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The Neptuniurn sphere reflected by highly enriched uranium hemi-shells experiment was
performed using the Planet universal critical assembly at the Los Alamos Critical Experiment
Facility (LACEF) at Los Alamos National Laboratory. The experiment consisted of surrounding a
Np sphere by matching pairs of highly enriched uranium hemisphere shells. This experiment was
performed in an effort to decrease the uncertainty in the critical mass of 237Np for criticality safety
and nonproliferation issues. The initial configuration went critical on September of 2002 The final
experimental configuration consisted of a 607 kg Np sphere and 62.555 kg of HEU separated by a
0.3175-cm aluminum spacer. The critical configuration had an experimental kff of 1003. The
uncertainties affecting the experiment were divided into three categories: mass measurements,
geometry and material composition. The sensitivity analysis on this experiment yielded an
uncertainty in the measured kff of ± 00044.

1. Introduction y) in 235U under thermal neutron flux and by (n,
2n) reactions in 238U under fast neutron flux.

There are many reasons for the interest of Additional ly, 23'Np is formed as the daughter, by
Neptunium-237. Those who evaluate the very alpha decay, of 24'Am.
long term risks associated with the disposal of
radioactive wastes have been very concerned This paper examines at the differences
with 237 Np. This concern is based on: a) its encountered in the calculated kff and the
presence in high-level waste from nuclear fuel experimental kff on the 237 Np/23'U experiment.
cycles, b) its very long life 2.14 06 years), c) It also examines the systematic uncertainty in the
its purported gastrointestinal absorption factor experiment by providing a confidence level
and d) its critical mass. Of these issues, the useful to users working in code qualification.
great uncertainty on the critical mass of237 Np in The uncertainties affecting the experiment have
the oxide and in the metal orm according to the been divided into three broad categories. They
ANSI/ANS-8.15-1981 standard is of most are uncertainties due to: 1) mass measurement,
concern to us. In an effort to decrease the 2) geometry, and 3 impurities. Each category is
uncertainty on the critical mass of 237 Np for considered in turn and then the combined
criticality safety and nuclear nonproliferation experimental uncertainty is presented. Each final
issues, a series of experiments were performed at uncertainty estimate is one standard deviation.
the Los Alamos Critical Experiments Facility.
The first experiment in these series consisted of 2. Description of the Experiment
surrounding a 6.07 kg solid sphere of 237 Np by
Highly Enriched Uranium hemi-shells. The 237NP/2"U experiment was performed using

the Planet universal critical assembly at the Los
Neptunium is formed in considerable quantities Alamos Critical Experiments Facility. The
in nuclear power reactors during the iradiation experiment consisted of surrounding a solid
of nuclear fuel. Of the higher-mass actinides 237Np sphere with 235U hemi-shells driver core.

, 237 237produced, only the alpha particle emitting Np Figure I shows a picture of the Np sphere with
isotope has a long half-life 2.14 xi O6 years). the 235U hemispheres during the approach to
237 Np is formed by nuclear chains initiated by (n, critical.
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3. Results

A detailed analysis using MCNP was perfori-ned
to validate the experimental results. A complete
model of the Np experiment reflected with the
highly enriched uranium was created. The
reactivity effects of many of the uncertainties
discussed below were quantified using the
MCNP model. T he MCNP analysis was
perfon-ned by employing a detailed three-
dimensional model with continuous-energy cross
sections from ENDF/B-VI neutron data. The
MCNP calculations had 6000,000 active
histories. A total of 5,000 histories per
generation were used and 1250 generations of
neutrons. The first 50 generations were skipped
to obtain a well-distributed neutron source.

Figure 1. Np sphere with 235 U hemi-shells. The first category of uncertainties includes the

The Planet ctical vertical lift assembly is material mass uncertainty, calculated by changes
composed of a movable and a stationary platform. in density. The uncertainties examine are the
The approach-to-critical method was used to mass of the Np sphere, tungsten shielding, Ni
determine the critical mass values for this cladding and in the mass of HEU hemisphere

shells. The uncertainty in the chemical
experiment. The bottom hemi-shells and the Np composition of the 217 Np sphere and the
ball were placed on the movable platform of the uncertainty in the 235 U enrichment in the
Planet assembly. The bottom section of this
composite core contained approximately half of hemisphere shells were also investigated under
the critical mass. The top HEU hemi-shells of this category. The second category includes the
the core were placed on the stationary top geometry uncertainties of the different
platform. The lower portion of the assembly, components. The geometry uncertainties
which contained a spontaneous fission Surce examined include the change in volume of the
(240PU), was then raised remotely until it neptunium sphere, the BEU hemisphere shells,
contacted the top portion of the assembly. The the stainless steel membrane and Al spacer. The
neutron leakage from the assembly was third category examined was the uncertainty in
measured with four BF3 detectors to obtain the the material impurity and effect of the

multiplication of the system. The multiplication surroundings.

