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VALIDATION OF NCSSHP FOR HIGHELY ENRICHED URANIUM SYSTEMS CONTAINING BERYLLIUM

Abstract

This document describes the validation of KENO V.a using the 27-group
ENDF/B-1IV cross section library for highly enriched uranium and beryllium
neutronic systems, and is in accordance with ANSI/ANS-8.1-1983(R1988)
requirements for calculational methods. The validation has been performed on
a Hewlett Packard 9000/Series 700 Workstation at the Oak Ridge Y-12 Plant
Nuclear Criticality Safety Department using the Oak Ridge Y-12 Plant Nuclear
Criticality Safety Software code package. Critical experiments from LA-2203,
UCRL-4975, ORNL-2201, and ORNL/ENG-2 have been identified as having the
constituents desired for this validation as well as sufficient experimental
detail to allow accurate construction of KENO V.a calculational models. The
results of these calculations establish the safety criteria to be employed in
future calculational studies of these types of systems.
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Introduction

Extensive use is made of calculational methods in applied nuclear criticality
safety to establish subcritical limits for operations involving fissionable
material. ANSI/ANS-8.1-1983(R1988)', "Nuclear Criticality Safety in
Operations with Fissionable Materials Outside Reactors," requires that in the
absence of directly applicable experimental measurements, the subcritical
limits may be derived from calculations made by a method shown to be valid by
comparison with experimental: data, provided that sufficient allowances are
made for uncertainties in the data and calculations.

CSAS25 is a control sequence of the Nuclear Criticality Safety Software (NCSS)
that executes the functional modules BONAMI-S, NITAWL-S, and KENO-V.a. The
CSAS25 control sequence and the 27-group ENDF/B-IV neutron cross section
library has been maintained under configuration control and validated on the
IBM 3033 mainframe computer at the Oak Ridge National Laboratory (NX10). The
validation is documented in'ORNL/CSD/TM~2382.

A copy of CSAS25 as a portion of the NCSS has been installed to operate on a
Hewlett Packard 9000/Series 700 Workstation (NCSSHP) at the Oak Ridge Y-12
Plant Nuclear Criticality Safety Department. NCSSHP is in compliance with
MMES Y-12 software configuration control methodologys. The 27-group neutron
cross section library is maintained as a database within NCSSHP. The
validation has been repeated for the NCSSHP and is documented in Y/DD-573‘.
However, the existing validation does not include critical experiments with
highly enriched uranium and beryllium systems that are documented in LA-2203°,
UCRL-49756, ORNL—22017, and ORNL/ENG—28. Therefore, the purpose of this report
is to satisfy ANSI/ANS requirements for the validation of highly enriched
uranium and beryllium systems in support of ongoing criticality safety work,
using KENO-V.a in the CSAS25 control module and the 27-group ENDF/B-IV neutron

cross section library on the Hewlett Packard Workstation at the Oak Ridge Y-12
Plant.

Code Description

The CSAS25 control sequence reads user-specified input data for the BONAMI-S,
NITAWL-S, and KENO-V.a functional modules. The input data specifies the

master cross section library, the material compositions, the nuclide resonance
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processing information (size, geometry, and temperature), and the detailed
geometry model. Physical and neutronics information not specified but
required by the functiocnal modules is supplied by the Standard Composition
Library or calculated by the Materials Information Processor.

BONAMI-S performs a resonance self-shielding correction to the cross section

. data through the application of the Bondarenko shielding factor method. This
generates a smaller, problem-specific cross section library which is read by
NITAWL-S. BONAMI-S reads the master format library and applies the Bondarenko
correction to all nuclides that have Bondarenko data. However, no data
processing is done in BONAMI-S for the 27-group ENDF/B-IV neutron cross
section library.

The 27-group ENDF/B-IV neutron cross section library is activated in the
CSAS25 control sequence by specifying 27GROUPNDF4 as the master cross section
library name. The 27-group library is the broad-group companion library to
the 218-group Criticality Safety Reference Library; which has been generated
as a fine-group structure library based on ENDF/B-IV data for use in general
criticality safety analyses and shipping cask calculations. The 27~group
library is collapsed from the 218-group library using a characteristic
Fission~(1l/E)-Maxwellian spectral flux shape. Explicit ENDF/B-IV resonance
parameters are carried for resonance nuclides in both the 27-group and 218-
group libraries. These resonance parameters are used by NITAWL-S in the

CSAS25 control sequence for calculating problem-dependent, self-shielded
resonance region cross sections.

NITAWL-S applies the Nordheim Integral Treatment to perform neutron cross
section processing in the resonance energy range for nuclides that have ENDF/B
resonance parameter data. This technique involves the numerical integration
of ENDF/B resonance parameters using a calculated flux distribution, which is-
based on the calculated collision density across each resonance, and
subsequent weighting of the reaction cross section to the desired broad-group
structure. Input data to NITAWL-S, automatically set up by the CSAS25 control
sequence, includes information relating the physical and neutronic
characteristics of the system being calculated. NITAWL-S uses this data to
complete the processing of the problem-dependent master library from BONAMI-S.
NITAWL-S assembles the group-to-group transfer arrays from the elastic and
inelastic scattering components and performs other tasks to produce a problem-
dependent, working cross section library which can be used by KENO-V.a.
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Finally, KENO-V.a determines the effective neutron multiplication factor (keff)

for the physical system defined in the CSAS25 input data using the Monte Carlo
method.

Critical Experiments and the KENO V.a Models

LA-2203

Critical masses are measured for 5-1/4 inch diameter highly enriched uranium
metal cylinders in 1/2 inch and 1 inch thick reflectors. Similarly, critical
masses of highly enriched uranium metal spheres in -2 inch and ~4 inch thick
reflectors are also measured. A variety of reflector materials are included

in this report, but only those cases involving the beryllium isotope are of
interest to this validation.

"‘These experiments were conducted at the Pajarito remote-control laboratory of
the Los Alamos Naticnal Laboratory prior to 1958 using the Comet universal
machine. The machine consists of a hydraulic lift with a stationary platform.
The reflector materials used in these experiments are Be, BeO, or Be and Fe of
varying thicknesses. The fuel is uranium metal enriched to ~93.5 wt % ZSU,
and the experiment is a subcritical neutron-multiplication measurement in
which the two parts of the critical assembly are brought together, thus
allowing a 1/M extrapolation to critical mass.

A total of four cylindrical Be-reflected experiments and five spherical Be-
reflected experiments have been selected from the report for the purposes of
this validation. The report provides sufficient data to generate an accurate
KENO V.a model with few assumptions or approximations. It is assumed that
U(93.5) is 93.5 wt % By and 6.5 wt % ZQU, and it is further assumed that
Fe(SAE 1020) can be reasonably modeled using the CARBONSTEEL data from the
Standard Composition Library adjusted to the reported experimental density.
Where critical mass uncertainties are reported, the lower bound of the data is
used to produce a lower calculated kess, resulting in a more conservative
subcritical limit. No other assumptions are necessary.

UCRL~4975

The critical thickness of Be reflectors are determined for highly enriched
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uranium metal spheres ranging from 10.765 Kg ﬁo 32.654 Kg. These experiments
were conducted at the University of California Radiation Laboratory in
Livermore, CA prior to October, 1957. The reflector materials consist of
hemispherical nesting shells of about 0.25 inch thickness. The fuel is
uranium metal enriched to 93.17 wt % 29U, and the experiment is a subcritical
inverse neutron-multiplication measurement extrapolated to zero, yielding the
corresponding reflector thickness for delayed critical.

A total of eight spherical Be-reflected experiments have been selected from
the report for the purposes of this validation. The only assumption necessary
for these KENO V.a models is that U(93.17) is taken to be 93.17 wt % &Y and
6.83 wt % 28U, All other data crucial to generating an accurate KENO V.a
model are provided in the report.

ORNL-2201

These two Be-moderated experiments, designated as CA-1 and CA-18, were
conducted at the Oak Ridge National Laboratory Critical Experiments Facility
during the period from 1951 to 1954. The experiments utilized the Honeycomb
split-table machine which is a 24 x 24 array of three inch square aluminum
tubes into which the materials are inserted.

In CA-1, the assembly materials consisted of 0.01 inch thick U(93.4) disks
separated by 1 inch thick Be blocks, which gives a Be: U ratio of 390 and a
critical fuel loading of 18.08 Kg of Z°U.

