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Burn-up Evaluation of the Fuel Rods used at the Fuel

Centerline Temperature Measuring Experiment

Hiroshi KAWAMURA, Bunsaku KOMUKAI, Haruyuki SAKAI,
Kazuo KAWAMATA, Kimie IZAWA', Hideyo TAKEISHT ,
Tadaharu ITO+2, Fumio SAKURAI and Rokurc OYAMADA

Departmént of JMTR Project
Oarai Research Establishment, JAERI

(Received November 29, 1984)

The post-irradiation examinations are important for analizing the
irradiation behavior in detail and reinforcing the data under the ir-
radiation. Among the results of the post-irradiation examiﬁations, the
burnup is especially important to be evaluated for investigating the
change of the fuel properties by the irradiatiom.

In this work, the measurement of y-ray spectrum and the chemical
analysis of the U0, pellet pleces taken from the fuel rods which had been
irradiated in JMTR were performed, and the correlation between the 13_“Cs/
13705 ratio and the burnup was obtained. It was confirmed **"cs/*?7Cs
ratio and the burnup showed a linear relation with the standard variations
of less than *7 %, and this correlation could be formulated. Tt was shown,
in addition, that the activity of the fission products calculated by the
ORIGEN code agrees with the results of the y-ray spectrum measurement

within the error of less than *10 Z.

Keywords: Burn-up, LWR, ORIGEN Code, 13405/4370Cs Ratio, JMTR, y-ray

Spectrum, FP
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Table 1 Summary for the fuel centerline
temperature measuring experiments
ttem ssembly No. | 77 F - 337 | 78LF- 35J |79LF-39J
Fuel Rod Number 1121347 1 2 311213
- S.54.11.12~555.2 (] 5.56.924 ~ $.57.2.13 |357 313~586.22
Irradiation SCh_ed“'e (48,49 oycle) | 155~ 57cycle] | (58~63 cycle)
Cladding Material Normal  [Normallfimcu|¥™ 2 Normal
Gap Gas Component | He 100 % He 100% ,(*,*3%1:2: et
235y Enrichment {(w/0) 1.5 1.5 2.3
Thermocouple for Fuel
Centerline pTempemTure o Q ©0 o i~ ©10j0]|©
Fue! Rod Elongotation
Detector S C o © © cj°
FP Gas Pressure Gauge O O
Emitter (o |lolo (o] 0| 0o | olo|o]|©O
SPND EmF:?Ter
Co ofo |0
L/D {1.03[1.0411.05{1.06 .04 104
U0z Density 95% T.D
Peliet )
0/U Ratio 2.005 2.009 2.01
Pellet Shape Flat
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2.4 BBEFRERUORL Yy MEDr BRAXS MLAIE

2138 T~ 1882~3mDUO; by FRIEDVWTr AR FARIEEITTE 572 (
o ORBEHL) . B -T. B 7 ARRE (P18 xH3 0m) cEHBA. R
FBWOEWC E5MER, #URTas, vV Lm0 HEREE Lz, B, BHKERU0,
Ly PEERMILIIT VI = i\ﬁﬁ-%ﬁi@iiFPéC&@ 105dpm$§af?§%én’cwf:tm. o
BRAEEFTE 5 72, | '

RIEEROHBIEFig.2 61T/, A, AEDAR (1852 ~3mDHEUO, RV v PR &K
EAEESEE (P 1bmx ' 2m) EOBRDBOCLERINHRDOERL S L, A NT 5 THR
ARFET BB, A ERIELOESE 8 0 0nnic Lice CORMTDFCs DB 1.6
keV(FWHM) Thb, £72, /97779y FILLBEBA T hoicRiBEPhEMEIRD
SO T - 7 0 BRI ERBOBESAATable 2107T,

ﬁﬁEHL@:yﬁuwb#—imu.Ny77§¢VFﬁ%wc&¢7oz:&&i%~vay
L DRIEBCEOERE 15T CEAEF LT, MERY = TRESTEB L, 9, 7 &=
<~z P VRAIEOF SRR CAESR ROMORBRADHREE S 0, RIEHICHE REH

530 cm BB TORE AREMTY —~4 £ —5 THE L, 2 OES Table 3~61iC
AT, BE AEER, ToFRHE2Ge BESOTLELORIAIKE » b L. R, FPHEELHRE
L. 7#22=2 b VAIEL 20 —FEBA 5 0 ~ 2600ke V & Uico ASMET TRIF HERERE (
SR RENTE AAE —KEATO. RISEERD, 0%, K LAREREHOTREO
rRASS MUARE L, AR OREORERT r SREMNE AT - 10, BEICEL T, 58
MHTHS Cs D7 4 b E - 7 OFFBES 1 BRI B & 5 ICHMISEARE Lz, RikiC,
BITE B 2008 L 7o 5 A B B o TR IF AR50 4 K ad 72

