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Following Nara in Japan in 2012, Paris is honored to host the joint conference 13th  International Conference on 

Radiation Shielding (ICRS-13)  & 19th Topical Meeting of the Radiation Protection & Shielding Division of the American 
Nuclear Society -2016 (RPSD-2016), from 3rd to 6th of October 2016. This conference is organized by the Direction de 
l’Énergie Nucléaire (DEN) of the Commissariat à l’énergie atomique et aux énergies alternatives (CEA), with the support of 
the Société Française d’Énergie Nucléaire, and co-organized by the American Nuclear Society (ANS), the Atomic Energy 
Agency of Japan (AESJ), the Institut de Radioprotection et de Sûreté Nucléaire (IRSN), with the partnership of the Nuclear 
Energy Agency of the Organisation for Economic Co-operation and Development (OECD).  
 
ICRS-13 & RPSD-2016 conference explores the scientific, technological and engineering issues associated with particle and 
ionizing radiation shielding in its broadest context, including nuclear energy systems, accelerator facilities, lasers, space, 
medical area and other radiation environments. It is one of the premier international events dedicated to this 
multidisciplinary radiation shielding field, regularly attracting hundreds of the world's top scientists and engineers.  
 
The 50th Anniversary of the First Radiation Shielding Symposium, celebrated in 2008, recalled the towns where ICRS has been 
successively held. In 1972, Paris hosted the ICRS’4; in 2016 that will make 44 years since. Indeed, the present Honorary 
Chairs, Jean-Claude Nimal (CEA) and Enrico Sartori (OECD/NEA), were both active participants and the privileged witnesses 
of these international meetings. The ICRS 50th Anniversary commemoration raised awareness of the thematic richness of 
the Radiation Shielding studies from its very beginnings. But we can also gauge the progress made by this discipline and the 
associated conferences so far by the huge international audiences drawn to Radiation Protection & Shielding disciplines. 
That has been accomplished by opening up progressively and naturally to other fields than nuclear fission applications, 
namely fusion, nuclear medicine, particles physics, space, homeland security, radiation industrial use. Nevertheless, the 
original intellectual mark of their founders has been maintained through the continuous renewal of both calculation and 
measurement methods and strategies as well as by the application to ever more diverse and complex physical configurations. 
 
Furthermore, from a purely symbolic point of view, the so-called “Composition VIII” of the “avant-gardiste” painter Vassily 
Kandinsky (Russia, 1866 – France, 1944) can be perceived as a sublimated vision of the Radiation Protection & Shielding field, 
thanks to its warm and cold colors, thanks to its mixing of straight and curved drawing lines, thanks to its colored Cartesian, 
triangular and circular patterns. 
 
Back to the organizational aspects, we appreciate the efforts made by the ICRS and RPSD conferences to join each four 
years. Fully agreeing upon this dynamic we look at ICRS-13 & RPSD-2016 as a new opportunity offered to international 
community to notably: 
 
 survey the theoretical, methodological, experimental and applicative innovations 
 focus on recurrent challenges such as the source term determination by solving the inverse problem, the study of 

extreme situations, the shield design optimization, the real time dose rate determination in the frame of virtual reality, 
the finest dosimetry measurement interpretation, the nuclear data improvement, the uncertainty propagation... 

 discuss the future of the calculational and numerical methods : deterministic versus Monte Carlo, semi-empirical 
methods, the contribution of high performance computing, the contribution of other disciplines… 

 identify new needs in a globalized world where the environmental dimension is becoming even more crucial, and must 
consequently inspire new radiation problematics, new experiments, new measurements, new standards new theoretical 
and computational developments and challenges. 

 
Two dark broken lines in the Kandinsky’s painting echo symbolically the selected location devoted to the scheduled 
communications and exchanges, in the heart of Paris, next to the Seine River, in close proximity to the Eiffel Tower. We 
hope that this geographical configuration among the finest will favor a successful ICRS-13 & RPSD-2016 conference, where 
PhD students have their legitimate place just as well the confirmed researchers and engineers.  
 
We welcome all the ICRS-13 & RPSD-2016 attendees in Paris. 
 
Lastly, we take the opportunity to thank warmly here the co-organizers of the ICRS-13 & RPSD-2016 and all the physical and 
moral persons who contribute to its realization. 
 
