors
are analyzed by one dimensional burn-up code in which both in-out and out-in refueling
can be treated. The selected power reactors are those which were designed by 5 atomic
industrial groups in Javan in 1963, when the work connected with the selection of
coolant type was started for pressure tube type D,O moderated power reactors.

The main containts are followings.

(1) Comparison of the characteristics of point burn-up and one dimensional burn-up

(2) Effect of reflector thickness on fuel burn-up

(3) Burn-up characteristic under one batch for the 5 designed reactors

(4) Burn-up characteristic under refueling for the 5 designed reactors

(5) Poisoning effect, etc.

Refuelings are in-out and out-in refueling, a burn-up characteristic for bidirectional
refueling is not studied.

October, 1964
' SIGERU Y ASUKAWA
Japanese Power Reactor Development Division

Japan Atomic Energy Research Institute
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MEF384E6 A 12 AEFHEES K & Y EESNF
HROoEDHFOAMEFEE SN, BEMAEKCE
BL ey, BHAFROBRCSTE, {138 ERE
mRWCCARREFAFRFRAFLEL D, HE, BRE
b ORISR s it TFRORECHETNE
famRmils Sh.

HARF AR CEES IFHEEZER LTREC
FECHEESG A 16 HIRERE SN, BURL A bic»
TEBEEY B CTEM, FESLHIRLLSAT
FLRFENET L. - OfFED R EES IF
BREER 1~8V~8 AL REFHINV—THEE
229 ~19 (JAERi-memo No. 1527~1531) % &
BHERTWS. RRESER, ol sEREHE
BOEED S b, 1 REHMFEAOBRELLADD
Thb. FHEEDLDDOEESHRETFERLED L 5 i
EoRBOL LEDLNTELSL, HONLHED
B oW CHIBL TR S ANKE EDRBEEFT]
TN —TOBEHEHFLHATE Eefegr L v o
T, D E ORIV C, MBEHEFALTES 5.

EFNERSHREOHFINC L, R, HEHM,
KER, BAD 4ATEEOHEM % v 2 AR 0 Hoik
HEko i) o Liil o Cuiad, BRETFHHER
it B iEER, BENHNFHEERSZOER®SS
LT, 1) mEEK, 2) HEEEK, 3) MEEXK,
4) HkiEK, 5) BK7A Y, 6) BKRAF—4, D)
B, 8) REEH R, 9) ~NY UL LAEESLSS
BOWHFD 5 bk, 4, 7), 8)D 3FRLERT, £
hesZe LCl) 2kl d BRI CHERREH
ARl ERENARBIEKHOEGEL
HEATCE V0T, ENERFYRCREL, EX
RBRGEKGHINFOEFERED LR & FiICHD
THRET 5 A cED b, HBEFROERE DT
BB R T & 25T 2 — ¥® (Point-
Reactivity-Burn-up-Code) #{ERL, ThEFv-TK

E

BT, 1o DOCISIRE R~ L, B ES

RO THEORELED, SORERFHINV

— Tk - THERE, MR, Bk BT
ZgbEni FCEHL R LR TFRERFCET
DBEEXE LT L, BFHEOEHRLWELRD L
Eabte. AR b O BRE R £ O REAEIR
A AR T e CHE—iED, Thicd &J&5
BFHIn— TR TFRFEORE &I & oo 1285,
Z OBELIF O MBS T A 0 b LiTEDD
Ri=b DT, FERBHNZOL ) RIOEED
X ot r oo, 1o iFEIEEEKEIF
T 3RHAY—~_{DF7F—2 RARC IV TEHE
TR T Licdh kB, 41 2dikEt
EinEsrtrotoo bich kb, EEtoFEHLLT
T BT, #, EBSRHAITCETTE B HFR
T o fatbic, BHEBORNCEERNEELEE
HTWT, TRHAFOMBEE»S Rt L SHL
ewWiBReHrnieb Db bt

¥, WIFEORI A TN
ke, #HEMEAE L bR, ThicDs k- FoEREH A
BolbhaxELDThHHMN, SEEC mbhicf
ZRHTELTLE 2D L5 HEAEC L o fobld Tl
Tt o o0 C, Bbhi-fERcE 0T L b §
B Sha~EANTERTS. ARETHCELD
5t 2~3odofaintintn s,
FREBOHRBEIRD LBV THS.

(1) #4FBIo point burn-up & 1 yRIE one batch

burn-up @ Ml
(2) FEHREESMEE~RETHR
(3) S5EFHIN—THHRFFCRT 3
refueling burn-up

Refueling 53 & L Ci& out-in, & X in-out J5
HA 3t Licas bidirectional H kA =2 ~ F LOH
EBrbikitsnionoic,
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2. F B R

B ONGEE SN AFRRREAEREXRAE N
JFCEHR s b OO HIASNE L A4 TR D b AT
Lilcs T 5.

1) mEEASHFE

2) PEEACGFHEFE (BB

3) BEEEAKSREHE (GE)

4) FEMGHEF

5) [RERAH AWEUR

FoELEMEY 5 oa iR L, IEEASEF,
FIEEKEHE (BE), FRMSHFOBRBERAY
5 vk, PEEAGHFEGEE)R L 0% BitEY 7 ~
Y, RERA AGHUFE 1.2% BusiEY 7 v ERLT
V. E B nEEAGEE, MR
HFIC L C Zry-2 %, AHEMGHFCE SAP (M
430), [REE & A EHAIC L stainless steel VB R
T b, BIBEASHE GEE) DUIOFORE s 7
2 & —ix 19 AgEEREV b e, HEERGEH
i O(BE) ©Fhk 37 AgEEAACbBR TV 5.

A5 FE R T8 K vy 245 & TR E P K v 2 47 0 48 R
X, BIEZEOGHMENM 60kglem? THHDILRL %
#2ir 90 kg/em? Th o = &, n b CICEREIRETE T
K/ 7 (N.U) & cliisEy 7~ (S.E.U)
REALTVBC L, FLMFXIOARIFAS—-TH
B LR LTIREE 3T RV FAEZ—~THHILET
ha. - :

ZARRI O T BT o HNE O Ty TARET
T EPREKSEE (BE) o akTe

Bi% Fig. 1 w3

BTEEC oW TR R S Ty, & F
R LBHR I B 55 S 8 ) YEORRICET
DMBE (ZhEh 5y FIFEREEsAL LS
T340 C He EDHAPKEL Tl 2) REsLCE
HERAY, TORCY 5 A Z—~RER R oMEHERS
BASRTWC, O/ RRHAMRE -T2
D L5 R O T RO E S TREZRHRL
T 3. MEEKSHYE, AEMSEE, RS
HUF O F 185X cold pressure tube & 7n > TV 5245,
TR AS HE D % hot pressure tube k7
o T A,

5 FEFH I n— T L 0 RE Sl &I O LR
% TABLE2 5% 5. ThbOMREECHEELT
#< L, ETMEEKAHFORMNLHE up-flow T
OB 630.8cm, &Sk 557.2cm, REHEHES
EARENE (D) i 17.6cm, MU (H0) 15.0cm,
#* 7= loading i* 2zone loading &7t - TW 3. RIC
EERBRAECH B, = OFELERIE 628.0cm,
B &% 626.dom CHEMEEE & v, RiHAPIRE
(D:0) L& 30cm, SMUE (H$8) 70cm &t Tl
5. R0 REREL 4 zone loading T 5. HIEHIKIE
KEHIFORFLHE bi-directional flow & 7o Tl
T, 0 FOFEE FLER AR 472.2cm, BFEH
379.0cm, Atk (D:0) BL& B0em k7poTld.
27 loading 1% 3zone Chs. HEFHBHUFOFL
B 560.0cm, &% 598.0cm, Ktk (D:O)

TABLE 1 Material and dimension of the designed lattices

. Fuel ]
§ Materials Sheath | Fuel |Lat- Pressure tube| . )
D:0 modiaraée::i reactor |« heath-pressure Fuel dxi):}let thick- |rods in!| tice V—K———“’"’ or liner 'cv,beAA‘,;r , ?ﬁ}aﬁggsz
coolant type tube, calandria tube) meter ness| cluster | pitch | ¥ UO: [innér diameter gap CKIE
mm mm| rods| cm| mm mm mm
Pressurized DO Zry—Zry N.U! 16 0.5 19 125.0(13.7 91.2 5.0 1.3
Boiling H.0O .
2(10W pressure) Zry—Zry N.U,| 16 0.5 19 | 24.5{13.3 91,2 5.0 1. 3
Boiling H,0 B 19
(zhigh pressure) Zry—2Zry E./U 12.5| 0.5 [37 or 36/ 25.0 | 10.8 103.0 5.0 1.3 §
Org(asmj;&\TTOWAX OM) . : . S
First proposal SAP—Zry NU| 16 0.5 | 19 |245|13.2| oLz |&0| 13
Second proposal]  SAP—zZry | L% | 14 | o5 | 19 |220|1.8] &4 |50| L3
Gas(CO,) First proposal sus—zry |58 14 | o3 19 |23.5]14.6 103.0 5.0 13
Second proposall  SUS—zZry  |%%6| 1.5 0.3 | 87 260|130 1284 |50} 13
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FEX 40cm G, loading % 2zone k7o TCW 5. (&
B A A S HIF L BEE uni-directional flow @ BR % &
b, FLEFEE606.6cm, & XL 556cm C, KE{&

