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Analysis of Local Power Deviation in Cluster Type Fuel

Yasuki Kowata®

Kiminori Shiba*
Abstract

Stochastic local power deviations of a 28-pin fuel cluster used in
the prototype Fugen-HWR have been evaluated from manufacturing tolerances
of dimensional and component factors including pellet diameter, pellet
density, fuel enrichment, fuel-ring diameter, etc. The manufacturing
tolerance is defined in this analysis as a standard deviation from the
average value, ‘

Sensitivity coefficient of local power on a particular factor was
introduced in the evaluation by using partial differential coefficient
which is calculated with respect to the factor by the code METHUSELAH-TT.
Furthermore, the following are assumed: (1) deviation of the factor from
the average obeys Gaussian distribution, (2) tolerances of factors con-
cerning a fuel pin is independent of location of a fuel-ring, (3) there
exists no correlation between any two factors and (4) square of local power
deviation is obtained by square summation of product of the tolerance and
the corresponding sensitivity coefficient. The sensitivity coefficients
were also calculated on 36-pin PuQ,-UO, cluster expected to be used as the
fuel of the Fugen-type demonstration reactor. Local power deviatioms of
36—pin cluster were predicted by taking into account the degree of the
sensitivity coefficients of local power of 28-pin clusters.

The following are clarified from this analysis.

(1) Maximum deviation of 3rd-ring pin's power from 3rd-ring average power
is 1.25 % for PuQ,-UQ; cluster, and 0.75 Z for U02 cluster.

(2) Dependence of the local power deviation on coolant wvoid fraction is
smaller than 5 7 within 40 * 75 % of void fraction.

(3) Main components of the local power deviation arise from the manufactur-

ing tolerances concerning fuel pellet. Among others, most important

% Heavy Water Critical Experiment Section, O-arai Engineering Center, PNC.
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(4)

contribution of the local power deviation is closely connected with
the variation of fissile material composition.

The sensitivity coefficients of the local power of 36-pin Pu0,-U0,
cluster on the factors with respect to fissile material composition
are much smaller by 20 ~ 50 Z than that of 28-pin Pu05-U0» cluster
on the same factors. Therefore, if the both fuel pellets were manu-
factured with the same accuracy, the local power deviation of 36—pin

fuel cluster become smaller than that of 28-pin fuel cluster.



PNC TN941 80—94

H X

1. % %‘ ......................................................................................................... i
P-4 o R O O PO OO OURSPRRSR )
S - P PUONPOPPPOOONt 6
T I <= = O O 0 OO RUSSUUTRPRRIN 6
3.2 BRI BT EL o et e 6
3.3 EETHISTRICEH A Sz ST T-reereorrreeerrere e et 8
3.4 R AR DRUH A - eerernrmsresrerireione et e rees e an e e et bt 12
S - OO 14
F I = 0 L L v TR O SSOPP PRSP 14
4.2 FRERHI ST DBEREGRER - vrvereerroenmsrmemrrasmarrreses et abe e e e e e ettt as e st e enree e 14
43 I TH T DB EE - erenrrerrerrrr e erae et a et et e e e aea s 97
5. & N 36
5.1 B OREREORESESHEAREATIT T e 36
52 EFHEAEECE T S 2 RO e eevrereerrtrr ettt esee e e e 36
T = O OSSR 43
BRI TR - vrererrree e e e e e e e e e e e e e et e e e e et b s e s et an teeresrnnaea a4

£ S < OO PSP 44
181 28&Pu0;~UO0: 7 5 RIHMTREBTBANF =5 oo, 45
822 36K PuO~UOy 7 5 RFIEFICET BATIFT = F woovemremrerresirrinniininniinnen 49

8% 3 RFFHADREEDFE D ~ FEF OFFEEETRF - crveeeerrerrnm i, 54



PNC TN941 80—94

1. #

T

B IR R OB ES), EEREOHH OFREENE S L URTHFEBOBE - #flyAz
15 SRR % #H ] ORBEE N £ FER TR IC IR U TR TR 02 G IR M 2 o 5 5 s #hak
HICBAXATO S, TOLD EHEHNFEE AV ETFFORSR TR, PO 0%,
BEW DR, F v V3 VKRR, BEEARZROME « MTREFICRRA L TRMRSERT
H5% (BFRHEISTE) PREHRET L 56K s, B v EmoRRRMRA BIRHRICE
LT WESKRSHERENI S M LICHRRAI N 3T ETRNRBEZFMELTH 5,

CETH, MEC Y ORAEBCEEBTECLACOERD) b, BHEAREHOME -
STz cRR T 2 RIRENATE OEREL S OREERT Lz, £9, BRENRELENT S5
CHic-T, BFHIAGIRESEKET ETFHEEN LB L2ORTEMBEESEDOZM O
SEUHL, thbORTFHEED LA-EEMELSELL LBEET IRITHIOEHRER
Bi. COEEDL, BHFLAOELORFIHT ZRERMEHRE S 525 DK ) v ITLK,
FIAHFEE R A FRE T 2 ~5 & LTRD I BITOWR &THHRMEREEIRERFIC
C@EENTV328Es RS, BOUKETFEHTEDE, 729 Thbd, B8, B
NRER, HOBRERROHEREE b L i, BHEAKETORE - 7 — 5 £HEHLE
LTE O AEREEE 2BV TBES 7 RFICOOTRD NI, FTAEMFMHNES 7 X
FILonTR, BRHIIORERKOAERD, 284K 5 29 TOHHORBRERRE OLERD,
7 NEAE—RE TR S NS A OMNREAIEE LT AT, |



PNC TN941 80—94

2. BN %

MM RS ERXM OIS « MUREIER L TR 6 ES+ RETHEF IR+ 3HAD
BEREIL, IR RTLHIB2EOREMFH 28 K7 7 2 s MBI BLOETEFH 6 &2 5 2
SEHEILODOTRO SN, TALDBREY 5 27 ODIEORIRESE | ~8 2RiItRd, 28 &7
iz&%ﬂmowru,%ﬂ%%ﬁ%%®M69%%ﬁﬁﬂﬂbtﬁBnéﬁﬁﬁﬁ%mwf&
TMREHRD DN, '

Table 1 Distribution of fuel enrichment in a cluster

Reactor type ' Fuel f;ﬁ; fEZi ;ins EanChment*(Wté)

Pu (fissile)”| 235y**

Inner 4 0.800 0.716

28-pin Pu0,-U0, | Middle 8 0.800 0.716

Ptototype Outer 16 0.544 0.716
(Fugen) Inner 4 0 | 1.504
28-pin U0, Middle 8 | o 1.504

Outer 16 0 1.504

Inner 6 2,04 0.716

Demonstration| 36~pin PuO2-UQs { Middle 12 2.04 0.716
Outer 18 1.14 0.716

* Pu (fissile)/Pu o 235y/u

ENEB8LTA7 Y F)TEOTEROUIHERINSTRTOBRE Y 524 CRA—0D 0
BERIO TS, BTicERA LR Y, EABBLUHF v F) 7TEOBELIE 2 ZiLR
LTHB, TNOOBKZ 7R EHCTHBEINABTOE y FRINTUmTHY, Wt
Mo "B EER 6ppm& Lic, EHENOBEM TGRS FRIF NS A -5 E1LT40%, 60
BBEOT5 BDIEEBRL THEER - 120
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Table 2 Specification of fuel assemblies

Diameter (mm)

28-pin Pu0,-U0,

Inner & Middle ring 14.406
Outer ring 14.409
28-pin U0, 14.400
Pellet 36-pin Pu0,-U0, 12.38
Smeared density (g/cm3)
28-pin Pu0,-U0, 9.916
28~pin U0, 9.879
36-pin Pu0,-U0, 9.916
Material ' Zircaloy-2
Outer diameter (mm)
28-pin Pu0,-U0» 16.434
28-pin U0, 16.429
Sheath 36-pin Pu0,-~U0, 14,321
Thickness (mm)
28~pin Pu0,-U05 0.869
28-pin U0, 0.868
36-pin Pu0,-U0, 0.95
Material Zr-2.5%Nb
Pressure tube Inner diameter (mm) 118.13
Thickness (mm) 4.305
Material Zircaloy-2
Calandria tube Outer diameter (mm) 160.42
Thickness {mm) 2.025
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| 6.65
14411 Calandria tube

Pressure tube

Tie rod
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160. 4

Lattice pitch 240mm

Fig. 1 Cross-section of 28-pin Pu0,-U0; or U0, fuel

assembly of Fugen.
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12.38

Calandria tube
’--—_7 .
L=

Pressure tube

Pu0,-U0, pellet

Fig. 2 Cross-section of 36-pin Pu0,-U0s fuel assembly
of demonstration type reactor.
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Table 3 Temperature condition
(1) Pellet
. Type of Temperature (°C)
reactor Pellet Inner layer | Middle layer | Outer layer
Prototype Pu0,-U0, 825 930 1130
U0, 690 790 1130
Demonstration Pu0,-U0, 575 850 1130

(2) Except pellet

Substance Temperature (°C)
Sheath 320
Coolant (H,0) 285
Pressure tube 250
Calandria tube 50
Moderator (D,0) 60

Table 4 Condition of coclant

N < 3
Type of Nominal Void f?action %) Density (g/cm¥)
reactor Fuel vo1d (%) Inner | Middle | Outer | Inner | Middle | Outer

