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ABSTRACT

The Monte Carlo code MCNP-DSP was developed from the Los Alamos
MCNP4a code to calculate the time and frequency response statistics obtained from
subcritical measurements. The code can be used to simulate a variety of subcritical
measurements including source-driven noise analysis, Rossi-a, pulsed source, passive
frequency analysis, multiplicity, and Feynman variance measurements. This code can be
used to validate Monte Carlo methods and cross section data sets with subcritical
measurements and replaces the use of point kinetics models for interpreting subcritical
measurements.



1. INTRODUCTION

The Monte Carlo code MCNP-DSP*? was developed from the MCNP4a*™ code
to calculate the time and frequency measured parameters of the 2*Cf-source-driven noise
analysis method.* This measurement technique was developed to determine the
subcriticality of fissile assemblies. In the past, point reactor kinetics expressions were
used to relate the measured spectra to the subcritical neutron multiplication for criticality
safety applications. However, this limited the applications of this measurement technique
because point reactor kinetics models are not applicable to all measurement
configurations.

The KENO-NR® Monte Carlo code was developed by Ficaro from KENO V.a° to
calculate the spectral densities of this measurement. However, this code is limited in that it
only calculates the detector responses due to neutrons and uses group cross section,
whereas the most efficient detectors used in the measurements detect both neutrons and
gamma rays. Sometimes gamma ray detectors are used exclusively in the measurements.
Because of these limitations, a more generalized Monte Carlo model that uses continuous
energy cross-sections and also includes gamma rays was needed to calculate the spectral
densities.

The Monte Carlo code MCNP4a was modified to calculate both the time and
frequency domain signatures from source-driven subcritical measurements to provide a
more detailed model for interpretation of the measured results. Several modifications
were made to the neutron and gamma ray tracking routines of MCNP such that the
calculated parameters are obtained as measured. The structure of the code was modified to
obtain data blocks of detector responses, as in measurements. The data blocks are time
samples of detector response, typically of 512 or 1024 points, for a certain period, which is
determined from the sampling rate of the data acquisition system. The particle splitting and
biasing in MCNP were disabled in order to have a strictly analog Monte Carlo calculation
that follows actual particle random walks. A dual-particle source was developed which
produces both neutrons and gamma rays from the fission of *2Cf in which the time
tracking of the gamma rays was coupled to that of the neutrons. Additional evaluated
measured data were incorporated into the code for certain neutron and gamma ray
interactions to more precisely follow the physics of particle interaction on an event-by-

event basis. Average quantities like v, the average number of prompt neutrons per fission,
were removed from MCNP because average quantities remove some of the statistical
fluctuations from the fission chain populations. Experimental data describing the
probability distribution of the number of prompt neutrons from fission were incorporated
into the code where available; otherwise, a Gaussian theoretical distribution is used. A
modified Maxwellian energy distribution was included in the code to obtain the energy of
prompt neutrons from the spontaneous fission of °Cf along with angular distribution data
for neutrons from fission to describe anisotropy of the neutron directions in the laboratory
system. The energy distribution of gamma rays from the spontaneous fission of **°Cf and

™ MCNP is a trademark of the Regents of the University of California, Los Alamos National Laboratory.
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the multiplicity of these gamma rays was also incorporated into MCNP-DSP. MCNP-DSP
correlates both the neutrons and gamma rays in time throughout the fission chain
multiplication process. However, as in MCNP, the gamma ray production is not directly
correlated to the type of neutron event. Several detector options were included in MCNP-
DSP to allow calculation of the responses of the various neutron and gamma sensitive
detectors used in the measurements. The detectors used in MCNP-DSP are capture, scatter,
or fission detectors. A simplified algorithm for treatment of multiple scattering events in
the scatter detectors was included in addition to multiple scattering of particles between
detectors. Data processing algorithms were also incorporated into the code to process the
detector responses for both time and frequency analysis. The frequency spectra are
obtained by directly calculating the Fourier transforms of N point blocks of pulses from the
detectors and performing a complex multiplication to obtain the auto spectra and the cross
spectra.

The modifications that were made to simulate the source-driven noise analysis
measurement are also needed to simulate other subcritical measurements. The code is
capable of simulating Rossi-a,” pulsed neutron,® passive frequency analysis,” multiplicity,™
and Feynman variance® measurements. The user should consider using the standard
MCNP program for Monte Carlo calculations that are not simulations of subcritical
measurements.

This manual provides a description of the modifications made to the MCNP4a code
and some general information about signal processing. The modifications to the neutron
and photon transport processes are described and a brief explanation of the detection
process is presented in Chap. 2. A description of the simulation of subcritical
measurements is provided in Chap. 3. A short outline of the program flow is presented in
Chap. 4. Descriptions of the input options for the code are provided in Chapter 5 while
Chapter 6 contains examples for the various subcritical measurement simulations.
Additional information is provided in the Appendices. Appendix A provides a description
of the MCNP-DSP input and output files for the Unix and PC operating systems. The
neutron emission distributions for spontaneous fission isotopes are given in Appendix B
while the neutron energy spectra parameters for spontaneous fission isotopes are provided
in Appendix C. The photon emission distributions for spontaneous fission nuclides are
provided in Appendix D. Details concerning the use of MCNP are not included in this
manual. It is assumed that the reader is familiar with the standard MCNP inpult.



2. MCNP-DSP MODIFICATIONS

Although MCNP is very versatile, several changes were made to the code to
accurately estimate the time-and frequency-analysis statistics. A dual-particle source was
developed which produced both time-correlated neutrons and gamma rays. The variance
reduction features were disabled in order to have strictly analog particle tracking, and the
neutron and gamma ray transport routines were modified to better represent the collision
physics on an event-by-event basis.

21 NEUTRON MODIFICATIONS

Because many of the parameters obtained from the subcritical measurements
depends on the fluctuations of the individual fission chains in a fissile configuration, it is
necessary that the calculation be able to adequately simulate the behavior of the individual

fission chains. This requires replacing average parameters such as v with probability
distributions because the measured quantities are estimates of the fission chain fluctuations
and because the average quantities reduce the fission chain fluctuations. The proper
treatment of the angular distribution of neutrons from fission was also included in the
calculation to adequately describe the particle direction from fission for both spontaneous
fission and induced fission. The selection of the energy of the neutrons from the
spontaneous fission of “2Cf has been modified to incorporate recent improvements in the
representation of the prompt neutron energy spectrum. Implementing these changes along
with analog neutron tracking allow for the more physical representation of the individual
fission chains.

2.1.1 Number of Prompt Neutrons from Fission

The probability of obtaining prompt neutrons from fission, P(v), for various fission
isotopes was functionally described by Terrell.® Terrell suggested that the neutron
multiplicities are dependent on the fission fragment properties. If a Gaussian distribution
of the fission fragment excitation energies is assumed, the cumulative probability of
observing v prompt neutrons from fission is approximated as

1 (V—E—uz+bwa-iit

vV
P(n) =~ 2 dt 2.1
nEo(n) T 5 e (2.)

where b is a small correction factor (<10) to ensure that the Vs are positive, and o is the
root-mean-square width of the initial total excitation-energy distribution (o = 1.08).%
Terrell has shown that this distribution function can be used to describe the emission
probability for several different fission isotopes. In MCNP, the average number of
neutrons from fission obtained from the cross-section data sets is a function of the energy
of the neutron that induces the fission. Thus, the emission probability that was



incorporated into MCNP-DSP is an energy dependent distribution. The Gaussian
distribution is an approximation to describe the prompt neutron emission probabilities at all
energies and is used unless additional measured distribution data tables are included for
certain isotopes.

An option has been incorporated into MCNP-DSP to use the measured data
summarized by Zucker and Holden.*® Zucker and Holden tabulated the P(v) distributions
for 2°U, 28U, and **°Pu as a function of the energy of the neutron that induces the fission.
These distributions are presented in Figs. 2.1 to 2.3. A modified P(v) distribution has been
incorporated for **U. The modified distribution uses the P(v) distribution at thermal
energies that was measured by Gwin, Spencer, and Ingle.* In previous versions of the
code, the probability distribution data were fit with least-square polynomials to obtain a
functional representation of the energy dependence of neutron emission probabilities. The
Zucker and Holden data for 2°U, 2®U, and *°Pu were also used to fit the P(V) distribution
as a function of the average number of neutrons from fission. These fits are based on the
observations of Frehaut'® who performed such an analysis for fast neutron-induced fission.
The fit of the data for U is used for both ***U and **U neutron induced fission. The fit of
the data for 28U is used for %?U, 2*U, #°U, and #**U neutron induced fission. The fit for
29py is used for both **Pu and **'Pu. The probability distribution is determined by
sampling the average number of neutrons from fission from the cross section data file and
estimating the individual probabilities of zero, one, two, etc., neutrons from fission using
the fits of the distribution. The probability distribution data for **Cf were obtained from
Spencer's measurements.'® An option has also been included to use the Boldeman et. al.
distribution for 2*°Cf spontaneous fission."” The probability distribution data for the
inherent spontaneous fission sources was taken from Holden and Zucker.*  The
distribution data for *2Cf and the spontaneous fission isotopes are given in Appendix B.
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Figure 2.1. P(v) distribution for 2°U
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Figure 2.2. P(v) distribution for

There are instances in which the angular distributions of prompt neutrons from

fission may be important, such as when the *°Cf source is

2.1.2  Angular Distribution of Prompt Neutrons from Fission
fissile configuration. Hence

measured the angular distribution

, assuming an isotropic emission of neutrons from fission can
19

be a poor approximation. Budtz-Jorgensen and Knitter

of neutrons relative to the direction of the light fission fragment for the spontaneous fission
of ®2Cf. Budtz-Jorgensen and Knitter have shown that there is angular anisotropy in the



laboratory reference frame. The probability distribution function obtained from the Budtz-
Jorgensen and Kbnitter data is shown in Fig. 2.4. As shown in Fig. 2.4, the angular

distribution at zero energy is more isotropic; however, as the neutron energy increases, the
angular distribution becomes very anisotropic.

These data are incorporated into MCNP-DSP by selecting the direction of the light
fission fragment from an isotropic distribution. The neutron direction is then determined
by sampling its azimuthal direction uniformly on the interval 0 to 21t The polar angle of
each fission neutron relative to the light fission fragment is determined from the angular
probability distribution function. These data may be used for both the spontaneous fission
of the 2°2Cf source and for induced fission events in the system to investigate the effects of
the angular dependence of the neutron emission. Since the majority of the neutrons are
released from the fully accelerated fission fragments, the angular distribution of the
neutrons relative to the direction of the fission fragments is dependent on the de-excitation
of the fission fragments. Therefore, there would be little difference between the angular
distribution of spontaneous fission neutrons and the angular distribution of induced fission
neutrons for fissile isotopes. For these reasons the data for 2°°Cf were used for all fission.?°
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Figure 2.4. Probability density function for angular distribution (lab system) of
neutrons from fission with respect to the direction of the light fragment



2.1.3 Fission Neutron Energy Distribution

The neutron energy spectrum is obtained from the nuclear cross-section files for
induced fission. A corrected Maxwellian distribution is used for the prompt neutron energy
spectrum for 2*Cf. A detailed analysis of the experimental data has been performed by
Mannhart* to obtain the relative difference between the neutron spectrum obtained from
the measured data and the Maxwellian distribution for the spontaneous fission of 2*°Cf.
Mannhart developed an energy dependent correction factor for the Maxwellian distribution.
The fit to the correction factor data can be found in Appendix C. Multiplying the
Maxwellian distribution by the correction factor, an accurate representation of the energy
distribution of neutrons from the spontaneous fission of °Cf is obtained. The average
energy obtained from the corrected distribution is 2.13 MeV, which corresponds to the
measured value of the average energy of neutrons from the spontaneous fission of 2*2Cf.
There is an option in the code to use the theoretical spectra of Madland and Nix? or the
Watt fission spectra from Froehner?® for °2Cf fission. An eight-point Gaussian quadrature
integration scheme was used to integrate the spectrum from zero to an upper limit of E,
where E was varied from 0.00001 eV to 25 MeV. The integrated spectrum was then
normalized to unity. The neutron energy is selected by setting a random number equal to
the normalized integrated spectrum and then determining the energy that corresponds to
this value of the normalized integrated spectrum. A least-squares polynomial fit of the
neutron energy as a function of the value of the normalized integrated spectrum was used.
This resulted in an expression for the neutron energy as a function of the normalized
integrated spectrum, that is, the neutron energy as a function of the random number. A
Watt fission spectrum is used for the spontaneous fission of the inherent fission sources.
The parameters for the Watt spectrum can be found in Appendix C.

2.2 MODIFIED GAMMA RAY TRANSPORT

In MCNP, gamma ray production from neutron events is determined by sampling a
total gamma ray production cross section. These cross sections contain data on the
multiplicity and energy of gamma rays from neutron reactions that produce gamma rays.
These reactions include neutron capture, inelastic neutron scattering, and fission. Although
the cross sections are measured separately, these gamma-ray-producing reactions are
lumped together in the MCNP nuclear data sets. Consequently, these data cannot be easily
separated without extensive modifications to the code and the formatted data files. This
grouping does not allow the physics of the gamma ray production process to be exact on an
event-by-event basis but does give a correct average behavior.?* This will lead to no
uncertainty in the first moment of the populations but may introduce some uncertainty into
the second moment on which noise-measured quantities depend, especially when inelastic
neutron scattering and fission are equally probable. This may also reduce some of the
fluctuating phenomena associated with gamma ray production. The multiplicity and
energy distribution of prompt gamma rays from the spontaneous fission of the >>Cf source
has been included in MCNP-DSP.



2.2.1 Prompt Gamma Ray Multiplicity for **Cf

The gamma ray multiplicity, like the neutron multiplicity, is a function of the
fission fragment mass. A saw-tooth dependence of the gamma ray yield on fragment mass
has been observed for the spontaneous fission of *2Cf and for thermal neutron fission of
235 ,%° Because the number of gamma rays emitted is mainly dependent on the fission
fragment properties, a single distribution can be used to describe the gamma ray
multiplicity for %*Cf.

The gamma ray multiplicity was determined using Brunson's® measurements,
which fitted the data to a double Poisson model. Brunson's model depends on the
minimum energy of the gamma rays emitted. For a minimum energy of 85 keV, the
resulting probability distribution is used to obtain the gamma ray multiplicity

G A-7.20 G A-10.72
H(G):O.682%+0.31810'7% . 2.2)

where G is the gamma ray multiplicity. The gamma ray multiplicity ranges from 0 to 20
gamma rays per fission with an average value of 8.32 gamma rays per fission. This value
does not differ greatly from that obtained by others.”®

2.2.2  Prompt Gamma Ray Energy Distribution for *°Cf

The gamma ray energy spectrum has been measured for the spontaneous fission of
252Cf and the thermal-neutron-induced fission of 2*°U. There appears to be little difference
between the spectrum from 2*°Cf and that from 2°U.*" Because of the small difference
between the two spectra and because the measurements of the “°U gamma ray spectra are
more precise, the gamma ray spectra from the thermal neutron fission of U is used to
obtain the gamma ray energy.

The energy spectrum of the prompt fission gamma rays is obtained from
Maienschein's measurements.® % The distribution, from 0.3 to 1 MeV, is described as

N(E) = 268¢ ~2-30E (2.3)

In the interval 1.0 to 8.0 MeV, the distribution is described as

N(E) = 8.0e L110E (2.4)

The upper energy limit of 8 MeV was selected because nuclear excitation above 8 MeV
typically leads to neutron rather than gamma emission.  Although Maienschein's
experiment determined the gamma ray spectrum down to 0.25 MeV, there are several
gamma ray energies that show preferential emission for low multiplicities below 0.3
MeV.? On the advice of Ray Nix,? the spectrum below 0.3 MeV is represented as



N (E) = 3813(E —0.085)el048E (2.5)

The minimum gamma ray energy of 0.085 MeV coincides with Brunson's measurements.
Below this energy, gamma ray emission is due to K-shell X-rays from the fission fragments
that occur later than the prompt gamma emission from fission. Using this functional
representation of the prompt fission gamma ray energy spectrum, a value of 0.898 MeV is
obtained for the average gamma ray energy per fission. This value agrees well with the
accepted value of 0.88 MeV per fission.?

2.2.3 Prompt Gamma Ray Multiplicity for Spontaneous Fission Isotopes

Measured data for the multiplicity distributions of prompt gamma rays from various
spontaneous fission isotopes do not exists. However, an approximation was used to
determine such distributions.®® Nifenecker®! has observed that there is competition in the
de-excitation mechanism of the fission fragments. This competition in the de-excitation
process results in a correlation between the total gamma ray energy release and the number
of neutrons emitted from fission. The correlation between the neutron and gamma ray
emission has been used to determine the average number of prompt gamma rays from
fission. A negative binomial distribution has been used to describe the multiplicity
distribution functions. The approximated gamma ray distribution parameters are given in
Appendix D. These distributions should only be used for sensitivity studies and are not to
be used for benchmark calculations because the multiplicity distributions are only estimates
and are not measured data. Furthermore, the energy spectra of prompt fission gamma rays
are simply equated to that for ®2Cf because such spectra have not been measured.

2.3 RADIATION DETECTION

Although MCNP is capable of tracking electrons, the electron production and
subsequent light production in the detectors were not treated rigorously. An intuitive
approach was used to determine when particles contribute to the detector response. This
approximation faithfully reproduces the measured detector responses. Currently, three
detector types can be employed in a calculation: capture, scatter, or fission detectors.

2.3.1 Neutron Detection

In the MCNP-DSP calculation, neutron detection is characterized by a particular
neutron event. The detector response of capture detectors is primarily due to the absorption
of a neutron with the subsequent emission of secondary charged particles, which ionize the
detection media and produce an electronic pulse whose amplitude is proportional to the
Kinetic energy deposition of the secondary charged particle. These detectors typically have
a very large thermal neutron absorption cross section and a very small scattering cross
section. In MCNP-DSP, if a neutron is absorbed in a capture detector, a count is scored in
the appropriate time bin, and the number of detection events is incremented.
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Scattering detectors are those in which the response is due primarily to neutron
scattering in the detection media. To observe a count in a scattering detector, the neutron
must transfer a certain pre-selected amount of energy to the detection material via the
Kinetic energy of the recoil nucleus. In the actual detector this recoil nucleus excites
electrons in the scintillation material to produce light that is converted into an electrical
pulse by a photomultiplier tube. Although MCNP can handle this scintillation process
directly, an intuitive approximation was utilized which assumes that the light production is
proportional to the energy deposited by the neutron. An energy threshold is specified in the
calculation for each detector. Since multiple neutron scattering can occur in the detector,
special attention was given to modeling the multiple scattering in these detectors by
specifying a time width, the pulse generation time, in which energy contributions from the
events are summed together. If a neutron scatters in the detector and deposits an amount of
energy greater than the neutron threshold, a count is registered, and additional neutron
scatters within the specified pulse generation time of the detector are ignored. However, if
the amount of energy deposited in the detector is less than the neutron threshold, the energy
of the subsequent neutron scatters in the detector are added together for those events that
occur within the pulse generation time of the detector. To account for neutrons that may
scatter between adjacent detectors several times, the time at which the neutron had its last
scattering event in each detector is stored for each neutron track.

In fission detectors, the fission fragments travel through the detection media,
ionizing the atoms in the detector. The large energy release per fission allows for easy
discrimination of other events that may also produce ionized atoms in the detector. In the
calculation, a count is registered each time a fission event occurs in the detection media,
and the fission neutrons are stored for tracking.

2.3.2 Gamma Ray Detection

Various gamma ray events may lead to a detection event in the capture and
scattering detectors since the gamma ray events also produce secondary charged particles.
If the gamma ray energy deposited is above a certain threshold, which is specified as input
to the calculation, gamma ray absorption due to the photoelectric effect can lead to a
detection event. Likewise, if the gamma ray has an incoherent scatter in the detector and
the recoil electron energy is greater than the threshold, a detection event will occur.
Multiple scattering of gamma rays in the detector media is treated much in the same way as
for neutrons.

2.3.3 Dead Time Models

An option has been included in the code to simulate the dead time in a detector.
The dead time is specified for each detector. If the detector is a composite detector then
the largest dead time is selected for this detector. Two options are available for the dead
time models. The first option is a non-paralyzed model in which the dead time for a given
count only extends a period of time equal to the dead time width. The second option is a
paralyzed model in which the dead time for a given count can be extended if subsequent
counts fall within the dead time of the initial detector pulse.
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The dead time correction is performed after each block of data is sampled. The
dead time is divided by the time-bin width to determine the number of time-bins over
which the dead time extends. The time-bin arrays for each detector are modified by
removing counts in time-bin array that occur during the dead time period using either the
paralyzed or non-paralyzed model. The dead time correction will not be made if the dead
time period is less than the width of the time bins.
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3. CALCULATIONAL MODES

There are six calculation modes that are available with MCNP-DSP. These are
source-driven noise analysis, passive noise analysis, correlation analysis (Rossi-a), pulsed
neutron calculations, Feynman variance, and multiplicity simulation. All of these modes of
analyses are related. This chapter provides a brief description of each of these simulation
modes.

3.1 TIME DECIMATION OF SIGNALS

In subcritical measurements, the detector counts are accumulated and stored in time
intervals. For example, the detector response may be sampled every nanosecond for 1000
nanoseconds. One sample of the detector response is treated as a data block. A data block is
acquired synchronously in time for each detector and/or source. The discrete data blocks
are processed in various ways depending on the measurement method. The detector
responses for each data block are processed to obtain estimates of the frequency spectra,
the correlation functions, the multiplicity data, the variance-to-mean data, or the pulsed
neutron response.

In the simulation, the number of time intervals is specified along with the sampling
rate. The width of each time interval is the inverse of the sampling rate; therefore, the total
time period is simply the product of the number of time bins with the inverse of the
sampling rate. The interactions in the detectors are tracked to determine the time bin in
which the detector count occurred. Likewise, the event times for the source also determine
the bin in which the source event occurred. The source may either be an active source or a
passive source. Multiple source types are selectable for either active or passive simulations.
For active simulations, the time of the source event may occur at time zero or may occur
randomly in the time block. For passive simulations, the source events occur randomly
within the time block. The total time period is referred to as a data block. The detector
responses for each data block are processed to obtain estimates of the frequency spectra,
the correlation functions, the multiplicity data, the variance-to-mean data, or the pulsed
neutron response as is done in the measurements.

3.2 FREQUENCY ANALYSIS SIMULATION

Frequency (noise) analysis measurements can be performed either actively or
passively. Active measurements require the use of a timed neutron source whereas passive
measurements rely upon an inherent source in the fissile configuration to initiate the fission
process in the material. Data acquisition in noise analysis measurements requires a variety
of electronic components. The electronic system consists of components that are used to
convert the detector signals to an analog signal that can be digitized by the Fourier
analyzer. The detector pulses are typically input into an amplifier to increase the voltage
of the pulses from the detectors. The signal from the amplifier is then sent to some type
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of discriminator to eliminate any unwanted pulses. Pulses from the discriminator are then
directed to a resistor-capacitor (RC) filter to shape the pulse from the discriminator. The
RC filter is an integrator that integrates the pulse using a selectable time constant and
adjustable gain. The RC filter is used for pulse mode operation of detectors. The signal is
then sent to the Fourier analyzer where the signal is digitized. The Fourier analyzer uses
low-pass filters to eliminate the upper frequency components that are greater than half the
sampling rate. This prevents aliasing from occurring during the discrete Fourier processing
of the signals. Aliasing is the folding of high frequencies over to the low frequency when
the sampling rate is less than twice the maximum frequency of the signal.** The filtered
signal is digitized repeatedly by an analog-to-digital converter to provide an integer value
proportional to the voltage of the signal. The digitized data are divided into segments,
termed data blocks, of typically 512 or 1024 points, and then the data are Fourier
transformed. Auto and cross spectra are calculated for each data block by complex
multiplication of the Fourier transformed data.

