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Benchmark Calculation with the Nuclear Criticality

safety Evaluation Code System JACS
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Division of Reactor Safety Evaluatien,
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(Received November 30, 1981}

A seriecs of benchmark tests has been performed since 1980 in ocrder
+o examine the capability of JAERI's criticality safety evaluaticn
code system (JACS) which includes a Monte Carle calculation code
KENO-IV with the multi-group constants library MGCL.

This report describes the results of benchmark calculzstions on
selected criticality experiments using fuels of low/medium enriched
uranium or those with high plutcnium contents.

The results showed that the calculated K gp's were 3vu% lower than
experimental values for nitrate solution systems, while for lattice
assemblies a fairly good agreement in K g.'s was obtazined. Then the
Monte Carlc code was modified in determination of direction cosine of
neutron scattering by using random numbers instead of a mean value,
which gave 2~3% higher K,¢g'S for nitrate solution systems, comming much

closer to the experimental ones.
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KENO-IV Monte Carlo Code, Multi-Group Constants Library
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Table 2.1 Brief Description of Calculated Cases
Case Number of
Brief Deseription
No, Calculation
A Critical Mixed Oxide (UO,—-P O,) Fuel
1 12
Lattice Moderated by Borated Water
Water Storage of Power Reactor Fuel in
2 21
Close Proximity
An Array of Compacted . Low-Enriched .
3 10
Uranium Oxide (U,0,) Packages
An Array of Beryllium Oxide Fuel Pins in |
4 18 ?
Uranyl Nitrate Solution ]
Plutonium Nitrate Solution of High Fissile :
5 15 :
Content Poisoned with Gadelinium
A Critical Assembly of Mixed Oxide Fuel
6 5
Pins Imnersed in Water ;
An Array of Tin Cans Containing UO, -Alcohol - i
7 : 390
Siurry
A Suberitical Assembly of Slightly Enriched 01
8
Tubular Uranjum Slugs
A tomogeneous System of U+FP Nitrate i 0
9 i 4
Solutivn Containing Gadolinium
Subcritical Clusters of 235wt % and 425wt
10 % °®U Rods in Water with Uranium or Lead 20

Reflecting Walls
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Table 2.5 Fuel pins from the EBOR elements

Isotopic composition of uranium (wt %):

234y 0.42
235y 62.4
236y 0.29
238y 36.9
Fuel pellet:
Diameter 0.327 in. (0.831 cm)
Height 0.427 in. {1,085 cm)
Fuel length in tube: 76 in. (193 cm)
Hastelloy X-280 cladding:
Qutside diameter 0.375 in. {0.952 cm)
Inside diameter 0.020 in. (0.051 cm)
Helix (on outer surface of clad):
Width 0.C62 in. (0.157 cm)
Thickness . 0.020 in. (0.05] cm)
Pitch 7.5 in. (19.05 am)

Fuel composition:
U(62.4)02-Be0 homogeneous ceramic

50.2 wt % uranium
43 wt % beryllium oxide

Minimum density: 94% of theoretical

235U (average per pin determined from transfer data 1or those
elements used in experiments): 156.27 g

235 Jtomic ratio: 13

Be:



