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1 PURPOSE 

1. Establish MCNP as the code that will be used for sub-criticality analysis in the project and 
ENDF/B as the selected nuclear data library. 

2. Summarize a set of applicable experimental data comparisons with MCNP (using 
ENDF/B) calculations in order to demonstrate that the selected code and library produce 
acceptable results for the numeric analysis of LEUPA package. 

3. Establish a conservative adequate Upper Subcritical Limit (USL) for sub-criticality 
assurance in project calculations. 

2 SCOPE 

1. This document is applicable to the MCNP models for LEUPA analysis using a metallic 
Uranium core and the ENDF/B library, exclusively under the viewpoint of sub-criticality 
analysis. 

3 REFERENCES 

[1] MCNP – A General N-Particle Transport Code, Version 5 – Volume I: Overview and 
Theory, X-5 Monte Carlo Team, LA-UR-03-1987, Los Alamos National Laboratory (April, 
2003, revised February 2008). 

[2] International Handbook of Evaluated Criticality Safety Benchmark Experiments, OECD, 
NEA, 2013. 

[3] LA-UR-13-22196, “Verification of MCNP5-1.6 and MCNP6.1 for Criticality Safety 
Applications”, F. B. Brown, Los Alamos National Laboratory, 2013. 

[4] NUREG/CR-6361, ORNL/TM-13211, “Criticality Benchmark Guide for Light-Water-
Reactor Fuel in Transportation and Storage Packages”, J. J. Lichtenwalter, Oak Ridge 
National Laboratory, 1997. 

[5] SSG-26, “Specific Safety Guide”, Advisory Material for the IAEA Regulations for the Safe 
Transport of Radioactive Material, IAEA, 2012. 

4 ABBREVIATIONS 

Abbreviation Description 

ARN Autoridad Regulatoria Nuclear (Argentinean Nuclear Regulatory Authority) 

keff Effective Multiplication Factor 

LEUPA Low Enriched Uranium Package for Transport 

ORALLOY Oak Ridge Alloy (highly enriched uranium metal) 

USL Upper Subcritical Limit 

5 INTRODUCTION 

1. There are several calculations that have to be performed in order to assure the Sub-
criticality of the system. All of these calculations will be performed using the stochastic 
calculation line employed in the Nuclear Engineering Division at INVAP. 

2. In this case the code selected for performing these calculations is MCNP [1]. This code 
has been used in many different projects along INVAP’s history. Although the code has 
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been used in many occasions, the specific application is not the same, and the validation 
has to be addressed accordingly using applicable benchmark cases. 

6 LEUPA PACKAGE 

1. The type B(U) LEUPA package is designed for the transport and storage of fissile 
substances (only U of lower enrichment than the 20% in atoms U235) solid (metal) or in 
solid composites known as U3O8, UO2 U3Si2, UN. 

2. The main technical characteristics of the package can be seen in Table 1. 
 

Table 1: LEUPA package description 

System Description 

Package 

Classification: Type B(U), for transport by land, by sea or by air with 
fissile substances. 
ARN Approval Certificate: – 
Safety Index as regards Criticality: (SIC): 0.69. 
Useful Load: 50 kg of enriched uranium at 19.75% in U235 (limit 
value). 
Total Mass of Package: 430 kg. 
Dimensions: Height 1155 mm, Diameter (external). 532 mm. 
Lifting Points: 4 shackles with 500 kg capacity each. 
Clamping points for Transport: 4. 

Content 

Some of the following: 
a. Natural uranium. 
b. Metal uranium in grains or pieces. 
c. U3Si2 powder or in pieces. 
d. UxAly powder or pieces. 
e. UO2 powder. 
f. U3O8 powder. 

Enclosure System 

Building Material: Stainless Steel. 
Pressure vessel, designed in accordance with code ASME Section 
III, Division 1, Sub-section NB. 
Nominal Diameter: ND 125 (5”). 
Inner Volume: 8.25 dm3. 
Design Pressure: 700 kPa (manometric). 
Test Pressure: 875 kPa (manometric). 
Design Temperature: 70 ºC. 
Test Temperature: Ambient (20 ºC). 
Gasket Type: Spiral, non-reusable made of graphite and stainless 
steel. It accords with Standard ASME B 16.20. 
Type of Screws of Sealing of Flange: ASTM A 193 Gr. B7, UNC ¾” 
10 HPP. 
Neutron Absorbent: Approx. 58 kg high purity cadmium, in 
accordance with Standard ASTM B440 Grade L 01951. 