The auto spectrum is defined as
G, (@ =X (@X(@) , (3.1)

where X(w) is the Fourier transform of the detector signal and * denotes the complex
conjugate. Similarly, the cross spectrum between two signals x(t) and y(t) is defined as

Gy (@) =X “(@)Y (W) . (3.2)

Estimates for the auto and cross spectra are computed for each data block and are then
averaged with the previous data to obtain the current auto and cross spectra. This process
is continued until the desired convergence is reached.

The frequency analysis simulation incorporates some of the filtering and
windowing options used in measurements. To simulate the band-pass filter, two filter
options can be employed in the calculation. Rockland and Precision filters were used in the
measurements; hence, functions that represent these filters may be used in the calculations.
The Rockland filter function is shown in Fig. 3.1, and the Precision filter function is
presented in Fig. 3.2. The peak values of the filter functions are normalized to one. The
upper frequency cutoff is set equal to 40% of the sampling rate as implemented in the
measurement to prevent aliasing. These filter functions are applicable only for sampling
rates less than 100 kHz because the low-pass filter has not been included in the model and
its time response affects the detector response for sampling rates greater than 100 kHz.
Other higher frequency filter functions could easily be incorporated into the code if the
waveforms are available. The time when a particle is detected is determined by adding its
time of birth to the time that the particle spent in the system before being detected. A count
is registered in the appropriate time bin whose width is determined from the inverse of the
sampling rate. If the filter functions are used, the pulse is spread out over approximately ten
time bins for each detection event. For each time bin, the filter function is segmented into
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ten discrete values that begin at the time of detection. The digitized values of the
normalized filter function that occurs at the right boundary of the time bin are added to the
detector time response for that bin. If the particle detection occurs near the end of the data
block, the digitized values in the time bins beyond the length of the data block are ignored.
The low-frequency components of the detector signal are eliminated by ac coupling (high-
pass filtering) in the experiments. To simulate the implementation of a high-pass filter, the
average counts per bin may be subtracted for each detector's time spectrum for each data
block. The removal of the mean value is performed independently of the implementation
of the low-pass filter. Three commonly used windows may be employed in the calculation.

Amplitude
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Figure 3.1. Rockland filter function

Amplitude

1
] 10 20 30 40 50 50 FO 20 a0 1o0

U= =0 NGO = wo

FPositicn

Figure 3.2. Precision filter function

Windows are applied to the time spectra to correct for errors due to the finite length of the
data block that coincides with a finite length Fourier transform. The windowed time signal
is given by
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x'(n) = x(N)w(n) (3.9)

where x(n) is the discrete detector time signal, and w(n) is the window function. Bartlett,
Hanning, and Hamming windows are available in the calculations and are given by*

2n/ N, 0<sn<sN/2
w(n)= 2-2n/N, N/2<n<N (3.10a)
10, otherwise

05-05cos(2m/N), 0<n<N
w(n) = . (3.10b)
0, otherwise

054 -046c¢cos(2m/N), 0<sn<N
w(n) =

3.10c
0, otherwise ( )

where N is the length of the data block. A Hanning window has been used in some noise
analysis the measurements. A discrete Fourier transform is applied to the data block of
length N. The discrete Fourier transform (DFT) is defined as

N-1
X(k)=" x(mW" (3.11)

n=0

where W™ = e 2N s the complex quantity. Because the DFT is a complex function, the

estimates of the auto and cross spectra are obtained by complex multiplying the DFT of the
detector responses for each data block. The auto and cross spectra are calculated for each
data block and averaged with the values from the previous data blocks.

3.2.1 Source-Driven Noise Analysis Simulations

Source-driven noise analysis simulations require selection of a source and two or
more radiation detectors. The simulation follows the natural chain of events. The source
starting time is randomly selected over the time period of the data block. The source
particles and their progeny are tracked until they are absorbed or leak. Interactions with the
detectors can produce counts in the time bins. The time when a particle is detected is
determined by adding its time of birth to the time that the particle spent in the system
before being detected. A count is registered in the appropriate time bin whose width is
determined from the inverse of the sampling rate. The time responses of the source and
detectors are accumulated for each data block. After all particles for a given block have
been tracked, the source and detector responses are processed. If the filter and window
functions are invoked, the time dependent source and detector responses are adjusted. The
time responses are then Fourier transformed. The auto and cross spectra are defined by
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performing a complex multiplication of the Fourier transform of the data blocks of detector
signals. The auto and cross spectra are estimated for each data block, and the average value
is accumulated over many data blocks.

3.2.2 Passive Noise Analysis Simulations

Passive noise analysis simulations rely upon an internal source such as an inherent
spontaneous fission source to produce fission events within the system. Therefore, a source
signal is not acquired in the passive simulations. In passive measurements, the inherent
source produces neutrons and/or gamma rays at random times within the data block.
Therefore, in the passive noise analysis simulation, the source events occur randomly
within the detector time-response data block. The source events occur in any time bin with
equal probability. The passive noise analysis computation can be used to simulate break
frequency noise analysis measurements. The source particles and their progeny are tracked
until they are absorbed or leak. Interactions with the detectors can produce counts in the
time bins. The time when a particle is detected is determined by adding its time of birth to
the time that the particle spent in the system before being detected. A count is registered in
the appropriate time bin whose width is determined from the inverse of the sampling rate.
The time responses of the detectors are accumulated for each data block. After all particles
for a given block have been tracked, the detector responses are processed. If the filter and
window functions are invoked, the time dependent detector responses are adjusted. The
time responses are then Fourier transformed. The auto and cross spectra are defined by
performing a complex multiplication of the Fourier transform of the data blocks of detector
signals. The auto and cross spectra are estimated for each data block, and the average value
is accumulated over many data blocks

3.3 CORRELATION ANALYSIS SIMULATION

Correlation (Rossi-a) measurements require the use of a time analyzer for
recording detector pulses. The pulses from the detectors are stored into time bins. The time
distribution of counts in one channel with respect to another channel is accumulated. This
process is repeated for many samples of the detector responses to obtain a histogram. The
auto correlation (single-detector Rossi-a) measurement is performed if the same detector
signal is placed in both channels. Likewise, the cross correlation (two-detector Rossi-a)
measurement if performed if different detector signals are placed in the analyzer channels.

The correlation simulation is a calculation of the Rossi-a measurement. As with the
frequency analysis simulation, the correlation simulation can be performed actively or
passively. The source particles and their progeny are tracked until they are absorbed or
leak. Interactions with the detectors can produce counts in the time bins. The time when a
particle is detected is determined by adding its time of birth to the time that the particle
spent in the system before being detected. A count is registered in the appropriate time bin
whose width is determined from the inverse of the sampling rate. The time responses of the
detectors are accumulated for each data block. After all particles for a given block have
been tracked, the detector responses are processed. The correlation functions are actually
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obtained from the frequency analysis signatures. The inverse Fourier transforms of the auto
spectra are used to obtain the auto correlation functions that are the equivalent of the single
detector Rossi-o measurements. Likewise, the inverse Fourier transforms of the cross
spectra are used to obtain the cross correlation functions. The cross correlation function
between two detectors is equivalent to the two detector Rossi-a simulation. The process for
generating the correlation functions is as follows. The detector time responses are acquired
for one block of data. The data block is then zero padded (i.e. the length of the data block
is doubled by adding zeros to the block). The zero padding is necessary to ensure that the
correlation functions obtained during the inversion process are linear. The zero padded time
responses are Fourier transformed. The Fourier transformed data are then complex
multiplied to obtain the auto and cross spectra. The auto and cross spectra are averaged for
many data blocks. When the computation is completed, the auto and cross correlation
functions are obtained by inverse Fourier transformation of the auto and cross spectra.
Therefore, the correlation functions are not generated until the computation acquires the
desired number of data blocks or the computation time limit is reached.

3.4 PULSED SOURCE SIMULATION

A pulsed source measurement requires the use of a neutron and/or gamma ray
source and an appropriate detector. The signals from the source indicate emission of
neutrons and/or gamma rays. The counts in the detector occur some time after the initiating
source event. The pulsed source measurement can be performed with a variety of
electronic components. One way to perform a pulsed source measurement is to use a time-
to-amplitude converter (TAC) that is triggered with the source event and stopped with a
detector signal. The TAC output is sent into a multi-channel analyzer to obtain the neutron
and/or gamma ray time-of-flight.

The pulsed source measurement is simulated by starting the source particles at time
zero and tracking the source particles and their progeny to the detector. The source particles
and their progeny are tracked until they are absorbed or leak. Interactions with the detectors
can produce counts in the time bins. The time when a particle is detected is determined by
adding its time of birth to the time that the particle spent in the system before being
detected. A count is registered in the appropriate time bin whose width is determined from
the inverse of the sampling rate. The time of detection for each particle is determined and
the counter for the appropriated time bin is incremented much like the accumulation of the
pulse height spectra with a multi-channel analyzer. For a single “hit” measurement system,
only one detector count triggers the TAC for each source event; however, in the
calculations, all detector counts for a given source event are stored. The dead time options
cannot be used in the pulsed source simulation because of the process by which the detector
counts are accumulated. Users who wish to perform a pulsed source simulation using the
dead time options should perform a correlation calculation in the active mode to obtain the
correlation between the source and the detector and force the starting times of the particles
to begin at time zero.
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3.5 FEYNMAN VARIANCE SIMULATION

Feynman variance measurements require a time analyzer to measure the number
of detector counts in a data block from which the variance of the counts is estimated. The
process is repeated for data blocks of different length (T). A plot of the reduced variance
versus the length of the data blocks is used to determine the prompt neutron decay
constant.

The Feynman variance simulation requires the computation of the average
number of counts and the average of the counts squared for a given time period. As in the
other simulation modes, the simulation begins with the tracking of the source particles
and concludes when all source particles and progeny have been tracked for a given data
block. The detector events are determined for each data block. In the simulation the
average counts per block and average counts squared per block for the detectors are
computed for each block and averaged with the previous block. The reduced variance can
be computed from the average counts per block and the average squared counts per
block. The calculations must be repeated with varying sampling rates to determine the
variation of the reduced variance versus the length of the data block. The dead time
options can be invoked with the Feynman variance simulation.

3.6 MULTIPLICITY SIMULATION

The multiplicity measurement requires the use of a time analyzer to determine the
number of counts that occur after in a detection channel after a trigger event. The trigger
event could be a count from another detector, a count from the source, or a count in the
same detector. The measurement is performed to determine the number of times zero,
one, two, etc., counts occur after a trigger event. The distribution of these counts is
directly related to the reactivity of the system. In the measurements, the random number
of counts per time period is also determined.

The multiplicity simulation determines both the detector triggered and random
number of counts for each data block. The distribution for random counts is determined
as the number of counts that occur in the data block. The distribution for triggered counts
is obtained by determining the number of counts after the trigger count for the same time
interval. Hence, the time period for triggered counts is potentially twice as long as that
for the random counts. Therefore, particles are tracked for twice the period of the data
block.

This process is best described using the illustration in Fig. 3.3. The illustration in
Fig. 3.3 represents one sample of the detector response where the arrow is the time period
of one data block. In this case, four counts occurred in the time interval. Therefore, the
distribution histogram for four random counts would be incremented by one. Four trigger
counts are obtained for this sample of the detector response. The counts in the next data
block after the current must also be determined to create the triggered distribution. The
triggered distribution for five counts would be incremented by three: one for the first
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trigger interval, one for the second trigger interval, and one for the third trigger interval
because five counts occur within the sample time interval after the trigger event. Finally,
the trigger distribution for four counts would be incremented by one for the fourth trigger
interval. This process is repeated over many samples of the detector response to obtain
triggered and random distribution histograms. Note that these “multiplicity” distributions
do not count the trigger pulse as one of the events.
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Figure 3.3. Diagram of multiplicity simulation.
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4. MCNP-DSP PROGRAM FLOW

The general structure of MCNP has been preserved as much as possible. However,
some modifications had to be made in order to obtain the detector responses in a manner
similar to the measurement. The general flow of MCNP4A is shown in Fig. 4.1. The
program starts by reading the command line to determine which options the code uses.
After determining the options, the program begins execution. The first step is to read the
input file, which can be stated on the command line or the default input file name, INP. The
arrays are initialized with a call to subroutine IMCN. If a subcritical simulation is to be
performed, a separate data file containing options for the subcritical simulation is read in
IMCN. After initializing the arrays, the interactive geometry plot subroutine PLOTG is
called if the command line contains IP and the options to plot the geometry. Next, the
cross-section data are read into the appropriate arrays. Once the cross-section data have
been placed in the arrays, the code begins the actual tracking of the particles by calling
subroutine MCRUN. Subroutine MCRUN runs the particle histories by calling TRNSPT,
which, in turn, calls HSTORY to follow the particle tracks throughout the system and writes
the detector information. Finally, the tallies are plotted with a call to MCPLOT after all the
particles have been analyzed. This general structure has been maintained in the modified
code. The major difference occurs in the actual transporting of the particles. The
subroutine TRNSPT has been modified to call HSTORYCEF if a subcritical calculation is to
be performed.

The structure of the subcritical simulations is based on an outer and an inner loop.
The outer loop controls the number of blocks of data (bks) to be calculated. The average
number of source events per data block (scd) controls the inner loop. If the inherent
spontaneous fission source option is invoked, there is a second inner loop that is controlled
by the average number of inherent spontaneous fissions per block (sfpd). Because
spontaneous fission is a Poisson process, the number of disintegrations per block (ncdis) is
calculated from a Poisson distribution with mean scd for the source events per block for a
spontaneous fission source and with mean sfpd for the inherent fission source fissions per
block. For noise analysis simulations, the ratio of the source rate to the inherent source
fission rate must be known to specify scd and sfpd. For source-driven noise analysis
simulations, the average number of source events per data block is related to the actual
source size by the following relation®

MR ntbn
scd = 5 4.2)

S

where m is the mass of the source in micrograms, Ry is the spontaneous fission rate of the
source per microgram, ntbn is the number of points per block, and fs is the sampling rate.
Using this expression, the source specified in the calculation can be related to the actual
source used in the measurements.
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Figure 4.1. General MCNP4a program flow

The particle tracking begins with the first data block. First, the source particles and
their progeny are tracked. Next, the particles from the inherent fission source and their
progeny are tracked if this option is invoked. When the inner loops are finished, the block
data are processed. This processing could be the direct calculation of the frequency spectra
or the calculation of the correlation functions. After the block data have been processed,
the outer loop variable is incremented and the inner loops are restarted. When all of the
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data blocks have been calculated, the outer loop is completed. The summary information is
written to the output files. This process is depicted in Fig. 4.2.

Because the inner loops control the actual particle transport, a detailed description
of the particle tracking follows. The inner loop begins by obtaining information about the
source particles. The position is specified in the extra data file for the source particles and
is chosen randomly in a specified volume for the inherent fission source. The time of the
spontaneous fission is chosen randomly in the data block or starts at zero depending on user
specifications. The number of particles from the source is determined. For source-driven
noise simulations using 2**Cf, Spencer's distribution is used to obtain the number of prompt
neutrons, and Brunson's distribution is used to determine the number of prompt gamma
rays. Zucker and Holden’s data are used to determine the number of prompt neutrons from
the inherent spontaneous fission source. The energies of the ?*Cf neutrons are chosen
from the corrected Maxwellian distribution, and the energies of the 2 °2Cf gamma rays are
chosen from Maienschein's spectrum. The energy spectra of the inherent fission source
neutrons are chosen from the usual MCNP Watt fission spectrum. The direction of the
source neutrons can be chosen isotropically or from the angular distribution data of Budtz-
Jorgensen and Knitter. All particles but one are stored in the bank. An overview of the
particle tracking is shown schematically in Fig. 4.3. The distance to the cell boundary, dp,
is determined from the particle's starting location and the direction cosines. Next, the
distance to the collision site, d., is calculated from the usual relation d. = -1n R/, where R
is a random number and Z; is the total macroscopic cross section. The minimum distance
determines whether or not the particle has a collision. If dy is less than d., the particle is
transported through the cell boundary, where the distance to the next cell boundary and the
distance to collision are calculated for the new cell. If the particle enters a region of zero
importance (outside the system), the particle is said to have leaked, and the leakage tallies
are updated. If d; is less than dy, then the particle collides in the cell. When a particle
collides, the collision nuclide is selected randomly from the materials present in the cell. If
the particle is a neutron, the velocity of the collision nuclide is calculated, and the collision
event is determined. The capture probability is calculated in the usual way. If the problem
is a dual neutron-gamma ray calculation, gamma rays may be produced by the neutron
interaction. If the particle is not lost by capture, the neutron will have either an elastic
collision or an inelastic collision.® The probability of having an elastic collision is given by
Ou/(0e + Oin), Where ag is the microscopic elastic scattering cross section and o, is the
microscopic inelastic cross section. The type of inelastic event, n, is determined from

n-1 N n
g, <¢ o, 0,
i=1 i=1 i=1

4.2)

where ¢ is a random number on the interval [0 to 1), N is the number of inelastic reactions,
and the oy's are the inelastic reaction cross sections at the incident neutron energy.?

@ The term inelastic collision is a carryover from MCNP and means all reactions except elastic scattering
and capture.
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Figure 4.2. Structure of inner and outer loops of MCNP-DSP
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Figure 4.3. Particle tracking procedure

If the inelastic event is fission, the number of neutrons produced from fission is determined
from Gwin et. al. data, Zucker and Holden's data, or from Terrell's formula, depending on
the fission isotope. The energy of the emerging neutrons is sampled from the appropriate
spectrum indicated in the cross-section data file. The direction cosines may be either
isotropic or determined from the experimental angular distribution data. Data for neutrons
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produced from fission are stored in the bank to be tracked later. If the particle is a gamma
ray, the determination of the type of interaction is the same as that used for neutron
collisions. However, the collision physics are different. In the modified code, the detailed
physics treatment is used by default. The detailed physics treatment includes incoherent
scattering, coherent scattering, the photoelectric effect, and pair production. Therefore, the
total gamma ray cross section, oy, is

(4.3)

Ut =O-ic +Jco +Jpe +Jpp J

where oj is the incoherent scattering cross section, O, is the coherent scattering cross
section, O Is the photoelectric cross section, and oy, is the pair production cross section.
The selection of the gamma ray event is determined in a manner similar to that of the
neutron events.

The tracking and collision process is repeated for each particle until the particle
either leaves the system or is absorbed by analog capture. Next, particles are retrieved
from the bank, and the tracking process proceeds as before until all the source particles and
their progeny have been tracked for the given data block. Then, the particles for the
inherent fission source are tracked if the spontaneous fission source option is invoked. The
inner loops are now complete for one data block, and the detector responses are then
processed. After processing the detector responses, the outer loop variable is incremented,
and the inner loop procedure is repeated. After completing the desired number of blocks,
the program calculates the final estimates of the desired quantities and writes the data to a
file.
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5. INPUT OPTIONS

To perform the MCNP-DSP calculations, the idum and files cards must be included
in the MCNP input file. The files card is used to specify an extra file that contains data for
the MCNP-DSP calculations and to specify the output file for MCNP-DSP. The standard
MCNP source and tally options are not available when using MCNP-DSP because the
source and detector information are supplied in an extra data file. This chapter provides a
listing of all of the options and their default values that can be used in the extra data file.

The following is a description of the options that can be supplied in the extra data
file to execute MCNP-DSP calculations. The options are specified with a unique three-
character identifier followed by an equal sign and an appropriate parameter. These options
are similar to those found in the KENO-NR code and were chosen in this manner to
minimize confusion when users switch from one code to the other.

The following options are required in each extra data file:
scd=x X is the number of source disintegrations per block. The default

value has been arbitrarily chosen as 1. A value of zero can be
used if the inherent fission source option is used.

bks=x x is the number of blocks to calculate and must be an integer value
greater than or equal to one. The default value has been arbitrarily
chosen as 10000.

SCX=X X is the source x-coordinate. There is no default variable for this

parameter. The x-coordinate cannot coincide with a surface.

scy=y y is the source y-coordinate. There is no default variable for this
parameter. The y-coordinate cannot coincide with a surface.

scz=z Z is the source z-coordinate. There is no default variable for this
parameter. The z-coordinate cannot coincide with a surface.

SCC=X X is the source cell and must be an integer value. If the source cell is
not specified, it will be determined using the source coordinates.

tbn=x; X, X1 is the number of time bins and must be a power of 2 no less than

one and not greater than 2048.
X is the sampling rate and must be an integer greater than zero.

det=x;.x33  The entries for the detectors depend on the detector type and
the calculation mode. The first three entries on the detector
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card are the same regardless of detector type or calculation mode.

X1

X2

X3

is the detector number. This entry must be an integer that
begins with 2 and is labeled sequentially up to 5.

is the detector material. This entry must be also be an
integer and coincide with a material in the input file.

is the detector type. The following are valid detector types:
X3 = 2 for capture detectors;

X3 = 3 for scattering detectors; and

X3 = 4 for fission detectors.

CAPTURE DETECTORS (type 2)
NEUTRON ONLY (MODE N)

X4
X5

X6

is the number of random neutron counts per data block.

is the detector efficiency. This parameter is used to account
for thresholds set when using *He detectors.

is the detector dead time in nanoseconds.

NEUTRON AND PHOTONS (MODE N P)

X4
X5
Xe
X7
Xs

Xg

X10

is the lower photon energy threshold in MeV and must be
greater than or equal to zero.

is the upper photon energy threshold in MeV and must be
greater than the lower energy threshold

is the pulse generation time entered in nanoseconds and
must be greater than or equal to zero.

is the number of random neutron counts per data block.

is the number of random photon counts per data block.

is the detector efficiency. This parameter is used to account
for thresholds set when using *He detectors.

is the detector dead time in nanoseconds.