 

 
Cheikh M. Diop 

ICRS-13 & RPSD-2016 General Chair 
CEA/DEN, France   
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Conference program overview 
 
 
 

 
 
Standard oral presentation: 20 mn (presentation: 15 mn + questions: 5 mn) 

 

 

www.icrs13-rpsd2016.org 

  

http://www.icrs13-rpsd2016.org/
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Plenary talks 
 
 
 
 
 
1st Plenary invited talk: Dr. Francesco Cerutti, CERN, Switzerland, “Machine and radiation 
protection challenges of high energy/intensity accelerators: the role of Monte Carlo 
calculations” 
 
 
The role of Monte Carlo calculations in addressing machine protection and radiation protection 
challenges regarding accelerator design and operation is discussed, through an overview of different 
applications and validation examples especially referring to recent LHC measurements. 
 
Francesco Cerutti started his career on heavy ion reaction modeling at low energies, getting his 
degree in Physics in Milan and his PhD in Turin. After becoming a contributing author of the FLUKA 
code, he joined the CERN staff in 2006, as a member of the CERN FLUKA team, working both at the 
code development and at its application to various simulation studies concerning the CERN 
facilities, in particular the Large Hadron Collider. Since 2011, he leads the section of the 
Engineering Department in charge – among other activities - of beam machine interaction 
calculations. In the framework of the High Luminosity LHC project, he is the coordinator of the 
workpackage dedicated to the evaluation of particle showers and energy deposition. He is reviewer 
for several journals, including Physical Review, Nuclear Instruments and Methods in Physics 
Research, and Radiation Protection Dosimetry, and organizer of the series of Varenna Conferences 
on Nuclear Reaction Mechanisms. 
 
 

 
 
 

 
2nd Plenary invited talk: Dr. Masashi Hirano, Nuclear Regulation Authority, Japan, “Outline of 
the Fukushima Daiichi Accident. Lessons Learned and Safety Enhancements” 

 
 
On March 11, 2011, an earthquake and subsequent tsunamis off the Pacific coastline of Japan’s 
Tohoku region caused widespread devastation in Japan. As of June 10, 2016, it is reported that a 
total of 15,894 people lost their lives and 2,558 people are still unaccounted for. In Fukushima 
Prefecture, approximately 100,000 people are still obliged to live away from their homes due to the 
earthquake and tsunami as well as the Fukushima Daiichi accident. This paper briefly presents the 
outline of the Fukushima Daiichi accident and summarizes the major lessons learned having been 
drawn and safety enhancements having been done in Japan for the purpose of giving inputs to the 
discussions to be taken place  in the Special Invited Session “Fukushima, 5 years after”. 
 
Dr. Masashi Hirano has worked in the area of nuclear safety at the Japan Atomic Energy Agency 
(JAEA) for more than 35 years. After the Fukushima Daiichi accident, he moved over to the Japan 
Nuclear Safety Organization (JNES) and then to the Nuclear Regulation Authority (NRA) of the 
Japanese Government, where he served as Director General for Regulatory Standard and Research. 
From 2015, he is Senior Coordinator for International Corroboration in the NRA. 
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3rd Plenary invited talk: Dr. Rebecca M. Howell, University of Texas, USA,“Secondary Neutrons 
from Proton Radiation Therapy” 
 
 
Dr. Howell will present an overview of secondary neutrons in proton therapy.  In particular, she will 
discuss the wide variability of data in the literature and focusing on the variability in measurement 
techniques used in different studies.  Additionally the presentation will compare the secondary 
neutrons encountered in scanning beam and passive scatter proton therapy and high energy photon 
therapy. 
 
Rebecca M. Howell, PhD, is a tenured Associate Professor at The University of Texas MD Anderson 
Cancer Center.  Dr. Howell was elected Fellow of the American Association of Physicists in 
Medicine (AAPM) last year.  She received her MS (2001) and PhD (2005) from the University of Texas 
Health Science Center San Antonio.  Dr. Howell is certified by the American Board of Radiology and 
has 15 years of clinical experience.  She has published 50 peer-reviewed papers and is Principal and 
Co-investigator on several funded research grants from the National Cancer Institute and other 
funding agencies.   Her research focuses on out-of-field dose and late effects of radiation therapy. 
 
 
 
 

 
 
 
 
 

4th Plenary invited talk: Prof. Dr. Robert F. Wimmer-Schweingruber, University of Kiel, 

Germany, “From Earth to Moon, Mars and Beyond – Space Radiation and Implications for Human 
Exploration” 
 
 
High-energy radiation fills space and poses a short-term as well as long-term danger to humans in 
space, but is also of concern for electronics in spacecraft. The radiation environment on planetary 
bodies is quite different from that on Earth. On the airless Moon, space radiation is shielded by the 
massive Moon, but the interaction of radiation with it also generates new, secondary radiation. On 
Mars, the tenuous atmosphere provides some shielding, but also radiation interaction with it also 
creates secondary radiation, in addition to what is created in the soil. It is discussed measurements 
of the space radiation environment at Earth, Moon, en route to Mars and on Mars itself. 