JAERI-M 9859

*$IUID || SEM 40103 jad 4330M 403 93tuluL A[AAL]D842 UP yIiM ad133R1 SLyl 30 A1LALIoRau @yl  cu
. ‘uoiysaatp urd-g 3yl cwfwsu §36°1)
‘Ul $29°0 PUR UOL3ID3JLp uld-g| ay} ut suid uaamiaq (Wl $pSL) CUL 89O Sem ucileaedas ddeypans beaase yy Y
©1ea13t4ogns A13ybl (s a49m suld zg *buideds 3dt3ieg sy iy ol
‘W3 £°19- SEM J4DjEM Y} UIYM [RILILJAD Sem suld g7 JO BdLIIRL YW %
W) BE- SPM J3TEM Y] UIYM |BILILLD SBmM suld g/ O A3lle| v g
WY ¢ Q9- SEM a371em 3yl uayM [ed13td4d sem suid 9g 30 @d133ep y A
. *A311921314D
-QRs UL PaINnsad uld Su0 0 [RAOWAJ ‘{any 8yl 30 dOJ Ay} MO{IQ |IAI| JLIIBM BY] YILM [¥ILTLJD SEM AJ13lel Stuy
WY £TO%- SeM J4IJEM Iyl uaym ted1qLJad sem suid £22 j0 ad1llel Yy @
*1any 3yi Jo dol ayl molaq sem 1ybLay aIrem ayy
uaym A311€213140 padnpoad 3aow urd Jus pue AILLEILILAIGNS U} PAJLNSIL ADLIIP| [EILILJD Y] JO) PIIR[NGeI JIqunu
Yyl ueyy $s53| utd auo tsuid jo Jagquny |BDL3L4D ay3 bupjlayoeaq Aq pajeinisod Som 22113101 Sty 4O AIL1ed13.ad 3yy Cp
. ’ "pajquasse A||enide asoyl aqe su:id
19n; 40 SSBW pue Jaqunu 3yl 'lestitis 03 uoljejodedixa apn|daad 07 |eD13t4IQNS A(JUILDLSANS SBM ADNITIP| Syl O
*juswabuesae 3d(33e] [eN}IE Iy} J0j QF I|Qel @IS °Q
: TSS3URIIY)
XL(3y 3y3 adiM3 se yonw se £q uid e jo bBuideds [eNIDL Y] WOJJ JBJJIP PLNODI YILYM *3J1)I0| B ULYIIM UC)IR.PdIS
abeaare an13d3349 ue Ul PAI(NSIJ S4IIEAS BYJ 03 UOLIL|AA YItM XL|3Y 3yl 4O UOLIPIUILJO WOPUR: Jy) :3dNjaeg
YOR3 JO SUDLSUBWLD BPLSIND IY3 JO SJUBWAUNSEaW (] IN0Qe 1O 3bPuaAp ay) wouy parLsap $1 uoyjeaedas pajandas ayp e
it r{ANE! wé el- unn Z6r°C 092t {1170 L6270
] 00° sl %¢.o_- uom .xmmm.c mev.m xmomJo. yovsl
6 {6721 el vE- cf8 BL{L'1 96672 ¥og o croTe
{ t0 2l YRS M Yy v60"1l  6LL < 61470 928° 1
8 el 1t _.uﬁm.m_v 1 pSdL {86°0 {0572 21970 res i
L £l 46°E- Y4 {88°0 £927¢ 218’0 ooty
9 6172l y'pl2°SL} y* p8L 968°0 9/2°2 12570 £2€°1
5 gz2'¢l epl2isl) 6pS8 8L°0 66671 21970 are- |
14 #6751 um.ﬁm- mmo_ 989°0 2vi°l {1e'o 0eL°C
£ 95712 B 0¢ 8E1 985'0 BBYL lez'e 9€9°0
FA 89°pE a*pl2°5t) avpeel 1AV F A | $LO 062°0
t ,{£°65) 1®2£3142GnS %83 S1P°0  ¥50°1 0¥0°0 20L°0
{n 30 b {w3) : ) T T O
Jaquny 5e2 SSey {ang aAoqy IYI1aH sutd j0 {*u1} (w2) {*uy) (u}
aou_uuaA [eaLitay J33EM [BIL7L4) A3quAy L ed3LILdy m:o_uugmawm NESITEY u:o_aquqaom Apyang

4ojem ut sutrd jeny WOgHA IO SeI1313®T 97 °1qwml

11



JAERI-M 9859

-2 49quny @313187 woay urd Jaua0d e Glitaowas Aq pasnpoad sem ¢ aaquny quuumd

LN EE PR PR )
-m [ P LY AL R =R PRV 8
PR TR TR S N TRV TN

YR

. Ay,
EELRLIESN ¢ R
[ERLR RN RN

GO D DO

' COR000
[ENUNCRUNLN 1)
DOONN 00

RPN S0 IR L 4 ) -
[T TR I RV R TR, RTRLY S s WY& % N N

Voo LOALDOVWOOO0OD

CQODOLUOLODLOGODGOD

0CO0e00O0OUCC000000
0000000 LOO000ODOOD
0000000000000 C -ﬂ.
o000 200LVLOVIDUGOOD

‘ “("ui G§/6°0) WO By 2 SeM pajuasut adam sutd 8Ny Y] YaLym ojul sajetd prab

3yl ul SOy 3yl 40 Burneds J4ajuad 3yl J3put (KD Byl 40 woll0q By} droge (Tul g) wO |Z SeM sutd
[an} 3y} ;0 wojjoq Ayl -3ybiay (1N} SIL 03 SIPLS PuR WOIJ0G 3Yl U0 43JeM O SSIUNDLY] Aluijul
"pappe 9J43M SUOLIN|0S AYl YdLym 03 Japul|hd |33ls
$SALULRYS {welp--ul-(2) wWeLp-wd-g' (G € Ul pajunow 343m S3ILIje| QELS 3y Buiseds saje|d ptub ayjy

A13A131293}3 ue AQ pajda|joa Sem aapul{fd siy]

"uGLIn|0s snoanbe uy ‘ajeiadoddde se ‘n

gpg 10 U040Q 431D 0} 43j3J UDLIRJAIUIIUOD 4O SIN[BA 3Y)
S1E°0 Coath +
v 6 8L702 tel 89°¢ 2€on)%0(9°26)n
5 _ 6721 €8 89°¢ 2(Eon)%o(9-26)n
b 0 81°02 €€l 061°0 Eoatu
of 0 991 £LL ¢ ¢
2 21 18 Z1 Pl 6£0°0 ogtH
l { Ly Sl 66 -- 43710M
%w%ww (6%) (49311/6).
pabiaugns 40 suid ut 23n10g 40
JJuaudbue..y £11AL1003Y Neea qUtd_Lond U0 3B43UIIU0Y uo13|soduo)
3317307 $$30x%3 J0O SSey 30 1aquny 10353}y /103 843p0y snoanby

