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Benchmark Calculations of JACS Code System for the Criticality Experiment of
Pellet-Solution Coexisting Low-enriched Uranium Fuel

Hiroshi OKUNO and Yasushi NOMURA

Department of Fuel Cvcle Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 21, 1994)

Criticality experiments of the systems simulating a fuel dissolver were carried out at
PNL in USA. The systems were described as triangular arrays of 4.3 wt§ ®*°U-enriched
uranium dioxide rods partially immersed in uranyl nitrate solution of the same **°U
enrichment containing soluble gadolinium. In our summary report of benchmark
calculations with the use of JACS code system, the neutron multipilcation factors were
calculated to be below 0.95 for 8 cases out of all the 12 cases of the experiment
systems. In this report, recalculations based on the experiment report as well as
analyses according to the international benphmark exercises set by OECD/NEA are carried
out, which show the following 3 points. (1) The present calculations yielded 1.,3%Ak
higher values on the average for the neutron multiplication factor than the previously
reported values, which were considered to have been obtained by an erroneous treatment
for Dancoff correction method: (2) There was an inconsistency in the reported
composition of uranyl nitrate solution, which is well remedied by treating as without
free acid: (3) The average of the neutron multiplication factor calculated with the JACS

code system became 0.980 for the above treated 12 cases of the experiments.

Keywords: Dissolver, Gadolinium, Pellet, Uranium Dioxide, Urany! Nitrate, Benchmark,
JACS, Criticality Safety



JAERI-Data/Code 94-014

1. Gi Lb;: ......................................................................................................... I
0 EEBKTARLUNETEITTEE  coeveserereeee s s s s 9
G EREEEEEL  eevveresereeetoenn e g
3.1 EEAHIETITHE D CHBIT oo g
3.2 OECD/NBAEBEA L F 7 — ZEIRHDERIT covrrmrmmmm e 9
3.3 HESERE T T REDELL  -vrerverererress st 11
A, TEEMBARAD Y Va7 BEEOBBEITOVTORE oo 90
B, HERLAHEDBEE oerererermesi s tesesssensessinresiatissisaennrenntaserens 24
BB BE  eeeseseeeeesensaneen 25
FRFETLHR  oereeeereereon s e 2%
‘H’ﬁA UECD/NEA@%’\‘:/:}""?‘—7?uﬁ7§§13&(ﬁ14®§$‘%&} ................................................ 98
Contents
‘L IntrOdUCtiOU ................................................................................................... 1
9. Description of Experimental System and Calculational Procedures rereeoereriseseseseenes Z
3_ ReSUltS Of CalCUlﬁtiOH .................................................................................... g
3.1 Analyses Based on the Experimental Report receeeerseerersreremmmmemmmioimmmmnnnnnmnnnrnnens 9
3.2 Analyses of OECD/NEA International Benchmark Exercises -oreerererrrrerereremseseenee 9
3.3 Determination of the Estimated Criticality Lower-limit

MUItiDliCﬂtiOﬂ FaCtUr ................................................................................. 11

4. Discussion on the Applicability of the Dancoff Correction Method to the
DiSSOLVEE SYSLEM +rvrerrerssrrssromerrrs ettt 2
5_ COﬂCIUSiORS aﬂd Future P]"Oblems S R R L CEE TR TR TR 24
ACKTIOWIBAGEMENES  +reersrerrerssrerseastn et bbbt 95
REfBFeHCES ............................................................................................................ 26

Appendix A Specifications of International Benchmark Exercises 13 and 14
Conducted by OECD/NEA teersvasessnnnrannrmnnnnnnnniucestsninasisistntnnreastnessns s 28

i



JAERI-Data/Code 94-014

. FU®I

HREEEOBRTSERTE T — F Yy X F a2 AV CHEYT 584K, 205t
Bo— Ry AFLAOREANZERERI X - TPOIHEL TBMNEXH S, T1
bb, BRARSEEHIT~ENRRLHEUGREOBARRERITL T, HHEE
CLTERLNIPETFRERRELVEZ L5 EREFTRTVEL, %R
CENEHOAT Y+ 252 0HMEREYT S, S5k, BRITELTLESH
RYIEITNE VT EBHABEEEED - TELIPETFHEROM HECER
FRREIER) 2ko 30, HREEE ORI TR, METRELOHEELETE
RATREERLEI BVLSRARBOTEPRKBEFLREST 5, -