REOrBA~Y FLOFETFig 27 GC"/T:j‘; MCe M133.45keVrn'Prd2183.3keVE
TH7 4 bE -2 %M E Lt IELIF %2 F 4 Ao bitiEL, Dec LSI—-11,23 .
DY S e VAT ATIRANY FARETI — F (R0 RS YF Ver.2§ %M CRET Lic,
KD S Zr, ©Nb, " Rh, *'Cs, *"Cs, Ce RO Pr D HHEERA Table T~1 4142

R s

*x1 "Eu; (&) LMRI, Source type EGMAS3, Activity 1942#Ci at 23.11,
1981 12:00 :
*k 2 CANBERRA INDUSTRIES, INC., 45 Gracey ave., Meriden, CT, U*5°-A
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Table 2 Setting condition of the y-ray

spectrum measuring Instrument

Instrument

Model

Condition

Detector

Ortec Model
GEM~151905 HpGe

Resolution at 1.33MeV 1.64keV FWHM

Efficiency 1.74%

High Voltage

Ortec Model

2500V POS
Supply 459
Coarse Gain 2.0
Linear Amp. Grteg7§°d21 Fine Gain 0.83
Shaping Time 3 usec
ADC Gain 4096
Multi-Channel Canberra Model Memory 1/1
P*H-A S-40 LLD 0.1
ULD 8.0
Computor Dec Model
P LSI-11/23
H.P. Mcdel .
’ X-Y Plotter
Plotter 7220C ( otter)




JAERI-M 84-228

Table 3 Dose rate of the U0, pellet pieces (Rod. 1)

Ro), |
_ f3ose Rate  (nRAh)
Sample Ha Conlainer M A -
: B C
1 t 1 1600 19
2 2 v 860, 6.6
3 3 _ 2 870 10
4 4 ! 600 62
5 5 1 t700 19
6 6 1 1100 24
7 7 ! 3400 28
8 ] ! 2200 22
9 9 1 1820 156
10 1 g 1 3100 28
1l 11 ! 3100 26
12 12 1 2700 | 1s

£ A is' the number of the UOD; pellet pieces in Lhe
conlainer, )
2} B and C indicate the position where the dose
rate is measured,
B ! surface "on the conlainer

C :30em from' the container

Table 4 Dose rate of the UO; pellet pieces (Rod. 2)

Reut, 2
Dose Rate (o1
Sample Ho Cantainer HNo A

B C
13 13 ] 2800 .22
14 1 4 A inon - 25
15 15 1 2300 22
16 16 2 3500 35
17 !7 3 jioo 24
TR 18 2 ' 2500 158
1o 19 1 2600 22
20 20 . 1 ’ Zﬂ_ﬂﬂ .20
21 2] l 2300 134
22 .22 t 2200 ©o20
23 213 1 2300 23
24 24 ? 2500 21

1) A is the number of the UQ, pellel pieces in the
conlainer.
2). B and C indicate the position where the does
rate is meastred.
- B 1 surface on the container

C:30cm [rom . the container

;_29._
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Table 5 Dose rate of the UO; pellet pieces (Rod. 3)

Rod. 3
’ Dose Rate (mR./h)
Sample No Container Na A

: B c

25 25 1 2000 183
26 26 o 2200 1175
27 217 i 2400 ' 23
28 28 i 1700 148
29 29 3 1780 17.1
30 30 2 2000 15
3l 31 1 1730 18
32 32 1 1930 14
33 33 1 1100 103
34 34 1 1890 . 17
35 35 2 1800 1175
36 36 1 2400 183

1) A is the number of the UQ: pellet picces in  the
container.
2) B and C indicale the position where the dose
rate is measured.
B ! surface on ihe ‘conlainer

C :30e¢m f[rom the container

Table 6 Dose rate of the UQ; pellet pieces (Rod. 4)

Rod. 4
Dose Rate (nR./h)
Sample MNa Conlainer Ko A
: B C
37 49 1 2100 ET
33 3s 1 1100 14
39 3s i 1400 13
40 40 1 2100 113
41 .41 2 1300 143
12 42 1 1010 13
43 43 1 1520 143
44 44 2 I070 11
15 45 i 1220 115
46 16 1 1030 11
47 47 2 840 B3
48 48 1 1500 151

1) A is the number of the UQO; pellet pieces in the
container. :
2y B and C indicale the position where the dose
rate is measured.
B ! surface on Lhe container

