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KENO-1V Code Benchmark Calculation (10)

(A Light Water Reactor Ctritical Assembly)

Yuichi KOMURO+, Yasushi NOMURA, Yoshitaka NAITO+,
Shinichiro TSURUTA and Jurlichi KATAKURA
Division of Reactor Safety Evaluation,
Tokai Research Establishment, JAERI

(Received September 30, 1980)

A series of benchmark tests has been undertaken in JAERI in order
to examine the capability of JAERI's criticality safety evaluation
system consisting of the Monte Carlo calculation code KENO-1V and the
newly developed multi~group library MGCL. The present report describes
the results of a benchmark test using criticality experiments at the Tank-
type critical Assembly (TCA) of JAERI.

In all, 125 cases of experiments have been calculated for H20
moderated square lattice of UO2 or U02+Pu02 mixed oxide fuel rods with
varying lattice configurations.

For all the 125 cases, the effective multiplication factor (keff)
can be predicted as 0.995%0.004 by this calculational method. Particu-
larly for the 26 cases dealing with neutron absorbers, the keff can be
predicted as 0.998%0.003, which is very accurate calculation compared

with other cases.

Keywords: Criticality Safety, Benchmark Calculation, KENO-1V Monte
Carlo Code, MGCL Multi-group Constants Library, Tank-type
Critical Assembly, Water Moderated Square Lattice,

Uranium-Dioxide Fuel Rod, Mixed Oxide Fuel Rod
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3.0 w/o Pu0,-1.0, fuel rod
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“ =
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|

‘PuO.- UO,
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2078
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Fuel support
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B}J N\ Feed
1832 ¢ \li:e e

\ Dump water line Dimension mm

Fig. 3 Vertical cross-sectional view of core tank

UO pellet Al cladding Al end plug

2.6 w/o UO, fuel rod

Zircaloy=-2 SUS Zircaloy-2 Pu0,-UO, Zircaloy-2
Al guide rod end plug Al sleeve spling cladding  pellet Al rod end plug

90. 7 ! 706—-|--168. 3-|
1870 1
3.0w/o0 Pu0,-UO, fuel rod

Fig. 4 2.6w/o U0, and 3.0w/o Pu0,-natural uo, fuel rods
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Photo. ) Top view of 4.24 Pu lattice,

Photo.2 Arrangement of grid plates at upper, middle,
and lower positions.
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Table 1 Fuel Specification for Enriched UO, and Pu0,-UO, Pellet

2 2 2
UO: PuO-UO:;
Fuel
Enrichment, w/o 2.506, WU 3.01:0. 05, 6,%:‘!-———2'1@
Isotape ratio, w/o
Ursnium Natural
Yy 2.596
V) 97.404
Plutonium
¥Py — 0. 494 (1971-8-19)*
WPy —_— 68.18 (1971-8-19)
0Py —_— 22.02 (1971-8-19)
1Py —_— 7.26 (1871-8-19)
WPy _— 2.04 (1971-8-19)
Americium
MAm 530 ppm (1971-8-16) in PuO:

Impurity content 0. mtg:ggppm equivalent boron

concentration in PuOz~-UO;

oM 2.04 2.07
Pellet
Fabrication method Sintered Mechanically blended and pre-sintered
Diameter, mm 12.50 10.65
Density, g/em? 10. 40 6. 056 0. 076
Stack length, mm 1441.5+3 706+3
Cladding
Material Al Zircaloy-2
Inner diameter, mm 12.65 10.83+0. 06
Thickness, mm 0.76 0.70+0.07
* Date of assaying. .
Table 2 Atomic Number Densities of 241Pu and 241Am
Da Elapsed time Atomic number density (x10*¢ atoms/cm?)
te (days)
ipy MWAm
1971-8-19 0 2.903x10-% 2.121x10"7
18724~ 1 226 2.819 1.059x10-¢
19734~ 1 591 2.687 2.374
19744~ 1 956 2.562 3.629
19754~ 1 1321 2. 442 4.824
19764~ 1 1686 2.328 5. 964
19774~ 1 2051 2.219 7.051