P SR O AR T, RIEROBEI <L o b & EREE 5 O BB DR L
TWh, COLSBERTE, FHEFOLRBRIIIBERL » F ERREHOME S
DEBTRE SR, = ANVF —SEELUTHOES ORELWEEI SN THD,
5y a7 BIEECEHREREL S H V3 HEO RSN EHRIT ST X227,

— 5 BEL 5 b EREAESRAET AR TOBRERII VW orfrbhi
iy (GRS 5 v B IRE S 3 LKEP N L TEME S iz —E ORB 126 h
SNTVBDATHEY, hikess UBHELIN% BRIty 5 v BEBO =A%
FERIS, THEA F ) =y A2 AUREHE OB Y 7 =V KEEH R
BLTWAURERTD 5, cOEBREREJACSa—Fy AT 20 2HWTHTL
PR R, BRHEL & SR PETHEEL0. 5L VECHHELANSHL S
o5, REHEAE O TV VR TP REEAOA S R R TR TP REERE
CEWMU B E - 7, +HBKREEMA SHREOD TR OBREFRIEIE
WEBR L fe b OTH - 725

2Oy, HEOHELERETEL, 2OMBPETFRERE NS (ERLELO
MY 7HREEFOBR VRS - TR EAF o, ABEBTREUERE
WU THEELERE B L, EANKEUMENER~Y Fv—JEEELT
OECD/NEATHEEIN/DT, £ DR » BRiT2T - 7o

UTF, B2ETRERGRRCZOBIFCHVAHERERSVWTHY, H3H
T3, HELEEZET. FAERIRNEESEVERTO Y Y 2 7 HEEOEN
BIZ DV TR T %, BkOBEERIRR LSROBELT .

_flé



JAERI-Data/Code 94-014

2. ERERRUSRFAE

(1) EBBRRUERT — ¥

B ONEE LD, RENY T 492 ¢ /=AY = A MIFEFTOR.C. Lloyd
Sl ko CHPNERERERTE 52, 4.3wt%2°5 UBM Bty 7 v el
D= RIS AETCES N F F Y =0 2k SUBEINE196/ 00
B 5 = LKA I — D - TV B, BEARMIR X DRSNS v 7K
KIREEI S » TV B, ERGEROMELR 2.1 RT, BEHER, EREROBY%
DL 5V Ny FBRAF YU RAEOBRIBAINE DO TH S, BEHEDH
MAEK?2.21RT,

EEX It BREEE IR A2 3em, 2.8cm, 3.3cm ® 3 @Y. ThZh OBEHERRIC
LTHFY =0 aOBRERABYRELBC L2 XD, FH2EBRRS nl. 1
L ORI T & IR A o BT RN Y 5 = VKA OB & R
?%C&Ki@ﬁé%to%ﬁ%%%ﬁﬁ#%%%ﬁ”ﬁﬂﬁé%&ﬂ&ﬁh

(2) HEEF VR UEERE
SEe P U ARL. SR . FHRKREEOESE0ET 5, CORMLHLHN
kA, MENHTROHEEE LROAETRS 2RE AHRCAEIL T0 5, 3160
b, BREHERHRSE & W8 v 7 = VIKIERMBIRET 2 EREGRE, £oAM0
R Y 5 = VK TR SR R AR, B OB EH LR 5 TV
DNABEELIEEORAMEL TH- millR, 203 CHAHIOEERKTH S,
B, BEYH)TRRED 2OOHFELE—ORL TR -> T3, SEOEFNVIE
DEBEORBETH B, HhDy <y VAR (ZOMEBR2L.IRKRLL) v Dol
WAL (RCBEEEHE L ORAYMAR) OEETS %,

JASZ — Ry RF 22 BAHVAHEORNER? AR, £9 ERAGECS
ZohiflkicES &, BHEREREERD 5. CHENILI—FO DATF—F
EL T, BBHE, BEEE. BEHoRPERNEEREBTHOSHEH 177
J —MGCL-B-IVS' 2 VT EIT %, COZREHIA 75 Y —RFMEFS KT — 5
7 5 A VENDF/B-IVO W ERBES VTV %, BB LREERGEET M TOH

iz._



JAERI-Data/Code” 94-014

SEHL, SnEEhPET LI E o — FANISN-JR® Z AV TRIZ SR HE VN T
DM TRARD, ChEBEARLTHENTSTEICLVBONE, OB Y
97 HEQHER, REENSEKTH2EHELTHS. HOBERRYETH?
ELTHEONABER TS, THDOWERERNAILD — 1) THE « Rkl