(D:0) EXix 30cm, loading it 2zone & 7t-Ci»

AYAIR YRR\ 7SR

N NS

Fig. 1

b8 3

5. WEROFEOSH TS YT 1000 MWex FREL
T feds, BREHBRORER TABE2 KRTERD ETR
o te. BB PO BRHE RO 2 JAERI-memo No.
1527~1531 IKERL TV 5D Crh BRI,

Calandria tube
Thermal insulator
Hot pressure tube
Fuel clad

Fuel pellet

= ,D20 Maderator

¥ Pressure

Slightly above atmospheric

pressure

Temperature avg, 43°C
99.75 mole%

Boiling H.O cooled natural uranium reactor fuel and

pressure tube system

Coolant (boiling H:0)

Pressure 63 kg/cm® (at turbine throttle valve)
Fuel rod pitch 19 mm
Gap 1.8 mm
Material Diameter (mm){Thickness |Density
ID. [ oD | (m | grfec
Fuel pellet UO: (natural) — 16 — 10.33
Zry-21.5%5n,
Fr:l cladding 0. 1294Fe, 0. 10 16 17 0.5 6.55
94Cr, 0. 0596 Ni
Pressure tube Zry-2 96 104 4 6. 55
Thermal insulator) Zry-2(foil), Air} 104 114 | 0.75,4. 25
Calandria tube | Zry-2 114 116.6 1.3 6.55

Listed values of dimensions and densities are those used
for the nuclear calculation.
245 mm

Square lattice pitch
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TABLE 2 Core configuration of tue designed reactors

JAERI 1075

cooled

Pressurized D,0O

Boiling H,O cooled
(low pressure)

(high pressure)

Boiling H,O cooled

Organic cooled
(SANTOWAX-
oM)

Gas(CO;)cooled

Thermal out put (MW)

1163

1000

964

1094

1078.5

Reactor type

Vertical up flow

Vertical up flow

Horizontal bi-

directional flow|

Vertical up flow

Horizontal uni-
directional flow

Core diameter (cm) 630.8 628. 0 472.2 560. 0 606. 6
Core hight (cm) 557.2 626. 4 37‘%. 0 o 50800 - 800.0
Fuel channels 500 . 516 280 420 556
. Inner (D.0) 17.6 Inner(D Q) 30.0 R : Py
Radial (m) |Gyer(H,0) 15.00uter(graphite) 70.0 | P 8.0 |(D:O) 8.0 (DO) 30.0
Rfl-ﬁzcl::r?;ss Axial (erm) I(%Jper & lower Upper & lower i ](B_Sth side L(%)poer & lower I?Bth side
ial (cm O+ .0+structure) + O+
stzructure) 15.0 (D:0-+structure) 70.0 30,0 ‘§tzrudture) 40.0 s.fructure) 30.0
Loading Regions 2 4 3 2 2
Enrichment |- 0.649§ « 0.6094 « 0. 8093 1+0.6% «1.09% ~
Channels 250 16 0=R=136.3 36 278
Subregion 0=R=223.0 0%1&%55.3 .+ 0.90% 0=R=8.0 | 0=R=214.5
‘N.U 0=2=469.8 136.3<R=192.8|-N.U . 1.29%
250 -N.U < 1.00% 384 278
223.0=R 500 102 8°< R=236.1 82.0=R 214.5=R
=<315.4 55.3=R=314.0 PEE== : =280.0 =303.3
0=Z=469.8
- 0.5598
16
0=R=55.3
4690.8 =7 =626.4
« 0. 65%
500
55.3=R=314.0
460.8 =7 =626.4
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3. 1 REBBRHREOTE

1 TR B o Fifie 2w Tk, FSErFERLEL
oTkpEEE S o — F, OBCD® i & T 30T
S o DREE R F LSBT OGN
EZ B EDS. ‘.

3.1 BEH

BB RC2BEF A Cislobitiz. TORE
HRABERR 5 BT H /v — FEEFC AT 2T
S T4E PERR L7 point burn-up code® (WATCH
TOWER-L, T W.TI cBE+5.) icd»TR
W»T 5. P, FhUBEOHEFECS - THHA
T5.

4, OISR 5 kA R I X - TREBIL,
B b NI IBEE O MEO MBS E 5 b L W.
T CHEL Tk . W.T-II CiHFash s o
BAHER T v 7 CORGIP LTI 0, BWEH A
0) (A0) & DW(0), SV (0), J.™ (@), vZM (@),
D® (0), 2.2 (0), v3® (0) 0fRKFTCHA), M
SHeRE B(), ool 4(0), K@), 5(0)®
5o, LT, chboERE o
s e 0 DML L ChHA BT — T VDX
G in-put & L CHIOBCHEAEED.

PR F v 70 pt]l COMENC dsiF SHELBEHK
(r=1~ro) D IEER X F QIR HIEL THET B
7 gy s s(s=1~sn) DRBER T v 7" p & COR
PR Op® RFAVCRD & S iiiEan .
W, BRI L2 TAT vy T 2 Db BT S
okl o B EIEIRE % Ko (Kp>0 @ 36 X outrin,
Kp=0 D2k one batch, Kp<0 D&k in-out
refueling Ch3) &T5HL

(1) Kp=20 0¥&

b &L

A(0®)-0 (s—r—2Kp)
Appa™ ___{ p=1 1<rLro—Kp

4
A(Bo®) 8 (s—r—>Kp)
=1  ro—Kp<Lr=nro

(n
(2) Kp<0 D%

B 8 BIvRvATNVNEITHS.

b
_ A(Go®) -0 (s+r—rot+2Kp—1)
Ap+1£r; ={ p=1 1=<r<| Kyl

b
A6,®) -8 (s+r—ro+ 2Ky—1)
=1l | Kp|<rEro

(2)
oo C 0, (L r OERESR T 65 2D
JDES5ELTHIEEINS.
0p(’) =0p—l(.) +Aap(s’ ( 3 )

p-1
rﬁp‘” i} (s—r—pE_{(p) Kp=0
Agp(a) - -

p=1
A6, -0 (s+7'—ro+ElK::—1) Kp<0
b=

(4)
Abp," =¢—F(T)Atp % 10-2! (5)

Fs iwou TR T 5. (8 Ric 1072 2R T
2O EHERONE MICHEERL LDHLDT
5 2O CHOFEHL L.

3.2 PEFR

B T L TG 2 BEHY (FIF) TR bhs.
(1) ~(G)RCHIT S Nt TEE AO) 2V THx 1
I L L TR 0@ (7) kal e S h b

—p (DO FPe® () + D (oW (7)
=Y .S () + g (r) sga-v ) ()
i,
g=T% 7 L LR Fity, 2 @fchiETie
RLTC B,
S @ =B D@ (r) + Tu®
+ RO +£D e (r) + Spo
By =Transverse buckling
10 =0, (TibbHEFEFHOZCERLHLL
T %)
£ =gedg FEEFIE S5 £ — 4 — CEBPETHO
BN SBH O L LTS,
S =l FIREE CRO & 5 HEEL, &5 I
HERB S lobil TV 5.
fys@rav=1
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2

2 (Ds‘f) @ . (g, (;:’)
S(r) =E=—— (7)
1=, SEshe-eeGay (®)

6) RCEE SN EREORETER 09 (@ AL
TR BB S W ETE 69 () HKRT
HEINTWS
p@ (D) =B-0® () (9)
Pr
ﬂ= ] - —

2 C, PrizALoefiliich - CTlFABEME S
whchr bhb., i, VodiFRAMERSLE DO
FELEREyRT. #Rr RO B D ESH TR
m:@¢WG§&muf(w)1fﬁﬁgn1&m

SV:f) v (DEO @~ ¢(de
A(!)

61’ " _ V(r) g=1 CF;
(10)
=22, Vim 3R r offER <, CFr 3 riesy
THEHES O L 3 2 KR OFH CTH D, Am, & D
imou it JAERI-memo No. 1954 &R I fufcv.