In CA-18, the assembly materials consisted of 0.01 inch thick U(93.4) disks

separated by 4 inch thick Be blocks, which gives a Be:25U ratio of 1560 and a
critical fuel loading of 7.65 Kg of Soy,

To model both of these Be-moderated critical assemblies, a number of
assumptions have been made due to a lack of detail in the report description.
The uranium loading is reported as 16.774 g By on average in each fuel disk,
which measures 2.860 inches in diameter and 0.01 inches thick. This
translates to a bulk uranium fuel density of 17.14 g/cc given 93.4 wt % S5y
and assuming 6.6 wt % 3By, To account for the geometric effects of thin fuel

vglabs" separated by thicker moderator "slabs," the LATTICECELL cross section

processing option for slab geometry is employed in each case.
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Little description is provided for the room itself, except for the steel table
and the distance of the assembly from the floor. The model uses 3/4 inch
CARBONSTEEL for the table and 12 inches of MGCONCRETE for the floor, which is
consistent with the reported data. The walls and ceiling are excluded since
no information is available. No mention is made about the type of steel used
in the rods that hold the assemblies together, so they are taken to be SS304.
The length of the aluminum tubes that make up the assembly is unclear, so it
is modeled as equal to the length of the fuel/moderator element for each case.
Finally, the elements are assumed to be centered in each tube, i.e., there is

a constant-width gap around each element in each tube.
ORNL/ENG-2

A series of experiments using Experimental Beryllium Oxide Reactor fuel pins
were .performed at the Oak Ridge Critical Experiments Facility. The cases of

interest for this validation are the heterogeneous lattices of the fuel pins
in water.

The fuel pins are compressed ceramic fuel pellets contained in Hastelloy X-280
tubes. The pellets are a homogeneous mixture of U(62.4) and BeO, which gives
a Be:®y ratio of 13 and an average &y mass loading of 156.27 g per fuel pin.

The experiments differ in pin spacing and water height measureménts to achieve
criticality. A total of nine critical fuel pin configurations have been
selected for the validation. Limitations of the geometry package in KENO V.a
do not permit the modeling of the helical spacer around each fuel pin. It is
only a 0.0205 inch thick by 0.062 inch wide wire wrapped around the fuel pin
on a 7.50 pitch, so its omission should have a negligible effect. To simplify
the model, the 0.005 inch groove in each fuel pellet is also omitted, and a
fuel radius is used which yields the same volume for a constant height.

No material specifications could be found for Hastelloy X-280, sc the material
composition data for Hastelloy-X is substituted. This materials data is from
the Nuclear Engineering Handbook’ which gives a compositioh of 0.15 wt %
Carbon, 22.0 wt % Chromium, 45.0 wt % Nickel, 9.0 wt % Molybdenum, and the

remainder {23.85 wt %) Iron. The alloy is assumed to be volume-additive for a

bulk density of 8.38 g/cc. ’
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Little description is provided about the tank itself. The height of the water
above the top of the fuel pins is provided, as well as the thickness of water
below the bottom of the fuel pins. No other details are given, so the tank is
taken to be a nine foot diameter tank with steel construction to approximate
the effectively infinite water reflection provided by the tank used in the

experiments.

Fuel pin spacings are assumed to be constant, based on the average spacings
reported in the document. To account for the geometric effects of closely
spaced, thin fuel rods with a moderator between the rods, the LATTICECELL

cross section processing option for a square-pitch geometry is emploved in

each case.

Discussion and Conclusions

The benchmark calculational results for the highly enriched uranium and
beryllium experiments show overall agreement with the experimental kef¢ value
of 1.0 for the workstation, as shown in Table 1. The KENO V.a input for the
validation cases is included at the end of this report. The code used to
perform the statistical analysis of the validation results is referenced in
Y/DD-5740.

Bias between the calculated values of kefs and the measured value from the
experiments was not calculated. The bias is a variable which may be a
function of a number of parameters, such as geometry, material, enrichment,
and the average energy group of the neutron causing fission. The bias is only
meaningful as an average, and the average depends on the subgroup of
experiments chosen for comparison. The average bias, whether positive or
negative, is taken into account through a detailed statistical analysis of the
validation results. In this manner, not only the average bias but also the
variability of the calculated results is taken into account. ‘

The detailed statistical analysis consists of determining tolerance bands,
such that 99.9 percent of the distribution of calculated kefs are within the
tolerance bands with a confidence level of 95 percent. This analytical method
permits the establishment of upper and lower tolerance band limits, although
only the lower band limit is of importance for criticality safety purposes.

The established tolerance band width takes into account the average kess of the
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validation calculations along with the dispersion of the data above and below
the average. The larger the dispersion of data around the average, the
greater the band width. The trend analysis is correlated to the average
neutron energy group causing fission (AEG), a parameter calculated by KENO-V.a
which is a weighted average of the 27 energy groups causing fission. This
parameter allows for a direct comparison of the calculations with similar

neutron energy spectra between the validation problems and the calculations in
the criticality safety evaluation.

The lower tolerance band limit established by the method described above
becomes the upper safety limit for the criticality safety evaluation.
Acceptance criteria for subcriticality of KENO-V.a calculations, defined as
the neutron multiplication factor plus two standard deviations (kefs + 20),
must be less than the lower tolerance band limit at the appropriate average
energy group of neutrons causing fission.

Figure 1, Figure 2, and Figure 3 are the rough plots from the output of the
statistical analysis code on the HP workstation. The statistical treatment
provides the safety criteria against which all future calculations are to be
compared for criticality or subcriticality. Given the results of this
validation, KENO-V.a in the CSAS25 control module and the 27-group ENDF/B-IV
neutron cross section library on the Hewlett Packard 9000/Series 700
Workstation at the Oak Ridge Y-12 Plant can be used to perform calculational

studies of all systems containing highly enriched uranium, beryllium, oxygen,
and hydrogen.
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Table 1. Average ko4 fOor U/Be Validation Cases
Source Document _Case AEGQ Keyes 2 O
LA-2203 case 01 6.72469 1.00566 = 0.00180.
case 02 5.18590 1.01181 * 0.00187
case 03 5.12618 1.01414 + 0.00193
case 04 $.09398 1.01154 * 0.00193
case 0S5 6.72076 1.01250 * 0.00192
case 06 5.41756 1.01119% = 0.00207
case 07 $.4479% 1.01964 = 0.00207
case 08 ' 5.77429 1.03068 * 0.00205
case 09 5.44606 1.02493 * 0.00196
UCRL-4975 case 10 8.13432 1.01663 = 0.00207
case 11 6.41742 1.01821 + 0.00198
cage 12 6.18971 1.01162 * 0.00199%9
case 13 $.52504 1.01061 * 0.00208
case 14 5.48490 1.01865 * 0.00207
case 15 - 5.24620 1.00984 * 0.00184
case 16 5.15276 1.01260 * 0.00200
case 17 $.11391 1.00078 * 0.00190
ORNL-2201 ca 1l 17.8977 1.01797 * 0.00178
ca_18 22.1621 1.00218 * 0.00189
ORNL/ENG-2 pin 02 20.3386 1.05559 * 0.00107
pin_03 21.7063 1.03869 * 0.00117
pin_04 22.4680 1.03079 = 0.00114
pin_0S 22.9507 1.02494 * 0.00118
pin 06 23.2819 1.02093 = 0.00109
pin_Q7a 23.2622 1.01842 = 0.00114
pin_07b 23.6476 1.01310 = 0.00102
pin 08 23.4810 1.01859 * 0.00111
pin 09 23.7493 1.01021 = 0.00099
pin 10 23.4913 l 1.041598 + 0.00E
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Xef¢ V8. Average Energy Group Causing Fission for U/Be Systems
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Figure 2. ke vs. Average Energy Group Causing Fission for U/Be Systems, Low

Average Energy Groups
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Figure 3. keif vS. Average Energy Group Causing Fission for U/Be Systems, High