28-pin 40 40 43 40 0.46 0.@4 0.46
Pu0,-U0, 60 62 63 61 0.30 0.30 | 0.31
Prototype 75 76 76 75 0.21 0.21 | 0.21
(Fugen) 28-pin 40 36 43 41 0.49 0.44 | 0.45
60 60 62 61 0.32 0.30 | 0.31
U0»

75 75 76 75 0.21 0.21 | 0.21
. 40 39 40 32 0.47 0.46 | 0,52

36~pin

Demonstration Pu0,-U0, 60 63 61 58 0.30 0.31 0.33

75 77 76 74 0.20 0.21 | 0.22
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Table 5 Factors on manufacturing tolerance affecting
local power distribution

(a) Fuel pin

Inner (Middle) Outer ring
Factor Fuel ring (*lo) (+10)
28-pin PuQo-TU0> 14.406%0.006 14.409:+0.003
- Diameter 28-pin U0, 14.400£0.007 14.400+0,007
(mm) .
36—Piﬂ PUOZ-U02 12,38 12.38
28-pin Pu0,-U0, 9.9164%0.0419
Density(smeared) | 28-pin UO, 9,8790+0.0329
(g/em?)
36-pin Pu0,-U0, 9.916
Enrichment of 28-pin Pu0,-UC, 0.800+0.006 0.544+0,006
fissile Pu 28-pin UO. —_— _
(wtZ)
36—pin PHOZ—UO:Z 2.04 " 1.14
Imgredient of 28-pin Pu0,-U0, 0.6745x0,0051 | 0,4578+0.0051
239y isotope 28-pin UO, E— R —
(wt%)
36-pin Pu0,-U0, 1.0471 0.5853
Eorichment of 28-pin Pu0,-U0, 0.7159£0.00505
235y 28-pin U0, 1.504 +0,0067
(wtZ)
36-pin Pu0,-U0, 0.7159
Outer diameter 28-pin Pu0,-U0, 16.434+0.01006
of sheath 28-pin U0, 16.429+0.01343
(mm)
36-pin Pu0,-U0, 14.321
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(b) Spacex
' Diameter (mm)
Factor Fuel cluster
Inner Middle Outer
Fuel-ring 28-pin Pu05-U0» 26.42+0.054 59.06%0,116 95.0410.26
diameter 28-pin U0, 26.42+0,054 59.06%0.116 95.04+0,26
36-pin Pu0,-U0, 33.72 64,52 97.07
(c) The others
Factor Fuel Diameter {(mm)
Inner diameter of 28~pin Pu0,-U0, 112.68+0.394
coolant layer 28-pin U0, 112.68+0.394
36-pin Pu0,~U0s 114:13
Tmner diameter of Common 118.13%0.021
pressure tube
Quter diameter of Common 160.4220.07

calandria tube
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Fig. 3 Deviation of factors on manufacturing tolerance,
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COBRA & HAPIL

Thermal condition of fuel

and coolant

METHUSELAH-TII

Nominal local power

distribution

Pjo 3 Xij = X150

Xij = Xijo t+ AXij

METHUSELAH-TI

Deviation of local power

Py 5 Xij = Xij

i=i+l

Sensitivity of P5 on
change in Xij
9fy / 9Xij : j=1,3

Deviation of Xjj

Local power deviation

5pj : j=1,3

Fig. 4 Flow diagram of calculation of local power deviation.
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TFable 6 Local power distribution from METHUSELAH-IT

108 concentration: 6 ppm

Type of Void Local power Pjo/Pc
reactor Fuel fraction
(%) Inner ring | Middle ring | Outer ring
40 0.1091 0.2638 0.6271
28-pin Pu0,-U0, | 60 0.1094 0.2663 0.6243
Prototype 75 0.1108 0.2687 0.6205
(Fugen) 40 0.1044 0.2389 0.6567
28-pin UOQ» 60 0.1034 0.2400 0.6566
75 0.1042 0.2420 0.6538
40 0.1273 | 0.3239 0.5489
Demonstration| 36-pin Pu0,-U0, 60 0.1280 0.3287 0.5433
75 0.1300 0.3329 0.5371
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(a) Void fraction:

Table 7 Sensitivity coefficients of local power of 28 pin Pu0,-U0,

cluster to the factors with manufacturing tolerance

40 7

Ring to be (ijlaxij)/Pc (%)
i Factor ®i4 given
Axij Lo Xji5{ lst ring| 2nd ring| 3rd ring
ist 1.0875 | -0.4893 | -0.5981
1 | Pellet diameter (mm) 2nd -0.6022 2.3537 | -1.7514
3rd -0.8724 | -2,4627 3.3352
1st 0.7093 | ~0.3230 | -0.3863
2 | Pellet density (g/cm3) 2nd -0.4286 | 1.5441 | -1,1153
3rd -0.6149 | -1.7650 2.3800
1st 5.5073 | -2.5595 | -2.9477
3 | Pu enrichment (wt%) 2nd -3.1555 | 12.2590 | -9,1034
3rd -5.8712 |-16.6581 | 22.5294
1st 6.8867 | -2.8105 | -4.0761
4 | Isotope ratio of Pu 2nd -3.3132 | 14.8604 |(-11.5472
(wt% 23%Pu) 3rd ~6.9207 |-18.9288 | 25.8496
1st 3.3715 | -1.3217 | ~2.0499
5 | Isotope ratio of U 2nd -1.6203 7.4352 | -5,.8148
(e 2350) 3rd -3.7691 |-10.2103 | 13.9795
1st -0.1119 | -0.0541 0.1659
6 Sheath diameter (mm) 2nd 0.0016 | -0.0391 0.0375
3rd 0.0748 0.1766 | -0.2514
ist 0.0486 0.0464 | -0.0950
7 Fuel-ring diameter (mm) 2nd 0.0676 0.0823 | -0.1498
3rd 0.0189 0.0359 | -0.0549
8 | Inner dia. of coolant ~0.0342 | -0.1005 0.1348
layer (mm)
9 Inner dia. of pressure 0.0048 0.0320 | -0.0369
tube (mm)
10 | Outer dia. of ecalandria 0.0195 0.0192 | —0.0386
tube (mm)
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(b) Void fraction:

60 %

{continued)

Ring to be (0f3/0x35) /P, (%)
i Factor X3 given
Axij to Xij0 1st ring | 2nd ring |3rd ring
1st 1.1220 -0.4899 | -0.6322
1 Pellet diameter (mm) 2nd -0.6201 2.4002 -1,7801
3rd -0.9251 | -2.5173 3.4424
1lst 0.7307 | -0.3222 | -0.4085
2 | Pellet density (g/cm3) 2nd -0.4451 1.5686 | -1.1235
3rd -0.6566 | -1.8094 2.4661
lst 5.6747 | -2.5622 | -3,1124
3 | Pu enrichment (wt%) 2nd ~3.2035 | 12.4013 | -9.1977
3rd -6.1572 | -16.7743 | 22,9316
1st 7.0182 { ~2,8305 | -4.1877
4 | Isotope ratio of Pu 2nd -3.3753 | 14.9824 |-11.6071
(weZ 23%Pu) 3rd ~7.1629 |-19.0179 | 26.1809
1st 3.4564 | -1.3332 | -2,1232
5 | Isotope ratio of U 2nd -1,6781 7.6227 | -5.9445
(we% 2350) 3rd ~3.9549 | -10.4551 | 14.4100
1st -0.0791 | -0.0344 0.1136
6 Sheath diameter (mm) 2nd 0.0030 | -0.,0415 0.0385
3rd 0.0390 0.1312 | -0.1503
ist 0.0354 0.0419 | -0.0772
7 Fuel-ring diameter (mm) 2nd 0.0489 0.0659 | -0.1149
3rd 0.0135 0.0241 | -0.0375
8 | Inner dia. of coolant ~0.0245 | -0.0600 0.0936
layer {(mm)
9 Inner dia. of pressure 0.0102 0.0261 | -0.0363
tube (mm)
10 | Outer dia. of calandria 0.0155 0.0153 | -0.0308

tube {mm)
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(c) Void fraction:

5 %

(continued)

Ring to be (afjlaxij)/Pc (%
i Factor zjj given
Axij to Xj4o lst ring { 2nd ring | 3rd ring
1st 1.1549 | -0,4950 | -0.6599
1 | Pellet diameter (mm) 2nd -0.6384 2.4385 | -1.8000
3rd . -0.9679 | -2.5549 | 3.5229
1st 0.7494 | -0.3240 | ~0.4254
2 | Pellet density (g/cm3) 2nd -0.4605 1.5871 | -1.1266
3rd -0.6898 | -1.8392 2.5290
lst 5.8089 | -2,5729 | -3.2360
3 | Pu enrichment (wt%) 2nd -3.2405 | 12.4727 | -9.2321
3rd -6.3662 | -16.7841 23.1503
Ist 7.1429 | -2.8554 | -4.2874
4 | Isotope ratio of Pu 2nd -3.4239 | 15.0418 | -11.6178
(wtz 23%pu) 3rd ~7.3528 |-19.0082 | 26.3611
1st 3.5752 | -1.3688 | -2,2063
5 | Isotope ratio of U 2nd ~1.7435 7.8113 | -6.0678
(wez 23%0) 3rd -4.1165 | -10.6287 | 14.7453
Ist -0.0665 | -0,0177 0.0843
6 Sheath diameter (mm) 2nd -0.0041 -0.0521 0.0564
3rd 0.0135 0.0449 | -0.0584
lst 0.0273 0.0365 | -0.0639
7 | Fuel-ring diameter (mm) 2nd 0.0389 0,0512 ; -0.0901
3rd 0.0116 0.0145 | -0.0262
8| Immer dia. of coolant -0.0141 | -0.0371| 0.0512
layer (mm)
9 | Inner dia. of pressure 0.0100 0.0197 | -0.0298
tube (tum)
10 | Outer dia, of calandria 0.0126 0.0124 | —0.0250

tube {mm )
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Table 8 Sensitivty coefficients of local power of 28-pin U0,
cluster to the factors with manufacturing tolerance