PHOTON ONLY (MODE P)

Xq

X5

Xe

X7
Xg

Xg

is the lower photon energy threshold in MeV and must be
greater than or equal to zero.

is the upper photon energy threshold in MeV and must be
greater than the lower energy threshold

is the pulse generation time entered in nanoseconds and
must be greater than or equal to zero.

is the number of random photon counts per data block.

is the detector efficiency. This parameter is used to account
for thresholds set when using ®He detectors.

is the detector dead time in nanoseconds.
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SCATTER DETECTORS (type 3)
NEUTRON ONLY (mode n)

X4

X5

Xe

X7

Xs
Xg

is the lower neutron energy threshold in MeV and must be
greater than or equal to zero.

is the upper neutron energy threshold in MeV and must be
greater than the lower energy threshold

is the pulse generation time entered in nanoseconds and
must be greater than or equal to zero.

is the number of energy bins to bin the detector responses.
is the number of random neutron counts per data block.

is the detector dead time in nanoseconds

PHOTON ONLY (mode p)

Xq

Xs

X6

X7

Xg
Xg

is the lower photon energy threshold in MeV and must be
greater than or equal to zero.

is the upper photon energy threshold in MeV and must be
greater than the lower energy threshold

is the pulse generation time entered in nanoseconds and
must be greater than or equal to zero.

is the number of energy bins to bin the detector responses.
is the number of random photon counts per data block.

is the detector dead time in nanoseconds

NEUTRON AND PHOTON (mode n p)

X4

X5

Xe

X7

Xg

Xg

X10
X11

X12

is the lower neutron energy threshold in MeV and must be
greater than or equal to zero.

is the upper neutron energy threshold in MeV and must be
greater than the lower energy threshold

is the lower photon energy threshold in MeV and must be
greater than or equal to zero.

is the upper photon energy threshold in MeV and must be
greater than the lower energy threshold

is the pulse generation time entered in nanoseconds and
must be greater than or equal to zero.

is the number of energy bins to bin the detector responses.
is the number of random neutron counts per data block.

is the number of random photon counts per data block.

is the detector dead time in nanoseconds.
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FISSION DETECTORS (type 4)
NEUTRON OR NEUTRON AND PHOTON (mode n or

mode n p)
X4 is the number of random neutron counts per data block.
X5 is the detector dead time in nanoseconds.

SHOULD NOT BE USED FOR PHOTON ONLY (MODE P)

At least two and no greater than four detectors must be specified
for frequency analysis or correlation domain calculations.

At least one and no greater than four detectors specified for
pulsed neutron calculations.

The following options are additional options that can be used in the calculations.

SNU=X1...X10

SPU=X1...X29

cng=x

ang=x

stp=x

This parameter allows the user to change the default neutron
emission distribution for the *2Cf source. x; is the probability of 0
neutrons from 2*2Cf, x; is the probability of 1 neutron from %Cf, x;
is the probability of 2 neutrons from 2*2Cf, and so forth, with a
maximum of 9 neutrons from #*2Cf.

This parameter allows the user to change the default photon
emission distribution for the *2Cf source. x; is the probability of 0
photons from 2°2Cf, x. is the probability of 1 photon from %*Cf, xs is
the probability of 2 photons from *2Cf, and so forth, with a
maximum of 28 photons from %*Cf.

This is the angular distribution option for the 2°2Cf source.

If x =0, an isotropic distribution for neutrons from fission is used.

If x = 1, the angular distribution for neutrons from fission is
obtained from the Budtz-Jorgensen and Knitter data. x must be
equal to zero or one.

This is the angular distribution option for neutron from fission.

If x = 0, the default distribution for neutrons from fission obtained
from cross-section data files. If x = 1, the angular distribution for
neutrons from fission obtained from Budtz-Jorgensen and Knitter
data x must be equal to zero or one.

This is the source type option. If x = 0, a 2°°Cf source is used while
a D-T source is used if x = 1 and a D-D source is used if x=2. The
user can specify a generalized mono-energetic source with x=3. X
must be set equal to either zero, one, two, or three and is equal to
zero by default.
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If stp=1 or stp=2 the source is a neutron only source with neutron
energy of 14.1 or 2.45 MeV. If stp=1, stp=2, or stp=3 then
additional input items are required as follows.

X1 is the source mode. If x;=0, the source is a continuous
source, and if x;=1 the source is a pulsed source. If x;=1
the following two inputs are required:

X11 is the repetition rate of the pulsed source in
Hz.

X12 is the pulse width for the neutron pulse in
nanoseconds. This allows for the neutrons
from the source to be emitted over some
time distribution. This value must be greater
than or equal to zero.

X2 is the type of source. The allowable selections are zero and
one. If x; is zero, then the neutrons are emitted isotropically
from the point of origin specified by scx, scy, and scz. If x;
is equal to one, then the source has a directional
dependence that can be specified using a reference vector
and half of the solid angle for the neutrons. The following
additional parameters are required if x,=1 :

X21 is the cosine of the reference vector in the
x-direction.

X22 is the cosine of the reference vector in the
y-direction.

X23 is the cosine of the reference vector in the z-
direction.

X24 is half of the angle for neutron emission in
degrees.

Angle =Q

Xos Yoy Zo ‘ uuu, vvv, www, reference
‘ > vector
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fil=x

win=x

SMO=X

rmf=x

bdr=x

Itm=x

pro=x

If stp=3, then two additional input items are required.

X3 is the mono-energetic particle source type. x3=1 for a
neutron source, or x3=2 for a photon source.

X4 is the energy of the mono-energetic source.

This is the parameter used to invoke the filter functions. If x =0, the
filter functions are not used. If x = 1, a Rockland filter is used in the
calculations, and if x = 2, a Precision filter is used. The default is no
filtering. This option is only valid for frequency domain
calculations.

This is the parameter to use the window functions. If x = 0, the
window functions are not used. A Bartlett window corresponds to x
= 1, a Hanning window corresponds to x = 2, and a Hamming
window corresponds to x = 3. The default is no windowing. This
option is only valid for frequency domain calculations.

This option allows the user to Hanning window the frequency
spectra to smooth the frequency data. The choices for x are ‘yes’
and ‘no,” with the default being ‘no.” This option is valid only for
frequency domain calculations.

This option allows the user to remove the mean value from the
detector time response prior to calculation of the frequency spectra
or the correlation calculations. The choices for x are ‘yes’ and ‘no,’
with the default being ‘no.’

This option is used to treat the detector response as a binary signal.
Only a one or a zero is allowed in the detector time bins and extra
counts are ignored. This option should only be used for sampling
rates near 1 GHz. The binary detector option is invoked if x = 1 and
is ignored otherwise. This option is only valid for correlation
domain calculations.

This is the option used to perform the pulsed neutron calculations.
The choices for x are ‘yes” and ‘no,” with ‘no’ being the default.

This option sets the processing mode for either frequency domain or
correlation domain analyses. If x = 0, the standard frequency
domain calculation is performed, and if x = 1, the correlation
domain calculation is performed. If x=2, then only the Feynman
variance calculation is performed.
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mod=x

mlt=x

sfs=x1..Xj

This option allows the user to use the shift register technique to
calculate the correlation functions. This method may be faster for
computing correlation functions for a few select problems. This
option is invoked if x = 1 and is ignored otherwise. The default
value for x is 0.

This is the multiplicity option. This option is invoked if x=1 or x=2
and is ignored otherwise. If this option is used, an additional output
file is created that contains integers that represent the number of
times 0, 1, 2, etc., counts occurred in the data block for all detectors
triggered and random. If this option is invoked, no other modes of
processing will be performed.

If x=1 then the multiplicity data is acquired using the detector signal
as the trigger signal.

If x=2 then the multiplicity data is acquired using the source signal
as the trigger signal. This requires that an active simulation be
performed.

The inherent spontaneous fission volume source allows the user to
specify various inherent sources in up to 50 different volumes in
the calculation. The user can specify up to 6 different spontaneous
fission sources in each volume. This is useful for simulating spent
fuel assemblies that contain multiple spontaneous fission sources
such as ***Cm and **Cm.

X1 is the total number of inherent fission sources for the
problem.

X2 is the number of inherent source volumes.

X3 is the spontaneous fission source volume type. The number

of entries to describe this volume depends on the volume
type. The following are valid geometry types:

x3=0: volume bounded by six planes.
Xo x-coordinate of volume
Yo y-coordinate of volume
2o z-coordinate of volume
Xp distance between X, and positive x-plane
Xm distance between X, and negative x-plane
Yp distance between y, and positive y-plane
Ym distance between y, and negative y-plane
Zp distance between z, and positive z-plane
Zm distance between z, and negative z-plane
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x3=1: volume is cylinder parallel to x-axis
Xo x-coordinate of volume
Yo y-coordinate of volume

Z0 z-coordinate of volume
fi inner radius of cylinder
ro outer radius of cylinder

Xp distance between X, and positive x-plane

Xm distance between X, and negative x-plane
X3=2: volume is cylinder parallel to y-axis

Xo x-coordinate of volume

Yo y-coordinate of volume

20 z-coordinate of volume
fi inner radius of cylinder
ro outer radius of cylinder

Yp distance between y, and positive y-plane

Ym distance between y, and negative y-plane
x3=3: volume is cylinder parallel to z-axis

Xo x-coordinate of volume

Yo y-coordinate of volume

20 z-coordinate of volume
fi inner radius of cylinder
ro outer radius of cylinder

Zp distance between z, and positive z-plane

Zm distance between z, and negative z-plane
X3=4: volume is sphere

Xo x-coordinate of volume

Yo y-coordinate of volume

2o z-coordinate of volume
ri inner radius of sphere
ro outer radius of sphere

Entry 3 along with the appropriate geometry variables are provided
for each spontaneous fission source volume specified by X.

X4 is the number of inherent spontaneous fission sources for
volume i.
Xs is spontaneous fission source type j for volume i.
— 238U
- 240p,
=3 242p)
=4 *"Cm
— 244Cm
- 238p,
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X6 is the number of spontaneous fissions per block for isotope
j in volume i.

Entries 5 and 6 are made for each spontaneous fission source for volume i as
Specified by X,.

cnm=Xx

zfn=x

stm=x

fnu=x

This option is used to normalize the correlation functions by
dividing the correlation functions by the number of source events
and multiplying by the number of time bins in the simulation.

If x=1, the correlation functions are normalized; otherwise, if x=0
(default) then the correlation functions are not normalized.

This option is used to allow zero neutrons from fission. If x=1,
then no neutrons are emitted from fission; otherwise, if x=0
(default) then the number of fission neutrons is sampled from the
appropriate distribution.

This option is used in the frequency or correlation analysis
simulations to force the source starting time to be zero. If x=1, the
source starts at time zero; otherwise, if x=0 (default) the source
starting time is random for active frequency or correlation
simulations.

This option is used to control the how the fission neutron
distribution data are used. Originally, the fission neutron
distribution data of Zucker and Holden was fit as a function of
energy to determine the number of neutrons from fission. The data
at thermal energies was then modified to coincide with the data of
Gwin et al. to provide a second option. The distributions differ in
the fact that the Gwin et al. data has a value of 2.437 for the
average number of neutrons from thermal neutron induced fission
of U whereas the Zucker and Holden data has a value of 2.417.
The latest addition involved fitting the Zucker and Holden
distribution data as a function of the average number of neutrons
from fission to obtain corresponding probability distributions. This
latest addition is the recommended option because the probability
distributions are dependent on the cross section data set because
the average number of neutrons from fission depends on the cross
section data set.

If x=1, then the normalized probability distribution of Gwin et al.
is used for the thermal neutron induced fission of 2°U. If x=0,
then the normalized probability distribution of Zucker and Holden
is used for the thermal neutron induced fission of **U. If x=2
(default), then the distribution is determined based on the average
number of neutrons from fission that is energy dependent.
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CcNns=Xx

cnu=x

dto=x

sdt=x

This option is used to specify the prompt neutron fission spectrum
for spontaneous fission of °°Cf.

If x=0 (default), then the Mannhart corrected Maxwellian spectrum
is used as the energy spectrum for prompt neutrons from the
spontaneous fission of 22Cf.

If x=1, then the Madland-Nix theoretical spectrum is used.

If x=2, then the Froehner Watt spectrum is used.

This option is used to specify the prompt neutron emission
probability distribution for the spontaneous fission of ?*°Cf. The
options are either to use the Spencer et al. data or to use the
Boldeman data. The average number of neutrons from Spencer’s
distribution is 3.773 whereas the average number of neutrons from
Boldeman’s data is 3.757.

If x=0 (default), then the distribution of Spencer et al. is used in the
simulations whereas if x=1, the distribution of Boldeman is used in
the simulations.

This option is used to specify the dead time option.

If x=0 then the dead time option is disabled.

If x=1 (default), a non-paralyzable dead time model is used that
eliminates counts that occur after a pulse within the dead time.

If x=2, a paralyzable dead time model is used that eliminates
counts that occur after a pulse and extends the dead time period.

This option is used to specify the dead time of the source for active
measurements in nanoseconds. The user must supply the dead time
in nanoseconds. This option should only be used for active
simulations with a “**Cf source.
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6. SIMULATION EXAMPLES

This chapter provides several examples for the multiple simulation modes that are
available using the code. Models have been created to demonstrate the various source and
detector options for several different calculation modes. Examples are provided for
frequency analysis, correlation analysis, pulsed source, Feynman variance, and multiplicity
simulations. Unless otherwise specified these are generic models that do not correspond to
any actual measurement.

6.1 FREQUENCY ANALYSIS SIMULATIONS
6.1.1 Active Simulations
6.1.1.1 Uranium Metal sphere with Lithium Glass Detectors

The first example demonstrates a simulation with a *“Cf source that is located
within a highly enriched uranium metal sphere. The uranium metal density is 18.75 g/cm?®,
and the uranium isotopic content is 93.15 wt% U, 5.64 wt% “**U, 0.97 wt% ?**U, and
0.24 wt% 2°U. Two lithium glass scintillation detectors (5.08-cm OD, 2.54-cm long) are
located adjacent to the sphere and are positioned 180° apart. The MCNP input file is given
in Fig. 6.1, and the extra data file contents for the frequency domain calculations are
given in Fig. 6.2. Only an overview of the MCNP input file is presented.

1 Uranium Sphere Calculation:

2 1 1-18.75 -1 imp:n,p=1
3 2 0+1 -2 +3 -4 +5-10+11 imp:n,p=1
4 3 20.0813 +10-12-20 imp:n,p=1
5 4 30.0813 -11+13-20 imp:n,p=1
6 5 0+10-12+20 -2 +3 -4 +5 imp:n,p=1
7 6 0-11+13+20 -2 +3 -4 +5 imp:n,p=1
8 7 0 +2:-3:+4:-5:+12:-13 imp:n,p=0
9

10 ¢ surface cards

11 c

12 1 so 5.08

13 2 py 127

14 3 py-12.7

15 4 pz 12.7

16 5 pz-12.7

17 10 px 12.7
18 11 px-12.7
19 12 px 15.24
20 13 px-15.24
21 20 cx 254
22

Figure 6.1. MCNP-DSP input file elala.i.
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Line 1:

Lines 2-8:

Lines 10-21:

Lines 23-47:

23 mode n p

24 ¢ Uranium Metal

25 c

26 ml 92235.50c -0.9315
27 92238.50c -0.0564
28 92234.50c -0.0097
29 92236.50c -0.0024
30 ¢ scintillation detectors
31 c

32 m2 3006.50c 0.215791
33 3007.55¢ 0.009885
34 8016.50c 0.529568
35 12000.50c 0.001820
36 13027.50c 0.017433
37 14000.50c 0.223942
38 m3 3006.50c 0.215791
39 3007.55¢ 0.009885
40 8016.50c 0.529568
41 12000.50c 0.001820
42 13027.50c 0.017433
43 14000.50c 0.223942
44 ¢ Control cards

45 C

46 prdmp 1j -120

47 dbcn 19573486999999 11j 725525
48 ¢ MCNP-DSP cards

49 c
50 idum 1

51 files 21 elalaxsf0 22 elala.1 s f O
52 ctme 1500

Figure 6.1. (continued).

Description of Input File EIA1A.l

The first line of the input file is the title line.

These are the cell description cards. The cell cards are used to describe the
composition of a cell and the surfaces that bound the particular cell. The
cells must be numbered sequentially, and cells that are not used in the
model must be removed. Otherwise, MCNP-DSP will produce errors in
the calculations.

These lines contain the surface description cards. For this simple problem
the surfaces consist of planes and cylinders. Note that the surface numbers
do not have to be listed sequentially.

These are the data cards. Line 23 indicates that this is a dual neutron and
photon calculation. Lines 24 through 43 describe the materials used in the
calculations. The materials must be numbered sequentially. No

38



Lines 48-51:

Line 1:

Line 2:

Lines 3-6:

materials can be skipped nor should unused materials be added to the
input file. A separate material must be entered for each detector
because the detector tallies are determined by the material in which
interactions_occur. Lines 44 through 47 are the control cards for this
problem. The prdmp card on line 46 is used to control how often data are
written to the MCNP-DSP output files. The dbcn card on line 47 is used to
change the random number seed for the MCNP-DSP because the output
data for several MCNP-DSP calculations are typically combined together.

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (elala.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (elala.l)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22. Both files must be entered as sequential and
formatted files. The record length is zero for sequential files.

scd=1
bks=20000000
scc=1

scx=0.0
scy=0.0
s¢z=0.0

cns=1

pro=0

sdt=0

10 dto=0

11 tbn=512 1e+8
12 det=2 2 2 0.22 50.22

OO ~NO O, WN P

13 100010

14 det=3320.22 50.22
15 100010

16 end

Figure 6.2. MCNP-DSP extra data file elala.x.

Description of Extra Data File ELIA1A.X

One source disintegration per block (scd) in this example.
The number of blocks to calculate (bks) is 20000000.

These lines represent the coordinates of the source. Line 3 is the source
cell while lines 4-6 correspond to the origin of the source.
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Line 7: This parameter specifies that the Madland-Nix prompt neutron spectrum is
to be used in the simulation instead of the default Mannhart corrected
Maxwellian spectrum.

Line 8: This line specifies that this is a frequency analysis calculation.

Line 9: This specifies that the source dead time is zero nanoseconds.

Line 10: This line specifies that the dead time option be disabled.

Line 11: This line specifies the number of time channels as 512 with a sampling

rate of 100 MHz.

Lines 12-15: These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are capture detectors. Detector 2 is material 2 and type 2
while detector 3 is material 3 and type 2. The gamma ray thresholds must
be provided because this is a dual neutron and photon simulation and the
lithium glass detector response is affected by gamma rays. The lower and
upper gamma ray thresholds are 0.22 and 50.22 MeV respectively. The
pulse generation time is set to 10 ns. There are no neutron or gamma ray
background counts for the detector. The neutron capture efficiency is 1 for
each detector, and the dead time for each detector is zero. For the
frequency domain calculations, at least two detectors (2 and 3) must
be listed in the extra data file.

Line 16: The end parameter is used to specify the end of the extra file. This option
could have also been omitted.

Two or more output files are created when performing frequency domain
calculations. The first contains general information on the number of counts for each
detector and is specified as the second data file in the MCNP input file. The other output
file(s) contains the frequency spectra for the detectors. If the problem is a combined
neutron-photon calculation as in the example, there will be three files created that contain
the auto and cross spectra for the detectors for the neutron response, the gamma response,
and the combined neutron and gamma ray response. The general output filename as
specified in Fig. 6.1 is elala.l. Three additional files will contain the auto and cross
spectra. For a computer with the Unix operating system, these are elala.l.123.fft.n,
elala.1.123.fft.p, and elala.1.123.fft.np, where the first file contains the spectra for the
neutron response, the second file contains the spectra for the gamma response, and the
third file contains the spectra for the combined neutron and gamma ray response as
indicated by the last extension. The other filename extensions have distinct meanings.
The first part that has the ‘123’ indicates that this file contains the frequency spectra for
the auto spectra of detectors #1, #2, and #3, and the cross spectra between 1 and 2, 1 and
3, and 2 and 3. The “fft’ indicates that the file contains data that have been Fourier
transformed. Comments concerning the output file names are provided in Appendix D.
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The frequency spectra for multiple runs can be combined by combining the auto and
cross spectra based on the number of blocks of data accumulated. If the user combines
the frequency spectra from several runs, the Monte Carlo calculation for each run must
begin with a different random number seed that can be specified using the dbcn card in
the MCNP input file.

Description of Output Summary File EIA1A.1

The MCNP-DSP output summary file (elala.l) is provided in Fig. 6.3 and begins
with a description of the source used for the calculations. The average number of source
events per data block and the number of data blocks accumulated are printed. The source
cell and coordinate positions are also given. Next, the detector options used in the
calculation are given. After the detector options are listed, the neutron tracking
information is provided for all neutrons and for the source neutrons. The number of
fissions, captures, and (n,xn) reactions and the number of leakages are tallied for all
neutrons and tallied separately for source neutrons. The average number of neutrons
from the source and system fissions are estimated along with the Diven factor for both
source and system neutrons. The average energy of neutrons from the source fission and
from system fissions is also calculated. A probability distribution for the number of
neutrons from the source and the system is then provided. After these parameters, the
total number of neutron detections is given for the number of blocks specified at the
beginning of the output file. The number of detections due to directly counting source
particles is also listed. Information similar to that for the neutrons is also provided for the
gamma rays.