) Average Energy Groups
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=csasds Darm=s12e=300000
ORNL-2201 critical exp case CA-1
Z79roupnats Latticecett
u-235 1 0 4.1017e-2 293 ena
T 4-238 i 0 2.8618e-3 293 ena
be 2 0 1.2629e-1 293 ena
al 3 1.0 293 ema
ss304 “ 1.0 293 eno
mconcrete 5 1.0 293 ena
carponsteet 6 1.0 293 ena
eng como

symmsiabcett 2.56564 0.0254 1 2 ena
case CA-1 from ORNL-2201, 27gr-free, Latticeceil treatment

réad parm

nubsyes gen=306 nog=1000 nsx=6 noB8z=2000 ni8=8000 tme=180 tba=3 runzves
ena parm

resd geom

unit 1

‘empty al tubing’

cupoia > 1 4p3.69062 <2.9788 C.J
cubota 301 4p3.3 3,9788 0.3

wnrt 2

‘uetl 1N aL TUBING w/al Skewer’

sytinder I 1 3.238125 0.0254 G.3
cylinder 7 1 0.26892 5.0254 O.0
cytinder © 1 3.6322 3.0256 .3
cuboid 71 6p3.69062 ©.0254 .3
zupoid T 1 wp3.at 5.0256 .3

unit 3

‘fuel in al tubing w/ss304 sxewer'

cytinger & 1 0.238125 0.02% 5.3
cytinger 2 1 0.24892 7.0254 J.2
cylinder ° 9 3.6322 3.0256 G.0
cuboia 2 1 4p3.69062 1.0254 3.0
cuboid T 1 4p3.80 3.02% 3.3

unit &

‘be in al tubing w/al skewer’

cytinder 3 1 0.238125 2.54 3.0

cyt inder 21 0.24892 .54 t.0
cupoid 2 1 4p3.45125 .54 t.0
cubotd 71 4p3.69062 .54 P
cubotd 301 4p3.81 2.54 P |

e S

‘e 1n at tubing w/ss304 skewer’

sytinger < % 3.238125  Z.S4 0.3
Zyvinger 1 J.268%92  I.34 .23
zupotg 201 4p3.65125 .56 2.3
cuboig 31 4p3.69062  l.c4 ]
cubota 321 4p3.81 1.564 2.9

untt 6 ¢
‘core assemoly w/al skewer’

array i ¢ 0 ¢

w7

‘core assemoly w/ss304 skewer

array 2 0 ¢ @

global unmit 8

array 3 2 0 0

repticate o 1 2r0.0 0.0 1.905 2r0.0 '.0
repticate 0 1 2r304.8 2.0 66.06 2r304.8 1.0
repticate 5 1 2r0.0 0.3 30.48 <03.0 1.2
end geom

~ead array

araxl nuxsl nuysl nuz=4es
*ill 4 2 4 21a2 eng tild
arasd nuxsl nuyal nuz=4S
141 5 3 5 21a2 ena t1tl
arasd nuxséb nuyzdé nuzsl

.00p

3 T 2% 1 12601 1
5 0 161 7151 H
7 13131 10101 R
719151 11 11 T
Tt 1% 2 131311 11
v 3131 'S 1S A
2na LooD

2 array

reaa start

nstse t¥x=0.0 tfy=0.0 t+2=30.7721 noxse

Amm erare
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. 253825 parm=s12e=300000
- TRNL-2201 critical exp case CA-18
Z79roupnate Latticecetl
2-23% 1 0 4.1017e-2 293 ena
1-238 1 0 2.8618e-3 253 ena
~e 2 0 1.2629e-1 253 enma
3l 3 1.0 293 ema
55304 4 1.0 293 ena
“geoncrete S 1.0 293 ema
carponsteet 6 1.0 293 ena
2ng c_ﬂlD

symmstabcetl 10.1854 0.0254 1 2 ena

sase CA-18 from ORNL-2201, Z7gr-tree, Latticeceii treatment

~ead parm

~ubsyes gen=306 npg=1000 nsx=6 nod8=2000 ni8:8000 tme=180 tba=3 run=ves
2ng parm

~esd geom

.nre

‘emoty a8t tuding’

supord 301 4p3.69062 51.1126 0.0

supord T 1 Le3.81 51,1126 0.3

e 2

“fyet in al tubing w/al skewer’

vl inder 1 0.238125 2.0254
ytinger - 3 1 0.24892 ©.0254
cytinger 1 3.6322 3
zubeid 11 4p3.69062 3.0254
cuooid 3 1 4p3.81 1.0254
anie 3

‘fuel in al tubing w/s3304 skewer’

(=]

[\

w

&~
OO0 OO0
[aNoR ol NS

cylinder & 1 0.238125 0.0254 0.0
cylinder 0 Y 0.24892 5.0254 0.0
cylinder ' 1 3.6322 3.0256 0.0
cupoid 0 1 4p3.69062 1.0254 0.0
“uboid 3 1 4p3.8% 2.0254 ¢C.0
e b
‘be 1n al tubing w/al skewer’
sytinder 3 1 0.238125 2.54 3.0
ytinder 0 1 0.24892 .34 2.0
supotd 2 1 4o3.65125 1.54 3.0
tubald 301 6e3.69062 .S4 t.0
:upetd I 1 4p3.81 2.54 5.0
.me S
se 1n al tubing w/s3304 skewer’ ,
cylinder & 1 0.238125 2.54 3.0
sytinder 0 1 0.24892 :.54 3.0
uboid 2 1 6403.65125 Z2.54 3.0
ubgid 7 1 4p3.69062 1.54 2.0
“uboid 3 1 4p3.81 2.54 2.0
smt b
‘qusrter-fuel in al tubing’
zuboid T 1 2p3.65125 0.0 -3.65125 0.0254 0.0
zubeyd 7 1 4p3.69082 0.0254 0.0
zupoid 301 4p3.80 7.0256 0.0
nit 7
‘quarter-oe I1n at tubing’
-upotid 2 1 203.65125 0.0 -3.45125 <2.54 0.0
<uberd 7 1 4p3.69062 2.54 0.0
cubotd 3 1 4p3.81 2.56 0.0
ime 8
‘core assemoly w/al Skewer’
irray M 2 0 0
Nt 9 .
<ore assemDiy wW/s3304 skewer’
irray 2 J 090
it 10
‘quarter-core assemoly’
array 3 3 ¢ 0
jiobal umit 11

" array “ 70 0
-epticate 6 1 2r0.0 0.0 *.90§ 2r0.0 .3
-epticate O 1 2r3064.8 C.0 66.064 <¢r30s.8 .3

-epticate 5 ' 2r0.0 0.0 30.48 2r0.0 1.2
g geom

“esqd arrasy

irawt  mowx! masl gy
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arazg nuxsa) nuysl nuz=30
f1lL S 53 55 5a5 ena fill
ara=3 nuxs) nuy=1 nuz=30
FitL 776 7 7 Sa5 eng fitl
T araze nux=2é nuys2e nuz=l

1 1261
8 815 1
0 8151
9 15151
9 13131
3 11152
9 1113 1
7 1313 1
ernd loop

end array

read start

nsts4 tfxz0.0 tfy=0.0 tf2=25.4635 nbx=8
ena start

end data

ena

1
1
1
1
1
1
1
1

1
«
.
.
“
.
1
N
.
!

b h a s b b —a s
[PV S )

=csasds

LA-2203 critical exp cyt

27grouonaté inthommeaum

u-235 i 0 4.5037e-2 93 ena

u-238 10 3.0914e-3 293 ena

be - 2 0 1.2295e-1 293 erc

end como

case 01, U(93.5) cyt w/0.5" Be reti, Z7gr-free

resd parm nupsyes gen=306 nng=500 nsx=0 runzves ena varm

resd geom

unit

cytinder MR 6.6296 15.9107 2.0
cytinger 2 1 7.8996 17.1807 -1.27
end geom

ena data

ernd

=csasds

(A~2203 criticat exp cyt

27grounnats ‘nthommeal um

+-235 1 0 4.5037e-2 (53 ena
u-238 * 0 3.0914e-3 253 ena

be 2 0 1.2295e-1 (93 ena

end comp

case 02, U(93.5) cyl w/1.0" Se revi, 27gr-free
reaq parm nuoayes gens306 npgs300 nskz6 runsyes ena parm

read geom

umt 1

cylinder ' 1 5.6383 11.9490 3.0

cytinger 2 1 9.1783 14,4890 2.564

end geom

end data

end

=csasds

LA=2203 critical exp eyt

27g9roupnatsé 'nfhommed um

u-23% ! 0 4.5037e-2 93 ena

u-238 0 3.0914e-3 293 ena

oe 2 0 1.2295e-1 293 ena

carponsteet 3 0.994732 33 ema

ena como

case 03, U(93.5) cyt w/0.5" 8e or 1.C" Be on pottom + 1.5" Fe, Z7gr-tree
resa parm nuo=yes gens306 npg=500 nsxs6 runszves ena parm
resa geom

unit 1

cytinder Tl 5.6401 12.74%0 3.0

cytinger 2 1 7.9101 14.0190 -2.54

Iviinoer T 7.1801 15,2890 -3.81%

2na geom /
2na agata

ena
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-A-2203 criticat exp cvyl