Bikic © > 7 b o TR T — FKENO-IVe' & FI TR0 SR

WA EHT B, 1B, ANISK-JROFERZEE K221, KENO-IVOFHESHEZRL 3K

ANy B
#2.1 HEREZROXTH
-2 vy F Gd ERTOBHE | ~v v vAR
E 5 {mm) BEROEY (g}-&;z E? (mm) { mm )}
1 0 373
2 2286 451 0.124 552 55175
3 0.148 613
4 - 0.184 744
5 . 0 309
6 2794 433 0.074 413 65 8.0
7 0.099 481
8 0124, 565
9 0 333
10 3302 421 0.025 388 1761.6
11 0.049 460
12 0.074 577
&y 5 = DK
v5 v BE 1958 = 0.4 g/L
H. - 1.254 £ 0004
HY®EE e vBE 1.52 + 002




JAERI-Data/Code 94-014

#2.2 ANISN-—JR%E{FEHT S ETOHRESEMS

SN RE 8

¥ - 137
HEAKL BT AIVY v v FVERRE 1
PR BN TR e A 108
SR (IR B N 10-s
EEAEN  EHE 6
el i
WEE i
YR 5
R IR 4t

%93 KENO-NZFRT 5L TOHBEM

T RV F—HY 137
—HHE Y D D hEFH 300
ATEMAH 103
HNT 2UHEAKK 3

AP RS 1




JAERI-Data/Code 94-014

DESCRIPTION OF EXPERIMENTAL YESSELS

END THICKNESS [TOP AND BOTTOM!} (mm)

9.5

EXPERIMENTAL VESSEL WALL THICKNESS (mm) 0.9
EXPERIMENTAL VESSEL HEIGHT {mml (suuside] 1067
VIATER REFLECTOR o.d, {mm)

DELAYED CRITICAL CONFIGURATION

1016

VENT REFLECTOR LEVEL
} 0 0.79
219 mm AR mm
£.35-mm— | FUELPINS
LEXAN WATER
LATTICE | REFLECTOR | EXPERIMENTAL
TEMPLATE VESSEL
FUEL AND }
NEUTRON
15.88-mm ABSORSBER He
STAINLESS -—u | SOLUT IO
STEEL T
LATTICE 200 mm [min) WATER
TEMPLATE REFLECTOR
ION VESSEL
BOTTOM) DUMP VALVE
ANO LINE
X2. 1 EBREZROMEN
17,21 mm £1.2 mn ILllmm 310 mm
1092 mm . 'r : I {f‘—' TYPE 304L STAIMLESS STEEL
b . L _ - END CAP
1.94 mm inﬂ 14 & mm | (CLADI f”lzm am IFUEY IMQ - ]i 1.4 mm
THREADED FULL RECION SPRINC VARIASLE LENGTH TOP SPADE,
TYPE J04L STAINLESS STEEL 38.12., 39.67-, OR §0.80-mm LENGTH
END CAP GAS PLENUAL
REGION
FUEL TUBE CANNED LENGTH® 04 421 In.) 314 29 mm
FUEL ROO CORE LENGTH® 3257 in.) 17,2 mm
FUEL PELLET LENGTH 10.61 in. ¢ 0.0L! 15,49 mm
CLAD o.d. 10, 367 In.} 14 40 mm
CLAD THICKNESS ITYPE J04L STAINLESS STEEL]  w0.012!n) 0.813mm

FUEL COLUMMN OIAMETER

U, PELLET DENSITY (% THEORETICAL)
Ug, STACK DENSITY (X THEOQRETICAL)

N ENRICHMENT OF FUEL, wi%
URANIUM IN FUEL ROD

10,458'5n, # 0.001 12 849 mm

4,11
Hlg

492046
Mo Qd .

TMEASURED FAOM BOTTOM OF END SPADE TO BOTTOM OF TOP SP_AO-E.-
AYERAGE OF 20 MEASUREMENTS,

K22 BREHEROFFRX
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INTRODUCTION

The critiggl experinent
U-enriched UO

4,3 wio

s involved measuremears with lattices coaposad of

pellets contained ia stainless steel tubes.