{(a) Void fraction: 40 %
Ring to be (3f§/9x14)/Pe (%)
i Factor x4 given
Axij to Xj40 1st ring | 2nd rind { 3rd ring
1st 1.1438 | -0.4127 | -0.7311
1 | Pellet diameter {mm) 2nd -0.4683 2.3178 | -1.8494
3xd -0.8944 | -2,2843 3.1788
1st 0.7839 | -0,2895 | -0.4943
2 | Pellet density (g/cm3) 2nd -0.3474 1,5974 | -1,2500
3rd -0.6355 | -1.6586 2,2941
1st 5.5518 | -1.9229 | -3.6289
3 | U entichment (wt%) 2nd -2.1604 11.3853 -9,2248
3rd -4,4467 |-11.1675 | 15.6143
lst -0.0761 | -0.0474 0.1235
4 | Sheath diameter (mm) 2nd ~0.0024 | -0.0013 | 0.0037
3rd 0.0014 0.1021 | -0.1035
1st 0.0302 0.0397 | -0.0699
5 | Fuel-ring diameter (mm) 2nd 0.0330 0.0538 | -0.0869
3rd 0.0027 0.014% | -0,0169
6 | Inner dia. of coolant ~0.0422 | -0.1148 0.1569
layer (mm)
7 Inner dia. of pressure 0.0450 0.0729 | -0.1160
tube (mm)
8 | Quter dia. of calandria 0.0185 0.0200 | -0.0385

tube {mm)
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(b) Void fraction: 60 % {continued)
Ring to be (3f3/9%43) /P (%)
i Factor X4 given
Axij to Xi4o 1st ring | 2nd ring | 3rd ring
. 1st 1.1520 | -0.4057 | -0.7462
1 | Pellet diameter (min) 2nd -0.4760 2.3373 | -1.8612
3rd -0.9255 | -2.3322 3.2578
1st 0.7888 | -0.2836 7 -0.5052
2 | Pellet density (g/cm?®) 2nd -0.3571 1.6052 | -1.2482
3rd -0.6624 | -1.6997 2.3621
1st 5.5661 | -1,8938| -3.6723
3 | U enrichment (wt¥%) 2nd -2.1774 | 11.4436 | -9,2663
3rd -4,55360 |-11,3159 ! 15,8719
1st -0.0448 | -0.0304 0.0752
4 | Sheath diameter (mm) Z2nd 0.0063 0.0017 | -0.0080
3rd -0.0107 0.0715} -0.0608
1lst 0.0212 0.0358 | -0.0570
5 | Fuel-ring diameter (mm) 2nd 0.0201 | 0.0446 | -0.0648
3rd -0.0011 0.0089 | -0.0077
6| Inner diaia;§r°°?i;?t -0.0327 | -0.0848 | 0.1175
7 | Inner dia. of pressure 0.0388 0.0543 | —-0.0932
tube (mm)
8 | Outer dia. of calandria 0.0152 0.0166 | -0.0318
tube {mm)




(c) Void fraction:
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75 %

Factor xij

Ring to be
given

Axij to Xijo lst ring | 2nd ring | 3rd ring

1st 1.1687 | -0.4079 | -0.7607

Pellet diameter {(mm) 2nd -0.4904 2.3599 -1.8695
3rd -0.9574 | -2.3705 | 3.3280

1st 0.7976 | -0.2835| -0.5141

Pellet demsity (g/cm3) 2nd -0.3708 1.6139 | -1.2431
3rd -0.6892 -1.7319 2.4212

lst 5.6299 | -1.9054 | -3.7244

U enrichment (wt%) 2nd -2,2214 ) 11.5151 | -9.2937
3rd -4.6733 | -11.4194 | 16.0928

lst -0.0322 | -0.0158 0.0480

Sheath diameter (mm) 2nd 0.0044 -0.0091 0.0046
3rd -0.0157 0.0302 | -0.0144

1st 0.0161 0.0305 | -0.0466

Fuel-ring diameter (mm) 2nd 0.0149 0.0354 | -0.0504
3rd -0.0011 0.0049 | -0.0038

foner dia. of coolant -0.0223 | -0.0531 | 0.0754

layer (mm)
Inner dia. of pressure 0.0299 0.0378 | -0.0677
tube (mm)

Outer dia. of calandria 0.0126 0.0137 | -0.0264

tube (mm)
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Table 9 Sensitivity coefficient of local power of 36-pin Pu0,-U0,
cluster to the factors with manufacturing tolerance

(a)~ Void fraction: 40 %
i Factor 45 giggnto e (afj/EXij)/Pc @
Azj4 to Xijo | 1st ring | 2nd ring | 3xrd ring
1st 1.3280 -0,7525 -0.5754
1 | Pellet diameter (mm) 2nd -1.0268 2.8866 | -1.8597
3rd -0.9645 | -3.0442 4.,0188
1st 0.7283 | -0,4118 | -0.3165
2 | Pellet density (g/cm3) 2nd -0.5998 1.5635 { -0.9636
3rd -0.5619 | -1.8044 2.3664
1st 2.4941 | -1.4737 | -1.0204
3 | Pu enrichment (wt¥) 2nd -1.9002 5.6394 | -3,7393
3xd ~3.4236 | -10.9179 | 14.3415
1st 4.3501 | -2,2131 | -2.1371
4 | Isotope ratio of Pu 2nd -2.8647 9.4402 | -6.5756
(wez 23%2u) 3rd ~4,9853 | 15,1191 | 20.1044
lst 2.2907 | -1.1090{ -1.1834
5 | Isotope ratio of U 2nd -1.4138 4,8896 | =-3.4758
(wez 2350) 3rd -2,6829 | -7.9223 | 10.6052
I1st -0.2277 | -0,0650 0.2927
6 Sheath diameter (mm) 2nd -0.0033 ~0.1508 0.1541
3rd 0.1189 0.1862 | -0.3051
1st 0.0691 0.0268 | -0.0960
7 Fuel-ring diameter (mm) 2nd 0.1010 0.0992 -0.2002
3rd 0.0318 0.0724 -0,1042
8 | Inner dia. of coolant ~0.0372 | -0.1011 0.1383
layer (mm)
9 Inner dia. of pressure 0.0190 0.0152 ~0.0043
tube (mmm)
10 | Outer dia. of calandria 0.0192 0.0184 | -0.0380
tube (mm)
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(b) Void fraction: 60 %

{continued)

Ring to be (ijlaxij)/Pc ()

i Factor %3 given
Axij to Xj4o 1st ring | 2nd ring |3rd ring
1st 1.3851 | -0.7596 | -0.6255
1 | Pellet diameter (mm) 2nd -1.0650 2,9804 | -1.9154
3rd ~-1.0235 | -3.1142 4.1378
1st 0.7562 | -0.4131 | -0.3431
2 | Pellet denmsity (g/cm?) 2nd -0.6257 | 1.6184 | -0.9827
3rd -0.6013 | -1.8530 2.4654
st 2,5901 | -1.4822 | -1.1079
3 | Pu enrichment (wt%) 2nd -1.9189 5.7878 | -3.8689
3rd -3.5977 | -11,0212 | 14.6189
1st 4.4571 | -2.2429 | -2.2141
4 | Isotope ratio of Pu 2nd ~-2.9465 9.6287 | -6.6821
(e’ 239u) 3rd ~5.1556 | -15.2113 | 20.3669
1st 2.,3618 | -1,1228 | -1.2391
5 | Isotope ratio of U 2nd =1.4736 5.0695 | -3.5859
(wtz 23%0) 3rd -2.8194 | -8.1457 | 10.9651
1st -0.1577 | -0.0366 0.1944
6 | Sheath diameter (mm) 2nd -0,0061 -0.1220 0.1271
3rd- -0.0684 | -0,1211 | -0.1895
Ist 0.0494 0.0271 | -0.0765
7 Fuel-ring diameter (mm) 2nd 0.0743 0.0784 | -0.1527
3rd 0.0249 0.0513 | -0.0762
8| Demer T -0.0266 | -0.0737 | 0.1003
9 | Inner dia. of pressure 0.0074 0.0152 | -0.0178

tube (mm)

10 | Outer dia. of calandria 0.0171 0.0152 | -0.0323

tube {mm)
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{¢) Void fraction:

75 7%

(continued)

i Factor Xij gi:znto be (aijBXij)/Pc “
Axij to Xjj0 1st ring | 2nd ring |3rd ring
Ist 1.4384 | -0.7728 | -0.6657
1 | Pellet diameter {(mm) 2nd -1.1013 3.0513 | ~1.9500
3rd -1.0736 | -3.1617 4,2353
1st - 0.7819 | -0.4177 | -0.3641
2 | Pellet density (g/cm?) 2nd -0.6480 1.6390 | -0.9911
3rd ~0.6330 | -1.8839 2.5169
1st 2.6715 | -1.4955 | -1.1761
3 | Pu enrichment (wt%) 2nd -1.9229 | 5.8615 | -3.9386
3rd ~3.7346 | -11.0407 | -5.1143
1st 4.5211 -2.2821 | -2,2890
4 | Isotope ratio of Pu 2nd -3.0080 9.7379 | -6.7300
(we% 239Pu) 3rd ~5.3035 | -15.2069 | 20.5103
1st 2.4453 =1.1526 | -1.2927
5 | Isotope ratio of U 2nd -1.5360 5.2097 | -3.6736
(wez 2350) 3rd ~2.9393 | -8.2952 | 11.2346
lst -0.1189 | -0.0171 | 0.1360
6 Sheath diameter (mm) 2nd -0.0219 -0.1112 0.1331
3rd 0.0356 0.0591 | -0.0948
1st 0.0359 0.0265 | -0.0623
7 Fuel ring diameter (mm) 2nd 0.0592 0.0619 | -0.1211
3rd 0.0232 0.0354 -0.0587
8| Tomer dia of coolsnt ~0.0167 | -0.0445 | 0,0612
7| Trmer dia, of pressure 0.0028 | 0.0119 | -0.0191
10 | Outer dia. of calandria 0.0151 0.0124 | -0.0276

tube {(mm)
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Table 10 Calculational result of local power deviation of
28-pin fuel clusters

(a) Power deviation to total channel power

Fuel frzzigon ﬁpj/Pc @®

(%) 1st ring 2nd ring 3rd ring

40 0.279 0.659 0.772

Pu0,-U0, 60 0.287 0.660 0.777

75 0.293 0.660 0.780

40 0.192 0.422 0.498

U0, 60 0.192 0.415 - 0.488

' 75 0.193 0.411 0.481

(b) Power deviation to total ring power

Fuel frzztion apj/Pc @
(%) lst ring 2nd ring 3rd ring
40 2.558 2,497 1.232
Pu0,-U0, 60 2.620 2,479 1.245
75 2,648 2.458 1.257
40 1.842 1.767 0.759
Li[e]} 60 1.855 1.730 0.743
75 1.850 |  1.698 0.735
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Table 1l Component of local power deviation of the factor on
manufacturing allowance in a fuel assembly

(a) 28-pin Pu0,-U0, cluster (Void fractiom:

40 %)

1 A N
i Factor Xi] apjlapj ®
i1st ring | 2nd ring | 3rd ring
1 | Pellet diameter 0.618 0,579 0.270
2 | Pellet density 1.189 1.128 0.532
3 | Pu enrichment 1.426 1.422 0.702
4 | Isotope ratio of Pu 1.443 1.401 0.695
5 | Isotope vatio of U 0.644 0.637 0.323
6 | Sheath diameter 0.037 0.022 0.014
7 | Fuel-ring diameter 0.264 0.154 0.110
8 | Inner dia. of coolant layer ¢.371 - 0,450 0.254
9 Inner dia. of pressure tube 0.027 0.076 0.037
10 | Outer dia., of calandria tube 0,037 0.015 0.012
8p3 2.558 2.497 1.232
(b) 28-pin U0, cluster (Void fraction: 40 %)
i 7
i Factor xij 6pJ/6pJ “
1st ring | 2nd ring | 3rd ring
1| Pellet diameter 0.688 0.646 0.268
2 { Pellet density 1.009 0.958 0.399
3| U enrichment 1.260 1.190 0.498
4 | Sheath diameter 0.029 0.019 0.009
5 | Fuel-ring diameter 0.121 0.094 0.053
6 | Inner dia. of coolant layer 0.477 0.567 0,282
7 Inner dia. of pressure tube 0.259 0.192 0.111
8 | Outer dia. of calandria tube 0.037 0.017 0.012
8,5 1.841 1.767 0.758
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Fig. 10 Comparison of the sensitivity coefficients of local power
between 28-pin fuel cluster and 36-pin fuel cluster.
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Fig, 6 Local power deviation to total channel power

of 28-pin fuel clusters,
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Void fraction
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Fig. 7 Local power deviation to total ring power of

28~-pin fuel clusters,
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Fig. 8 Components of local power deviation and the

standard deviation of the factor with

manufacturing tolerance in Pu0,-U0s fuel

assembly,




PNC TN941 80—94

X

|8f /GX.JIO'U/SPJ

Pellet
diameter

i 0 0. 4 0. 6

///

~ |Pellet density

77777

Pu
enrichment

Isotope ratio
of Pu '

Isotope ratio
of U

///////////////////////////J

Sheath
diameter

’ -

Fuel-ring
diameter

7

Inner dia. of
coolant. layer

L

Inner dia. of
pressure tube

/ UO: cluster

Quter dia. of
calandria tube

3rd-ring
Void fraction 40%

[N ~

Fig. 9

0 | 2 | 4

30:;/Xij0(%)

Components of local power deviation and the
standard deviation of the factor with

manufacturing tolerance in U0 fuel assembly.
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5. % 23

51 BREHORERBOREFENHDNFEERIZTHE ,
B4~ olRFOEHICHT 5 BIHHORERKLERD 254, RANRMTIBREOEL
AR ERET 3 HENERA TS 5. SEOIERTRBO TS, THlEx, OEARU~DT
hicdd 3O POEMSEE LALLT, (3.7) RRTHEETHRIUORERLKAE KD
T, LhlL, EEREFRELCRT LI, BV b NESEEEEOHEIET 2H
FIROOVTE, 3,25 0EARUN~OTNIKNT BRI OERBBICERSBLONE, #C
TLNG DRFHOHBRBOERESY, REIRECREFEER DO TR ZT- 1,
Ly b RT3V ohOREMERTICHNT, ZOEREOEMS LM~ THIC
ﬁ?é%%&ﬁ@ﬁ%ﬁ%ﬁmﬁwﬁ?o%m%mﬁmr,L&FT&)@&@@§E¥@$ﬁ
o OEM (BEH) ~oFThicdd RN ANOBERE TS S, CohT, Pu EMERTFI
%4 AR A OMBREE, TOREML - DIERGERA~OESICHE L TRA L#20%FLL T
Wa, 22T, Pu EMRTZERO LY, ChoolREIRHFHAIOBBERD B, AZw
Ji D% B OREREICRA TROILHAREDS, (37) ATERSNIBERKEZACT
RKOONLHBHRECH L TEOREDEBAET I2h2ERELTHET LTS, TOMOKN
TFIOWTH, TS 2>ORTHIORKROBRIE, Pu SMEET OB I E~NTHA
EODT, TOEEICBOTRELL,

DR, Pu EMERTFRNT IRFIHIOMBHOS B, §_TREVHEHOEEAN
TROHIREER, (37) ATHROAGBEREETHO TROIBAREZ T L T4 HBEL
L, Z2OEBE+HFPMS0EVZ B,

5.2 EAREICETS 2REOHEE
SREOFEAENREOFETE, SRFOEHIHT REAINNTOELIBREELUTH S LK
E LA, Rt oEbic 2 REEZEA LIHGADHIMRE XM ER L TA ST Licd 3,
BRI RT LS I, HODMBHIESOTO 2 ROBSE PuO,-UOQ: 7525 DPu BN
BRTTHEECLLICLHBTRCTHESNSGY, COERTRINTORFRH>VTHAE LI
2IREABEUIGEIET 3 84KPu0,-U0; 75 RFDHANREERELIZ LT B,
HERF x DFEE R P ODREEz 2HRER LT AL, TOREODTHEERS (2)dz &

4
1 " 242

f (z)dz —_-—)/—Tm—:e dz (5.1)
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B 0 DERATREE -T2 bDETE, 20T H5ET x KT EFHAP OFE
EPy £ 50Fhp b

p=a (z+r#) (5.2)

TELINEEDETE, 1271, (52) XiebddapLr IRNFxicwHTsF/HHAP
DMBHERNT

(25 L2y -
? 7 \ax "7 % a \ax x=xp )

X=Xp ¥

DLSKEDTCENTE Bo WHTHE, (5.3) XD (OP/0%) oy, DED (X0, X0 -
4x) Ta_ OMBREE, (x0,x0+4dx) Ta, (KBESORFIKOVTas~a, Thsb) O
WERE bbb LTI, (5.3) R

(GP) ) =(a_+a+) (32P) ___'m (5.4)

3}( =xg 2 ¥ axg X = Xg 4x

THREPMICRH B LABTEE, (62) REZEHOSOVTROTr ©2EL Lo/ ME 2 EE T
Fud

1 47 D T
z =———(—1+— 1+-—P):3——(1———p) (5.5)
2r a a a

Liza, (55) F (5 1DR~MATHhEETRHHOEBELSOTHOFHEH gp)dpld

pz

dp 2r - (I—Lap)2
glpldp =_.._—'( 1 H—p)e 2a%*
/27: ga a -
LBNCPES, SHIERLT
2
P
dp 27 ST
g(p)dp=m(l—7p+aza3 p)e (56)

%185, SHEHE g (p) oK " g (p) % Fourier ZH# LT

F(t)=

1 o2 27 s —2azz+ipl
[ (1T p)
}/Znan-_mp ap a”asp

_02a2t2/ 2

=[1+ioar (1 - c%a®t®)t Je (5.7)