7groupnote infhommealum
i-235 1 0 4.35037e-2 33 ema

R i-238 . 10 3.09%e-3 (93 ena

- se 2 0 1.2295e-t 293 ena

carponsteel 3 0.994732 93 ena
2ng comp .
:ase_04, U(93.5) cyt w/0.5" Be + 0.5" fe, 27gr-free
~ead parm nuotyes gen=306 npgx=500 nsk=6 runayes ena parm

~esd geom

anit 1

cylinder ! 1 6.6284 13.2567 3.0
cytinder 2 1 7.8984 14.5267 -1.27
cylifder 3 1 9.1686 15.7967 -2.56
2na geom

2nd data

ernd

scsasds

_A-2203 critical exp son

I7grouonaté :nthommeaium

1-235 1T 0 4.5037e-2 73 ema

1-238 © 0 3.0914e-3 253 ena

oe 2 0 1.2295e-% 293 ena

2nd comp

zase 05, U(93.5) soh w/4.64" Be, CT7gr-tree
-ead parm nubsyes gen=306 npg=300 nsx=6 run=zyes end parm

-ead geom

mit

sonere o 5.5688

sphere 2 1 17.3544

2ng geom

ernd data

end

=csasd5

A-2203 critical exp sph

27g9roupnaté infhommeaium

4-235 1 0 4.5037e-2 293 em
1238 1 0 3.09%4e-3 293 ena
e 2 0 1.2295e-1 93 ema
g Como

tase 06, U(93.5) spn w/1.85" 8e, i7gr-free
-esd parm nupbzves gensz306 npgz300 nsx=o6 run=ves ena parm

~aad geom

anit

sphere L | 4. 64464

sphere 2 1 11,3434

2nd geom

2nd data

2nd

=csa8dS

_A-2203 critical exp sph

2Tgroupnaté infhommea)um

4-235 1 0 4.5037e-2 293 ena
1-238 1 0 3.09%%e-3 293 ena
se 2 0 1.2295e-1 293 ena
2ngd comp

tase_07, U(93.5) spn w/1.89" Be, 27gr-free
~ead parm nubaves gen=306 nogz300 nsk=6 runsyes ena parm

~esq geom
me 1t
;phere o 5. 6kbe
‘ohere 201 " 1.6450
2nd geom
N arat data
2nd
=58825
.A~2203 critical exp spn
Z7grouonaté ‘nfhommeaium
+-235 1 0 4.5037e-2 293 ema
1-238 * 0 3.0914e-3 33 ena

L LThRma? ek e

B~
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ena como
case 08, U(93.5) sph w/3.5" 8e0, 27gr-free
read parm nuosyes gens3lé npg=300 nsk=o run=ves ena parm

read geom

unit 1

sonere R 6.0455

sphere 2 1 14,9355

ena geom

end data

enag

=csas2s

LK-2203 critical exp sph

27groupnatfsé infhommea:um

u-235 1 0 4.5037e-2 293 ena
u-238 1 0 3.0914e-3 293 ena
be 2 0 6.4768e-2 293 ena
3 2 0 6.4768e-2 293 ena
end comp

case 09, U(93.5) sonh w/2.35" 8e0, 27gr-tree
~ead parm nupsyes gens3(06 npg=300 nsk=6 runzves ena parm

~enqd geom

unse 1

sphere R | 6.4161

sphere 21 12.3851

end geom

end data

ena

=csasds

UCRL+497S Be refl critical sonere
27groucnatée tnfhormeaium

u-235 1 0 4.440%e-2 293 ena
u-238 1 0 3.2138e-3 293 ema
be 2 0 1.2295e-1 293 ena
end como

case 10, U(93.17) 3 18.6 g/cc soh w/7.98" Be rerl, 27gr-free
reaq parm nubsyes gen=306 npg=500 nsk=0 runzyes ena parm

read geom

unit !

sohere o 5.1432

sohere 21 25.0060

end geom

end data

ena

scsas2s

UCRL-4975 Be retl critical spnhere
Z79rounafée 1nfhommea um

u-23% 1 0 4.440%1e-2 293 ena
u-238 1 0 3.2138e-3 293 ena
be 2 0 1.2295e-1 293 ena
end comp

case_11, U(93.17) @ 18.6 g/cc son w/4.0" Be retl, 7gr-free
read parm nubsyes gens3(é npgz300 nsk=6 runzyes ena parm

read geom

unie 1

sphere o $.8251

sphere 2 15.9851

end geom

ena data

ena

=csasds

JCRL-497S 8e refl critical sohere
Z7groupnaté nfhommeailun

4-235 1 0 4.4353e-2 293 ena
4-238 1 0 3.2103e-3 293 ena
oe 2 0 1.2295e-1 293 ena
2ngd comn

case_12, U(93.17) @ 18.58 g/cc son w/3.65" Be rert, ITgr-tree
~eag parm nuoaves genx306 npgs300 nsk=6 runzyes ena parm

rend geom

Jme Y

- s
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2nd geom
2ng data
2ng

- zcsasds
JCRL-4575 Be reft critical spnere
I79rounnatfs infhommeaum
1-23% 1 0 4.4377e-2 293 ena
4-238 T 0 3.2120e-3 293 ema
ce 2 0 1.2295e-1 293 ema
2nd como

Jcase 13, U(93.17) @ 18.59 g/cc spn w/2.14" Be refl, 27gr-free
~esd parm nuosyes genz306 npge500 nskzo runszves ena parm

reaq geom

Cumit t

sphere T 6.5318

sphere 2 1 11.8912

and geom

2t data

2na

:csasds

JCRL+4S7S Be refi critical spnere
Z7grounnaté 'nfhommeaium

1-235 1 0 &4.440%e-2 293 ena
1-238 ! 0 3.2138e-3 293 ena
oe 2 0 1.2295e-1 293 ena
2nd comp

case_14, U{93.17) 3 18.6 g/cc spn w/2.0" Be rerl, Z7gr-free
read parm nuosyes gen=306 npg=500 nsx=6 run=yes ena parm

repd geom

unit 1

sphere T 6.6391

sphere 2 1 M. 719

end geom

and data

2nd

zcsasds

JCRL-4975 Be rett criticai sonere
Tgrouonaté ‘nthommea um

1-235 Y0 4.4377e-2 273 ema
1-238 1 0 3.2120e-3 293 ena
se 2 0 1.2295e-1 293 ema
end comp

case_15, U(93.17) & 18.59 g/cc son w/1.285" 8e retl, 27gr-free
~ead parm nuosyes gens306 npgz500 nsx=6 runz=yes ena parm

~ead geom

antt 1

:phere o1 7.1034

sphere 2 10.33428

2ngd geom

2ng data

2na

zc38825

JCRL-497S Be rett critical sonere
Z7groupnaté :nfhommeaium

1-235 1 0 4.4401e-2 293 eno
i-238 !0 3.2138e-3 293 enma
ce 2°-0 1.2295e-1 293 ena
g como

:ase 16, UL93.17) 3 18.6 g/cc sonh w/1.0" Be reti, ZTgr-free
“ead parm nuo=ves gen=306 npg=500 nsx=6 run=ves ena parm
~esd geom
it 1
;phere
:onere
2nd geom

Y :na data
2na

1 7.4256
1 3.9656

oo

=csasds
_CRL-4975 Be retl criticat spnere
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4-23%

Y0 4.6377e-2 293 ena
u-238 10 3.2120e-3 293 ena
oe 2 0 1.2295e-1 293 ena
end comp

- case_17, U(93.17) & 18.59 g9/cc spn w/0.875" 8e refi, 27gr-tree
reaa parm ruosyes gens306 npg=300 nsx=6 runzyes ena parm

resa geom
unit 1
sphere
sohere
ena geom
ena data
ena

=c3a825

~N s

1

7.4788
9.463526

parmesi2e=500000

ORNL/ENG-2 fuel pin criticat exn 2
27groupnaté Latticecett

u-234 1 0 2.6338Be-5 253 ena
4-235 10 3.8964e-3 293 ena
4-236 1 0 1.8025e-5 293 ena
J-238 Y0 2.2750e-5 293 ena
be 1 0 4.9803e-2 293 ena
3 1 0 6.2229e-2 293 ena
at Y 0 1.67The-é 2935 ema
$1 1 0 1.6118e~4 293 era
m 1 0 7.4484e-5 293 ena
fe 1 0 6.52B2e-6 293 ema
c 1 0 8.5829e+6 293 enma
t 1 0 1.4435e-6 293 ena
no 1 0 4.7361e~7 293 ena
v-51 1 0 8.5376e-7 293 ena
cr 1 0 1.6925e-7 293 ena
m 1 0 1.6019e-7 293 ena
ag-109 1 0 $.8274e-8 293 ema
ba-138 1 0 4.5772e-8 293 em
nt 1 0 8.5668e-8 293 ena
cu 1 0 7.9135e-8 293 ena
< 2 0 6.302e-6 93 ema
cr 2 0 2.1352e-2 293 ena
n 2 0 3.8687e-2 293 ena
no 2 0 6.7341e-3 293 era
‘e 2 0 2.1552e-2 293 ena
20 I 1.0 293 ema