 
Robert Wimmer-Schweingruber („Bob Wimmer“) received his PhD in experimental physics from 
the University of Bern, Switzerland, in 1994. He was asked to return to Bern after a PostDoc in the 
US, to lead two space projects. He obtained his venia docendi („Habilitation“) in 2001 and is now a 
professor at the University of Kiel, Germany, since 2002, where he heads the Division of 
Extraterrestrial Physics. He is the Principal Investigator (PI) of three space instruments, and Co-PI 
and Co-I of many other space experiments. 
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T1_Nuclear Data, Radiation Detection, Measurements & 
Dosimetry 

 
 
 
 

 

T1_S1: Radiation detection, measurements & analysis 
 
 
 
 
 
000038 - T1_S1_1  
Uranium, radium, and thorium in Soils by High Resolution Gamma Spectroscopy, MCNP-
generated efficiencies, and VRF non-linear full spectrum nuclide shape fitting.  
R. Metzger (1), K. Van Riper (2), G. Lasche (3)  
(1) Radiation Safety Engineering Inc, USA - (2) White Rock Science, USA - (3) Snakedance Scientific, LLC, USA 

 
A new method to analyze for Uranium, Radium, and Thorium in Soils by gamma spectroscopy has been 
developed using Visual RobFit (VRF).  Gamma efficiency curves were developed for a 500 mL Marinelli beaker 
geometry as a function of soil density using MCNP.  Collected spectra were then analyzed using the MCNP 
generated efficiency curves and VRF to deconvolute the 90 keV peak complex of uranium and obtain 238U and 
235U activities.  Radium and Thorium were similarly analyzed and the results compared to standards and 
results obtained from other methods. 
 
 

000064 - T1_S1_2  
VRF nuclear spectral analysis with non-linear whole-spectrum nuclide shape fitting.  
G. Lasche (1), R. L. Coldwell (2), R. L. Metzger (3)  
(1) Snakedance Scientific, LLC, USA - (2) Coldwell Consulting, USA - (3) Radiation Safety Engineering, Inc, USA 
 
A new application (known as “VRF”, or "Visual RobFit") for analysis of high-resolution gamma-ray spectra has 
been developed using non-linear fitting techniques to fit full-spectrum nuclide shapes. In contrast to 
conventional methods based on the results of an initial peak-search, the VRF analysis method forms, at each of 
many automated iterations, a spectrum-wide shape for each nuclide and, also at each iteration, it adjusts the 
activities of each nuclide, as well as user-enabled parameters of energy calibration, attenuation by up to three 
intervening or self-absorbing materials, peak width as a function of energy, full-energy peak efficiency, and 
coincidence summing until no better fit to the data can be obtained. This approach, which employs a new and 
significantly advanced underlying fitting engine especially adapted to nuclear spectra, allows identification of 
minor peaks that are masked by larger, overlapping peaks that would not otherwise be possible. The 
application and method are briefly described and two examples are presented. 
 
 

000160 - T1_S1_3 
A Rapid Method for Measuring Strontium-90 Activity in Crops in China. 
L.J. Pan (1), GB. Yu (2), D.Y. Wen (2), Z. Chen (1), L.S. Sheng (1), X. G. Xu (1) 
(1) USTC, China - (2) Environmental Radiation Surveillance Center, Hefei, China 

 
A rapid method for measuring Sr-90 activity in crop ashes is presented. Liquid scintillation counting, combined 
with ion exchange columns 4', 4"(5")-di-t-butylcyclohexane-18-crown-6, was used to determine the activity of 
Sr-90 in crop ashes. The yields of chemical procedure were quantified using gravimetric analysis. The 
conventional method that uses ion-exchange resin with HDEHP could not completely remove all the bismuth 
when samples contained comparatively large lead and bismuth. The rapid method does not have this 
shortcoming and analyze the activity of Pb-210 simultaneously. The chemical yield of this method is about 60%. 
The MDA for Sr-90 was found to be 0.032Bq/kg. The whole procedure was found to take about one day using 
spectrum analysis to determine the activity, which is really an improvement compared to the conventional 
method taking 14 days.  
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000234 - T1_S1_4  
Fast Computation of Pulse Height Spectra Using SGRD Code.  
B. Mechitoua, P. Humbert  
CEA, France 

 

SGRD (Spectroscopy, Gamma rays, Rapid, Deterministic) code is used for fast calculation of the gamma ray 
spectrum produced by a spherical shielded source and measured by a detector. The photon source lines 
originate from the radioactive decay of the unstable isotopes. The emission rate and spectrum of these primary 
sources are calculated using the DARWIN code. The leakage spectrum is separated in two parts, the uncollided 
component is transported by ray-tracing and the scattered component is calculated using a multigroup discrete 
ordinates method. The pulsed height spectrum is then simulated by folding the leakage spectrum with the 
detector response functions which are pre-calculated using MCNP5 code for each considered detector type. An 
application to the simulation of the gamma spectrum produced by a natural uranium ball coated with plexiglass 
and measured using a NaI detector is presented. 
 