LRE B, RiT, THHED S OREN TN TERSHICHE S nBEORTF E£FEIC AN OHEE
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g, (p)D Fourier Z#i

_m .2 2 2 —-d% 2ttt /2
Fn(t)—j£1E1+laj a,-?’j(l—ﬂj a; tz)t]e i % /

. 1 n 2 2 ’ .a
aexp(—gjéi Uj aj tz) [1+1t]§1 ?fajTj (1—gjzaj2t2)] .
(5.8)
TREND, 7L, (5.8) RRBOTR7r; 02K EOHEIBME L, (5 8) =% Fourier
WERTELICKD, n BORFEERBICANI D ORTEE g (p)H

n 2 n s

g,(p)= ¢£1p) {1"' pﬂ ( .2 "j2 /T a )"“ = ﬂl Ps:l
/2 njglx,. jglxj = jgl X; ( P Xj)s
=1
(5.9)

LKRE B, 12HL

X;=0ja; ., 7 =ar

1 T 2 2 9

$(p)=exp | - P jé’l g;aj*p )

Th B, #BEMESE, 7;=0 G=1, e , 0 ) 1S OTHEFTH T OFEMERBEF DL

BERCTIHESNBbDEE LA HE-TOBEDT, p OTEfp BETH 5. LhL, 2KE
REBTII DI

cr? a; 7i _ (5.10)

D& HICET B0 Fop ©2BPE p° 12

_ o n
ﬁ=f f&bMp=Elﬁaﬁ (5.11)

THEALNADT, BIHAOELEDG SOThOTHE p ONEkd 13
mEeF =2 el - (2 dan) (5.12)

BHRHOND, He->T, Bx ORFIcHd 2 BArH I OMFEHIC 2 REZ MO AN & & DT
DiRE 8, 1’
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8, =p + o, (5.13)

E13BH, T (5100 K, (612) REET, 6, &

_ (5.14)
THEAbN B, (514) APLMHSHULI K, WHRZR RONEEEZ S L—REATR

BHf: b DIHE~RT, (514) XOB2HDOELYELT 5T L4505,

BAPUO, —UQ; 77 X5 DRY Y /B viko0T, (514) Do %3 0, LB SR
ATROIMARE 0 2BBRICR LI, B3R (513 XOSRAOMIC, (510 R
OF 1 HTRE 5 —REBK LZHHREOBSTLTH 5. £ L, a,, 7, O, ZhT
nRR e Y iZBET A BRT OEHH, ) v S HANOEBERES L0 L LTRHBTHBOT,
(3.11) REMOTUbNALEEE (510 RBIBLRETFRE-T0 3, (513) ABL
O (514) Ric k> TRDABIBROBES > KORSEEEL - HAREL 0 ©, —H
DKL BRELD, KT 284, F1BLOE2Y Y/ TEATANTS, B3 V7T
WE%LEBB. COTEPSHFENBEEO_RBILLZHFSRITHBLALELON, SEIT-
KRB & B EFETORE BMARERBYLFELTA 2 60EELON 5,
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Table 12 Example of partial differential coefficient of local
power on 28-pin fuel cluster

(1) Pu0,-U05 fuel (Void fraction: 40 7)

(ijlaxlj)/Pc (%)
Factor xij
Ring No. 1st 2nd ‘ 3rd
1st 1.088 -0.489 -0.598
1.088 ~0,489 -0.598
Pellet diameter 2nd ~0.602 2.353 ~1.751
(i) -0.602 2.354 ~1.752
1rd -0.872 -2.460 3.332
-0.873 ~2.465 3.338
1st 0f706 -0.321 -0.385
0.713 —0,.325 -0.388
Pellet density 2nd -0.426 1.535 -1.105
(g/cm3) -0.431 1.553 -1.122
3rd -0.610 -1.750 2.360
-0.620 -1.780 2.400
6.419 -2.938 -3.480
1st
4.596 -2.181 -2.415
Pu enrichment 9nd -3,605 14.224 ~-10.620
{(wt?z) - =2.707 10.294 -7.587
-6.552 ~18.526 25.078
3rd
-5.190 -14.791 19.981
1st 6.854 -2.795 -4,059
6.919 -2.826 -4.093
Isotope ratio of 9nd -3.292 14,773 -11.481
Pu (wt%) -3,335 14.948 -11.613
-6.837 -18.701 25,538
3rd :
-7.005 -19.157 26.161
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(2) U0, fuel (Void fraction: 40 %) {continued)
(0f4/0%33)/Pc (%)
Factor %33
Ring No. 1st 2nd 3rd
1st 1.144 -0.413 -0.731
1.144 ~-0.413 -0.731
Pellet diameter 2nd ~0.468 2.318 -1.849
(mm) -0.468 2.318 -1.850
3rd -0.894 -2.282 3.175
-0.895 -2,287 3.182
1st ' 0.782 -0.289 -0.493
0.786 -0.290 -0.496
Pellet density 2nd —0.346 1.592 -1.245
(g/cm?) -0.349 , 1.603 -1.255
3rd -0.631 -1.647 2.278
~0,640 -1.670 2.310
1st 5.534 -1,917 -3.617
5.570 -1.929 -3.641
U enrichment 90d -2,151 11.336 -9,185
(wtZ) -2,170 11.435 -9.265
Ipd -4,412 -11.078 15.490
-4.482 -11.257 15.739

~ 41 —



Table 13 Effect of second order term on local power deviation of 28-pin
Pub,-U0, cluster

n 1/2 '
frzziion F?EI _( Z:lO-l l) / ;/Pc 0n/Pc GP )

(%) ring (%) (%) (%) (p+op) /Pe | (P-op) /P,

1st +0,187 0.013 0.186 +0.200 -0.173

40 2nd +0,417 0.028 0.416 +0. 444 -0.388

3rd +0.702 0.035 0.701 +0.736 -0.666

'~ 1st +0.189 0.014 0.189 +0.203 -0.175

60 2nd +0.413 0.029 0.411 +0.441 -0.382

3rd £0.706 0.038 | 0.705 +0.743 -0.667

1st +0,192 0.015 0.192 +0.207 -0.177

75 2nd +0,410 0.031 | 0.409 +0.,440 -0.378

3rd +0.709 0.040 0.708 +0.748 -0.668

¥6—08 TV6NL ONd
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$831. 28KPu0.-U025 5 X ¥ BF T 3 ANF—9

INITIATE
* FUGEN MCPR. PU02-U02 STANDARD-CASE
* VOID=40 B10=6PPM

DIAMET(1.00) 11.268
TEMPER(1.00) 285.0
DIAMET (1.11) 1.452
TEMPER(1.11) 825.0
DENSIT(1.11) 9.683
INGRED(1.11) 8 18 0.6244 20 86.5878 21 0.6745 22 0,1816 23 0.0275 §
34 0.0056 2 11.8636 6 0.0750
DIAMET(1.12) 1.665
TEMPER(1.12) 320.0
DENSIT(1.12) 6.833
INGRED(1.12) 11 3 94.05259 5 0.12219 6 1.09443 7 2.20822 $
8 0.10637 9 0.02037 10 1.41013 11 0.84415 §
12 0.00163 15 0.10595 55 0.01398
TEMPER(1.10) 285.0
DENSIT(1.10) 0.460
INGRED(1.10) 2 1 11.19 2 88.81
DIAMET(1.21) 1.454
TEMPER(1.21) 930.0
DENSIT(1.21) 9.653
INGRED(1.21) 8 18 0.6244 20 86.5878 21 0.6745 22 0.1816 23 0.0275 $
34 0.0056 2 11.8636 6 0.0750
DIAMET(1.22) 1.665
TEMPER(1.22) 320.0
DENSIT(1.22) 6.833
INGRED(1.22) 11 3 95.06442 5 0.09123 6 0.85437 7 1.6634 §
8 0.07942 9 0.01521 10 1.4253 11 0.65585 $
12 0.00122 15 0.09214 55 0.01044
TEMPER(1.20) 285.0
DENSIT(1,20) 0.438
INGRED(1.20) 2 1 11.19 2 88.81
DIAMET(1.31) 1.457
TEMPER(1.31) 1135.0
DENSIT(1.31) 9.595
INGRED(1.31) 8 18 0.6265 20 86.8807 21 0.4587 22 0.1235 23 0.0187 $
34 0.0038 2 11.8589 6 0.0751
DIAMET(1.32) 1.665
TEMPER(1.32) 320.0
DENSIT(1.32) 6.833
TNGRED(1.32) 11 3 93,0084 5 0.15524 6 1.38189 7 2,7499 $
8 0.13213 9 0.02555 10 1.39447 11 1.04463 $
12 0.01145 15 0.11945 55 0.01241
TEMPER(1,30) 285.0
DENSIT(1.30) 0.460
INGRED(1.30) 2 1 11.19 2 88.81
DIAMET(2.00) 11.795
TEMPER(2.00) 285.0
DENSIT(2.00) 0.46
TNGRED(2.00) 2 1 11.19 2 88.81
DIAMET(3.00) 12.693
TEMPER(3.00) 250.0
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DENSIT(3.00) 6.481

INGRED(3.00) 3 3 97.14 6 0.2678 8 2.6

DIAMET (4.00) 15.634

TEMPER (4.00) 170.0

AIR GAP (4.00)