55304 <« 1.0 293 ena
carponsteet S 1.0 293 ena

eng como

squarepttch 1,262 0.823226 1 3 0.924826 2 ena

critical pin exp from ORNL/ENG-2, 27gr-tree, {atticeceti Ireatment
read parm

nubsyes gens306 npgs2000 nsk=6 nb8z2000 ni8=8000 tme=180 tta=o run=zyes
end parm

read geom

unit 1

'array position w/fuel rod in water’

cytinger 1 1 0.411613 193.04 Q.0

cylinder 2 1 0.662613 193.04 0.0

Loop

' 115
101
1% 1S
'S 15
2ng LooD
ena arrav
read start

[RENXN]

1
3
1
1

arasl nuxsl1S nuyslS nuz=l

.

— s b oA
[TY

P S TV I 2

PSP Y

cubotd 31 4pl.621 193.04 0.0
untt 2

‘array position w/water btut no fuei rog’
cubord 31 4po.62t ‘93.06 0.0
glopat umt 3

array 3 -9.315 -9.315 0.0
cytinger I 1 137.16  208.26 -'5.24
cytinger 0 1 137.16 304.8 -'5.24
repticate & 1 2.1905 C.0 0.1905 1.3
replicate 5 ! 2.9525 ¢.3 2.54 *.9
ena geom

read array

kY
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:ng data

- =2sasds parmesi2e2500000
SRNL/ENG-2 fuel pin criticat exp 3
27groupnaté latticeceil

1-234 1 0 2.6338e-5 293 emd
1-23% 1 0 3.896ke-3 293 e
4-236 1 Q0 1.8025e-5 293 ema
-238 1 0 2.2750e-5 293 ena
oe 1 0 4.9803e-2 293 ema
3 1 0 6.2229e-2 293 ena
3 1 0 1.67T7ke-4 293 ema
31 1t 0 1.5115e-6 293 ema
g 1 0 7.4484e-5 293 ena
‘e 1 0 6.5282e-6 <293 ena
: 1 0 8.5829e-6 293 ema
! 1 0 1.6435e-6 293 ena
-0 10 4.7381e-7 293 enc
+~51 1 0 8.6376e-7 293 ema
i T 0 1.6925e-7 93 ena
n 1 0 1.6019e-7 293 ena
39-109 t 0 5.82T4e-8 293 ena
-a-138 * 0 4.5TT2e-8 293 ena
h 1 0 8.566Be-8 293 ena
Y] 1 0 7.9135e-8 293 emna
: 2 0 6.302¢e-4 293 ema
or 2 0 2.1352e-2 293 ema
i 2 0 3.8687e-2 293 ena
k] 2 0 4.734%e-3 293 ena
‘e 2 0 2.1552e-2 293 ema
n2o0 3 1.0 293 ena

5304 4 1.0 293 ena
carbonsteet 5 1.0 293 ena

end comp

squarepiteh 1.488 0.823226 1 3 0.924826 2 era
sritiest pin exp from ORNL/ENG-2, 27gr-free, latticecetl treatment

-esd parm
~ubwyes gen=306 nogs2000 nsk=6 nbB=2000 ni8=8000 tme=i80 tbazé runzves
g parm
-ead geom
me 1
srray position w/fuel roa in water’
vtinder A 7.411613 193,04 0.0
viinger 21 0.662613 193,06 0.0
“upoid 31 400,744 ‘93,06 0.0
nie 2
‘array position w/water but no tuet roag’
1ubotd 3001 wpQ.744 "93.04 3.0
jtobat umt 3
irray 1 -8.928 -8.928 0.0
sylinder 3 1 137,16  223.84 -'5.24
ytinder 0O 1 137.16  304.8 'S.24
repiicate & 1 0.1905 0.0 0.1905 1.3
reoticate 5 1 0.9525 0.0 2.54 ©.Q
2ng qeom
-~ead array
iras)  nuxs12 nuysi2 nuzs!
coD
112 1 112 1 R
N LR T T R B B B A
o121 2o Tt
N LI T D T VA RER TR
Ioo1212 0t 121 MR
2ng {00D
and array
“eaq start
~stx6  tfx=0.0 tty=0.0 tf2=96.52 nbx=1
e —— ng start
ang data
2ng
:rsasds parwms:ze=500000
IRNL/ENG-2 fuel pin critical exp &
27grounnatsée Latticeceit
:-234 T 0 2.633Be-5 53 ema
-23% 0 3.8964e-3 93 ena




u-238 10 2.2750e-5 293 ena
be 1 0 4.9803e-2 293 ema
3 1 0 6.2229e-2 293 ema
al 1 0 1.48774e-e 93 ena
s1 1 0 1.6115e-¢ 293 ena
mg 1 0 7.448ke-5 293 ena
tn 10 6.5282e-6 93 ema
< 1 0 8.5829e-6 293 ena
T 1 0 1.4435e-6 293 ema
no 1 0 4.736%1e-7 293 ena
v-51 1 0 8.6376e-7 293 ena
cr 1 0 1.6925e-7 293 ema
mn 1 0 1.6019e-7 293 ena
ag~109 1 0 5.8274e-8 293 ena
ba~138 1 0 64.5772e-8 293 eno
ni 1 0 8.5668e-8 293 ema
cu 1 0 7.9135e-8 293 ena
c 2 0 6.3026e-4¢ 293 ema
cr 2 0 2.1352e-2 293 ena
fat} 2 0 3.8687e-2 93 ema
no 2 0 4.7341e-3 93 ema
‘e 2 0 2.1552e-2 <93 ema
n20 3 1.0 293 ena

ss304 4 1,0 293 ema
carponsteel S 1.0 293 ena

ena comp

squareprten 1.742 0.823226 1 3 0.924826 2 ena
critical pin exp from ORNL/ENG-2, l7gr-tree, iatticeceil treatment

reag parm

nubsyes gens306 npg=2000 nsks6 nb8s2000 ni8=8000 tme=180 tbaz=é run=ves

eng parm

resd geom

unit 1

‘array position w/fuet rod in water’
cylinder HE 0.411613 171,74 0.0
cytinger 2 1 0.462613 171.74 0.0

cuboid 31 4p0.8TY 171.74 0.0
unit 2

‘array posttion w/water but no fuel rog’
cubord I 1 4p0.871 171.76 0.0
unit 3 .

'array under water’

array 1 -6.581 -3.581 0.0
cytinger 3 1 ©37.16 CTYT6 255,26
repticate « ! J2.1905 C.0 0.1905 '.C
replicate 5 1 10.9525 5.0 2.54 ]
cupoid J 1 4p160.00 *T1.74 -18.00
umit &

‘array position w/fuetl roa above water*’
cytinger 1 0.411613 21.3 0.0
cytinder 2 1 0.462613 21.3 0.0

cuboid 7 1 4pU.871 1.3 0.0
umit S

‘array position above water but no fuet rodg’
cubaid 2 1 4p0.871 21.3 0.0
unit 6

‘array above water‘

array 2 -9.581 -3.581 0.0
cytinder 9 1 137.16 '33.06 0.0
repticate & 1 2.1905 3.0 0.0 1.0
repticate S5 1 7.9%25 2.0 0.9 .0
cupod 7 1 4ple0.00 33.06 0.0
gslobal umit 7

array 2 -140.00 -°43.00 0.0
ena geom

reag arravy
aras! nuxsil nuy=tl nuzsy

Loop

1 LR 1 HR
2 [ T3 R
2 1111 1 31 e
2 AU R T s B T
2 1M1t 91 e
2 310 1 S B t
2 2 2 T 110 ot
2 33 LI | R
end toop

araz=d ruxz)l nuvzll nuzst
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: D B T MR
H 1111 ¢ 309 1t
: LR 311 1 11
B LR TR & B g 11 1 Tt