Remainder of 
packaging 

Thermal Insulator: Approx. 85 kg of Kaolite 1600. 
Gaskets: 5 mm thick rubber. 
Cover Screws: 6 M12 in each cover, type A2-70 ISO 3506-1. 
Safety Precinct Type: 2 brass precincts, encoded with 6 number 
digits.  

3. The sub-criticality assurance evaluations will be performed using a U-Metal load. 
Therefore, the validation cases should consider this fuel type in the benchmark cases 
selected. 
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7 VALIDATION 

1. MCNP is a widely used and validated stochastic particle transport code. For LEUPA 
analysis version 1.6 of MCNP5 will be used as the main code for all the calculations 
involving criticality safety analysis. 

2. There are several library evaluations and versions available for use with this code. 
ENDF/B is the selected library (when available, otherwise the most recent one is selected) 
and will be used for the criticality safety evaluations. 

3. In order to assure the applicability of the code and library version selected, several 
documents were consulted, including [2].  

4. The most applicable validation effort was found to be [3], in which several U-metal cases 
were evaluated and compared to the measured values. In Table 5b of that document 
several high-enrichment and mid-enrichment cases were assessed. These comparisons 
show that the code reaches more than acceptable values for cases that contain the 
materials used in LEUPA when compared to experimental data. 

5. The benchmarks analyzed in [3] were obtained from [2] and their main characteristics are 
shown in Table 2. 
 

Table 2: Main characteristics of the selected Benchmark sets 

HEU - IEU Benchmarks Description 

heu- met - fast- 001 

One of the better experiments performed at Los Alamos in the 1950's to 
determine the critical mass of a bare, 94 wt.% 235 U (U(94)), sphere of 
highly enriched uranium (HEU) consisted of two identical sets of nested 
ORALLOY hemispheres. 

heu- met - fast- 003 

The experiments included in this evaluation are a total of 12 cases, seven 
spherical ORALLOY (highly enriched uranium) assemblies reflected by 2, 
3, 4, 5, 7, 8, and 11 inches of tuballoy (natural uranium); four spherical 
ORALLOY assemblies reflected by 1.9, 2.9, 4.5, and 6.5 inches of tungsten 
carbide; and one spherical ORALLOY assembly reflected by 8 inches of 
nickel. The tuballoy-reflected experiments with tampers (reflectors) less 
than 5 inches thick were not brought to critical and were either "hand held" 
or run on the Elsie machine. Three tungsten-carbide-reflected experiments 
were run on the Elsie machine, and one (2-inch reflector) was "hand held"; 
none were brought to critical. All assemblies run on the Topsy machine 
with tuballoy reflectors equal to or greater than 5 inches were brought to 
critical. 
All experiments are considered acceptable for use as criticality safety 
benchmark experiments, but those experiments that were brought to 
critical are more reliable than the others. In particular, the acceptability of 
the nickel-reflected sphere is certainly somewhat marginal. 

heu - met - fast- 004 

The objective of this experiment, conducted at the Pajarito Site at Los 
Alamos National Laboratory in December 1976, was to provide a very 
accurate estimate of the critical mass of a sphere of highly enriched 
uranium (HEU) with an effectively infinite water reflector. The sphere was 
placed on top of a Plexiglas stand inside an aluminum tank containing 
water. The water level was raised until the configuration was slightly 
supercritical, and the excess reactivity was measured as a function of the 
height of the water above the sphere.  
An outstanding feature of this experiment is that the uncertainties 
associated with it are quite small, and the results are remarkably 
insensitive to those uncertainties. This experiment is considered to be 
acceptable for use as a benchmark experiment for criticality safety. 
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HEU - IEU Benchmarks Description 

heu- met - inter- 006 

The Zeus experiments are a series of on-going critical assemblies at the 
Los Alamos Critical Experiments Facility (LACEF) at Los Alamos National 
Laboratory (LANL). The initial set of four experiments was designed to test 
the adequacy of 235U cross sections in the intermediate-energy range. 
In the set of Zeus experiments, plates of highly enriched uranium (HEU) 
metal were interspersed with graphite plates in a cylindrical stack that was 
completely surrounded by copper reflectors. Four different critical masses 
were obtained. 
Based on this evaluation, all four configurations in the initial set of Zeus 
experiments are judged to be acceptable for use as criticality-safety 
benchmark experiments. 