DIAMET (5.00) 16.066

TEMPER(5.00) 50.0

DENSIT(5.00) 6.566

INGRED(5.00) 6 3 97.946 6 0.144 7 0.057 10 1,584 11 0.111 15 0.029804

DIAMET(6.00) 27.0811

TEMPER(6.00) 60.0

DENSIT(6.00) 1.091

INGRED(6.00) 4 1 0.02 2 79.903 38 20.074 29 0.0006

FIVE GROUP

ARRAY TYPE 4 3 1.321 2.953 4.752 4 8 16

BUCKLING 0.000213

RESONANCE 9 6 7 11 15 18 20 21 22 23

DG LAYER 1 O

SPECTRUM & 3

SPECTRUM 5 2

EPSILON 0.00001

ITERATE 5 ’

GEOMETRY 4 6 8 4 2 2 2 10

RARE REGION (2.00)

RARE REGION (3.00)

RARE REGION (5.00)

RECORD 36,2,20,0.58830,4,20,1.45646,5,20,0.53940,20,18,2.43, $
20,21,2.87099,20,23,2.96899,108,2,1.0004,108,3,0.98434, $
108,5,0.99258,108,11,2.4268,108,12,2.88799,108,13,3.10404

ADDPAR 1,1,0,0

BEGIN CALCULATION

3

2
12
56
0

CASE NUMBER 2

* FUEL INGREDIENT PU239/PU240 , U235/U238 , Pu-FISSILE

INGRED(1.11) 8 18 0.6244 20 86.5878 21 0.6592 22 0.1969 23 0.0275 §
34 0.0056 2 11.8636 6 0.0750

BEGIN CAL

CASE NUMBER 3
INGRED(1.11) 8 18 0.6244 20 86.5878 21 0.6898 22 0.1663 23 0,0275 §
34 0.0056 2 11.8636 6 0.0750
BEGIN CAL
CASE NUMBER 4
INGRED(1.11) 8 18 0,6112 20 86.6010 21 0.6745 22 0.1816 23 0.0275 $
’ 34 0.0056 2 11.8636 6 0.0750
BEGIN CAL
CASE NUMBER 5
INGRED(1.11) 8 18 0.6376 20 86.5746 21 0.6745 22 0.1816 23 0.0275 $

34 0.0056 2 11.8636 6 0.0750
BEGIN CAL
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CASE NUMBER 6

INGRED(1.11) 8 18 0.6245
34 0.0054
BEGIN CAL

CASE NUMBER 7

INGRED(1.11) 8 18 0.6242
34 0.0057
BEGIN CAL

CASE NUMBER 8

INGRED(1.11) 8 18 0.6244
34 0.0056
INGRED(1.21) 8 18 0.6244
34 0.0056
BEGIN CAL

CASE NUMBER 9

INGRED(1.21) 8 18 0.6244
34 0.0056
BEGIN CAL

CASE NUMBER 10

INGRED(1.21) 8 18 0.6112
34 0.0056
BEGIN CAL

CASE NUMBER 11

INGRED(1.21) 8 18 0.6376
: 34 0.0056
BEGIN CAL

CASE NUMBER 12

INGRED(1.21) 8 18 0.62453
: 34 0.0054
BEGIN CAL :

» CASE NUMBER 13

INGRED(1.21) 8 18 0.6242
34 0.0057
BEGIN CAL

CASE NUMBER 14

INGRED(1.21) 8 18 0.6244
34 0.0056
INGRED(1.31) 8 18 0.6265
34 0.0038
BEGIN CAL

20 86.6092 21 0.6602
2 11.8636 6 0.0750

20 86.5650 21 0.6940
2 11.8636 6 0,075

20 86.5878 21 0.6745
2 11.8636 6 0.0750
20 86.5878 21 0.6592
2 11.8636 6 0.0750

20 86.5878 21 0.6898
2 11.8636 6 0.0750

20 86.6010 21 0,6745
2 11.8636 6 0.0750

20 86.5746 21 0.6745
2 11.8636 6 0.075

20 86.6092 21 0.6602
2 11.8636 6 0.0750

20 86.5650 21 0.6940
2 11.8636 6 0.075

20 86.5878 21 0.6745
2 11.8636 6 0.0750
20 86.8807 21 0.4434
2 11.8589 6 0.0751

22

22

22

22

22

22

22

22

22

22

22

0.1751

0.1841

0.1816

0.1969

0.1663

0.1816

0.1816

0.1751

0.1841

0.1816

0.1388

23

23

23

23

23

23

23

23

23

23

23

0.0270

0.0284

0.0275

0.0275

0.0275

0.0275

0.0275

0.0270

0.0284

0.0275

0.0187
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CASE NUMBER 15
INGRED(1.31) 8 18 0.6265 20 86.8807 21 0.4740 22 0.1082 23 0,0187 %
34 0.0038 2 11.8589 6 0.0751
BEGIN CAL
CASE NUMBER 16
INGRED(1.31) 8 18 0.6132 20 86.8940 21 0.4587 22 0.1235 23 0.0187 §
34 0.0038 2 11.8589 6 0.0751
BEGIN CAL
CASE NUMBER 17
INGRED(1.31) 8 18 0.6398 20 86.8674 21 0.4587 22 0.1235 23 0.0187 §
34 0.0038 2 11.8589 6 0.0751
BEGIN CAL
CASE NUMBER 18
INGRED(1.31) 8 18 0.6266 20 86.9001 21 0.4453 22 0.1181 23 0.0182 §
34 0.0036 2 11.8589 6 0.0751 ’
BEGIN CAL
CASE NUMBER 19
INGRED(1.31) 8 18 0.6264 20 86.8602 21 0.4757 22 0.1262 23 0.0195 §

34 0.0039 2 11.8589 6 0.0751
BEGIN CAL
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11832, WBAEIFAIBRFIEETIANT—F

CASE NUMBER 1
MCPR 36PINS (2.04/2.04/1.14)PU02 24LP 40%VOID 6PPM

INITIATE
DIAMET (1.00)
TEMPER (1.00)
DENSIT(1.00)
INGRED (1.00)
DIAMET(2.00)
TEMPER (2.00)
DENSIT(2.00)
INGRED(2.00)
DIAMET(3,00)
TEMPER(3.00)
DENSIT(3.00)
INGRED (3.00)
DIAMET(4.00)
TEMPER (4 .00)
DIAMET(4.11)
TEMPER (4.11)
DENSIT(4.11)
INGRED (4.11)

DIAMET (4.12)
TEMPER (4.12)
DENSIT(4.12)
INGRED (4.12)

TEMPER (4.10)
DENSIT(4.10)
INGRED(4.10)
DIAMET (4.21)
TEMPER (4.21)
DENSIT(4.21)
INGRED(4.21)

DIAMET (4.22)
TEMPER(4.22)
DENSIT(4.22)
INGRED (4.22)

TEMPER (4.20)"

DENSIT(4.20)
INGRED (4. 20)
DIAMET (4.31)
TEMPER (4 .31)
DENSIT(4.31)
INGRED (4.31)

DIAMET (4.32)
TEMPER(4.32)

1.054

285.

0.742

2 1 11.1901 2 88.8099

1.454

285,

6.566 |

53 98.25 6 0.14 7 0.06 10 1.45 11 0.10

1.9399

285,

0.467 ,

2 1 11.1901 2 88.8099

11.413

285.

1.25

575.

9.808

7 18 0.6472 20 85.7547 21 1.0370 22 0.4309 $
23 0.2524 34 0.0724 2 11.8054

1.4321

320.

6.833

11 3 94.05259 5 0.12219 6 1.09443 7 2.20822 §

8 0.10637 9 0.02037 10 1.41013 11 0.84415 $

12 0.00163 15 0.10595 55 0.01398

285,

0.467

2 1 11.1901 2 88.8099

1.25 :

850.

9.810 |

7 18 0.6155 20 85.7240 21 1.0471 22 0.4351 $
23 0.2549 34 0.07310 2 11.8501

1.4321

320.

6.833

11 3 95.06442 5 0.09123 6 0.85437 7 1.6634 $
8 0.07942 9 0.01521 10 1.4253 11 0.65585 $
12 0.00122 15 0.09214 55 0.01044

285,

0.460

2 1 11.190% 2 88,8099

1.25

1130.

9.811

7 18 0.6109 20 86.5253 21 0.5853 22 0.2432 §
23 0.1425 34 0.0409 2 11.8519

1.4321

320,
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DENSIT(4.32) 6.833

INGRED(4.32) 11 3 93.0084 5 0.15524 6 1.38189 7 2.7499 $
8 0.13213 9 0.02555 10 1.39447 11 1.04463 §
12 0.01145 15 0.11945 55 0.01241

TEMPER (4.30) 285.

DENSIT(4.30) 0,516

INGRED(4.30) 2 1 11.1901 2 88.8099

DIAMET(5.00) 11.813

TEMPER(5.00) 285,

DENSIT(5.00) 0.516

INGRED(5.00) 2 1 11.1901 2 88.8099

RARE REGION(5.00)

DIAMET(6.00) 12.678

TEMPER (6.00) 250.

DENSIT(6.00) 6.481

INGRED(6.00) 3 3 97.14 6 0.2678 8 2.6

RARE REGION(6.00)

DIAMET(7.00) 15.637

TEMPER(7.00) 170.

