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ABSTRACT

These carefully performed and documented measurements with unreflected and unmoderated highly
enriched uranium (HEU) castings can be used to benchmark calculational methods for the time decay of
the fission chain multiplication process as measured with small (1 x 1 x 6 in. thick plastic scintillators
with V4-in.-thick lead on all detector surfaces) detectors adjacent to the tightly fitting stainless steel cans
that contained the HEU (~93 wt %) metal. Prompt time decay measurements were performed stimulating
the fission chain multiplication process with a timed, tagged Cf spontaneous fission source that emitted
fission-spectrum neutrons and a time and directionally tagged 14.1-MeV neutrons from the DT reaction in
a steady state generator with an embedded alpha detector. Time decay measurements were performed
with HEU masses varying from 18 to 90 kg for a wide variety of source-detector-casting configurations.
The use of a DT generator provided no addition information about the fission chain behavior beyond that
provided by a time-tagged Cf spontaneous fission source. The main quantities obtained in the
measurements were (1) the time distribution of the counts in a detector after a neutron fission in the Cf
source or after the alpha detection coincident with the emission of a neutron from the DT generator (the
equivalent of a pulsed neutron measurement with a randomly pulsed source) and (2) the time distribution
of counts in one detector after a count in another detector (the equivalent of a two-detector Rossi-alpha
measurement). Monte Carlo calculations using the MCNP-PoliMi coupled gamma-neutron transport code
generally agreed with the measurement results except for some differences early in the fission chain
decay process. The measurements that were performed with the HEU about 1 m above the floor were
considerably affected by room return neutrons at times as early as 100 ns, and at times after 300 ns, a
major portion of the time response was associated with the interaction of the HEU assemblies with the
floor. This room-return effect increased with the size of the assembly because the larger assemblies
subtend a larger solid angle to a neutron returning from the floor.
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1. INTRODUCTION

A series of experiments with annular highly enriched uranium (HEU) metal castings was performed in
2006 in which up to five castings were assembled in a tightly packed array with minimal spacing between
castings. The castings were the standard HEU storage castings used at the Y-12 National Security
Complex and were in stainless steel cans for contamination control. Each can contained slightly less than
18 kg of uranium with 93.16 wt % **°U. The fission chain multiplication process was initiated by a nearby
#2Cf spontaneously fissioning neutron source [1] or a small portable DT neutron generator with an
embedded alpha detector [2] and the prompt neutron time behavior was measured with small plastic
scintillation detectors sensitive to the fast neutrons and gamma rays without distinction using the Nuclear
Materials Identification System (NMIS) [3]. The neutron emission from the Cf source was time tagged
because the Cf was deposited on one plate of a parallel plate ionization chamber, and the neutron
emission from the DT generator was time and directionally tagged by the embedded alpha detector. These
experiments were performed to benchmark methods for the calculation of prompt neutron time behavior.
This report describes the measurements and compares the results for both types of neutron sources and
compares Monte Carlo calculations with the measured results for selected measurements. This work was
supported by the Y-12 National Security Complex and the Department of Energy (DOE) National
Nuclear Security Administration.

2. MATERIALS

The fissile material for these measurements was highly enriched uranium metal with an average **°U
enrichment of 93.158 wt %. The average **U and *°U content were 1.010 and 0.412 wt %, respectively.
The average ***U content is the difference of these numbers from 100. The HEU metal was in the form of
the standard HEU annular storage casting at the Y-12 Complex. The outside diameter of the casting was
5.000 in., and the inside diameter was 3.500 in.' These dimensions were not measured but were assumed
based on the dimensions of the graphite casting crucible and measurements of previous castings of this
same type. The height of the castings depended on the masses, which were between 17.636 and

17.996 kg, and the average impurity content was ~992 ppm. The results of mass spectrographic analyses
for the impurity content and the uranium isotopics are given in Appendix A. The meniscus at the top of
the casting that resulted from solidifying of the melt was 1/16 in. deep. It was assumed that the density of
the uranium metal is 18.75 gm/cm’. A summary of the description of the HEU metal castings is given in
Table 2.1.

The castings were in 0.025-in.-thick stainless steel (SS-304) cylindrical cans for contamination control;
the cans were 7.5 in. high. Four of the cans had recessed lids welded into the bottom and had the same
type of lid glued into the top. The fifth can was annular in shape had an inside diameter of 3.0 in. so that
the Cf source could be located on the axes of this casting; thus, it had 0.025-in.-thick stainless steel on the
inside of the casting.

The average diameters of the cans with the casting inserted and other details of the castings are given in
Table 2.1. The recessed lid welded on the bottom of the cans resulted in the bottom of the uranium metal
castings being 0.25 in. above the steel table. To preclude water accumulation inside the annular can, this
can rested on a 0.25-in.-thick A36 mild steel coaster that would allow water to drain out. So for the
annular casting No. 1, the bottom of the HEU metal was ~0.50 in. above the 0.25-in.-thick steel table,
while for castings 2 to 5, this distance was 0.25 in. Appendix B provides drawings and gives a detailed
description of the cans used for castings.

" All dimensions given in this report are in the units measured.



Table 2.1. Description of the uranium metal castings

Number Uranium? mass Impurity content Isotopic content Average can diameter
(gm) (ppm) (Wt %) (in.)°
234 235 236

1° 17920 1105 1.008 93.186  0.377 5.067
2 17996 1200 1.017 93.168 0.394 5.062
3 17636 988 1.012 93.175 0.435 5.063
4 17862 816 1.009 93.177 0451 5.064
5 17852 848 1.005 93.170 0.410 5.062

& The last four digits of the part numbers were 2811, 3007, 3546, 3014, and 3480 for the material in cans,
respectively. The last four digits of the original part numbers were 0031, 005, 0015, 0042, and 0039.

® The void space dimensions between the uranium metal and the cans were 0.0085, 0.0060, 0.0065, 0.0070, and
0.0060 in., respectively

¢ This casting was in an annular can with a inside diameter of 3.0 in.

Note: It was assumed that the uranium metal density was 18.75 g/cm’.

3. MEASUREMENT METHODS

Neutrons from the **Cf spontaneously fissioning neutron source were time tagged by detecting the
ionization from the fission product emitted from the Cf on one plate of a parallel plate ionization
chamber. A fraction of the neutron emission from the DT generator was detected by an embedded alpha
detector which measured the direction and time of emission of the alpha particle detector. Since the
neutron is emitted ~180° from the alpha particle in the DT reaction, the alpha particle detector can be use
to time and directionally tag the neutron emission. Neutrons from the two types of sources initiate fission
in the HEU, and four small plastic scintillation detectors were used to measure the time behavior of the
radiation emitted in the fission chain decay. The fast (1 GHz) NMIS processor recorded the time
distribution of radiation emitted. Several types of measurements were performed: (1) the time distribution
of events in a detector with respect to a previous event in the same detector (autocorrelation function),
which is the equivalent of the single detector Rossi-alpha measurement; (2) the time distribution of events
in one detector with respect to a previous event in another detector (cross correlation function), which is
equivalent to the two-detector Rossi-alpha measurements; (3) and the time distribution of events in a
detector with respect to the source neutron emission, which is the equivalent of the pulsed neutron
measurements. All these provide the time decay of the fission chain population, which usually can be
represented by the sum of exponentials for systems with a low neutron multiplication factor. In this work,
the prompt decay will not be fitted to obtain this functional form, but the ability of the Monte Carlo
method to calculate this time dependence will be determined. Other quantities measured and not
presented in this report are the multiplets, which are the number of time n detections are recorded in each,
and the sum of all detectors in a time interval and higher-order correlations, which are the time
distribution of events in any and all combinations of three detectors. All these quantities are measured
simultaneously by the NMIS processor.

4. MEASUREMENTS HARDWARE

41 CF SOURCE

The Cf source was approximately 0.55 pg of ***Cf and has a spontaneous fission rate of 330,000 fissions
per second. The time-tagged neutrons from this source are emitted in all directions. One of the castings



was canned in such a way that the Cf source in its ionization chamber could be place on the axis of the
casting. This source was also located in some measurements adjacent to the outer surface of the casting
can. A photograph of the Cf source ionization chamber and amplifier electronics is given in Fig 4.1. The
spontaneous fission detection system was such that it detected some false triggers from alpha particle
detection from the radioactive decay of **Cf. These decays are a factor of ~30 more numerous than
spontaneous fission, and measurements determined that 1% of the Cf triggers were false and not related to
the emission of neutrons. In all measurements, the Cf source was located 3.25 in. above the steel table.
For internal locations the 1-cm.-diam. Cf deposit was horizontal. For external locations, most of the time
the deposit was vertical and adjacent to the surface of a can or in between adjacent cans.

Fig. 4.1. Photograph of the Cf source mounted on
ionization chamber.

42 DT GENERATOR

The small portable DT generator used for the measurements was a Thermo Fischer Scientific Corp. model
API120 with an embedded Y AP scintillation detector for alpha detection provided by ORNL. The light
from a scintillation in the Y AP scintillator was transmitted through a fiber optic face plate to a
photomultiplier tube for detection of the alpha particles. The generator weighted 30 1b and consumed

~50 watts of power (Fig. 4.2). The time-tagged neutron beam from the generator was a fan-shaped beam
produced by inserting an aperture between the photomultiplier tube (PMT) and the outside of the fiber
optic face plate. The aperture was a 52-mm-wide slit in the horizontal direction and was 11 mm high. The
electronics for alpha detection was such that ~3% of the alpha triggers were false for the slit aperture. The
percentage of the alphas impinging on the Y AP scintillators that were counted was ~85%. The shape of
the time-tagged neutron beam from this aperture was measured 85 cm from the target production in the
generator (see Figs. 4.3 and 4.4). The time-tagged neutron beam has a full width at half maximum of 11°
in the 11-mm direction. For this measurement, the slit was rotated 90° so the measurement could be easily
performed with a horizontally scanning apparatus. For the measurement of the beam profile in the long
dimension, the slit was horizontally located. The time-tagged neutron beam is full width at half maximum
of ~40° in the horizontal direction. The neutron beam is shifted because of the momentum of the
accelerated ions in the accelerator (minus angle in direction of acceleration of the beam). For the
measurements with the casting, the casting was centered in the time and directionally tagged neutron
beam, both horizontally and vertically. The measurement of the shape of the time-tagged neutron beam is
necessary for proper calculations of the measured results.



Fig. 4.2. The DT generator with an ORTEC base and PMT for alpha detection
attached.
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4.3 RADIATION DETECTORS

A wide variety of radiation detectors were considered for these measurements. It was decided that the
smaller the detector and the closer to the castings the less the measured prompt decay would be affected
by detector effects and neutron time-of-flight effects to the detectors. The neutron detectors reflect
neutrons and could change the prompt decay of the fission chains if the detectors were large. The smaller
the detector, the less the light propagation effects in the detector. Four 1 x 1 x 6 in.-long plastic
scintillators with the long dimension perpendicular to axes of the castings and adjacent to the outer



surface of the casting cans were used in most measurements. The detectors were enclosed in 0.635-cm.-

thick lead shields on four 1 x 6 in. surfaces and on the 1 x 1 in. surface. The small surface of the lead
shield was adjacent to the steel table.

The detection efficiency as a function of energy was obtained from a time-of-flight measurement in air
where the Cf source was separated 110 cm from the detectors, and the centers of both were 120 ¢cm above
the floor. These measurements were performed with the lead shields around the detectors. This
information is necessary for comparison of measurement with calculations. These measurements also
obtained the energy threshold for neutron detection. These measurements were performed daily before
measurements with HEU and appropriate adjustments were made as needed to ensure reproducibility of
the measurements. The efficiency per incident neutron can be determined from the time distribution of
neutrons after Cf fission that gives the neutron energy, the number of detections at a given energy, the
number of neutrons per Cf fission, the neutron energy distribution of neutrons from Cf, the solid angle
subtended by the detector, and the total number of Cf fissions. A typical time distribution of counts as a
function of time after Cf fission is given in Fig. 4.5. The initial peak is from gamma rays that arrive at the

detectors at ~3.6 ns. This is followed by the neutron peak at 50 ns. After 100 ns, neutrons reflected from
the floor are detected.

The data from Fig 4.5 are used to obtain the detection efficiency as a function of energy and the energy
threshold for detection of neutrons. Typical results are given in Fig. 4.6, and the maximum values and
thresholds are summarized in Table 4.1. The efficiency increase between 1 and 2 MeV stays constant for
a small range of energies and then decreases after 3 MeV because of the reduction of the hydrogen cross
section with energy and because most if the events in the detector are neutron scattering by hydrogen. The

neutron thresholds varied between 1.08 and 1.31 MeV, and the maximum detection efficiencies varied
from 23 to 25% per incident neutron.
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Table 4.1. Maximum neutron detection efficiency (%) and energy threshold (MeV) for neutron energy

detection for the various days of operation

Measurement date Neutron energy threshold (MeV) and maximum efficiency (%) ?
Detector 1 Detector 2 Detector 3 Detector 4
08/07/06 1.25 23.7 1.19 24.5 1.25 24.4 1.28 23.0
08/08/06 1.24 23.7 1.15 24.1 1.21 23.9 1.26 24.6
08/16/06 1.22 24.0 1.21 24.8 1.22 24.5 1.25 24.0
08/17/06 1.33 24.2 1.29 22.7 1.17 23.6 1.21 23.9
08/18/06 1.29 24.2 1.17 24.2 1.20 23.8 1.21 23.4
08/21/06 1.18 233 1.17 24.1 1.20 23.3 1.22 23.8
08/22/06 1.21 23.1 1.17 24.1 1.13 23.3 1.22 24.2
08/23/06 1.16 24.5 1.09 25.1 1.15 23.8 1.23 25.5
08/24/06 1.24 234 1.14 233 1.14 23.0 1.22 23.6
08/25/06 1.30 24.5 1.30 24.5 1.23 24.3 1.09 24.7
08/28/06 1.17 23.6 1.14 23.7 1.19 23.8 1.18 24.1
08/29/06 1.13 23.7 1.10 23.2 1.11 23.6 1.21 24.0
08/31/06 1.21 23.7 1.23 23.9 1.09 23.6 1.28 23.9

#The first number under each detector heading is neutron energy threshold in MeV followed by the efficiency in

percent.