C :30cm f{from the container
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Table 7 FP nuclides of the U0z pellet pieces at the
sampling position S; (Rod. 1) .
Rod.l (Sampling Position:51)
Uo, Pellet’ '
lece 1 2 3 4 5 6
Nuclide : :
957y 6.00x70-212,21x10*13.45x107112.30x10"1 |4.26x10"2{4.85x%10" !
' 1
I5ND 1.48 15.04x1071{7.05x10-114.63x10-1(8.66%10"2}9.48x10"1
106ph 1.37x102 | 4.20x10% | 6.25%10% | 4,18x101 | 7.78x10* | 8.21x10*
i3kcg 1.03x10% 3.00 4,51 2.97 5.50 5.91
137cg | 2,37x10% | 7.83x10% | 1.16x10% | 7.67x10 | 1.46x10% | 1,50x10%
lhbra 1.53x102 | 6.55x10%-| 1.40x10% | 9,39x10% | 1.13x10? | 9.64x10%
1vspy 6.65x102 | 2.28x10% | 3.31x10% | 2.27x102 | 4.14x10% { 4.37x10?
(Diménsion: yCi/Sample)
Table 8 FP nuclides of the UO; pellet pieces at the
sampling position S, (Rod. 1)
Rod.l (Sampling Position:Sa)
00, Pellet
jace
7 8 9 10 1 12
Nuclide NQ;
357y 7.97%10"1|5.61%107L{4.76x10"1|7.81x10"1{6.65x1071|7.59x1072
LRI 1.64 ©1,23 l9.9ax10"Y  1.71 1.44 1.51
198ph 1.23x102 | 9.59%10% | 8.11x10% | 1.33x10% | 1.17x10% | 1.32x10?
likpg 8.1 6.46 5.40 8.59 7.69 8.69
Yiics 2.52x102 | 1.93x102 | 1.65%10% | 2.65x10% | 2.36x10% | 2.48x10?
Ihice 1.08x%102 | 1.13%102 | 1.25x10% | 1.74x70% | 1.66%10% | 1.78x102
144pp 7.26x102 | 5.57x102 | 4.68x10% | 7.63x102 | 6.80x10% | 6.69x10?

(Dimension: pCi/Sample)
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Table 9 FP nuclides of the UO, pellet pieces at the
sampling position S$; (Rod. 2)

Rod.2 (Sampling Position:S,)

UO? FelTet
‘ecec 13 14 15 16 17 18
Nuclide :
357 6.56x10"1 |6.29%10°114.64x10-217,93x10-1{5.62x1071|3.48x10"}
ISNp 1.28 1.32  [9.83x10°1| 1.71 1.18  17.92x10-1
Lo6Rp 1.21x102 | 1.11x102 | 8.13x10% | 1.54x102 | 1.01x102 | 7.76x10%
1tupg 8.99 8.25 6.23 | 1.20x10%| 7.42 5.54
1370 2.17x102 | 2.06x102 | 1.47x10% | 2.70x102 | 1.83x102 | 1.38x102
tesca 1.29x102 | 1.40x102 | 1.21x10% | 1.86x10% | 1.54x102 | 1.11x102
laspy. 6.12x102 | 6.02x10% | 4.20x102 | 7.58x102 | 5.39x102 | 3.70x10?

(Dimension: }Ci/Sample)

Table 10 FP nuclides of the U0, pellet pieces at the
sampling position S, (Rod. 2)

Rod.2 (Sampling Position:Sj)

U0, Pellet
16ce 19 20 21 22 23 24
Nuclide g
357r 6.55%10"2{6.47x10"%[4,55%x107215.34x1072[5.47x10"[4.99x10"1
25Nb 1.49 1.49 1.05 1.24 1.12 1.01
108Rhp 1.21x102 | 1.13x102 | 8.08x10% | 1.02x102 | 9.58x10" | 8.50x10%
134Cs 8.28 7.57 5.41 7.42 6.73 5.56
137Cs 2.42x102 | 2.24x102 | 1,61x102 | 1.99x102 | 1.82x10% | 1.64x10%
14tCe 1.66x102 | 1.30x102 | 1.01x102 | 1.37x102 | 1.36x102 | 1.21x102
Lhtpy 6.87x10% | 6.53x10% { 4.62x102 | 5.68x10% | 5.14x10% | 4.78x10%

{Dimension: uCi/Sample)
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Table 11 FP nuclides of the U0, pellet pieces at the sampl
sampling position S; (Rod. 3)

. Rod.3 (Sampling Position:Si)

U0, PeTTet T
Rlece | 2 26 27 28 29 30

Nuclide ; '

357 (4.12x107%[5.20%10°2|6..09x10-*|3,64%10°23.60%10°2{2.92%x10"?

935Nb 9.77XTO'1 1.08 1.45 |8.81x10"1(8.43x10°1;7.93x10"1

106ph 8.33x101 | 8.92x10% §{ 1.16x10% | 7.29x10Y | 6.77x101 | 6.56x10%
i3%cs 5.37 5.71 7.78 4.63 4.35 4.27

1370 1.54%10% | 1.71x10% } 2.26x10% | 1.37x102 [ 1.30x102 | 1.20%102

1tk (e 1.17x102 | 1.28%102 1 1.42%10% | 1.02x102 1 1.33x10% | 1.70x102

Leboy. 4.22%10% | 5.04x10% { 6.33%102 | 3.85x10% | 3,78x10% | 3.42x10%

(Dimension: uCi/Sample)

Table 12 FP nuclides of the U0; pellet pieces at the
sampling position S; (Rod. 3).