3.3 MREEE

JABEIE D vk 7 TURPIARERE Bp™, (BE7 o v
7 QMKEE Bp®™, L0 WBEEE By, MO SF1
s RE E,"’, Epm’ Ep(c), NHIMEN LM, B,
By oEmMETRFTT.

(1) SHE T T v 7 DYBEEE Bp'®

Bp® =B® (§,0) —B® (fo'®) Q1)
B® p=1
4By = {Bp(a) —Bp1®  p22

(2) FLHEFIROMREEE B
Bp'" =Bp-1™ +4Bp™ 12)

p=1
A.Bp(s) ‘6 (7""‘3‘*‘ EKp) Kpgo
4By p=1

-1
ABp 8 '6(T—5+2Kp—1) Kp<0
p=1i -
(3) FLTEE By
r B 'l"V(T)
By '—‘1———— -(13)
E V(r)

r=1

% 2) (OROBFROFIAR JAERI-memo No. 1594: 15
page KEZ LA TWA.
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(4) Bp®, Bo®, Bp® @GN EFHFNCH DM
o FHMBLE (Bp™), FRICH 2 % & 5
i Hite RETEERARE L Oflic 115 EIaEEE
(Bp®), fFshic i REFHE O Fig B
(Bp™) Cdh »C, ’C@%%@ZWEE 21 E.g'ihl

TV AXHEELbRTVS. :

3.4 WHBESE PE) SOUICHAEEL
Pdmu, Pdmin

2
P =3 —'5- W) @@ (F) (14)
g:
Pdyy=Max. P P
?X (f){_ as)
Pdnpin=Min. P(#) [P
7=7E L,
L Pmav
P=2Ys
&gv

3.5 BMEHOWIESE

B DL~ DS ETEBIR L v PR {2
fe b RTHB T 2> 7 ) —%f), TOTEYT Y~
NI A b de b~ T L ADIREF + A
AR SR D, T v 7Y — DT ks &
X X2 ATHYRIRAT Hhaa, Cofhic bERT
ey T =L AT 2 7Y — & ORI
g X ORI O B (LK) oA TR
T5.

W. T-II GRS R LT 5 Y& D YRS T 2T
AR By G boesh Ty, L
=73 T OBCD CEiR % s g 5 Fdic it s,
T £ v 7)) — ORI & BRIk X 5 RIEA L
B, COFEEXRANS DB EZRD L
5 iEET B, fort L & O FHE i # T B o0 Gl
Eii e SZUFERIC OB EITbO L L.

Sh@=A-Z () +B
w3 E) =C 2 () +D
REL, ' RHEMoMERT. TLRAEREKA B

(16)

C, DREO L L TRDTHE, STy

)—nESk L& LED S biHaoRs % Lk
T3, EEBCALYEEZTI VS, 24T v—
P EOTEY L AHMERT, ThEhogTFHIc
W B WiERY 0. (spring, tie plate) ; §2.(coolant)
Lth. MEEBRE ST ARS0ENE, 77
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v Y Y EORTFEECHT 2 ERY 03 P.T,,
C.T.) £ +5. ILEHABRABTORIE:ERTIC
BZeRS Lo RIRMEROAE &% 03, (Guide
tube) £ 35. Lk kg, ¥ A~D KX tE5x
bha.

=L
A=-7- (;7)

B=4§3.(spring, tie plate) +03a(coolant) +
033 (P. T.,C. T.) +63. (guide tube) (18)
I,

033, (spring, tie plate) = 3. (spring, tie plate)

X apX VeX ;jl;
83, (coolant) = 2a (coolant) X @ez X Vo X ¢¢°
avg
§5(P. T.,C. T.) =S (P. T.) XaoX V: xg—‘—
avg
+24QTJxMxmxf3
avg
53, (guide tube) =T-‘_’£f-z.
=L,
an=fRATOZRT Y7, #4T L~ Ok
a4

av=HIBAPYCOWHF O Lo B AR
x(1-25)

ap=amn +aoez

Vi=#Fre i+ 5 B TREFIRO ERIRC i=
0 WENEAR%, i=1 REHE, =3 &
#5yF)rEERT.

Bil Dave =15 F- P EAFIK & W T F I O i FIRILC
i=0 ZEHER%, i=1 XEHE, =3
AT P PEERT

do=4 35 v FY) vEIHR, HEE SI07
— 2 2 —~RBRNEC X 5 SEHRZE.

[=#hETRIEAR

S =HERCHERE L XnVHETOBT
X BB TFEENERE (A2 LIRS

DWW S Lz D).
C=A 19
D=0 (20)

MEAA 2 VAT A E R RIURIC & B
BIRDBFIC it ERO X 5 s F LR Shiny
Bedhs, LHLESEDEA—H—ORFHHERELR
THhBL, EOFRIEMETEZILEGFPSILTHE

3 I REREHEOHE - 7

5L CwB s bk, FRHAMAkoLDIZE
JEE L S BEREE AN~ ORI L » CHITH
L. ‘

3.6 WyAEmNwHIUIYT

Wiy 7 U 7 B GHEHETE, ST
e bIEE LRERIC X 5 R RO T
WANTV 5.

By EIRECCEEL

B(g)2= (%7)2 (21)
P2 L,
H'=H+28
H={FLE
o= FREEHEE X

3.7 EhEsENE

WELA n ZE (AR LB RUE o R B,
SRR SR L & O ESISEROFIBE b 2T
B. FOREETIEOELERAEG Okee(2) XIhBE
Bl e &2 bRRDCELL TR b e ELTE
5. TR, = OELOELSGHROHER? D
BCLELMTHAA, FoEEr20Tit [5.244
#1755 #: (out-in refueling) I 78~ LG EOEFED
PABEE | TONRD.

0 kett(t) =bn—at (22)

It el n REbisn—EhERTHSB. L
2D k&, YA 70 CIRR QMBI T E T oMbt
K] Tn ok 8 ket(Ta)=0 THZ BN B2 D,

webn (23)

ﬁﬁ%ﬂﬁmDTf§%H®ﬁﬁﬁE%MnJhmﬁ
Briabhufhbinonb,

lim 7-Tw=lim 202=C, (24)

CiixsE L ephifiebiny. LM T, TaRE
v o2 3 UTHEERRE be o OCHFER] Ty
WRORETT & 5 i, 1EOMRREHRCERL 58
MEOKFICHMATHE Lickd.

(n>1)

bt

(25) -
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3.8 HUHREOREE

Fild n S8 (KD L, BERRIFcE oK
S BERCE CHRR NSRS h S L 15, BHEN
COBELOBTERME T i, 0ku(Tn)=027ch ¥ T
O TLE 1B (@R TELLNS. —F, BHK
OFEE AR Pi L35 LR RS B ERC ER
ENTH6, JBERARBNES LFLADIREING X
CIe B B BAEERE Bn i1, Eﬁ&ﬂ%Twévﬁm
B L LT

Bu=B(Tx 'i; Py)
EEHEND (ZZTEERL TR ERLVC LK, &
BoFEH T Put FEH 4 7 vicoT, BESABEEH

LTLEDRVI LTHD). ), Rl o
B(t-P) 7 P, ikl ¢ » offlc B@-P)=C
P, C=7E%, oHBLEFE LD27b, By I
DX>ETA.

Ba=C-Tn- 3 P; @n
i=1

LI n=1, T one batch DFHTIX
B,=C:T1+P;
Lg%,
7 SYEIE LRI T O A B B A KL o A B BT
Ba &, one batch THOLNBEEIOMEEE Bl £ D
H#% B &3huk

_Bu_nTu 111 S p
fn=gt =" Pl[n EIP‘}

JAERI 1075

Fir e RH—5E, Lidio CEYHAEE--EOIRE
CREBERLEEINS ONEFECHLING, FRE
WE2EFEL &ied. EORRELD B 2L TR
DFERBELNS.

_n'Tn_ . __b_Ll_ 5
,Bn‘— Tl =n bl A (28)

+AKES 7 EHLT

. — neTy — _(:)_1 \
nli)n:nﬂ,, ,}iﬂ T T 29

DlEDZERENDL, BT ot T TOMEO
BBEEC X, ROBEMRLSZ LiibA 5.

(1) #klacic & 2 BB O 0 O%, BERSE
~H 3 TrRHRINBEE 2, BEIECHREZED
EHERDOF(E bn KOIEEFET 5.

(2) neby X n OEEME & SBT3 00EH
Fmb, MEEFEP TCEALETRELTHLDE
X, CORMNBEALMLLIK, n #KRELT
ko, Tinhb, #iFEkfuciEoT 5.

(3)  #fABEREE & B i, TEHRET bn
AEDHE LALETHD. T IEITHRE 0
BEFOL4 o E—2 UV ARBLEEI W LY
BRLTWw5S.