4.4 NMIS PROCESSOR

The NMIS processor is a ten-data channel, fast (1 GHz) time correlator that measures (1) the time
distribution of events in one detector heading with respect to a previous event in the same detector
(equivalent to a single detector Rossi-alpha measurement), (2) the time distribution of events in one
detector with respect to a previous event in another detector (equivalent to a two-detector Rossi-alpha
measurement), and (3) the time distribution of an event in a detector with respect to a time and




directionally tagged source event in the alpha detector for the case of a DT generator or time-tagged
emission from Cf fission in a parallel plate ionization chamber. All these time coincidence distributions
are measured simultaneously. In addition, the processor measures multiplets (the number of times a
detection event occurs in a time interval) in which the time interval is source triggered, the detection event
is triggered, and time-coincidence distributions are randomly triggered among any three detection
channels, including the source. Only five NMIS input data input channels were used in these
measurements: one for the time-tagged source events and four for the detectors.

5. PREMEASUREMENT CALCULATIONS?

Prior to the measurements, the neutron multiplication factor and the prompt neutron time behavior after
Cf fission was calculated using the Monte Carlo code MCNP-PoLiMi [4]. The calculations were
performed for up to six castings although only five castings were used in the measurements because of
time constraints. The casting configurations were close packed. The k. values for the bare annular
castings with no nearby reflector material are given in Table 5.1.

Table 5.1. K¢ values for the bare castings

Number Kest
1 0.4535
2 0.5518
3 0.6426
4 0.6916
5 0.7180
6 0.7403

The calculated time distribution of fission after initial Cf fission for a central Cf source and no reflector
materials present is given in Fig. 5.1. This is similar to a measurement for an internal fission detector that
was the HEU itself. This internal fission system decay will be attempted to be measured with an external
detector and reflection from nearby materials and the room by correlating the detector response with time-
tagged Cf fission. For the maximum number of castings, the time decay is reduced four decades in 300 ns,
while that for one casting is reduced four decades in ~150 ns.

The calculated time distribution of fission after a previous fission in the system (which simulates a two-
detector Rossi alpha measurement that detects all fission) is given in Fig. 5.2. This distribution differs
significantly from that of Fig. 5.1 only in the amplitude and the initial time behavior. These distributions
represent the time decay fission chains inside the system. The distributions of Fig. 5.2 represent the ideal
Rossi alpha measurement where the detector is the fission material itself.

2 The calculations and the comparisons of calculations with measurements were the work of James Henkel of G2
Corporation.



Fission time distribution with respect to cf 252 spontaneous fission
10 T T T T T

1log |
2 logs |1
3 logs |
4logs [
5 logs 1
6 logs ]

Normalized counts

L (1A
0 50 100 1 50 200 250 300
Nanoseconds

Fig. 5.1. Calculated time distribution of fission as a function of time after Cf
fission with the source located in the center of a casting.
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6. ROOM RETURN MEASUREMENTS

Three measurements were performed without HEU castings on the measurements table, and the detectors
located on the measurements table were in locations typical of a measurement performed with HEU. The
first measurement was with the DT generator with a 1.5-in.-diam. aperture with the generator 740 cm
from the north wall in the direction of the tagged beam. The DT generator was 533 cm from the east wall,
503 cm from the west wall, 326 cm from the south wall, and the room was 12.8 m high. The other two
measurements were with Cf located as in the measurements but with the measurements table 40 in. above
the floor and also ~29 in. above the floor. In all measurements with the Cf source, it was 3.25 in. above
the steel table. The DT generator results are given in Fig. 6. 1. Note that the background subtracted level
is about 107. In this measurement the generator target spot was 3 in. above the table. Neutrons with
energy of 14.1 MeV would scatter back from the floor in less than ~100 ns. The time distribution out to
1000 ns is from 14.1 MeV neutrons scattering between the walls, floor, and ceiling of the room until they
slow down below the detection threshold of ~1.2 MeV.
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Fig. 6.1. Pulsing an empty room with the DT generator.

A similar result for the Cf source with the table top ~40 in. above the floor is given in Fig. 6.2. Note that
the level after 300 ns is below 107 and seems to have an exponential decay, which is associated with the
slowing down from scattering around the room. Part of the distribution at ~120 ns is scattering from the
floor, which can also be seen in the data of Fig. 4.4 and which is plotted out to longer times in Fig. 6.3.
The time constant of the decay in the room after 200 ns is ~11 inverse ps (i.e., the decrease is a factor of
2.71in 11 ps).

The neutron detection threshold is ~1.2 MeV, and late neutrons from the walls have less chance to be
detected than reflected DT neutrons because some of them are slowed down below the detection threshold
in less time. The measurements with the table lowered 11 in. are compared with those at ~40 in. in

Fig. 6.5. The increase at ~100 ns for the measurement at 29 in. is caused by additional neutrons from the
floor reflection. These results indicate the time at which the effects of room return affect the
measurements and cannot be used to correct the measurements with the castings present. They do not



represent the interaction of the room return with the HEU of the castings.
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Fig. 6.2. Room return from Cf with table top at 40 in. from the floor.
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6.1 MEASUREMENTS WITH ONE CASTING

Measurements for one casting with the three source-detector-casting configurations are listed in detail in
Appendix C.

6.1.1 Configuration 1

A photograph of one of the Cf source-detector-casting measurement configurations (configuration
number 1 of Appendix C) with the detectors adjacent to the radial surface of the steel can is given in

Fig. 6.6. The DT generator on the left is spaced away from the configuration to minimize neutron
reflection. The Cf ionization chamber amplifier, which is held in position by a clamp, located the Cf
source on the axis of the casting in the annular can. The time distributions of counts after Cf fission are
shown in Fig. 6.7 and are essentially identical for all four detectors except for small differences near the
time lag of 5 ns. The very early part of the time distribution is dominated by directly transmitted neutrons
from the Cf source. After this time, the fission chain multiplication process determines the time response
and the response from all detectors is the same. This results from the detection efficiencies being nearly
the same for all detectors and their symmetric location with respect to the source and casting. This
measurement is equivalent to a pulsed neutron measurement with a randomly pulsed neutron source. The
time distribution is not exponential and is independent of the detector location after the initial transients
associated with detector location. The time distribution of coincidences between all detectors with the Cf
source on the axis is shown in Fig. 6.8. Except for small differences near time lag zero, the time
dependence is the same for all detector combinations. This measurement is a two-detector Rossi-alpha
measurement that measures the time distribution of counts in one detector with respect to a previous count
in another detector.

Fig. 6.6. The Cf source-detector-single uranium metal casting with the Cf
source on the axis of the casting. The generator is not appropriately positioned for a
measurement with the generator as a source and was turned off for measurements
with Cf.
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6.1.2 Configuration 2

The time distributions of counts in each of three detectors after Cf fission with the Cf source external for
configuration 2 are shown in Fig. 6.9 and are essentially identical for all detectors except for small
differences near a time lag of 15 ns. This configuration has the Cf source in contact with the casting can
and three detectors 90° apart in contact with the surface of the steel can with the casting. The initial
transmission from Cf for detector 2 is slightly delayed more than that for detectors 1 and 3 because
detector 2 is farther from the source.
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The time distribution of coincidences between all detectors with the Cf source external is shown in
Fig. 6.10. The time distributions are slightly different: the distribution for detector 1-3 is slightly wider
because the detectors are farther apart than the detector combinations 1-2 and 2-3.
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6.1.3 Configuration 3

The time distributions of coincidences between the three detectors and the alpha detection in the DT
generator are given in Fig. 6.11. The measurement time for the measurements with the DT generator was
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Fig. 6.10. Time distribution of coincidences between three detectors with an
external Cf source.
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35 min., with an alpha detection rate of 340,000/s. A portion of detector 2 is in the time and directionally
tagged neutron beam from the DT generator and, thus, has a higher initial detection rate (up to ~5 ns) than
the other two detectors, which are at right angles to the source. After the initial source-induced fission,
fission chain multiplication emits neutron and gamma rays isotropically, and all three detectors have the
same time response after 25 ns. This indicates that the fission chain decay time measured is independent
of the detector position. The observed time decay of the fission chains is not exponential as expected
because of the low neutron multiplication factor.
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Fig. 6.11. Time distribution of coincidence count per tagged-source neutron
between each of the three detectors and the DT generator neutrons with the
source external.

The time distribution of coincidences between detectors 1 and 3, 1 and 2, and 2 and 3 are shown in

Fig. 6.12. The different widths of the time distributions are a result of the detectors’ being different
distances from each other: two pairs (1-2, 2-3) with adjacent detectors and one pair (1-3) with detectors
on opposite sides of the castings. Except for these small differences, the time dependencies are the same.

15



llog_dt_080808a

Cross(01,02%
Croaa(01.0%}
W Cress(02,03)

o0

Correlation

_8 | J
— 300 —100 100 300
Time Lag (ns)

Fig. 6.12. Time distribution of coincidences between detectors for
measurements with an external DT source. The data have been averaged, and all
averages are not plotted.

6.1.4 Comparison of Measurements with the Two Sources

Figure 6.13 shows the time distributions of counts in one of the detectors after alpha detection in the DT
generator, after Cf source fission with the Cf adjacent to the outside of the casting can and on the axis of
the casting. The time distribution of coincidences with respect to the source persists longer for the DT
generator because the 14.1-MeV neutrons bounce around the room above the detection threshold longer
than they do for the fission energy neutrons from the Cf source. The room-return effects with the DT
generator appear earlier because the 14.1-MeV neutrons travel faster to the walls and floor of the room
and can scatter back sooner. The time distribution of coincidences between detectors 1 and 3 for the three
measurements is shown in Fig. 6.14. The time distribution of coincidences between detectors persists
longer at long times because of the time and directionally tagged neutrons that pass through the
assemblies scattering off the floor and walls of the room.
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Fig. 6.14. The time distribution of coincidences between detectors on
opposite sides of the casting for the three configurations.

The measured room-return effects are less for the Cf source. If the Cf source is some distance from the
HEU, the reverse is true. When the source cannot be located adjacent to the fissile material, significant
numbers of neutrons from the Cf source scatter from the walls and floor of the room before they reach the
fissile material because the time-tagged neutrons go in all directions from the source. Thus, when the Cf
source is closely coupled to the HEU, the effects of the experimental room are reduced but not eliminated.
The DT generator has advantages when spaced from the HEU because the time-tagged neutrons are
directional. Thus, the use of a DT generator may not be necessary for these types of measurements as long
as the Cf source can be in or in contact with the fissile material.
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6.2 MEASUREMENTS WITH TWO CASTINGS

Measurements for two castings with a wide variety of source-detector-casting configuration are listed in
detail in Appendix C. A photograph of one of the Cf source-detector-casting measurement configurations
(configuration number 4 of Appendix C) with the detectors adjacent to the radial surface of the steel cans
is given in Fig. 6.15. The DT generator on the left is spaced away from the configuration to minimize
neutron reflection. The Cf ionization chamber amplifier, held in position by a clamp, located the Cf
source on the axis of the casting in the annular can.

The time distribution of counts in each of the detectors after Cf fission is shown in Fig. 6.16. The very
early transient part of these time distributions are from neutrons directly from the source, and the later
time distribution is the result of the time distribution of the induced fission chain multiplication process.
After the initial transients, the time die-away of the counts has the same time response. The detector
adjacent to the casting with the CF source internal have a higher correlated count rate because they are
closer to the source, and more fissions are occurring in the casting with the source longer time of flight of
Cf source fission neutrons to these detectors. The time distributions of counts in one detector with respect
to a previous count in another detector are given in Fig. 6.17. The data for the correlation between
detectors 1 and 3 are higher than that between detectors 2 and 4 because they are adjacent to the casting
with the Cf source internal. The time dependence is not exponential because the system is far subcritical.

Fig. 6.15. Photograph of Cf source-detector-casting configuration with the
Cf source internal for a measurement with two castings.
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Fig. 6.17. Time distribution of counts in one detector with respect to a
previous count in another detector for configuration 4 of two castings with the
Cf source internal to one.
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6.3 MEASUREMENTS WITH THREE CASTINGS

Measurements for three castings with a wide variety of source-detector-casting configuration are listed in
detail in Appendix C. The time distribution of detector counts after Cf fission and the time distribution of

counts in a detector after a count in a previous detector are given in Figs. 6.18 and 6.