 

000326 - T1_S1_5  
3D Indoor / Real-time Topographical and Radiological Mapping (ITRM), with visual Simultaneous 
Localization and Mapping (vSLAM) methods. 
F. Hautot (1,2), R. Abou-Khalil (3), C.O. Bacri (2), B. Chagneau (1), P. Dubart (1), M. Morichi (1) 
(1) Areva, France - (2) CSNSM, IN2P3/CNRS, France 
 
New developments in the field of robotics and computer vision enables to merge sensors to allow fast real-time 
localization of radiological measurements in the space/volume with near-real time radioactive sources 
identification and characterization. These capabilities lead nuclear investigations to a more efficient way for 
operators’ dosimetry evaluation, intervention scenarii and risks mitigation and simulations, such as accidents in 
unknown potentially contaminated areas or during dismantling operations. 
 
 
 

000330 - T1_S1_6 
RadFET dose response in the CHARM mixed-field: FLUKA Monte Carlo simulations. 
M. Marzo, M. Brugger, R. Garcia Alia, A. Thornton, S. Danzeca, S. Bonaldo 
CERN, Switzerland 
 
This paper is mainly focused on Monte Carlo simulations aiming at calculating the dose response of the RadFET 
dosimeter, when exposed to the complex CHARM mixed-fields, at CERN. We want to study how the dose 
deposited in the Gate Oxide (SiO2) of the RadFET is affected by the energy threshold variation in the Monte 
Carlo simulations and if materials and sizes of scoring volumes are changed. Also the characteristics of the 
input spectra will be taken into account and their impact on the final simulated dose will be studied. Dose 
variation as a function of the position of the RadFET in the test facility will be finally examined and 
comparisons with experimental results will be shown. 
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T1_S2: Radiation detection & dose mapping 
 
 
 
 
 
000070-T1_S2_7 
Pulsed neutron fields measurements around a synchrotron storage ring. 
M. Caresana (1), G. Manessi (2), M. Ballerini (2), D.G. Ulfbeck (3), N. Hertel (4), C. Søgaard (3) 
(1) Politecnico di Milano, Italy - (2) Else Nuclear srl, Milan, Italy - 
(3) ISA, Aarhus University, Denmark - (4) National Institute for Radiation Protection (SIS), Denmark 

 
A measurement campaign was performed for characterizing the neutron ambient dose equivalent, H*(10) in 
selected positions at ISA, Aarhus, Denmark, around the ASTRID and ASTRID2 storage rings. The neutron stray 
radiation field is characterized here by very intense radiation bursts with a low repetition rate, which result in 
a comparatively low average H*(10) rate. However, devices specifically conceived for operating in pulsed 
neutron fields must be employed for efficiently measuring in this radiation environment, in order to avoid 
severe underestimations of the corresponding H*(10) rate. The measurements were performed with the ELSE 
NUCLEAR LUPIN 5401 BF3-NP rem counter, a detector characterized by an innovative working principle that is 
not affected by dead time losses. This allowed characterizing both the H*(10) and the time structure of the 
radiation field in the pre-selected positions. 
 

000349-T1_S2_8 
Application of the Monte Carlo method to the analysis of doses and shielding around an X-ray 
fluorescence equipment. 
J. Ródenas, B. Juste, S. Gallardo, A. Querol 
Universidad Politécnica de Valencia, Spain 
 

An X-ray fluorescence equipment is used for practical exercises in the laboratory of Nuclear Engineering of the 
Polytechnic University of Valencia (Spain). This equipment includes a compact X-ray tube, ECLIPSE-III, and a Si–
PIN XR-100T detector. The voltage (30 kV), and the current (100 µA) of the tube are low enough so that 
expected doses around the tube do not represent a risk for students working in the laboratory. Nevertheless, 
doses and shielding should be evaluated to accomplish the ALARA criterion. The Monte Carlo method has been 
applied to evaluate the dose rate around the installation provided with a shielding composed by a box of 
methacrylate. Dose rates calculated are compared with experimental measurements to validate the model. 
Obtained results show that doses are below allowable limits. Hence, no extra shielding is required for the X-ray 
beam. A previous model was also developed to obtain the tube spectrum and validated by comparison with 
data from manufacturer. 
 