* MCNP-DSP MonteCarlo Code *
* Developed by Timothy E. Valentine *
* Oak Ridge National Laboratory *
KA AR AR KRR A AR AR AR AR A A A AR AR AR A A A AR AR A AR A AR AR AR AR A AR AR A AR AR A AR AR AA A AR AR AAA AR AR A AAA K

KA AR AR KRR A AR A AR R R AR A AR AR R AR AR A AR AR A AR A AR AR A A AR A AR AR AR AR A AR A AR AA AR AR AAAA AR A A A A AAAK

* Source Information *
KA AR AR AR A AR A AR AR AR A A AR AR A AR A A AR AR A AR A A AR AR A A AR AR AR AR A AR AR A AR AA AR AR AR AA AR A A A AAAAK
Number of Source Events/ Data Block= 1.00

Number of Data Blocks= 20000000

Source Cell= 1

Source Surface= 0

Source Coordinates

Source X-Coordinate= 0.0000

Source Y-Coordinate= 0.0000

Source Z-Coordinate= 0.0000

kkhkhkkkhkkkhhkkkhhkkhkhhkkkhhhkkhkhhhkkhhhkkhhhhkkhkhhhkrhhkkhkhhkkhhhkkkhhhkkhkhhhkkhhhkkhkhhkkhkhhkkkhhhkkhkhhkkhkhkkkikikx

Figure 6.3. MCNP-DSP output summary file elala.l.
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s L s s s e e o e 3 S o e o 2 e

. .
Detector Information
R e e o e e e S e e e e e S e e S e e e S e e R e e S e e e R e e e e e e e R S S S S S S S P S S e P S S e P e S e e e e e e e e e e

Detector Neutron Photon Gen. Time
Id. Mat Type Low. Up. Low. Up. (ns)

2 2 2 0.00000 0.00000 0.22000 50.22000 10.00000
3 3 2 0.00000 0.00000 0.22000 50.22000 10.00000

kkhkkkkhhkkkhkhkkkhhkkhkhhkkkhhhkkhkhkhhkkhkhhkkkhhhkkhkhhhkkrhhkkhkhhhkkhkhhkkkhhhkkhkhhhkkhhhkkhkhhhkkhkhhkkkrkhhkkhkhkhkkhkhkkkikikx

s e e e s s s e e S e e 2 o o 2 o

* Neutron Tracking Information

e s L s e e e s e s e e S o 2 o 2 o o 2 e

Neutrons Followed:
Number of Fissions:
Number of Captures:
Number of (n,xn):
Number of Leakages:
Src Neutrons Followed:
Number of Fissions (Sc)
Number of Captures (Sc)
Number of (n,xn) (Sc)
Number of Leakages (Sc)
S.F. Neutrons Followed:

250463549
66833814
6909586
378776
176341373
75448754
23502295
2410116
149304
49387039
0

s e e s s e e S o e 2 S o o 2 e

* Calculated Parameters

e s e s s e s s e e S o e 3 S o o 2 e

Average Sc Nu-Bar:
Average Sc Nu-Sg-Bar:
Source Diven Factor:
Average Sc Energy (MeV)
Average Nu-Bar:

Average Nu-Sg-Bar:
Diven Factor:

Average Energy (MeV)

3.77253 +/- 0.12579
15.81429
0.84611

2.1344 +/- 0.00000

2.60731 +/- 0.11553
8.13273
0.81279

2.0378 +/- 0.00000

B s L e s s s e e S o e 3 S o e o 2 o

* Neutron Emission Distribution
*hkhkhkkhkhkhkkhkhkhkhkhkhkhkhhkhkhhhhhhkhhhhkhhkhhhhhhhkhhhhhhkhhhhkhhhhkhhhhhkhhkhhkhhhhhhhhhihhhiihiiikx
Neutrons Source System

0 0.002132501  0.021727160
1 0.024697739  0.143845928
2 0.122899931  0.308985508
3 0.271458824  0.316287770
4 0.307679888  0.157818750
5 0.187597824  0.043816488
6 0.067707165  0.006367570
7 0.014045235 0.001136236
8 0.001662990  0.000014558
9 0.000097652  0.000000045
10 0.000020250  0.000000000

Figure 6.3. (continued).
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kkhkhkkkhhkkkhkhkkkhhkkhkhhkkkhhhkkhkhhhkkhhhkkhkhhhkkhkhhkrhhkkhkhhhkkhhhkkkhhhkkhkhhkkhkhhkkkhkhhkkhkhkhkkhkhhkkhkhkhkkhkhkkkiix

* Detector Information *
R e e o e e e e e e S e e S e e e S e e R e e S e e e R e e e e e e e R S S e R S S S P S S e P S S e P P S e e e e e e e e e e

Det. Id. Det. Mat Det. Type No. Detects No. Sc Detects
2 2 2 30093 8312
3 3 2 30386 8311
*hkhkhkhhkhkkhkhkhkhkhkhkhkhhhkhhhhkhhhhhhhhhhhhhhhhhhhhhkhhhhkhhhhhhhhhhhhhhhhhhihhhihhhiihiiik
* Photon Tracking Information *
*hkhkhkhkhkhkkhkhkhkhkhkhhkhhkhkhhhhhhkhhhhkhhhhhhhhhkhhkhhhhkihhhhkhhhhhhhhhkirhhhkihhhhihhhihhiiihiiikx
Photons Followed: 1431665033
Number of Captures: 1389841224
Number of Pair Productions 17733390
Number of Leakages: 24090419
Sc Photons Followed: 166295459
Number of Captures (Sc) 159739878
Number of Pair Productions (Sc) 5513418
Number of Leakages (Sc) 1042163
*hkhkhkkhkhkhkkhkhkhkhkhkhhkhhkhkhhkhhhhkhhhhhhhhhhhhhhhhhhhkhhhhkhhhhhkhhhhhhhhkhhhhhihhhihhhiihiiik
* Calculated Parameters *
*hhkhkhkhkhkkhkhkhkhkhhhkhhhhhkhhkhhkhhhhhhhhhhkhhhhhkhhhhkhhhhkhhhhhhhhhhhhhkhhhhhihhhihhhiihiiikx
Average Sc G-Bar: 8.31497 +/- 0.33107
Average Sc G-Sg-Bar: 80.099374
Source Photon Diven Factor: 1.03827
Average Sc Energy (MeV) 0.8980 +/- 0.00000
AAAAAAXAKRAAAAXRAKR A AKX AR AR A A A AR AR A AXA AR AR A A XA AR AR A AA AR AAAAAAXAAAA AR AR A AR AR AR A AR AR AAAA%
* Detector Information *
*hkhkhkhkhkhkkhkhkhkhkhkhhhhhkhhhhhhhhhhhhhhhhhhhhhkhhhhkihhhhhhhhhhhhirhhhkihhhhihhhihhihiihiiikx
Det. Id. Det. Mat Det. Type No. Detects No. Sc Detects
2 2 2 43757 1849
3 3 2 43970 1827

Figure 6.3. (continued).

Description of Output Summary File EIA1A.1.123.FFT.N

Part of the MCNP-DSP output file elala.1.123.fft.n is provided in Fig. 6.4. This
output file contains the frequency dependent auto and cross spectra for the neutron
detections. The output file contains the frequency interval, the Nyquist frequency, the
number of frequency points, and the number of data blocks that were accumulated during
the calculation. The other entries in this file is as follows: auto spectra of the source, auto
spectra of the detectors, the real part of the cross spectra between the source and detector
2, the imaginary part of the cross spectra between the source and detector 2, the real part
of the cross spectra between the source and detector 3, the imaginary part of the cross
spectra between the source and detector 3, the real part of the cross spectra between
detectors, and the imaginary part of the cross spectra between detectors. The data in this
file can be used to calculate the coherence between detectors or the spectral ratio using
appropriate software. Similar output files are created for the photon response and the
combined neutron and photon response.
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Delta F

1.95312E+05
Frequency
0.00000000E+00
1.95312500E+05
3.90625000E+05
5.85937500E+05
7.81250000E+05
9.76562500E+05
1.17187500E+06
1.36718750E+06
1.56250000E+06
1.75781250E+06
1.95312500E+06
2.14843750E+06
2.34375000E+06
2.53906250E+06
2.73437500E+06
2.92968750E+06
3.12500000E+06
3.32031250E+06
3.51562500E+06
3.71093750E+06
3.90625000E+06
4.10156250E+06
4.29687500E+06
4.49218750E+06
4.68750000E+06
4.88281250E+06
5.07812500E+06
5.27343750E+06
5.46875000E+06
5.66406250E+06
5.85937500E+06
6.05468750E+06
6.25000000E+06

1.99993965E+00
1.00001728E+00
9.99929221E-01
9.99965138E-01
9.99865320E-01
9.99653854E-01
1.00021580E+00
1.00002193E+00
9.99811119E-01
1.00015047E+00
1.00043910E+00
1.00012960E+00
1.00000423E+00
9.99908299E-01
9.99581506E-01
1.00018315E+00
1.00001031E+00
1.00028615E+00
9.99849111E-01
9.99841589E-01
9.99886804E-01
1.00002925E+00
9.99772433E-01
9.99896511E-01
1.00002798E+00
9.99949809E-01
1.00026365E+00
9.99728377E-01
1.00000687E+00
9.99850918E-01
9.99812055E-01
1.00021039E+00
1.00014359E+00

1.51175000E-03
1.50907947E-03
1.50891164E-03
1.50924684E-03
1.50823667E-03
1.50937087E-03
1.50872406E-03
1.50916000E-03
1.50927690E-03
1.50844621E-03
1.50839529E-03
1.50932888E-03
1.50965559E-03
1.50892774E-03
1.50923954E-03
1.50890442E-03
1.50860362E-03
1.50846249E-03
1.50842203E-03
1.50920371E-03
1.50944778E-03
1.50869332E-03
1.50888232E-03
1.50874008E-03
1.50825977E-03
1.50913083E-03
1.50810957E-03
1.50853170E-03
1.50860611E-03
1.50736061E-03
1.50857024E-03
1.50847104E-03
1.50850533E-03

Nyquist Points Blocks
5.00000E+07 256 2.00000E+07
PSD 11 PSD22 PSD33

1.52650000E-03
1.52409730E-03
1.52412400E-03
1.52448459E-03
1.52401598E-03
1.52410829E-03
1.52403486E-03
1.52408104E-03
1.52385721E-03
1.52327391E-03
1.52341032E-03
1.52429957E-03
1.52383630E-03
1.52418507E-03
1.52356477E-03
1.52455591E-03
1.52407095E-03
1.52345131E-03
1.52411816E-03
1.52382807E-03
1.52346300E-03
1.52383999E-03
1.52372981E-03
1.52356028E-03
1.52311914E-03
1.52313116E-03
1.52369917E-03
1.52336638E-03
1.52360738E-03
1.52320035E-03
1.52317335E-03
1.52262377E-03
1.52334929E-03

Re G12

3.17720000E-03
1.51350353E-03
1.50166115E-03
1.49148390E-03
1.48835720E-03
1.48273429E-03
1.47320492E-03
1.47029236E-03
1.45505223E-03
1.43665924E-03
1.42557354E-03
1.42090159E-03
1.38082492E-03
1.37940814E-03
1.37131962E-03
1.32558199E-03
1.32379022E-03
1.29293949E-03
1.27273042E-03
1.25163570E-03
1.21529172E-03
1.19199587E-03
1.17645003E-03
1.14809535E-03
1.11565881E-03
1.10144998E-03
1.07005778E-03
1.01953412E-03
1.01781505E-03
9.69914261E-04
9.45357027E-04
9.06878509E-04
8.74280911E-04

Im G12

0.00000000E+00
-4.31148377E-05
-9.17308751E-05
-1.25865128E-04
-1.66741659E-04
-2.04193791E-04
-2.40924163E-04
-2.80865111E-04
-3.19374124E-04
-3.56397987E-04
-4.00757369E-04
-4.33433130E-04
-4.69465201E-04
-5.04806660E-04
-5.42063376E-04
-5.77508225E-04
-6.07564792E-04
-6.43700259E-04
-6.67642869E-04
-7.10547539E-04
-7.28457997E-04
-7.51693921E-04
-7.75637176E-04
-8.00849611E-04
-8.31627068E-04
-8.62323442E-04
-8.79350477E-04
-8.88923149E-04
-9.17051543E-04
-9.13316677E-04
-9.51624020E-04
-9.65544629E-04
-9.78077537E-04

Re G13
3.18700000E-03
1.51538628E-03
1.51672671E-03
1.51139793E-03
1.50444202E-03
1.51263672E-03
1.48627624E-03
1.48099571E-03
1.46715503E-03
1.46244013E-03
1.44592623E-03
1.43419530E-03
1.40285122E-03
1.37874875E-03
1.36797396E-03
1.34232920E-03
1.32226671E-03
1.30864822E-03
1.29183670E-03
1.27319347E-03
1.23517170E-03
1.21213276E-03
1.17747994E-03
1.14593347E-03
1.12083122E-03
1.09560375E-03
1.07363440E-03
1.03807923E-03
1.01356283E-03

9.72974170E-04
9.32802458E-04
9.15865928E-04
8.85795941E-04

Im G13

Re G23

Im G23

0.00000000E+00 6.40000000E-06 0.00000000E+00

-3.71837179E-05
-7.64808156E-05
-1.17070379E-04
-1.78434438E-04
-2.05016995E-04

-2.45601029E-04

-2.83988905E-04
-3.36664710E-04

-3.74581614E-04

-3.96822355E-04

-4.37969554E-04

-4.81990765E-04
-5.17050915E-04
-5.41744501E-04

-5.78489329E-04

-6.12914870E-04

-6.46968435E-04
-6.77613878E-04
-7.05618289E-04
-7.37466489E-04

-7.70765983E-04
-7.85511015E-04
-8.30300016E-04

-8.62385705E-04
-8.62391684E-04

-8.85628530E-04
-9.02617942E-04

-9.28591667E-04
-9.52849433E-04
-9.63252363E-04

-9.79429756E-04

-9.97921843E-04

3.76060959E-06
3.38790615E-06
4.02381854E-06
3.86030812E-06
3.86080954E-06
3.58480816E-06
3.94239724E-06
4.10358739E-06
3.27274353E-06
3.49939457E-06
3.80198675E-06
3.59121222E-06
3.27993664E-06
3.35140206E-06
3.26912038E-06
3.20719182E-06
3.28086896E-06
3.16019202E-06
3.46852980E-06
3.41552012E-06
2.88321218E-06
3.22945950E-06
2.76203985E-06
2.82089567E-06
3.55570240E-06
3.34225552E-06
2.97674356E-06
3.12892124E-06
2.90277563E-06
2.33324394E-06
3.09552502E-06
3.15311871E-06

4.34808619E-08
2.11548187E-07
-3.99084407E-07
5.25577117E-08
5.58974603E-07
1.84040929E-07
4.48878972E-08
4.25904589E-07
4.02002513E-07
4.87276716E-07
-1.39922035E-07
3.36833218E-07
1.62343075E-07
4.55675649E-07
5.79398035E-07
3.63905048E-07
2.68081624E-07
1.04236420E-07
-1.12735360E-07
2.96832913E-08
-9.40388203E-08
7.90044289E-08
3.50850257E-07
2.78543489E-07
4.04262542E-07
1.35612869E-07
-4.93824686E-08
3.31376284E-07
-2.78112395E-07
2.76048583E-07
2.04319768E-07
3.38584622E-08

Figure 6.4. MCNP-DSP output file elala.1.123.fft.n
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6.1.1.2 Uranium Metal Sphere with Plastic Scintillation Detectors

This example demonstrates a simulation with a *Cf source that is located within a
highly enriched uranium metal sphere. Again, the uranium metal density is 18.75 glcm®,
and the uranium isotopic content is 93.15 wt% U, 5.64 wt% ***U, 0.97 wt% ?**U, and
0.24 wt% 2°U. Two plastic scintillation detectors (5.08-cm OD, 2.54-cm long) are located
adjacent to the sphere and are positioned 180° apart. The MCNP input file is given in Fig.
6.5, and the extra data file contents for the frequency domain calculations are given in
Fig. 6.6. The MCNP input file for this simulation is very similar to the one presented in
Fig. 6.1 except the detectors have been changed from lithium glass detectors to plastic
scintillation detectors whose neutron response is due to neutron scatter instead of neutron

capture.

OCoOoO~NOoO Ok~ WNE

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Uranium Sphere Calculation:
c
c Sphere

(@]

1-18.75 -1 imp:n,p=1
0 +1 -2 +3 -4 +5-10+11 imp:n,p=1

OO N

Detectors

20.0880 +10-12-20  imp:n,p=1
30.0880 -11+13-20 imp:n,p=1
0+10-12 +20 -2 +3 -4 +5 imp:n,p=1
0-11+13+20 -2 +3 -4 +5 imp:n,p=1
0 +2:-3:+4:-5:+12:-13 imp:n,p=0

~No ok wo

surface cards

so 5.08
py 10.16
py -10.16
pz 10.16
pz -10.16

OO0 O~ WNEPO OO

detector surfaces

o

10 px 10.16
11 px-10.16
12 px 12.7
13 px-12.7
20 cx 2.54

Figure 6.5. MCNP-DSP input file elalb.i.
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Line 1;

Lines 2-14:

Lines 16-31:

Lines 32-52:

33 mode n p

34 c

35 ¢ Uranium Metal

36 c

37 ml 92235.50c -0.9315
38 92238.50c -0.0564
39 92234.50c -0.0097
40 92236.50c -0.0024
41 c

42 c scintillation detectors
43 C

44 m2 1001.50c 0.5477
45 6012.50c 0.4523
46 m3 1001.50c 0.5477
47 6012.50c 0.4523
48 c

49 ¢ Control cards

50 c

51 prdmp 1j -120
52 dbcn 19573486999999 11j 725525

53 c

54 ¢ MCNP-DSP cards
55 c

56 idum 1

57 files 21 elalb.xsf022 elalb.1sf0
58 ctme 1500

Figure 6.5. (continued).

Description of Input File E1IA1B.1

The first line of the input file is the title line.

These are the cell description cards. The cell cards are used to describe the
composition of a cell and the surfaces that bound the particular cell. The
cells must be numbered sequentially, and cells that are not used in the
model must be removed. Otherwise, MCNP-DSP will produce errors in
the calculations.

These lines contain the surface description cards. For this simple problem
the surfaces consist of planes and cylinders. Note that the surface numbers
do not have to be listed sequentially.

These are the data cards. Lines 32 through 47 describe the materials used
in the calculations. The materials must be numbered sequentially. No
materials can be skipped nor should unused materials be added to the
input file. Lines 48 through 52 are the control cards for this problem. The
prdmp card on line 51 is used to control how often data are written to the
MCNP-DSP output files. The dbcn card on line 52 is used to change the
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Lines 53-58:

Line 1;

Line 2:

Lines 3-6:

Line 7:

random number seed for the MCNP-DSP because the output data for
several MCNP-DSP calculations are typically combined together.

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (elalb.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (elalb.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22. Both files must be entered as sequential and
formatted files. The record length is zero for sequential files.

1 scd=1

2 bks=20000000

2 scc=1

4 scx=0.0

5 scy=0.0

6 s¢z=0.0

7 cns=1

8 pro=0

9 sdt=0

10 dto=0

11 tbn=512 1.e+8

12 det=2 2 3 0.875 50.875
13 0.22 50.22

14 100000

15 det=3 3 30.875 50.875
16 0.22 50.22

17 100000

18 end

Figure 6.6. MCNP-DSP extra data file elalb.x.

Description of Extra Data File ELA1B.X

One source disintegration per block (scd) in this example.
The number of blocks to calculate (bks) is 20000000.

These lines represent the coordinates of the source. Line 3 is the source
cell while lines 4-6 correspond to the origin of the source.

This parameter specifies that the Madland-Nix prompt neutron spectrum is

to be used in the simulation instead of the default Mannhart corrected
Maxwellian spectrum.
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Line 8: This line specifies that this is a frequency analysis calculation.

Line 9: This specifies that the source dead time is zero nanoseconds.
Line 10: This line specifies that the dead time option be disabled.
Line 11: This line specifies the number of time channels as 512 with a sampling

rate of 100 MHz.

Lines 12-17: These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are scatter detectors. Detector 2 is material 2 and type 3
while detector 3 is material 3 and type 3. The scatter detector requires both
neutron and gamma ray thresholds. The lower and upper neutron
thresholds are 0.875 and 50.875 MeV respectively. The lower and upper
gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero. For the frequency domain
calculations, at least two detectors (2 and 3) must be listed in the extra
data file.

Line 16: The end parameter is used to specify the end of the extra file. This option
could have also been omitted.

The output files for this example are not provided because they are very similar to
those provided in section 6.1.1.1. This example was provided to demonstrate the
specifications required for scatter detectors such as plastic scintillation detectors.

6.1.1.3 Uranium Metal Sphere with Composite Detectors

This example demonstrates a simulation with a *Cf source that is located within a
highly enriched uranium metal sphere. Again, the uranium metal density is 18.75 glcm®,
and the uranium isotopic content is 93.15 wt% U, 5.64 wt% “**U, 0.97 wt% ?**U, and
0.24 wt% 2*°U. Two composite detectors are located adjacent to the sphere and are
positioned 180° apart. Each detector is comprised of a lithium glass (5.08-cm OD, 2.54-cm
long) and plastic (5.08-cm OD, 2.54-cm long) scintillation detector. The MCNP input file
is given in Fig. 6.7, and the extra data file contents for the frequency domain calculations
are given in Fig. 6.8. The MCNP input file for this simulation is very similar to the one
presented in Fig. 6.1 except the detectors have been changed from lithium glass detectors
to composite detectors. Each component of the composite detector is specified in the
MCNP-DSP extra data file.
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OCO~NOoOOUTR,WN -

GO, AEDEEEREERERPLOWWLWWWWWWWWNNNDNNNNNNNRERPRRPERRPERPERRRERE
WNNPFPOOWOO~NOUTRARWNPOOONOOPR_RWNPODOO~NOUIARWNPFPOOOLO~NOOT, WNE O

ranium Sphere Calculation:

1-18.75 -1 imp:n,p=1

0 +1 -2 +3 -4 +5-10+11 imp:n,p=1
20.0813 +10-12-20  imp:n,p=1
30.0813 -11+13-20 imp:n,p=1
40.0880 +12-14-20  imp:n,p=1
50.0880 -13+15-20  imp:n,p=1
0+10-14 +20 -2 +3 -4 +5 imp:n,p=1
0-11+15+20 -2 +3 -4 +5 imp:n,p=1
0 +2:-3:+4:-5:+14:-15 imp:n,p=0

O©oo~NoulhwWNEC

1 so 5.08
2 py 12.7
3 py-12.7
4 pz 12.7
5 pz-12.7
10 px 12.7
11 px-12.7
12 px 15.24
13 px-15.24
14 px 17.78
15 px-17.78
20 cx 254

mode n p

ml 92235.50c -0.9315
92238.50c -0.0564
92234.50c -0.0097
92236.50c -0.0024

m2 3006.50c 0.215791
3007.55¢ 0.009885
8016.50c 0.529568
12000.50c 0.001820
13027.50c 0.017433
14000.50c 0.223942

m3 3006.50c 0.215791
3007.55¢ 0.009885
8016.50c 0.529568
12000.50c 0.001820
13027.50c 0.017433
14000.50c 0.223942

m4 1001.50c 0.5477
6000.50c 0.4523

m5 1001.50c 0.5477
6000.50c 0.4523

prdmp 1j -120

dbcn 19573486999999 11j 725525

c

¢ MCNP-DSP cards

c

idum 1

files 21 elalc.xsf0 22 elalc.1sf0

ctme 1500

Figure 6.7. MCNP-DSP input file elalc.i.
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Line 1;

Lines 2-10:

Lines 12-23:

Lines 25-47:

Lines 51-53:

Description of Input File ELA1C.I

The first line of the input file is the title line.

These are the cell description cards. The cell cards are used to describe the
composition of a cell and the surfaces that bound the particular cell. The
cells must be numbered sequentially, and cells that are not used in the
model must be removed. Otherwise, MCNP-DSP will produce errors in
the calculations.

These lines contain the surface description cards. For this simple problem
the surfaces consist of planes and cylinders. Note that the surface numbers
do not have to be listed sequentially.

These are the data cards. Line 25 indicates that this is a dual neutron and
photon calculation. Lines 26 through 45 describe the materials used in the
calculations. The materials _must _be numbered sequentially. No
materials can be skipped nor should unused materials be added to the
input file. A separate material must be entered for each detector
because the detector tallies are determined by the material in which
interactions_occur. Each material for a composite detector must be
specified in the MCNP-DSP input file. Lines 46 and 47 are the control
cards for this problem. The prdmp card on line 46 is used to control how
often data are written to the MCNP-DSP output files. The dbcn card on
line 47 is used to change the random number seed for the MCNP-DSP
because the output data for several MCNP-DSP calculations are typically
combined together.

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (elalc.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (elalc.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22. Both files must be entered as sequential and
formatted files. The record length is zero for sequential files.
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Line 1:

Line 2:

Lines 3-6:

Line 7;

Line 8:

Line 9:

Line 10:

Line 11:

Lines 12-21:

scd=1
bks=20000000
scc=1
scx=0.0
scy=0.0
scz=0.0
cns=1

pro=0

sdt=0

10 dto=0

11 tbn=512 1e+8
12 det=222 0.22 50.22

OCO~NOoOOUTR,WN -

13 100010
14 det=243 0.87550.875
15 0.22 50.22
16 100000
17 det=332 0.22 50.22
18 100010
19 det=353 0.87550.875
20 0.22 50.22
21 100000
22 end

Figure 6.8. MCNP-DSP extra data file elalc.x.