suorynjos snoanbe ur surd (eny YOYH Fo $92133®I qB[§

L' 2l4=l

_lZ,A



JAERI-M 9859

Table 2.8 Critieality of GdyO4 —Poisoned Plutonium

Solutions'®)
Concentration Critical Values GAMTEC-KENO
Plu:aniun.(b) Gadclinium,  Height, Volume, Mass, Computed
g Bu/i g Gd/L cm L kg Pu keff
116 .0.00 15.44 45.17 5.240 0.993
116 0.48 20.16 58,98  6.842 0.980
116 .96 25.98 75.99 8.815 0.980
11s - 1.42 34,48 100.85 11.698 0.978
115 1.92 48.28 141.24 16.383 0.976
_116 2,38 80.37 235,10 27.2712 0.983
363 4.50 26.52 77.56 28,192 0.977
363 5.28 28,07 82.08 29.838 0.986
363 6.28 2%.62 86,65 31.497 0.997
363 8,21 32.84 96.10 34.932 0.984
363 9.88 36.04 105.40 38,311 0.992
363 12.85 41.02 120,00 43.608 0.985
363 15.55 46.76 136.76 49,714 0.985
363 18.4 53.70 157.05 57.089 0.977
363 20,25 59.36 173.63 . 63.113 0.985

b.

2&—1;.\. diameter, water reflected, cylindrical vessel

Chemical snalysis — 116 g Pu/f, 1.85M acid, 238.9 g NO3/2 total,
1.2552 sp, gr.
= 363 g Pu/t, 4.1M acid, 63.1 g NO3/2 total,
1,7010 sp. gr.
Isotopic analysis, wt¥ - 238y = 0.044, 239y = 90.677, 2%0pu = 8,319
241lpy w 0.851, 242pu = G.049
Table 2.9 Experimental Criticality Data Water
Flooded Type 3.2 FTR Fuel Pins
SQUARE
EXPERIMENT  LATTICE LATTICE CRITICAL
REFERENCE PITCH  WATER-TO-FUEL WIDTH MUMBER OF
NUMBER {mm) (VOL RATIO}  [FUEL PINS) FUEL PINS
QO03R 7,696 169 3 1037+ 1%
005 9,677 3.49 28 605+ 1
01 12.446 6.68 18 219+ 0.6
004 15,392 10.96 18 20505
006 19.355 18.14 14 162 £ 0.5

fa INCLUDES 65 TYPE 3.1 FTR FUEL PiNS ON A 15392 mm LATTICE
PITCH POSITIONED ON EITHER SIDE (36 ON ONE SIDE AND 27 ON
THE OTHER) OF A 27 x 36 FUEL PIN ARRAY OF TYPE 3.2 FIR FUEL

PINS AT A 7.696 mm SQUARE LATTICE PITCH.

__13.._.



Table 2.1 0

JAERI-M 9859

Description of Fissile Units of U(9315)0,

Container Type

I II III v
Container
Number“of containers 196 18 9 9
Inside radius, cm 3.735 7.65 6.76° 6.76
Inside height, om 11.59 21.76 25'1‘5; 25318:;
Wall thickness, cm 0.055 0.03 0.03 0.0
Average weight, g 128 360 341 3k1
uo b ad d
%-Ieight, cm L.48 b 19.76° 17.87 17.87
Density, g/cm® 2.144 . 5.505° 6.628 6.628
Mass, g 421 20,000 17,000 17,000
Uranium Analysis,
g of U/g of W0, 0.875k 0.8780 0.8780 0.8780
C HO - 5% H,0 in U0, Region
Density, g/cm® 0.3458 0.34%8
Mass, g T11.5 T11. 5
H/?25U Atom Ratio 1.5% 1.5%
CHgO 54 H,0 Layer Above Oxide
Height, cm 3.349 0.53¢
Density, g/cm® 0.8020 0.8020
Mass, g 361.5 61.5
Total Alcohol Mass, g 1,073 773

a. The thickneas of the top was increased to 0.05 cm to allow for extra
steel in the friction closure 1lid.

b. Height variations of x20%were measured, in 9 cans.

The density is also

uncertain by +20%. The dimensions and density result in the mass of

421 g of oxide.

c. The contairer was vibrated until 20,000 g filled it witlin 2 cm of the

top prior to sealing the rolled edge lid closure. The height was not
measured accurately.

The height of the liquid layer and the an waS'carefully messured at
the conclusion of the experimentasl program 15 days after filling. The
final two experiments with Type IV containers were done following
removal of 300 g of alecohol.

The density of oxide becomes 4.999 g/cm® if the oxide completely fills
the container. The calculations of k described in Table 2. for arrays

of this container use this density vaing. See di@cussion'in text.

