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INTRODUCTION 

The objective of this work is to analyze the 
differences between the experimentally measured and
calculated doses from particle transport simulation using 
point-like detector option in the Monte Carlo MCNPX
code. 

In the radial channel # 3 (BH # 3) at the IEA-R1 
nuclear research reactor of Instituto de Pesquisas 
Energeticas e Nucleares (IPEN) in Brazil, biological 
samples were irradiated with the reactor in operation [1].
To estimate radiation damage in the sample, it was 
necessary to determine the deposited dose in the 
irradiation position. 

DESCRIPTION OF THE ACTUAL WORK 

The Monte Carlo MCNPX code [2] calculates 
deposited radiation dose, obtained from the fluence
computed with the f5 tally. 
We assumed aqueous medium in the polypropylene 
container (Eppendorf tube, 0.5 ml), since DNA plasmid in 
aqueous solution was irradiated. 

The generated simulation model involves a surface 
source, mode n p, mode p and aqueous medium. 

A variance reduction technique was applied to speed-
up calculations, increasing importance of particles in the 
direction of reduced track. The values of neutron and 
photon spectrum are obtained from the code DOT 3.5 [3]. 

Figure 1 presents different views of the simulation
performed by the MCNPX code, modeling the 
experimental facilities, and a photograph of the facility. 

RESULTS AND DISCUSSION 

Table I lists the tally results with the relative error in 
the simulation and the associated CPU time. 

Table I - Tally results. 
Tally φn

(n/cm2)
φγ

s

(γ/ cm2)
φγ

p

(γ/ cm2)

CPU 
time 

F4 2,07E-08 
±5% 

5,59E-09 
±23 % 

4,76E-09 
±75% 

10 d 

F5 1,72E-08 
±5% 

7,50E-09 
±4% 

6,31E-09 
±5% 

6,3 h 

The f4 tally results do not converge at all. Finally, we 
decided to use the tally 5 to accelerate the convergence: 
this choice is justified since the zone where the simple is 
placed is not a moderated one. 

The experimental method used for the verification of 
the results of mathematical simulation utilised both TLD-
600 and TLD-700 detectors. 

Table II shows the comparison between the measured 
dose and the calculated dose. 

Fig.1-Lateral, top and frontal view of sample support in 
the interior of the BH # 3 as described in the MCNP-4C 
input card. Also, a photo of facilities is shown. 

Table II – Experimental and computed results 
D(Gy/h) Experiment 

(TLDs) 
Calculated 
MCNPX 

Difference 
(%) 

Dn 2,90±9% 2,75±6% 5 
Dγ 1,75 ±22% 1,28±9% 26 

There is good agreement (5%) in the neutron dose; 
this indicates that the methodology used in the simulation 
is correct. However, a 26% difference was found for
photons doses. The main causes are:  

1. The detection volume is very small and differs 
from the phantom used to calculate the fluence-
to-dose conversion factors in [4-5]. 
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2. The MCNPX code does not include the transport 
of photons arising from the delayed fission, from 
decay of fission products, from decay of 
activation products (there is Al in channel 
components). 

3. The photon spectrum was obtained from the 
simulation with the discrete ordinates 
deterministic DOT3.5 code, instead of the 
measured spectrum that emerges from the 
channel.  

Another source for the observed discrepancy can be 
the following: the monoenergetic source of Co-60 is 
used for the TLD-700 calibration; this is not 
appropriate for mixed-radiation fields, as the one in 
our reactor that has a broad spectrum of photons. 

CONCLUSIONS 

The estimate of neutron dose with the MCNPX 
presents a good agreement with experimental. 

The large discrepancies between the experimentally 
measured and calculated photons doses in the simulation 
were explained in detail. 

We intend to continue working on finding solutions 
to reduce those discrepancies in the near future. 

Also, we intend to make evaluations with different 
sample geometries and different irradiation spectra, in 
order to analyze the influence of these parameters on the 
calulation uncertainties. 

REFERENCES  

1. M. R. GUAL, A. DEPPMAN, F. MAS, P.R. COELHO, 
“Mechanism for Neutron Irradiation at Reactor Operation 
and Dose Response in DNA Damage Induction Using a 
DNA Plasmid Model”, Accepted for publication in the 
Journal of Applied Radiation and Isotopes (January 
2009). 
2. L.S. WATERS, MCNPX, version 2.4.0,  LA CP-02-
408, Los Alamos National Laboratory, USA (2002). 
3. G.S.A. SILVA, Private Communication (2005). 
4. International Commission on Radiological Protection. 
Conversion factors for use in radiological protection 
against external radiation. ICRP Publication 74 (Oxford: 
Pergamon Press) (1996) 
5. International Commission on Radiological Units and 
Measurements. Conversion factors for use in radiological 
protection against external radiation. ICRU Report 57 
(Bethesda, MD: ICRU) (1998). 

474 Computational Resources for Radiation Modeling



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