Rod.3 (Sampling Position:S»)

U, Petlet
lece 31 32 33 34 35 36
Nuclide RO '

857y 3.80x10-114.57x1072{1.51x10"|4.40%10"2 [4.72x10" [4.70x10"2
?5Np 8.91x10"1 1.14 3.71x10°1 1.00 8.94x10°1 1.07
10€ph 7.33x10 | 8,13x10 | 2.89x101 ] 7.80x10%-| 6.42x10% | 7.79x10*
13nCs 4.37 4.70 1.86 4.38 3.75 4.65
13705 1.39x102 | 1.64%102 | 5.60x10% | 1.56x10% | 1.33x102 | 1.59x10%2
edra 1.30%x10% | 7.05%102 | 5.46x10% | 8,90x10% | 1,01x102 | 1.16x10?
1k4pp 3.89%102 | 4.71x102 | 1.63x10% | 4.45%102 | 3.84x102 | 4.63x10?

(Dimension: uCi/Sample)
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Table 13 FP nuclides Of_thE'UOQ pellet pieces at the
sampling position S; (Rod. 4)

Rod.4 (Sampling Position:S;)

U0, Pellet
Qeee | 37 38 39 40 4 42
Nu;]ide :
957y 4.47x10°1{2.79x1072]2.37x10-1|5.67x1071 [2.10x10"2{2.45x10
95N 9.33x10°1(6.13x10°2[5.75x10"1| 1.27 |5.16x10-*!5.85x10"2
106py 7.67x101 | 4.72x10% | 4.49x101 | 9.64x10 | 3.94x10% | 4.59x10*
13ucg 4.85 2.90 2.90 6.36 2.44 2.92
1370 1.41x102 | 9.01x10 | 8.74x10 | 1.90x102 | 7.57x10% | 8.86x101
144(cg 1.25%102 | 7.18x10% | 5.84x102 | 1.23x10% | 8.68x10" | 8.37x10?
lu4pp 3,92x102 | 2.64x102 | 2.52x102 | 5.44x102 | 2.23x102 | 2.59x102

{Dimension: uCi/Sample)

Table 14 FP nuclides of the UO0: pellet pieces at the
sampling position S; (Rod. &)

Rod.4 (Sampling Position:Sz)

UG, PelTet
Rlece | 43 44 45 46 47 48
Nuclide : .
57y 3.69x10-1|1.64x10-2|3.03x10-|2.38x10-1{1.87x10"* |3.03x10"2
ssub - |.04x10-1]4.51x10-1]7.14x10-2|5.80x10" 1 |4.14x10"1 |6, 79x10"2
1o8gh 6.43x10% | 3.25x10% | 5.18x10 | 4.62x10% | 3.01x10* | 5.14x10*
134 3.74 1.86 2.98 2.54 1.69 3.05
137¢ 1.26x102 | 6.64x10 | 1.00x102 | 9.20x10% | 6.12x10% | 1.02x102
1uyce 1.08x102 | 5.58x10% | 8.19x10 | 6.00x10* | 7.80x10% | 8.47x10%
144py. 3.56x102 | 1.94%102 | 3.13x102 | 2.62x102 | 1.80x102 | 2.88x102

(Dimension: uCi/Sample)
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Fig. 26 <y-ray spectrum measurement system

of the U0, pellet pieces
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25 AFHHICLSRMERE

16), 17}

W AR UO, <L o b rd r 2 ~2 b ARIER, ﬂ L—:tﬂ%ﬁﬁb‘ﬂt%ﬁﬂﬁm: po,/Uk

VBB R R MM ORI FIf% Fig 28 1R T, .
T, BH (20~80mg) Y yYkRLToH+ v R/EERE, Ak, Y BT &

S>TMEGER LIz, T LT, BREEBR LIk, BULEREE (Davies— Grays{f) FCJ:D i

P OBUBETER L, R+ Tablelb~18F 2K R"d,
wic, FRABBEEO—T AN 7 RBBHICHD, Ge (Li) I HERHUBE~NFF + v 2NV

EAFEEROT, WCs D66 2keV 7 AT L 7o B8 VCs WO L L, s

D' Cs DEHEERD I, :
WURE Cs OREHED SRAE RV TABOBRBEEA B H L,

1.383%X10 %ea+sTeexp(At)

BRI (MW t) =

Ye ld—exp 2D} 7 '(_l)
REL,
a . B 7 VERXMODPCs OHGEE (Cit.7g)
T SRR (sec)
3o BICs DEESER (=7.32x1071) (sec™)
t o EIAR {sec)
Y ¢ PTCs O URRINER (=0.0623) (—

%@ﬁtﬂ%‘*‘%éTable 15~1 8REMICHT,
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Table 15 Chemical Analysis results Table 16 Chemical Analysis results

of the U0, pellet pleces of the U0, pellet pieces
(Rod. 1) ~ (Rod. 2)

Rod.1l Rod.2
U0, Pellet | U weight | Burn-up T w0, Pellet | U weight | Burn-up
Piece No. (mz) (MWD /t) Piece No. (mg) (MWD/t)