_14._.
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Table 2.12 Experimental Results
VHZO/VU A, cm B,j , uB Array X2 uB K
45 3013%14 0.913
5%5 0553 8 . 935
27778 6.3 240716 j 6 %5 ?476i 7 8950
lﬁxﬁ 8011 4 0.96 4
{ 4x%5 2734130 0921
5x5 1702317 0.945
23358 6.5 3146146 655 L1087+ 7 0.96 0
6 X6 47341 s 0.9786
[ 4x5 27611 5 0.921
- 5Xx5 1723411 0.945
; 5 4
20018 7.1 3325%¥110¢ o702 1127+ 4 0960
6% 6 467 3 0.978
4X5 3015%29 0.914
- . . 5X%5 1990*27 0.938
7468 .7 3499163 | 6x5 1374424 0.953
L 6Xx6 736x 3 0.269
5%5 1630% 5 0,947
65 10782314 0.961
1.881T 7.1 35981L109¢19 assyhex2660 31 0.923
31 » »# 6351 9 0.971
37 4w 521 3 0.986
Table 213 Criticality of Pins in
Gadolinium-Poisoned Sclution
Experiment Critical Height Gadoelinium L
Number (em) (g L) ({KENO-ENDF. B-M)
115 19205 0.02 Lo021+t 008
116 23066 0.25 8 1019+ 08
117 28227 0.515 1010+ 007
119 45753 1040 1.0042 007
120 64306 1.28 ¢ 1.000L 0ouse
122 68862 1.338 0.L998L 005
Chemical Uomposition Lsotopic Cemposition of Pu
of Solutien and U in Solution (wt %)
Pu 7T763g. 4L Plutonium Uranium
U, ;f“”gzﬂ 235 93846 234 0006
50 o gjﬂ 240 5715 235 06605
a0 _84g/£ 241 0.3 67 236 0012
° 5 g gt 242 0057 238 99317
H, 17g 238 0015

Sp. gr. 1463g/crns
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Table 2.17 Effect of Boron and Gadolinium on Criticality, of Homogeneous Systems

(U+Pu Solutions in 61 em Diameter Water —Reflected Cylinder)

Critical Py y Tolal K
Exp.  Height Conc.  Conc. Actd 3 Spacific Gd B eff
Date Ho. {cm) (g7t} (mft)  Iolarity  {gftp Gravity (a/t)  {n/:} EGGHIT(TEMPESTIKEND
4-7-75 1318 18.13 B5.0  182.5 1.55 320 1.433 0.04 0. 0.990 - .nog
4-.9-75 138 13.65 B4.9  182.2 1.61 m 1.43¢8 6,08 5.1 1.003 - .0M
4-11-75 1398 19.68 84.8  182.6 1.67 50 1,433 0.04 9.3 n.9352 - .006
4-17-75 140 21.13 84,3 182 1.75 296 1.438 0.128 0,7 1.30R 00K
5-20-75 145 32.16 82.8  180.6 1.95 309 1.443 0.293 0.0 1.007 + 095
§-22.75 146 - 43.03 82.2  179.5 202 319 .46 0.388 1.2 1.003 + .003
5-26-75 147 52.12 Bi.2  180.0 2.18 32 1.447 0.424 1,35 0.988 - .00
5-16-75 150 57.83 81.0  180.4 2.09 315 1,451 8.519 1.5 0.9 - .004
7-11-7% 181 75.44 81.0  180.3 . k1 .1.452 0.537 1.54 n.992 - .N04

Table 2.18 Experimental Data on Clusters of 2.35 wt% and 4.29wt % “®U Evriched U0,
Rods in Water With Depleted Uraniun or Lead Reflcting Walls(®

2.35 wi% ENRICHED FUEL 4 29% wi% ENRICHED FUEL
CRITICAL SEPARATION CRITICAL SEPARATION
DISTANCE BETWEEN BETVWEEM FUEL CLUSTERS (&) BENWEEN FUEE CLUSTERS Id}
REFLECTING WALLS FUEL CLUSTERS URANIUM LEAD FUEL CLUSTERS URANTUM LEAD
AND FUEL CLUSTERS (b} 20.32 mm SQ. PITCH WALLS {e) WALLS (!} 25.40 mm SQ, PITCH  WALLS (el WALLS [0
(mm} {c {mm) {mrm) . (3] ) {mm} {mm)
¥ 3-19x16 1183202 1384101 31-13x8 1538+ 00 2062201
6.60 £ 1.02 3-19x16 - 1372+ 0.1 - - 2078202
13.21 £ 0.76 3-19x16 1333 0.1 - - - 1904+ 02
19.56 £ 1.02 3-19x14 1411201 - 3-12x8 153.2 2 0.1 th) -
26,16 £ 0.76 3-19x10 137002 1125408 - - .
31121076 - - - 3-13x8 18054 0.5 .
54.05 + 1.02 3-19x15 106902 - 3-13x8 1349+ 02 1030+02
106.76 £ 1.52 3-19x16 85,6 + 0.2 - . ' - -
o 3-19x16 _ 831+04 811204 3-13x8 2403 824103
o 3-20x16 (g 13+02 913202 - - .