values are defined as the count rate obtained by Figure 2 shows a front cross sectional view of
the four BF3 detectors in a suberitical step the model. This depiction includes all the
divided by the initial or base count rate. The supporting structure around the HEU hemi-shells
inverse of the multiplication (l/M) is then and Np sphere.
plotted as a function of the herni-shell masses.
The critical mass is found as the extrapolated
value of the last two previous points. 7, M..b,-

The final critical configuration consisted of
33.105 kg of ... U on the bottom of the Np

f235U Af I.P pl�t.sphere and 29.450 kg on the top of the
imm" muz- WomNp sphere. Consequently, the final critical W�M b. Al plt.

configuration consisted of 6.07 kg of 23'Np and
62.555 kg of oralloy with an Aluminum spacer

y wbi.of approximately 035 cm between bottom and
top shells. The fully closed system had a positive '.fi�g PI.I.
reactor period of 5.89 seconds which is about
48.19 cents of excess reactivity. Figure 2 Depiction of the Detailed Model for the

HEU shells and Np Sphere.
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A summary of the uncertainties is collected in Table 1. Summary of Uncertainties for the Np
Table 1. All sensitivity calculations were experiment.
performed using MCNP with ENDF/B-VI Of
the uncertainties due to variations in mass, the Source of Uncertainty Paramete Calculat Standard
HEU and Np mass uncertainty are important. r ton ed Uncertaint
Two of the uncertainties in the geometry Varis Effect y

in (Akff) of in'&kff
category are important: uncertainties in the Cale lati Variatio
neptunium radius and in the SS membrane. As o: n
expected the effect of the structural support Matetial Mass
around the Np/U assembly is important. Of the "'Np Mass 0.2 g ±0.0011 ± 0.0011
composition uncertainties, only the composition Tungsten Shield Mass 0.2 g ± 0.0008 ± 0.0008
uncertainty of stainless steel membrane Ni Inner Cladding Mass 0.2 ± 00009 ± 00009
impurities is significant. Mass uncertainties Ni Outer Cladding Mass 0.2 g ± 0.0008 ± 0.0008

HEU Hemisphere Mass 0.478% ± 00004 ± 00004
dominate the overall experimental uncertainty in Enrichment in ... U Shell 0.02 el ± 0.0010 ± 0.0010
this benchmark. The total experimental "'Np Content 0.5% ± 00013 ± 00013
uncertainty was derived from the effects given Uranium Content wt%) 0.0011 ± 0.0011 ± 0.0005
and combined using the sum of the squares. The Pu Content wtl/o) 0.001 ± 00006 ± 00003
calculated kff for this experiment is 098714 ± !2e� Dimensions
0.0003 using a MCNP model with continuous- "'Np sphere 0.00696 ± 0.0011 ± 00007
energy cross sections from ENDF/B-VI neutron Tungsten Shield 0.002 in ± 00007 ± 00004
data. Nickel Inner Cladding 0.002 in ± 0.0005 ± 00003

Nickel Outer Cladding 0.002 in ± 00006 ± 00004
HEU Hemisphere 0.002 in ± 0.0008 ± 0.0005

The experimental k.ff is 1003. This experimental SS Membrane 0.001 in ± 00012 ± 00007ke ± 0.0005
,ff was obtained from a measured period of 564 Aluminum Spacer 0.002 in. ± 00009
0.01 seconds, which corresponds to an excess Materfid ConWosi&n

reactivity of approximately 48.19 cents. The ff Impurity in Al Support Included 0.0006 ± 00004
Impurity in SS Included 0.0009 ± 0.0005

used to convert between excess reactivity and ff membrane
was 000540. Impurity in Tungsten Included 0.0007 ± 00004

shield
4. Conclusion Addidonal Calculadons

Support Structure Included - 00092 ± 00092
As it was shown in the previous section, a Room Return Included <0.001 0.001
considerable difference exists between the Reactivity Measurement <0.0001 0.0001

Total Uncertainty Quadratically Combined Total:
calculated and the experimental kff. This 0.0044
discrepancy is attributed to the 237 Np inelastic
scattering cross section. A high inelastic
scattering cross section on the fast region will
decrease criticality, since more neutrons will
scatter below the fission threshold cross section
of 23'Np where they will be unable to cause
fissions. Further work is underway to identify
possible weakness in the cross sections of 237 Np.

298 -