000394-T1_S2_9 
Organ and Effective Dose Coefficients for Cranial and Caudal Irradiation Geometries: Neutrons. 
K.G. Veinot (1,2) , K.F. Eckerman (1) , N.E. Hertel (3,4) , M.M. Hiller (5) 
(1) Y-12 NSC, USA - (2) ORNL, USA - (3) Georgia Tech, USA 

 
The 2007 radiation protection recommendations of ICRP (Publication 103) include an update of the tissue weighting factors 
used to derive the effective dose quantity. The update includes additional tissue to be addressed in the dosimetry and 
minor numerical changes in earlier weighting factors assigned to explicit tissues, and also to the radiation weighting factors 
of neutrons. Additionally, sex-specific equivalent dose coefficients derived using the computational phantoms of ICRP 
Publication 110 are used in computing the equivalent dose coefficients. The ICRP computational phantoms are used to 
derive dose coefficients for neutron irradiation of the body with parallel beams directed upward from below the feet 
(caudal) and directed downward from above the head (cranial). These exposure geometries were not considered in ICRP 
116. Neutron energies between 10-9 MeV to 10 GeV were evaluated. The effective dose per particle fluence for cranial and 
caudal exposures is less than for AP below 30 MeV, the values are greater above. 
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T1_S3: Dosimeters & measurements 
 
 
 
 
 
000105-T1_S3_11 
A novel avalanche-confinement TEPC for microdosimetry at nanometric level. 
D. Bortot (1), S. Agosteo (2), P. Colautti (3), V. Conte (3), M. Lorenzoli (1), 
S. Pasquato (1), A. Pola (2), M.V. Introini (1) 
(1) Politecnico di Milano, Italy - (2) INFN, Italy - (3) LNL-INFN, Italy 

 
The present paper aims at describing the design, the development and the characterization of a novel 
avalanche-confinement TEPC designed to simulate biological sites in the nanometric domain. Irradiations with 
photons, fast neutrons and low-energy carbon ions demonstrated the capability of this TEPC of measuring in 
the range 0.3 μm - 25 nm. 
 

000211-T1_S3_12 
Mini TEPC Microdosimetric Study of Carbon Ion Therapeutic Beams at CNAO. 
P. Colautti (1), V. Conte (1), S. Chiriotti (2), D. Moro (1), M. Ciocca (3), A. Mairani (3) 
(1) INFN, Italy - (2) SCK-CEN, Belgium - (3) Fondazione CNAO, Italy 
 
The mono-energetic carbon ion scanning beams of 195.2 MeV/u of at the Italian National Centre for Oncological 
Hadrontherapy (CNAO) haves been used to study the microdosimetric features of an “active” carbon ion beam, 
which is used in hadrontherapy. A 30x30 mm2 area has been scanned by a 6 mm beam with scanning steps of 2 
mm. A mini TEPC of 0.57 mm3 has been used to perform measurements in a liquid water phantom at different 
depths on the beam axis. The detector small size has allowed for measuring, with good spatial resolution, also 
inside the relatively small Bragg peak region and inside the distal edge, where the radiation quality varies 
quickly. In spite of the high event rate (up to ~ 105 s-1), no pile-up effects were observed. Results showed that 
the frequency-mean lineal energy scaleds well with the absorbed dose. On the other handMoreover, the dose-
mean lineal energy itself seemeds to be a good descriptor of the radiation quality. 
 

000232-T1_S3_13 
Optimization of a passive neutron dosimeter for the high energy accelerators. 
A. Sokolov (1), G. Fehrenbacher (1), E. Kozlova (1), T. Radon (1), I. Zahradnik (1,2) 
(1) GSI, Germany - (2) THM, Germany 

 
In high energy accelerator facilities neutron radiation should be continuously measured during operation to 
control the ambient dose. Thus a neutron dosimeter reliable in a wide energy range is required. In this work we 
present an optimization of a compact cylindrical passive neutron dosimeter for the usage in wide energy 
neutron fields. 
 