1 L52.0 1770 13 48.7 1580

2 20.9 1390 14 47.7 1540

3 27.7 1230 15 32.8 1550

2 19.2 1390 15 54,0 15650

5 | 35.6 1500 17 44.5 1570

6 | 36.0 1480 : 18 _ 16390

7 | 740 | 1360 15 64.5 1310

8 53.8 1300 20 61.0 1356

9 46.0 1360 21 — _
10 76.3 1240 22 47.6 1500
n 68.1 1270 23 42.8 1470
12 63.9 1420 24 45.3 1240

Table 17 Chemical Analysis results Tablé 18 Chemical Analysis results
of the UO; pellet pieces of the UO, pellet pieces
- (Rod. 3) (Rod. 4)

Rod.3 . Rod.4
ug, Pellet LU weight h Burn-up Uo, Pellet 1 U weight i Burn-up
Piece No. (mg) ! MWD/} Piece No. ‘ (mg) PO(MWD/ )

25 o — b 37 o35 1230
2% | s0.0 | 1% 38 e 1140
27 | §3.0 | 1230 39 256 | 1160
28 T e | 300 | | sT.e 1 1080
29 e 1R 3 21 245 | 070
30 T TSR R 42 L 33.6 990
3 3.2 1290 43 | 39.0 1130
32 | 575 980 4g 22.8 1020
33 L 153 1340 a5 37.8 1010
34 54.5 1040 46 32.2 1030
35 45.7 1030 ‘ 47 21.4 1020
36 | 52.5 1020 48 31.5 1100

._3 8—
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U0, Pellet Pieces.

‘Removal of the Resin
of the U0, Pellet Pieces

W

Disso

lution’

Lilution

|

Determination of the
Quantity of U

w

Determination of the |
Quantity of 137¢cg

BURNUP

Fig. 28 Flow chart of the chemical analysis
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3. & L2

3.1 BMEEFERUORL vy bADriARY MLAIERER LR FHEROHEM

Table7~1 4B "M Cs BRU V' Cs BORIELHER L, {bEATICL DRI 7 v EE (
Tablel 5~18) &b, Biyv I vERJOD Cs DR (,Ci/ Umg ) BT Cs ./
BICs ARSI #ERE Tablel 9~2 21059, THoDFERE, (LFSIHHELoBEH LK
ﬁlﬁ&@*ﬁﬁﬂj%ﬁ"‘to BCs B (uCi/Umg ) LIS OMREA Fig 294, ¥*Cs /¥ Cslh
& HRBERE DA% Fig.3 0ICR Yo Rl 5 BOBEREATEREBLTE D, BERZLTEHO
EREREENTERHEBE L TW AT EMEOMICHE -, FHOKADHBERELTIRRT .

¥, o= 281x107%«x e (2)
vy, = 263x107*«x e (3)
LT,
y:  CsBE (#Ci/Umg)
y, . .'"Cs /Csh { — )
X . EE {(MWd_“t)

KE, CREAVTBREE LM T A70HITE, r BRI P VAEIRES PCs BROERRTLE
BFiCLBE9 7 VEBODFREET S, BAETHVB L A RT PVAIEHRED O EBERIBE K
BT ETE, MEEEDNMEAKERRE L TREBE TS 505, 9Cs / *7Cs iz BE RO
FRRI PARFBENPTOEVSHEENS D,
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Table 19 Determination of *7Cs. .
(uCi/Umg) and 13k pg/t37cg
ratio in the U0; pellet
pieces (Rod. 1)

. Rod.l
Uo, Pellet 137cg 134pgl37¢y
Piece No. (uCifumg) (x 107%).

1 4.56 4.35
2 3.75 3.84
3 4.19 3.89
4 4.00 3.87
5 4.10 3.77
& 4.17 3.94
7 K| 3.22
8 3.59 3.35
g 3.55 3.27
10 3.47 3.24
1 3.47 3.26
12 3.88 ©3.50

Table 21 Determination of 1*7Cs
(uci/Umg) and *3*cs/*37cCs
ratio in the U0, pellet
pieces (Rod. 3)

Rod.3
uo, Pellet| *?7Cs 134gs/i37¢s
Piece No. | (pCi/Umg) {x 107%)

25 — 3.49
26 3.42 3.34.
27 3.59 3.44
28 3.65 3.38
29 3.43 3.35
30 3.86 3.56
3 3.55 3.14
32 2.85 2.87
33 3.66 3.32
34 2.86 2.81
35 2.91 2.82
36 3.03 2.92

Table 20 Determination of 137¢q
(uCi /Umg) and_13“CS/137Cs
ratio in the U0z pellet
pieces (Rod. 2)

Rod.2
U0, Pellet| 227 13%Cs/127Cs
Piece Ko. | (pci/umg) (x 107%)
13 “4.46 4.14
14 4.30 4.03
15 4.48 4.24
16 5.00 4.44
17 4,11 4.05
13 — 4.01
1% 3.75% 3.42
20 3.67 3.38
21 — 3.36
22 418 3.73
23 4,25 3.70
24 3.62 3.39