{a) ERROR LIMITS SHOWN ARE ONE STANDARD DEVIATION

{b} PERPENDICULAR D) STANCE BETWEEN THE CELL BOUNDARY OF The FUEL CLUSTERS AND THE REFLECTING WALLS

{c) NUMBER OF FUEL CLUSTERS, RODS LCNGxRODS WIDE, ALIGNED IN A ROW

{6) PERPENDICULAR D!STANCE BETWEEN THE CELL BOUNDARIES OF THE FUEL CLUSTERS

(e} WALLS76.5 £ 0.4 mm THICK

(fh WALLS 102.0 £ 0.3 mm THICK

{g) CRITICAL SEPARATIONS OF 91.3,91,6,91.5, AND %1.8 mm CBYAINED IN PREVIOUS EXPERIMENTS AT THIS
LATTICE PITCH, NO PRESIOUS MEASUREMENTS WITH THREE 19x18 NOD CLUSTERS

th) A SINGLE FUEL CLUSTZR, § RODS WIDE, WAS DETERMINED FROM EXPeRIMENTS TO REQUIRE 101.5 20.5 RODS
FOR CRITICALITY ' ’

._.‘2 l_
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FUEL SPECIFICATIONS: 2.35% ERRICHED UO2

FUEL RODS
1. ROD DIMENSIONS

FUEL: 0.44" DIA CLAD: 0.500 0D X 0.030" WALL

0.500; DIA

2.0" 36.0"

38.5"

2. CLADDING: 6061 ALUMINUM TUBING. SEAL WELDED WITH A LOWER END PLUG OF
5052-H32 ALUMINUM AND A TOP PLUG OF 1100 ALUMINUM.

3. TOTAL WEIGHT OF LOADED FUEL RODS: 917 gm {AVERAGE)

FUEL LOADING

1. FUEL MIXTURE VIBRATIONALLY COMPACTED.

2. 825 gm OF UD; POWDER/ROD, 726 gm OF U/ROD, 17.08 gm OF U-235/R0D.
1. ENRICHMERT - 2.35 * 0.05 w/o U-235.

4. FUEL DENSITY - 9.20 gm/cm3 (84% THEORETICAL DENSITY),

Fig.21 U0,—235%""U Fuel Description

FUEL SPECTFICATIONS: UDz - 2 WTZ Pu0p

FUEL RODS
1. ROD DIMERSIONS
FUEL: 9.505" DIA CLAD: D.565" OD X 0,030 wALL
S L
-....-.-31 A . AT
Q.s u o K =
,55 DRIty G s L S, ~ U0, POWDER
f 7/ f _,_I
M H=-0,275"
0.375" 36,00 i
36.60"

2. CLADDING: ZIRCALOY-2 TUBING WITH PLUGS SEAL WELDED AT BOTH ENDS.
3. TOTAL WEIGHT QF LOADED FUEL ROOS: 1340 gms {AYERAGE}

FUEL LOADINGS

Puls KIAED IK NATURAL U0, AND VIBRATIONALLY TOMPACTED.

112§ gms OF UDp-Pudz MIX/ROD.

CHEMICAL COMPOSITION WTZ: Pu/Pulp = 88.1 U/UD; « B8.0 PufMIX = 1.760.
Pulls 15 2.00 WT% OF TOTAL MIXTURE.

FUEE DENSITY - 9.54 gm/ce (87% THEORETICAL DENSITY).

U0s POWDER AT THE £ND OF FUEL COLUMN.

THE 1SOTOPIC DISTRIBUTION OF PLUTONIUM

e Rl L R L
e e e

g1 (NOMINAL)Z %Py
ATOM FERCENT
31.615 330Pu
7.654 241Pu
g.701 242Pu
£.031 Py

8. ANALYSIS DATE: JANUARY 1965
G. SEPARATIONS DATE: APRIL 1962
10. 241am CONTENT: NOT KNOWN

Fig.2.2 UOZ—Zwt%PuOZ(S%M)Pu)FueI Deseription
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1« 3 5 7§ it 13 15 7 i3 13 25 27 2% 3/ ¥3F 2837 37 4t 43 45 37 9
0.615-INCH UCI2 CORE, UNBORATED, GAMMA SCAN IRRADIATION
Top Reflector thickness 6.0 inches. HModerator Temp. 21.90 °C
Excess Reactivity 6.88 cents. pBoron concentration, <1 wpom.

Humber and Type of Fuel Rods in Core: Top Reflectar thickness during

UG,-2.35% 23%y__ 7o Irradiation 6.0 inches.
A=Axial Scan D=Decay Rod
Bogs = __6.99 x10”3 N=tormalization Rod

Fig.2.3 Example of Fuel Pins Loadirg Pattern
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KENO Model of Critical Experiments
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Fig.2.b Example of Core Loading Diagram — Nine Arrays
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Drwg. Not To Scale

North South
/ Oxide Cans \ —+—— Reflector
Void - X
For
Driver
®\ Driver 1/ @

G5) Support — G912 _—»]
— 915 —M & T S
—— e = S 224 ———p
— 1857 ———— @

&) N/ poo oY
@d——"? H d k |
{1884 .'4 1880 ———@——L_" — 10
B & 1 i
! . — — 10
' Haorizontal Table Base @ :
) 3
Fioor
Table In Open Position

Fig.2.6 Critical Experimental Facility of U;04 Array

WATER ]

i

A

rd

T

U+ Pu
SOLUTION

| "]

