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Measurements and Analysises of Lattice Parametets

in 36-rod Pu0,-UQ, Fuel Clusters

Nobuo FUKUMURA' Toshio WAKABAYASHI
Katsuji TOMURA®,  Kazuhiro KITAYAMA*,
Makoto KANEUCHI™ Kunihiro SHIBATA*®, and
Yuuki HACHIYA*

Abstract

Measurements and analysises of lattlce parameters have been made by use of
the 36-rod PuOg- UOz fuel clusters (0.54w/0 Pqu-UOZ) which are composed of the
rods with the same diameters as the ones of Fugen type fuel rods.

The n:irieéG-rod fuel clusters were loaded in the cehtral_region of the DCA
core-with the square lattice of 25.0cm pitch and the surrounding region was occupied
with eighty;eight 1.2w/ o‘ enriched UOé 28-rod fuel clusters. The experiments have
been performed with (0% void) and without (100% void) HoO coolant in the pressure
tube.

The lattice i)arameters such as 238y resonance capture ratio ( 028 ), the
epicadmium fission ratio of 235U or 239Pu (525 or §%9), the fast fission ratio
of 238y (o 28y and the fission ratio of 239py to 2857 { o ;g) were obtained by the
foil activation method using foils of plutonium and enriched, natural and depleted
uranium. |

The analysises have been made by use of the sophisticated cell calculation code
WIMS which is used for nuclear design of the commercial FUGEN.

The results are shown in the table. Here, indices "cell' represent cell
averaged values. It is concluded from these results that the code WIMS understi-

mates the fission reactlon rates of 238U 23577 and 239Pu, and capture reaction

rates of 238U resonance

* Heavy Water Critical Experiment Section, Oarai Engineering Center, PNC. |
** Mitsubishi Heavy Industries, Ltd.
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Table Results of Lattice Parameters
Exp. Cell Averaged Values
Lat t ] ce or 28 25 49 28 49
Cal. Pcell 0 cell 6ce1l B el 825;0&:!1
0 % Experiment |[1.044 & 0.063|0.097 & 0.003(0.070 £ 0.003|0.129 + 0.008| 1.149 # 0.057

Void Calculation 1.104 0.076 0.663 0.121 1.120
100 % Experiment |1.577 £0.085(0.154 & 0.005|0.105 = 0.004|0.151 £+ 0.009 | 1.210 % 0.061
Void Cal culation 1.396 0.119 0.054 0.151 1.137
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Table 1 Detector Foil Description
Foil ID | Dimenstion Specification Measuxtgd
Quantity
14.8 mm ¢ 274 ppm 2 J depleted
d P28 528
0.10 mm' U — metal
14.8 mm ¢ Natural ( 0.72 w0 2251J) -
1]
0.10 mm' U — metal
14.8 mm ¢ 9.98w 0 U—Al alloy :
€ 0%, 643
0,10 mm* 93.2w,/0 235/
148mm¢’ 5.27W/0 Pu_Al alloy
P , | Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 g4, 03
0.10 mm 001% ' 9404%' 567% ' 026% ' 002%




Table 2 Fuel Description
{1) 0.54w./ 0 PuQ, —~UQ., Element 2) 1.2%Uw/ /0 UQ, Element
[nner Dia_ | Quter Dia, . Density Inner Dia | Quter Dia, . Density
(cm) (cm) Material (g /cm®) (cm) (cm) Material (g/cm®)
0.542 w0 1.203 w0
- llet -
Pellet 1.469 enriched Pu0,—-UO, 10.17 Pelle 1.480 enriched UO, 10.36
Gap 1.469 1.506 Helium - Gap 1.480 1.503 Helium -
Sheath 1.506 1.668 Zry—2 6.523 Sheath 1.503 1.673 Aluminium 2.674
Ccomposition w70 Composition w0
U—235 0.6214 U-235 1.057
U-—238 86.782 Pellet U-— 238 86.793
Pu-238 0.000102 18] 12.150
Pu—239 0.4304
Pellet
Pu— 240 0.04115 Al 96.98
Sheath
Pu-241 0.004359 Mg 2.60
Pu— 242 0.000303
0 12,12
Zr 98.22
Sn 1.48
Sheath Fe 0.14
Cr 0.10
Ni 0.08