heu- met - fast- 008 

The experiment described in this evaluation is a critical configuration that 
was assembled in 1982 and then repeated with some modifications in 1995 
using the VNIITF Criticality Test Facility. Here, the assembly is an 
unreflected sphere of about 78 kg of highly enriched uranium. This 
experiment validates neutron data of uranium isotopes.  
The configuration of the system is simple enough and measurements were 
made with sufficient precision for the experiment to be considered as a 
criticality-safety benchmark. 

heu- met - fast- 009 

The experiments described in this evaluation are two critical configurations 
that were assembled in 1977 using the VNIITF Criticality Test Facility. 
Here, each assembly is a sphere of highly enriched uranium reflected by 
beryllium or beryllium oxide. These experiments compare the effects of the 
two reflective materials, because the sizes of the reflectors are the same 
and the cores have a very small difference in mass. 
The configurations of the systems are simple enough, and measurements 
were made with sufficient precision for the experiments to be considered 
as criticality safety benchmarks. 

heu- met - fast- 011 

The experiment described in this evaluation is a critical configuration that 
was assembled in 1986 and repeated with some modifications in 1995 
using the VNIITF Criticality Test Facility. Here, the assembly is a sphere of 
highly enriched uranium reflected by polyethylene. This experiment 
validates the effects of this reflective material. 
The configuration of the system is simple enough, and measurements were 
made with sufficient precision, for the experiment to be considered as a 
criticality safety benchmark. 

heu- met - fast- 012 

The experiment described in this evaluation is a critical configuration that 
was assembled in 1978 using the VNIITF Criticality Test Facility. Here, the 
assembly is a sphere of highly enriched uranium reflected by aluminum. 
This experiment validates the effects of this reflective material. 
The configuration of the system is simple enough, and measurements were 
made with sufficient precision, for the experiment to be considered as a 
criticality safety benchmark. 

heu - met - fast- 013 

The experiment described in this evaluation is a critical configuration that 
was assembled in 1976 using the VNIITF Criticality Test Facility. Here, the 
assembly is a sphere of highly enriched uranium reflected by steel. This 
experiment validates the effects of this reflective material. 
The configuration of the system is simple enough, and measurements were 
made with sufficient precision, for the experiment to be considered as a 
criticality safety benchmark. 
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HEU - IEU Benchmarks Description 

heu - met - fast- 014 

The experiment described in this evaluation is a critical configuration that 
was assembled in 1980 using the VNIITF Criticality Test Facility. Here, the 
assembly is a sphere of highly enriched uranium (HEU) reflected by 
depleted uranium. This experiment validates the effects of this reflective 
material.  
The configuration of the system is simple enough, and measurements were 
made with sufficient precision, for the experiment to be considered as a 
criticality safety benchmark. 

heu- met - fast- 015 

The experiment presented in this report was performed in 1984. The critical 
assembly is a cylinder of highly enriched uranium. Seven similar critical 
assemblies were built. These assemblies can be used to test neutron data 
of highly enriched uranium in calculations of fast reactor cores. For the 
detailed description, one of these critical assemblies is chosen.  
The configuration of the system is simple enough and measurements were 
made with sufficient precision for the experiment to be considered as a 
criticality safety benchmark. 

heu- met - fast- 018 

Criticality measurements of bare metal 235U (90%) assemblies are basic 
in the experiments with highly-enriched, uranium metal cores. These data 
can provide the basis to define safety conditions in fissile-material 
operations and can also verify neutron calculation codes and techniques. 
VNIIEF conducted critical-assembly and multiplying-assembly (MA) 
experiments at its criticality test facility (CTF) in 1962. The core pieces 
were manufactured also in 1962. The experiments were re-evaluated 
between 1992 and 1994. In the latter effort, more specific measurement 
conditions were defined, and more advanced experimental data processing 
techniques were applied. Detailed consideration was given to reactivity 
effects on slightly subcritical systems. 
Of particular interest were effects due to neutron reflections from the 
experimental equipment and the walls of the assembly room and to non-
uniformities in the density and enrichment of the fissile material throughout 
the core. These efforts resulted in two benchmark models, one detailed 
and one simplified, of a single experiment. The selected case is the 
simplified model (case 2). 