Table 3 Name of Lattice

Lattice name H/U or H/Pu Lattice pitch (cm) '
1.50U 433 1.849
1.830 5.28 1.956
2.48U 7.16 2.150
3.00U 8.65 ' 2.293
2.42PU 402 1.825
2.98PU 494 1. 956
4. 24PU 703 2.225
5.55PU 921 2.474

-9
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Table 4 Al-Cd Poison Sheet

-10-—

Pois'Pn Dimension Density Cd Content Atomic Number
Density of Cd
1 1600 x 300 x 3.19 mm 2.67 g/cm’ 0.35 w/o 5.01 x1019 atom/cc
2 " x3.16 2.67 0.60 8.59
3 " x3.16 2.67 1.1% 16.5
4 " x3.10 2.68 2.15 30.9
5 " x3.14 2.69 4.50 65.0
Boral | 1900x 254 x2.2 2.53 35. * 38.58 x 1021 **
* This value shows the B4C content in the Boral sheet.
#% Atomic number density of B.
Table 5 Critical Water Levels of UO2 Lattices at 20°C
Lattice name | Pattern C‘iﬁ“l(::;“ level |p ror, +8kuar| Lattice name | Pattern Cﬁﬁc‘](;;;“ level | g or, +8ku
1.50U 18 99.45 3 x10~ 1.83U 18 60.38 3 x10~
20 73.73 7 19 55. 53 1
22 60. 81 5 20 51.65 2
2% 53.23 5 21 48.62 1
; 2 47.81 3 22 46.01 1
; 28 43.94 1 23 43.91 1
j 29 40.89 1 24 4212 1
! 18U 1 131. 94 1 x10~ > “©.% !
2 €9. 01 1 2.48U 1 78.67 2 x10-
3 85. 36 1 13 59. 96 1
4 135.70 1 15 50.52 1
6 1390.72 1 18 #4.55 1
f 7 113.95 1 20 40.4 1
: 8 84.58 1 3.00U 5 80.75 1 x10
5 o 8.4 1 1 64.42 1
! 10 75.74 1 18 52,87 1
: 12 120.73 1 15 46.08 1
13 114.59 3 1 a.m 1
‘ u 81.17 1 18 a5 1
| 15 75.82 6
16 66. 90 1
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Table 6 Critical Water Levels of
PuO:—U (natural) Oz ~H2 O Systems at 20°C
Lattice Patt—| Gritical Lattice Batt— Critical
Vater Date Vater Date
Name | em | Level (em) Neme em | Level (em)
242p | 24 6941 72—6— 5 424PU | 21 61.07 74—6— 5
25 6957 74—5—14 22 5341 72—-4—14
26 5955 72—6— 7 22 5548 73—5—29
26 61.90 73—5—14 22 5728 74—6— 5
26 6406 74—5—14 22 59.05 75—5—28
26 66.46 75—5—-16 23 5433 74—6— 5
27 6006 74—5—14 24 5174 74—6— 6
28 5330 72—6— 7 26 4772 74—6— 6
28 5668 74—5—14 28 4467 74—6— 6
28 5836 75—5—16 28 4562 75—5—28
298Pu 21 6710 72—5—-18 555PU 21 69.16 73—6— 6
22 6150 72—5—18 22 6205 72—4—28
73—6— 6
22 6439 73-5-22 22 6453 73—-6— 7
22 6687 74-5-28 23 5873 72—4-26
22 6940 75-5-21 23 6110 73—6— 6
298PU 23 5738 72—5—18 A
73-5—22 24 5808 73—6— 6
23 6192 74—5-28 26 5350 73—6- 6
23 6388 75—5—21
24 5783 74—5-28 _
Table 7 Critical Water
25 5472 74—5—28
Levels for Water
26 5194 74—5—28 .
Gap Patterns
27 4982 74—5—28
28 4778 74—5—28 Lattice Patt—| Critical
Water
28 4868 75—5—21 Name ern| Level (em)
424P0 19 6867 73—5—29 1.50Q 104 4242
20 6032 72—-4—13 108 4880
20 6295 73—5—29 111 6405
20 6563 74—6— 5 112 10047
20 6818 75—-5—28 300QU 101 4684
105 6581
109 13077
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Table 8 Critical Water Levels for UO2 Lattices with
Boric Acid Solution
Lattice Critical Water Boron Concentration
Name Pattern Level (om) (ppm)
1.83U 16 8578 723
18 9685 146.6
214 8499 3450
29 8579 5540
Table 9 Critical Water Levels for UO: Lattices with
Poison Sheet
Lattice Pattern Critical water | Lattice Pattern Critical water
name level (om) name level (om)
183U (Boral) 1.83U |(A1-CdMNa3)
16P16 120.4 13P14 11587
13P19 100.1 10P17 10585
11pP21 839 6P21 8740
183U (A1-CdMal) 3P24 7808
13P14 86.62 1P26 7432
10p17 8392 1.83U (A1—CdNed )
6P21 7811 9P18 11838
3P24 7396 6pP21 9404
1P26 7200 3P214 8039
1.830 (A1-CdNe2) 1P26 7576
13p1l4 9824 1.83U | (A1-CdNe5)
OP17 9327 8P19 12660
6P21 8246 6P21 10213
3P24 7592 3P24 8332
1P26 7310 1P26 7740
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147