LKA (3) MK EBERTHS. ok
¥, out-in refueling & © % -in-out refueling D25
2L ICBERE R B S AT O 1 ik, BTt
DA yE—2 0 ZANREL, FORISEHFHAROLC
LIz LB D THB.
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4.

EIFBSLE O RS

COECIR 1 RTEHEL S RS PRI EO T

SGWTHEAT 5.

5 FRI D FhFRC oW CEIIC

BT LhmbEREIDOLEDDT, bAFEDHF
Bu iR LCHRIAT 22, ToRERRREoFC
DT TSN —REIIC L 2 AR TH A 5.

FFEROEMREC >V TREFCEEI TV 3

EES SR A B ELDOA T 2D TERE

PR3 (B AR

4,1

Point burn-up & 1 JR5T burn-up O HEr

& JFRE- 7 L C point burn-up code(W. T-II) CE

TABLE 3 The designed parameter for each reactor Nete s

. Boiling H.O Boiling H.,O
Pressé‘(fc’ﬁ:g D:0 cooled (low2 cooled (higﬁ Organic cooled | Gas (CO.) cooled
pressure) pressure) :
0 Thermal out put (MW) 1163 1000 964 1094 1078.5
g
“E’ Enrichment (%%) 0.714 0.714 1.0 0.714 1.2
]
é Core diameter (cm) 315.4 314.0 236 280 303.3
o - K 30.0(inner : D,O)
E | Reflector thickness (cm) ig-ggﬁg:}?& 70.0outer: 50. 0(D;0) 80. 0(D:0) 30. 0(D:0)
3 . stz graphite)
(3 | Core height (cm) 587.2 766. 4 449 678 560
Mesh width
(radial direction)
Core (cm) 5. 257(10regions) 5. 233(10regions)| 3. 933(10regions) | 4. 667 (10regions) | 5. 055(10regions)
- 2. 933(inner), 7. 50(inner), 5.0 8.0
B Reflector (cm) 3.750(outer) 7.00(outer) : ' 3.0
i Axial buckling (cm™) 2.862:x10-5 1,680x10-¢ 4,896x10® 2. 147 %10 3. 147 % 10"®
n
§ [Nuclear constants Tor core 503 111 323 403 203
& [Nuclear constants for
|7} b D, Note 1 D O Note 1! Note 1} D0 . (Note 1)
*g‘ reizl,c;cig)ers (bd; Séggnr%%ps) H.0+SUS) graphite D,0 (+poison) Nete 1! D.0
é D,(cm) 1.201 1.271 | 1.201 1.081 1.297 1.291 1.291
o -3 -2
5 T (cm?) L 14610 o X o 1-1403x10° 1.146% 10~ 1,146 10~
é Zalem-) 0.0 1.475%10-%0.0 3.694x10-® 0.0 0.0 0.0
D;(cm) 0.8302 0.1723 [0.8302  0.8370 0, 8343 0.8302 0. 8302
Zpp(em™) T BLXA0 o S a0 7-327x10° 2.119x 10~ 7.611 107
Fuel burn-upete 2!
One dimentional burn- 4050 3850 7075 4350 7500
up (OBCD) MWD/T
Point burn-up
(W+T) MWD/T 5000 4000 7225 4750 8200
@ Fuel life time
=] One dimentional burn
é .up (OBCD) day 312.5 392.3 314.8 304.4 453.7
Point burn-up
(W-T) day 399.3 414.3 321.8 357.6 560, 2
Power ratio (Pmax/Pave)
(radial direction)
Burn-up initial 2.00 1.69 1.68 71. 70 1.92
Burn-up final 1.21 1.10 1.09 1.11 1.12

Note 1: Moderator poisoning is included in reflector.
Note 2: Fuel life is ended when effective multiplication constant reaches to the value of 1.015.
Note 3: Uniform enrich, no correction for group constants.
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£ X #LA-BABERE & one dimentional burn-up code (OB
CD) c3## Xt 7 uniform enrich @ one batch @
BrEEEOMIC Y ORBEOHE RS BRSOV TETR
5fL7s. W.T-Tlcode & OBCD code CHA SR TL:
HHELEDRED 5 biRGECHR Y52 5FREAK
DHDOREELLBND.
(1) Point burn-up code GO RKEHED B\ LK
HEEROTE CRARL L CL B et ff R
~O P EEFREERE L Rifbh Tuighe.

}‘c“
=
<
=]

T
7

~ Pressurized

101}

1.00

N
DﬁO cooled {N.U) N\ N

JAERI 1075

(2) 1RTIBEEIICmE e & b HERRE
IR L, E AT S ZREgcRL
T 5,

—75 point burn-up HE CxFEFHRTFRE
HCR—ETh» T, +OLDCEHEHCHEE
B o BB L & b CFRE R T—RCE(L

T5HDE LTV 5.
(Ve 2vwTiEERo Lo s, TOHEBSRORDIKA
&\» % Z A% point burn-up Tk buckling & $KHIE

One dimentional burnup

------- Point burnup

~CO2 cooled (1.2% E.U)
Boiling H20 cooled (1.0% E.U)

\
N\ N\
\

Boiling Ha0
cooled (N.U)

i
0 2000

1 L
4000 : " 6000 ’ 8000

Fuel burnup (MWD/T)

Fig. 2 Comparisons of effective multiplication factors calculated
by point burn-up and one dimensional burn-up code
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BE (& B0 DR 2 A ChEFRERE Y R
» T\ T, buckling O FTEIE G REHEETFO Fc
YoThwdokt, BHEAT v CERBRIETD
BLLTWS S EThD EHPFHETHD buckling 23
ez 7y TTCARETLHB LT RERFERCKE
HRECh - T, REEFETFFEOMBE S TS
K& B Ee 0. Buckling 23REEX T v Tk
s 2o PETREENAEY, ILHEPETRE
SR TERIEAES LS. BBERT vy LD
buckling DZE{LXEFC out-in refueling % one batch
DEETRE.

SE VDN EFEIORRET/ S5 A — S TABLES
5% 5 (#2735 L point burn-up OFEI% Licz & &
BT EAEC TV BH, fuel gap FEOHIEF LT
v, AR EHE EOFL—REHED FEIFHE
b HERERATEN TS, ¥ 344D, point
burn-up THEFBHERL 1 RICERBERT I X 5 ER)
RO LOBET % Fa. 28R, ML
I 5 eE—REHy Ay T B R sbticoh
mEOECEE2AET T 5. 1 xTESE (OBCD) ¢
O EZ R A point burn-up (W.T-ID CHfE L K
VO BgEFA E—F VADKEVFORLATR

20}
0 MWD/T
e
"/
o 3803w

5308w
C 7 8015w

15

(%)
T

1 L 1 i

. !
0 10 20 30 40 50 60
Distance-7 {Mesh point)

4 HERETOMMBEREY ' 11

BT aon e, i FiREER point burn-up
I BRTAED CTHBH, O Lk Fig. 3, 4
IR T Bl FIROMEEIC X 5 (boETF2 R
5 LELMTHD. Fig. 3, 4 it BERBBRAEE
FORPEFRED CCBEPEFRER LTS5
drE IR & b RBED W TP LRLEAE L e T
W BH, BEEREDONFELEIR~NBE L T L
D DRI LS. TORKE, KRHLOFETFD
BEAL 50THD. FAEAEREMLOFEICoLT
Ll 5 5. Fig. A1, A2 I INEREASHFD i i F
FEFTHFig, 3, 4 L HE L TH S LFLREHEER
HECOESEFTRDOI LD X Fig.3, 4012 5 BNKE
V. ZHUE Fig. 3, 4 TRENTV 5. FRORMGE
DEIM Fig. A1, A.2 TREANTWBHFEOH D
AERTHrEDELZ LR X53DThHS. KaER
B A DOFEATDHEE TV BFERTILE 5 Tl
PRI S BRT LY X —FEBRBECE S &, FORBR
LU CEMBEROBE LR, oA
P LD FHR - TR L. SHIEBBEEDEINT3.
Fig. 5 @ 5 FRIOMAEELOE(D L 5 T2 R T
A5, MEBEKGHFEO RPEESH—EFS T
DICHNBEELE—BECEREEFL TS, 20

151"

X10¥n/cm?sec

—
=
T

L] 1 L L 1 L A
10 20 30 40 50 60 70
Distance-r. (Mesh point)

Fig. 4 Thermal neutron flux for boiling
70 . H,0 cooled reactor (high' pressiire) =

Fig.3 Fast neutron flux for boiling H,O cooled reactor(high pressure) .
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2.0

1
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< -5

JAERI 1075

1=D.0 cooled (N.Uj
2=H,0 cooled { » )
3=H:0 cooled (1.0%E.U)
4=0rganic cooled (N.U)
5=C0: cooled (1.2% E.U)

0 1.'0 2.0
Burnup time (sec)

3.0 4,0 X107

Fig. 5 Power ratio changes for each reactor

L BAEERRIC DL T h VL 5 5. TABLE3 (i one batch
CELNLHBEEORKE Y52 T\ 523, pomt burn-
up 12 X % MEEASHIFO #REEEE 13 5000 MWD/T
© kS HE (R&Y 7)) © Thkbh b 1000
MWD/T dkEvicdhnmnbdb 3, 1RITMEEETEO
$hELY . AfE i 4050 MWD/T, #%% 1k 3850 MWD/T
C+DBIx 1k 200 MWD/T &7 T b, INEEKE
HUFO KA E 235 Thofefcd R T LI Yo
BIEEE B S TR 2 & o b, BREREE D
BABERE ~ D S AR CBI T B 3, refueling D
HCHLEEC L HDTCEINRECE L Cr+AER
TEBERS 5. MEEKSHUE LSO Mo Fo0 it
hES RV YR BEIR it T it edic
point burn-up & & A KR & 1 RITHBT X B ABE
JE e DB X FUE ERE S ikinu.