000288-T1_S3_14 
First Measurement of Ionization Quenching Factors of protons in the energy range of 1 keV – 50 
keV in (iC4H10 + 50% CHF3) gas mixture. 
B. Tampon (1), D. Santos (2), O. Guillaudin (2), M. Jean-François (2), L. Lebreton (1), T. 
Vinchon (2) 
(1) IRSN, France - (2) LPSC, Grenoble, France 

 
The French Institute for Radiation protection and Nuclear Safety is providing reference neutron fluence energy 
distribution at its standard monoenergetic neutron fields, produced at the AMANDE facility. The neutron energy 
is assessed by measuring the recoil nuclei energy in a µTPC detector, the LNE-IRSN/MIMAC detector. The 
knowledge of the ionization quenching factor is fundamental to determine the kinetic energy of the recoil 
nuclei. For some various gases and pressures, discrepancies of about 15% were observed between IQF 
calculations using the SRIM software and experimental measurements. No data are available for our gas 
mixture which are used for measurements from a few keV up to 565 keV neutron energies in the µTPC 
detector. The experimental determination of the IQF is of primary importance to provide reference neutron 
fluence energy distribution. After a short description of the experimental set-up, this paper presents the first 
results of the IQF measurements in a iC4H10+50%CHF3 gas mixture in the energy range 1keV–25keV. 
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000380-T1_S3_15 
Calibration of a FDS-LC long counter for monitoring the neutron fluence at the HINEG facility. 
B. Hong, M. Mazuga, T. Li, Y. Wang, X. Ji, C. Liu, J. Jiang 
 
INEST-CAS, China 
A FDS-LC long counter was developed to monitor the neutron fluence at the HINEG facility. The response 
function and the effective centre of long counter were calculated by using SuperMC code. The calibration of 
this long counter was performed in Research Facility, China institute of atomic energy. The results of 
experimental and simulative characterization of the FDS-LC long counter are persented in this paper. The 
comparison of the measured results with the calculated results shown a good agreement within 5%. 

 
 
000044-T1_S3_16 
Activation experiment for concrete blocks using thermal neutron Presentation type. 
K. Okuno, S. Tanaka 
Hazama-Ando Corporation, Japan 
 
Activation experiment for concrete blocks is carried out using a thermal neutron. The result for short-half-lives 
nuclides shows that the amount of generation of 24Na in colemanite-peridotite concrete is about 1/10 as 
compared with ordinary concrete. Also the amount of generation of 56Mn in colemanite-peridotite concrete is 
about 1/2.6 as compared with ordinary concrete. From this result, it can be concluded that colemanite-
peridotite concrete would be useful in radiation protection for workers. 
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T1_S4: Nuclear data for shielding 1 
 
 
 
 

 
000049-T1_S4_16  
Validation of PHITS Spallation Models from the Perspective of the  
Shielding Design of Transmutation Experimental Facility.  
H. Iwamoto , S. Meigo  
J-PARC Center, Japan  
 
To promote research, development, and demonstration of elemental technologies for accelerator-driven 
systems, the Japan Atomic Energy Agency is planning to construct the Transmutation Experimental Facility 
(TEF) at J-PARC. In the construction of TEF, the Particle and Heavy Iron Transport code System, PHITS, plays an 
important role in the design of TEF shielding. This study investigates the impact of two different spallation 
models, the Liège intranuclear cascade and Bertini intanuclear cascade models, implemented in PHITS on the 
shielding characteristics of TEF. Another purpose of this study is to validate these models by comparing with 
experimental results from the perspective of the TEF shielding design. 

 

000075-T1_S4_17  
Depth profiles of production yields of natPb(p, xn)206,205,204,203,202Bi reactions using 100-
MeV proton beam.  
L. Mokhtari Oranj, N.S. Jung, O. Joo-Hee, H.S. Lee  
POSTECH, Korea  
 
In this study, results of the experimental study on the depth profiles of production yields of 
206,205,204,203,202Bi radio-nuclei in the natural Pb target irradiated by a 100-MeV proton beam are 
presented. Irradiation was performed at proton linac facility (KOMAC) in Korea. The target, irradiated by 100-
MeV protons, was arranged in a stack consisting of natural Pb, Al, Au foils and Pb plates. The proton beam 
intensity was determined by activation analysis method using 27Al(p, 3p1n)24Na, 197Au(p, p1n)196Au, and 
197Au(p, p3n)194Au monitor reactions and also using dosimetry method by a Gafchromic film. The production 
yields of produced Bi radio-nuclei in the natural Pb foils and monitor reactions were measured by gamma-ray 
spectroscopy. Monte Carlo simulations were performed by FLUKA, PHITS, and MCNPX codes and compared with 
the measurements in order to verify validity of physical models and nuclear data libraries in the Monte Carlo 
codes.  