L s 310 1 t1110
s 22 1 t1111e v v
3 303 4 AR R 11
2nd Loop
arss3d nuxs} nuyst nuzsé
il 3 6 ena fill
2ng array
~eaq start
“stEd
<$x20.0 tfy=0.0 t$2=70.0 (nus700
<fx20.0 tfy=0.0 tfz=120.0 lnu=1400
t¢xx0.0 tfy=0.0 tfz=170.0 1nu=2000
2nd start
nd data
na
:25a885 params 1 2e=500000
JANL/ZENG-2 fuel pin critical exp 3
7groupnaté tatticecetrt
4-234 1 0 2.6338e-5 293 ena
4+-235 1 0 3.896he-3 293 ena
1-236 1 0 1.8025e-5 293 ena
1-238 1 0 2.2750e-5 293 ema
oe 1 0 4.9803e-2 293 ena
bl 1 0 6.2229e-2 93 enc
at 1 0 1.677he-4 293 ema
51 1 0 1.6115e-4 293 ena
ng 1 0 7.4484e-5 293 ena
¢ 1 0 6.5282e-6 293 ema
3 1 0 8.5829e<6 293 ema
wi 1 0 1.4435e-6 293 ema
b 1 0 4.736%e-7 293 ema
=51 1 0 8.6376e-7 293 eno
ar 1 0 1.6925e-7 293 ena
n 1 0 1.6019e-7 293 ena
ag=109 1 0 5.B274e-8 293 ena
sa-138 1 0 4.5772e-8 293 ema
~ 1 0 8.5668e-8 93 ena
u T 0 7.9135e-8 93 ema

2 0 6.3026e-6 (93 ena

s 2 0 2.1352e-2 293 ema
- 2 0 3.8687e-2 293 ena
0 2 0 &.7341e-3 293 ena
‘e 2 0 2.1552e-2 293 ema
~20 3 1.0 293 ena
55304 4« 1.0 293 ena
carbonsteet 5 1.0 293 ena
2nd comp §
squarepitch 1.999 0.823226 1 3 0.926826 2 ena .
-ritical pin exp from ORNL/ENG-2, 27gr-tree, latticeceil treatment
-~esd parm
~upsyes gen=306 npgm2000 nsx=z6 nb8e2000 n{B=8000 tme=180 tbasoe run=zves
nad parm
-esd geom
me 1
‘array position w/fuel roa 'n water’
cytinder N 0.611613 93.04 0.0
sytinger 2 1 0.462613 193.064 0.0
:uboig 3% 4p0.9995 *33.06 0.0
me 2
‘array position w/water put no fuel roa’
ubotd 3 1 4pd.9995 “73.04 0.0
;tobat umit 3
irray 1 ‘9,995 -3.995 0.0
ytinder I 1 137.16 2C8.26 -'S.26
sylinder 3 1 137.16  304.8 -'5.24
-epticate o 1 0.1905 G.0 0.190% 1.0
-epticate 5 ! 0.9525 ©.0 2.54 ©.2 .
nd geom ’
-~ma array
irazl  nuxx1Q nuy=10 nuz=t
200

t 10 1 110
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2 210 1 T 1 1
2 10w 1 o2 21 T
2 LR B | g 10 1 R |
2 2 2 1 1010 v 111

T 2 g 9 1 1010 1 Tt 1

- 2 101 1 810 1 111

end Loop
end array
resd start
nsts4  tfxs0.0 tfy=0.0 tf2=96.52 nbx=1
end start
end data
end
zcsasS parmss12e3500000
CRNL/ENG-2 fuel pin critical exp &
27groupnafs latticecetl
u-234 1 0 2.6338e-5 293 ena
u-235 1 0 3.8964e-3 293 ema
u-236 1 0 1.8025e-5 293 ena
u-238 1 0 2.2750e+5 293 ema
e 1 0 4.9803e-2 293 ena
] 1 0 6.2229e-2 293 ema
al 1 0 1.6774e-4¢ 293 ena
si 1 0 1.6115e-¢ 293 ena
mg 1 0 7.4484e-5 293 ema
fe 1 0 6.5282e-6 293 ena
¢ 1 0 8.5829e-6 293 ena
t 1 0 1.4435e-6 293 ena
nb 1 0 4.7361e-7 293 ema
v-51 1 0 8.56376e-7 293 ema
cr 1 0 1.6925e-7 293 ema
mn 1 0 1.5019e-7 293 ena
ag-109 1 0 95.8274e-8 293 ena
pa-138 1 0 4.5772e-8 293 ema
ni 1 0 8.5668e-8 293 ena
cu 1 0 7.9135e-8 293 ena
< 2 0 6.3026e-¢ 293 ena
cr 2 0 2.1352e-2 293 ena
n 2 0 3.8687e-2 293 ena
mo 2 0 4.7341e-3 293 ena
‘e 2 0 2.1552e-2 293 ena
no 3 1.0 293 emq
55306 4 1.0 293 enma
carponsteet S 1.0 293 ena
end comp

squarepiteh 2.276 0.823226 1 3 0.924826 2 ena

critical pin exp from ORNL/ENG-2, Z27gr-tree, Latticeceil treatment
reag parm .

nubsyes gen=306 npg32000 nsk=6 nb8=2000 ni8z=8000 tme=i80 tba=o runzyes
end parm

read geom

unit 1

‘array position w/fuel rod in water’

cylinder 11 0.611613 193.04 0.0

cytingser 2 1 0.462413 193,04 0.0

cuboid 3 1 4p1.138 193,04 0.0
unit 2 )
‘array position w/water but no fue{ rog’
cupoid T 1 4p1.138 ‘93,04 3.0
globst unit 3

array B -10.262 -'0.262 5.0
cytinger 3 1 ©37.16  138.26 -15.24
cytinger 1 1 137.16 204.8 -'5.26
repticate & 1 2.1905 0.0 0.1905 .3
repticate 5 7.9525 0.0 2.%54 -
ena geom

resd array

arast nuxsy nuy=sy nuzsl

1
1
1
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2nd data
*na

o 58825 parmes12e=500000
ZRNL/ENG-2 fuel pin critical exp 7a
¢7qrounndtfé Latticecetl
1-234 1 0 2.6338e-5 293 ena
1-235 1 0 3.8964e-3 293 ena
1-236 1 0 1.8025e-5 293 ena
1-238 1 0 2.2750e-5 293 ena
2e 1 0 4.9803e-2 293 ena
b 1 0 6,2229e-2 293 e
FTO 1 0 1.677he-4 293 ena
i 1 0 1.6115e-4 %3 ema
] 1 0 7.4484e-5 293 ena
‘e 1 0 6.5282e-6 293 ema
z 1 0 8.5829e-6 293 emx
" 10 1.4435e-6 293 enma
-0 1 0 4.736%e-7 293 ema
/~51 1 0 8.6376e-7 293 ena
i 1 0 1.4925e-7 293 ena
n 1 0 1.5019e-7 293 ena
:g-109 1 0 5.8274e-8 293 ema
za-138 © 0 4.5772e-8 293 ena
" 1 0 8.566Be-8 293 ema
u 1 0 7.9135e-8 293 ena
B 2 0 6.302%4e-¢ 293 ena
ir 2 0 2.1352e-2 293 ena
~t 2 0 3.8687e-2 293 ema
no 2 0 4.7341e-3 293 ema
‘e 2 0 2.1552e-2 293 ena
h2o 3 1.0 293 em
53304 4 1.0 293 ema
carponsteetl S 1.0 293 ena
end comp

squarepitch 2.253 0.823226 1 3 0.924826 2 ena
critical pin exp from ORNL/ENG-2, 27gr-free, latticecell treatment

~end parm

“ubsyes gens306 nopg=2000 nsk=6 nb832000 ni8=8000 tme=180 tba=6 run=zyes
“nd parm

~esd geom

inte

irray position w/fuel roa 1n water!
viinger T 0.411613 89,164 0.0
yvinger 21 0.662613 189.14 0.0
:ubod 301 4pl.1265 "39.14 0.0
anie 2

‘array position w/water otut no fuel roa‘
cupoid 3 1 4pl.1285 ‘89.14 0.0
nie 3

‘array under water’

array 1 11,265 -11.265 0.0
iytinder 3 1 137.16 189,14 -15.24
repticate & ! 0.1905 0.0 0.1905 1.0
repticate 5 1 0.9585 0.0 2.54 1.0
ubotd 2 1 4p140.00 189.16 -18.00
e b

