
Beta/Gamma Test Problems for ITS

Gloria T. Mei
Office of Radiation Protection

Oak Ridge National Laboratory*
Oak Ridge, Tennessee 37831

To be presented at the 1993 Department of Energy
Radiation Protection Workshop

Las Vegas, Nevada, April 13-15,1993

"The submitted manuscript has been authored by a contractor of the
U.S. Government under contract No. DE-AO05-84OR21400.
Accordingly, the U.S. Government retains a nonexclusive, royalty-free
license to publish or reproduce the published form of this
contribution, or allow others to do so, for U.S. Government purposes."

"Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy under
Contract No. DE-AC05-84OR21400.



BETA/GAMMA TEST PROBLEMS FOR ITS

Gloria T. Mei
Office of Radiation Protection /

Oak Ridge National Laboratory*
P.O. Box 2008 MAV } 1

Oak Ridge, Tennessee 37831-6105 USA C

O8TI
ABSTRACT

The Integrated Tiger Series of Coupled Electron/Photon Monte Carlo
Transport Codes (ITS 3.0, PC Version) was used at Oak Ridge National Laboratory
(ORNL) to compare with and extend the experimental findings of the beta/gamma
response of selected health physics instruments. In order to assure that ITS gives
correct results, several beta/gamma problems have been tested. ITS was used to
simulate these problems numerically, and results for each were compared to the
problem's experimental or analytical results. ITS successfully predicted the
experimental or analytical results of all tested problems within the statistical
uncertainty inherent in the Monte Carlo method.

INTRODUCTION

The evaluation of hand-held health physics instruments for low-energy beta/gamma
contamination monitoring was conducted early last year at ORNL to study the instruments' capability
to meet regulatory requirements and practical needs. Measurements relating to energy dependence
and detection limits were carried out for selected health physics instruments. One question that came
up during our experiment was related to the response factor of the instrument The response factor,
which is used to correlate the count rate reported by the instrument to an equivalent contamination
level in disintegrations per minute per 100 cm2, is dependent on incident energy and source-to-
detector geometry. In order to compare with and possibly extend the experimental results, a project
has been underway to computationally calculate the response of these health physics instruments to
beta/gamma irradiations. A widely used computer code, ITS, was obtained to calculate the instrument
response as a function of several parameters: incident particle energy, source geometry, source
backing material, and environmental conditions. ITS was also tested on several other beta/gamma
problems. Comparisons were made between the results from experiments, both analytical results and
results obtained using ITS calculations. The test problems which will be presented cannot be used
to verify the code system; however, in my opinion, they can be used to establish credibility for the
code system. The purpose of this presentation, in addition to sharing with you the lessons learned
from operating the ITS code system and calculations of a couple of test problems, is to call attention
to some of the applications of the use of Monte Carlo calculations in health physics practices.
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ITS MONTE CARLO CODE

ITS is modeled after ETRAN, which was developed by Berger and Seltzer1 for the National
Bureau of Standards (now called National Institute of Standards and Technology) in the early 1970s.
ETRAN has provided the basis of a number of multidimensional, multimaterial coupled
electron/photon transport codes. Haibleib, Kensek and several other researchers at Sandia National
Laboratories have contributed to the evolution of the TIGER series codes,2 which were based on
ETRAN. ITS includes eight Monte Carlo codes and two cross-section-generating codes. The latest
version of the code system ITS 3.0 was released June 1992 and is available for Cray, CYBER, IBM,
VAX mainframes and IBM personal computer. Due to comparable speed and the avoidance of
mainframe CPU cost, the PC version of the Monte Carlo software is becoming more popular.

ITS 3.0 is a powerful and relatively user-friendly software package permitting state-of-the-art
Monte Carlo calculation of time-independent coupled electron/photon transport problems. Some of
the important features of this code include simple free-format input, internal error checking, and
estimates of statistical accuracy of results. The ITS codes have default values for almost every
command, so input is both easy and fast.