Table 22 Determination of '37Cs
(uCi /Umg) and *37cs/*?’Cs
ratio in the U0, pellet
pieces (Rod. 4) :

Red .4
Uo, pellet| ?7Cs 13kCg/i7Cs
Piece No. | (uCiftmg) {x 107%)
37 3.65 3.44
33 3.27 3.22
39 3.4 3.32
40 3.33 3.35
! 3.09 3.22
42 2.64 3.30
43 3.23 2.57
44 2.9 2.80
45 2.88 2.73
a6 2.86 2.76
47 2.86 2.76
48 3.24 2.99




(pCi/ Umg)
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(x 10°%)
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Table 23 Heat generation ratio (FH)

Rod Na ) ' ' o
Rod 1 Rod 2 Rod 3 Rod 4

Y —ray - o
sZr — *Nb S L03 121 0.89 0.8 8
Gross T 1.2 5 1.1 5~ 0.95 0.6 5

Table 24 Axial thermal neutron flux distribution factor (FZ)

Rod Ne
Rod 1 " Rod2 . |- Rod3 Rod 4
Y — ray . :
S, 1.38 1.3 4 1.4 3 1.4 4
571 — % Nb
S, 1.07 1.12 .14 1.15
s, | - 128 123 .27 1.2 8
Gross 7 ]
S, 1.11 L1 1.12 1.13

(S1, S:: See Fig. 4)
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Table 25 Neutron Flux and Neutron Spectrum at the irradiation position

{1} Neutron Flux (Cell Mean)

Energy Group Energy Range o 48 cycle ' ' 49 cycle
1- >1 MeV | 252x10"% 2.40><10’.3
2 0.183~1MeV 2.89x10" 2.73x10% |
3 0.682eV~0.183MeV 9.14x10" 882x10"
4 <0.682eV 1.01x10 ©102x10"

(2) Mean Thermal Neutron Velocity at UOQ, Pellet (v)
¥=138258 m sec

(3) Neutron Spectrum Index (ORIGEN Code Input Data)

THERM 0.575
RES 0.082
FAST 0.3 62

_'_48f
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the calculation results

Comparison between the y-ray spectrum measurement results and

Dimension: uCi/Sample

iy Rod 1 (S31) Rod 1 (S,)
& %uem
o7 (s] No.2 No.5 No.8 No.1l1
FP e
Nuclide G%U 20.9 35.6 53.8 68.1
A 2,30 x 10-1{ 3.92 % 10°%| 4.56 x 107} | 5.77 x 107*
*Szr B |2.21 x 107" | 4.26 x 1071 { 5.61 x 107"] 6.65 x 107"
A/B 1.06 0.92 0.81 0.87
A 4,99 x 1071} 8.50 x 107*| 9.89 x 107* 1.25
® *Nb B |5.04 x 107" | 8.66 x 107* 1.23 1.44
' A/B 0.99 0.98 0.80 0.87
A 4,39 x 10* | 7.48 x 10* | 8.07 x 10% .02 x 10°
'R B | 4.20 x 10> | 7.78 x 10* | 9.59 x 10* | 1.17 x 107
A/B 1.05 0.96 0.84 0.87
A 2,47 x 102 | 4.20 x 10% | 4.94 x 10° .25 x 102
T¥4%ce B 6.55 x 101 | 1.13 x 10% 11.13 = 10° .66 x 107
A/B 3.77 3.72 4.37 3.77
A 2.47 x 102 | 4.20 x 10 | 4.94 x 10° .25 x 10?
Lihp o B 12.28 x 102 | 4.14 x 10% | 5.57 x 10% ! 6.80 x 107
A/B 1.08 1.01 0.89 0.92
A 3.36 5.73 5.24 6.63
13%cg B 3.01 5.50 6.46 7.69
A/B 1.12 1.04 0.81 0.86
A 8.70 x 101 | 1.48 x 10 | 1.73 x 10° .20 x 107
B 7.83 x 10% | 1.46 x 10% | 1.93 x 107 .36 x 10?2
137cg C 8.85 x 10° | 1.63 x 10° | 2.13 x 10? .64 x 107
A/B 1.11 1.01 0.90 0.93
A/C 0.98 0.91 0.81 0.83
A |3.86 x 1072} 3.87 x 1072} 3.03 x 1072 | 3.01 x 107°
FCs/Cs T 1 84 x 10-2 ] 3.77 % 1072 | 3.35 x 1072 3.26 x 1072

A: Calculation Result by ORIGEN Code

B: y-ray Spectrum Measurement Result obtained at Hot Laboratory,
TOKAI Research Establishment

C: y-ray Spectrum Measurement Result obtained at Analytical
Chemistry Laboratory, TOKAI Research Establishment

—49—
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the calculation results