Al-Cd Poison Sheet

Poison | Cd Content
No.
1 0.35 w/o
2 0.60
3 1.1%
4 2.15
5 4.50
27.4cm
—, o~ 14 Rods—7
. 6‘;‘5// - i Poison Sheet
2% N i L 32mm thick

TN
Reflactor %

H,0 E

Core of 2.6 % Enriched
Pellet Type Fuel Rods

(378 Rods)

Fig. 5 Core Configuration Controlled by a Al-Cd Sheet
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31 HEFE
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NAM = NAm N PU (1 —emdpytt )

T,
NPU, NAm: 2dip, 200 an OEFENEE

NFU AR £ o HE T AN EE

Apy D2'Pu OBBEB (131 X104 day ! )

t - BAFRM (day)

Table 2 KRHENER, BIUREBNHICBT 3 24Py &2 'Am DEFENEE
R L1o

4. HERRRUER
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SRR 200
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Fig.6  Flow Diagram for KENO Calculation
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Table 10 Energy Structure of MGCL 137 and MGCL 26

Group {Upper Energy |Lethergy Group [Upper Energy (Lethergy
NO. Boundary width AU NO. Boundary width ~U
2{ P, 1375 246 [1376m

T1 16487 Mev, 0125 KR! T5 163 Kév LA VA]