19 for configuration

12 (Appendix C). Detector 1 is adjacent to the casting with the source and thus has the highest initial
count rate, and detectors 2 and 4 are farthest from the source. Since detector 2 is closest to the center of

the fission distribution, its response is the largest. The asymmetries in the source det
configuration result in time correlation between detectors not centered at time lag 0.
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Fig. 6.18. Time distribution of count in the detectors after Cf fission
configuration 12 (three castings with Cf internal).

20

ector casting

Cross(S1,01) 1
Cross(S51,02
Crossa(S1,03,
Cross

31.04,

for



3logs_12_cfin_ 060824

1045_ .......................... T T P B IR 5
: : EI CrussOLOZ;
< Cross(01,03
7 Croas(D2,03)
Cross(01,04)
103 3 8?‘3:3[3%:31}
s F
o
I
‘5 " [hURE: il & & ol q
O 1015”' A (i "'I """
100 o
10-1 1 1 i
—300 —100 100 300

Time Lag {ns)

Fig. 6.19. Time distribution of counts in one detector with respect to a
previous count in another detector.

6.4 MEASUREMENTS WITH FOUR CASTINGS

Measurements with a wide variety of source-detector-casting configuration are listed in detail in
Appendix C. A photograph of one of the DT generator-detector-casting measurement configurations
(configuration number 24a of Appendix C) is given in Fig. 6.20. The DT generator is touching the casting
can closest to it, so the target spot where neutrons are produced is 1.5 in. away from the casting can. A
line drawn through the center of the casting near the generator and the casting in the annular can is 4.3°
downstream from perpendicular. The detectors are located as close to the point where the castings touch
as possible.
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Fig. 6.20. Photograph of the DT source-detector-casting configuration 20 for
measurement with four castings.

The time distribution of counts in each of the detectors after Cf fission for configuration 20 of Appendix
C is shown in Fig. 6.21. The time distribution of detector counts after a count in a previous detector is
given in Fig. 6.22 for configuration 24a.
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Fig. 6.21. Time distribution of count in the detectors after Cf fission for
configuration 20 (four castings with Cf internal).
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Fig. 6.22. Time distribution of counts in one detector with respect to a
previous count in another detector for configuration 20 for all detector
combinations.

6.5 MEASUREMENTS WITH FIVE CASTINGS

Measurements for five castings with a wide variety of source-detector-casting configurations are listed in
detail in Appendix C. A photograph of one of the DT generator-detector-casting measurement
configurations (number 34 of table of Appendix C) is given in Fig. 6.23. In this configuration, the DT
generator is on the left and the four detectors are adjacent to where two castings are adjacent. The DT
generator is located such that the target spot is located on a line between it and the center of the casting in
the annular can. The line passes through the point where the two castings near the generator touch. This
line is rotated ~4.3° in the direction of acceleration away from perpendicular to the direction of
acceleration. The target spot is 1.5 in. from a plane tangent to the two castings near the generator. The
casting in the annular can is located in the center of the row of three castings. For measurements with the
source internal, the Cf source was located on the axis of the annular can.
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Fig
measurement with five castings.

The time distribution

. 6.23. Photograph of one of the DT source-detector-configurations for a

of counts in each of the detectors after Cf fission for configuration 26 of Appendix

C is shown in Fig. 6.24. The time distribution of detector counts after a count in a previous detector is
given in Fig. 6.25 for configuration 26.
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Fig. 6.24. Time distribution of counts in the detectors after Cf fission for
configuration 20 (four castings with Cf internal).
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Fig. 6.25. Time distribution of counts in one detector with respect to a
previous count in another detector for configuration 26.

6.6 COMPARISON OF MEASUREMENTS FOR DIFFERENT CASTINGS

While the previous sections of this report presented data that were measured for each casting
configuration, this section presents comparisons for different numbers of measurements and some
interesting conclusion about interaction with the floor and walls of the room. The time distributions of the
sum of all detector counts (M) after Cf fission are given in Fig. 6.26. The amplitudes of these distributions
are not strictly related to the number of castings but are related to the source-detector-casting
configurations.

i llog 1 fin 060825
I : : © Slogs_26_cfin 060817
: : Hl6ga_20_c Fin_060AI
TO=Z [ oo Y i
o i : : :
& i
7 . . 2
W E AN
= .Y
= " : : :
’l"- 10_4:_.....I..\.."‘.kre_.........
o 10-5]
- 3
o
E
O : e PP
(ol -] TITTTTTTPITIvPIOUITPIOID PPN e L
10-7 I I i
0 200 400 600

Time Lag {ns)
Fig. 6.26. The time distribution of the sum of all detector counts (M) after Cf fission.
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It is interesting to note that the time response at ~ 400-500 ns is the same for different numbers of
castings, but the amplitude varies depending on the number of castings, at least between 1, 2, 3 and 4, 5
castings. At these late times, the pulsed fission multiplied casting is acting like a pulsed neutron source
for the room. In Fig. 6.27, the time dependence of the response is plotted between 350 and 500 ns.
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Fig. 6.27. The time distribution of the sum of all detector counts (M) after Cf fission
between 350 and 500 ns.

It is clear from this figure that the return from the floor and walls of the room dominate the later time
response. This was not true for the premeasurement calculations (Fig. 5.2), which calculated the time
distribution of the fission chains internally as a function of casting number but only for times up to

300 ns. This effect is similar to measurements of the correlation between moderated *He proportional
counters and a fast time response source for a HEU metal assembly where the time response is
determined by the slowing-down time in the moderator, but the amplitude depends on the fissile mass.
The amplitudes measured here do not vary as much with fissile mass because the detector efficiencies for
detection of fission in the assemblies vary depending on the number of castings and the configuration of
the detectors and source. Where the time response differs substantially for the different number of
castings is at the earlier times. These differences are shown in Fig. 6.28. The slopes of the time
distributions decrease as the number of castings increases, which is what is expected. The difference in
slope between four and five castings is small because the neutron multiplication factor does not change
much in going from four to five castings.
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Fig. 6.28. The time distribution of the sum of all detector counts (M) after Cf
fission for the first 125 ns.

Similar results are shown for the DT generator measurements in Fig. 6.29. In this figure, the measurement
with no castings was added for comparison. Again, the later times are dominated by the time constants of
the casting interaction with the floor and walls of the room. The early time response is given in Fig. 6.30.
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Fig. 6.29. Time distribution of counts after DT reaction summed over all
detectors after Cf fission for none and 1 to 5 casting.

These results indicate that neutron room return effects are significant for these bare configurations. The
only way to avoid them is to locate the configurations a considerable distance from the floor and walls of
the room. A distance of 3 m would delay the onset of room return effects with a Cf course to at least

300 ns. Appendix D gives additional information on the gaps between castings cans for various source-
detector-casting configurations.
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Fig. 6.30. Time distribution of counts after DT reaction summed over all
detectors after Cf fission for none and 1 to 5 casting for times up to 200 ns.

7. MONTE CARLO SIMULATIONS

Monte Carlo simulations were performed for some of the measurements and compared to the measured
results. In these calculations the detectors were included explicitly in the models. The MCNP-PoliMi
requires a detection threshold to simulate the detectors. This threshold was obtained as follows. The time-
of-flight measurement in air described in Sect. 4.3 of this report was simulated and the time distribution
of counts after Cf fission shown in Fig. 4.5 was calculated with the threshold varied until the calculations
agreed with the measurements. These threshold values were then used for the calculations of the
measured time correlation functions. Additional comparisons are given in Appendix E and the Monte
Carlo input models for these calculations are given in Appendix F. In these calculations, the walls and
floor of the room and the steel table on which the castings were located were included in the calculations.
The first five sections (Sects. 7.1-7.4) present the comparisons of the calculated time response with the
measured over the full time response (500 ns). These comparisons are followed by a discussion of the
differences (Sect. 7.6).

7.1 ONE CASTING WITH CF SOURCE INTERNAL

The Cf source-detector-casting configuration for a measurement with the Cf internally located on the axis
of the casting is given in Fig. 7.1. The time distribution of coincidences between detector 1 and the Cf
source is compared to that measured in Fig. 7. 2. The agreement between calculated and measured time
distribution of coincidences is good except for the early times up to 100 ns. Similar plots of the results for
detector 4 are given in Fig. 7.3, where again the agreement between calculations is similar. There was
also similar agreement for detectors 2 and 3.
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CONFIGURATION 1

Fig. 7.1. Top view Monte Carlo geometry for calculations
of a single casting with the Cf source internal.
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Fig. 7.2. Time distribution of counts in detector 1 after Cf fission in counts
per Cf fission. The blue curve is measured and the other is calculated.
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Fig. 7.3. Time distribution of counts in detector 4 after Cf fission in
counts per Cf fission. The blue curve is measured and the other is
calculated.

The time distribution of counts in the detector after Cf fission for the first 200 ns is given in

Fig. 7.4 and that for the first 30 ns is given in Fig. 7.5. The calculation considerably
underpredicts the measurements for the first 60 ns and correctly predicts the latter part of the
time decay. This can be seen clearly in the data of Fig. 7.5 for the first 30 ns. The disagreement
of the first 30 ns varies for the four detectors because the detection efficiencies are slightly
different from measurements, or the Cf source is not exactly on the axis of the casting. The
underprediction of the calculations for the early measurement times increases with the number of
castings.
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Fig. 7.4. Time distribution of counts in detector 1 after Cf fission in counts per Cf fission for

the first 200 ns. Blue curve is measured and the other is calculated.
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Fig. 7.5. Time distribution of counts in detector 1 after Cf fission in

counts per Cf fission. For the first 30 ns. Blue curve is measured and the

other is calculated.

31



7.2 TWO CASTINGS

A sketch of the calculated configuration for two castings is shown in Fig. 7.6. The time
distribution of coincidences between detector 1 and the Cf source is compared to that measured
in Fig. 7.7. The agreement between calculated and measured time distribution of coincidences is
very good except for the early times up to 100 ns.

CONFIGURATION 4

Fig. 7.6. Top view Monte Carlo geometry for calculations of a two
casting with the Cf source internal.
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, Configuration 4 Detector 1

Normalized Counts

Time - Nanoseconds

Fig. 7.7. Time distribution of counts in detector 1 after Cf fission
in counts per Cf fission. The blue curve is measured and the other is
calculated.

7.3 THREE CASTINGS

A sketch of the calculated configuration for three castings is shown in Fig. 7.8. The time
distributions of coincidences between detectors 3 and 4 and the Cf source are compared to those
measured in Figs. 7.9 and 7.10. The agreement between calculated and measured time
distribution of coincidences is very good except for the early times up to 100 ns.
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CONFIGURATION 12

Fig. 7.8. Top view Monte Carlo geometry for calculations of a
three casting with the Cf source internal.
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Fig. 7.9. Time distribution of counts in detector 3 after Cf
fission in counts per Cf fission. The blue curve is measured and the
other is calculated.
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Configuration 12 Detector 4
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Fig. 7.10. Time distribution of counts in detector 4 after Cf
fission in counts per Cf fission. The blue curve is measured and the
other is calculated.

7.4 FOUR CASTINGS

A sketch of the calculated configuration for four castings is shown in Fig. 7.11. The time
distributions of coincidences between detectors 1 and 2 and the Cf source are compared to those
measured in Figs. 7.12 and 7.13. The agreement between calculated and measured time
distribution of coincidences is very good except for the early times up to 100 ns.
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CONFIGURATION 20

Fig. 7.11. Top view Monte Carlo geometry for calculations of
four casting with the Cf source internal.
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Fig. 7.12. Time distribution of counts in detector 1 after Cf fission in
counts per Cf fission. The blue curve is measured and the other is calculated.
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Configuration 20 Detector 2
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Fig. 7.13. Time distribution of counts in detector 2 after Cf fission
in counts per Cf fission. The blue curve is measured and the other is
calculated.

7.5 FIVE CASTINGS

A sketch of the calculated configuration for five castings is shown in Fig. 7.14. The time
distributions of coincidences between detectors 1 and 3 and the Cf source are compared to those
measured in Figs. 7.15 and 7.16. The agreement between calculated and measured time
distribution of coincidences is very good except for the early times up to 100 ns. Similar data for
detector 2 for the first 200 ns is given in Fig. 7.17, where the underestimation of the calculated
result is the largest.
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CONFIGURATION 26

Fig. 7.14. Top view Monte Carlo geometry for calculations of five
castings with the Cf source internal.
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Fig. 7.15. Time distribution of counts in detector 1 after Cf fission in counts
per Cf fission. The blue curve is measured and the other is calculated.
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Configuration 26 Detector 3
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Fig. 7.16. Time distribution of counts in detector 3 after Cf fission in counts per Cf

fission. The blue curve is measured and the other is calculated.
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Fig. 7.17. Time distribution of counts in detector 2 for 200 ns after Cf fission in counts

per Cf fission. The blue curve is measured and the other is calculated.