‘array position w/fuel rod above water’

<yl inder T 0.411613 3.9 0.0
ytinder 2 1 0.662613 3.9 0.0

upoid 7Y Lplli28S 1.9 0.0

mt S

‘array position sbove water put no fuel rod’
:unorvd 2 1 epl.1265 3.9 0.0

me 6

‘array above water’

array 2 -11.265 -11.265 0.0
cytinder 3 1% 137,16 115.66 0.0
~eplicate & 1 3.1905 0.0 0.0 1.9
~eplicate S5 1 0.9525 0.0 0.0 1.0
udboid 2 1 4p140.00 115.66 0.0
jlobst unit 7

irray 3 -160.00 -140.00 0.0
*nag geom

-eaq array

irasl nuxsi0 nuyat0 nuzs)
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2 121 2 9 7 T
2 1Y 3 85 111
2 8 10 1 110 ¢ 111
2 9 9 1.2 2 v 11
- 2 w1t 29 7 111
2 1010 1 3 85 111
erna Loop
aras2 nuxsi0 nuy=10 nuzsi
{oop
4 110 1ttt 11y
S 1 3 1 110 9 111
S 121 29 7 111
5 1t 11 385 111
57 810 1 110 9 111
b 9 9 1t 22 v 111
S 810 v 2 9 7 111
s 1010 v 3 8 5 V111
e Loop

aras3 nuxs! nuys! nuzs2

fitt 3 6 ena fill

" eng array

resa start

nsted

tfx=0.0 tfy=0.0 tf2=70.0 (nus700
tfx30.0 tfy=0.0 tfz=120.0 lnu=1400
tfx=0.0 tfy=0.0 tf22170.0 (nu=2000

ena start

end data

end

zcsasds parm=size=500000
ORNL/ZENG-2 fuel pin critical exp /b
27grouonaté latticeceti !

u-234 1 0 2.6338Be-5 293 ena
u-23% 1 0 3.8964e-3 293 eno
u-236 1 0 1.8025e-5 293 enat
u-238 1 0 2.2750e-5 293 ema
be 1 0 4.9803e-2 293 ena
) 1 0 6.2229e-2 293 ema
al 1 0 1,6774e-4 293 ena
s 1 0 1.6115e-4 293 ena
mg 1 0 7.4484e-5 293 ena
‘e 1 0 6.5282e-6 93 ena
< 1 0 8.5829e-6 %3 ema
7 1 0 1.4435e-6 293 ema
no 1 0 4.7381e-7 293 ema
v-51 1 0 8.6376e-7 293 ena
cr 1 0 1,6925e-7 293 ena
mn 1 0 1.6019e-7 293 ena
ag-109 1 0 5.8274e-8 293 ena
ba~138 1 0 4.5772e-8 293 ema
ni 1 0 8.5668e-8 293 ema
cu 1 0 7.9135e-8 293 ena
c 2 0 6.3024e~4 293 ema
cr 2 0 2.1352e-2 2935 ena
m 2 0 3.8687e-2 293 ema
mo 2 0 4.734%1e-3 293 ena
fe 2 0 2.1552e-2 293 ema
h20 3 1.0 293 ena

55304 4 1.0 293 ena
carponsteet S 1.0 293 ena

end comp

squareprten 2.779 0.823226 1 3 1.924826 2 ema
critical pin exp from ORNL/ENG-2, 27gr-free, iatticeceil treatment

read parm ’
nubsyes gens306 npg=2000 nsx=6 no8=2000 nl8=8000 tme=180 tba=o run=zves
ena parm

resd geom

ume 1

'array position w/fuel roa in water’

cylinger ' 1 0.411613 49.84 0.0

cylinder 2 1 0.462413 149.84 0.0

cupold 21 4p1.3895 'L9.84 0.0

anit 2

‘arravy position w/water obut no fuei roaq’

cubotd I 01 4p1.3895 '.9.86 0.0

amit 3




ylinder 39 137.16 'i9.86 -1S.24

“epticate 4 ! 0.190% 0.0 0.1905 .2

~eplicate 5 ! 0.9525 0.0 2.54 ]

cuboid 7 1 4p140.00 149.84 -18.00
T amit 4

‘array pos!tion %/ fuel roa above water’

syt inder 1 0.411613 43.2 0.0
Sytinder 2 % 0.462413 43.2 0.0
suboid 3 1 4pl1.3895 <3.2 0.0

it §

‘array position apove water but no fuel rog’
uboid J 1 4p).3895 “3.2 0.0

it 6

'arrdy above water’

array 2 -13,.895 -13.895 0.0
ytinder 0 1 137.16 S4.96 0.0
~eplicate & ! 0.1905 0.0 0.0 1.2
~epticate S5 1 0.9525 0.0 0.0 1.0
cuboid 3 1 4pleD.00  °S4.96 0.0
jlobal umit 7

irray 3 ~140.00 -°40.00 0.0
2Mna geom

“esq array

irasy nuxsi0 nuy=i0 nuzs)

.00p

. 110 1 111 MR |

2 13 1 110 o 11

2 1t 2 1 2 9 7 111

2 11 385 114

2 810 1 110 9 11

2 9 9 9 2 2 11

2 1010 1 2 9 7 111

2 1101 3 85 111

=nd |ocop

aras? nuxs10 nuys10 nuzs)

Loop

4 110 1 110 1 1

S 131 t10 9 T

3 12 2 9 7 1

3 T 1o 3 S 111

5 3 10 1 110 ¢ 11

S 9 9 1 2 21 11

3 10 10 1 2. 9 7 EI I

H 010 I 8 8§ T

2na loop

;ramd  nuxst nuy=l  nuzs?

it 36 ena fifl

2 array

~end Start

1sted

fx=0.0 tfy=0.0 t$2=70.0 (nu=700
*fx20.0 tfy=0.0 tf1=120.0 {nuz1400
“fx=0.0 tfy=Q.0 tf2=170.0 Lnu=2000

2ng start

°nd data

ond

csasds parmss 1 zes500000
SRNL/ENG-2 fuel pin criticat exp 8
Z7qrouonatée latticecetl

i-234 10 2.6338e-5 253 eng
4-235 1 0 3.894e-3 293 eng
1236 10 1.8025e-5 293 ena
1-238 0 2.2750e-5 293 ena
ce 1 0 4.980%e-2 293 eng
3 T 0 6.2229e-2 293 ema
1 0 1.8677%e-4 93 ena
51 10 1.6115e-6 253 ena
ng 1 0 7.44B4e<5 293 eng
‘e 1 0 4.5282e-6 293 ena
= 1 0 8.5829e-6 293 ena
X T 0 1.4435e-6 293 ena
-0 P 0 4.7381e-7 293 ena
/51 !0 B8.6376e-7 293 ena
ar 1 0 1.6925e-7 293 eng
n 1 0 1.6019e-7 293 ema
3g=109 T 0 5.827%4e-8 293 ena
-3-138 ' 0 4.5772e-8 293 eno

..
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cu 1 0 7.9135e-8 293 ema-
c 2 0 6.3024e-¢ 93 ena
cr 2 0 2.1352e-2 293 enc
o} : 2 0 3.8687e-2 293 eno
o mo 2 0 &.734%1e-3 293 ena
fe 2 0 2.1552e-2 293 ena
h2o 3 1.0 293 ema
ss304 o 1.0 293 ena
caroonsteet 5 1.0 293 ena
eng comp

squarepiteh 2.507 0.823226 1 3 0.924826 2 ena

critical pin exp from ORNL/ENG-2, 27gr-free, Latticeceti treatment
resd parm

nUbsyes gens306 npg=2000 nsk=é6 nbB822000 ni8=8000 tme=180 tba=6 runsyes
ena parm

resd geom

unit 1}

'array position w/fuel roo in water’

cylinder ' 1! 0.411613 - 193,04 0.0

cylinder 2 1 0.462613 153.04 0.0

cubord I 1 4p1.2535 *93.06 - C.0

unit 2

‘arrsy position w/water but no fuei rog’

cubod 3 1 4p1.2535 '93.06 0.0

globat unit 3

array 1 -12.53% 2.535 2.0
cylinder 3 1 137.16 208,26 i-:%5.24
cytinder O 1 *37.16 104.8 -15.26
replicate & 1 0.1905 0.0 0.1905 1.0
replicate 5 1 0.9525 0.0 2.S6 ]
end geom

resd array

aras! nuxsi0 nuy=10 nuzs!