Description of Extra Data File ELA1C.X

One source disintegration per block (scd) in this example.
The number of blocks to calculate (bks) is 20000000.

These lines represent the coordinates of the source. Line 3 is the source
cell while lines 4-6 correspond to the origin of the source.

This parameter specifies that the Madland-Nix prompt neutron spectrum is
to be used in the simulation instead of the default Mannhart corrected
Maxwellian spectrum.

This line specifies that this is a frequency analysis calculation.

This specifies that the source dead time is zero nanoseconds.

This line specifies that the dead time option be disabled.

This line specifies the number of time channels as 512 with a sampling
rate of 100 MHz.

These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are composite detectors. Detectors 2 and 3 consist of a
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lithium glass and the plastic scintillation detectors. Each component has
the same detector identification number but different materials and
detector types. One component of detector 2 is comprised of a lithium
glass scintillation detector that is material 2 and is a capture detector (type
2). The other component of detector 2 is the plastic scintillation detector
that is material 4 and is a scatter detector (type 3). The lithium glass
detector response is affected by gamma rays; therefore, the gamma ray
thresholds must be provided because this is a dual neutron and photon
simulation. The lower and upper gamma ray thresholds are 0.22 and 50.22
MeV respectively. The pulse generation time is set to 10 ns. There are no
neutron or gamma ray background counts for the detector. The neutron
capture efficiency is 1 for each detector, and the dead time for each
detector is zero. The scatter detector requires both neutron and gamma ray
thresholds. The lower and upper neutron thresholds are 0.875 and 50.875
MeV respectively. The lower and upper gamma ray thresholds are 0.22
and 50.22 MeV respectively. The pulse generation time is set to 10 ns.
There are no energy bins in this calculation and there are no neutron or
gamma ray background counts for the detector. The dead time for each
detector is zero. For_the frequency domain calculations, at least two
detectors (2 and 3) must be listed in the extra data file.

Line 22: The end parameter is used to specify the end of the extra file. This option
could have also been omitted.

6.1.1.4 Uranyl Nitrate Solution with *He Detectors

This example demonstrates the use of *He neutron detectors in the frequency
analysis calculation of a hypothetical uranyl nitrate solution. The solution is contained
within an acrylic cylinder with a 25.0825-cm ID and a 53.34-cm height. The solution is
filled to a height of 25.4 cm. The uranyl nitrate solution contains 0.29330 gram of
uranium per gram of solution. The solution density is 1.64320 g/cm® and has a free acid
content <0.1 wt% HNOs;. The uranium isotopic content is 93.20 wt% “*U, 5.37 wt%
238, 1.02 wt% ***U, and 0.41 wt% **°U. The source is specified as being in the center of
the solution in the calculations; however, the geometry of the source is not included in the
model. Two *He neutron detectors are adjacent to the radial surface of the cylinder and
positioned 180° apart. The MCNP input file is given in Fig. 6.9, and the extra data file
contents for the frequency domain calculations are given in Fig. 6.10.
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OCO~NOoOOUTR,WN -

GO bSEbESEAA,BESEBAEDEERERERERRPLOWWLWWWWWWWWNDNNDNNNNNNNRERPRRRPERPRERERRRE
WNNPFPOOWOO~NOUIRARWNPOOO~NOOPR_RWNPODOO~NOUIRARWNPFPOOOLO~NOOT, WDNEO

Uranyl nitrate cylinder: 93.20 wt% U-235

Uranyl Nitrate Solution

RO OOO

3 0.086239 +1 -2 -32 +33

-70 +71 imp:n=1
2 10.0978989 +2 -3 -54 imp:n=1
3 0 +3 -4 -54 imp:n=1
c
c

Acrylic Tank

c
4 2 0.106467 +2 -4 +54 -55 imp:n=1
5 0 +2 -4 +55 -30 +31

-32 +33 imp:n=1

¢ Detectors

6 0 +15 -16 -40 imp:n=1 $ Lower Inactive
7 4 7.38444e-5 +16 -17 -40 imp:n=1 $ Right Detector
8 0 +17 -18 -40 imp:n=1 $ Upper Inactive
9 6 0.0603167 (+2 -15 -41):

(+15 -18 +40 -41):

(+18 -19 -41) imp:n=1 $ Al Around Detector
10 0 +15 -16 -42 imp:n=1 $ Lower Inactive
11 5 7.38444e-5 +16 -17 -42 imp:n=1 $ Left Detector
12 0 +17 -18 -42 imp:n=1 $ Upper Inactive

13 6 0.0603167 (+2 -15 -43):
(+15 -18 +42 -43):

(+18 -19 -43) imp:n=1 $ Al Around Detector
14 0 +2 -19 +41 +30 -70
-32 +33 imp:n=1 $ Void Right Detector
15 0 +2 -19 +43 -31 +71
-32 433 imp:n=1 $ Void Left Detector
16 0 +19 -4 +30 -70
-32 +33 imp:n=1 $ Void Right
17 0 +19 -4 -31 +71
-32 433 imp:n=1$ Void Left
18 0 -1:4+4:+70:-71:+32:-33 imp:n=0
c
¢ Z-planes
C ===
1 pz -0.635
2 pz 00
3 pz 25.40
4 pz 53.34
c
15 pz 0.1397
16 pz 1.7653
17 pz 37.465
18 pz 39.2303
19 pz 39.37

Figure 6.9. MCNP-DSP input file elald.i.
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54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

30
31
32
33
c
C
C
40
41
42
43
C
54
55
c
C
C
70
71

X,Y-planes

py 13.49376
py -13.49376
px 13.49376
px -13.49376

Z-cylinders

16.0338 2.4003
16.0338 2.54
-16.0338 2.4003
-16.0338 2.54

cz 12.54125
cz 13.49375

Outer Boundaries

py 19.0
py -19.0

mode n

OO 0000

Material Cards

Uranyl Nitrate

ml 1001.50c 0.5738816
8016.50c 0.3880981
7014.50c 0.0254020

92235.50c
92238.50c
92234.50c
92236.50c
26000.50c
24000.50c
13027.50c
28000.50c
25055.50c

mtl Iwtr.01t

C
C

0.0117555
0.0006688
0.0001292
0.0000515
0.0000100
0.0000017
0.0000007
0.0000007
0.0000002

Acrylic Tank

m2 1001.50c 0.533333
6000.50c 0.333334
8016.50c 0.133333
mt2 poly.0lt

Figure 6.9. (continued).
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Line 1;

Lines 2-39:

Lines 41-75:

Lines 77-128:

104 c
105 ¢ Stainless Steel

106 c

107 m3 24000.50c 0.202095
108 25055.50c 0.020134
109 26000.50c 0.688265
110 28000.50c 0.089507
111 c

112 ¢ He-3 Detectors

113 c

114 m4  2003.50c 1.000000
115 m5 2003.50c 1.000000

116 c

117 ¢ Aluminum 1100

118 c

119 m6 13027.50c 0.995282
120 14000.50c 0.002409
121 26000.50c 0.001211
122 29000.50c 0.000852
123 25055.50c 0.000246
124 c

125 ¢ Control Cards

126 c

127 prdmp 1j -60

128 dbcn 19573486999999 11j 725525
129 idum 1

130 files 21 elald.xsf 022 elald.1sf0
131 ctme 4500

Figure 6.9. (continued).

Description of Input File ELA1D.I

The first line of the input file is the title line.

These are the cell description cards. The cell cards are used to describe the
composition of a cell and the surfaces that bound the particular cell. The
cells must be numbered sequentially, and cells that are not used in the
model must be removed. Otherwise, MCNP-DSP will produce errors in
the calculations.

These lines contain the surface description cards. For this simple problem
the surfaces consist of planes and cylinders. Note that the surface numbers
do not have to be listed sequentially.

These are the data cards. Line 77 indicates that this is a neutron
calculation. Lines 78 through 123 describe the materials used in the
calculations. The materials must be numbered sequentially. No
materials can be skipped nor should unused materials be added to the
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Lines 130-131:

Line 1:

Line 2:

Lines 3-6:

Line 7;

Line 8:

input file. A separate material must be entered for each detector
because the detector tallies are determined by the material in which
interactions occur. Lines 127 and 128 are the control cards for this
problem. The prdmp card on line 127 is used to control how often data are
written to the MCNP-DSP output files. The dbcn card on line 128 is used
to change the random number seed for the MCNP-DSP because the output
data for several MCNP-DSP calculations are typically combined together.

These lines are used to execute the MCNP-DSP calculations. If
the first entry on the idum card is 1, the MCNP-DSP calculation is
executed and other tallies are not accumulated. The files card is used to
specify two files. The first file (elald.x) contains the extra data
parameters and is opened as a sequential, formatted file on unit 21. The
second file (elald.l) is the MCNP-DSP output file. The output file is
opened as a sequential formatted file on unit 22. Both files must be
entered as sequential and formatted files. The record length is zero for
sequential files.

scd=1
bks=1000000
scc=2

scx=0.0

scy=0.0
scz=12.70

sdt=0

tbn=1024 50000.
det=24200.950
det=35200.950
end

P POO0O~NOO 0Tk, WN B

- O

Figure 6.10. MCNP-DSP extra data file elald.x.

Description of Extra Data File ELA1D.X

One source disintegration per block (scd) in this example.
The number of blocks to calculate (bks) is 2000000.

These lines represent the coordinates of the source. Line 3 is the source
cell while lines 4-6 correspond to the origin of the source.

This specifies that the source dead time is zero nanoseconds.

This line specifies the number of time channels as 1024 with a sampling
rate of 50 kHz.
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Lines 9-10:  These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Detector 2 is material 2 and is a capture detector (type 2). There are no
neutron background counts for the detector. The neutron capture
efficiency is 0.95 for each detector, and the dead time for each detector is
zero.

Line 11: The end parameter is used to specify the end of the extra file. This option
could have also been omitted.

6.1.1.5 Uranium Metal Sphere with Plastic Scintillation Detectors and Continuous,
Isotropic D-T Source

This example demonstrates a simulation with a continuous, isotropic, D-T source
that is located within a highly enriched uranium metal sphere. Again, the uranium metal
density is 18.75 g/cm?®, and the uranium isotopic content is 93.15 wt% **°U, 5.64 wt%
238, 0.97 wt% **U, and 0.24 wt% **°U. Two plastic scintillation detectors (5.08-cm OD,
2.54-cm long) are located adjacent to the sphere and are positioned 180° apart. The MCNP
input file is given in Fig. 6.11, and the extra data file contents for the frequency domain
calculations are given in Fig. 6.12. The MCNP input file for this simulation is the same as
the one presented in Fig. 6.5 with the exception that the extra files for MCNP-DSP have
been changed. If the continuous, isotropic D-T source is used, the variable ‘scd’ in
the extra data file corresponds to the number of source neutrons per block.

Description of Input File EIA2A.I

The input file provided in Fig. 6.11 is essentially the same as the one provided in Fig. 6.5
with the exception of the different MCNP-DSP data files.

Lines 50-52: These lines are used to execute the MCNP-DSP calculations. If
the first entry on the idum card is 1, the MCNP-DSP calculation is
executed and other tallies are not accumulated. The files card is
used to specify two files. The first file (ela2a.x) contains the extra
data parameters and is opened as a sequential, formatted file on
unit 21. The second file (ela2a.1) is the MCNP-DSP output file.
The output file is opened as a sequential formatted file on unit 22.
Both files must be entered as sequential and formatted files. The
record length is zero for sequential files.
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OCO~NOoOOUTR,WN -

QOSSR EERPLOWWLWWWWWWWWNDNNDNNNNNNNRERERRPERPERPERERRRERE
NPFPOOO~NOOITRARWNPFPOOO~NOUIRARWNPFPOOO~NOOPRRWNPODOOO~NOOUUGIARWNEO

Uranium Sphere Calculation: Continuous, Isotropic DT Source
1 1-18.75 -1 imp:n,p=1
2 0+1 -2 +3 -4 +5-10+11 imp:n,p=1

c Detectors

3 20.0880 +10-12-20  imp:n,p=1
4 300880 -11+13-20  imp:n,p=1
5 0+10-12+20 -2 +3 -4 +5 imp:n,p=1
6 0-11+13+20 -2 +3 -4 +5 imp:n,p=1
7 0 +2:-3:+4:-5:+12:-13 imp:n,p=0

surface cards

c
c

c

1 so 5.08

2 py 10.16
3 py-10.16
4 pz 10.16
5 pz-10.16
10 px 10.16
11 px-10.16
12 px 12.7

13 px-12.7

20 cx 2.54

mode n p

c

¢ Uranium Metal

c

ml 92235.50c -0.9315
92238.50c -0.0564
92234.50c -0.0097
92236.50c -0.0024

c

¢ scintillation detectors

c

m2 1001.50c 0.5477
6012.50c 0.4523

m3 1001.50c 0.5477
6012.50c 0.4523

c
¢ Control cards
c
prdmp 1j -120

dbcn 19573486999999 11j 725525
c

¢ MCNP-DSP cards

c
idum 1

files 21 ela2a.xsf0 22 ela2a.1sf0
ctme 1500

Figure 6.11. MCNP-DSP input file ela2a.i .
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scd=1
bks=20000000
scc=1

scx=0.0
scy=0.0
scz=0.0

pro=0

sdt=0

dto=0

10 stp=1 0 0

11 tbn=512 1.e+8
12 det=2 2 30.875 50.875

OCoOoO~NOoO Uk, WN PR

13 0.22 50.22

14 100000

15 det=3 3 30.875 50.875
16 0.22 50.22

17 100000

18 end

Figure 6.12. MCNP-DSP extra input file ela2a.x .

Description of Extra Data File ELA2A.X

The only difference between Fig. 6.6 and Fig. 6.12 is that the option ‘stp’ has been
specified instead of using the default *>Cf source.

Line 1;

Line 2;

Lines 3-6:

Line 7:

Line 8:

Line 9:

Line 10:

Line 11:

Lines 12-17:

One source disintegration per block (scd) in this example.
The number of blocks to calculate (bks) is 20000000.

These lines represent the coordinates of the source. Line 3 is the source
cell while lines 4-6 correspond to the origin of the source.

This specifies that this is a frequency analysis calculation (pro=0).

This specifies that the source dead time is zero (sdt=0).

This option specifies that the dead time option is not invoked (dto=0).
This line specifies that the source type is a D-T source that is operating in
the continuous mode with an isotropic distribution of neutrons from the

source.

This line specifies the number of time channels as 512 with a sampling
rate of 100 MHz.

These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
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Line 16:

Both detectors are scatter detectors. Detector 2 is material 2 and type 3
while detector 3 is material 3 and type 3. The scatter detector requires both
neutron and gamma ray thresholds. The lower and upper neutron
thresholds are 0.875 and 50.875 MeV respectively. The lower and upper
gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero. For the frequency domain
calculations, at least two detectors (2 and 3) must be listed in the extra
data file.

The end parameter is used to specify the end of the extra file. This option
could have also been omitted.

6.1.1.6 Uranium Metal Spheres with Plastic Scintillation Detectors and Pulsed, Angular-
Dependent D-T Source

The extra data file provided in Fig. 6.12 can be modified to simulate a pulsed,
angular-dependent D-T source. Simply simply changing line 10 can change the D-T source
from a continuous, isotropic source to a pulsed, angular-dependent source. The modified
extra data file is provided in Fig. 6.13. If the pulsed, angular-dependent D-T source is
used, the variable ‘scd’ in the extra data file corresponds to the humber of source

neutrons per pulse.

scd=15

bks=20000000
scx=0.0

scy=0.0

Scz=-7.62

pro=0

sdt=0

dto=0

stp=1 1 50000 10000
10 10015

11 tbn=512 1.e+7

12 det=2 2 30.875 50.875

OO ~NO O, WN P

13 0.22 50.22

14 100000

15 det=3 3 3 0.875 50.875
16 0.2250.22

17 100000

18 end

Figure 6.13. MCNP-DSP extra input file ela2b.x .
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Description of Extra Data File E1IA2B. X

The only difference between Fig. 6.13 and Fig. 6.12 is that the option ‘stp’ has been
modified and the number of source disintegrations has been changed.

Line 1;

Line 2;

Lines 3-5:

Line 6;

Line 7;

Line 8:

Lines 9-10:

Line 11:

Lines 12-17:

Fifteen source disintegration per pulse (scd) in this example.
The number of blocks to calculate (bks) is 20000000.

These lines represent the coordinates of the source. Lines 3-5 correspond
to the origin of the source. Note that the source position has been changed
to correspond to a point below the sphere. From this point the source
neutrons will be directed with the angular distribution provided on the
‘stp’ card.

This specifies that this is a frequency analysis calculation (pro=0).
This specifies that the source dead time is zero (sdt=0).
The dead time is not invoked (dto=0).

These lines specify that the source type is a D-T source. The first entry (1)
specifies that the source is a D-T source while the second entry (1)
specifies that the source is a pulsed source. The third entry is the source
repetition rate in Hz (50000) and the fourth entry is the pulse width in
nanoseconds (10000). The source specification is continued on line 10.
The first entry (1) on line 10 is used to specify that the source is a conical
source. The next three entries are the reference vector for the source. The
entries 0 0 1 are the direction cosines for the reference vector. Therefore,
the source is directed up the positive z-axis. The next entry (5) is the half-
angle for emission of neutrons from the source origin. This neutron source
has a conical angular distribution that varies £5° from the reference vector
that is directed up the positive z-axis.

This line specifies the number of time channels as 512 with a sampling
rate of 100 MHz.

These lines describe the detectors in the problem and are the same as those
provided in Fig. 6.13.
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6.1.1.7 Delta Phase Plutonium Metal Sphere with at >>*Cf Source

This example demonstrates the use of a simulation with a plutonium metal sphere
with a °°Cf source. The delta phase plutonium sphere has a density of 15.48 g/cm® and is
comprised of 90 wt% “*Pu, 9 wt% **°Pu, and 1 wt% ***Pu. The outer radius of the
plutonium sphere is 7.5 cm. Two plastic scintillation detectors are located 7.5-cm away
from the surface of the sphere and positioned 180° apart. The ***Cf source is specified as
being located in the center of the sphere although the source is not physically modeled in
the geometry. This simulation assumes that the 2*°Cf source is a 1 pg source (6.14-10°
spontaneous fissions per second per ug); therefore, the number of source disintegrations
per block is 1.257 (6.14-10° * 1024/5-10%). The #*°Pu decays via spontaneous fission with
a decay constant of 1.63918:10™°. The mass of 2*°Pu in the sphere is 2462 g. The
spontaneous fission rate is simply 1.012-10° fissions per second (1.63918-107%° *
2462.0%6.02214 -10%/240.05). Therefore, approximately 2.073 spontaneous fissions
occur in each block. The MCNP input file is provided in Fig. 6.15 and the extra data file
is provided in Fig. 6.16.

Description of Input File E1A3.1

Line 1: The first line of the input file is the title line.

Lines 2-13:  These are the cell description cards. The cells must be numbered
sequentially, and cells that are not used in the model must be
removed. Otherwise, MCNP-DSP will produce errors in the calculations.

Lines 15-31: These lines contain the surface description cards.

Lines 33-45: These are the data cards. The materials must be numbered
sequentially. No materials can be skipped nor_should unused
materials be added to the input file. A separate material must be
entered for each detector because the detector tallies are determined
by the material in which interactions occur. The prdmp card is used to
control how often data are written to the MCNP-DSP output files. The
dbcn card is used to change the random number seed for the MCNP-DSP
because the output data for several MCNP-DSP calculations are typically
combined together.

Lines 46-48: These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (ela3.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (ela3.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22. Both files must be entered as sequential and
formatted files. The record length is zero for sequential files.
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Plutonium Sphere: Outer Radius 7.5 cm
Plutonium Shell

1-1548 -1 imp:n,p=1
0 +1+10-11 +12 -13 +14 -15 imp:n,p=1

OCO~NOoOOUTR,WN -

A A BAEADEPRARERERRPOVWLWLWWWWWWWWNDNNDNNNNNNNRERPRERRPERPRPERPERRRERE
O~NO O PR WNPOOO~NOOUOGPRARWNPFPOOO~NOUIRWNPOOO~NOOOTA, WNEO

OO0 Wk o o

Detector

oONOO O~ O

¢ Detector Surfaces

20.0880 -20+11-22
0 +20 +11 -22 +12 -13 +14 -15 imp:n,p=1
30.0880 -20-10+21
0 +20-10 +21 +12 -13 +14 -15 imp:n,p=1
0 -10:+11:-12:+13:-14:+15

20 cx 254
21 px -17.54
22 px 1754

mode n p

ml 94239.50c -0.90
94240.50c -0.09
94241.50c -0.01

m2 1001.50c 0.5477
6012.50c 0.4523

m3 1001.50c 0.5477
6012.50c 0.4523

c

¢ Control Cards

c

prdmp 1j -300

dbcn 19573486999999 11j 725525

idum 1

files 21 ela3.xsf022ela3.1sf0

ctme 1200

Figure 6.14. MCNP-DSP input file ela3.i.
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Line 1;

Line 2;

Line 3:

Lines 4-6:

Line 7:

Line 8:

Line 9:

Line 10:

Lines 11-16:

scd=1. 257
bks=50000000
cns=1

scx=0.

scy=0.

scz=0.

pro=0

sdt =0

dt o=0

10 t bn=1024 5e8
11 det=2 2 3 0.875 50.875

O©CoOoO~NOOOUOTA,WNPE

12 0.22 50.22

13 100000

14 det=3 3 3 0.875 50.875

15 0.22 50.22

16 100000

17 sfs=1 14 0.0 0.0 0.0
18 0.0 7.499

19 1 2 2.073
20 end

Figure 6.15. MCNP-DSP extra input file ela3.x.

Description of Extra Data File E1A3.X

The source disintegrations per block (scd) is 1.257 in this example.
The number of blocks to calculate (bks) is 50000000.

This parameter (cns) specifies the use of the Madland-Nix prompt neutron
energy spectrum for %“Cf.

These lines represent the coordinates of the 2°2Cf source.

This specifies that this is a frequency analysis calculation (pro=0).
This specifies that the source dead time is zero (sdt=0).

The dead time is not invoked (dto=0).

This line specifies the number of time channels as 1024 with a sampling
rate of 500 MHz.

These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are scatter detectors. Detector 2 is material 2 and type 3
while detector 3 is material 3 and type 3. The scatter detector requires both
neutron and gamma ray thresholds. The lower and upper neutron
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thresholds are 0.875 and 50.875 MeV respectively. The lower and upper
gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero. For the frequency domain
calculations, at least two detectors (2 and 3) must be listed in the extra
data file.

Lines 17-19: These lines are used to specify the inherent spontaneous fission source for
?%py The first parameter is the total number of spontaneous fission
sources. In this example, only one inherent spontaneous fission source is
selected. The next entry is the number of volumes that contain inherent
spontaneous fission sources. In this example, only one volume contains
the inherent source. The next entry is the source volume type that is
simply a spherical source. The origin of the inherent source volume is
provided next. The source parameters are continued on line 18. The first
entry is the inner radius of the sphere (type 4 volume) and the next entry is
the outer radius of the sphere. Note that the outer dimensions cannot
correspond exactly to one of the surfaces of the problem because the
source is a volume source and not a surface source. The source parameters
are continued on line 19. The first entry on line 19 is the number of
inherent spontaneous fission sources in this volume and is equal to one.
The next entry is the spontaneous fission type (type 2=**°Pu). The next
entry is the number of spontaneous fission per block. Note that the exact
number of **2Cf spontaneous fissions per block and the exact number of
inherent spontaneous fissions per block did not have to be entered.
Avrbitrary numbers could have been used: however, the ratio of *’Cf to
inherent (*>*Cf/**°Pu) spontaneous fissions must be maintained.