7.6 POST EXPERIMENT ROOM RETURN CALCULATIONS

The calculations in Fig 5.1 were repeated out to 1000 ns, and the results of the time distributions
of internal fission with respect to the time of the Cf spontaneous fission event are plotted in

Fig. 7.18. Again, the effects of neutron room return appear at later times because the late time
response is determined predominately by the room. These calculations included the steel support
table and the wall, floor, and ceiling of the room. The calculation was repeated without external
reflection effects, and the percentage of the signal that is associated with neutron room return
effect is plotted as a function of time in Fig 7.19. Calculated room return effects appear as early
as 100 ns but are significant for later times. The percentage of the fissions in the system
associated with room return neutrons increases with time and with the number of castings. The
increase associated with the number (size) of castings results from the reflected neutrons seeing a
larger target to intercept. The solid angle subtended by the assembly for a reflected neutron is
larger for the larger assemblies. At later times the percentages of fissions associated with room
return neutrons are 20, 30, and 50% for the 1, 4, and 6 casting assemblies, respectively. The
room return neutrons initially appear at ~100 ns, and their affect increases with time because the
fission chain population is decreasing.
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Fig. 7.18. Calculated fission time distribution after Cf fission with room and table modeled.
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8. CONCLUSIONS

These carefully performed and documented measurements with unreflected and unmoderated HEU
castings can be used to benchmark calculational methods for the time decay of the fission chain
multiplication process as measured with small (to minimize detector effects) detectors in close proximity
to HEU metal castings. The use of a DT generator provided no additional information beyond that
provided by a time-tagged Cf source inside one of the castings in the array of castings up to five. Neutron
room return appears as early as 100 ns and significantly affects the time behavior after 400 ns. The
calculations with MCNP-PoliMi the measurements for the early time in the fission chain multiplication
process but agreed extremely well for time after 100 ns after the initiation of the fission chain by a time-
tagged spontaneous fission in a Cf ionization chamber.
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APPENDIX A: URANIUM ISOTOPICS AND IMPURITY ANALYSES

44



45



APPENDIX A: URANIUM ISOTOPICS AND IMPURITY ANALYSES

The spectroscopic impurity analyses and isotopic analyses for the five casting are presented in Table A.1.
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Table A.1. Summary of Isotopic and Chemical Data

5/31/2006
Casting
1 [ 2 3 4 [ 5
Part Number
3429 3007 3546 3014 3480
17,920 17,996 17,836 17,862 17,825
Mass (g) Mass (g)
U 99.894% 100.000% 99.840% 99.991% 99.930%
U-232 0 0.0 0.0 0.0 0.0
U-234 10,080 10,170 10,120 10,090 10,050
U-235 93.186% 93.168% 93.175% 93.177% 93.170%
U-236 3,770 3,940 4,350 4,510 4,100
U-238 5.428% 5.423% 5.378% 5.364% 5.415%
Tc-99 0.0 0.0 0.0 0.0
TRU 172.3 272.4 305.7 152.2
Impurities Impurities (ppm)
Al 10.000 15.000 19.000 13.000 16.000
Sb 2.000 0.300 0.230 0.300 0.220
As 10.000 0.300 0.370 0.300 0.350
Ba 2.000 0.300 0.230 0.300 0.220
Be 0.100 0.300 0.180 0.300 0.170
B 8.000 0.300 4.400 0.300 4.300
Cd 0.100 0.300 0.230 0.300 0.220
Ca 10.000 0.400 1.900 0.700 3.500
C 340.000 383.000 432.000 412.000 395.000
Cs 0.300 0.230 0.300 0.220
Cr 10.000 9.000 15.000 9.000 13.000
Cp 1.000 0.300 0.510 0.300 0.470
Ci 8.000 4.000 14.000 5.000 10.000
Du 0.300 0.230 0.300 0.220
Ei 0.300 0.230 0.300 0.220
Gd 0.300 0.230 0.300 0.220
Hf 0.300 0.240 0.300 0.220
Fe 60.000 70.000 110.000 72.000 91.000
Pb 4.000 0.300 0.230 0.300 0.220
Li 0.200 0.300 1.100 0.300 0.650
Mg 2.000 0.300 0.780 0.300 0.390
Mn 2.000 4.000 5.200 2.000 5.700
Hg 0.400 0.240 0.800 0.220
Mo 60.000 30.000 55.000 34.000 41.000
Ni 30.000 36.000 48.000 28.000 42.000
Nb 10.000 0.300 0.230 0.300 0.220
Pb 100.000 4.000 18.000 3.000 17.000
K 0.300 2.400 0.300 2.200
Sm 0.300 0.230 0.300 0.220
Si 175.000 143.000 150.000 109.000 120.000
Ag 0.300 0.230 0.300 0.220
Na 1.000 0.300 9.600 0.300 3.900
Sr 20.000 0.300 0.230 0.300 0.220
Ta 108.000 0.440 0.300 0.300
Th 1.800 1.700
Sn 10.000 0.400 0.260 0.300 0.220
Ti 4.000 11.000 2.000 1.000 2.200
w 100.000 43.000 42.000 30.000 30.000
\Y 1.000 0.300 0.540 0.300 0.500
Zn 10.000 0.300 1.400 0.300 1.300
Zr 50.000 16.000 20.000 32.000 11.000
Total Measured Impurities 1105.000 1200 988 816 848
Calculated Equivalent Boron Content n/a 2.07 5.88 2.07 5.66
TRU Isotope pg/gu Mass
Np-237 0.000 4.257 8.385 9.792 3.408
Pu-238 0.000 0.000 0.000 0.000 0.000
Pu-239/240 0.000 0.009 0.006 0.007 0.009
Am-241 0.000 0.000 0.000 0.000 0.000
Cm-243/244 0.000 0.000 0.000 0.000 0.000
Total TRU 0.000 4.266 8.392 9.799 3.417
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APPENDIX B: DESCRIPTIONS OF THE CANS FOR THE CASTINGS

The description of the stainless steel cans is given in the drawings in this abbendix.

*Glued top lid

sInserted top lid will be 1116 " above top
of can walls

Can type 1 - Cylinder

Material: 304L stainless stesl

ID: 5.01" +.005 - .000

Thickness: 025"

Height: 7.5" outer height; 7.00 " inner height
(the bottom of the can has a welded, lipped
lid that has been inverted). The lid, when
pressed, also consumes .25 " of the can.

= Welded bottom (lipped lid inverted, inserted, & welded)
*0.25" Lipped bottorn (double thickness steel with weld joint)

Fig. B.1. Can type 1: Cylinder.
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=i5lued top lid

sInserted top lid will be 116"
above top of can walls

Can type 2 — Cylinder with 3" inner
cylinder {doughnut)

Material: 304L stainless steel

ID: 501" +.005 - 000

Thickness: 025"

Height 7.5" outer height; 7.00 " inner
height (the bottorn of the can has a
welded, lipped lid that has been
inverted). The lid, when pressed, also
consurnes .25 "of the can.

Inner Cylinder: 3" diameter welded at
bottorn; height is flush with sides of outer
cylinder wall

= YWelded bottorn (lipped lid inverted, inserted, & welded)
*0.25" Lipped bottom (double thickness steel with weld joint)

pm—(—

Fig. B.2. Can type 2: Cylinder with 3-in. inner cylinder.
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=Glued top lid

sinserted top lid will be 1716 "
above top of can walls

s
v

= Coated wire handle

= Welded bottam (lipped lid inverted, inserted, & welded)
025" Lipped bottorn (double thickness steel with weld joint)

al

—
38" MAR

Can type 3- Cylinder with 2 welded trunnions
and a cable wire for carrying can

Material: 3041 stainless steel

ID: 501" +.005 - 000

Thickness: 025"

Height: 7.5" outer height; 7.00 " inner height
{the bottom of the can has a welded, lipped lid
that has been inverted). The lid, when pressed,
alzo consumes 26" of the can.

Fig. B.3. Can type 2: Cylinder with two welded trunnions and a cable wire for carrying can.
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APPENDIX C: SOURCE-DETECTOR-CASTING CONFIGURATIONS
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APPENDIX C: SOURCE-DETECTOR-CASTING CONFIGURATIONS

The source-detector—casting configurations are given in Table C.1. The casting configurations are
numbered, but not consecutively. The missing numbers represent measurement configurations that were
originally specified for measurement, but represent measurements that were not performed. The
identification of the experiments consisted of the number of castings, the configuration number, the type
of source, the location for the use of Cf, and the date and a single letter for variations on the run such as a
repeat measurement of the same previous identification. The next column in the table gives the number of
blocks of data accumulated by the NMIS processor where a block consists of 512 consecutive 1-ns
samples that accumulated in approximately a rate of 10 in 52 s. The last column of the table contains
comment on the particular measurement, such as source correction factor, and other details. The number
of blocks in units of 10® times 52 s gives the measurement time in seconds. So if a 40 appears in the
column for the number of blocks then the measurement time is 40 x 52 s = 34.6 min.
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

Diagram Filename Blocks Page | Notes
x10°
llog cfin 060807a 10 31 Cf source 3.25 in above table. Parallel plates of Cf chamber
are horizontal. Boards linked

llog_cfin_060808b 50 31 Pulse width changed. 70 nsec on Cf; 30 nsec on detectors
Boards linked

llog 1 cfin 060825 40 69

[ 4 | llog 1 cfin_060825a 5-1024 | 69

llog 1 _cfin_060829 30-1024 | 75

llog_cfout_060807a 50 31 Det 4 not near the casting but at the edge of the table

llog_cfout 060807b 50 31 Det 4 in multiplicity by mistake in run a but fixed in run b. Cf
plates horizontal

llog cfout 060608a 50 33 Cf Pulse width changed from 50 to 70 nsec. Reset the Cf
CFD to 110 after PHS curve

llog_cfout 060808b 40 loops | 33 New NMIS software

llog_dt 060808 40 loops | 35 Dt gen 3 in. above table
Source correction factor was 1.01 instead of 1.03

llogs dt 060825 40 loops | 68 Det 4 is 15 in.from beam spot against DT pipe on det 1 side.
Circular aperture

llog 3 dt 060829 30-1024 | 75 Det 4 is 15 in. from the beam spot against DT pipe on det 1

dt

side, circular aperture, circular aperture
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

2logs_4 cfin_060823 40 loops | 62 Cf 3.25 in. above table
Gap=0.008 in. btwn logs

2logs 5 cfin 060823 40 loops | 62

2logs 6 cfout 060825 40loops | 68 Cf source mounted horizontal. Middle of source 3.25 in.
above table.
Gap between logs is 0.009 in.

2logs 7 cfout 060825 40loops | 68 Gap between 1 and 2 = 0.009 in.

Det 4 is on the corner of the table
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

8 2logs 8 dt 060823 40 61

9 2logs 9 dt 060823 40 61 Det 4 is 15 in. from DT spot adjacent to generator pipe on
same side as detector 1

O
@

10 2logs 10 _dt 060823 40 59 Log 1 touching generator

Wrong source correction. 1.001 used, should be 1.03
2logs 10 _dt 060823 40 69 Gap 1,2=0.010"
11 2logs 11 _dt 060823 40 60 Det 4 is 15 in. from DT spot adjacent to generator pipe on

same side as detector 1 — Background/room return monitor
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

12 3logs 12 dt 060824 4 66 Both were run with Source Type=DTG
And Source Norm=1.03
3logs 12 cfin 060824 40 66
13 3logs 13 cfin 060824 40 66 Det 4 is 18 in. from Cf, on corner of table next to DT gen
14 3logs 14 cfin_ 060824 40 67
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

15 3logs 15 cfout 060824 20 67
17 3logs 17 _dt 060822 40 loops | 57 DT gen spot 9 cm from a line tangent to Logs 1&3
3logs 17 _dt 060822a 30 loops DT gen spot 9cm from a line tangent to Logs 1&3.