Date of Analysis @ 23 August 1971

¢€1-¢8 TP6NL-ONd



Table 3

Fuel Ring Description (36 Elements/Assembly in 8 Circular Rings)

Ring No of Elements "Circle Diameter of
Elements {cm)
1 ] 3.65
2 12 7.25
18 10,78
Table 4 Fuel Channel Description (36-rod Cluster)
Inner Dia. {cm) Quter Dia, (cm) Material Density (g, cm)
Pressure Tube 13.03 13.63 Aluminum 2.673
A 5052
Air Gap 13.63 14.65 Air 0.001205
Calandria Tube 14.65 15.35 Aluminum 2.673
AB052
Composition w0 in Al w0 in AlT Atomic No, Density
Al 96.75 0.05772
Mg 2.70 0.00179
Air O 23.5204 0.00001067
N 76.4736 0.00003962

¢€1-28 T1V6NL-ONd



Table 5

Fuel Ring Description (28 Elements/Assembly in 3 Circular Rings)
Ring No. of Elements Circle Diameter of
Elements (cm)
1 4 2.625
2 8 6.000
3 16 9.515
Table 6 Fuel Channel Descrition (28-Rod Cluster)

Inner Dia, (cm)

Outer Dia, (cm)

Material

Density (g,/cm3)

Pressure Tube 11.68 12.08 Aluminum Alloy 2674
Air Gap 12.08 13.25 Alr 0.0012056
Calandria Tube 13.25 13.65 Aluminum Alloy 2.674
Composition w0 in Al w0 in Alr Atomic No, Density
Al 96.98 0.05788
Mg 2.60 0.00172
. 0 23.5204 0.00001067
Air
N 76.4796 0.00003962

¢€1-¢8 TV6NL-ONd



Table 7 Comparison of Laitice Parameters between Experiment and Calculation
28 625 649 6?,‘2 628
Void |Position : * _ A : * _ Hok _ - i PR ; _ ; _
Experiment| Cal." {C/E—1| Cal. |C E—1|Experiment| Cal.” |G/E—1|Cal. " | C-E—1|Experiment| Cal. " | G“E—1|Experiment| Cal. | G-E—1|Experiment| Cal.|CG/E—1
(E) (c) | (&) | (C)Y ] (%) (E) (C) 1 (& | (C)Y| (%) (E) (c) | (E) (cy | (% (E) |(C)] (%)
1. 455 78+ 18 | 1eaz |+ 1 0,152 [0.131{ —14 |0.114] —25 | 0.100 | 0.089 | — 11 1180 |1.160i—1.7| 0.197 {0.184| — 6.6
1st to.088 | : +0.005 + 0. 004 + 0, 059 + 0. 012
1.510 |1 414 1 ~6411.357  —10 | o0.120 |0 108|—9.21 0095 | —21 | 0080 | 0.076|—6.2] 1.127 |1.139|+1.1| 0.167 |0.156/—6.6
Znd {4 o9t 40, 004 +0.003 + 0, 056 +0.010
0% ‘
5rd 0.858 |0.042 | +0.8|0.011|+62| 007 |0071|—9.5)0.060| —22| 0060 | 0.052] —12 1.157 | 1.105| —4.0| 0.102 {0.005{ — 6.7
" 140081 + 0,002 +0.002 |+ 0. 058 + 0. 006
1.044 |1.147 | +9.9| 1.104| +5.7| 0.007 [0.087| —10 | 0.076| —22 | 0.070 | 0.063:-9.9| 1.149 |1.120|—2.5{ 0.120 {0.121| — 6.2
Cell
+ 0.063 -+ 0. 003 + 0. 003 1 0. 057 + 0. 008
Let 2,109 |1.756 | —13 | 1.622]—20 | 0.225 [0.180| ~20 | 0.158; —30 | 0.155 | 0.121|— 22 1.334 |1.129|~ 15 0,213 [0.220| + 3.3
+0,121 + 0. 007 + 0,006 + 0. 067 + 0,013
o 1.786 | 1.503 | —16 | 1.390|—22 | 0.177 [0.156| —12 |0.136| —23 | 0.127 | 0.1058|— 17 1,117 |1.132|+ 1.3} 0.185 |0.184| —0.5
n
+0. 107 +0.005 + 0. 005 + 0. 056 +0.011
100 %
2rd 1.450 | 1.455 0 |1.353|—6.7! 0131 |0.119| —8.8{0.104| —13 | 0.084 | 0.084|-0.2| 1228 [1141|—-6.7] 0121 |0.121] 0O
+0.087 + 0. 004 4+ 0.003 + 0. 061 +0.007
Cell 1.577 11,504 | —4.6|1.396|—12 | 0154 [0.138| —10 [0.119| —23 | 0.105 | 0.094|— 10 1.210 | 1.137|—-6.0| 0.151 |0.151] ©
+0.095 1+ 0.005 + 0. 004 + 0. 061 + 0.009
* Ecd 05 ev