AIR GAP(7.00)

DIAMET(8.00) 16.042

TEMPER(8.00) 50.

DENSIT(8.00) 6.566

INGRED(8.00) 6 3 97.946 6 0.144 7 0.057 10 1.584 11 0.111 15 0.029804

RARE REGION(8.00)

DIAMET(9.00) 27.0811

TEMPER(9.00) 60,

DENSIT(9.00) 1.091

INGRED(9.00) 4 38 20.074 1 0.020 2 79.903 29 0.0030
ARRAY TYPE 4 3 1.686 3.226 4.8535 6 12 18

SPECTRUM 4 51 2 3 45

SPECTRUM 5 4 6 7 8 9

GEOMETRY 2 1 1 555222210

RESONANCE 9 6 7 11 15 18 20 21 22 23

BUCKLING 0.00100

FIVE GROUP

DG LAYER 1,0,2

EPSILON 0.0001

RECORD 36,2,20,0.58830,4,20,1.45646,5,20,0.53940,20,18,2.43,$%
20,21,2.87099,20,23,2.96899,108,2,1.0004,108,3,0.98434,%
108,5,0.99258,108,11,2.42680,108,12,2.88799,108,13,3.,10404

FINAL OUTPUT 1,171,171

ITERATE 5

BEGIN CAL

CASE NUMBER 2

INGRED(4.11) 7 18 0.6009 20 85.7195 21 1.0576 22 0.4394 §
23 0.2574 34 0,07939 2 11.8513
BEGIN CAL

CASE NUMBER 3

INGRED(4.11) 7 18 0.6155 20 85,7240 21 1.0471 22 0.4351 $
23 0.2549 34 0.07310 2 11.8501

INGRED(4.21) 7 18 0.6472 20 85.7547 21 1.0370 22 0.4309 $
23 0.2524 34 0.0724 2 11.8054

BEGIN CAL
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CASE NUMBER 4

INGRED(4.21) 7 18 0,6009 20 85.7195 21 1.0576 22 0.4394
23 0.2574 34 0.0739 2 11.8513
BEGIN CAL

CASE NUMBER 5

INGRED(4.11) 7 18 0.6472 20 85.7547 21 1.0370 22 0.4309
23 0.2524 34 0.0724 2 11.8054

INGRED94.21) 7 18 0.6472 20 85.7547 21 1.0370 22 0.4309
23 0.2524 34 0.0724 2 11.8054

BEGIN CAL

CASE NUMBER 6

INGRED(4.11) 7 18 0.6009 20 85.7195 21 1.0576 22 0.4394
23 0.2574 34 0.0739 2 11.8513 :

INGRED(4.21) 7 18 0.6009 20 85.7195 21 1.0576 22 0.4394
23 0.2574 34 0.0739 2 11.8513

BEGIN CAL

CASE NUMBER 7

INGRED(4.11) 7 18 0.6155 20 85.7240 21 1.0471 22 0.4351
23 0.2549 34 0.07310 2 11.8501

INGRED(4.21) 7 18 0.6155 20 85.7240 21 1,0471 22 0.4351
23 0.2549 34 0.07310 2 11.8501

INGRED(4.31) 7 18 0.6067 20 86.5454 21 0.5760 22 0.2394
23 0.1402 34 0.0402 2 11.8521

BEGIN CAL

CASE NUMBER 8

INGRED(4.31) 7 18 0.6065 20 86.5137 21 0.5945 22 0.2470
23 0.1447 34 0.0415 2 11.8521
BEGIN CAL

CASE NUMBER 9

INGRED(4.11) 7 18 0.6155 20 85.7240 21 1.0318 22 0.4504
23 0.2549 34 0,07310 2 11.8501

INGRED(4.31) 7 18 0.6109 20 86.5253 21 0.5853 22 0.2432
23 0.1425 34 0.0409 2 11.8519

BEGIN CAL

CASE NUMBER 10

INGRED(4.11) 7 18 0.6155 20 85.7240 21 1.0624 22 0.4198
23 0.2549 34 0.07310 2 11.8501
BEGIN CAL

CASE NUMBER 11

INGRED(4,11) 7 18 0.6155 20 85.7240 21 1,0471 22 0.4351
23 0.2549 34 0.07310 - 2 11.8501

INGRED(4.21) 7 18 0.6155 20 85.7240 21 1.0318 22 0.4504
23 0.2549 34 0.07310 2 11.8501

BEGIN CAL
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CASE NUMBER 12

INGRED(4.21) 7 18 0.6155 20 85.7240 21 1.0624 22 0.4198
23 0.2549 34 0,07310 2 11.8501
BEGIN CAL

CASE NUMBER 13

INGRED(4.11) 7 18 0.6155 20 85.7240 21 1.0318 22 0.4504
23 0.2549 34 0.07310 2 11.8501

INGRED(4.21) 7 18 0.6155 20 85.7240 21 1.0318 22 0.4504
23 0.2549 34 0.07310 2 11.8501

BEGIN CAL

CASE NUMBER 14

INGRED(4.11) 7 18 0.6155 20 85.7240 21 1.0624 22 0.4198

' 23 0.2549 34 0.07310 2 11.8501 ,

INGRED(4.21) 7 18 0.6155 20 85,7240 21 1.0624 22 (.4198
23 0.2549 34 0.07310 2 11,8501

BEGIN CAL

CASE NUMBER 15

INGRED(4,11) 7 18 0.6155 20 85,7240 21 1.0471 22 0.4351
23 0.2549 34 0.07310 2 11,8501

INGRED(4.21) 7 18 0.6155 20 85.7240 21 1.0471 22 00,4351
23 0.2549 34 0.07310 2 11.8501

INGRED(4.31) 7 18 0.6109 20 86.5253 21 0.5700 22 0.2585

23 0.1425 34 0,0409 2 11.8519
BEGIN CAL

CASE NUMBER 16

INGRED(4.31) 7 18 0.6109 20 86.5253 21 0.6006 22 0.2279
23 0.1425 34 0.0409 2 11,8519
BEGIN CAL

CASE NUMBER 17

INGRED(4.11) 7 18 0.6023 20 85.7372 21 1.0471 22 0.4351
23 0.2549 34 0.0731 2 11.8501

INGRED(4.31) 7 18 0.6109 20 86.5253 21 0.5853 22 0,2432
23 0.1425 34 0.0409 2 11.8519

BEGIN CAL

CASE WUMBER 18

INGRED(4.11) 7 18 0.6287 20 85.7108 21 1.0471 22 0.4351
23 0.2549 34 0.07310 2 11.8501
BEIGN CAL

CASE NUMBER 19

INGRED(4.11) 7 18 0.6155 20 85.7240 21 1.0471 22 0.4351
‘ 23 0.2549 34 0.07310 2 11.8501
INGRED(4.21) 7 18 0.6023 20 85.7372 21 1.0471 22 0.4351
23 0.2549 34 0.0731 2 11.8501
BEGIN CAL
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CASE NUMBER 20

INGRED(4.21) 7 18 0.6287 20 85.7108 21 1.0471 22 0.4351
23 0.2549 34 0.07310 2 11.8501
BEGIN CAL

CASE NUMBER 21

INGRED(4.11) 7 18 0.6023 20 85.7372 21 1.0471 22 0.4351
23 0.2549 34 0.,0731 2 11.8501

INGRED(4.21) 7 18 0.6023 20 85.7372 21 1.0471 22 0.4351
23 0.2549 34 0.0731 2 11.8501

BEGIN CAL

CASE NUMBER 22

INGRED(4.11) 7 18 0.6287 20 85.7108 21 1.0471 22 0.4351
23 0.2549 34 0.07310 2 11.8501 ‘

INGRED (4.21) 7 18 0.6287 20 85.7108 21 1,0471 22 0.4351
23 0.2549 34 0.07310 2 11.8501

BEGIN CAL

CASE NUMBER 23

INGRED(4.11) 7 18 0.6155 20 85.7240 21 1,0471 22 0.4351
23 0.2549 34 0.07310 2 11.8501
INGRED(4.21) 7 18 0.6155 20 85,7240 21 1.0471 22 0.4351
' 23 0.2549 34 0.07310 2 11.8501
INGRED(4.31) 7 18 0.5977 20 86.5385 21 0.5853 22 0.2432
23 0.1425 34 0.0409 2 11.8519
BEGIN CAL :

CASE NUMBER 24

INGRED(4.31) 7 18 0.6241 20 86.5121 21 0.5853 22 0.2432
23 0.1425 34 0.,0409 2 11.8519
BEGIN CAL
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fT%3.