“a” reduced current to 30 uA, alpha counts rate reduced from
440K to 245K
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

17a 3logs 17a_dt 060822 40 loops | 58 DT tolog 1is9 cm
DT Gen accidentally turned off at 36 loops then turned
3logs _17a_dt 060822a 1 -4096 back on — NEED TO REPEAT THIS MSMNT
3logs 17a dt 060824 40loops | 65 DT to log is 9cm,
Gaps: 1,2=0.008; 1,3=.012; 2,3=0.016
Det 1 to Casting 1 gap = 4mm
3logs 17a dt 060824a 40 66 Changed aperture to 1.5 in. diam, alpha width 100ns, DT =
35 uA, 775 keps in the alpha det
3logs 17a_dt 060824b 5 66 40 uA, alpha rate 1090 keps, circular aperture
3logs 17a dt 060824c ? 66 45uA, circular aperture
3logs 17a dt 060825 40 69 Gaps=??, circular aperture
18 3logs 18 dt 060822 40 loops | 57 Back to 90 kv,60 uA
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

19 4logs 19 cfin_ 060818 40 loops | 47 Note: All detectors are as closely packed as possible.
4logs 19 cfin 060818a 10-1024 | 47 Spacings:
Det Spacing Touching (1[1,2]) (2[4]) (3[3.4) (4[2,3])
Det 2, Log 1 spacing = 4.3mm
Gaps: 1,2=0.002; 2,3=0.012; 3,4=0.022; 4,1=0.008;
2,4=0.012
20 4logs 20 cfin_060818 40 loops | 46 Det Spacing Touching (2[3,4]) (3[2,4]) (4[1,2]) (1[3])
4logs 20 cfin 060818a 12-1024 | 46 Det 1 is 0.25” from casting 1
Gaps: 1,2=0.006; 1,3=0.008; 1,4=0.020; 2,4=0.012;
3,4=0.004
Page 45
4logs 20 cfin 060828a 25-1024 | 72 Table h=29.5" Gaps: 1,3=0.12; 1-4=.012; 2-4=0.012; 3-
4=0.004;1-2=0.006 detl-logl1=0.250, circular aperture
4logs 20 cfin 060828 25-1024 | 72 Same as 4logs 20 cfin 060828a except table @ 39.75 in.
21 4logs 21 cfin 060818 40 47 Gaps — see notes on #19
@ @ 4logs 21 cfin_060818a 10-1024 | 47
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

22 4logs 22 cfin 060818 40 loops | 47 Gaps — see notes on #20
Log numbers same as #20
23a 4logs 23a cfout 060822 40 loops | 55 Gaps: 4,1=.003; 4,2=.016; 4,3=.020; 3,2=.004;1,2=0.004
24a 4logs 24a dt 060822 40 loops | 56 DT generator 15 cm from casting 2
4logs 24a_dt 060822a 2 loops Same gaps as 23a
“a” 4096 blocksize
4logs 24a_dt 060828 20,1024 | 71 Gaps: 1,2=0.005; 2-3=0.003; 3-4=0.018; 2-4=0.012; 4-
1=.008, circular aperture
4logs 24a dt 060828a 20,1024 | 72 Table height reduced to 29.5 (from 39.75), circular aperture
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

24 4logs 24 dt 060821 40 loops | 53 Gaps: 4,1=.012; 4,2=.012; 1,3=.008; 3,2=.008; 1,2=0.008
25 4logs 25 dt 060821 40 loops | 53 Gaps: 4,1=.012; 4,2=.012; 1,3=.008; 3,2=.008; 1,2=0.008
26 S5logs26 cfin 060816a 10 loops | 38
5logs26_cfin_060816b 10 loops | 38
Slogs26 cfin 060816¢ 38
Slogs26 cfin_ 060817 30 loops | 40 Cf width 80 Cf thresh 110 source 3.25 in. above table
Config 2: Gaps: 1,4=0.008; 1,5=0.012; 1,3=0.014;
1,2=0.012; 3,4=0.002; 5,2=0.008; 4,5=0.008
Slogs cfin 060817 39-1024 | 73 Gaps:1,2=0.008; 1,3=0.008; 1,4=0.016; 1,5=0.012;
2,5=0.016; 3,4=0.006; 4,5=0.008
Detllog1=0.25; det3, log3=.187;det4log1=0.25 in.
Slogs 26 cfin 060829 30-1024 | 73
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

27 Slogs 27 cfout 060817 40 loops | 42
28 Slogs 28 cfin 060817 40 loops | 41
29 Slogs 29 cfin 060817 40 loops | 41
30 Slogs 30 cfout 060817 40 loops | 42
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

31 Slogs 31 cfout 060817 40 loops | 42 Cf width=50ns, Cf Cfd=110mv
32 Slogs 32 dt 060817 50 loops | 43 Dt gen target spot is 9 cm from casting 1
Centerline of Dt gen is 3 in. above tabletop
Casting 1 and the middle of 4/5 are on the centerline of n
cone
Slogs 32 _dt 060817a 10 loops | 43 Run ...a has a wider pulse width on the alpha detector
Gaps: 1,4=0.008; 1,5=0.012; 1,3=0.014; 1,2=0.012;
3,4=0.002; 5,2=0.008; 4,5=0.008
33 Slogs 33 dt 060817 50 loops | 44 Dt target spot 9 cm from casting can 1
Alpha width 100 ns, alpha threshold = 50 mv, SC=1.03
34 Slogs 34 dt 060817 60 loops | 44 Target spot 9 cm from line tangent to 4&5
Slogs 34 dt 060817a 1 loops 44 Alpha width 200 ns, alpha threshold = 50mv, SC=1.03
Slogs 34 dt 060817b 1 loops 44
Slogs 34 dt 060817c 1 loops 44
Slogs 34 dt 060829 30-1024 | 74 Gaps:1,2=0.008; 1,3=0.008; 1,4=0.016; 1,5=0.012;
2,5=0.016; 3,4=0.006; 4,5=0.008 (run after 26 today)
Det2,log5=.188;det3,log1=0.25;det4,log1=0.25in.,circular
Slogs 34 dt 060829a 5-1024 74 Same as above...waiting on handlers, circular aperture
Slogs 34 dt 060829b 4-1024 74 Same as above...waiting on handlers, circular aperture
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Table C.1. Measurement descriptions, including source-detector-casting configurations for the measurement

No logs on table, dets with Cf | Ologs 0 cf 060821 40 52 See diagram for placement of detectors
only
Ologs 0 cf 060831 60,1024 | 81 Table @ 39.75 in.
Ologs 0 cf 060831a 60,1024 | 81 Table @ 29.5 in.
No logs on table, dets with Dt | Ologs 0 _dt 060821 40 52 See diagram for placement of detectors
only
Ologs 0 _dt 060829 60,1024 | 79 Power glitch?? DT failed, finally back up, but alpha rate
645 K at 90 kV, 35 uA. Was ~725K.

Notes:

Convention on spacing for detector to casting: (detector[casting, casting])

Convention for casting gaps: casting#,casting#=gap ; casting#,casting#=gap (where gap is in inches unless noted otherwise)
Convention block size is 512 unless otherwise noted

Casting Numbers (copy and paste): 1 2 3 4 5 6
Other notes:
e 082406 1050am
0 Change aperture in DT generator from 11 mm x 2.5 in. slit to 1.5 in. diam. slit
0 Changed alpha pulse width to 100 ns
0 Decreased DT generator current to 35 uA
0 Alpha count rate now 775 kcps
0 Now run 17a again -> 3logs 17a dt 060824a
o 082506
0 Staring with the Cf out run number 6
0 Changed width on the alpha pulse form the DT generator to 200 ns (start of the day)
0 We do notice that the table moves a little each time material is placed on the table, which means that the cone of the beam may not
always be perfectly aligned. Today, we noticed it in the data, made corrections and restarted the run.

e 082806
0 Table height is 39.75 unless otherwise noted
e 082906

0 Did MCA runs to look at alpha detector
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APPENDIX D: GAPS BETWEEN CASTINGS CANS FOR VARIOUS
SOURCE-DETECTOR-CASTING CONFIGURATIONS

The gaps between castings for various configurations were measure with a convention feeler gauge and
are given in Table D.1. These gaps can be included in Monte Carlo calculations for these measurements.
These gaps were measured after the excess glue had been removed from the lids of the cans. The relative
orientation of the casting in an array was maintained for all configurations. That is, the rotational
orientation of cans 1 and 2 were the same whether these two cans were adjacent for a two casting can
configuration or a four casting can configuration.

Table D.1. Gaps between castings cans for various source-detector-casting configurations
(Gap between casting is 10° in.)

Number of Page
cans and number in 1-2 1-3 1-4 1-5 2-3 2-4 2-5 3-4 4-5
configuration log book

3-17 58 10 6 - - 18 - - - -
3-17 64 12 1 - - 12 - - - -
3-17 70 11 27 - - 27 - - - -
4-19 47 2 - 8 - 12 12 - 22 -
4-20 72 6 12 12 - - 12 - 4 -
4-23 55 4 - 3 - 4 16 - 20 -
4-24 71 5 - 8 - - 12 - 18 -
4-25 53 8 8 12 - 8 12 - -

5-26 73 8 8 16 12 - - 16 6 8
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APPENDIX E: ADDITIONAL COMPARISONS OF MEASUREMENT AND
MONTE CARLO CALCULATIONS
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APPENDIX E: ADDITIONAL COMPARISONS OF MEASUREMENT AND
MONTE CARLO CALCULATIONS

This appendix provides supplement plots of comparisons of the MCNP-PoliMi calculations with
measured data. Each configuration (1, 3, 4, 12, 20, and 26) has a plot for each detector showing the full
time scale (511 s), a 200-ns time scale, and a 30 ns time scale. Three plots are provided per detector to
highlight the overall fit, the decay slope, and the initial transients, respectively. Also, the cross-correlation
graph between a set of detectors is provided for each configuration.

Configuration 1:

CONFIGURATION 1

Fig. E.1. Sketch of the calculational model.
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Configuration 1 - Detector 1

Measured
MCNP-PoliMi

Normalized Counts

Time - nanoseconds

Fig. E.2. Time distribution of counts in detector 1 after Cf fission for 512 ns for configuration 1.
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Configuration 1 - Detector 1

Measured

MCNP-PoliMi

SJUNOYD) PBZI[eWION

Time - nanoseconds

Fig. E.3. Time distribution of counts in detector 1 for after Cf fission for 200 ns for configuration 1.
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Configuration 1 - Detector 1

x 10°

Measured

MCNP-PoliMi

SJUNOY PAZI[eUION

30

25

Time - nanoseconds

Fig. E.4. Time distribution of counts in detector 1 after Cf fission for 30 ns for configuration 1.
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Configuration 1 - Detector 2

Measured
MCNP-PoliMi

Normalized Counts

Time - nanoseconds

Fig. E.5. Time distribution of counts in detector 2 after Cf fission for 512 ns for configuration 1.
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Configuration 1 - Detector 2
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MCNP-PoliMi

SJUNOYD) PBZI[eWION

Time - nanoseconds

Fig. E.6. Time distribution of counts in detector 2 after Cf fission for 200 ns for configuration 1.
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Configuration 1 - Detector 2

x 10°

Measured

MCNP-PoliMi

SJUNOY PAZI[eUION

30

25

Time - nanoseconds

Fig. E.7. Time distribution of counts in detector 2 after Cf fission for 30 ns for configuration 1.
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Configuration 1 - Detector 3
([

Measured [

JY EE— MCNP-PoliMi
10” J{: |

Normalized Counts

107

Time - nanoseconds

Fig. E.8. Time distribution of counts in detector 3 after Cf fission for 512 ns for configuration 1.
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Configuration 1 - Detector 3

Measured

MCNP-PoliMi

SJUNOYD) PBZI[eWION

Time - nanoseconds

Fig. E.9. Time distribution of counts in detector 3 after Cf fission for 200 ns for configuration 1.
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Configuration 1 - Detector 3

x 10°
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MCNP-PoliMi

SJUNOY PAZI[eUION

30

25

Time - nanoseconds

Fig. E.10. Time distribution of counts in detector 3 after Cf fission for 30 ns for configuration 1.
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Configuration 1 - Detector 4

Measured
MCNP-PoliMi

Normalized Counts

|
0 100 200 300 400 500 600
Time - nanoseconds

Fig. E.11. Time distribution of counts in detector 4 after Cf fission for 512 ns for configuration 1.
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Configuration 1 - Detector 4

Measured

MCNP-PoliMi

SJUNOYD) PBZI[eWION

Time - nanoseconds

Fig. E.12. Time distribution of counts in detectorl after Cf fission for 200 ns for configuration 1.
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Configuration 1 - Detector 4

x 10°
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MCNP-PoliMi

SJUNOY PAZI[eUION

30
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Time - nanoseconds

Fig. E.13. Time distribution of counts in detector 1 after Cf fission for 30 ns for configuration 1.
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Configuration 1 - Cross Correlation Detectors 1 and 3

MCNP-PoliMi -

SJUNOY PAZI[eUION

-400 -200 0 400 600
Time - nanoseconds

-600

Fig. E.14. Time distribution of counts in detectors 3 after a count in detector 1 for 512 ns for configuration

&9



Configuration 1 - Cross Correlation Detectors 1 and 3

MCNP-PoliMi -

SJUNOY PAZI[eUION

100 150 200
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-150 -100 -50

-200

Time - nanoseconds

Fig. E.15. Time distribution of counts in detectors 3 after a count in detector 1 for 200 ns for configuration
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Configuration 1 - Cross Correlation Detectors 1 and 3

Measured

MCNP-PoliMi H

SIUNOD PAZI[eWION

Time - nanoseconds

Fig. E.16. Time distribution of counts in detectors 3 after a count in detector 1 for 30 ns for configuration 1.
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Configuration 3:

CONFIGURATION 3

Detector 1

Configuration 3

MCNP-PoliMi

SJUNOYD PBZI[eWION

300 400 500 600

Time - nanoseconds

100

Fig. E.17. Time distribution of counts in detector 1 after Cf fission for 512 ns for configuration 3.

92



Configuration 3 - Detector 1
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Fig. E.18. Time distribution of counts in detectorl after Cf fission for 200 ns for configuration 3.
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Configuration 3 - Detector 1
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Fig. E.19. Time distribution of counts in detector 3 after Cf fission for 30 ns for configuration 3.
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Configuration 3 - Detector 2
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| | | MCNP-PoliMi [|

Normalized Counts

Time - nanoseconds

Fig. E.20. Time distribution of counts in detector 2 after Cf fission for 512 ns for configuration 3.
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Fig. E.21. Time distribution of counts in detector 2 after Cf fission for 200 ns for configuration 3.
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Configuration 3 - Detector 2
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Fig. E.22. Time distribution of counts in detector 2 after Cf fission for 30 ns for configuration 3.
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Configuration 3 - Detector 3

MCNP-PoliMi -

~— ~— ~—

SJUNOYD) PBZI[eWION

10°

300 500 600

Time - nanoseconds

100

Fig. E.23. Time distribution of counts in detector 3 after Cf fission for 512 ns for configuration 3.
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Configuration 3 - Detector 3
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Fig. E.24. Time distribution of counts in detector 3 after Cf fission for 200 ns for configuration 3.
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Configuration 3 - Detector 3
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Fig. E.25. Time distribution of counts in detector 3 after Cf fission for 30 ns for configuration 3.
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Configuration 4:
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Fig. E.26. Time distribution of counts in detector 1 after Cf fission for 512 ns for configuration 4.



