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THE USE OF PARTICLE TRACKS IN PROBLEM ANALYSIS 

Kenneth A. Van Riper, Gregg W. McKinney, and Todd Urbatsch 
Transport Methods Group 

XTM, MS B226 
Los Alamos National Laboratory 

Los Alamos, NM 87545 
505 667.8104 
kvr@lanl.gov 

INTRODUCTION 

The visualization of the microscopic phenomena 
in a Monte Carlo simulation can improve the un- 
derstanding of the problem and provide an impor- 
tant check on the model definition and execution. 
The paths, or tracks, of a sample of the Monte 
Carlo particles show how fission source neutrons 
migrate from one generation to another. The loca- 
tion of fission source neutrons and interactions can 
be shown by event markers. This new visualiza- 
tion is available for the Monte Carlo n-particle code 
MCNPTM[l] due to the addition of fission source 
neutrons, tagged by cycle number, to the particle 
track (PTRAC) data. We report here on the use 
of this and similar information for the analysis and 
illustration of criticality calculations. 

THE MCNP F'TRAC FILE 
The data required for the display of MCNP's 

particle tracks and events is accessible through the 
use of the MCNP ptrac feature (introduced in MCNP 
version 4A). A number of filters exist within MCNP 
to select histories of interest; for example only those 
histories passing through a certain cell may be re- 
quested. Options are available to specify the type of 
information saved; for example, only source events 
may be written. 

The ptrac file written by MCNP can be read and 
plotted by the Justine user interface code and the 
Sabrina[2] graphics code. A large number of op- 
tions and filters are available to select which events 
and tracks, or portions thereof, to display. Global 
filters in Sabrina and Justine select histories which 
have encountered a given cell, surface, material, or 

MCNP, Sabrina, and Justine are trademarks of the 
Regents of the University of California, Los Alamos 
National Laboratory. 

isotope, or which have been created or destroyed by 
a specified process. Tracks and events can be lim- 
ited to bounds in space, energy, time, and weight. 
A range of histories can be chosen, including a 
single history, or the user may step through the 
tracks one history at a time. Events may be chosen 
by general type (collision, termination, etc) and by 
specific types (termination by escape, capture, etc). 
A different style, size, and color marker may be 
used for each type. Uninteresting branches-those 
that do not reach a desired cell, for example--can 
be pruned from a history. The tracks can be color 
coded by energy, weight, time, or particle type. 

We have recently added the ability to include 
in the ptrac data the cycle number and its status- 
active or inactivealong with the fission source 
points used in MCNP criticality calculations. We 
have added options to the display codes based on 
the new data. The source locations, or points, can 
be shown alone, or with other ptrac data, and can be 
selected by cycle number, as well as cycle status. 

A REACTOR EXAMPLE 
We will use a simple reactor model to demon- 

strate the use of particle track data. (The model is 
number 18 in the MCNP test problem suite.) The 
outline of the reactor body and the control rods 
are shown in Figure 1. The fuel elements con- 
sist of cylinders which, like the control rods, ex- 
tend the full length of the reactor body. The el- 
ements are laid out in a hexagonal prism lattice. 
Figure 2 shows a top view of 1/4 of the core with 
the elements visible; the large circles are the con- 
trol rods. The fuel is 70% enriched uranium, sur- 
rounded by a tungsten liner and niobium-zirconium 
cladding. The boron-carbon controls rods are also 
clad with niobium-zirconium. Water fills the inter- 
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FIG. 1.-The reactor from MCNP test problem 18, 
showing the outline of the core and the 12 control 
rods. The fuel rods are not shown in this view. 

FIG. 3.-A top view (left) and side view (right) 
of the reactor core show the source points, many 
of which coincide, for the first cycle. The source 
points are the heavy dots in center of each view. 

FIG. 4.-A top view (left 
the reactor core show th 

and side view (right) of 
source points as small 

dots for cycle 2. The points are not obscured by 
the geometry. 

FIG. 5.-Source points for cycle 3 for the same 
views as in Fig. 4. 