O00 =~ B

¥JOB

“¥EXC

1111

2222

12

13
i1

15

21

I1D-LPDEV

FTC

DIMENSTON TITLE(10),A1H(3,10,3),A1L(3,10,3),A2H(3,15), AZL(B 15)

DTMENSION A1(3,10,3),A2(3,15),P(3)
DIMENSION SIGX(3, 15) SIG(3),DX(15,3)

READ(5,101) TITLE

IF(TITLE(1).EQ.8H¥STOP

READ(5,102) N
NN=N-3

DO 1 J=1,N
IF(J.GT.NN) GO TO 3
DO 2 K=1,2

READ(5,103) (A1H(I,J,K),AlL(I,J,K),I=1,3)

Do 2 1=1,3

) GO TO 999

A1(I,J,K)=(A1H(I,J,K)+AIL(I,J,K))/2.0

CONTINUE
GO TO 1

READ(5,103) (A2H(I,J),A2L(I,J),I=1,3)

DO 1 I=1,3

A2(I,J)=(A2H(I,J)+A2L(1,3))/2.0

CONTINUE
DO 5 J=1,N

READ(5,103) (DX(J,I),I=1,3)

CONTINUE

DO 6 I=1,3

P(I)=1.0

CONTINUE
WRITE(6,201) TITLE
WRITE(6.202)

DO 7 J=1,N

DO 7 I=1,3
A2(T,3)=A2(I,J)/P(I)
DO 7 K=1,3

Al(1,J,K)=A1(1,J,K)/P(T)

CONTINUF,
Do 11 J=1,N

IF(J.GT.NN) GO TO 13

DO 12 K=1,3

WRITE(6,203) (J,K, (A1(I,J,K),I=1,3))

CONTINUE
GO TO 11

WRITE(6,204) (J, (A2(I,J),I=1,3))

CONTINUE
WRITE(6,205)
DO 15 J=1,N

WRITE(6,204) (J, (DX(J,I),I=1,3))

CONTINUE
DO 21 1I=1,3
SIG(I)=0.0

DO 21 J=1,N
SIGX(I,J)=0.0
CONTINUE

REAAEADREDEEI— F & ¢ DETERERF

*
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51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7l
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

32

33
34
31

35

41

8888
101
102
103
201
202
203
204
205
301
302
303
999

EDATA

I
DO 31 J

"IF(J.GT.NN) GO TO 33

DO 32 K=L,3
STGX(I,J)=SIGK (L, )+(AL(I,J,K)*DX(J,K))**2
CONTINUE

SIGX(I,J)=SQRT(SIGX(I,J))

GO TO 34

SIGX(I,.J)=ABS (A2(I,J)*DX(J,I))
SIG(I)=SIG(L)+SICX(I,J)**2

CONT INUE

DO 35 1=1,3

SIG(I)=SQRT(SIG(I})

CONTINUE

WRITE(6,301)

DO 41 J=L,N

WRITE(6,302) (J,(SIGX(I,J),I=1,3))
CONTINUE

WRITE(6,303) (SIG(I),I=1,3)
IF(P(1l).NE.1.0) GO TO 8888

READ(5,103) (P(I),I=1,3)

GO TO 2222 '

GO TO 1111

FORMAT (10A8)

FORMAT(13)

FORMAT (6F10.5)

FORMAT (1H1///10X,10A8,/)

FORMAT(/10X,' N J',4X,'GRAD-1',4X,'GRAD-2',4X,'GRAD-3")
FORMAT (/10X,13,13,3F10.4)

FORMAT (/10X,13,3X,3F10.4)

FORMAT (1H1///10X,' N',8%,'DX-1',6X,'DX-2',6X, 'DX-3")
FORMAT(1HL/10X,' N',&4X,'SIGX-1',4X,'SIGK-2',4X,'SIGX-3',/)
FORMAT (/10X,13,3F10.4,/)

FORMAT (/10X, 'SIG',3F10.4)

STOP

END

¥LSTACK 1,3

¥TLDR

FTC

¥DKEND
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THREE TIMES STANDARD DEVIATTON 3Oij

—
(=)

OO0 o~ o W N

DX~-1
0.0444
0.1257
0.0180
0.0153
0,0132
0.0302
0.1620
1.1820
0.6300
0.2100

DX-2
0.0444
0.1257
0.0180
0.0153
0.0132
0.0403
0.3480
1.1820
0.6300
0.2100

DX-3
0.0444
0.1257
0.0180
0.0152
0.0133
0.0302
0.7800
1.1820
0.6300
0.2100

Pellet diameter (mm)

Pellet density (g/cm3)

Pu enrichment (wtZ)

Isotope ratio of 23%u (wt%)
Isotope ratio of 233U (wt)
Sheath diameter (mm)

Fuel-ring diameter (mm)

Inner dia. of coolant layer (mm)
Inner dia. of pressure tube (mm)

Quter dia. of calandria tube (mm)
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(1) #**LOCAL POWER DEVIATION 28-RODS PU02-UO2 FUEL 24CM-PITCH 40% VOID

SENSITIVITY COEFFICIENT OF LOCAL POWER |3f;/8x |/p,

[T - S I T S, S, S~ S R O T & T - S L S FUR U L T - T T R =

=
<o

W N kW R H W N W R W N W N R W N L

GRAD-1
1.0875
-0.6022
-0.8724
0.7093
-0.4286
-0.6149
5.5073
-3.1555
-5.8712
&.8867
-3.3132
-6.9207
3.3715
-1.6203
-3.7691
-0.1119
0.0016
0.0748
0.0486
0.0676
0.0189
-0.0342
0.0048
0.0195

GRAD-2
-0.4893
2.3537
-2.4627
-0.3230
1.5441
-1,7650
-2,5595
12.2590
-16.6581
-2.8105
14,8604
-18.9288
-1.3217
7.4352
-10,2103
-0.0541
-0.0391
0.1766
0.0464
0.0823
0.0359
~-0.1005
0.0320
0.0192

GRAD-3
-0.5981
-1.7514

3.3352.

-0.3863
.=1.1153
2.3800
-2.9477
-9.1034
22,5294
-4.0761
11.5472
25.8496
-2,0499
~-5.8148
13.9795
0.1659
0.0375
-0.2514
-0.0950
-0.1498
-0.0549
0.1348

-0.0369

-0.0386

Pellet diameter

Pellet density

Pu enrichment

Isotope ratio of Pu

Isotope ratio of U

Sheath diameter

Fuel-ring diameter

Inner dia. of coolant layer
Inner dia. of pressure tube

Outer dia. of calandria tube
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LOCAL POWER DEVIATION 'Spj /Pe & ITS COMPONENTS 3%:1 /Pe

OO o~ oyt W N =

[
o

516G

SIGX-1
0.0674
0.1297
0.1556
0.1575
0.0703
0.0041
0.0288
0.0405
0.0030
0.0041
0.2790

SIGX-2
0,1528
0.2976
0.3751
0.3698
0.1683
0.0058
0.0407
0.1188
0.0202
0.0040
0.6587

SIGX-3
0.1694
0.333¢9
0.4406
0.4362
0.2025
0.0092
0.0692
0.1593
0.0232
0.0081
0.7723

Pellet diameter

Pellet density

Pu enrichment _

Isotope ratio of 239y
Isotope ratio of 235y
Sheath diameter

Fuel-ring diameter

Inner dia. of coolant layer
Inner dia. of pressure tube

Outer dia. of calandria tube
5 3 (81,2
pJ - i=l( Pj)
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(2)**%LOCAL POWER DEVIATTON 28-RODS PU0Q2-U0Z2 FUEL 24CM-PITCH 40% VOID

SENSTTIVITY COEFFICIENT OF LOCAL POWER [3f;/3xy4|/P5,

R T BN R T B o O e R O R N I VI N I i -

=
(=]

J
1
2
3
1
2
3
1
2
3
i
2
3
1
2
3
1
2
3
1
2
3

GRAD-1
9.9684
-5,5202
-7.9963
6.5018
-3.9290
-5.6361
50.4798
-28.9235
-53,8148
63.1228
-30.3680
~63.4349
30.9033
-14.8520
-34.,5472
-1.0256
0.0147
0.6852
0,4450
0.6192
0.1732
-0.3139
0.0435
0.1787

GRAD-2
~1.8550
8.9223
-9.,3357
~1.2244
5.8533
-6.6909
-9.7026
46.4708
~63.1469
-10.6539
56.3321
-71.7545
-5.0100
28.1852
-38.7047
-0.2049
~0.1482
0.6694
0.1759
0.3118
0.1359
-0.3810
0.1213
0.0726

GRAD-3
~0.9538
-2.7929

5.3185
-0.6161
-1.7786

3.7953
~4.7006

-14.5167
35.9264
~6.4999

-18.4136
41,2209
-3.2689
-9.2726
22,2923

0.2646
0.0598
-0.4009
-0.1515
-0.2390
-0.0875
0.2150
-0.0588
-0.0616

— 59 —

Pellet diameter

Pellet density

Pu enrichment

Isotope ratio of 239y

Isotope ratio of 2357

Sheath diameter

Fuel-ring diameter

Inner dia. of coolant layer
Inner dia. of pressure tube

Quter dia. of calandria tube
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5. . /P 21
LOCAL POWER DEVIATION §y3/Pj, & ITS COMPONENTS &83:/Pj,

WO o~ W e N =R

[
[

51G

SICX-1
0.6181
1.1890
1.4265
1.4433
0.6447
0.0373
0.2644
0.3711
0.0274
0.0375
2.5575

STGX-2
0.5793
1.1280
1.4220
1.4019
0.6378
0.0220
0.1543
0.4503
0.0764
0.0152
2.4971

SIGX-3
0.2701

0.5325

0.7026
0.6956
0.3230
0.0147
0.1103
0.2541
0.0370
0.0129
1.2316

Pellet diameter

Pellet density

Pu enrichment

Isotope ratio of 239y
Isotope ratio of 235U
Sheath diametex

Fuel-ring diameter

Inner dia. of coolant layer
Inner dia. of pressure tube
Outer dia. of calandria tube
83 =4/ 2, Bbp?