2 | 14550 0.125 39 | 14264 0.125

3 | 12840 0.125 40 | 12588 0125

4 | 11331 0125 4 41 | 11109 0.125

| | s | 10000 0.125 42 98037 0.125

6 8825 0125 43 86517 0125

7 1.788 0125 44 76351 0.125

8 68729 0125 45 67.379 0.125

9 6.0653 0.125 46 59462 0125

10 53526 0.125 47 524175 0.125

11 47237 0125 48 46309 0125

12 41686 0.125 49 40868 0125

13 36788 0125 50 36066 0125

14 32465 0.125 51 31828 0125

15 28650 0.125 5 52 28088 0125

16 25284 0125 53 24788 0125

2 117 22313 0.125 54 21875 0125

1R 19691 0.125 55 19305 ¢ 0125

19 17371 0.125 56 17036 . 0125

20 1.5335 0125 57 15034 | 025

21 13533 0125 58 11709 | 02§

22 | 11943 0125 é1sq 91188 | 025

23 1.0540 0125 60 71017 | 025

24 | 93014 Kev| 0125 61 55308 | 025

25 | 82085 0125 62 43075 | 025

26 | 72440 0125 63 - 33546 | 025

27 | 63928 0.125 64 26126 ! 0253

28 | 56416 0125 7 |85 20347 i 025

. 29 | 49787 0.125 66 15846 | 025

|30 | 43937 0125 67 | 12341 | 023

31 | 38774 0.125 68 | 96112 ev ! 025

32 | 34218 0.125 69 74852 P025

33 | 30197 0.125 70 | 58295 L 025

31 | 26649 0.125 71 | 45400 . 025

35 | 23518 0125 72 | 35358 P 025

| [36 | 20754 0.125 73 | 27536 | 025

4|37 | 18316 0125 g 174 ] 21445 | 025
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Table 10 Energy Structure of MGCL 137 and MGCL 26 (Continued)

Group |Upper Energy |Lethergy Group Upper Energy | Lethergy
NO. Boundary width AU Boundary width AU
6] 137 L__% 3"
& | 15 16702 ev 025 ;7 110 | 029792 ev |270m, Sec
76 | 13007 0.25 11 | 027699 270
77 | 10130 0.25 /F R12 | 025683 270
78 | 78893 0.25 13 | 023742 270
1 79 | 61.442 0.25 14 | 021871 270
80 | 47.851 0.25 g p15 [ 020090 270
81 | 37267 0.25 16 | 018378 270
82 | :29.023 0.25 17 | 016743 270
83 | 22603 0.25 20 118 | 015183 270
jo| 84 | 17603 0.25 19 | 013700 270
85 | 13710 0.25 h20 | 012293 270
‘ 86 | 10677 0.25 2] 121 | 010962 270
|| 87 83153 0.25 22 | 009708 270
88 | 64760 0.25 123 | 0085295 [270
89 | 50435 025 22 124 | 0074274 270
11, 90 39279 0.25 125 | 0064015 1270
91 3.0590 025 126 | 0054518 {270
92 23824 025 23 t21 0045783 270
| 93 1.8554 0.125 28 { 0037811 |270
12 94 16374 0.125 129 | 0030600 (270
|95 | 14450 0125 | |2¢ 330 | 0024152 270
' 96 12752 0125 131 | 0018465 270
13" 97 112514 0.125 132 | 0013541 270
98 | 099312 6125 25133 | 0009379 270
,; 99 | 087642 n125 134 ! 0005979 l270
100 © 077344 0125 135 | 0003341 |270
101 | 068256 0.125 26 136 0001465 270
'shnz ; 0.60236 0125 31 | 0000352 1270
103 | 053158 0.125 0.000033 {270
104 | 046912 0125 _
105 ‘ 041399 270mAec
l6106 | 038325 270
t hort 0.36528 270
108 0.34206 270
11109 0.31961 270




JAERI-M 9147
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Fig. 7  Calculational mode! for UO,
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Table 11 Atomic Number Densities

dimension
{cm)

Atomic number density at 20°C (x 102¢ atoms/cm?)

Region Material
2.6 wjo UO; 3.0 w/o PuO:-UO;
my —_— 7.436x 107
my 6.08610~¢ 9.393x10-%
wy 2.255x 10"t 1,295x 103
Mpy —_— 2.000x10~¢
Fuel ”'Pu — 2. 749x10-¢
0Py —_— 8.843x10-%
apy — 2.903x10-%®
tapy —_— 8. 124 x 10¢
MAm —_— 2.121x10°™®
o] 4.725x10"2 2.784 %102
Cladding Aluminum 5.587x10-2 —_—
(with air gap) Zircaloy-2 — 3.840x 102
HO 3.338x10-
Moderator B
72ppm 4.024% 108
147 ~ 8.155x10-%
345 ~ 1.919x10-¢
554 ~ 3.082x10-¢

*) Date of assaying; on 1971-8-16.
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Table 12 Calculational Results for U( 26 ) O; —
H:0O Systems
Lattice Critical
Pattern Keff £