ok Ecd

0.7ev for p28 (625 ev for 4§25 and (.5eV for g%

¢€1-2¢8 TV6NL-ONd
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Fig.6 Cross-Sectional View of 28-Fuel-Rod Cluster
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Fig.7 Comparison between Experiment and Calculation ( # 28)
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2. EEAR
BME2FE11 878 FR1BLD5KET,

3. SR
ME_HLE BERSBEEK
HEHILHXEF 6 — 31 — 1
TEL 03-—682—1111 (&)

4. EHAR
4.1 SRREORIE (ERAEKEINOEY ©)
(1) SCoDE#MEAERLT, 122KeVD©— s THERSHEED, 615eVEITFTHBC
LEMAKLE T, EAEELZOBAMD 172 DFFOH),
(2) S°*Fe OEEJRAFEHL T, 5.9 KeVor—7 (Mn Ka) THRERSRIEDS, 360 eVELT
THLIEEERNHLE T

122 KeV

5.9 KeV (MnK &)
55 Fe ﬁﬁ

FMEiE

4.2 RHVDFOR[E
(1) #EdhERE
" Co OEMEGE LA LT, Co M 122KeVDE— 2 D% o F BRAEE L0 DG 74
B LT, SHBULTHAFEERRLZ T,
HEOHESE, 0.6 2Ci TTOT, REBODLRICES (RBLEBETEE V) S€F
T &, BIF190007PS O r BAEMEBBLETDOT, 1000 sec MDORME TITHWE T,
(20 #eEhR o —FRHERE
BHBODOGERE DA SmmO RIS Co OERB R A XY, DRLIWEL 4,
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RERIC B BEHEAI 6 BDBEE, TR T0%LLE, bbb, 3B LU LOMBEEZET S

HEREFELET.
8mm .
TCo #RiB 0.6 2Ci
| (=] ———
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/Hp Ge
25¢% 10mm

4.3 BRHEES/NLORE

ﬂ)”COGEEﬁﬁ%ﬁ@LT,leeV®E—7KﬁCT/4XVNW&®&ﬁ3m%LT
HBELHIHLET, | .