heu- met - fast- 019 

Criticality measurements of graphite-reflected 235U (90%) were performed 
in 1962 at the VNIIEF criticality test facility (CTF). The core pieces were 
manufactured also in 1962. These experiments were re-evaluated between 
1992 and 1994. These efforts resulted in two benchmark models, one 
detailed and one simplified, of a single experiment. The selected case is 
the simplified model (case 2). 

heu- met - fast- 020 

Criticality measurements of polyethylene-reflected 235U (90%) were 
conducted by VNIIEF in 1962 at its criticality test facility (CTF). The core 
pieces were manufactured also in 1962. These experiments were re-
evaluated between 1992 and 1994. During the latter effort, more specific 
measurement conditions were defined, and more advanced experimental 
data processing techniques were applied. These efforts resulted in two 
benchmark models, one detailed and one simplified, of a single 
experiment. The selected case is the simplified model (case 2). 

heu - met - fast- 021 

Criticality measurements of steel-reflected 235U (90%) were conducted by 
VNIIEF in 1962 at its criticality test facility (CTF). The core pieces were 
manufactured also in 1962. These experiments were re-evaluated between 
1992 and 1994. These efforts resulted in two benchmark models, one 
detailed and one simplified, of a single experiment. The selected case is 
the simplified model (case 2). 
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HEU - IEU Benchmarks Description 

heu- met - fast- 022 

Criticality measurements of a Duralumin-reflected assembly of 235U (90%) 
were conducted by VNIIEF in 1962 at its criticality test facility (CTF). The 
core pieces were manufactured also in 1962. These experiments were re-
evaluated in 1994. As a result of these efforts, two benchmark models, one 
detailed and one simplified, of a single experiment were developed. The 
selected case is the simplified model (case 2). 

heu- met - fast- 026 

In 1962-63 a set of detailed criticality experiments utilizing highly enriched 
uranium cylinders was conducted at the Oak Ridge Critical Experimental 
Facility (CEF). Critical arrays of uranium metal cylinders were constructed 
on a split-table apparatus with varying surface-to-surface (STS) spacings 
between the units and varying paraffin reflector thickness. 
Experiments were performed using cylinders in four mass groups and with 
different height-to-diameter ratios. The experiments reported in this 
evaluation include cylinders with approximate masses of 15, 20, and 25 kg. 
This evaluation reviews 32 experimental configurations, all of which are 
acceptable as benchmarks. Case C-11 was used. 

heu - met - fast- 028 

In the mid-1960;s a critical experiment was performed at Los Alamos 
Scientific Laboratory using a spherical highly enriched uranium core 
reflected by normal uranium. Delayed critical was achieved. 
The results of this experiment are considered to be acceptable as a 
benchmark critical experiment. 

heu-met-fast-037 

The experiments presented in this report were performed in 1988 at 
VNIITF using the criticality test facility FKBN (Vertical Lift Machine). The 
cores of the critical assemblies were cylinders consisting of alternating 
discs of highly enriched uranium, polyethylene, and depleted uranium. End 
and side polyethylene reflectors were 10 cm thick. Seven similar critical 
experiments having different thicknesses of the material layers were 
performed. These experiments were used for neutron-data validation in the 
range of resonance neutron energy. The two critical assemblies chosen for 
evaluation were very similar. They differ by the presence of a thin cadmium 
layer between the core and the side and end reflectors in one assembly 
and by the core loading required to bring each assembly to or near 
criticality. 
The configurations of the systems are simple enough and measurements 
were made with sufficient precision for the experiments to be considered 
as criticality safety benchmarks. Both cases were considered. Case 2 
contains a Cadmium layer.  

ieu- met - fast- 001 

The purpose of the early Aunt Jemima experiments, performed at the 
Pajarito critical assembly facility at Los Alamos (1952-1954), was to 
determine critical conditions for bare uranium cylinders of intermediate 
enrichment. Ideally, the composition of the cylinders would be uniform. In 
practice, the vertical cylindrical columns were constructed by stacking thin 
disks of enriched uranium (ORALLOY, or Oy, 93.4 wt.% 235U) and natural 
uranium (tuballoy, or Tu) in different orders. The cylinder might have 
resembled a stack of pancakes; hence "Jemima," the brand name of a 
pancake mix, was selected for the experiments. Because the thicknesses 
of the individual disks were small compared to their diameter or to the 
height of the combined column, the composition could be described as 
moderately enriched and approximately uniform. A total of five critical 
cylindrical configurations of uranium disks, partial disks (in the shape of 45° 
circular sectors), and layers of rectangular blocks were assembled. 
Documentation and detailed drawings provide enough information for four 
of the experiments (involving only the disks and sectors) to qualify as 
benchmark experiments. For each of the four acceptable experiments, two 
benchmark models, reference (detailed) and idealized, are developed in 
this evaluation. 
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HEU - IEU Benchmarks Description 