Name Water Level (o)

1.50U 18 9945 099597 000312
20 7373 100010 0.00282
22 6081 099852 000293
24 5323 099276 000275
26 4781 099510 000282
28 4394 099469 000300
29 4089 098960 000288

183U 1 13194 099405 000311
2 6901 099113 000295
3 8536 099234 000321
4 13570 098645 000283
6 13972 099175 000271
7 11395 099717 000281
8 9458 099812 000289
9 8345 099068 000305
10 7574 099311 000290
12 12073 098465 000282
13 11459 099091 000328
14 8117 099218 000286
15 7532 099364 000302
16 6690 099321 000307
18 60.38 099050 000279
19 5553 099597 000285
20 5165 099288 000351
21 486 2 099277 000278
22 4601 099875 0000285
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Table 1 2 Calculational Results for U( 26 )0, —
H:0 Systems (continued)
Lattice Critical
Name Pattern Water Levell(em) Kett =

1.830U 23 4391 099278 000291
214 4212 099256 000286
25 4050 098987 000299

2480 11 7867 099121 000286
13 5996 099120 0002914
15 5052 099181 000258
18 4455 099235 000295
20 4044 098858 000301

300U 5 9075 099343 000304
11 6442 0.98876 000299
13 5287 098980 000289
15 46.06 098756 000305
17 4179 099043 000274
18 4154 099038 000292




JAERI-M 9147
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Keff = 0.9924

——— Frequency
o
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| 1 1

0 a 1 1
0.98 0.99 1.00

Keff

Fig. 8 Histogram of keff for U(26)0,~-H, O systems
calculated with the MGCL137 and KENO-IV under
200 generations with 300 neutrons per generation.
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Table 13 Calculational Results for PuOz2 —UQO; “H:0O Systems

Lattice | Patt—| Critical
Neme ern Wate[rmLievel Date Keff + 0

242PU 24 69.41 72—6— 5 1.00128 000295

25 6957 74—-5—14 099391 000311

26 5955 72—-6— 7 0.99998 0003014

26 6190 73—5—14 099355 000304

26 6406 74—-5—-114 099493 000305

26 66.46 75—5—16 0.99618 000320

27 6006 74—5—-114 099612 000277

28 5330 72—-6— 7 099423 000313

28 5668 74—-5—-114 099815 000310

: 28 5836 75—5—16 099559 000302

298PU 21 6710 72—-5—-18 099724 000300

22 6150 72-5—18 099734 000294

22 6439 73-5—22 099565 000283

22 6687 74—-5—-28 0.99804 000297

22 6940 756—-5—-21 1.00584 000282

23 5738 72—5—-18 0.99879 000278

23 60.37 73°8°%% 100051 0.00282

23 6192 74—-5—-28 0.99861 000306

23 6388 75—5—21 099502 000311

24 5783 74—-5—28 099467 000296

25 5472 74—-5—-28 099452 000262

26 5194 74—-5—-28 099676 000290

27 4982 74—5-28 099315 000303

28 41778 74—-5—28 0.99592 000275

28 4868 75—5—-21 1.00151 000306

424 PU. 19 6867 73—5—29 099338 000283

20 6032 72—4-13 099223 000288

20 6295 73—-5—29 099556 000267

20 6563 74—6— 5 098485 000297

20 6818 75—5—28 1.000438 000285

21 6107 74—6— 5 099072 000278

22 5341 72—4—-114 099066 000279

22 5648 73—-5—-29 0.99490 000300

22 5728 74—6— 5 1.00086 000291
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Table 13

(continued)