Configuration 4 - Detector 1
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Fig. E.27. Time distribution of counts in detector 1 after Cf fission for 200 ns for configuration 4.
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Configuration 4 - Detector 1
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Fig. E.28. Time distribution of counts in detector 1 after Cf fission for 30 ns for configuration 4.
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Configuration 4 - Detector 2
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Fig. E.29. Time distribution of counts in detector 2 after Cf fission for 512 ns for configuration 4.
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Configuration 4 - Detector 2
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Fig. E.30. Time distribution of counts in detector 2 after Cf fission for 200 ns for configuration 4.
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Configuration 4 - Detector 2
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Fig. E.31. Time distribution of counts in detector 2 after Cf fission for 30 ns for configuration 4.
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Configuration 4 - Detector 3
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Fig. E.32. Time distribution of counts in detector 3 after Cf fission for 512 ns for configuration 3.
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Configuration 4 - Detector 3
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Fig. E.33. Time distribution of counts in detector 3 after Cf fission for 200 ns for configuration 4.



Configuration 4 - Detector 3
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Fig. E.34. Time distribution of counts in detector 3 after Cf fission for 30 ns for configuration 4.
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Configuration 4 - Detector 4
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Fig. E.35. Time distribution of counts in detector 4 after Cf fission for 512 ns for configuration 4.
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Configuration 4 - Detector 4
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Fig. E.36. Time distribution of counts in detector 4 after Cf fission for 200 ns for configuration 4.
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Configuration 4 - Detector 4
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Fig. E.37. Time distribution of counts in detector 4 after Cf fission for 30 ns for configuration 4.
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Configuration 4 - Cross Correlation Detectors 1 and 3
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Fig. E.38. Time distribution of counts in detector 3 after a count in detector 1 for 512 ns for configuration 4.
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Configuration 4 - Cross Correlation Detectors 1 and 3
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Fig. E.39. Time distribution of counts in detector 3 after a count in detector 1 for 200 ns for configuration 4.
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Configuration 4 - Cross Correlation Detectors 1 and 3
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Fig. E.40. Time distribution of counts in detector 3 after a count in detector 1 for 40 ns for configuration 4.
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Configuration 12:

CONFIGURATION 12

Configuration 12 - Detector 1
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Fig. E.41. Time distribution of counts in detector 1 after Cf fission for 512 ns for configuration 12.

116



Configuration 12 - Detector 1
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Fig. E.42. Time distribution of counts in detector 1 after Cf fission for 200 ns for configuration 12.



Configuration 12 - Detector 1
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Fig. E.43. Time distribution of counts in detector 1 after Cf fission for 30 ns for configuration 12.
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Configuration 12 - Detector 2
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Fig. E.44. Time distribution of counts in detector 2 after Cf fission for 512 ns for configuration 12.
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Configuration 12 - Detector 2
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Fig. E.45. Time distribution of counts in detector 2 after Cf fission for 200 ns for configuration 12.
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Configuration 12 - Detector 2
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Fig. E.46. Time distribution of counts in detector 2 after Cf fission for 30 ns for configuration 12.
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Configuration 12 - Detector 3
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Fig. E.47. Time distribution of counts in detector 3 after Cf fission for 512 ns for configuration 12.
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Configuration 12 - Detector 3
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Fig. E.48. Time distribution of counts in detector 3 after Cf fission for 200 ns for configuration 12.
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Fig. E.49. Time distribution of counts in detector 3 after Cf fission for 30 ns for configuration 12.
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Configuration 12 - Detector 4
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Fig. E.50. Time distribution of counts in detector 4 after Cf fission for 512 ns for configuration 12.
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Configuration 12 - Detector 4
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Fig. E.51. Time distribution of counts in detector 4 after Cf fission for 200 ns for configuration 12.
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Configuration 12 - Detector 4

Measured

SJUNOYD) PBZI[eWION

Time - nanoseconds

Fig. E.52. Time distribution of counts in detector 4 after Cf fission for 30 ns for configuration 12.
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Configuration 12 - Cross Correlation Detectors 1 and 3
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Fig. E.53. Time distribution of counts in detector 3 after a count in detector 1 for 512 ns for configuration 12.



Configuration 12 - Cross Correlation Detectors 1 and 3
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Fig. E.54. Time distribution of counts in detector 3 after a count in detector 1 for 200 ns for configuration 12.

129



130

Configuration 12 - Cross Correlation Detectors 1 and 3
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Fig. E.55. Time distribution of counts in detector 3 after a count in detector 1 for 40 ns for configuration 12.



Configuration 20:

CONFIGURATION 20
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Fig. E.56. Time distribution of counts in detector 1 after Cf fission for 512 ns for configuration 20.
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Configuration 20 - Detector 1
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Fig. E.57. Time distribution of counts in detector 1 after Cf fission for 200 ns for configuration 20.
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Configuration 20 - Detector 1
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Fig. E.58. Time distribution of counts in detector 1 after Cf fission for 30 ns for configuration 20.
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Configuration 20 - Detector 2
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Fig. E.59. Time distribution of counts in detector 2 after Cf fission for 512 ns for configuration 20.
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Configuration 20 - Detector 2
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Fig. E.60. Time distribution of counts in detector 2 after Cf fission for 200 ns for configuration 20.

135



Measured

Configuration 20 - Detector 2

x 10

SJUNOY PAZI[eUION

Time - nanoseconds

Fig. E.61. Time distribution of counts in detector 2 after Cf fission for 512 ns for configuration 30.
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Configuration 20 - Detector 3
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Fig. E.62. Time distribution of counts in detector 3 after Cf fission for 512 ns for configuration 20.
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Configuration 20 - Detector 3
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Fig. E.63. Time distribution of counts in detector 3 after Cf fission for 200 ns for configuration 20.
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Fig. E.64. Time distribution of counts in detector 3 after Cf fission for 30 ns for configuration 3.
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Configuration 20 - Detector 4
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Fig. E.65. Time distribution of counts in detector 4 after Cf fission for 512 ns for configuration 20.
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Configuration 20 - Detector 4

SJUNOYD) PBZI[eWION

Time - nanoseconds

Fig. E.66. Time distribution of counts in detector 4 after Cf fission for 200 ns for configuration 20.
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Configuration 20 - Detector 4
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Fig. E.67. Time distribution of counts in detector 4 after Cf fission for 30 ns for configuration 20.
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Configuration 20 - Cross Correlation Detectors 1 and 4
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Fig. E.68. Time distribution of counts in detector 4 after a count in detector 1 for 512 ns for configuration 20.
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Configuration 20 - Cross Correlation Detectors 1 and 4
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Fig. E.69. Time distribution of counts in detector 4 after a count in detector 1 for 200 ns for configuration 20.
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Configuration 20 - Cross Correlation Detectors 1 and 4
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Fig. E.70. Time distribution of counts in detector 4 after a count in detector 1 for 40 ns for configuration 20.
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Configuration 26:

CONFIGURATION 26
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Fig. E.71. Time distribution of counts in detector 1 after Cf fission for 512 ns for configuration 26.
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Configuration 26 - Detector 1
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Fig. E.72. Time distribution of counts in detector 1 after Cf fission for 200 ns for configuration 26.
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Configuration 26 - Detector 1
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Fig. E.73. Time distribution of counts in detector 1 after Cf fission for 30 ns for configuration 26.
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Configuration 26 - Detector 2
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Fig. E.74. Time distribution of counts in detector 2 after Cf fission for 512 ns for configuration 26.
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Configuration 26 - Detector 2
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Fig. E.75. Time distribution of counts in detector 2 after Cf fission for 200 ns for configuration 26.
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Fig. E.76. Time distribution of counts in detector 2 after Cf fission for 30 ns for configuration 26.
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Configuration 26 - Detector 3
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Fig. E.77. Time distribution of counts in detector 3 after Cf fission for 512 ns for configuration 26.
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Fig. E.78. Time distribution of counts in detector 3 after Cf fission for 200 ns for configuration 26.
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Configuration 26 - Detector 3
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Fig. E.79. Time distribution of counts in detector 3 after Cf fission for 30 ns for configuration 26.
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Configuration 26 - Detector 4
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Fig. E.80. Time distribution of counts in detector 4 after Cf fission for 512 ns for configuration 26.
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Configuration 26 - Detector 4
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Fig. E.81. Time distribution of counts in detector 4 after Cf fission for 200 ns for configuration 26.
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Configuration 26 - Detector 4
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Fig. E.82. Time distribution of counts in detector 4 after Cf fission for 30 ns for configuration 26.
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Configuration 26 - Cross Correlation Detectors 1 and 4

MCNP-PoliMi ]

SJUNOYD) PBZI[eWION

600

400

-400 -200

-600

Time - nanoseconds

Fig. E.83. Time distribution of counts in detector 4 after a count in detector 1 for 512 ns for configuration 26.
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Configuration 26 - Cross Correlation Detectors 1 and 4
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Fig. E.84. Time distribution of counts in detector 1 and 4 after Cf fission for 512 ns for configuration 26.
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Configuration 26 - Cross Correlation Detectors 1 and 4
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Fig. E.85. Time distribution of counts in detector 4 after a count in detector 1 for 40 ns for configuration 26.
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APPENDIX F: MONTE CARLO INPUTS FOR SOME SOURCE
DETECTOR CASTING CALCULATIONS
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APPENDIX F: MONTE CARLO INPUTS FOR SOME SOURCE
DETECTOR CASTING CALCULATIONS

This appendix provides the MCNP-PoliMi input files used to simulate configuration 1, 3, 4, 12, 20, and
26.

Configuration | MCNP-PoliMi input deck:

1 Casting with room CF-in Configuration 1

C casting

11 -18.8 1-23-4imp:n,p=1

C Detector

82 -1.032 -8 imp:n,p=1 $ detector

93 -270 -98 imp:n,p=1 $ Al covering

104-11.4 -109 imp:n,p=1 $ Pb Covering

11 like 8 but trcl (8.5825 8.5825 0)

12 like 9 but trel (8.5825 8.5825 0)

13 like 10 but trel (8.5825 8.5825 0)

14 like 8 but trcl (17.165 0 0)

15 like 9 but trel (17.165 0 0)

16 like 10 but trcl (17.165 0 0)

17 like 8 but trcl (8.5825 -8.5825 0)

18 like 9 but trcl (8.5825 -8.5825 0)

19 like 10 but trcl (8.5825 -8.5825 0)

C tables

905-7.82 -90 imp:n,p=1

915-7.82 -91 imp:n,p=1

925-7.82 -92 imp:n,p=1

C floor

936-23 -93 imp:n,p=1

946-23 -94 imp:n,p=1

956-23 -95 imp:n,p=1

966-2.3 -96 imp:n,p=1

976-23 -97 imp:n,p=1

986-23 -98 imp:n,p=1

C everything else

110 0 -100 #1 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17
#18 #19 #90 #91 #92 #93 #94 #95 #96
#97 #98 imp:n,p=1

1110 100 imp:n,p=0 $ Everything Else

C surface Cards

C Casting

1 cz 4.445 $ Casting IR
2¢z 6.35 § Casting OR

3 pz 1.27 S$casting bottom
4 pz 16.51 $ Casting Top
C Detector
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8 BOX -7.3125-1.27 .9525

02.540

-2.5400

0015.24
C Al covering
9 BOX -6.995 -1.5875 .635

03.1750

-3.17500

00 15.5575
C Pb Covering
10 Box -6.36 -2.2225 0

04.4450

-4.44500

0016.1925
C table
90 RPP -45.72 45.72 -30.48 30.48 -.635 0 $table top layer
91 RPP -29.21 29.21 -34.29 34.29 -42.08 -41.445 $table middle layer
92 RPP -45.72 45.72 -30.48 30.48 -82.72 -82.085 S$table bottom layer
C floor
93 RPP -528.4 558.4 -381.4 765 -125.9 -100.5 $floor
94 RPP -528.4 -503 -356 735.4 -100.5 1179.66 $west wall
95 RPP 533 558.4 -356 735.4 -100.5 1179.66 $east wall
96 RPP -528.4 558.4 740 775 -100.5 1179.66 $north Wall
97 RPP -503 533 -356 -326 -100.5 1179.66 $south Wall
98 RPP -528.4 558.4 -381.4 735.4 1179.66 1205.06 $ceiling
C Boundary Circle
100 sz 500 1500

C data Cards

mode n p

ml NLIB=60C $ Heu
92238 -6.85
92235 -93.15

m2 NLIB=60C $ organic scintillator

6000 10
1001 11

m3 NLIB=60C $ Aluminum
13027 -1

m4 NLIB=60C $ Lead
82207 -1

m5 NLIB=60C §$ steel
26054 0.056961476
26056 0.894173349
26057 0.020650362
26058 0.002748184
25055 0.015287383
28058 0.004545936
28060 0.001751086
28061 0.00007611851
28062 0.000242699
28064 0.00006180831
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42000 0.001149575

m6 $ Concrete Floor
1001.60c .006094
8016.60c .043421
14000.60c .017390
13027.60c .001786
11023.60c .000900
20000.60c .001958
26000 .000334

sdef pos=0 0 8.255

PHYS:N J 20.