IR VENT
=

3

DUMP VALVE & LINE

Fig. 2.8

Schematiec Figure of Experimental Set up

,u2 5_

e TAMPER TANK
102cm DIAMETER

. SS SOLUTION VESSEL
— 6lcm DIAM. x107cm HEIGHT
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"—‘_ R
5.0420 t
| 237 lj.i mm TYPE 316 STAINLESS STEELEND CAP
/, TYPE 316 STAINLESS STEEL 5.0800 £ 0.0127 mm 1D CLADDING
Bez.1 x 0.5 mm TYPE 316 STAINLESS STEEL PLENUM
4.9022 + 0.0254 mm 0D TUBE
(L1397 £ 0.0127 mm WALL THICKNESS
Y
o Q8052 mm DIA, TYPE 302 STAINLESS STEEL
125.5 mm SPRING OF 2.7264cm3 MAXINUM VOLUNE
|
~ie -
LLal B sal
o f o INCONEL 600 REFLECTOR
S| = 1M.780 £ 0.12Tmm 4 133 + ,0127 mm DIA.
1
2|2 1 20320 * NATURAL UO7 INSULATOR AT 10.42 # 0.22 g fcm3
3|3 ¥ L0l6mm A.8260 + 0.0635 mm DIA, (RDTE 13-74)]
-+ H
[ =
2§ FUEL PELLET STACK (RDT EI3-5T & 671!
Sis 4940 Q0381 mm DIA. X 5,2070 £ L5080mm LONG PELLETS
BRI 7. - TYPE3) . TYPE 3.2
: W% o Pu 00365 (MAX) 00297 (MAX]
. W% Py 205508 0116 16,9653 * 0.0964
o 514400 £ 3.810aM g5 P 28046 (BALN) 2.2733 (BALN)
] L wt% 5o Puld) Q609 2 .05 0499 + 00028
] W% cPu 0.0853 (MAX) QL0694 {MAX)
. W o Q4547 0.4853
w% %y 63,5857 678638
0 1L5728 118143
glem® PELLET  9.903 9,9%4
gicm3 STACK  9.783 £ 0318 9830 £ 0,320
. 10um MAXIMUM PARTICLE SIZE )
§ 2030 %  NATURALUO, INSULATOR AT 10.42 £ 022 fer®
T_ 4.8260 % 0.0635 mm DIA. \ RDTEB-74)12)
INCONEL 600 REFLECTOR
' ‘“'mf *RIZIMM - 8133 £ 0.0127 mm DIA.
' an6mm ' TYPE 316 STAINLESS STEEL END CAP

@} CEFERENCED DIVIS ION OF REACTOR DEVELOPMENT AND TECHNOLOGY STANDARD
b} 201am CONTENT OF TOTAL PLUTON [UM WAS MEASURED TO BE 0.13 wi% DURING APRIL AND MAY OF 1972
(€} 55.6 mm FOR TYPE 3.1 FUEL PINS

Fig.2.9 Simplified Description of Fast Test
Reactor Fvel Pin

_2 7.._
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SOLIO STATE TRACK RECORDER REFERENCE BAR %

SSTRs
NOS. 1,23

SSTR
NO, 4

SSTR
NQ. 5

D0000Q000C0O0C000
0000000000000 0e
000000000000 000
e000000080O®0000

006000000000 000000

wleevsosoeosocoococecooec

008000 O0GC0000OO0HO0
0000000000000 00080
2000060000000 0QGO0OAS
009000000 M00300080

Lloeoeeoono00OGoOR@000

000000600000 0Q00000C
0800000000000 0600090
0099008000 O0C000QH600
e0800GH0000000008¢C

X|lewooeeoevoo00000O0CSRAOOO

e00CO0O00CR0000000000
0900000000000 0008200
880080008000 00000000
09890 @0000000600000

slobeooeoceo0coco0e0e00e

0000000600000 06000
00'0.00.000000009.
8000806000000 00600C8S
009000000000 000G0S

}UO0.0.000DOODOOOOOO

080080000000 QO0CO000
0000000000000 00000
0000000000000 00000
ne0eOeleCel00600600

5l00000000C0OC0O000000

0e0e08e80000000C009

2000000000000 000
oY XoX-XoX JYoX lloN Joi-Joi RO J
00000000 O000000
o)X 2oL 1ok JoX-l[o} XeX-Jeoi Joj
aYeleJeloJolololiofelofoRoloRoks
o000O00ABOCOC0OR00
0000000000000 086
ao00c00G00CEORO0GE
Q0000008000008 00
60600 000G00000000C
200QOOO0CODO0000O0
9995000000030 00
o000 0GOCOeOGeO0O0OE
P0GQ00000/08000000
0000000GO00COOO S
G00O00eOB0ODBOOOE
098000600 00000008
20000Q00C0GCO0COODOOOO
00000066000 Q0Q00
0000 QE000J300G S
0000000000008 000
0200000000000 00S
690000C080000Q082
no0o0O0OOOOBRMOOQCOCOOE
0000000000000 0Q0S®
00000000000 ODOBO0
800008000000 0D00009
0000000000000 0S
20000000C0O00C0O0C0G6S
9000000000000 080S
0000000 0C00OOO0H0D0
Q0000000000000 GE
000DOOOCIOCOO0000

Yok :Nok -l ok JoX. Yok Roi.)

o -Jok lioX Kok JeoX Jo) |

15.392= 0.127T mm

95.2: 0.5 mm

1952+

4
j0%= 0.12T mm

5 10 15

Qb ¢\ [VATIONS OF THE SOLID STATL TRACK RECORDER 1SSTRI REFERENCE BARS ARE 1065.61¢ L5Z mm
AND 8624t 2 1.59 mm ABOVE THE BGTTOM OF THE FUEL PINS FOR SSTRy NO. 1 AND ? RESPECTIVELY.