ieu- met - fast- 002 

This critical experiment was a cylindrical assembly with a core of 
alternating plates of enriched and natural uranium surrounded by a natural 
uranium reflector. The core average enrichment was ~ 16 wt.% 235U. This 
experiment was performed at the Los Alamos Pajarito critical assembly 
facility around 1956. This experiment determined critical parameters for an 
appreciably lower enrichment assembly. 
Based on our evaluation of these documents, this experiment is judged to 
be an acceptable criticality-safety benchmark. 

ieu - met - fast- 003 

Criticality measurements of bare metal 235U (36%) assemblies were 
conducted at VNIIEF’s criticality test facility (CTF) in 1994. As a result of 
these efforts, two benchmark models, one detailed and one simplified, of a 
single experiment were developed. The selected case is the simplified 
model (case 2). 

ieu- met - fast- 004 

Criticality measurements of a graphite-reflected assembly of 235U (36%) 
were performed by VNIIEF in September 1977 at its criticality test facility 
(CTF). The core pieces were manufactured in February 1977. These 
experiments were re-evaluated between 1992 and 1994. As a result of 
these efforts, two benchmark models, one detailed and one simplified, of a 
single experiment were developed. The selected case is the simplified 
model (case 2). 

ieu - met - fast- 005 

Criticality measurements of steel-reflected 235U (36%) assemblies were 
conducted by VNIIEF in 1994 at its criticality test facility (CTF). The core 
pieces were manufactured in 1977. 
These experiments were re-evaluated in 1995. As a result of these efforts, 
two benchmark models, one detailed and one simplified, of a single 
experiment were developed. The selected case is the simplified model 
(case 2). 

ieu- met - fast- 006 

Criticality measurements of a Duralumin-reflected assembly of 235U (36%) 
were conducted by VNIIEF in 1994 at its criticality test facility (CTF). The 
core pieces were manufactured in 1977. As a result of these experiments, 
two benchmark models, one detailed and one simplified, of a single 
experiment were developed. The selected case is the simplified model 
(case 2). 

ieu- met - fast- 007 

The idea for the Big Ten assembly was initially conceived in 1966. The 
assembly attained initial criticality at the Los Alamos Critical Experiment 
Facility (LACEF) in 1971. Big Ten was a cylindrical assembly with a core 
composed entirely of fissionable material in metal form, like most of the 
earlier critical assemblies at the LACEF. However, it was very large and 
massive; the name “Big Ten” reflects both its total mass of uranium (10 
metric tons) and the average 235U enrichment of its core (10%). The 
“Improves Simplified Benchmark Model” was used (case 4). 

 
6. From these cases, that represent similar conditions or demonstrate the adequate 

prediction using the involved materials (Uranium, Stainless Steel, Graphite, Cadmium, 
etc.) to the LEUPA analyses that will be required, an adequate USL was derived. 

8 UPPER SUBCRITICAL LIMIT 

1. Based on [4] an USL was established for use on the assurance of sub-criticality for the 
LEUPA package. 

2. The selected benchmarks are with their respective results and deviations are shown in 
Table 3. In this table, the calculated values are shown as a difference between the 
calculated and the measured values. 
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Table 3: Selected benchmark results 