(@) RLSCo DEMEBEAGELT, 144KeVDr—s01/2 % HAREEEDOE—7
PADE— o BIWEEERL T s %,

122 KeV ey

136 KeV

/A4 R

4.4 BMBBOMRA S EORES RO R

(1) MFEZEADOMNE EZOERNIE - REEBB LB, <4 FIKRBEADT
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1) ABOTERD +XOFH, BRIV Fiey 7HOTHEOERDSE (T0mm LT X
90mmlL L) o
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M Ge ® I F — %

EIRLE FE a8f% K
1. B & 52 11 ATH(R) HHLE BIEESRNs W @RS
2. @ = 2242 ch( 25973 count )
(1) SDRREEDRIE
® 11:15 preset 1000 sec @3°Co ---(head k© 1.5cm) %
® 11:50 prest 1000sec S5Fe $F|&HF(12uCi)

2231ch. .
2744ch

122KeV

Fig. ¥ Co HmaF

@ 5" Co SfiRfiE
1 2931 ch -« 12902 count 1
L o che { — 4 chiz 223105 ch
99232 ch eeee 14651 Z

41 cheeeer 25802
peak ... 2942 ch ---... 25973 «— peak it 2242 ch

43 cheeeee 25928

1 2252 ch----- 13529 count 1
2 ch  eeeees Ay chix 2252.31ch
2253 ch..eet 11765
28.68 eV, /ch
If
14.4KeV
AN 2252.31 — 2231.05 ¢ 21.26 ch (% 205 ch 610eV )
® *°Fe D43fEHE (1000 sec) 537ch
1 522 ch----- 13317 count 1961 ch
5 Ch eeeees < 552.347 ch
: 523 ch----- 14465 count
peak eneen . 537 ch---- 27430 count 5. OKeV
22K\eV
5563 ch .- 14109 counti T
% ch«verre { «— 553.357 Ch Cd(AgKr)
554 ch.v-een 13007 .
Fig. ®Fe(MnKr) HE94
11.3 eV,7ch
[i
) 16.1KeV
ch = — ch = ch - =
AN 553.3567 —552.347 31.01 x ( 1424 ch 350.6eV)
© 13 : 10 preset 1000 sec 57Co -+ Z|EIH (Table 2)

2248 ch ... 11134 count )
Choeoeer « 2248.81 ch s - ch

2249 ch ------ 12221 count
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58 ch--eee 23442 count

59 ch.----- 24028 count 2259ch

peak — peak 2959 ch
2260 ch .-t 23392 count 2762 ch

61 ch.-ee- 23110 count 14.4 KeV
1 2269 ch ... 12376 count [
— ch - «— 2969.25 ch 122KevV
2 70 ch -+ 10936 count

Fig., ¥ Co &5
' 14.4KeV
h = - h= hx ——

AcC 2269.25 2248j81 c 20.44c =53ch

= 585 eV

2) Ge MH%IE (Ge head HHEHAICET B)
5"’Coajdecaj
'74,/8,71  12.10 #Ci
"77,/11,/8 X uCi
days =(3x365+1) + (31 +30+31+7) = 1195

$.693

X #Ci = 12.10 xe 2705 x 1195 =0, 56649 #Ci
0.04682
Co(122KeV)mMdecay AN
AN=0.56649 #Cit x 3.7 x 10'® x 0.865 = 18130 count ~sec.

Net count (1000 sec live time)

IEBE count (2312ch—2221ch) = 2431221 counts
Net count = 2395525 counts

2312 ch
(379 count )

2221ch
(397 count)

R oq (%)

_ [ 2395.525counts

1000 550 /18130 count | x 100% = 13.2%

(3} IBERriC & BENEEL
*TCoMIRAR 2395525 counts /1000 sec Ge head Hif
1877387 counts /1000 sec /\/
» B Net{
1841553
2233051 counts 71000 sec

2194365

» CBA Net{



PNC-TN941 82-132

A7psn= 1841553,72395525 X 100
Ao n= 2194365,72395525 x 100

4) = &
9.4l cm
B6) BPIEH

Ge — preamp 117 — D out

Lin, Amp unipolar @ out

76.9 %
91.6 %

~—— 6. 93 congh

6. 94 cmg

50|mV|

57 Co OFIR

122KeV (- 150mV)