%

0eo
0000000000000 000
cCeoo

X

3

THE REFERENCE BAR FOR SSIRs NOS. 3, 4 AND 5 1S AT AN ELEVATION OF 659.21¢ 2.0 inm ABOVE
IHE BOTIOM OF THE FUEL PINS. SSTRs NOT IN ASSEMBLY DURING APPROACH TO CRITICAL

Fig.2.10

FIR FUEL PINS OCCUPY
SHADED LOCATIONS

Layout of Critical Experiment(Experiment Na 003R)

[/ Nala
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Fig.211 Photograph of a2 7TX7X2Array of 421¢g
‘ Fissile Units of UO,

Fusl Conients

| oo win 2By
0024 wrs 23
99.076 wi% 23%

ASSEMBLY GEOETRY

Fig.2.12 Assembly Geometry
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!!!!ll[ PITCH

TRIANGUL AR MTCH=
RECTANGUL AR AARAY

TRIANGULAR PITCH LOADING COMFIGURATIOM

SQUARE PITCH LOADING CONFIGURATION

THIANGUL AN PITCH -~
HEXAGONAL ARRAY

TRIANGLE PITCH LOADING CONFIGURATION

Fig.2.13 Loading Configuration

’ /AlR VENT

* $S SOLUTION VESSEL
//ﬁlcm DIAM. x107cm HEIGHT

e U+ Pu [ TAMPER TN:JK

LA

=

DUMP VALVE & LINE

Fig. 2.14 Schematic Figure of Experimental Set Up
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20815041835 mm T
80A1 - T8 Al ANGLE )
e 305 mm {mint —d X5 mm imint
4 B mm
4 +
3 COC0DO00C0000 B4 mmIE 96 mm
9ge g 9.52 mm THICK v Ed
\ ! ol | CARBOM STEEL TANK 1CAL
) 8 \
Y Y
i W / 1 0 0 SARLEY &ND
™ CONTROL ELACE
\ GUIDES
SAFLTY BLAGE CUIDES LA
4 . 5 :‘-:
b= oN = WATER LEVEL
-5 C. =‘ > | - R R
= : = -
- 00000Go0Lo0C000 =
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ENRICHMENT - '2.35 + 0.05 wt 235U
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Table 3.1 Energy Structure of MGCL 137 and MGCL 26.
Group Group
S Upper Energy | Lethergy fa Upper Energy | Lethergy
26 | 137 Boundary width AU 26 | 137 Boundary width AU
Gr | Gr Gr | Gr
1 16,487 MeV 0.125 38 161.63 KeV 0.125
2 14.550 0.125 39 | 14264 0.125
3 12.840 0.125 40 | 12588 0.125
4 11.331 0.125 41 111.09 0.125
, 5 16.000 0.125 4 4 2 98037 0.125
! 6 8.825 0.125 4 3 86.517 0.125
7 7.788 0.125 4 4 76.351 0.125
8 6.8729 0.125 4 5 67.37% 0125
9 6.0653 0.125 46 59.462 0.125
10 53526 0.125 47 52.475 0.125
11 4.7237 0.125 4 8 46.309 0.125
12 4.1686 0.125 49 40.868 0.125 °
13 3.6788 0.125 50 36.066 0125
14 3.2465 0.125 _ 51 31.828 0.125
15 2.8650 0.125 > 52 28.088 0.125
16 2.5284 0,125 53 24,788 0.125
2 17 22313 0.125 34 21.875 0.125
18 1.9691 0.125 55 19.305 0.125
19 1.7377 0.125 a6 17.036 0.125
20 1.5335 0.125 57 15.034 0.25
21 1.3533 0.125 6 58 11.709 0.25
22 1.1943 0.125 59 91188 0.25
23 1.0540 0.125 60 7.1017 0.25
24 930.14 KeV 0.125 61 5.5308 0.25
25 820.85 0.125 6 2 4.3073 0.25
26 724.40 0.125 6 3 3.3546 0.25
27 639.28 0.125 6 4 2.6126 0.25
28 564.16 0.125 7 6 5 20347 0.25
3 29 497.87 0.125 6 6 1.5846 0.25
30 439.37 0.125 6 7 1.2341 0.25
31 387.74 0.125 6 8 961.12 eV 0.25
3 2 34218 0.125 69 74852 0.25
33 30197 0.125 70 582.95 0.25
34 266.49 0.125 71 454.00 0.25
35 23518 0125 g ! 72 1 13349 0.25
36 | 20754 0.125 73 | 27536 0.25
4 137] 18316 0.125 74 | 214.45 0.25
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Table 3,1 Energy Structure of MGCL 137 and MGCL 26 { continued).