Comparison between the Y-ray spectrum measurement results and

Dimension: uCi/Sample

Rod No.

o Rod 2 (S1) Rod 2 (S32)
Dg o _
%5 Yo, No.l4 No.17 No. 20 No.23
FP &
Nuelide &, 47.7 44.5 61.0 42.8
A 5.85 x 10-Y| 5.45 x 107%| 6.20 % 107} 4.35 % 1071
#5zr B 6.29 x 10°1| 5.62 x 107%| 6.47 x 107%] 5.47 x 107t
A/B 0.93 0.97 0.96 0.80
A 1.27 1.18 1.35 9.44 x 107t
#5ND B 1.32 1.18 1.49 1.12
A/B 0.96 1.00 0.91 0.84
_ A .19 % 102 | 1.11 x 102 | 1.20 x 102 | 8.39 x 10
105Rh B 111 % 102 | 1.01 x 102 | 1.13 x 10% | 9.58 x 10°
A/B 1.07 1.10 1.06 0.88
A 6.37 x 10% | 5.95 x 10% | 6.82 x 10% | 4.79 x 10?
LhhCe B 140 x 102 | 1.54 x 102 | 1.30 x 10% | 1.36 x 10°
A/B 4.55 3.86 5,25 3.52
A 6.37 x 102 | 5.95 x 102 | 6.82 x 10% | 4.79 x 10?
lsbpy B 6.02 x 102 | 5.39 x 10% | 6.53 x 10% | 5.14 x 10°
A/B 1.06 1.10 1.04 0.93
A 9.93 9.26 8.91 6.25
134¢cg B 8.25 7.42 7.57 6.73
A/B 1.20 1.25 1.18 0.93
A 2.76 % 102 | 2.11 x 102 | 2.42 x 10% | 1.70 x 10%
2.05 x 102 | 1.83 x 10% | 2.26 x 10 | 1.82 X 10*
137¢g 2,38 x 102 | 2.14 % 10% | 2.51 x 10% | 1.92 x 107
A/B 1.10 1.15 1.08 6.93
A/C 0.95 0.99 0.96 0.89
n 14.39 % 10-2| 4.39 x 1077 3.68 x 107*| 3.68 x 107
L34/ 7Cs T 402 x 10°2] 4.05 x 1072 3.38 x 1077 | 3.70 x 107

A: Calculation Result by ORIGEN Code

B: y-ray Spectrum Measurement Result obtained at Hot Laboratory,
TOKAI Research Establishment

C: y-ray Spectrum Measurement Result obtained at Analytlcal
Chemistry Laboratory, TOKAIL Research Establishment
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Table 26(c) Comparison between the Y-ray spectrum measurement results and

the calculation results
' Dimension: LCi/Sample

&§:f Yo Rod 3 (S1) Rod 3 (S;)
SNNY No.26 No.29 No.32 No.35
FP 3 °
Nuclide CEJ 50.0 37.9 57.5 45.7
A | 4.78 x 1071 3.58 x 107%| 4.26 x 107}| 3.35 x 107}
*zr B |5.20 x 107% | 3.60 x 107! 4.57 x 107}| 4.72 x 1077
A/B 0.92 0.99 0.93 0.71
A 1.04 7.77 x 107%{ 9.23 x 1071} 7.26 x 107"
5N B 1.08 8.43 x 1071 1.14 8.94 x 107*
A/B 0.96 0.92 0.81 0.81
A 9.02 x 10% | 6.82 x 10% | 7.67 x 10 | 6.09 x 10
108h B 8.92 x 10* | 6.77 x 10% | 8.13 x 10 | 6.42 x 10*
A/B 1.01 - 1.01 0.94 0.95
A |5.26 x 10 | 3.99 x 10> | 4.80 x 10? | 3.81 x 10°
1tbce B 1.28 x 102 | 1.33 x 102 | 1.05 x 10 | 1.0l x 10?
A/B 4.11 3.00 4.57 3.77
A 5.26 x 102 | 3.99 x 10% | 4.80 x 102 | 3.81 x 10?
lispy B 5.04 x 102 | 3.78 x 102 | 4.71 x 10?2 | 3.84 x 10°
A/B 1.04 1.06 1.02 0.99 |
A 6.46 4.89 4,73 3.76
13%¢cs B 5.71 4.35 4.70 3.75
A/B 1.13 1.12 1.01 1.00
A | 1.86 x 102 | 1.41 x 102 | 1.71 x 10% | 1.36 x 10°
1.71 x 102 | 1.30 x 10% | 1.64 x 10% | 1.33 x 10
137¢s 1.82 x 102 | 1.31 x 102 | 1.71 x 10% | 1.44 x 10°
A/B 1.09 1.08 1.04 1.02
A/C 1.02 1.08 0.99 0.94
A 3.47 x 1072 3.47 x 1072 2.77 x 1072| 2.76 % 1072
10/t Cs TR 13,34 x 10-2 | 3.35 x 1072 2.87 x 1072| 2.82 x 107

A: Calculation Result by ORIGEN Code.