Calculational Results for PuO2—-UQO:—H:0 System

Lattice | Patt—| Critical
Water Level Date Keff +* 0
Name| ern (em)
424PU 22 5905 756—5—28 099897 000265
23 5433 74—6— 5 099886 000282
24 5174 74—-6— 6 099307 000289
26 4772 74—6— 6 099349 000288
28 4467 74—6— 6 099109 000285
28 4562 75—-5—28 099419 000311
5.55PU 21 69.16 73-6— 6 099192 000257
22 . 6205 72—4—-28 099662 000286
22 6453 73—6— 17 099989 000279
23 5873 72—4—-26 098517 000271
23 6110 73—6— 6 099048 000278
24 5808 73—6— 6 098960 000248
25 5569 73—-6— 6 099557 000261
26 5350 73—-6— 6 099155 000286




Table 1 4 Calculational Result for Water—gap Pattern

JAERI-M 9147

Lattice Pattern Critical water
name Level o Keft =7
L.50U 104 4242 099447 000448
108 4880 099836 0004014
111 64.05 099565 0004114
112 10047 099850 000387
300U 101 4684 099365 000429
105 6581 099438 000411
109 13077 0.99764 0.00394
Table 1 5

Calculational Result for UOs Lattices with Boric

Acid Solution

ttice | Patt—| Boron i Critical
Concentration | Water level Keff + 0
name ern ppm on
183U 16 723 8578 099828 000322
18 146.6 96.85 099579 000298
24 3450 8499 100547 000301
29 5540 8579 100672 000277
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Fig.9 Histograms of keff for PuQO, —U(Natural) O, —H,0
systems calculated with the MGCL 137 and KENO-1V
under 200 generations with 300 neutrons per
generation.
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Table 1 6 Calculational Results for UOQO; Lattices with Poison

Sheet
Lattice Poison Critical
Position Water level Keff + 0
name Name (em )
1.83U Boral 16P16 1204 1.00058 000297
13P19 1001 099959 000275
11P21 839 1.00438 000296
1.83U Al—Cd 13P114 86.62 0.99994 0002814
Nol 10P17 8392 099808 000323
6 P21 7811 099762 000291
3P24 7396 098999 000315
1P26 7200 099794 000303
1.83U0 Al—Cd 13P14 9824 1.00262 000300
No 2 10P17 9327 099671 000294
6P21 8246 0.99705 000315
3P24 7592 1.00237 000275
1P26 7310 099393 000305
1.83U Al1—Cd 13P14 11587 100058 000283
No3 10P17 10585 1.00161 000307
6P21 87.40 099796 000280
3P24 7808 099696 000292
1P26 7432 099988 000321
1.83U Al—Cd 9P18 11838 1.00036 000319
No4 6P21 9404 1.00153 000296
3P214 80.39 099392 000271
1P26 7576 099998 000306
1.83U Al-Cd 8P19 12660 099526 000295
No5 6P21 10213 099535 000293
3P24 8332 099680 000321
1P26 7740 099616 000313

—28—
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Fig.10  Histogram of keft for U(26)0, —Poison sheet-H,0
systems calculated with the MGCL137and KENO-TV
under 200 generations with 300 neutrons per generation.
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Frequency
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Fig.11  Histogram of ket for U(2.6) 0,—H,0 systems
calculated with the MGCL 137 and KENO-TV under
150 generations with 200 neutrons per generation.
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Keff = 0.9948
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Frequency
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Fig.12 Histogram of ket for PuO,—U(Natural)Op—HoO systems
calculated with the MGCL 137 and KENO-TV under
150 generations with 200 neutrons per generation.
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Appendix Patterns of lattice configurations (1)
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Appendix Patterns of lattice configurarions (2)
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Appendix Pattérns of lattice configurations (3)
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Appendix Patterns of lattice configurations (5)
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Appendix Patterns of lattice configurations (6)
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Appendix Patterns of lattice configurations (7)
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Appendix Patterns of lattice configurations (8)
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Appendix Patterns of configurations (9)
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Appendix Patterns of lattice configurations (10)
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Appendix Patterns of lattice fonfigurations (11)
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Appendix Patterns of lattece fonfigurations (12)
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Appendix Pater Appendix Patterns of lattice configurations (13)
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