6.1.2 Passive Simulations
6.1.2.1 Nested Plutonium Shells with Plastic Scintillation Detectors

This example demonstrates the use of a passive frequency analysis simulation
with a multi-volume, inherent spontaneous fission source. The geometry consists of a
5.0-cm OD delta phase plutonium sphere surrounded by a delta phase plutonium shell
that has 9.0-cm ID and a 15.0-cm OD. The delta phase plutonium sphere has a density of
15.48 g/cm® and is comprised of 90 wt% *°Pu, 9 wt% 2*°Pu, and 1 wt% **'Pu. Two
plastic scintillation detectors are located 7.5-cm away from the surface of the outer shell
and positioned 180° apart. The only source for this problem is the inherent plutonium
source. The MCNP input file for this problem is provided in Fig. 6.16 and the MCNP-
DSP extra data file is provided in Fig. 6.17.
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1 Plutonium Shells: OR1 2.50, IR2 4.5 OR2 7.5 cm
2 1 1-1548 -1 imp:n,p=1
3 2 0 +1 -2 imp:n,p=1
4 3 1-1548 +2 -3 imp:n,p=1
5 4 0 +3 +10-11 +12 -13 +14 -15 imp:n,p=1
6 5 20.0880 -20+11-22 imp:n,p=1
7 6 0 +20 +11 -22 +12 -13 +14 -15 imp:n,p=1
8 7 30.0880 -20-10+21 imp:n,p=1
9 8 0 +20-10 +21 +12 -13 +14 -15 imp:n,p=1
10 9 0 -21:422:-12:413:-14:+15  imp:n,p=0
11
12 c
13 ¢ Surfaces
14 C ———————=—
15 1 so 250
16 2 so 4.50
17 3 so 7.50
18 c
19 10 px -15.0
20 11 px 15.0
21 12 py -15.0
22 13 py 15.0
23 14 pz -15.0
24 15 pz 15.0
25 20 cx 2.54
26 21 px -17.54
27 22 px 1754
28
29 mode n p
30 ml 94239.50c -0.90
31 94240.50c -0.09
32 94241.50c -0.01
33 m2 1001.50c 0.5477
34 6012.50c 0.4523
35 m3 1001.50c 0.5477
36 6012.50c 0.4523
37 prdmp 1j -300
38 dbcn 19573486999999 11j 725525
39 idum 1
40 files21 elbl.xsf022elbl.1sf0
41 ctme 1200
Figure 6.16. MCNP-DSP input file elb1.i.
Description of Input File E1B1.1
Line 1: The first line of the input file is the title line.

Lines 2-10:  These are the cell description cards. The cells must be numbered
sequentially, and cells that are not used in the model must be
removed. Otherwise, MCNP-DSP will produce errors in the calculations.
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Lines 12-27:

Lines 29-38:

Lines 39-40:

Line 1;

Line 2;

These lines contain the surface description cards.

These are the data cards. The materials must be numbered
sequentially. No materials can be skipped nor should unused
materials be added to the input file. A separate material must be
entered for each detector because the detector tallies are determined
by the material in which interactions occur. The prdmp card is used to
control how often data are written to the MCNP-DSP output files. The
dbcen card is used to change the random number seed for the MCNP-DSP
because the output data for several MCNP-DSP calculations are typically
combined together.

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (elb1.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (elb1.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22.

1 scd=0

2 bks=50000000

3 pro=0

4 dto=0

5 tbn=1024 5e8

6 det=2 2 30.87550.875
7 0.22 50.22

8 100000

9 det=3 3 30.87550.875
10 0.22 50.22

11 100000

12 sfs=224 0.0 0.0 0.0
13 0.0 2.499

14 1 2 0.077
15 400 00 00
16 4,501 7.499
17 1 2 1626

Figure 6.17. MCNP-DSP extra input file elb1.x.

Description of Extra Data File E1B1.X

The source disintegrations per block (scd) are zero in this example.

The number of blocks to calculate (bks) is 50000000.
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Line 3:

Line 4:

Line 5:

Lines 6-11:

Lines 12-17:

This specifies that this is a frequency analysis calculation (pro=0).
The dead time is not invoked (dto=0).

This line specifies the number of time channels as 1024 with a sampling
rate of 500 MHz.

These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are scatter detectors. Detector 2 is material 2 and type 3
while detector 3 is material 3 and type 3. The scatter detector requires both
neutron and gamma ray thresholds. The lower and upper neutron
thresholds are 0.875 and 50.875 MeV respectively. The lower and upper
gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero.

These lines are used to specify the inherent spontaneous fission source for
?%py The first parameter is the total number of spontaneous fission
sources. In this example, two inherent spontaneous fission sources are
selected. The next entry is the number of volumes that contain inherent
spontaneous fission sources. In this example, two volumes contain the
inherent source. The next entry is the source volume type that is simply a
spherical source. The origin of the inherent source volume is provided
next. The source parameters are continued on line 13. The first entry is the
inner radius of the sphere (type 4 volume) and the next entry is the outer
radius of the sphere. Note that the outer dimensions cannot correspond
exactly to one of the surfaces of the problem because the source is a
volume source and not a surface source. The source parameters are
continued on line 14. The first entry on line 14 is the number of inherent
spontaneous fission sources in this volume and is equal to one. The next
entry is the spontaneous fission type (type 2=**°Pu). The next entry is the
number of spontaneous fission per block. On line 15, the source
parameters for the second volume are specified. The first entry is the
volume type (type 4 volume) and is followed by the origins of the second
volume. The next entries on line 16 are the inner and outer radii of the
second volume. Finally, the number of inherent spontaneous fission
sources for the second volume is specified along with the type and number
of spontaneous fission events per block. Note that although arbitrary
numbers could have been entered, the actual numbers of spontaneous
fission events per block per volume have been entered. It is important to
remember that the ratio of spontaneous fission events per block must be
maintained.
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6.1.2.2 Adjacent Plutonium Cylinders with Plastic Scintillation Detectors

This example demonstrates the use of a passive frequency analysis simulation
with a multi-volume, inherent spontaneous fission source. The geometry consists of two
identical 10-cm tall, 20-cm OD, delta phase plutonium cylinders spaced 30 cm apart.
The delta phase plutonium sphere has a density of 15.48 g/cm® and is comprised of 90
wt% “°Pu, 9 wt% *°Pu, and 1 wt% **'Pu. Two plastic scintillation detectors are
positioned near the cylinders. The only source for this problem is the inherent plutonium
source. The MCNP input file for this problem is provided in Fig. 6.186 and the MCNP-
DSP extra data file is provided in Fig. 6.19.

1 Plutonium Cylinders: H 10 cm, OD 20. cm

2 1 1-1548 -1+15-16 imp:n,p=1

3 2 0 +1+15-16 +10 -12 +13 -14 imp:n,p=1
4 3 1-1548 -2+15-16 imp:n,p=1

5 4 0 +2 +15-16 -10 +11 +13 -14 imp:n,p=1
6 5 20.0880 -20-11+21 imp:n,p=1

7 6 0 +20-11 +21 +13 -14 +15 -16 imp:n,p=1
8 7 30.0880 -20+12-22 imp:n,p=1

9 8 0 +20 +12 -22 +13 -14 +15 -16 imp:n,p=1
10 9 0 -21:+422:-13:+14:-15:+16  imp:n,p=0
11

12 c

13 ¢ Cylinders

14 c —========

15 1 c¢/z 15.0 0.0 10.0

16 2 c¢l/z -15.0 0.0 10.0

17 c

18 10 px 0.0

19 11 px -30.0

20 12 px 30.0

21 13 py -15.0

22 14 py 150

23 15 pz -5.0

24 16 pz 50

25 c

26 ¢ Detector Surfaces

27 c

28 20 cx 254

29 21 px -35.08

30 22 px 35.08

Figure 6.18. MCNP-DSP input file e1b2.i.
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Line 1:

Lines 2-10:

Lines 12-30:

Lines 31-49:

31 mode n p

32

33 Delta Pu

34 ——=—=—=—=—==

35 m1 94239.50c -0.90

36 94240.50c -0.09

37 94241.50c -0.01

38 c

39 c scintillation detectors
40 c

41 m2 1001.50c 0.5477
42 6012.50c 0.4523
43 m3 1001.50c 0.5477
44 6012.50c 0.4523
45 c

46 ¢ Control Cards

47 c

48 prdmp 1j -300

49 dbcn 19573486999999 11j 725525
50 idum 1

51 files 21 elb2.xsf022 e1b2.1sf0
52 ctme 1200

Figure 6.18. (continued).

Description of Input File E1B2.1

The first line of the input file is the title line.

These are the cell description cards. The cells must be numbered
sequentially, and cells that are not used in_the model must be
removed. Otherwise, MCNP-DSP will produce errors in the calculations.

These lines contain the surface description cards.

These are the data cards. The materials must be numbered
sequentially. No materials can be skipped nor should unused
materials be added to the input file. A separate material must be
entered for each detector because the detector tallies are determined
by the material in which interactions occur. The prdmp card is used to
control how often data are written to the MCNP-DSP output files. The
dbcen card is used to change the random number seed for the MCNP-DSP
because the output data for several MCNP-DSP calculations are typically
combined together.
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Lines 50-51:

Line 1;

Line 2;

Line 3;

Line 4:

Line 5;

Lines 6-11:

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (e1b2.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (e1b2.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22.

1 scd=0

2 bks=50000000

3 pro=0

4 dto=0

5 tbn=1024 5e8

6 det=2 2 30.87550.875

7 0.22 50.22

8 100000

9 det=3 3 30.87550.875

10 0.22 50.22

11 100000

12 sfs=223 150 0.0 0.0
13 0.0 9.99

14 499 -4.99

15 1 2 0.9525
16 3-15.0 0.0 0.0
17 0.0 9.99

18 499 -4.99

19 1 2 0.9525

Figure 6.19. MCNP-DSP extra input file elb2.x.

Description of Extra Data File E1B2.X

The source disintegrations per block (scd) are zero in this example.
The number of blocks to calculate (bks) is 50000000.

This specifies that this is a frequency analysis calculation (pro=0).
The dead time is not invoked (dto=0).

This line specifies the number of time channels as 1024 with a sampling
rate of 500 MHz.

These lines describe the detectors in the problem. The source is detector 1

and does not need to be labeled. This problem has two detectors, 2 and 3.

Both detectors are scatter detectors. Detector 2 is material 2 and type 3

while detector 3 is material 3 and type 3. The scatter detector requires both
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Lines 12-19:

neutron and gamma ray thresholds. The lower and upper neutron
thresholds are 0.875 and 50.875 MeV respectively. The lower and upper
gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero.

These lines are used to specify the inherent spontaneous fission source for
#Opy The first parameter is the total number of spontaneous fission
sources. In this example, two inherent spontaneous fission sources are
selected. The next entry is the number of volumes that contain inherent
spontaneous fission sources. In this example, two volumes contain the
inherent source. The next entry is the source volume type that is simply a
cylindrical source parallel to the z-axis. The origin of the inherent source
volume is provided next. The source parameters are continued on line 13.
The first entry is the inner radius of the cylinder (type 3 volume) and the
next entry is the outer radius of the cylinder. Note that the outer
dimensions cannot correspond exactly to one of the surfaces of the
problem because the source is a volume source and not a surface source.
The source parameters are continued on line 14. The first entry is the
upper z-axis plane and the second entry is the lower z-axis plane. The
first entry on line 15 is the number of inherent spontaneous fission sources
in this volume and is equal to one. The next entry is the spontaneous
fission type (type 2=2*°Pu). The next entry is the number of spontaneous
fission per block. On line 16, the source parameters for the second volume
are specified. The first entry is the volume type (type 3 volume) and is
followed by the origins of the second volume. The next entries on line 17
are the inner and outer radii of the second volume. On line 18, the upper
and lower z-axis planes are specified. Finally, the number of inherent
spontaneous fission sources for the second volume is specified along with
the type and number of spontaneous fission events per block on line 19.
Note that although arbitrary numbers could have been entered, the actual
numbers of spontaneous fission events per block per volume have been
entered. It is important to remember that the ratio of spontaneous fission
events per block must be maintained.
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6.2 CORRELATION ANALYSIS SIMULATION

This example demonstrates a simulation with a *Cf source that is located within a
highly enriched uranium metal sphere. Again, the uranium metal density is 18.75 glcm®,
and the uranium isotopic content is 93.15 wt% U, 5.64 wt% ***U, 0.97 wt% ?**U, and
0.24 wt% 2°U. Two plastic scintillation detectors (5.08-cm OD, 2.54-cm long) are located
adjacent to the sphere and are positioned 180° apart. The MCNP input file is given in Fig.
6.20, and the extra data file contents for the frequency domain calculations are given in
Fig. 6.21.

1 Uranium Sphere Calculation:

2 1 1-1875 -1 imp:n,p=1

3 2 0+1 -2 +3 -4 +5-10+11 imp:n,p=1

4 3 20.0880 +10-12-20 imp:n,p=1

5 4 30.0880 -11+13-20  imp:n,p=1

6 5 0+10-12+420 -2 +3 -4 +5 imp:n,p=1

7 6 0-11+13+20 -2 +3 -4 +5 imp:n,p=1

8 7 0 +2:-3:+4:-5:+12:-13 imp:n,p=0

9

10 1 so 5.08

11 2 py 10.16

12 3 py-10.16

13 4 pz 10.16

14 5 pz-10.16

15 10 px 10.16

16 11 px-10.16

17 12 px 12.7

18 13 px-12.7

19 20 cx 2.54

20

21 mode n p

22 ml 92235.50c -0.9315

23 92238.50c -0.0564

24 92234.50c -0.0097

25 92236.50c -0.0024

26 m2 1001.50c 0.5477

27 6012.50c 0.4523

28 m3 1001.50c 0.5477

29 6012.50c 0.4523

30 prdmp 1j -120

31 dben 19573486999999 11j 725525

32 idum 1

33 files 21 e2ala.x s f0 22 e2ala.1sf0

34 ctme 4500

Figure 6.20. MCNP-DSP input file e2ala.i.
Description of Input File E2A1A.1

Line 1: The first line of the input file is the title line.
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Lines 2-8:

Lines 10-19:

Lines 21-31:

Lines 32-33:

Line 1;

These are the cell description cards. The cells must be numbered
sequentially, and cells that are not used in_the model must be
removed. Otherwise, MCNP-DSP will produce errors in the calculations.

These lines contain the surface description cards.

These are the data cards. The materials must be numbered
sequentially. No materials can be skipped nor should unused
materials be added to the input file. The prdmp card is used to control
how often data are written to the MCNP-DSP output files. The dbcn card
is used to change the random number seed for the MCNP-DSP because the
output data for several MCNP-DSP calculations are typically combined
together.

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (e2ala.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (e2ala.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22. Both files must be entered as sequential and
formatted files. The record length is zero for sequential files.

scd=1
bks=50000000
scc=1

scx=0.0
scy=0.0
s¢z=0.0

cns=1

pro=1

sdt=0

10 dto=0

11 tbn=512 1.e+8
12 det=2 2 3 0.875 50.875

OO ~NO O, WN P

13 0.22 50.22

14 100000

15 det=3 3 30.875 50.875
16 0.22 50.22

17 100000

18 end

Figure 6.21. MCNP-DSP extra data file e2ala.x.

Description of Extra Data File E2A1A.X

One source disintegration per block (scd) in this example.
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Line 2: The number of blocks to calculate (bks) is 50000000.

Lines 3-6: These lines represent the coordinates of the source. Line 3 is the source
cell while lines 4-6 correspond to the origin of the source.

Line 7: This parameter specifies that the Madland-Nix prompt neutron spectrum is
to be used in the simulation instead of the default Mannhart-corrected
Maxwellian spectrum.

Line 8: This line specifies that this is a correlation analysis calculation.

Line 9: This specifies that the source dead time is zero nanoseconds.

Line 10: This line specifies that the dead time option be disabled.

Line 11: This line specifies the number of time channels as 512 with a sampling

rate of 100 MHz.

Lines 12-15: These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are scatter detectors. Detector 2 is material 2 and type 3
while detector 3 is material 3 and type 3. The scatter detector requires both
neutron and gamma ray thresholds. The lower and upper neutron
thresholds are 0.875 and 50.875 MeV respectively. The lower and upper
gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero. For the correlation analysis
calculations, at least two detectors (2 and 3) must be listed in the extra
data file.

Line 16: The end parameter is used to specify the end of the extra file. This option
could have also been omitted.

Two or more output files are created when performing correlation analysis
simulations. The first contains general information on the number of counts for each
detector and is specified as the second data file in the MCNP input file. The other output
file(s) contains the correlation signatures for the detectors. If the problem is a combined
neutron-photon calculation as in the example, there will be three files created that contain
the auto and cross correlation signatures for the detectors for the neutron response, the
gamma response, and the combined neutron and gamma ray response. The general
output filename as specified in Fig. 6.20 is e2ala.l. Three additional files will contain the
auto and cross spectra. For a computer with the Unix operating system, these are
e2ala.l1.123.cor.n, e2ala.l.123.cor.p, and e2ala.l.123.cor.np, where the first file
contains the spectra for the neutron response, the second file contains the spectra for the
gamma response, and the third file contains the spectra for the combined neutron and
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gamma ray response as indicated by the last extension. The other filename extensions
have distinct meanings. The first part that has the ‘123 indicates that this file contains
the correlation signatures for the auto correlation of detectors #1, #2, and #3, and the
cross correlation functions between 1 and 2, 1 and 3, and 2 and 3. The ‘cor’ indicates
that the file contains data that are correlation functions. Additional information
concerning the output file names is provided in Appendix D. The correlation functions
for multiple runs can be combined by combining the auto and cross correlation functions
based on the number of blocks of data accumulated. If the user combines the correlation
functions from several runs, the Monte Carlo calculation for each run must begin with a
different random number seed that can be specified using the dbcn card in the MCNP
input file.

The MCNP-DSP summary output file (e2ala.l) for the correlation analysis
simulation is similar to the summary output file for the frequency analysis simulation. A
detailed description of the summary output file is provided in Section 6.1.1.1.

Description of Output Correlation File E2A1A.1.123.COR.N

Part of the MCNP-DSP output file e2ala.1.123.cor.n is provided in Fig. 6.22.
This output file contains the time dependent auto and cross correlation functions for the
neutron detections. The output file contains the frequency interval, the Nyquist
frequency, the number of frequency points, and the number of data blocks that were
accumulated during the calculation. The other entries in this file is as follows: auto
correlation function of the source (AC11), auto correlation functions of the detectors
(AC22 and AC33), the cross correlation function between the source and detector 2
(CCorl2), the cross correlation between the source and detector 3 (CCorl3), and the
cross correlation between detectors (CCor23). The correlation functions have been
normalized by dividing the values at each time lag by (N-|7]) with N being the number of
time points and 7 being the lag index. Although this normalization produces an unbiased
estimator of the correlation functions, the normalization is typically removed when
computing covariance functions. The covariance function (Cov;j(t)) can be computed as

Covij (r):Corij (r)(N—|r|)—CiCj /N/NB. (6.1)

In this expression Corj(t) is the correlation function from output file, C; is the total
number of counts for signal i, C; is the total number of counts for signal j, N is the
number of time bins in the simulation, and Ng is the number of data blocks acquired. The
user must normalize the data appropriately when comparing these simulations to other
simulations or measurements.
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Delta F Nyquist Points Blocks
1.95312E+05  5.00000E+07 512 1.32179E+07
Source Detector 2 Detector 3
1.321572E+07  1.746320E+05  1.744190E+05
Time Lag AC11 AC22 AC33 CCorl2 CCorl3 CCor23
-511 6.20000000E+01 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00
-510 6.50000000E+01 0.00000000E+00 0.00000000E+00 0.00000000E+00 5.00000000E-01 0.00000000E+00
-509 5.96666667E+01 0.00000000E+00 0.00000000E+00 3.33333333E-01 1.00000000E+00 0.00000000E+00
-508 5.85000000E+01 0.00000000E+00 0.00000000E+00 5.00000000E-01 0.00000000E+00 0.00000000E+00
-507 6.62000000E+01 0.00000000E+00 0.00000000E+00 1.60000000E+00 1.00000000E+00 2.00000000E-01
-506 5.95000000E+01 0.00000000E+00 1.66666667E-01 2.00000000E+00 8.33333333E-01 0.00000000E+00
skip 500 lines

-6 5.04011858E+01 1.58102767E-02 2.37154150E-02 7.56916996E-01 7.80632411E-01 2.17391304E-02

-5 4.97869822E+01 3.15581854E-02 3.15581854E-02 7.14003945E-01 7.02169625E-01 2.36686391E-02

-4 5.07047244E+01 5.51181102E-02 6.10236220E-02 7.40157480E-01 7.59842520E-01 6.29921260E-02

-3 5.03320236E+01 1.35559921E-01 1.41453831E-01 7.13163065E-01 7.13163065E-01 1.33595285E-01

-2 5.05529412E+01 4.01960784E-01 3.60784314E-01 7.11764706E-01 7.35294118E-01 4.13725490E-01

-1 5.04285714E+01 1.64579256E+00 1.68101761E+00 6.61448141E-01 7.45596869E-01 1.38747554E+00

0 2.58624160E+04 3.45625000E+02 3.45689453E+02 6.55507812E+01 6.57988281E+01 3.54882812E+00

1 5.04285714E+01 1.64579256E+00 1.68101761E+00 2.00771037E+02 2.00653620E+02 1.47553816E+00

2 5.05529412E+01 4.01960784E-01 3.60784314E-01 5.40372549E+01 5.36117647E+01 4.00000000E-01

3 5.03320236E+01 1.35559921E-01 1.41453831E-01 1.57033399E+01 1.53339882E+01 1.43418468E-01

4 5.07047244E+01 5.51181102E-02 6.10236220E-02 5.81102362E+00 5.94881890E+00 6.49606299E-02

5 4.97869822E+01 3.15581854E-02 3.15581854E-02 2.64102564E+00 2.74556213E+00 4.33925049E-02

6 5.04011858E+01 1.58102767E-02 2.37154150E-02 1.56324111E+00 1.55138340E+00 9.88142292E-03

skip 500 lines

506 5.95000000E+01 0.00000000E+00 1.66666667E-01 6.66666667E-01 6.66666667E-01 0.00000000E+00
507 6.62000000E+01 0.00000000E+00 0.00000000E+00 2.00000000E-01 1.80000000E+00 0.00000000E+00
508 5.85000000E+01 0.00000000E+00 0.00000000E+00 1.50000000E+00 2.50000000E-01 0.00000000E+00
509 5.96666667E+01 0.00000000E+00 0.00000000E+00 1.33333333E+00 1.00000000E+00 0.00000000E+00
510 6.50000000E+01 0.00000000E+00 0.00000000E+00 1.00000000E+00 2.00000000E+00 0.00000000E+00
511 6.20000000E+01 0.00000000E+00 0.00000000E+00 0.00000000E+00 2.00000000E+00 0.00000000E+00

Figure 6.22. MCNP-DSP output file e2ala.1.123.cor.n.
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6.3 PULSED SOURCE SIMULATION

The following example demonstrates the use of the pulsed source simulation with
a 22Cf source that is located within a highly enriched uranium metal sphere. Again, the
uranium metal density is 18.75 g/cm®, and the uranium isotopic content is 93.15 wt%
2y, 5.64 wt% 28U, 0.97 wt% ‘U, and 0.24 wt% 2*°U. Two plastic scintillation
detectors (5.08-cm OD, 2.54-cm long) are located adjacent to the sphere and are positioned
180° apart. The MCNP input file is given in Fig. 6.23, and the extra data file contents for
the frequency domain calculations are given in Fig. 6.24. When performing pulsed source
calculations, “scd’ is treated as the total number of *2Cf source fissions, and ‘bks’ must
be equal to one. Because of the manner in which the pulsed neutron measurement
executes, all data will be lost if it is interrupted as can be done with standard
MCNP. Additionally, the dead time option cannot be used with the pulsed source
simulation because of the manner in which the simulation is performed. The user should
perform a correlation analysis simulation if the dead time option is desirable. The user is
warned to select a reasonable value for ‘scd” and to combine the detector responses for
several runs. If several runs are combined, the user must start each run with a different
random number seed using the dbcn card in the MCNP input file.