Benchmark from [1] and [2] Benchmark MCNP ENDF/B Calculation 

HEU - IEU Benchmarks keff σ dkeff σ 
heu - met - fast - 001 1.0000 10 -0.0007 10 
heu - met - fast - 003 - case - 1 1.0000 50 -0.0046 50 
heu - met - fast - 003 - case - 2 1.0000 50 -0.0058 50 
heu - met - fast - 003 - case - 3 1.0000 50 -0.0006 50 
heu - met - fast - 003 - case - 4 1.0000 30 -0.0029 30 
heu - met - fast - 003 - case - 5 1.0000 30 0.0008 30 
heu - met - fast - 003 - case - 6 1.0000 30 0.0017 30 
heu - met - fast - 003 - case - 7 1.0000 30 0.0027 30 
heu - met - fast - 003 - case - 8 1.0000 50 0.0081 50 
heu - met - fast - 003 - case - 9 1.0000 50 0.0095 50 
heu - met - fast - 003 - case - 10 1.0000 50 0.0129 50 
heu - met - fast - 003 - case - 11 1.0000 50 0.0166 50 
heu - met - fast - 003 - case - 12 1.0000 30 0.0083 30 
heu - met - fast - 004 - case - 1 1.0020 10 0.0008 10 
heu - met - inter - 006 - case - 1 0.9977 8 -0.0052 8 
heu - met - inter - 006 - case - 2 0.9997 8 -0.0026 8 
heu - met - inter - 006 - case - 3 1.0015 9 -0.0004 9 
heu - met - inter - 006 - case - 4 1.0016 8 0.0059 8 
heu - met - fast - 008 0.9989 16 -0.0032 16 
heu - met - fast - 009 - case - 1 0.9992 15 -0.0035 15 
heu - met - fast - 009 - case - 2 0.9992 15 -0.0037 15 
heu - met - fast - 011 0.9989 15 -0.0005 15 
heu - met - fast - 012 0.9992 18 -0.0010 18 
heu - met - fast - 013 0.9990 15 -0.0015 15 
heu - met - fast - 014 0.9989 17 -0.0011 17 
heu - met - fast - 015 0.9996 17 -0.0053 17 
heu - met - fast - 018 - case - 2 1.0000 14 -0.0001 14 
heu - met - fast - 019 - case - 2 1.0000 28 0.0074 28 
heu - met - fast - 020 - case - 2 1.0000 28 0.0008 28 
heu - met - fast - 021 - case - 2 1.0000 23 -0.0031 24 
heu - met - fast - 022 - case - 2 1.0000 19 -0.0023 19 
heu - met - fast - 026 - case - c-11 1.0000 38 0.0038 38 
heu - met - fast - 028 1.0000 30 0.0032 30 
heu - met - fast - 037 - case - 1 0.9997 11 0.9970 4 
heu - met - fast - 037 - case - 2 0.9997 11 0.9932 4 
ieu - met - fast - 001 - case - 1 0.9989 10 0.0020 10 
ieu - met - fast - 001 - case - 2 0.9997 10 0.0016 10 
ieu - met - fast - 001 - case - 3 0.9993 5 0.0021 5 
ieu - met - fast - 001 - case - 4 1.0002 5 0.0013 5 
ieu - met - fast - 002 1.0000 30 -0.0009 30 
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Benchmark from [1] and [2] Benchmark MCNP ENDF/B Calculation 

HEU - IEU Benchmarks keff σ dkeff σ 
ieu - met - fast - 003 - case - 2 1.0000 17 0.0029 17 
ieu - met - fast - 004 - case - 2 1.0000 30 0.0075 30 
ieu - met - fast - 005 - case - 2 1.0000 21 0.0018 21 
ieu - met - fast - 006 - case - 2 1.0000 23 -0.0043 23 
ieu - met - fast - 007 - case - 4 1.0049 8 0.0000 8 
          

Average 0.0009 - 
 
 
3. Using the nomenclature described in the guide [4] and the benchmarks selected, the USL 

is defined as follows: 
 

USL = 1 - Δkm + β - Δβ 
 
4. Where (in a very conservative approach): 

a. Δkm is the margin to ensure sub-criticality (set to 0.05 for these calculations [5]). 
b. β is the average difference between the measured value and the calculated 

value for all the criticality calculations considered (in this case equal to 0.0009 
but as per [5] it is assumed to be 0.0). 

c. Δβ is the maximum amplitude (or error) observed for all the calculations 
performed (In this case considered as 3*σ = 0.0150). 

 
5. Therefore: 
 

USL = 1 - 0.0500 + 0.0 - 0.0150 = 0.9350  
 

9 CONCLUSION 

1. MCNP5 1.6 will be used for sub-criticality analysis in the project. This code will be used 
with data from the nuclear data library ENDF/B. 

2. MCNP5 1.6 (using ENDF/B) produces acceptable results for similar cases. These 
considered cases are evaluated in [2] and consolidated in [3]. 

3. An USL was derived using the validation benchmarks to perform the sub-criticality safety 
analyses required. 

4. An additional margin of 0.05 has been selected in order to assure sub-criticality of the 
system.  

5. Using this margin and the benchmark data, the USL to be used in all sub-criticality 
assurance related calculations with MCNP5 1.6 and ENDF/B library, has been defined as: 

 
USL = 0.935  

 
 