PHYS:PO11

CUT:N 100.00000

CUT:P 100.00000J 0

IDUM1121J148111417

RDUM 0.000150 0.001000

CTME 60000

NPS 15000000

PRDMP J -10

FILES 21 DUMNI $ 3] 22 DUMN2
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Configuration 3 MCNP-PoliMi input deck:

1 Casting with room DT generator Configuration 3

C casting

11 -18.8 1-23-4imp:n,p=1

25-782 -153-4 imp:n,p=1

82 -1.032 -8 imp:n,p=1 $ detector

93 -270 -98 imp:n,p=1 $ Al covering

104-11.4 -109 imp:n,p=1 $ Pb Covering

11 like 8 but trcl (8.5825 8.5825 0)

12 like 9 but trel (8.5825 8.5825 0)

13 like 10 but trcl (8.5825 8.5825 0)

14 like 8 but trcl (17.165 0 0)

15 like 9 but trcl (17.165 0 0)

16 like 10 but trcl (17.165 0 0)

C Tables

905-7.82 -90 imp:n,p=1

915-7.82 -91 imp:n,p=1

925-7.82 -92 imp:n,p=1

C floor

936-23 -93 imp:n,p=1

946-23 -94 imp:n,p=1

956-23 -95 imp:n,p=1

966-2.3 -96 imp:n,p=1

976-23 -97 imp:n,p=1

986-23 -98 imp:n,p=1

C everything else

1100 -100 #1 #2 #8 #9 #10 #11 #12 #13 #14 #15 #16
#90 #91 #92 #93 #94 #95 #96 #97 #98 imp:n,p=1

111 0 100 imp:n,p=0 § Everything Else

C surface Cards
C Casting
1 cz 4.445 $ Casting IR
2 ¢z 6.35 § Casting OR
3 pz 1.27 S$casting bottom
4 pz 16.51 § Casting Top
5¢z4.1275 $ Can
6 ¢z 6.6675
C Detector
8 BOX -7.3125-1.27 .9525
02.540
-2.5400
0015.24
C Al covering
9 BOX -6.995 -1.5875 .635
03.1750
-3.17500
00 15.5575
C Pb Covering
10 Box -6.36 -2.2225 0
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044450
-4.44500
0016.1925
C table
C table
90 RPP -45.72 45.72 -30.48 30.48 -.635 0 $table top layer
91 RPP -29.21 29.21 -34.29 34.29 -42.08 -41.445 $table middle layer
92 RPP -45.72 45.72 -30.48 30.48 -82.72 -82.085 S$table bottom layer
C floor
93 RPP -528.4 558.4 -381.4 765 -125.9 -100.5 S$floor
94 RPP -528.4 -503 -356 735.4 -100.5 1179.66 $west wall
95 RPP 533 558.4 -356 735.4-100.5 1179.66 $east wall
96 RPP -528.4 558.4 740 775 -100.5 1179.66 $north Wall
97 RPP -503 533 -356 -326 -100.5 1179.66 $south Wall
98 RPP -528.4 558.4 -381.4 735.4 1179.66 1205.06 $ceiling
C Boundary Circle
100 sz 500 1500
C Emission Surface

C data Cards
mode n p
m1 NLIB=60C $ Heu
92238 -6.85
92235 -93.15
m2 NLIB=60C $ organic scintillator
6000 10
1001 11
m3 NLIB=60C $ Aluminum
13027 -1
m4 NLIB=60C $ Lead
82207 -1
m5 NLIB=60C § steel
26054 0.056961476
26056 0.894173349
26057 0.020650362
26058 0.002748184
25055 0.015287383
28058 0.004545936
28060 0.001751086
28061 0.00007611851
28062 0.000242699
28064 0.00006180831
42000 0.001149575
m6 $ Concrete Floor
1001.60c .006094
8016.60c .043421
14000.60c .017390
13027.60c .001786
11023.60c .000900
20000.60c .001958
26000 .000334
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SDEF pos=0 -10.16 7.62 ERG=14.100 VEC= 0.087489 1 0 DIR=D1 §$ 5 degree offset

SI1 H-1.0000 0.8900 0.9000 0.9100 0.9200 0.9300 0.9400
0.9500 0.9600 0.9700 0.9800 0.9900 1.0000

SP1ID 0 0.005596 0.0071 0.009682 0.013375 0.029666 0.056974
0.107862 0.14031 0.152666 0.155609 0.15865 0.16251

PHYS:N J 20.

PHYS:PO 11

CUT:N 100.00000

CUT:P 100.00000 J 0

IDUMO0121J1381114

RDUM 0.000150 0.001000

NPS 30000000

DBCN 6647299061401 6J 1 4] 76459

CTME 60000

PRDMP J-10 1

FILES 21 DUMNI1 § 3J 22 DUMN2
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Configuration 4 MCNP-PoliMi input deck:

2 castings with room CF-in Configuration 4

C casting

11 -18.8 1-23-4impm,p=1

2 like 1 but trcl (12.72 0 -1.27) $ casting 2

C Detector

82 -1.032 -8 imp:n,p=1 $ detector

93 -270 -98 imp:n,p=1 $ Al covering

104-11.4 -109 imp:n,p=1 $ Pb Covering

11 like 8 but trel (12.7 0 0)

12 like 9 but trel (12.7 0 0)

13 like 10 but trcl (12.7 0 0)

14 like 8 but trcl (0 -17.2 0)

15 like 9 but trel (0 -17.2 0)

16 like 10 but trcl (0 -17.2 0)

17 like 8 but trel (12.7 -17.2 0)

18 like 9 but trel (12.7 -17.2 0)

19 like 10 but trcl (12.7 -17.2 0)

C tables

905-7.82 -90 imp:n,p=1

915-7.82 -91 imp:n,p=1

925-7.82 -92 imp:n,p=1

C floor

936-23 -93 imp:n,p=1

946-23 -94 imp:n,p=1

956-2.3 -95 imp:n,p=1

966-23 -96 imp:n,p=1

976-23 -97 imp:n,p=1

986-23 -98 imp:n,p=1

C everything else

1100 -100 #1 #2 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17
#18 #19 #90 #91 #92 #93 #94 #95 #96
#97 #98 imp:n,p=1

1110 100 imp:n,p=0 $ Everything Else

C surface Cards

C Casting

1 cz 4.445 § Casting IR
2¢z 6.35 § Casting OR

3 pz 1.27 S$casting bottom
4 pz 16.51 $ Casting Top

C Detector
8 Box 1.2700 7.3525 0.9525
0 2.5400 0

-2.5400 0 0
0 0 15.2400 $ Detector 1
9BOX 1.5875 7.0350 0.6350
0 3.1750 0
-3.1750 0 0
0 0 15.5575$ Al Covering 1
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10 BOX 2.2225 6.4000 0

0 4.4450 0

-4.4450 0 0

0 0 16.1925 $ Lead shield 1
C
C table
90 RPP -45.72 45.72 -30.48 30.48 -.635 0 $table top layer
91 RPP -29.21 29.21 -34.29 34.29 -42.08 -41.445 S$table middle layer
92 RPP -45.72 45.72 -30.48 30.48 -82.72 -82.085 S$table bottom layer
C floor
93 RPP -528.4 558.4 -381.4 765 -125.9 -100.5 $floor
94 RPP -528.4 -503 -356 735.4 -100.5 1179.66 $west wall
95 RPP 533 558.4 -356 735.4 -100.5 1179.66 $east wall
96 RPP -528.4 558.4 740 775 -100.5 1179.66 $north Wall
97 RPP -503 533 -356 -326 -100.5 1179.66 $south Wall
98 RPP -528.4 558.4 -381.4 735.4 1179.66 1205.06 $ceiling
C Boundary Circle
100 sz 500 1500

C data Cards

mode n p

m1 NLIB=60C $ Heu
92238 -6.85
92235 -93.15

m2 NLIB=60C $ organic scintillator

6000 10
1001 11

m3 NLIB=60C $ Aluminum
13027 -1

m4 NLIB=60C $ Lead
82207 -1

m5 NLIB=60C § steel
26054 0.056961476
26056 0.894173349
26057 0.020650362
26058 0.002748184
25055 0.015287383
28058 0.004545936
28060 0.001751086
28061 0.00007611851
28062 0.000242699
28064 0.00006180831
42000 0.001149575

m6 $ Concrete Floor
1001.60c .006094
8016.60c .043421
14000.60c .017390
13027.60c .001786
11023.60c .000900
20000.60c .001958
26000 .000334
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sdef pos=0 0 8.255

PHYS:N J 20.

PHYS:PO 11

CUT:N 100.00000

CUT:P 100.00000 J 0
IDUM1121J148111417
RDUM 0.000150 0.001000
CTME 60000

NPS 30000000

PRDMP J -10

FILES 21 DUMNI1 $ 3J 22 DUMN2
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Configuration 12 MCNP-PoliMi input deck:

3 castings with room CF-in Configuration 12

C casting

11 -18.8 1-23-4impm,p=1

2 like 1 but trcl (12.72 0 -1.27) $ casting 2

3 like 2 but trcl (6.36 11.0 -1.27) $ casting3

C Detector

8 2-1.032 -8 imp:n,p=1 $ detector

93270 -98 imp:n,p=1 $ Al covering

104-11.4 -109 imp:n,p=1 $ Pb Covering

112-1.032 -11 imp:n,p=1 $ detector

123-2.70 -1211  imp:n,p=1 $ Al covering

134-114 -1312 imp:n,p=1 $ Pb Covering

142-1.032 -14 imp:n,p=1 $ detector

153-2.70 -1514  imp:n,p=1 $ Al covering

164-11.4 -1615 imp:n,p=1 $ Pb Covering

172-1.032 -17 imp:n,p=1 $ detector

183-270 -1817  imp:n,p=1 $ Al covering

194-114 -1918 imp:n,p=1 $ Pb Covering

C tables

905-7.82 -90 imp:n,p=1

915-7.82 -91 imp:n,p=1

925-7.82 -92 imp:n,p=1

C floor

936-23 -93 imp:n,p=1

946-23 -94 imp:n,p=1

956-23 -95 imp:n,p=1

966-23 -96 imp:n,p=1

976-23 -97 imp:n,p=1

986-23 -98 imp:n,p=1

C everything else

110 0 -100 #1 #2 #3 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17
#18 #19 #90 #91 #92 #93 #94 #95 #96
#97 #98 imp:n,p=1

1110 100 imp:n,p=0 $§ Everything Else

C surface Cards

C Casting

1 cz 4.445 $ Casting IR

2 ¢z 6.35 § Casting OR

3pz 1.27 S$casting bottom

4 pz 16.51 § Casting Top

C Detector

8 Box -5.85 -4.536438418  0.9525
-1.796051224 -1.796051224 0
1.796051224 -1.796051224 0
0 0 15.24 § Detector 1

9BOX -5.85 -4.087425612  0.635
-2.24506403 -2.24506403 0
2.24506403 -2.24506403 0
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0 0 15.5575 $ Al Covering 1
10 BOX -5.85 -3.1894 0

-3.143089642 -3.143089642 0

3.143089642 -3.143089642 0

0 0 16.1925 $ Lead shield 1
C
11 BOX 5.09 18.3315 0.9525

2.54 0 0

0 2.54 0

0 0 15.24 $ detector 3
12 BOX 4.7725 18.014 0.635

3.175 0 0

0 3.175 0

0 0 15.5575% al covering 3
13 BOX 4.1375 17.379 0

4.445 0 0

0 4.445 0

0 0 16.1925 $ lead shield 3
C
14 BOX 13.875 7.3625 0.9525

2.54 0 0

0 2.54 0

0 0 15.24 $ detector 3
15BOX 13.555 7.045 0.635

3.175 0 0

0 3.175 0

0 0 15.5575% al covering 3
16 BOX 12.92 6.41 0

4.445 0 0

0 4.445 0

0 0 16.1925 $ lead shield 3

c
17 Box 20.1005 0.9525 0.9525
0 -2.5400 0
2.5400 0 0
0 0 15.2400 $ Detector 1
18 BOX 19.783 1.2700 0.6350
0 -3.1750 0
3.1750 0 0
0 0 15.5575$ Al Covering 1
19 BOX 19.148 1.9050 0
0 -4.4450 0
4.4450 0 0
0 0 16.1925 $ Lead shield 1
C table
90 RPP -45.72 45.72 -30.48 30.48 -.635 0 $table top layer
91 RPP -29.21 29.21 -34.29 34.29 -42.08 -41.445 S$table middle layer
92 RPP -45.72 45.72 -30.48 30.48 -82.72 -82.085 $table bottom layer
C floor
93 RPP -528.4 558.4 -381.4 765 -125.9 -100.5 $floor
94 RPP -528.4 -503 -356 735.4 -100.5 1179.66 $west wall
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95 RPP 533 558.4 -356 735.4-100.5 1179.66 $east wall
96 RPP -528.4 558.4 740 775 -100.5 1179.66 $north Wall
97 RPP -503 533 -356 -326 -100.5 1179.66 $south Wall

98 RPP -528.4 558.4 -381.4 735.4 1179.66 1205.06 $ceiling
C Boundary Circle

100 sz 500 1500

C data Cards

mode n p

ml NLIB=60C $ Heu
92238 -6.85
92235 -93.15

m2 NLIB=60C § organic scintillator

6000 10
1001 11

m3 NLIB=60C $ Aluminum
13027 -1

m4 NLIB=60C $ Lead
82207 -1

m5 NLIB=60C $ steel
26054 0.056961476
26056 0.894173349
26057 0.020650362
26058 0.002748184
25055 0.015287383
28058 0.004545936
28060 0.001751086
28061 0.00007611851
28062 0.000242699
28064 0.00006180831
42000 0.001149575

m6 $ Concrete Floor
1001.60c .006094
8016.60c .043421
14000.60c .017390
13027.60c .001786
11023.60c .000900
20000.60¢ .001958
26000 .000334

sdef pos=0 0 8.255

PHYS:N J 20.