Fig
57 CO
46V
NG noise level
1 20mV
10#sec
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Pu-ALU-AL K4 W PuUn g BHER 04
—Isotope Dilution Mass Spectrometry Method—

SrAFEARY : 52.7.8~52.9.1
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1. Sample NO
1 Pu—Al
I : Pu—Al
Il : U-Al

* o FAIF—AREENHALTH 71,
° NO. Did¥sicgih i,

2. Sample Weight
{ 0.04855 g (Pu—1-17)
I : 0.04510 g (Pu—30)
Il : 0.0605 g (Pu—10)
* FHEE T o — VTEREBHEITE -
3. SR
AEERRT DX 2 determinations 1740 - 7=,
3.1 Weignt 4, (Pu/Pu+Al, u/u+Al)
Sample NO|weight %(Py/PutAl w Al ), + 20 av, t2 ¢
1 7.234 + 0.02,4 ,
I 7.235 1 0.02,
2 7.23, 1+ 0.03,
1 5.26, & 0.02,
I 5.26 £ 0.01,
2 5.265 £ 0.02,
1 9.965 % 0.03,
i} 9.98, + 0.02,
2 0.99; = 0.03,4
* RAREBEISEESHRCEIDAELLLO,
3.2 [REIfi{EEEE (Atom %% |, Weight %)
(1) Sample NO I
Nuclide Atom%, + 20 Weight ¢, + 2 ¢
Pu-—238 0.00163 = 0.00004 0.00163 + 0.00004
239 99.0859 =+ 0.0008 99.0820 = 0.0008
240 0.8888 = 0.0008 0.8925 = 0.0008
241 0.01567 £+ 0.00006 0.01580 + 0.00006
242 0.00801 £ 0.00005 0.00811 £ 0.00005
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2)

(3)

Sample NO 1

Nuclide Atomg,6 + 20 ‘Weight%, 20

Pu— 238 0.01056 = 0.0002 0.0105 = 0.0002
239 94.066 =+ 0.003 94.041 £ 0.003
240 5.652 £ 0.003 5674 =+ 0.003
241 0.2525 £ 0.0003 0.2546 =+ 0.0003
242 0.01931 £ 0.00006 0.01955 & 0.00006

Sample NO [

Nuclide Atom%, + 20 Weight %, + 2¢
U — 234 0.6170 £ 0.0002 0.6139 £ 0.0002
235 93.224 £ 0.003 83.156 £ 0.003
236 0.4084 + 0.0003 0.4098 1 0.0003
238 5.751 =4 0.003 5.821 &£ 0.003
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F 8 (3)

Input Data of Cell Calculation.



PNC-TN941 82-132

CELL 711
SEQUENCE 4 :
NHESH 3
NREGION 30 3

NMATERIAL 14 3

NGROUPS 8 7

NRADS 36 =12 6510 3 2 1
HREACT 11 '

PREQUT

# OCA 36P.CLUSTER 0.56FY LP=25.0CH
# 100 VOID

INITIATE

ANNULUS 10,4000

ANNULUS 2 6.60000
ANNULUS 3 0.80000
ANNULUS & 1,51173
ANNULUS 5 1.95261
ANNULUS 6 2.39308
ANNULUS 7 2.83376
ANNULUZ &  3.17583
ANNULUS 9  3.51780

ANNULUS 10 3.8599
ANNULUS 11 4,20203
ANNULUS 12 4.5441

ANNULUS 13 4.82565
ANMULUS 16 B.1o0721
ANNULUS 18 5,38877
ANNULUS 16 £.67033
AMNULUS 17 5.95188
ANNULUS 18  6.23344
ANNULUS 19  6.51500
ANNULUS 20 6.81500
ANNULUS 21 7.32500
ANNULUS 22 7.67500
ANNULUS 23 8.00000
ANNULUS 2% 8.50006
ANMULUS 28 9.00000
ANNULUS 26 10.00000
ANNULUS 27  11.00000
ANNULUS 28  12.00000
ANNULUS 29  13,00600
ANNULUS 30  14.10650
ARRAY L 16 1,825 0,5235987