To run ITS 3.0 on the PC 386 and PC 486, at least 4MB of RAM, 15 MB of extended
memory and a math coprocessor are required. In order to run ITS on a PC, we made several changes
to the loading procedures and the batch files required to run the code. Several sample problems
supplied with the code package were initially calculated to ensure the code was loaded and run
properly. The typical running time of ITS 3.0 for sample problems with beta energy absorption
calculations in multimaterials are as follows:

Code
TIGER
CYLTRAN
ACCEPT
XGENP

386DX-33
97 min

126 min
158 min

5 min

486DX-33
37 min
51 min
65 min
2 min

486DX-66
22 min
31 min
42 min
1 min

The beauty of the ITS code is that the user does not need to be an expert on cross sections
and probability distributions, since all of the data are integrated into the code. All that is required
is a general knowledge of the basic transport phenomena in order to interpret the output information
and, possibly, apply biasing techniques. Without general knowledge of the particle transport, one may
sometimes misinterpret the results. By applying a variety of the biasing techniques, the user is able
to 1) attain the same uncertainty in less time, and 2) reduce uncertainty for a given run time. One
example of the biasing technique is to activate the "history tracking" option such that electrons which
do not have enough energy to escape from the region-of-no-interest will be terminated.

TEST PROBLEMS

Monte Carlo methods are used to simulate the transport of radiation throughout the source-
detector configuration. The source and detector materials need to be modeled into the code while
other input parameters are similar for the eight Monte Carlo codes of ITS.



Energy Dependence of Pancake GM Probes

Standard beta sources used for the calibration of Bicron Pancake GM probes were placed
1 cm from the surface of the probe for measuring the detector response. The CYLTRAN code of
ITS was used for the Monte Carlo simulation of this case. Since ITS does not provide a reliable
means for modeling the protective screen of the detector, data for screen factors reported by Allard
and Jones3 were incorporated into experimental results for the comparison with Monte Carlo
calculations. Table 1 contains the results for 2.5-cm disk sources.

Energy Dependence of Scintillation Probes

Similar measurements were made for the Victoreen "flashlight" plastic scintillator probe with
and without the protective screen on the probe. Listed in Table 2 are results for 2.5-cm disk sources
and the probes without protective screens.

LiF Dosimeter Response to T1-2Q4 for Various Thicknesses of Mylar

The case of beta particles monodirectionally incident on a multilayer material is a classic
example of an early particle transport problem with an analytical solution. Thallium-204 beta particles
emerging from the PTB source were transported through a Mylar layer of two different thickness
into the LiF dosimeter. The energy absorbed in the LiF is calculated using both ITS code and a
continuous-slowing-down calculation, and is compared with the LiF measurement results.

Table 1. Detection efficiencies of the Bicron Pancake GM probes
without the protective screen*

Isotope

14C
147Pm

"Tc

^Cl

2 1 0 ^

90Sr_90Y

Average beta energy
(MeV)

0.050

0.062

0.101

0.279

0.389

0.565

Detection efficiency (%)

Monte Carlo

5.5

10.3

18.0

32.2

31.8

28.3

Experiment

5.4

10.4

17.9

31.8

31.5

28.3

"The experimental results have been modified by the screen factor.



Table 2. Efficiencies of Victoreeo plastic scintillator probes
without the protective screen

Isotope

1 4 C

M7Pm

*>Tc

^CI
2 l 0Bi

9 0 S . 9 0 Y

Detection efficiency (%)

Monte Carlo

5.4

8.6

15.6

27.8

28.5

26.3

Experiment

5.3

8.6

15.7

27.7

28.5

26.4

HPGe Gamma Counting for Biological Material Analysis

Experiments and calculations were conducted at ORNL to update measurement techniques
for determining the activity of sodium in blood for the nuclear accident dosimetry application. The
specific activity of a blood serum sample can be measured using the HPGe/ND 9900 gamma
spectroscopy system. Steps have been taken to optimize the detection limit for the blood sample
counting. The ITS code was used to calculate the counting efficiencies for either a 15- or 8-mL
sample (sealed in a 22-mL vial) and the 168-cm3 HPGe detector for the 1369-keV gamma rays from
sodium. The Monte Carlo results come out 19% lower for the counting efficiency of 15-mL sample
as compared to the 8-mL sample. The experimental data from the gamma spectroscopy system's
routine calibration shows 18%.

SUMMARY

The response of selected health physics instruments to radiation sources can be determined
with sufficient accuracy for beta emitters with average energy in the range 0.05 to 0.5 MeV to
validate the calibration of these instruments or to contribute to the interpretation of instruments'
response. For dosimetry problems, there is extensive literature on verification for the ITS system
used in the mainframes. With the growing use of PC versions of the Monte Carlo code, dosimetry
calculations for various applied health physics problems can be easily performed and compared with
the experimental results. The Monte Carlo method is a powerful tool for checking and possibly
extending the experimental results, and it is suitable for the analysis of sophisticated scientific and
engineering problems.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.