The lattice assemblies with cencre—to-centre Fuel rod separations of

a) 22.86

and b) 27.94 cm vere immersed in uranyl uitrate solution of

the same -~ °U-enrichments {n vhich had been mixed gadolinium in the form
Gd(NO.).. The 2im of the experiments was to determine the effect of
gadelinium as a soluble neutron absorber on the criticalicty of such a

system.
2. EXPERIMENTAL ASSEMBLY
The experimental system coasists of an inner vessel made of Type 304L
stainless steel with a 0.79 mm cthick wall, The dlaweter of this vassel
varied according to the lartice assembly.
The U0, pellets of 4.3 ufo 235U enrichmaent ace contained in 14.4 mm OD
stainléss steel tubes with a wall thickness of 0.813 mnm (see Figure 1 for
rod details). These rods are loaded into lattice templates that are
mounted in the stainless steel experimental vessel and supported by the
tank bottoa.
The experimental vessel is reflected with water on the sides aand bottom
with the height of the water maintained at the cop of the experimental
vessel.
A schematic drawing of the experimental assembly Is shown in Figuce 2 and
details of the fuel loadlng patterns for.22.9 wm and 27.9 mm triangular
pitch experimeants are shown in Figure 3.
TABLE 1
Detalls of Critical Assemblies
OECD | Experimentc | Number of Rod Triangular | Gadolinium [Critical
Exp. { Ref. No. fuel rods | Diamerer lattice concentration! Solucion
No. {rors) pitch (g/l) height (mm)
13 1 451 12.649 22.86 0.184 764
14 2 433 12.649 27.94 0.124 565
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TABLE 2

Uranyl Nitrate Composition Including Isotepic Composicion of
Uranium in Red and Soluticn :

Uranium concentration = 195.8 + 0.4 g/l ) (a)
Specific Gravity = 1.254 % 0.004 g/cc )

U = 95.65 + 0.018 w/o
U = 0.022 + 0.002 wfo

U = 4.306 + 0.013 w/e

U = 0.022 £ 0.002 w/fo

(a) Data provided originally by Lloyd et al, fncluded a value for free
acid. It was subsequencly decided after careful comparisons of the
supplied data and various sources of chemical daca including ARH6Q00
vol, 111 C2.1 to ignore the supplied value for Eree acid and base
the calculatiocns on the uranyl nicrate number densities as shown in
Table 3, for the purposes of this OECD exercise.

This decision was agreed with Me C. E.Whitesidesef Oak Ridge Hatlonal
Laboratory.

TABLE 3

Number Densicies (x 1026 atoms/cmB) for Uranyl Nitrate Scolution

238

u 4.7385E-4
238 1.09914E-7
235y 2.16048E-5
234 1.1085SE-7
Oxygen 3.50514E-2
Nicrogen 9.91351E-4
Hydrogen 6.21719E-2
0.184 g/l Gadolinfum 155 1.042E-7 ) Experiment i (OECD No. 13)

157 1. {06E-7 )

0.124 g/l Gadolinium 155  7.029E~8 ) Experiment 2 (OECD No. 14)
157  7.456E-8 )

Noces

1) The density of the solucion was taken to be 1.254 gfcc. The
dissolutign of gadolinium nitrate wWas assumed to produce no
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significant change in liquor density, thus the gadolinium numbevr
densities were derived from the gadolinium metal concentration
assuming: :

a) atomic wt G4 = [57.2

b) afo of Gd 155 = 14.8%
c) afo of Gd 1S7 = 15.7%

TABLE &

U(4.3)0, Rods — Number Densities (x IOZA atoms/cm;l

U0, density = 10.38 g/cc (1)

2
238, 2.21423E-02
236y 5.13611E-06
23y 1.00956E-03
234y 5. 18010E-06
Oxygen 4.63244E-02
Notes

(1) Density value derived based oa:-
Weight of U = 95ig
Rod core length = 82.72 cm

Rod radius = 0.63265 em
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TABLE 5

Balance of structural materials

‘Haterial Densircy w/o RunbeEADensicies
g/ce {x 10°" acoms/em™)

CLAD. Type 304L )

stainless steal ) _

EXPERIMENTAL VESSEL ) 7.93 Fe 74.0  5.32875E-2

Type 304L steel h] Cr 18.0 1.65344E~2
)

15.88 mm chick TEH~ ) Ni 8.0 6.509335€E-3

PLATE (on vessel ) :

bottom) )

Type 304L sceel )

6.35 wm thick LATTICE 1.2 gfecc H 7.865 = 5.63394E-2

TEMPLATE - LEXAN sheet o 17.977 8.1206E-3

c 74.157 4.46238E-2
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Fig. 1: Description of 4.3 wt % 235U-enriched uranium

oxide fuel rods
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Fig. 2: Schematic diagram of the experimental assembly
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Fig. 3