Group Group
fa Upper Energy | Lethergy o Upper Ener— | Lethergy
26 | 137 Boundary width AU 26 | 137 | gy Boundary | width AU
Gr Gr Gr Gr
8 75 | 167.02 eV 0.25 17 | 110 029792 oV | 270m sec
76 | 130.07 0.25 111] 027699 270
77 | 10130 0.25 18 | 112[ 025683 270
. 78 | 78893 0.25 113 | 023742 270
79 | 61.442 0.25 114 | 021871 270
80 | 47.851 0.25 19115 0.20080 270
81 37.267 0.25 116 | 018378 270
82 | 29023 0.25 117 | 0.16743 270
83 | 22603 0.25 20 {118 | 0.15183 270
Lo 84 | 17603 0.25 119! 0.13700 270
8§85 | 13710 0.25 120 | 012293 270
86 | 10677 0.25 21 | 1211 010962 279
g7 83153 0.25 122 009708 270
88 6.4760 0.25 123 | 0.085295 270
g9 5.0435 0.25 22| 124! 0074274 270
11 90 39279 0.25 125 0.064015 270
91 3.0590 0.25 126 | 0.054518 270
g2 23824 0.25 23 | 127§ 0045783 270
93 1.8554 0.125 128! 0037811 270
12 94 1.6374 0.125 129 ] 0030600 270
95 1.4450 0.125 24 1130 0024152 270
96 1.2752 0.125 131 | 0.018465 270
13 97 1.1254 0.125 132 | 0.013541 270
98 | 099312 0.125 25 | 133 0009379 270
99 0.87642 0.125 134 | 0005979 270
000 _ 0.77344 0.125 135 | 0.003341 270
101 | 068256 0.125 26 | 136 | 0.001466 270
102 0.60236 0.125 137 ] 0000352 270 |
Y2 1103 0.53158 0.125 |
104 0.46912 0.125
103 0.41399 270 m/ sec
16 { 106 0.38925 270
107 0.36528 270
108 0.34206 270
T 108 0.31961 270
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Table 4.10 Comparison of Measured and Calculated
kEff for Case 8
Measured Calculated keff
Ha. Vo Yy | Array
z K, MGCL (26-Group) |MGCL(137-Group)
1 4X5 0.913 0.9502E£00037 0.9380FX00032
2 5%5 0,935 0.97209T00034 0.581T0.¢035
27717
3 6%5 0.950 0.9893T0.0032 0969700032
4 6 X6 0.964 1.0183+t00033 0.6889F00032
5 45 0.921 0.,9618X0.0033 0.9426+00032
6 5X5 0.945 0.9995+t000209 0.0691+00037
2335 _
7 6x5 0.960 1.0043+t00033 0.28611t00037
8 6 X6 0.976 1.0327%00031 1.0651FX0.0035
g 4 %5 L9921 0967800036 0.9435X00034
10 5%5 0,945 0.9943+00035 0.9730k00031
2001
11 6 X5 0.960 1.01161t00037 0.9835L00032
12 6 %6 0.978 1.0407+00034 1.0011t000356
13 41x5 G.914 0.9555+00032 0.9305%t0.0031
14 5%5 0.938 0.9947T00032 0.,9595X00035
1.746
15 6X5 L9523 1.0100F0. 0034 0.9874200030
16 6 %6 0.9609 1.0261 100034 1.0078%0.0033
17 5x5% 1 0947 . 0.9822+00033°%
18 6x5 " 0.961 - 0.9875+00033°%
19 1.881 19 % 0.923 - 0.9535+t00031°
20 31" 0.971 - 0.9992+t00036°
21 37" 0.986 - 1.0154+00031°

a) + Triangular Pitech— Rectangular Array

b) 3 Triangular Pitch— Hexagonal Array

¢) ;s Calculated with a model

by water

in which plexiglass

is replaced
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MEZAN VALUR

<K-EFF> = @ 99878 * 6. 01445

FREQUENCY

0. 978 LA 3] [ BN 131 1. 90% ioals i BES 1. 03y
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Table 5.2 Comparison of Original KENO— and Revised
KENO—-F with the Same Library MGCL for

Lattice Assembly in Water

Case
P Original KENO—f Revised KENO-N
0.98981+00039 LO108£00040
1.0148L00036 1.0197%00038
1.0158£0.0035 1.0141+0.0035
’ 09979100040 1.0080L0.003686
0.9958FT00041 LOU37T00041
1L.0056FX000338 10223500042
09909100039 1.0006T 00036
0.9862400037 1.0063L0.0034
0994000036 1.0049%7000409
09801400034 100631000338
10 0.9901F¥00033 1.0157+£0.0038
0.97951t00038 1.0009L 00040
L0016%00044 .U223F00039
1.0034F00041 1.012720.0039
£0031£00044 10181300039
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