Loop

1 110 1 110 1 R |

2 1 201 T2 Tt

2 910 1 1 2 1 Y1

2 1 21 910 1 T 1

2 9 10 1 9 10 1 H

2 3 85 b 9 T

2 110 9 3 85 1

2 7 7 1Y 1010 1 PR

end {000

end array

reaq start

nstse ttx=0.0 tty=0.0 t£2=96.52 nbxsl
eng start

end data

end

=csasds parm=siz2ex=500000
ORNL/ENG-2 fuel pin critical exp 9
27groupnafé Latticecet!

u-234 1 0 2.6338e-5 293 ena
u-235 1 0 3.8964e-3 293 ena
u-236 1 0 1.802%e-5 293 ema
u-238 1 0 2.2750e-5 293 ena
be 1 0 4.9803e-2 293 eno
) 1 0 6.2229e-2 293 ena
al 1 0 1.67T4e~4 293 ena
st 1 0 1.6115e-¢ 93 enao
mq 1 0 7.4484e-5 293 ena
‘e 1 0 6.5282e-6 293 ena
c 1 0 8.5829e-6 293 ema
14} 1 0 1.4435e-6 293 ena
"D T 0 4.73681e-7 93 ema
51 1 0 8.6376e-7 33 ena
cr 1 0 1.6925e-7 293 ena
mn 1 0 1.6019e-7 293 ena
ag-109 1 0 5.8274e-8 293 ena
pa-138 T 0 4.5772e-8 293 ena
n 1 0 8.5668e-8 293 enc
Ty 1 0 7.9135e-8 293 ena
: 2 0 6.3024e-6 293 ema
cr 2 0 2.1352e-2 293 enc
Lt 2 0 3.8687e-2 293 ena
o 2 0

4.7341e-3 293 ena

arm—— - ~m
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;304 4 1.0 293 ema
:arponsteel 5 1.0 293 ena
2ng comd

:quarepiten 2.995 0.823226 1 3 0.924826 2 ema

sritical pin exp from ORNL/ENG-2, Z7gr-free, .atticecel{ treatment
~ead parm

~ubsyes gens306 npg=2000 nsk=6 nobBx2000 nta=8000 tme=180 tba=o run=ves
2nd parm

-ead geom

me

‘array position w/fuet rod in water’

sytinder TN 0.411613 158.9¢ C.0
sytinder 2 1 0.462613 158,94 0.0
-uoeid 3 1 4pl.a97S '8.94 0.0
anit 2

‘array position w/water but no fuel rog’
:uobotd 3 1 4pl.adTS "58.96 0.0

snit 3

'array under water*

irray ? -14.97%  -°6.975 0.0
cytinder 3 1 137.16  1SB.94  -35.24
-epLicate & ! 7.1905 0.0 0.1905 '.3
-epticate 5 1 3.9925 0.0 2.%4 *.2
:upoid 7 1 4o140.00 158.94 -33.00
ne &

‘array position w/fuel rod above water’
syt inger L 0.611613 34,1 2.0
ylinger 2 %Y 0.662613 34,1 0.0

cubeid 3 1 Lpl.e9Ts 4.1 0.0
i1t S
‘array position above water but no fuet rod’
cubeid 3 1 4pl.e97S 6.1 0.0
mnit 6
'array above water’
array 2 ~16.975 -16.975 0.0
zylinder 0 1 137.16 '45.86 0.0
~eplicate & 0.1905 0.0 0.0 1.0
-epticate 5 0.9525 0.0 0.0 1.0
“uboid 3 1 4ple0.00  45.86 0.0
jlobat umit 7
array 3 -140.00 -140.00 0.0
nd geom
“ead array
iras) nuxsi10 nuv=i0 nuz=1
0B
Y10 Y10 S vy
2 T3 110 9 HER |
k4 110 9 2 9 7 111
2z 910 1 110 9 LR |
2 11 1 3 3 R |
Z 8 8 1 DR B | 111
2 1010 1 8 8 1 11
2nd LooD
srase  nuxs10 nuy=10 nuz=)
.o0p
4 110 1 110 1 111
3 13 1 110 9 1 11
3 11009 2 9 7 11
3 Q10 1 110 ¢ 111
3 L I I3 1 T
3 3 8 1 LI T
H 1010 1 3 8 1 T
2na {oop

rasd nux=zl nuysl  nyzse

it 3 6 ena titd

and array

-=ad start

~st26

<fx20.0 tfy=0.0 tfz=70.0 (nu=700
“tx=0.0 tfy=0.0 tf2=120.0 lnu=1400
~txx0.0 tfy=0.0 t£2=170.0 nu=2000
2ng start

2na dats

nag

:r5asd5 parmes1ze=500000
CRNL/ENG-2 fuei pin criticatl exp 10
T7erouonaté ‘atticecett
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4-235 Y0 3.3964ke-3 93 ena
u-236 1 0 1.8025e-5 293 ema
4-238 * 0 2.2750e-5 293 ena
ce 1 0 4.9803e-2 293 ema
T ) 1 0 6.2229e-2 293 ena
- al Y0 1.677be-6 293 ena
$1 1 0 1.8115e-4 293 ena
mg 1 0 7.448ke-5 293 ena
fe 1 0 6.5282e-6 293 ena
c 1 0 8.5829e-6 293 enma
ti 1 0 1.4435e-6 293 ena
no 1 0 &.7361e-7 293 ema
v-51 1 0 B8.6376e-7 293 ema
cr 1 0 1,6925e-7 293 ena
m 1 0 1.6019e-7 293 ema
3g=109 1 0 S5.8274e-8 293 emna
ba-138 1 0 4.5772e-8 293 era
ni 1 0 B8.566Be-8 293 ema
cu 10 7.9135¢-8 93 ena
c 2 0 6.302e-« 93 ema
cr 2 0 2.1352e-2 293 ena
N Z 0 3.8687e-2 93 ema
o 2 0 4.730%e-3 93 ena
‘e 2 0 2.1552e-2 293 ema
h2o 3 1.0 293 ema
55306 4 1.0 293 ena
caroonsteel 5 1.0 293 ena
eng comp

squarepttch 2.497 0.823226 1 3 0.924826 2 ena

critical pin exp from ORNL/ENG-2, Z7qr-tree, lLatticecetl treatment
read parm

nubsyes gen=306 npg=2000 nsx=6 nbB22000 ni828000 tmesi80 tbaze runzyes
end parm

read geom

unte 1

‘array position w/fuet rod in water’

cyt inder t 0.611613 182,64 0.0

cylinder 2 1 0.462613 182.66 0.0

cuboid T 1 2p1.2485 201.269 ‘82.64 3.0
unit 2

'array position w/water but no fuel roa‘ .
cubovd 31 2p1.2485 2p1.269 ‘82.66 0.0
unit 3

‘array under water’

array * -19.976 -7.516 G.0
cytinger 31 (37,16 '22.66 -1S5.24
repticate « 1 7.1905 3.0 0.1905 1.3
repticate S ! 0.9525 0.0 2.54

cuboid 3 1 4ple0.00 182.64 -18.00
unit 4

‘array position w/fuel rog above water’
cytinder o1 0.411613 10.4 0.0
cytinder 2 1 3.462613 10,4 0.0

cuboid 3 1 2p1.2485 2p1.269 0.6 0.0
umit §

'array position above water but no fuei rog’
cuboid 31 2p1.2485 201.269 ‘0.4 0.0
untt 6

‘array apove water’

array 2 -19.976 -7 516 0.0
cytinder 0 1 137.16 "22.16 0.0
replicate & 1 3.1905 3.2 0.0 .2
repticate 5 1 7.9%25 2.0 0.0 1.0
cunoig 11 4pl60.00 "22.16 0.9

jlopal umte 7

array 3 -140.00  -°40.00 0.9

enag geom

~eaq array

arasl nuxalé nuysze nuz=t

L 00p

H 116 1 T8 R

eng loao

arazd nuxsié nuy=o nuzz!

.00D

SO T - T R

2ng {oop

arazd nux=! nuvsl nyz=2
iU 3 6 ena tilt

arvt areav
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“st=6

“¥x=0.0 tfy=0.0 tf2=70.0 {(nus700
“tx20.0 tfy=20.0 t12=2120.0 {nu=1400
“4x=20.0 tfy=0.0 tfz=170.0 {nu=2000
and start

2ng dats

2nd
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