 

000129-T1_S4_18  
Experimental approach to measure thick target neutron yields induced by heavy ions for 
shielding.  
N.D. Trinh, M. Fadil, M. Lewitowicz, C. Brouillard , T. Clerc, S. Damoy, V. Desmezières, E. 
Dessay, M. Dupuis, G.F. Grinyer, J. Grinyer, B. Jacquot, X. Ledoux, A. Madeline, N. Menard, M. 
Michel, V. Morel, F. Porée, B. Rannou,  
A. Savalle  
GANIL, France  

 
Double differential (angular and energy) neutron distributions were measured using an activation foil 
technique.  Reactions were induced by impinging two low-energy heavy-ion beams accelerated with the GANIL 
CSS1 cyclotron: (36S (12 MeV/u) and 208Pb (6.25 MeV/u)) onto thick natCu targets. Results have been 
compared to Monte-Carlo calculations from two codes (PHITS and FLUKA) for the purpose of benchmarking 
radiation protection and shielding requirements. This comparison suggests a disagreement between 
calculations and experiment, particularly for high-energy neutrons. 
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000166-T1_S4_19  
SCALP: Scintillating Ionization Chamber for Alpha Particle Production in Neutron Induced 
Reactions.  
B. Galhaut (1,2), G. Ban(2), M. Baylac (3), T. Chevret (2), G. Kessedjian (3), F.R. Lecolley (2), 
J.-L. Lecouey (2), X. Ledoux (4), G. Lehaut (2), L. Manduci (1,2), N. Marie (2), P. Mary (1), F. 
Villa (3)  
(1) EAMEA, France - (2) LPC Caen, ENSICAEN, Université de Caen, CNRS/IN2P3, France - (3) LPSC Grenoble, 
CNRs/IN2P3, Université Grenoble Alpes, France - (4) GANIL, France  

 
SCALP project is to measure the O-16(n,α)C-13 cross section from the threshold to 20 MeV neutron energy. It's 
a scintillating ionization chamber filled with mixture gas which enables to measure both deposited energy and 
incident neutron energy. Both of these two goals allow to achieve a good separation of all the reactions 
producing alpha particle taking place inside the gas chamber. 
 

000223-T1_S4_20  
Measurement of neutron spectra for photonuclear reaction with linearly polarized photons.  
Y. Kirihara (1), T. Itoga (2), T. Sanami (1, 3, 4), H. Nakashima (3,5), Y. Namito (1, 4), S. 
Miyamoto (6), A. Takemoto (6), M. Yamaguchi (6), Y. Asano (3,6) (1) KEK,  
Japan - (2) JASRI, Japan - (3) RIKEN, Japan - (4) SOKENDAI, Japan - (5) JAEA, Japan, (6) University of Hyogo, 
Japan  
 

Neutron spectra due to the photonuclear reaction from a 197Au target were measured with linearly polarized 
γ-ray beams of 16.9 MeV at NewSUBARU-BL01 using a time-of-flight method. The difference of the neutron 
spectra for the azimuthal angle in the photonuclear reaction with the linearly polarized photon was obtained in 
comparison with circularly polarized one. The difference on the neutron yield increases with neutron energy, 
and the difference is up to approximately eight. The influence of the polarization for the same direction as the 
linear polarization is no energy dependence. At the right angle to the direction of the linear polarization, the 
neutron yields decrease with increasing neutron energy. 
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T1_S5: Nuclear data for shielding 2 
 
 
 
 
 
000264-T1_S5_23 
Neutron Productions from thin Be target irradiated by 50 MeV/u 238U beam. 
H.-S. Lee (1), J.-H. Oh (1), N.-S. Jung (2), L. Mokhtari Oranj (3) , N. Nakao (4), Y. Uwamino (4) 
(1,2) POSTECH, Korea, (3) Shimizu’s Institute of Technology, Japan, (4) RIKEN, Japan 
 
Neutrons generated from thin beryllium target by 50 MeV/u 238U beam were measured using activation 
analysis at 15, 30, 45, and 90 degrees from the beam direction. A 0.085 mm-thick Be stripper of RIBF was used 
as the neutron generating target. Activation detectors of bismuth, cobalt, and aluminium were placed out of 
the stripper chamber. The threshold reactions of 209Bi(n, xn)210-xBi(x=4~8), 59Co(n, xn)60-xCO(x=2~5), 
59Co(n, 2nα)54Mn, 27Al(n, α)24Na, and 27Al(n,2nα)22Na were applied to measure the production rates of 
radionuclides. The neutron spectra were obtained using an unfolding method with the SAND-II code. All of 
production rates and neutron spectra were compared with the calculated results using Monte Carlo codes, the 
PHITS and the FLUKA. The FLUKA results showed better agreement with the measurements than the PHITS.  
The discrepancy between the measurements and the calculations were discussed 
 