1 RFEE S X % MRS X point burn-up K B~
CINEEASHIF T 19% ; PiEASHIF (RKY
53) Tk 3.8%; isRARHE (BukkEY 7 )
Gt 3.5%; HEBMEHFECw 7.4%; REF ZGHH
FCIE 8.6%; FNThPillns T 5.

4.2 FREHESESBREEORER

[4.1 Point burn-up & 1¥RJG burn-up O] T
Rt B & piikiers, HOBEERCEELRIET
LeER L. COBCREAEDRNER Y

DLDTHIMEDWTHIETS. BiToNRTic~
2RI TABLE2 (R IN TV B IMEEKGHF TS
5. BEARKEOEX%,17.6cm; 35.2cm; 52.8cm
CEZ e BATOEBEROE, HALDEL,
BEARE D I EL D #ET % Fig. 6, 7 72 b UNC Fig. A. 3
AT EArbhhdl ERROHHETLHS.

(1) BB oRECoOEPMEROZL L
ERELhoTieuws, MEEHKRIHOIRE TR
fERic e b OB E ATV B, F ORERMREEE b
M DOMENTECL D, KRS LMREOHE
Lo % A TABLE4 IR (ekEL, oo #FRKE
fuel gap, end plate OHIEE V).

TABLE 4 Effect of the reflector thickness to fuel burn-up
Reflector thickness(cm) Fuel burn-up (MWD/T)

17.6 4050
35.2 4400
52.8 4625

RHh E &4 52.8cm & F~E BABERT (X 4625
MWD/T &icb point burn-up DEERIC L b~TH
9.4% oW L ¥ ¥ H FERKEEHFLIS O 05
BMofizflicbDrins.

(2) FrREPEEIGHAEEOTEME/E 1
DI TV B o L% Fig. A3 mbAILIS. BB
léﬁ%&%ﬁ&@tbm%o%%ﬁ%ﬁt2%ttv
CEBNEHEOEBEINZZCHIRINTS.

(3) (1)(2) DR bHZE L TEKRREOE
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1,09} -16000
1.08F
Reflector thickness
1.07 ,52.8cm (case, 103) 5000
g 35.2cm (case. 102) —-}4600
1.06} 7 17.6cm (case.101)
4050
1.051 4000
104l &
5 =
™~ Lo3k 3000 =
L ozf-
1.01f 2000
1.001
0.99f 71000
0.981
1 1 !
0 1.0 2.0 3.0 x10
Burnup time (sec)
Fig. 6 Effect of reflector thickness on effective multiplication factor (pressurized D.O cooled reactor)
60001~
2.0+ H000-
D2O-reflector thickness S
n:‘. /_,,17. 6cm (case. 101) E a i No reflector puisoning kot =1.00336
£ /,35. Zem (case. 102) b : Reflector poisoning
] 52.8cm (case, 103) 4000f
a, ker=1,00289
‘ 3000 N 1] 1 L L Il
1.0 (1] 10 20 40

2.0
Burnup time (sec)

10

3.0x107

Fig.7 Effect of reflector thickness on power ratio
(pressurized D,0O cooled reactor)

X 50cm eV LIz e h Bl B e & Z 2603
REKE BT YE CH B DFOFREICE » TER
HEEZDY -1 2 TRETHLERLSS.

4.3 FAHEREDREOREE~ORE

RHEoBESNBEECrity OB RIETI L

30 50
Radial distance-r (Mesh point)

60

Fig.8 Effect of reflector poisoning on spatial
variation of burn-up

2B EH{AEN D poisoning control (3 b AAFLAD
poisoning control & L TWL34) Ik & » TRERIZ D
b ENAEMARPEOPREZBEDLZ LNRTRE
NBH. L TCIhREDEBED LD TH D wii~Ni.
B oI G o - - fFBIT TABLES 3T plR K%
HfF (BE) CThs. FHEFEY Fig. 8 /nb U Fig.
A4, A5 ERT. BIABIROZ LB E 5.
(1) EhfERux Ii;h‘ﬁilﬁj_&: poisoning control
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BHELADODEI R, FEhLIorL HNTHEY
R, FOETHO0.00LEEE T I L.

(2) fFLFEHBEERE L R4T4& P poisoning cont-
rol #F L7=i3 5 2% 4580 MWD/T, & Zig\ /5243 4600
MWD/T ¢# 03k 20 MWD/T Th - Tt d
AR

(3) HHHEERE AN poisoning ZFF L1
3 DOHFRETFE. S REERNC poisoning 23
ABZ L & » CTRAEFESRAMERINZZ LIS
T ThD.

(4) Fig. 8 CIMBEEOEMEE R LKA
74 poisoning control D BFEDE 5 AFELHLA
TR AR 1 L AL TR £ DRI » T
%. kAR poisoning control 23k BFHEHIC
i, RUHEC L SR THREFRATFLELHT
E e BlcdTh D, FLTEMBEEI AR poi-
soning control A HBFH L, HLVWFHFLTREKE
To B & 1k fa s o Ao AVRBREE 0 TERIR (LI X BT OHER
MbdHZ EICERLLLW.

PE(L)~(4)0EERB VWS BT ik, ENE
B E KRB 35\ TR EHARIC poisoning control
¥ LCHMERERBEIEDRVELF T LT
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. LidtioT, bt RiEkoMciRES IR0
BOERBHEBEID RS,

4.4 HYRREEHEORL

 Fig. A. 6 L INEBEARHAYR (4 — & —RREHF) ©EEF
e R B 5 BRI ER oA & SR, A
RRRY 5 v OEAIE Pu 0ERIO DB
CENBERE o oA LR LEOBBRT T 2 5
- T B AR EHE A E BT IR 2T
W5 B, BolEEY 7 o HIROBKE GRIBEA; R
A ZGHWE) cik Pu oERc & 5 EIERO I
3 323U o Emic & 3 EEEROBRT O’ 5 4
k&<, BETOHENBEROBSTRMEEIEL I
NEMERIETO—EE L LD LERHAID
&5 fefFie ot L E BRI R oK & S R ERCEK
SO—EEl- 5. BEEAOSMEDMGEL Lok
~0, O3TRRE Dl % AT 2 LB AN, T D RARKR
w3 (D:BO2) DILEES) (X 30ppm BE L b A8
bind. R O SR ENHMERY Lhdlichick
FlLCHo BB EMT 2.

E 8 FovBE pom ORERBCARAICERLCY
5 DiBO; DERLEKEROLLLTEEL T
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5. RFEOBBREE

5.1 BEEIR#E G CAhEOBE OBIFORES
3

TABLES & S EF NI N —THEHFE RO e/ 35
A= —FaT (Zhik BHAFEEEDDIC enrich-
ment zone loading % L7c$ D Th 3). PEEEAHH
i (RRY 7 ) DFELRERIX A — —OEEORRE
G S 2 SRR o TV 52, 1IRT
il ARE LR E LC LaREbhiy0T
0<R<55cm DfERE 3T 0.6% WBY 7 K
L LC, 555R<304cm IR KRR Y 7 vHIKL L
te. BETEY T RSB oD L HHEHD
M, &L b 3.5 BERORMEAE] CH
BHINTWBHECL>THBR, bdHIA—H—Tik
BEROEO L5 hBEEERAFCHBLT %%
DiHBDT, FOFHFTEEHETOMELHEH LA
Z LTS FERIEAVWTERGIRET S b LUV BIE
OBEFA s = fob s, FO X5 RHEEMY o
Pk, FEREEDFEKRE 4 € No. 94—1~94
—4; 121 RBRLCVW530CERERBINL.

5ARIDIEERI RIS LS hich, FrfF o
AR EIMERO AR RRO & 5 CEFFL VERL
7.