PHYS:PO11

CUT:N 100.00000

CUT:P 100.00000 J 0

IDUM1121J148111417

RDUM 0.000150 0.001000

CTME 60000

NPS 30000000

PRDMP J -10

FILES 21 DUMNI $§ 3J 22 DUMN2

175



Configuration 20 MCNP-PoliMi input deck:

4 castings with room, CF - in Configuration 20

C casting

11 -18.8 1-23-4impm,p=1

2 like 1 but trcl (12.72 0 -1.27) $ casting2

3 like 1 but trcl (-6.36 11.0 -1.27) $ casting3

4 like 1 but trcl (6.36 11.0 -1.27) $ casting4

C Detector

8 2-1.032 -8 imp:n,p=1 $ detector

93-270 -98 imp:n,p=1 $ Al covering

104-11.4 -109 imp:n,p=1 $ Pb Covering

112-1.032 -11 imp:n,p=1 $ detector

123-270 -1211  imp:n,p=1 $ Al covering

134-114 -1312 imp:n,p=1 $ Pb Covering

142-1.032 -14 imp:n,p=1 $ detector

153-270 -1514  imp:n,p=1 $ Al covering

164-11.4 -1615 imp:n,p=1 $ Pb Covering

17 2-1.032 -17 imp:n,p=1 $ detector

18 3-2.70 -1817 imp:n,p=1 $ Al covering

194-11.4 -1918 imp:n,p=1 $ Pb Covering

C tables

905-7.82 -90 imp:n,p=1

915-7.82 -91 imp:n,p=1

925-7.82 -92 imp:n,p=1

C floor

936-2.3 -93 imp:n,p=1

946-23 -94 imp:n,p=1

956-23 -95 imp:n,p=1

966-23 -96 imp:n,p=1

976-23 -97 imp:n,p=1

986-23 -98 imp:n,p=1

C everything else

110 0 -100 #1 #2 #3 #4 #8 #9 #10 #11 #12 #13
#14 #15 #16 #17 #18 #19 #90

#91 #92 #93 #94 #95 #96 #97 #98 imp:n,p=1

1110 100 imp:n,p=0 $ Everything Else

C surface Cards

C Casting

1 cz4.445 § Casting IR

2 ¢z 6.35 § Casting OR

3pz1.27 S$casting bottom

4 pz 16.51 § Casting Top

C Detector

8 BOX -7.13189 3.53414 0.9525
-2.53033 0.221376 0
-0.22138 -2.53033 0
0 0 15.24 § detector 3

9 BOX -6.78793 3.82276 0.635
-3.16292 0.276719 0
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-0.27672 -3.16292 0
0 0 15.5575 § al covering 3
10 BOX -6.1 4.4 0
-4.42809 0.387407 0
-0.387407  -4.42809 0

0 0 16.1925 §$ lead shield 3
C
11 BOX 0 15.24704 0.9525
1.796051224 1.796051224 0
-1.796051224 1.796051224 0
0 0 15.24 $ detector 3
12BOX O 147803  0.635
2.24506403 2.24506403 0
-2.24506403 2.24506403 0
0 0 15.5575 § al covering 3
13 BOX 0 13.9 0
-3.143089642 3.143089642 O
3.143089642 3.143089642 0
0 0 16.1925 §$ lead shield 3
C

14 BOX 13.41289 7.36586 0.9525
2.53033 -0.221376 0
0.22138 2.53033 0
0 0 15.24 § detector 3
15 BOX 13.06893 7.07724 0.635
3.16292 -0.276719 0O
0.27672 3.16292 0
0 0 15.5575 $ al covering 3
16 BOX 12.381 6.5 0
4.42809 -0.387407 0
0.387407  4.42809 0
0 0 16.1925 § lead shield 3
c
17 BOX 6.3795 -4.27844 0.9525
1.796051224 -1.796051224 0
-1.796051224 -1.796051224 0
0 0 15.24 § detector 3
18 BOX 6.3795 -3.82943 0.635
2.24506403 -2.24506403 0
-2.24506403 -2.24506403 0
0 0 15.5575 $ al covering 3
19 BOX 6.3795 -2.9314 0
-3.143089642 -3.143089642 0
3.143089642 -3.143089642 0
0 0 16.1925 §$ lead shield 3
C table
90 RPP -45.72 45.72 -30.48 30.48 -.635 0 $table top layer
91 RPP -29.21 29.21 -34.29 34.29 -42.08 -41.445 S$table middle layer
92 RPP -45.72 45.72 -30.48 30.48 -82.72 -82.085 $table bottom layer
C floor
93 RPP -528.4 558.4 -381.4 765 -125.9 -100.5 $floor
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94 RPP -528.4 -503 -356 735.4 -100.5 1179.66 $west wall
95 RPP 533 558.4 -356 735.4 -100.5 1179.66 $east wall
96 RPP -528.4 558.4 740 775 -100.5 1179.66 $north Wall
97 RPP -503 533 -356 -326 -100.5 1179.66 $south Wall

98 RPP -528.4 558.4 -381.4 735.4 1179.66 1205.06 $ceiling
C Boundary Circle

100 sz 500 1500

C data Cards

mode n p

ml NLIB=60C $ Heu
92238 -6.85
92235 -93.15

m2 NLIB=60C $ organic scintillator

6000 10
1001 11

m3 NLIB=60C $ Aluminum
13027 -1

m4 NLIB=60C $ Lead
82207 -1

m5 NLIB=60C $ steel
26054 0.056961476
26056 0.894173349
26057 0.020650362
26058 0.002748184
25055 0.015287383
28058 0.004545936
28060 0.001751086
28061 0.00007611851
28062 0.000242699
28064 0.00006180831
42000 0.001149575

m6 $ Concrete Floor
1001.60c .006094
8016.60c .043421
14000.60c .017390
13027.60c .001786
11023.60c .000900
20000.60c .001958
26000 .000334

sdef pos=0 0 8.255

PHYS:N J 20.

PHYS:PO 11

CUT:N 100.00000

CUT:P 100.00000 J 0

IDUM1121J148111417

RDUM 0.000150 0.001000

CTME 60000

NPS 30000000

PRDMP J -10

FILES 21 DUMNI1 $ 3J 22 DUMN2
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Configuration 26 MCNP-PoliMi input deck:

5 castings with room CF-in Configuration 26

C casting

11 -18.8 1-23-4impm,p=1

2 like 1 but trcl (12.72 0 -1.27) $ casting2

3 like 1 but trcl (-12.72 0 -1.27) $ casting3

4 like 1 but trcl (-6.36 11.0 -1.27) § casting4

5 like 1 but trel (6.36 11.0 -1.27) $ casting5

C Detector

8 2 -1.032 -8 imp:n,p=1 $ detector

93 -2700 98 imp:n,p=1 $ Al covering

104 -11.400 -109 imp:n,p=1 $ Pb Covering

112 -1.032 -11 imp:n,p=1 $ detector

123 -2.700 -12 11 imp:n,p=1 $ Al covering

134-11.400 -13 12 imp:n,p=1 $ Pb Covering

142 -1.032 -14 imp:n,p=1 $ detector

153 -2.700 -15 14 imp:n,p=1 $ Al covering

164 -11.400 -16 15 imp:n,p=1 $ Pb Covering

172 -1.032 -17 imp:n,p=1 $ detector

183 -2.700 -18 17 imp:n,p=1 $ Al covering

194 -11.400 -19 18 imp:n,p=1 $ Pb Covering

C tables

905-7.82 -90 imp:n,p=1

915-7.82 -91 imp:n,p=1

925-7.82 -92 imp:n,p=1

C floor

936-23 -93 imp:n,p=1

946-23 -94 imp:n,p=1

956-23 -95 imp:n,p=1

966-23 -96 imp:n,p=1

976-23 -97 imp:n,p=1

986-23 -98 imp:n,p=1

C everything else

110 0 -100 #1 #2 #3 #4 #5 #8 #9 #10 #11 #12 #13 #14
#15#16 #17 #18 #19 #90 #91 #92 #93 #94
#95 #96 #97 #98 imp:n,p=1

1110 100 imp:n,p=0 $ Everything Else

C surface Cards

C Casting

1 cz 4.445 § Casting IR

2¢z 6.35 § Casting OR

3 pz 1.27 S$casting bottom

4 pz 16.51 $ Casting Top

C Detector

8§ BOX -6.0853 -4.64704 0.9525
1.796051224 -1.796051224 0
-1.796051224 -1.796051224 0
0 0 15.24 § detector 4

9 BOX -6.0853 -4.19803  0.635
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2.24506403 -2.24506403 0
-2.24506403 -2.24506403 0
0 0 15.5575 $ al covering 4
10 BOX -6.0853 -3.3 0
-3.143089642 -3.143089642 0
3.143089642 -3.143089642 0

0 0 16.1925 $ lead shield 4
C
11 Box -13.7025 7.4525 0.9525
0 2.5400 0

-2.5400 0 0
0 0 15.2400 $ Detector 1
12 BOX -13.385 7.135 0.6350
0 3.1750 0
-3.1750 0 0
0 0 15.5575$ Al Covering 1
13 BOX -12.75 6.5 0
0 4.4450 0
-4.4450 0 0
0 0 16.1925 $ Lead shield 1
C
14 Box 13.7025 7.4525 0.9525
0 2.5400 0
2.5400 0 0
0 0 15.2400 $ Detector 1
15 BOX 13.385 7.135 0.6350
0 3.1750 0
3.1750 0 0
0 0 15.5575$ Al Covering 1
16 BOX 12.75 6.5 0
0 4.4450 0
4.4450 0 0
0 0 16.1925 $ Lead shield 1
c
17 BOX 6.0853 -4.64704 0.9525
1.796051224 -1.796051224 0
-1.796051224 -1.796051224 0
0 0 15.24 $ detector 4
18 BOX 6.0853 -4.19803 0.635
2.24506403 -2.24506403 0
-2.24506403 -2.24506403 0
0 0 15.5575 § al covering 4
19 BOX 6.0853 -3.3 0
-3.143089642 -3.143089642 0
3.143089642 -3.143089642 0
0 0 16.1925 §$ lead shield 4
C table
90 RPP -45.72 45.72 -30.48 30.48 -.635 0 $table top layer
91 RPP -29.21 29.21 -34.29 34.29 -42.08 -41.445 S$table middle layer
92 RPP -45.72 45.72 -30.48 30.48 -82.72 -82.085 S$table bottom layer
C floor
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93 RPP -528.4 558.4 -381.4 765 -125.9 -100.5 $floor

94 RPP -528.4 -503 -356 735.4 -100.5 1179.66 $west wall
95 RPP 533 558.4 -356 735.4 -100.5 1179.66 $east wall
96 RPP -528.4 558.4 740 775 -100.5 1179.66 $north Wall
97 RPP -503 533 -356 -326 -100.5 1179.66 $south Wall

98 RPP -528.4 558.4 -381.4 735.4 1179.66 1205.06 $ceiling
C Boundary Circle

100 sz 500 1500

C data Cards

mode n p

m1 NLIB=60C $ Heu
92238 -6.85
92235 -93.15

m2 NLIB=60C §$ organic scintillator

6000 10
1001 11

m3 NLIB=60C $ Aluminum
13027 -1

m4 NLIB=60C $ Lead
82207 -1

m5 NLIB=60C $ steel
26054 0.056961476
26056 0.894173349
26057 0.020650362
26058 0.002748184
25055 0.015287383
28058 0.004545936
28060 0.001751086
28061 0.00007611851
28062 0.000242699
28064 0.00006180831
42000 0.001149575

m6 $ Concrete Floor
1001.60c .006094
8016.60c .043421
14000.60c .017390
13027.60c .001786
11023.60c .000900
20000.60c .001958
26000 .000334

181



sdef pos=0 0 8.255

PHYS:N J 20.

PHYS:PO 11

CUT:N 100.00000

CUT:P 100.00000 J 0
IDUM1121J148111417
RDUM 0.000150 0.001000
CTME 60000

NPS 15000000

PRDMP J -10

FILES 21 DUMNI1 $ 3J 22 DUMN2
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