Description of Input File E3A1A.l

Line 1: The first line of the input file is the title line.

Lines 2-8: These are the cell description cards. The cells must be numbered
sequentially, and cells that are not used in the model must be
removed. Otherwise, MCNP-DSP will produce errors in the calculations.

Lines 10-19: These lines contain the surface description cards.

Lines 21-31: These are the data cards. The materials must be numbered
sequentially. No materials can be skipped nor should unused
materials be added to the input file. The prdmp card is used to control
how often data are written to the MCNP-DSP output files. The dbcn card
is used to change the random number seed for the MCNP-DSP because the
output data for several MCNP-DSP calculations are typically combined
together.

Lines 32-33: These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (e3ala.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (e3ala.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22. Both files must be entered as sequential and
formatted files. The record length is zero for sequential files.
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OCO~NO U, WN =

WWWWWRNRNNNNNNNNNRPRRRRRRRPR PR
EWONRPROOONOURWNROOO~NOUODWNEREO

U
1
2
3
4
5
6
7

OB WN P

10
11
12
13
20

ranium Sphere Calculation:

1-18.75 -1

0 +1 -2 +3 -4 +5-10+11
20.0880 +10-12-20
30.0880 -11+13-20
0+10-12+20 -2 +3 -4 +5
0-11+13+20 -2 +3 -4 +5
0 +2:-3:+4:-5:+12:-13

so 5.08
py 10.16
py -10.16
pz 10.16
pz -10.16
px 10.16
px -10.16
px 12.7
px -12.7
cx 2.54

mode n p
ml 92235.50c -0.9315

92238.50c -0.0564
92234.50c -0.0097
92236.50c -0.0024

m2 1001.50c 0.5477

6012.50c 0.4523

m3 1001.50c 0.5477

6012.50c 0.4523

prdmp 1j -120

dbcn 19573486999999 11j 725525

idum 1
files 21 e3ala.xsf0 22 e3ala.l1sf0
ctme 3600

Figure 6.23. MCNP-DSP input file e3ala.i.
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Line 1;

Line 2;

Lines 3-6:

Line 7:

Line 8:

Line 9:

Line 10:

Line 11:

Lines 12-15:

scd=20000000
bks=1

scc=1

scx=0.0
scy=0.0
scz=0.0

cns=1

Itm=yes

sdt=0

10 dto=0

11 tbn=512 1.e+8
12 det=2 2 30.875 50.875

OCoOoO~NOoO Uk, WN PR

13 0.22 50.22

14 100000

15 det=3 3 30.875 50.875
16 0.22 50.22

17 100000

18 end

Figure 6.24. MCNP-DSP extra data file e3ala.x.

Description of Extra Data File 3SA1A.X

The source disintegrations per block (scd) are 20000000 in this example.
The number of blocks to calculate (bks) is 1.

These lines represent the coordinates of the source. Line 3 is the source
cell while lines 4-6 correspond to the origin of the source.

This parameter specifies that the Madland-Nix prompt neutron spectrum is
to be used in the simulation instead of the default Mannhart-corrected
Maxwellian spectrum.

This line specifies that this is a pulsed source simulation.
This specifies that the source dead time is zero nanoseconds.
This line specifies that the dead time option be disabled.

This line specifies the number of time channels as 512 with a sampling
rate of 100 MHz. The time bin width is 10 nanoseconds.

These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are scatter detectors. Detector 2 is material 2 and type 3
while detector 3 is material 3 and type 3. The scatter detector requires both
neutron and gamma ray thresholds. The lower and upper neutron
thresholds are 0.875 and 50.875 MeV respectively. The lower and upper

gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
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generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero. For_the correlation _analysis
calculations, at least two detectors (2 and 3) must be listed in the extra
data file.

Line 16: The end parameter is used to specify the end of the extra file. This option
could have also been omitted.

Two output files are created when performing a pulsed source simulation. The
first contains general information and is referred to as the MCNP-DSP summary output
file. For this example, the output summary file is e3ala.l as indicated on line 33 of Fig.
6.23. The second file contains the detector counts in each time interval after the source
event. For a computer using the Unix operating system, the pulsed source time domain
file would have the name e3ala.l.tim. The extension ‘tim’ is used to denote that this is
time domain data.

Description of Output Pulsed Source File E3A1IA.1.TIM

The output of the pulsed source time domain file is provided in Fig. 6.25. The
output file contains the neutron, photon, and combined neutron and photon response for
each detector. The output file has two columns that are separated by headers. The first
line of the pulsed source output file contains the number of source events. The second
line is a header line that describes the detector response. The first column contains the
time of the midpoint of each time bin in nanoseconds. For this example the sampling rate
was 100 MHz that corresponds to a time bin width of 10 ns. The second column contains
the number of counts in each time interval. The count information is provided for the
neutron, photon, and combined neutron and photon response for each detector because
this is a dual neutron and photon calculation.
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Number of Source Events:
Neutron Time Response for Detector # 2

19995984

5.000000000000000E+00  1.544740000000000E+05
1.500000000000000E+01  8.031100000000000E+04
2.500000000000000E+01  1.964000000000000E+04
3.500000000000000E+01  6.450000000000000E+03
4.500000000000000E+01  2.404000000000000E+03
5.500000000000000E+01  9.530000000000000E+02
6.500000000000000E+01  4.460000000000000E+02
7.500000000000000E+01  2.130000000000000E+02
8.500000000000000E+01  1.020000000000000E+02
9.500000000000000E+01  5.000000000000000E+01
1.050000000000000E+02  4.100000000000000E+01

skip 501 lines

Photon Time Response for Detector # 2
5.000000000000000E+00  1.895900000000000E+04
1.500000000000000E+01  6.113000000000000E+03
2.500000000000000E+01  1.856000000000000E+03
3.500000000000000E+01  6.600000000000000E+02
4.500000000000000E+01  2.920000000000000E+02
5.500000000000000E+01  1.250000000000000E+02
6.500000000000000E+01  4.400000000000000E+01
7.500000000000000E+01  3.300000000000000E+01
8.500000000000000E+01  1.600000000000000E+01
9.500000000000000E+01  2.000000000000000E+00
1.050000000000000E+02  3.000000000000000E+00

skip 501 lines

Neutron and Photon Time Response for Detector # 2

5.000000000000000E+00  1.734330000000000E+05
1.500000000000000E+01  8.642400000000000E+04
2.500000000000000E+01  2.149600000000000E+04
3.500000000000000E+01  7.110000000000000E+03
4.500000000000000E+01  2.696000000000000E+03
5.500000000000000E+01  1.078000000000000E+03
6.500000000000000E+01  4.900000000000000E+02
7.500000000000000E+01  2.460000000000000E+02
8.500000000000000E+01  1.180000000000000E+02
9.500000000000000E+01  5.200000000000000E+01
1.050000000000000E+02  4.400000000000000E+01
skip 501 lines
Neutron Time Response for Detector # 3
5.000000000000000E+00  1.548140000000000E+05
1.500000000000000E+01  8.020400000000000E+04
2.500000000000000E+01  1.957200000000000E+04
3.500000000000000E+01  6.268000000000000E+03
4.500000000000000E+01  2.429000000000000E+03
5.500000000000000E+01  9.470000000000000E+02
6.500000000000000E+01  4.830000000000000E+02
7.500000000000000E+01  2.040000000000000E+02
8.500000000000000E+01  9.800000000000000E+01
9.500000000000000E+01  5.900000000000000E+01
1.050000000000000E+02  3.800000000000000E+01

Figure 6.25. MCNP-DSP pulsed source output file e3ala.l.tim.
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6.4 FEYNMAN VARIANCE SIMULATION

This example demonstrates the use of a Feynman variance simulation with a
multi-volume, inherent spontaneous fission source. The geometry consists of a 5.0-cm
OD delta phase plutonium sphere surrounded by a delta phase plutonium shell that has
9.0-cm ID and a 15.0-cm OD. The delta phase plutonium sphere has a density of 15.48
g/cm® and is comprised of 90 wt% “*Pu, 9 wt% **°Pu, and 1 wt% 2**Pu. Two plastic
scintillation detectors are located 7.5-cm away from the surface of the outer shell and
positioned 180° apart. The only source for this problem is the inherent plutonium source.
The MCNP input file for this problem is provided in Fig. 6.26 and the MCNP-DSP extra
data file is provided in Fig. 6.27.

Line 1:

Lines 2-10:

Lines 12-27:

Lines 29-41:

Lines 42-43:

Description of Input File E4A1.1

The first line of the input file is the title line.

These are the cell description cards. The cells must be numbered
sequentially, and cells that are not used in_the model must be
removed. Otherwise, MCNP-DSP will produce errors in the calculations.

These lines contain the surface description cards.

These are the data cards. The materials must be numbered
sequentially. No materials can be skipped nor should unused
materials be added to the input file. A separate material must be
entered for each detector because the detector tallies are determined
by the material in which interactions occur. The prdmp card is used to
control how often data are written to the MCNP-DSP output files. The
dbcen card is used to change the random number seed for the MCNP-DSP
because the output data for several MCNP-DSP calculations are typically
combined together.

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (e4al.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (e4al.l)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22.
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OoOoO~NoO ok, WN B

AP ADDPAEDOWWWWWWWWWNNNMNNMNNDNNNNNRPRPRERRPERPERPERPERRERER
P ONPODOO~NOOOPRRWNPFPOOO~NOUIRWNPOOO~NOOOEA,WNEO

Plutonium Shells: OR1 2.50, IR2 4.5 OR2 7.5 cm
1-1548 -1 imp:n,p=1

1
2
3
4
5
6
7
8
9

OO0

WN -

c

10
11
12
13
14
15
20
21
22

0

+1 -2 imp:n,p=1

1-1548 +2 -3 imp:n,p=1

0

+3 +10 -11 +12 -13 +14 -15 imp:n,p=1

20.0880 -20+11-22 imp:n,p=1

0

+20 +11 -22 +12 -13 +14 -15 imp:n,p=1

30.0880 -20-10+21 imp:n,p=1

0
0

+20-10 +21 +12 -13 +14 -15 imp:n,p=1
-21:+422:-12:+13:-14:+15  imp:n,p=0

Surfaces

py
pz
pz
X
px
px

mode n p
ml 94239.50c -0.90

94240.50c -0.09
94241.50c -0.01

m2 1001.50c 0.5477
6012.50c 0.4523
m3 1001.50c 0.5477
6012.50c 0.4523

C
C
C

Control Cards

prdmp 1j -300

dbcn 19573486999999 11j 725525
idum 1
files21 ed4al.xsf022ed4al.1sf0
ctme 1200

Figure 6.26. MCNP-DSP input file e4al.i.
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1 scd=0

2 bks=5000000

3 pro=2

4 sdt=0

5 dto=0

6 tbn=1024 5e8

7 det=2 2 30.87550.875

8 0.22 50.22

9 100000

10 det=3 3 30.87550.875
11 0.22 50.22

12 100000

13 sfs=224 0.0 0.0 0.0
14 0.0 2.499

15 1 2 0.077
16 400 00 0.0
17 4501 7.499

18 1 2 1626

19 end
Figure 6.27. MCNP-DSP input file e4al.x.

Description of Extra Data File E1B1.X

Line 1: The source disintegrations per block (scd) are zero in this example.

Line 2: The number of blocks to calculate (bks) is 5000000.

Line 3: This specifies that this is a Feynman variance calculation (pro=2).

Line 4: The dead time is not invoked (dto=0).

Line 5: This line specifies the number of time channels as 1024 with a sampling

rate of 500 MHz.

Lines 6-11:  These lines describe the detectors in the problem. The source is detector 1
and does not need to be labeled. This problem has two detectors, 2 and 3.
Both detectors are scatter detectors. Detector 2 is material 2 and type 3
while detector 3 is material 3 and type 3. The scatter detector requires both
neutron and gamma ray thresholds. The lower and upper neutron
thresholds are 0.875 and 50.875 MeV respectively. The lower and upper
gamma ray thresholds are 0.22 and 50.22 MeV respectively. The pulse
generation time is set to 10 ns. There are no energy bins in this calculation
and there are no neutron or gamma ray background counts for the detector.
The dead time for each detector is zero.
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Lines 12-17: These lines are used to specify the inherent spontaneous fission source for
?%py The first parameter is the total number of spontaneous fission
sources. In this example, two inherent spontaneous fission sources are
selected. The next entry is the number of volumes that contain inherent
spontaneous fission sources. In this example, two volumes contain the
inherent source. The next entry is the source volume type that is simply a
spherical source. The origin of the inherent source volume is provided
next. The source parameters are continued on line 13. The first entry is the
inner radius of the sphere (type 4 volume) and the next entry is the outer
radius of the sphere. Note that the outer dimensions cannot correspond
exactly to one of the surfaces of the problem because the source is a
volume source and not a surface source. The source parameters are
continued on line 14. The first entry on line 14 is the number of inherent
spontaneous fission sources in this volume and is equal to one. The next
entry is the spontaneous fission type (type 2=**°Pu). The next entry is the
number of spontaneous fission per block. On line 15, the source
parameters for the second volume are specified. The first entry is the
volume type (type 4 volume) and is followed by the origins of the second
volume. The next entries on line 16 are the inner and outer radii of the
second volume. Finally, the number of inherent spontaneous fission
sources for the second volume is specified along with the type and number
of spontaneous fission events per block. Note that although arbitrary
numbers could have been entered, the actual numbers of spontaneous
fission events per block per volume have been entered. It is important to
remember that the ratio of spontaneous fission events per block must be
maintained.

Only a single output file is created from the Feynman variance simulation. The
output summary file contains the average counts per block and the average squared
counts per block for neutron, photon, and/or the combined neutron and photon detector
response. The output of the summary data file can be used to estimate the Feynman
variance for a particular counting interval. The user must change the sampling rate and/or
the number of time bins to change the counting period because the counting period is
equal to the number of time bins divided by the sampling rate. By performing several
calculations with different sampling rates, the user will be able to obtain an estimate of
the Feynman variance. Furthermore, if the dead time option is invoked then the affect of
dead time can be investigated as long as the dead time is longer than the period of an
individual time bin.
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* MCNP-DSP MonteCarlo Code
* Developed by Timothy E. Valentine
* Oak Ridge National Laboratory

kkhkkkkhhkkkhkhkhkkkhhkkhkhhkkkhhhkkkhhkkhhhkkkhhhkkhkhhkhkkrhhkkhkhhkkhkhhkkkhhhkkhkhhkkhkhhkkhkhkhkkhkhhkkhkhhkkhkhkhkkhkhhkkkiikx

khkkkkhhkkkhkhhkkkhhkkhkhhkkhhhkkhkhhhkkhkhhkkkhhhkkhkhhkkrhhkkhkhhhkkhkhhkkkhhhkkhkhhkkhkhhkkkhkhkkhkhhkkhkhhkkhkhkhkkhkhhkkkikikx

* Source Information

KA AR AR KRR A AR AR AR R AR A A A AR R AR AR A AR AR A AR A AR AR AR A AR AR AR R AR AR A AR AR AR A AR AR AAA AR AR A AAAAK
Number of Source Events/ Data Block= 0.00

Number of Data Blocks= 5000000

Source Cell= 0

Source Surface= 0

Source Coordinates

Source X-Coordinate= 0.0000

Source Y-Coordinate= 0.0000

Source Z-Coordinate= 0.0000

kkhkkkkkkkhkhkkkhhkkhkhhkkkhhhkkhkhhhkkhhhkkhhhkkhkhhkhkrhhkkhkhhhkkhkhhkkkhhhkkhkhhhkkrhhkkhhhkkhkhhkkhkrhhkkhkhhkkhkhhkkiikx

kkhkkkkhkhkkkhkhkkkhkhkkhkhhkkkhhhkkhkhhkkhkhhkkhhhkkhkhhkkrhhkkhkhhhkkhkhhkkhkhhhkkhkhhhkhhhkkkhkhkkhkhhkkhhhkkhkhhkkhkhhkkkiikx

* Detector Information

R e e e e e e e e e e e e e S e e e S e e e S e e R e e S e e e e e e e e e R S S e e S S e e S S e P S S e e P e e e e e e e e e e e
Detector Neutron Photon Gen. Time

Id. Mat Type Low. Up. Low. Up. (ns)

2 2 3 0.87500 50.87500 0.22000 50.22000 10.00000
3 3 3 0.87500 50.87500 0.22000 50.22000 10.00000

B e s s s e e e s s S s e e S o 2 3 2 o o e

kkhkkkkhkkkhkhkkkhhkkhkhhkkkhhhkkhkhhhkkhhhkkhkhhhkkhkhhhkrhhkkhkhhhkkhkhhkkkhhhkkhkhhhkkhhhkkkhhhkkhkhhkkhhhkkhkhhkkhkhhkkiix

* Neutron Tracking Information
AAAEAAAKXAKRAAAARAKRA AR AR AR A A A AR AR A A XA AR AR A A XA AR AR A AA AR AAAAAAXAA AR AR AR A AR AR AR A AR AR AAAAK
Neutrons Followed: 175357043
Number of Fissions: 49919892
Number of Captures: 1810366
Number of (n,xn): 87492
Number of Leakages: 123539293
Src Neutrons Followed: 0
Number of Fissions (Sc) 0
Number of Captures (Sc) 0
Number of (n,xn) (Sc) 0
Number of Leakages (Sc) 0
S.F. Neutrons Followed: 18347427
AAAAAAXAKRAAAAXRAKRA AR AR AR A A A AR AR A AR AR A AR AR AR AR A AKX AXAAAAAAAXAAAA AR AR A AR AR AR A AR AR AAAAK
* Calculated Parameters
AAAAAAKAAKRAAAARAKRA AR AR AR A A A AR AR A AR AR AR A AKX AR AXAAAAAXAAAAAAAAA AR AR AXAA AR AR AR A AR AR AAAAK
Average Sc Nu-Bar: 0.00000 +/- 0.00000
Average Sc Nu-Sg-Bar: 0.00000
Source Diven Factor: 0.00000
Average Sc Energy (MeV) 0.0000 +/- 0.00000
Average Nu-Bar: 3.14172 +/- 0.11448
Average Nu-Sg-Bar: 11.18100
Diven Factor: 0.81448
Average Energy (MeV) 2.1168 +/- 0.00000
Spontaneous Fission Vol 1
SF Nu-Bar 2.1546
SF Avg. Eng. 1.9844

Figure 6.28. MCNP-DSP output summary file e4al.l.
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Spontaneous Fission Vol 2

SF Nu-Bar 2.1548
SF Avg. Eng. 1.9809
AAAAAAKAAKRAAAARA AR A AR AR AR A A A AR AR A AR AR AR A A A AR A XA A AR AR AAAAAAAAAA AR AXAAAA AR AXAA AR AR AXAANK
* Neutron Emission Distribution
AAAAKREAKAAKRAAA AR AR A AR AR AR A AR AR AR A AR AR AR A AR AR AR A AR AR AXAAAAAAAAAAAAXAAAA AR AXAA AR AR AAANK
Neutrons Source System
0 0.000000000  0.008346272
1 0.000000000  0.060584967
2 0.000000000  0.213184836
3 0.000000000  0.345963489
4 0.000000000  0.261472741
5 0.000000000  0.093145895
6 0.000000000  0.015912414
7 0.000000000  0.001333076
8 0.000000000  0.000055088
9 0.000000000  0.000001202
10 0.000000000  0.000000000

kkhkkkkkhkkkhkhhkkkhkhkkhkhhkkkhhhkkhkhhhkkhhhkkhkhhhkkhkhhkrhhkkhkhhhkkhhhkkhkhhhkkhkhhhkkhhhkhkhhhkkhkhhkkrkhhkkhkhhkkhkihkkkiikx

* Detector Information

R e s s e e e e s s e s e e o 2 3 2 o s o 2 o

Det. Id. Det. Mat Det. Type No. Detects No. Sc Detects
2 2 3 91686 0
3 3 3 92075 0

kkhkkkkhkkkhkhkkkhhkkhkhhkkkhhhkkhkhhhkkhhhkkhkhhhkkhkhhhkrhhkkhkhhhkkhkhhkkkhhhkkhkhhhkkhhhkkkhhhkkhkhhkkhhhkkhkhhkkhkhhkkiix

* Photon Tracking Information
AAAEAAAKXAKRAAAARAKRA AR AR AR A A A AR AR A A XA AR AR A A XA AR AR A AA AR AAAAAAXAA AR AR AR A AR AR AR A AR AR AAAAK
Photons Followed: 654497481
Number of Captures: 626227789
Number of Pair Productions 7858981
Number of Leakages: 20410711
Sc Photons Followed: 0
Number of Captures (Sc) 0
Number of Pair Productions (Sc) 0
Number of Leakages (Sc) 0

B e s s e e e s e s e s s e e o 2 2 o s o e

* Calculated Parameters

R e e e e e e e e e e e e S e e e e e e S S e e e e e S e e e e e e e e e S S S e S S e S P S e e P S S e e e e e e e e e e e e e e
Average Sc G-Bar: 0.00000 +/- 0.00000
Average Sc G-Sg-Bar: 0.000000
Source Photon Diven Factor: 0.00000

Average Sc Energy (MeV) 0.0000 +/- 0.00000
*hkhkhkkhkhkhkkhkhkhkhkhkhkhkhhkhkhhkhkhhhkhhhhhhkhhhhkhkhhhhhhhhkhhhhkhhhkhhhhhhhhhhkihhhhhhhhihhhiihiiik
* Detector Information

B e s e s s e e e S e s S s e S S o e 2 2 o o 2 e

Det. Id. Det. Mat Det. Type No. Detects No. Sc Detects
2 2 3 10574 0
3 3 3 10596 0

Figure 6.28. (continued).
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s e s e s e e o e 3 o o e

* Feynman Variance *

kkhkkkkhhkkkhkhkhkkkhhkkhkhhkkkhhhkkkhhkkhhhkkkhhhkkhkhhkhkkrhhkkhkhhkkhkhhkkkhhhkkhkhhkkhkhhkkhkhkhkkhkhhkkhkhhkkhkhkhkkhkhhkkkiikx

khkkkkhhkkkhkhhkkkhhkkhkhhkkhhhkkhkhhhkkhkhhkkkhhhkkhkhhkkrhhkkhkhhhkkhkhhkkkhhhkkhkhhkkhkhhkkkhkhkkhkhhkkhkhhkkhkhkhkkhkhhkkkikikx

* Neutron *
R e e e e e S e e e e e S e e e S e e e S e e R e e S e e e e e e e e e e e R S S S S S S S P S S e P S S e e P S S e e e e e e e e e
Det. Id. Period (s) C-bar C-Sg-bar

2 2.04800000E-06 1.83372000E-02 2.11368000E-02

3 2.04800000E-06 1.84150000E-02 2.11906000E-02
*hhhhkhkhhkhhkhkhhkhhkhkhhkhhkhkhhkhhkhkhhhhhkhhkhhkhkhhkhhkhkhhkhhkhkhhkhhkhkhhkhhkhkhhkhhhkhhkhhkhkhhhhhkhhihhkiikikx
* Photon *
*hhhhhkhhhhhkkhhkhhhkhhhhkhkhhhhhkhhhhhkhhkhhhkhhhhhkhhhhkhkhhkhhkhkhhkhhhkhhkhhhkhhhhhkhhhhhkhhhkhhkiihikx

2 2.04800000E-06 2.11480000E-03 2.14560000E-03

3 2.04800000E-06 2.11920000E-03 2.15120000E-03
R e e e e e e e e e e e e S e e e S S e e S e e R e e S e S e e e e S e e R S S e S S S S P S S e P S S e e e S S e e e e e e e e e
* Neutron and Photon *
R e e e e e e e S e e e e e S S e e S e e e S e e R e e S e e e e e e e e e R S S S S S S S P S S e S S e e P S e e e e e e e e e e

2 2.04800000E-06 2.04520000E-02 2.38900000E-02

3 2.04800000E-06 2.05342000E-02 2.39574000E-02

Figure 6.28. (continued).