(1) FRY 5 AR TFIHOWARER SR
{55 Okets=0.03~0.04 T 5.

(2) 1.0% sy 7 R OETFORMEAKE
EghEgsR Okeis=0.06~0.08 k-7 5.

(3) 1.2% iy 7 » ERAOETHOMSERRE
EEEHR Gkets=0.07~0.09 LT 5.

SFESEERY - O L 5 fefE R LB,
L DR LI SR T h T b 3 BRI SR THRSL
wEEE RS & U, B UEE o BABERE 23 B R BEE
i LHEE LD TS,

TABLES k\_ﬁﬁa‘:”%%/ﬂa&{'ﬁiéh'm 5. Sbnﬂ
OIS EENEEEOHE RIS ICHERE LicfE0
HICA - T ) —BHE LiERBb i L 51 5.
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TABLE 5 The designed parameters for the reactors designed by 5 Atomic industrial groups

- Boiling Boiling
Eg‘assc"g‘?:g H,0 cooled .0 cooled Organic cooled |Gas(COz)cooled
2 0 (low pressure) (high pressure)
Thermal out put (MW) 1163 1000 964 1094 1078,5
w
8 0,64 (0=R=223.[0.6(0=R=55) |0. 8(0=R—136.3) 0. 6(0=F=82) |L0(0=R=2I4.5)
% | Enrichment (%) 05),0.714(223. 050.714(55=K _ _[0.9(136.3=R=102.8) (0.714(82=R _ [1.2(214. 5=R
g <R=282.38) =304)|1. 0(192. 8=R=236. 1) =280) =303.3)
& | Core diameter (cm) 282. 38 304 236.1 280 303.3
- -
§ | Reflector thickness (cm) T | roenthe 50.(D:0) - 80 (D:0) 30 (D;0)
7 ) ssz 2(=551. 2h) 76? 4(=6%. 4th) 449(= 37( v, tongthy 7?(-;5981 o 56?(;5001 =
. chan. lengt chan. leng chan. leng chan. lengt chan. lengt
R | Core height (cm) -8 15(reflector|+2x 70 (reflector|+2 X 30 (teflector -+2 x40 (reflector] -+ 2 X 30 (reflector
thickness)) thickness)) thickness)) thickness)) thickness))
. Region numbers (core) 10 10 10 10 10
5 | Region numbers
= (reflector) 2 2 1 1 1
= ‘ {1, 20, 5. 3616),
8 (1,6,5.3107), - [(1,6,4.588), (&4 (1O, g 4 ga1r)
£ | Region No. a; Numbers (2. 6, 4.5833), , 4.5239), (3,6,4.55% /38, 4.2603), (4,
o _ o7%1(10,6,5.3100), |3’ 5 1g75y; |06 3. 1388, 16 4 7143 - |54 7802), (5,6,
5‘ of mesh b, Mesh Wldth (11, 6, 2. 9333)’ (10' 6‘ 5. 1875)' EQ 6' 3- 60833, ( s U,y & 4 ); aee 4 2187), (6 6 3
B (c (cm); (a, b, ©) (11 4 7. 5), A" ! (10, 6, 4. 7143), 8143), (7.6, 3.
(11.10,5.0) (11, 10, 8. 0) 2648) 0898
Nuclear constants for |515(0. 6496) 138(0. 6%94) 335(0. 8%6) 402 (0. 696) 202(1. 094)
core (W-T case No)503(0.714%) _ [185(0.71496)  |343(0.996), 336(1. 096) 403(0 71406)  {203(1. 208)
: 0.9492(0, 649 0. 9684(0. 6% 0. 9760 208 0. 8640 ‘
?;crt?r?on A 0. 7145¢ 714991 (0. 89, 0.996, 1. 096) co 696, 0.71496)| (1. 0%, 1.296)
for group o s <10~ & 3107x10- (0. 63. 244X 10-(0. 89),  |B. 5532 x 165 (0. 6|1, 8535 % 10~ (L. 0
o LB (cm™)[* 107 o), 4.2823x 1093, 235 x 10740, 99).  Jo6), 6, 0010 10°°g), 1,744 10~
(0.7149) 3 158 10-5(1.008)  |(0.7149¢) Q. /a)
—0.9584(0.6%, _[0.976 0.9298 0.8
o | rackel e {C 0.9492 ( ~ ) 0.51496) (0. 8%, 0.99, 1. 096! (0. 696, 0. 7149) oL 0%, 1.296)
g enrichment)  |D(cm-*){0.0 ¢ ~» )0 ¢ » )0.0( ” w.-o¢» Jp0¢C  ~)
[/2]
§ Nuclt;gi Igggéngocl:_onstantsmo H,0-+-SUS |D.0 Graphite D,O DO DO
5 Dy (cm) 1,201 1.271|1.281 1.081 1.207 1.201 1.201
s . -
2 2y (emD) LIEXI0E 6 o 11403107 1.146x10 | 1.146x10
S (cm™) 0.0 1.475x10-%0.0 2.300x 10" 0.0 0.0 0.0
Da(cm) 0.8302  0.1723(0.8302  0.8370 0.8343 0. 8302 0. 8302
. 7 611X 10~ 7 BIIX10- N . N
Za(cm™?) 1o 5 Tomx 10~ 7.327%x 10~ 7.611x10" | 7.611x10-
Axial buckling tommy|  2862x10 | 1.680x10° 4.896x 10-# 2.147x10" | 3.147x 107
( ]
Poisoning °°ntr°ére gion) Core, reﬂecto:- Core, reﬂecmf Core, reflector Core, reflector | Core, reflector
Averaged P°Wef0‘%?,'c‘§§!)’ 6.93 5. 74 14.89 7.99 864
o | Fuel burn-up(MWD/T) 2760 - 2640 4460 3550 4230
'g Fuel life time(day) 206 243 197 243 259
[»
Reactivity B2l al)aoes 0.0320 0.0325 0.0695 0.0470 0. 0905
T 425Gmtan ;|1 39GmnaD ; 1, 14CnitaD ; 1. 32Cnnal;  |L 2520mtal ;
Power ratio Poax/Pas |1 185(final) |1 20(final) 1. 06(final) 1.15(final) __|L. 171(fma1))

Note 1:

The proposal conditions for initial reactivity, when JAERI ordered these designed study from §

atomlc

industrial groups, are 8ker=0.03~0.04 for the use of natural uranium fuel, 0.06~0.08 for 1.0% E. U,
and 0.07~0.09 for 1.2% E.U.

Note 2:

VR C 60~80 ppm FREE DM PHEASBE
Ths.

Am%#wﬁﬁ&

The calculational method for correction factors is glven 1n the Nuclear ca]c Memos 94—1~ 94——4 121

5.2 BRI (out-in refueling) ’Ed’m.f;of‘i’%
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P‘;‘l‘“{\‘ 0% 1L = (R 0404
coo\e’, —."_ - U'L- = off ™
L __,,.—0""— . co\f'é}xx”
——————— ot~ -7
i P == 2000f
=soos=meTIIIC q::COgcoded(127'E )
““““ H20 cooled (1. O/a E.U)
———————— Step 4
___________________ ed (NU) (ko =1.0644)
D20 co 1000}
\Step 1
' ' (Lcn—-l 0695)
1 0 1
0 1.0 2.0 3.0 0 0 30 20 50 5
%107

Burnup time (sec)

Fig.? Power ratio changes for & designed reactors
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OS> LTHIAL & 5. HiNoNfuc zhe
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TABLES H 2 b TV5 D& HLCHD. HFR
DUEIOTED i TABES wH2bhThsbDEH
FRig o T b, ZFOFLIHE L R OKX &
X% TABLES IR, Y# o loading (% 4 — 4 —3R3
o loading & @—& L, Bkt JREES & inE Ik
WIHUE, AEMWEE, BBRAOFEE (BE) @X
Ky 7 PRIBEAHEE (EE) & 1.0% Y 5
vy HRWHUAR 1.2% BT 7 sk L.

TAaBLE 6 Relation among the region numbers, the

amount of refueled fuel, and the shift number

. Amount of .
D,0 moderated Region Shift
refactor coolant num- r&frl;ilggnﬁé? num-
type bers bers
core volume)
Pressurized DO 8 1/2 1/4,1/8 2,4,8

Boiling H,O

(low pressure)
Boiling H,O

Chigh pressure)
Organic

SANTOWAX-OM)| 10
Gas (COg) ' 8

0 | 1215110 2510
9 | 4/9,1/3,1/9 | 9/4,3,9
15,110 | 510
12,1/4,1/8 | 2,4,10

Distance-r {Mesh point)

Fig. 10 Spatial variation of burn-up for boiling
H,O cooled reactor (high pressure)

TABLE 6 {773 T~ & 4F 0> JANEpGE % T 2 o BT+ 5 &
MYk ADTC, oo ChLhAEEDFERIZS
U CHABRSE M A BEIA L, fhd il o\ Tl E DIk
*ﬂgﬁ‘"ﬁfﬁ RieFrdo LizT5h.