FIG. 2.-A top View of 1/4 of the reactor showing 
the fuel elements and larger control rods. 

stitid spaces. A reflecting plane along y = 0 was 
used and the calculation restricted to y > 0. The 
data we show for y < 0 were obtained by reflection. 

Fission Source Locations 
An MCNP criticality calculation was run with 

5 inactive cycles, and 15 active cycles, for a total of 
20. For each cycle, lo00 histories were followed. 
Figures 3 through 9 show top and side views of 
the source locations in cycles 1,2,3,4, 6, 12, and 
20. For clarity, only three control rods are shown 



FIG. 6.-Source points for cycle 4 for the same 
views as in Fig. 4. 

FIG. 9.-Source points for cycle 20 for the same 
views as in Fig. 4. 

FIG. 7.-Source points for cycle 6 for the same 
views as in Fig. 4. 

FIG. 1O.Detail of the top View for cycle 20, show 
the fuel elements (small circles), a portion of a 
control rod (large circles), and source points (filled 
dots). The source points, about which the dots are 
centered, lie within the uranium fuel. 

FIG. 8.-Source points for cycle 12 for the same 
views as in Fig. 4. 

A sequence of frames similar to Figures 3 through 
9 may be displayed consecutively on the computer 

the source points. When a large number of neutrons 
are followed per cycle, plots of source locations or 
other data may be too crowded. To help with these 
situations, a random filter exists in Sabrina and Jus- 

Although the source points show an overall uni- 
form sampling of the core, not each fuel element is 
sampled. An enlarged top view of the core, with the 
fuel cylinders visible, is shown in Figure 10. The 
source points do occur in the uranium fuel rods (as 

in the side views. All geometry is emPa=nt in screen, an view of 
each view and does not obscure any source points. 
Both the direct Source and their reflection 

= are shown' Large points a= used 
for the degenerate first cycle some  positions in 

the core for each successive inactive cycles, and 
are spread throughout the core by the first active 
cycle, 6, which is shown in Figure 7. The gross 
distribution is the same for each of the active cycles; 
Figures 8 (cycle 12) and 9 (cycle 20) show two 
representative cycles. 

3. The Source positions more Of tine to delete a mer-specified fraction of histories. 

c 



FIG. 11.-Source points for cycle 6 plotted with 
symbols assigned according to the neutron energy. 
On the left side of figure, the small filled dots rep 
resent energies (in MeV) E > 5, open circles: 
4 < E 5 5, 6-pointed stars: 3 < E 5 4, boxes: 
2 < E 5 3, and on the right side, triangles: 1 < 
E 5 2, pentagons: 0.5 < E 5 1, and large filled 
dots: E 5 0.5. 

they should), but many are not sampled. others 
contain multiple source points. 

In addition to the source location, the energy, 
weight, and direction of the neutron may be writ- 
ten to the ptrac file. Other available information is 
the cell and material in which the source point is 
contained. In Figure 11, different marker styles are 
used to distinguish source energy ranges for 200 
source points in cycle 6. Figures such as this one 
are useful for verifying that each energy range ap- 
pears to be uniformly distributed in space. 

The event markers can also be plotted with a 
color depending on the event type, energy, and 
other attributes. For these black and white proceed- 
ings, only the size and shape of the event markers 
are available to identify different data types. 

Termination Points 
The neutrons created at the source points are 

followed until they induce a fission event, undergo 
capture, or escape from the system. These three 
types of termination events are shown as open cir- 
cles, crosses, and boxes in Figures 12 and 13 for 

FIG. 12.-Termination points for cycle 1 shown in 
a top view. Escapes are shown by boxes. Fissions 
are shown by open circles in the left side of the 
plot, and captures by X’s on the right side. 

FIG. 13.-Termination points for cycle 20 shown in 
a top view. Escapes are shown by boxes. Fissions 
are shown by open circles in the left side of the 
plot, and captures by X’s on the right side. 

cycles 1 and 20, respectively. One-half of the ter- 
mination points are shown in each case. The direct 
(y > 0) fission points are shown, while the the cap- 



FIG. 14.-Neutron paths in the core for 1/5 of the 
histories in cycle 20. The control rods are treated 
as opaque, obscuring the tracks behind them. 

ture points are reflected to y < 0. The direct and 
reflected escapes are shown. 