B: y-ray Spectrum Measurement Result obtained at Hot Laboratory,
TOKAI Research Establishment

C: y-ray Spectrum Measurement Result obtained at Analytical

Chemistry Laboratory, TOKAI Research Establishment
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Table 26(d) Comparison between the y-ray spectrum measurement results and

the calculation results
Dimension: uCi/Sample

Rg:wN°- Rod 4 (S1) " Rod 4 (S3)
Ple .
oo, No.38 No.41 No.44 - No.47
FP €4
Nuclide qu). 28.1 24.5 22.8 21.4
A | 2.56 x 1071 | 2.21 x 107 | 1.63 x 107*| 1.53 x 107}
zr B | 2.79 x 1071] 2.10 x 107> | 1.64 x 107%| 1.87 x 107"
' A/B | 0.92 . | 1.05 0.99 0.82
A |5.56 x 1071 | 4.79 x 107> | 3.54 x 1077 | 3.32 x 107}
25Nb B 6.13 x 10°1] 5.16 x 1071 | 4.51 x 107} | 4.14 x 107!
A/B .0.91 0.93 - 0.78 ©0.80
A | 5.00 x 10* | 4.35 x 10* |3.01 x 10® | 2.83 x 10*
106gh B 4.72 x 10° | 3.94 x 10* | 3.25 x 10 | 3.0t x 107
A/B 1.06 1.10 0.93 0.94
A 2.91 x 102 | 2.53 x 10% | 1.89 x 10? | 1.77 x 10°
143ce B | 7.18 x 10> | 8.68 x 10* | 5.58 x 10> | 7.80 x 10’
A/B 4.05 2.91 3.39 2.27
A | 2.91 x 10 | 2.53 x 10° | 1.89 x 10 | 1.77 x 10°
Tedpr B | 2.64 x 107 | 2.23 x 10% |1.94 x 10* | 1.80 x 10°
A/B 1.10 1.13 - 0.97 0.98
 oa 3.58 3.12 1.86 1.75
1340 B | 2.90 2.44 1.86 1.69
A/B 1.23 1.28 1.00 1.04
1.06 % 102 | 9.08 x 10 | 6.75 x 10* | 6.33 x 10°
B 9.0l x 10 | 7.57 x 10* | 6.64 x 10* | 6.12 x 10°
137¢cs C 9.82 = 10> | 8.00 x 10 | 7.10 x 10 | 6.66 x 10°
A/B 1.15 1.20 1.02 1.03
A/C 1.06 1.14 0.95 0.95
A | 3.44 x 1072 3.64 x 1072 | 2.76 x 1072 2.76 x 1077
PCs/PCs T [ 3.02 x 1072 3.22 x 1072 2.80 x 1072 | 2.76 x 1072

A: Calculation Result by ORIGEN Code

B: y-ray Spectrum Measurement Result obtained at Hot Laboratory,
TOKAI Research Establishment

C: y-ray Spectrum Measurement Result obtained at analytical
Chemistry Laboratory, TOKAI Research Establishment
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Table 27 Degree of the coincidence between the y-ray spectrum measurement

results and the calculation results

Nuclide M2 s*2(%)
357y 0.92 11
35Np 0.90 9

1osRy 0.99 9
lesce | 3.80 20
Luspy 1.02 7
leigs 1.08 13
137¢g 1.05 8
137¢g 0.97*3 gs
L3agg/137cs | 1,02 6

*]1 Mean value of A/B
*2 Standard deviation of A/B
*#3 Mean value of A/C
%4 Standard deviation of A/C

A: Calculation result by ORIGEN code

B: <Yy-ray spectrum measurement résult_obtained at Hot
Laboratory, TOKAI Research Establishment '

C: vy-ray spectrum measurement result obtained at
Analytical Chemistry Laboratory, TOKAI Research
Establishment
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F. F D
Irradiatien i Z E
History
. <= QN . FH. " FZ - )
QN P N+ L P
Input Data - Input Data

ORIGEN code Calculation

Input Data
Neutron Spectrum Index °
FP Nuclide
Qp : Linear Heat Rate of % U0, Pellet (W/em)
Q ¢ Nuclear Heat Generation of Each Fuel Rod (W)
Fy ¢ Heat Generation Ratio =)
F, : Axizl Power Distribution factor (=)
DP : Depression Factor -
N : Number of Fuel Rods (=4) : (-)
L : Stack length (=61.6) (cm)
W : Weight of U0, Pellet Pieces used for y-ray (g)
Spectrum Measurement '
wo : ¢2 %x 10 mm UQ, Pellet Weight (=0.2883) (g)

Fig. 32 Burnup calculation process
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Fig. 34 Neutron Dipression in the U0 pellet
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i % CALCULATION
By the ORIGEN CODE
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Burn — up (x10° MWD/t)

Fig. 35 Relation between the 1340g/2%70cg ratio obtained

by the calculation and the burnup
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