¥, #PERELToMERROLE Y CHA.

(1) ol b0 e U, TR LR
LGS &5, L@ B out-in refueling i L »
“CU B b ic 3 v g G T i Jik AR % 2 T
LicaCTivb,

(2) WMhnTizdobd kL EHLTICETS
OO EBEEE TS X v, MkloMBc L o CTET
5 EPBRE LD 5 RR 2L,

(3) FENEROBRHMELORET R
L (one batch) DL oTl L Bk s EnE5. T

DB 5)  WATEEEST RN LRI ECAROERR

. T &ﬁ‘ﬁwﬁﬁﬁ L 3_3 - CHEHERAEEE & M5
REVHRE S, ﬁ‘hb’c&}%w‘r@iﬁz’éwmﬁmk
C & EEVRIET. (REERZEIR T 5% Pu
O%¥H® F.P OBEROLDCAREEI R,
U et o Ttk TR b RICRIB R 2Lk Uik

w);muamaa%bm&ﬂﬁmomﬂmbmﬁ
EELRMENCET 2 b TH S,
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Fig. 11 Variation of effective multiplication factor under 1/9 core refueling
(boiling H:O cooled reactor (high pressure))
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Fig. 12 Variation of power ratio under 1/9 core refueling (boiling H,O cooled reactor (high pressure))
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Fig. 13 Spatial variations of fuel burn-up and enrichment
under 1/9 core refueling (boiling H.O cooled reactor
(high pressure))
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Fig. 14 Neutron flux distributions for boiling
H.O cooled reactor (high pressure) under
1/9 core refueling
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#%rr, Pu oFEHO R L 0 b U OFEEOTES
W o TV BB TH- T, V@3 PuEHOY
RBRRECHBRE NP I, ENEERFGOIR—
b LA LADFHRCERT HFMEORLRELT
i Pu BRI X 2 EMEEEO EROFIFRIR L C
00 —ZOFRRIFF DS, LichiaT,
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Fig. 15 Variation of effective multiplication factor for
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Fig. 16 Neutron flux distributions of boiling H;QO.
cooled reactor under 1/3 core in-out refueling
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Rk, HbCCHETFHERSIMY, Fig. A 15~A17
A, BAOBEST, b ONCBREEE © TRk
xRT.

Fig. 15 225 BED e X 5 ic, 1/3 F.LEREACHRIC X
B EYIEEAE 0k 12 ~0.080 C,H LT 1/3 Flkk
£ T h out-in CHD FHE Fig. 11 b Ok~
0.052 G2 »>&LE Lck, MiErridEvcen
s, TABLE7 CEUEHR OB % R T

TABLE 7 Fuel burn-up under the 1/3-core refueling

Fuel .. |Fuel
Fuel burn-up| Avg. burn- | Refueling .
block enrichment
No. MWD/T) [up(MWD/T) No. (initial)
1 4041 1.0
2 4475 } 4592 1 |
3 5261 1.0
4 6283 0.9
5 6641 } 6645 2 |
6 7012 0.9
7 8582 0.8
8 9050 } 9191 3 |
9 9942 0.8
10 6764 N
11 8668 } 8760 4
12 10847
13 6405 The fuels indicated by fuel
140 8302 block No. 13, 14, 15,.-- arein
' ig 1(5)282 core, and these fuel block No.
17 6982 correspond to the region No.
18 8693 | 9, 8, 7,---. Under this disposi-
19 2648 tion, the excess reactivity
20 3514 which is further usable is 6k=
21 4463 0.038.

L#ErD Rl i [E B 0s 4 [ B T o R o0 ki
BEx B760 MWD/T &7t - C\T 1/3 core out-in
refueling CoOff, 9200 MWD/T L b 7ol a3,
AR B L EIEL S D e i o fe fe D IS SRR R AS K
&, mie b OF MBI PHETFROBGbE V- LS AR
LORLET) bk Thid o AR IR
T, b LALSHEIRZKE L LS REY PR LT
EoHE S FELP LSO R ETFRCHT
FERAA S5 X5 i, BREEEEE out-in refuel-
ingk k&5, ZDZ ki TasLe 7 ® fuel block
RS S B Y RUEAL 72T 5. Fuel block
No. 12 O BRE:EE(E 10847 MWD/T Gk % 43, out-in
refueling D& fuel block @ FRLRBEE T 9300
MWD/T <, §i& D refueling iEDBEAK &\ Fig.
A5 T ABEROELORETF YR Lics, REKH
B IE Poax/Pave®~3.3 @b 785, SESCIRERTC
(X Pras/Pavg~2.1 TZOZELEDFHKE .

Ve LT b, in-out refueling Fid P B E K
MRFEFCEGC L2, FFLPLOPEFRNIER
EEL D LD #EATSZ LixExb

Ricuas, = OFBRBIC L 5 BB out-in refuel-

ing DM LEDOTHE Y- TBnd, ThEFHA

5 KPoMBERE 21

TEE: NERTHS 5. 7 FlA bidirectional refuel-
ing X TE LI HREOHHC HE LTV 5. Bidi-
rectional refueling "¢ out-in D¥k¥ & in-out DR
DEBHEELXEL THADDOIEEL.

5.4 ERBHOBRICKBHMEE (outin refus-
ling)

5.1, 5.2, 5.3 CHB Ui ipiidttx 5 RFH 70—
TRHOEFIFLL FCHRHERC LI IDTH-
M, BT ey 7Y —[MBe, ¥R X 3R
PRI VEE (SR TR LT 5 ) I HABERE
REORERMT 51BN S S, £o T iy
T+ 5 -0 BIBRARHE (BE) KOV TEDFED
R, ~FER b Ol A —p —REOEE A,
BT v 7Y — 25 BRI & L C out-in refue-
ling i€ k 5 H0ES Y -~ Taic. Fig. 17 £ELR
ToBRBEEE L o 7 BB R, HRREREDE 5
600 MWD/T (Eifseifnc BV HEths) BERL,
A —J7 —EREHRH O burn-up K HNRT 5% ELiC
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11000

T

o
—————
-
-
-
-
-
-
-
-
-

10000

—Gap, endplate correction

£,
& 9000F ’ ===-Ideal fuel

MW

8000r-

/
7000

G000 e
1 2 3 4 5 6 7 8 9

Number of radial refucling zones

Fig. 17 Fuel burnup of ideal fuel for boiling H.O
cooled reactor Chigh pressure)
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3. Lo TLEDEENRD W2 BT 21X, HR
D ETRIANRBET 7Y —DREHCIXTES
ROFERNYEEAE RS L ThD. BRTHE
RO BB EE D 5 bR HIR GRIE) D MREEE
LIRER G AGHRE OB L 2 i L TR 5 L, one
batch COMMBEE OB &1 400 MWD/T Th T H
BEKGHFEDIZE S RAEL, Y7 FEEBLATT
12 T0MWD/T kisnT, +OHEMRELTS.
St 1 SR BRSO R 5 RETEREA L L
iRt A8, o 1 oRFERERD L K
Zeied B,

5.5 RIFOBRFEE DS

EFTRFEFCV5 B ik, BD BB
HTELAER RSO CRehote. TOEREE, 12
R BIF DSR2 ED B bl » TERE LICHET
185 A — 2 iR TR L TED bR
HOTCIL IV 2 & ES5—D2i%, BAEECHGFES one-
batch » out-in refueling OEHFX COHRBET SN
T ricka. FIFECRPLTE KHEGES, #7T
B OmpT ey 7Y —HEARE D TCh ot
SEEEINBEREABETHFETS L, BETRL
D LRI R TR B AL ERL S S, STCEF
T o B FLghBEEFES) & continuous out-in refueling &
X o T B A= BAHERT /o > OYZ uniform enrich @ one
batch DPABEEED 2 fEDfli% TABLE 8 IR (Kol

TABLE 8 Fuel burn-up obtained from the one
dimensional burn-up calculation and

the expected fuel burn-up

Expected [Continuous- | Uniform
D.0 moderated reactorifuel out in enrich one

coolant type burn-up| refueling batch x2
MWD/T)| (MWD/T) |(MWD/T)

Pressurized DO 9000 | 6300~ 6400 7200
Boiling H:O ~
i I({lég pressure) 6100 | 4400~ 4450 5500
oiling ~
o '(hizgh pressure) 13100 {10800~11000; 12800
rganic ~
(SANTOWAX-OM) 8600 | 6050~ 6100 7400
Gas (COj) 15400 {10200~10300] 12000
£ 8) Tz ThD BEREED ERBRIROLS K IoTH
5.