ARRAY 2 112 3.625 0.2617993
ARRAY 3 118 5.390 0.1745329

COHOCEOORONOUVILH LIS DL H UGG NN R

RODSUB L 1 €.7348 9

ROGSUB % & 6.83¢ 12

RODSUB 2 1 6.7345 10

RODSUB 2 B 0.834 13

RODSUB 3 E 0.7345 1}

RODSUB 3 2 0.6834 14

HATERIAL 1 @.001205 295.90 3 16 23.580% 14 76.479%%
MATERIAL & ©6.001205 295.0 3 1§ 23.5204 14 76.4796
JNMATERIAL 3 0.001205 295.0 3 16 23.5204 14 76.4796
MATERIAL ¢4 0.001205 295.0 3 16 23.5204 14 76.4796
MATERIAL B 2.676 295.0 3 27 97.76%

MATEREAL 6 0.001205 295.@ ¢ 16 23,5204 14 76.4796

MATERIAL 7 2.674 = £95.8 & 27 97.76% .

MATERIAL & 1.1045 295.0 4 2001 0.05036 4002 20.0223 16 79.92583

HATERIAL 9 10.17 . 295.0 1 235.4 €.6214 2238.4 86.762 3239.1 6.4304
242 06.000303 1240 9.04115 241. 0.004259 16 12,12

_HATEHIAL i 10.17 295.6 1 235.4 0,6214 2238.4 86.782 3239.1 0.4304
242 9.000303 | 1240 0.04115 241. 0.004359 16 12,12

HATERXAL 1% -10.17 295.0 L 235.4 0.6214 £2238.4 86.782 3239.1 0.4304 .
252 0.600303 124¢ 06.04115 241. 0.004359 16 12.12

HMATERIAL 32 5.3726 295.0 2 91 98.15 54§ 0.16 52 0,1 58 0.05 ¥
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11 1.077E-4 207 1.54

MATERIAL 13 5.3726 298.0 2 91 98,15 56 0.16 52 0.1 58 0.08 &
11 1.077E-4 207 1.54 o

MATERIAL 1¢ 5.3728 295.0 2 91 98.15 56 0.1¢ 52 0.1 58 0.05 &
11 1.077E-4 207 1.54 _

BELL  1.31l14

FEWGROUPS 2 5 10 15 23 24 26 27 36 39 45 48 53 56 60 63 66 69

NPIJAN 25 _ '

MESH 11131311113111:11321213123123%1111 1111

BUCKLING  0.000243  0.0007272

BEGINC

is 1%, ROHPD= 3%

o0 1 o.8 0.0 0.000c1067 0.8
DNEO & 0.0 9.0 0.00001067 0.0
bNEQG ¥ 0.0 0.9 0.00001067 0.0
DN3O & 0.0 0.0 0.00001067 0.0
pNBD B 0.0 ¢.0 0.0 0.0
DNBO & 0.0 0.0 0.00001067 0.0
DNBO 7 - 9.0 0.0 6.0 0.0
DNBO & 8.000333% 0.0066684 0.033342 0.0
oNBO & 0.0 6.0 0.046415 0.0
oNBO 10 0.0 0.0 0.046415 0.0
ONBO-11 0.8 6.0 0.046415 0.0
oneOo 12 0.6 0.0 0.8 0.0
DNBO 13 0.0 0.0 0.0 0.0
DNED 14 9.0 0.0 0.0 2.0

DIFFUSION E 11
PARTITION 5 15 36 45 47 56 69
REACTION 235 295 2238 295 3239 295 1240 295 291 295 262 295 ¥
164 295.0 176 295.0 ¥
1000 295.0 63 295.0 153 295.0
PRINTC 0 9 0
BEEONE 1
THERMAL 7
LEAKAGE T
BUCKLING 0.000243 €.0007272
BEGINC