The escapes are most evident at the periphery 
of the core cylinder. A few boxes in the interior 
reflect escape through the top and bottom of the 
core. The control rods show a preference for cap- 
tures and no fissions (because of their finite radius, 
the fission circles overlap the control rods). On the 
first cycle, most of the neutrons, which are emit- 
ted in the center of the core, do not reach the edge 
and only 33 escape. With the more uniform source 
distribution of cycle 20, a quarter (254) of the neu- 
trons escape. The number of captures (487 in cycle 
1, 340 in cycle 20) and fissions (493 and 413) de- 
crease slightly as the source converges and leakage 
increases. 

Neutron Tracks 
The distance between successive fissions gives 

an indication of the degree of communication be- 
tween various regions of the system. If communi- 
cation is weak, a large number of inactive cycles 
may be required to adequately converge the source. 
Insight into the degree of communication may be 
ascertained by displaying the average neutron path 
length. One-fifth of the neutron tracks in cycle 20 
are shown in Figure 14, where the control rods are 
treated as opaque in order to introduce some per- 
spective. Intermediate scattering events have not 
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FIG. 15.-An alumhum block containing 2 tanks 
partially filled with an uranium solution. 

been written to the ptrac file, so the tracks shown 
in Figure 14 merely connect source and termination 
and may not reflect the actual path of the neutrons. 

CRITICALITY EXAMPLES 

Uranium Solution Tanks 
visualization of the fission source points pro- 

vides an excellent diagnostic of the effect nonopti- 
mum initial source positions and the number of cy- 
cles required to lose memory of the initial source. 
Figure 15 shows an aluminum block containing two 
tanks partially filled with aqueous uranly nitrate so- 
lution. The criticality of this and similar configura- 
tions is often of interest. 

The fission source locations are shown for the 
first 20 cycles in Figures 16 and 17. Figure 16 
shows the situation when the initial source fissions 
are present in both cylinders, while Figure 17 shows 
a calculation where only one cylinder contains ini- 
tial fissions. The source locations are evenly dis- 
tributed among the 2 cylinders by cycle 6. 

“ k e ~  of the World” Problem 
The other 8 planes show a similar (except for 

not containing a Jezebel) sampling pattern. Figure 
18 indicates that the central sphere has a higher C 
and probably should have contained more initi 
source points. The sampling is very much improved 
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for k E, an indication of lack of convergence. A 
user fwking a priori knowledge of keff would be 
able to see an indication of a higher keff in the cen- 
tral sphere of Figure 18; the problem could then be 
rerun with more initial source points in the center 
sphere. The sampling is very much improved when 
5,000 nemons are followed per cycle, as is shown 
in Figure 19. A few spheres axe not sampled in 
each plane, but overall the coverage is adequate, 
and detection of any sphere with a higher keff is 
likely. 
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SUMMARY 

The addition of fission source data to the MCNP 
ptrac data facilitates more detailed analysis and bet- 
ter understanding of criticality calculations. A few 
figures can show where neutrons are being emit- 
ted, and where and how they are being removed. 
Plots of the source points show if all regions of the 
model are being sampled, and any distortion be 
evident. The figures will reveal emon in the 
problem definition, such as neutron sources in non- 
fissionable material and nonabsorbing control rods. 
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FIG. 18.-Fission source points in the central layer 
Of the “keff Of the world” problem for Cycle 120. 
1000 neutrons are followed per cycle. 
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FIG. 19.-Fission source points in the central layer 
of the “ k e ~  of the World” problem for cycle 120. 
5000 neutrons are followed per cycle. 

is comparable to the number of spheres (729), the 
sampling of fission source locations is inadequate 
and the source is still not fully converged at 120 
cycles. The system is known to be critical, but the 
calculation illustrated in Figure 18 gave a low value 