EliE#kBEEr =2 X {Point burn-up (& # —H —&&
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FEOfErcir fuel gap, end plate FOHFIIERH5).

(1) mEBEAGHF
Point burn-up D% TG L BELRABEE O (Ei
9000 MWD/T T 523, Fhici LT 1 RTTHEE
sheEic b AREE: TABLE 8 @ uniform enrich @
one batchx2 o H H ik 7 ¥hT\» 5fE : 7200
MWD/T Tk 5. - OfEs 9000 MWD/T- L 9%
1800 MWD/T & 47 < feb ik, = OFOEAR S
EWESHRHT, 17.6cm Tholio®d T, b LEH
HE X% OfE® 3 £ B~ uniform one batch
X2 OEMEEEST 8225 MWD/T kic- T, HEREE
EXbY TT5MWD/T B nlisic Y& HE9.
= OFd 22 point burn-up & 1XJC burn-up DOEE
HEOHBIL LB 5D TH DA, BEOCHERI IR
5 burn-up 3T\ & D T 5 o b IMEEAKFHIF D
EEo HEEERE £ LT 8500 MWD/T b ULl
ETHOMREYTHA . it L T continuous
out-in refueling C D BABEEE (L 6300~6400 MWD/T
CHEED TA~T5% T, SbLIRHMERRERETIR
TR LR LY EEMCETTILERLS.
(2) BelsEAHHFE (KE)
B LR O ik 6100 MWD/T ¢z DfEH &2
o bR\, EAREE R B D DT D
DI B EABEREAS 9000 MWD/ T g e B3
Hab, FFECEISREMTEYEEYL L OEEE
T 5 Badi s ¥ & 7e 5 (fog cooling). E DI
MIERCEML O CHIUSSHE VB /BL S
fevboeiesn, b LERERASILELYFIL
ﬁ%%tb:kt,%?ﬁbﬁ¢ﬂ&f?%ﬂﬁm
B A CMERAGHFC R TEIE ES > TS
b ThA 5. L, HEHEEE
EERSEEH Sh e RE - bDREEEDLST
BHiul, EOXA FEEFOMEDHHDTRRD
Bk E R AFR L S DB,
(3) WhisEEARHE (FE
c oiEO B EEeE . 13100 MWD/T ¥l
WIEEENS L 5 uniform enrich @ one batch %4
Heo 2 fZofEix 12800 MWD/T big»TC, D
BH %1% 300 MWD/T G/ &\, & DfFD point burn-
up & 1 %3G burn-up OB &R/ EL TR AS, TABLE 3
CELORTVAIERTD 5 »BRL5. S0
JEIC TR DA T D b X Wl KRR R L,
FROMER L L EV T 5LHThS. Conti-
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~11000 cEEH o 82.5~84.0% Lit~Tish, -
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J23 bidirectional refueling % CRABEEE 2 IRETTh
FEEECEL LB THAS.
(4) HREMEHF
HEAAHE O BEEEE I 8600 MWD/T T,
—% uniform enrich Mone batch ® 2 {£ D PRFEE T
7400 MWD/T € % 2%, Ti# OB & & 1200 MWD/
TChs. OEOHEERFRMNEFEORET
27 ) ool ¥ BRKRB A RFLS O o FRIC
HRTHhEDRENILLLD. 2O LIXRED
RORE I AGHFOFEC L TTEDZ L TH
5. BET vy 7)) —EERARD & L i uniform
enrich @ one batch ® 2fFOMBEEZ LR LS
) BEMEECETSTHAS.
(5) REBA RGHEMF
BERER Y L T,
batch D BAEERE o 2 42 D RS Ol A% 3400 MWD/ T
A GEEE, AFOBET 27 ) —0RET
B ERS RV Ehh el EICEB. £DZ
Lix TABLES KWRINTWARHEHRE A OfixR
Th 5 Az 5. MEEKFPLHRBERAGHFCH
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3~AfE Y DFEBRIYIMRA » T3 T LILi - The
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PEIRIRAIR T % % TANE T EAUE, = OFOLRE

Bk LHRIBIEAE (RE) 0tk bR

¥R TTHB.

(6) RIFOBEuhizE0 2Pk T

Fig. 18 (T 5 JAZ DPBERTERIR & TR RebR
%, Fig. 19 CHMEREDOHOER Bu/By, B #RT.
= 0 2 DR b R CEIFOMBEE O ORI T
FUE ERER VA, BREEE O A Te h ©
ERELTWEE bbb, M THRAV I
HHROMEBRKSHT, FEMREIFO 2 47 L 8K
HEME (BFE) LoMEasihREV. THEE
KEGHWE (RE) Tigkic X 2BIR L ENEMC
I AUAK & { one batch JABE T CET2 =
r DRflic. 850~950 MWD/T DB #ENELT, &
BIC ISR OREER, FOEMERLALDTHS
(BB X B URY Bo=1.7 kT2 &, IBE
3 4B=(850~950) X 1. 7=1450~1610 MWD/T
Lo C, EHE Fig 18 IR T HABERE OB & L —B0¥
%) F oIS EE (BE) OBBERL & KB A
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Fig. 18 Fuel burn-up characteristics for 5 designed reactors
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Fig. 19 Growth rate of fuel burnup for 5 designed reactors
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~10000MWD/T ¥ TCE®» X3 & 35 i3, bidi-
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EWHDTHEND, FOREIDORTFERIETHRE
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Fig. A. 3 Effect of reflector thickness on spatial
variation of fuel burn-up
(pressurized D:O cooled reactor)
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Thermal neutron flux
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Fast neutron flux

a . No reflector poisoning
b : Reflector poisoning
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Fig. A. 5 Effect of reflector poisoning on neutron flux
distribution (boiling H,O cooled reactor (high pressure))

Burnup time (sec)

Fig. A. 4 Effect of reflector poisoning on effective
multiplication factor and fuel burn-up
(boiling H.O cooled reactor (high pressure))

- _ 1 !
0 1.0 ) 2.0 . 3.0 X107
Burnup time (sec)

Fig. A. 6 Variation of poisoning cross section
for pressurized DO cooled reactor
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Fig. A. 11 Spatial distribution of fast neutron absorp-
tion cross section under 1/9 core refueling for
boiling H:O cooled reactor (high pressure)
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Fig. A. 13 Spatial distribution of thermal neutron ab-
sorption cross section under 1/9 core refueling
for boiling H.0 cooled reactorthigh pressure)
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Fig. A. 12 Spatial distribution of fast neutron fission
yield cross section under 1/9 core refueling for
boiling H,O cooled reactor (high pressure)
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: Radial distance-r (Mesh point)
Fig. A. 14 Spatial distribution of thermal neutron fission
yield cross section under 1/9 core refueling for
boiling H.O cooled réactor (high pressure)
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Fig. A. 15 Change of power ratio due to fuel burn-up

under 1/3 core in-out refueling for boiling
H,0 cooled reactor Chigh pressure)
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Fig. A. 16 Spatial variation of power density under 1/3

core in-cuf refueling for boiling H.O cooled
reactur (high pressure)
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fig. A. 17 Spatial variations of burn-up and entichment under 1/3 core
in-out refuelihg fot boiling H,O cooled redctor (high pressure)
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Cold pressure tube
Stagnant D0
Thermal baffle

Slightly above atmospheric
pressure

Temperature avg. 43°C

99+ 75 mole%

Fig. A. 18 D.O cooled reactor fuel and pressure tube system

Coolant (pressurized D.,O)

Pressure 100 kg/cm*
Temperature in 265°C
out 295°C
Fuel rod pitch 18. 8 mm
Gap 1.5mm
Diameter (M) | Tpjckness Densit

. B Rt ile sSILy
Material 1.D. 0.D. i (mm) grjce
Fuel pellet UO; (natural) — 16 — 10.33
- |Zry-271.5%Sn, 0. 1204Fe, BT R P
Fuel cladding 0. 100¢Cr, 0. 0590-6Ni 16 17 - O.E s 6i 557
Spacer (wire) | Zry-2 — 1.5 — 6.55
Baffle Zry-2 1.0 6. 55
Spring Zry-2 ) 0.4 6.55

Zry-2| DO _

Thermal bafflel 1o 1 yer 99.5| 100.3 [ 0.4 1.0

and an }ayer }8%3 103.3) O.i i.o

3rd layer .1 105, 0. .0
stagnant DO | 444 Tayer 107.9| 1089| 05| 1os
Pressure tube | Zry-2 111.0| 119.4 4.2 6. 55

Listed values of dimensions and densities are those used
for the nuclear calculation.
Square lattice pitch 250 mm
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