6.5 MULTIPLCITY SIMULATION

This example demonstrates a passive multiplicity simulation with plutonium metal
spheres. The geometry consists of a 5.0-cm OD delta phase plutonium sphere surrounded
by a delta phase plutonium shell that has 9.0-cm ID and a 15.0-cm OD. The delta phase
plutonium has a density of 15.48 g/cm® and is comprised of 90 wt% ***Pu, 9 wt% “*°pu,
and 1 wit% 2*Pu. A 7.62-cm thick, 30-cm long polyethylene cylinder that contains eight
*He proportional chambers that have a 2.54-cm OD and are 30-cm long surrounds the
plutonium assembly. The detectors are modeled using the same material in this instance
to demonstrate how a single response can be obtained in the multiplicity simulation that
involves numerous actual detectors. The MCNP input file is given in Fig. 6.29, and the
extra data file contents for the multiplicity simulation are given in Fig. 6.30.
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Plutonium Shells: OR1 2.50, IR2 4.5 OR2 7.5 cm
1-1548 -1

OoOoO~No ok~ wWwN PR

T el
wWwN Rk o

=
N

1

2

3

10
11
12
13
20
21
22
23
24
25
26
27

+1 -2

-15.48 +2 -3

+3-10 +11-12

7.384e-5 -20 +11 -12

7.384e-5 -22 +11-12
7.384e-5 -23 +11-12
7.384e-5 -24 +11 -12
3 7.384e-5 -25+11-12
3 7.384e-5 -26 +11 -12
3 7.384e-5 -27 +11-12

2

0

)

S0

S0
cz
pz
pz
cz
clz
clz
c/z
c/z
c/z
c/z
c/z
c/z

mode n
ml 94239.50c -0.90

0
1
0
3
3 7.384e-5 -21 +11-12
3
3
3

-0.9

imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1
imp:n=1

+10-13 +11 -12 +20 +21

+22 +23 +24 +25 +26 +27 imp:n=1

+13:-11:+12

2.50
4.50
7.50
15.0
-15.0
15.0
22.62
18.81 0.0 2.54
-18.81 0.0 2.54
0.0 18.81 254
0.0 -18.81 2.54
13.30 13.30 2.54
13.30 -13.30 2.54
-13.30 13.30 2.54
-13.30 -13.30 2.54

94240.50c -0.09
94241.50c -0.01

m2 1001.50c 2.0
6000.50c 1.0

m3 2003.50c 1.000000
prdmp 1j -90

dbcn 19573486999999 11j 725525

idum 1

files 21 e5ala.x s f0 22 e5ala.1sf0

ctme 1500

Figure 6.29. MCNP-DSP input file ebala.i.
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Line 1:

Lines 2-16:

Lines 18-32:

Lines 34-42:

Lines 43-44:

Description of Input File E5A1A.I

The first line of the input file is the title line.

These are the cell description cards. The cells must be numbered
sequentially, and cells that are not used in_the model must be
removed. Otherwise, MCNP-DSP will produce errors in the calculations.

These lines contain the surface description cards.

These are the data cards. The materials must be numbered
sequentially. No materials can be skipped nor should unused
materials be added to the input file. The prdmp card is used to control
how often data are written to the MCNP-DSP output files. The dbcn card
is used to change the random number seed for the MCNP-DSP because the
output data for several MCNP-DSP calculations are typically combined
together.

These lines are used to execute the MCNP-DSP calculations. If the first
entry on the idum card is 1, the MCNP-DSP calculation is executed and
other tallies are not accumulated. The files card is used to specify two
files. The first file (ebala.x) contains the extra data parameters and is
opened as a sequential, formatted file on unit 21. The second file (e5ala.1)
is the MCNP-DSP output file. The output file is opened as a sequential
formatted file on unit 22. Both files must be entered as sequential and
formatted files. The record length is zero for sequential files.

1 scd=0

2 bks=2500000

3 mit=1

4 dto=0

5 tbn=1024 100000.

6 det=23201.00

7 sfs=224 0.0 0.0 0.0
8 0.0 2.499

9 1 2 0.077
10 400 00 0.0
11 4501 7.499

12 1 2 1.626
13 end

Figure 6.30. MCNP-DSP extra data file e5ala.x.
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Line 1:

Line 2:

Line 3:

Line 4:

Line 5:

Lines 6:

Lines 7-12:

Line 13:

Description of Extra Data File ESBA1A.X

There are no source disintegrations per block (scd) in this example.

The number of blocks to calculate (bks) is 2500000.

This line specifies that this is a detector triggered multiplicity calculation.
This line specifies that the dead time option be disabled.

This line specifies the number of time channels as 1024 with a sampling
rate of 100 kHz.

These lines describe the detector in the problem. The detector is a capture
detector that has a 100% neutron counting efficiency.

These lines are used to specify the inherent spontaneous fission source for
?%py The first parameter is the total number of spontaneous fission
sources. In this example, two inherent spontaneous fission sources are
selected. The next entry is the number of volumes that contain inherent
spontaneous fission sources. In this example, two volumes contain the
inherent source. The next entry is the source volume type that is simply a
spherical source. The origin of the inherent source volume is provided
next. The source parameters are continued on line 13. The first entry is the
inner radius of the sphere (type 4 volume) and the next entry is the outer
radius of the sphere. Note that the outer dimensions cannot correspond
exactly to one of the surfaces of the problem because the source is a
volume source and not a surface source. The source parameters are
continued on line 14. The first entry on line 14 is the number of inherent
spontaneous fission sources in this volume and is equal to one. The next
entry is the spontaneous fission type (type 2=**°Pu). The next entry is the
number of spontaneous fission per block. On line 15, the source
parameters for the second volume are specified. The first entry is the
volume type (type 4 volume) and is followed by the origins of the second
volume. The next entries on line 16 are the inner and outer radii of the
second volume. Finally, the number of inherent spontaneous fission
sources for the second volume is specified along with the type and number
of spontaneous fission events per block. Note that although arbitrary
numbers could have been entered, the actual numbers of spontaneous
fission events per block per volume have been entered. It is important to
remember that the ratio of spontaneous fission events per block must be
maintained.

The end parameter is used to specify the end of the extra file. This option
could have also been omitted.
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Two output files are created when performing multiplicity simulations. The first
contains general information on the number of counts for each detector and is specified as
the second data file in the MCNP input file. The other output file contains the multiplicity
signatures for the detectors. The general output filename as specified in Fig. 6.29 is
ebala.l. A second output file is written that on the Unix operating system will have the
name e5ala.l.mlt. The ‘mlt’ indicates that the file contains multiplicity data.

Description of Output Pulsed Source File ESA1IA.1.MLT

A limited amount of the multiplicity simulation output file is provided in Fig.
6.31. The output file contains the triggered and random multiplicity counts for the
detector and the combined detector response. The output file has two columns that are
separated by headers. The first column contains triggered multiplicity values, and the
second column contains the random multiplicity values. The combined detector
multiplicity values are the same as those for detector 2 because only a single detector was
specified in this problem. These multiplicity values are obtained from a fictitious
assembly and geometry and do not represent any actual multiplicity measurement.
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Detector Triggered Multiplicity
Neutron
Detector # 2
Value  Triggered Random
0 989774 1496014
582268 418522
399462 185323
297262 103156
230894 66894
184042 47092
149142 35046
122115 27060
100925 21195
83324 17550
10 69274 14024
skip 1013 lines

©O©oO~NO O~ WN P

1024 0 0

kkhkkkkhkhkkkhkhkkkhkhkkhkhhkkkihhkkhkhkhkkhkhhkkkhhkkhkiikkk

* Combined Detector Distributions *
AEAAAAAAAAAAAAARAAAAAAAAARAAAAAAAAAAA ) )%
Detector Triggered Multiplicity
Neutron
Value  Triggered Random

0 989774 1496014

1 582268 418522
2 399462 185323
3 297262 103156
4 230894 66894
5 184042 47092
6 149142 35046
7 122115 27060
8 100925 21195
9 83324 17550
10 69274 14024

Figure 6.31. MCNP-DSP multiplicity output file e5ala.l.mlt.
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APPENDIX A MCNP-DSP INPUT AND OUTPUT FILES

MCNP-DSP is executed in the same manner as standard MCNP. To perform a
MCNP-DSP simulation, the user must create a standard MCNP input file and construct
an extra data file for MCNP-DSP. The extra data file contains the various options for
specifying the source type, detector type, and processing mode for the simulation. A
typical execution command line for executing MCNP-DSP is as follows:

mcnp.dsp inp=file.i outp=file.o

In this example, “file.i” is the standard MCNP input file and “file.0” is the standard
MCNP output file. To perform a MCNP-DSP simulation, the input file “file.i” must
contain the following data cards:

idum 1
files 21 filexsf0 22 file.l1sf0

The data card idum is used to instruct the program to perform the MCNP-DSP
simulations. If this data card is omitted, MCNP-DSP will perform a standard MCNP
calculation assuming that the user specifies the source and tally options appropriately. In
this example, the extra data file is “file.x” and is opened on unit 21 as a sequential
formatted data file with a record length of zero. The extra data file must always be an
ASCII file. A second file is also specified with the files data card. This second file is the
MCNP-DSP output summary file. This file contains a summary of the neutron and/or
gamma ray tracking information and detection information. Additional output files are
also created in addition to the MCNP-DSP summary file. These output files depend on
the simulation type.

For frequency analysis simulations, the additional output files contain the
frequency spectra between the source and two detectors. The names of the frequency
spectra output files are created from the MCNP-DSP output summary file. The name of
the frequency spectra output files depends on the operating system. For UNIX operating
systems, the frequency spectra files would have the names file.1.123.fft.n, file.1.123.fft.p,
and file.1.123.fft.np assuming that the simulation was a dual neutron and photon problem.
The first file contains the spectra for the neutron response, the second file contains the
spectra for the gamma response, and the third file contains the spectra for the combined
neutron and gamma ray response as indicated by the last extension. The other filename
components have distinct meanings. The first part that has the ‘123’ indicates that this
file contains the frequency spectra for the auto spectra of detectors #1, #2, and #3, and the
cross spectra between 1 and 2, 1 and 3, and 2 and 3. The “fft’ indicates that the file
contains data that have been Fourier transformed. If the simulation has more than two
detectors, then frequency spectra files will be created for each pair of combinations of
detectors. For example if the simulation contains a source and three detectors additional
frequency spectra files will be generated as file.1.124.fft.n, file.1.124.fft.p,
file.1.124.fft.np, file.1.134.fft.n, file.1.134.fft.p, and file.1.134.fft.np. The files with ‘124’
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would contain the frequency spectra for the auto spectra of detectors #1, #2, and #4, and
the cross spectra between 1 and 2, 1 and 4, and 2 and 4. Likewise, the files with ‘134’
would contain the frequency spectra for the auto spectra of detectors #1, #3, and #4, and
the cross spectra between 1 and 3, 1 and 4, and 3and 4. For the PC operating system, the
frequency spectra files have different names because of limitations with DOS filenames.
The frequency spectra files would have names file-1.fn1, file-1.fp1, and file-1.fc1 for a
simulation with a source and two detectors. The ‘fnl’ file contains the frequency spectra
involving the neutron response for the source and both detectors, the “fpl’ file contains
the frequency spectra involving the photon response for the source and both detectors,
and the ‘fcl” file contains the frequency spectra involving the neutron and photon
response for the source and both detectors. If the simulation contains a source and three
detectors additional frequency spectra files will be generated as file-1.fn2, file-1.fp2, file-
1.fc2, file-1.fn3, file-1.fp3, and file-1.fc3.

For correlation analysis simulations, the additional output files contain the
correlation functions between the source and two detectors. The names of the correlation
output files are created from the MCNP-DSP output summary file. The name of the
correlation output files depends on the operating system. For UNIX operating systems,
the correlation files would have the names file.1.123.cor.n, file.1.123.cor.p, and
file.1.123.cor.np assuming that the simulation was a dual neutron and photon problem.
The first file contains the correlation functions for the neutron response, the second file
contains the correlation functions for the gamma response, and the third file contains the
correlation functions for the combined neutron and gamma ray response as indicated by
the last extension. The other filename components have distinct meanings. The first part
that has the ‘123’ indicates that this file contains the frequency spectra for the auto
correlation function of detectors #1, #2, and #3, and the cross correlation functions
between 1 and 2, 1 and 3, and 2 and 3. The ‘cor’ indicates that the file contains
correlation data. If the simulation has more than two detectors, then correlation files will
be created for each pair of combinations of detectors. For example if the simulation
contains a source and three detectors additional correlation files will be generated as
file.1.124.cor.n, file.1.124.cor.p, file.1.124.cor.np, file.1.134.cor.n, file.1.134.cor.p, and
file.1.134.cor.np. The files with ‘124’ would contain the auto correlation functions of
detectors #1, #2, and #4, and the cross correlation functions between 1 and 2, 1 and 4, and
2 and 4. Likewise, the files with ‘134” would contain the auto correlation functions of
detectors #1, #3, and #4, and the cross correlation functions between 1 and 3, 1 and 4, and
3and 4. For the PC operating system, the correlation files have different names because of
limitations with DOS filenames. The correlation files would have names file-1.cnl, file-
1.cpl, and file-1.ccl for a simulation with a source and two detectors. The ‘cnl’ file
contains the correlation functions involving the neutron response for the source and both
detectors, the ‘cpl’ file contains the correlation functions involving the photon response
for the source and both detectors, and the ‘ccl’ file contains the correlation functions
involving the neutron and photon response for the source and both detectors. If the
simulation contains a source and three detectors additional correlation files will be
generated as file-1.cn2, file-1.cp2, file-1.cc2, file-1.cn3, file-1.cp3, and file-1.cc3.
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For pulsed neutron simulations, only one additional output file is written. For the
UNIX operating systems, the pulsed source file would be file.1.tim. This file contains the
counts after a source event for the neutron, photon, and combined neutron and photon
response of the detector. For the PC operating system, the file name would be file-1.tim.
The extension ‘tim’ refers to time domain.

For multiplicity simulations, only one additional output file is written. For UNIX
operating systems, the multiplicity file would be file.1.mlt. This file contains the detector
or source triggered multiplicity values for the neutron, photon, and combined neutron and
photon response of the detector. For the PC operating system, the file name would be file-
1.mit. The extension ‘mlt’ refers to multiplicity.

For the Feynman variance simulation, no additional output files are written. The

average counts and average squared counts per block are written to the MCNP-DSP
output summary file.

98



APPENDIX B
SPONTANEOQOUS FISSION NEUTRON DISTRIBUTIONS

99



APPENDIX B. SPONTANEOUS FISSION NEUTRON DISTRIBUTIONS

The P(v) data for *2Cf was obtained from Spencer’s measured data and are listed
in Table B.1. The P(v) data for 2*®U, *%Pu, ***Pu, ***Cm, and ***Cm were obtained from
Zucker and Holden’s tabulated data and are listed in Tables B.2 to B.6.

Table B.1. P(v) probabilities for *Cf

P(v)
0.00211

0.02467

0.12290

0.27144

0.30763

0.18770

0.06770

0.01406

0.00167

O[N]~ lWIN|FR(O <

0.00010

Table B.2. P(v) probabilities for **U

P(v)

0.0481677

0.2485215

0.4253044

0.2284094

0.0423438

PN FR|O|I<

0.0072533

Table B.3. P(v) probabilities for **°Pu

P(v)

0.0631852

0.2319644

0.3333230

0.2528207

0.0986461

0.0180199

olg|bhw N RO

0.0020406
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Table B.4. P(v) probabilities for *?Pu

P(v)

0.0679423

0.2293159

0.3341228

0.2475507

0.0996922

0.0182398

oOlg|bdlwNFR|IO|IC

0.0031364

Table B.5. P(v) probabilities for *Cm

P(v)

0.0212550

0.1467407

0.3267531

0.3268277

0.1375090

0.0373815

0.0025912

0.0007551

O|IN[O(O|P|WIN|FR(O|<

0.0001867

Table B.6. P(v) probabilities for **Cm

P(v)

0.0150050

0.1161725

0.2998427

0.3331614

0.1837748

0.0429780

0.0087914

~N|o|og|bhlw N |O|I<

0.0002744
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APPENDIX C. SPONTANEOUS FISSION NEUTRON ENERGY SPECTRA

The energy spectra of neutrons from spontaneous fission can be represented with
a Maxwellian or a Watt spectrum. The prompt neutron energy spectrum, N(E),
represented by the Maxwellian spectrum is

2 JE o~ EIT
Jr 1302 !

where E is the energy on the neutron and T is the nuclear temperature. The nuclear
temperature is typically 1.42 MeV for *Cf. The Maxwellian does not agree precisely
with the measured spectrum for 2°Cf; therefore, Mannhart'’ developed an energy
dependent correction factor, R(E), which when multiplied by the Maxwellian spectrum
would reproduce the measured spectrum. A least-squares polynomial regression model
was used to obtain a functional form for Mannhart’s correction factor. For energies less
than 5 MeV, the correction factor is represented by

N(E) = (C.1)

R(E)=0.955+0.0707E —0.0444E2+0.0199&*
—0.00457E*+0.00036&". (C.2)

For energies greater than 5 MeV, the correction factor is represented as
R(E) =1.16 —0.0432E +0.00185E* —0.0000316E° . (C.3)

The energy ranges were chosen such that the functional representation adequately
reproduces Mannhart’s discrete points. Other fits could be applied to Mannhart’s
correction factor that when multiplied by the Maxwellian should adequately reproduce
the measured spectra. The average neutron energy obtained from the corrected spectrum
is 2.13 MeV, which agrees well with the measured value. The integral of the corrected
spectrum as a function of energy was normalized to unity. A least-squares polynomial
regression was used to fit the energy as a function of the normalized integral, that is,
making the energy a polynomial function of the random variable.

The energy spectra of the inherent spontaneous fission sources is represented by
the Watt spectrum,

N(E) = Ce ¥ sinh(bE)"?, (C.4)

where E is the neutron energy, C is a normalization constant, and a and b are the
parameters for the Watt spectrum. Some of the Watt parameters for the inherent
spontaneous fission sources can be found in the MCNP manual, and others were supplied
by David Madland of Los Alamos National Laboratory. A listing of the Watt parameters
for the inherent spontaneous fission sources is presented in Table C.1.
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Table C.1. Watt parameters for inherent spontaneous fission sources

Isotope a (MeV) b (MeV™)
=¥y 0.78 5.194
“py 0.799 4.903
“py 0.834 4.432

““Cm 0.891 4.046

““Cm 0.906 3.848
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APPENDIX D. SPONTANEOUS FISSION GAMMA RAY DISTRIBUTIONS

The P(v) data for 2?Cf was obtained from Brunson’s measured data and are listed
in Table D.1. The parameters used to create the probability distributions for 2®U, 2*°pu,
242py 242Cm, and 2**Cm are provided in Table D.2.

Table D.1. P(g) probabilities for ®2Cf

g P(9)
0 5.162699e-04
1 3.742057e-03
2 1.360482¢-02
3 3.312786e-02
4 6.090540e-02
5 9.043537e-02
6 1.133984e-01
7 1.240985¢-01
8 1.216759¢-01
9 1.092255e-01
10 9.137106e-02
11 7.219960e-02
12 5.438050e-02
13 3.923091e-02
14 2.714690e-02
15 1.800781e-02
16 1.143520e-02
17 6.942099¢e-03
18 4.025720e-03
19 2.229510e-03
20 1.179602e-03
21 5.966936e-04
22 2.888766e-04
23 1.340137e-04
24 5.965291e-05
25 2.551191e-05
26 1.049692e-05
27 4.160575e-06
28 1.590596e-06

106




Table D.2. Parameters of gamma rays from spontaneous fission
of 238U 238PU 240PU 242PU 242Cm and 244Cm

Isotope Total energy Average number Average energy
(MeV) (MeV)
28y 6.06 + 0.03 6.36 + 0.47 0.95 + 0.07
>py 6.14 + 0.03 6.34 + 0.46 0.97 £ 0.07
“Opy 6.07 + 0.03 6.40 + 0.47 0.95 + 0.07
22py 6.05 + 0.03 6.51 + 0.49 0.93 +0.07
“2Cm 6.26 + 0.04 6.62 +0.49 0.95 + 0.07
“MCm 6.40 + 0.04 6.90 + 0.52 0.93 +0.07

These parameters are used with the negative binomial distribution to determine the
probability distribution functions for spontaneous fission gamma rays. The negative
binomial distribution is defined as

a+G-1)
ne) =[ . pla-p® (0.1)
with distribution parameters defined as p =x/o2 and a = px/(1- p). The parameter a
can be redefined in terms of the relative width of the distribution as

- |
a=(D -0 (D.2)

Likewise, the parameter p can be redefined as

a
= — D.3
p e (D.3)

The value for a is assumed to be a constant and equal to approximately 26 and G is the
average number of gamma rays from spontaneous fission. A detailed description of this
representation of prompt fission gamma rays is provided in ref. 30.
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