000274-T1_S5_24 
Measurement and Analysis of Neutron Leakage Spectra from Pb and LBE Cylinders with D-T 
Neutrons. 
S. Chen (1), L. Gan (1,2), T. Li (1), Y. Han (1), C. Liu (1), J. Jiang (1), Y. Wu (1,2), Pengcheng 
Long (1) 
(1) INEST, China - (2) USTC, China 
 
Neutron leakage spectra from lead and lead bismuth eutectic (LBE) cylinders have been measured using an 
intense D-T pulsed neutron source with time-of-flight (TOF) method. The measured leakage spectra have been 
compared with the calculated ones using Super Monte Carlo Simulation Program for Nuclear and Radiation 
Process (SuperMC) with the evaluated point wise data of lead and bismuth processed from ENDF/B-VII.1, JEFF-
3.1 and JENDL-4.0 libraries. This work shows that calculations of the three libraries are all generally consistent 
with the lead experimental result. For LBE experiment, the JEFF-3.1 and JENDL-4.0 calculations both agree 
well with the measurement. However, the result of ENDF/B-VII.1 fails to fit with the measured data, especially 
in the energy range of 5.5 and 7 MeV with difference more than 80%. Through sensitivity analysis with partial 
cross sections of 209Bi in ENDF/B-VII.1 and JEFF, the difference between the measurement and the ENDF/B-
VII.1 calculation in LBE experiment is found due to the neutron data of 209Bi. 
 

000284-T1_S5_25 
Activation measurement by 238U beam irradiation around 11 A MeV on He gas. 
A. Akashio , K. Tanaka , H. Imao 
RIKEN, Japan 
 
A new helium gas stripper system have been applied to about 11 A MeV uranium beam at the Radioactive 
Isotope Beam Factory of accelerator facility. Though the gas stripper is important for heavy ion accelerator 
facility, residual radiation dose is serious problem for maintenance works. The residual dose was evaluated by 
using radiation samples.  The Ύ-ray from nuclei of fission products from in-flight fission of 238U beam and 
activated chamber material from neutron were observed. The measured values were compared with the 
calculation results of Monte-Carlo simulation code PHITS. 
 

000331-T1_S5_26  
On the feasibility to perform integral transmission experiments in the GELINA target hall at 
IRMM. 
Leconte (1), C. De Saint Jean (1), B. Geslot (1), A. Plompen (2), F. Belloni  
(1) CEA, France - (2) JRC-IRMM, Belgium  
 

Shielding experiments are relevant to validate elastic and inelastic scattering cross sections in the fast energy 
range. In the paper, we are focusing on the possibility to use the GELINA facility to perform this kind of 
measurement. Several issues need to be addressed: neutron source intensity, room return effect, distance of 
the materials to be irradiated and the sensitivity of various reaction rate distributions through the material to 
different input cross sections. MCNP6 and TRIPOLI4 calculations of the outgoing neutron spectrum are 
compared, based on electron/positon/gamma/neutron simulations. A first guess of integral transmission 
experiment through a 238U slab is considered. It shows that a 10cm thickness of uranium is sufficient to reach 
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a high sensitivity to the 238U inelastic scattering cross section in the [2-5 MeV] energy range, with small 
contributions from elastic and fission cross sections. This experiment would contribute to reduce the 
uncertainty on this important nuclear data, for reactor physics calculations. 
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T1_S6: Measurements & calculations 
 
 
 
 
 
000230-T1_S6_27  
Neutron characterization of ENSA-DPT type spent fuel casks at Trillo Nuclear Power Plant.  
R. Méndez (1), X. Campo (1), M. Embid (2), C. Yéboles (3), R. Morales (3, 4), M. Novo (3)  
(1,2) CEA, France - (3) JRC-IRMM, Belgium 
 
The Neutron Standards Laboratory (LPN) of CIEMAT, the Spanish national reference laboratory for neutron 
metrology, has conducted the characterization of ENSA-DPT type spent fuel storage casks from the Trillo 
Nuclear Power Plant, within a broader project to carry out a neutron dosimetry characterization of the interim 
spent fuel storage installation of this plant. Neutron dosimetry and spectrometry measurements were made 
around several ENSA-DPT loaded casks, considering different heights above the floor, using a neutron area 
surveymeter (LB6411) and a Bonner sphere system (BSS) spectrometer. Measured neutron spectra and neutron 
ambient dose equivalent rate angular and axial profiles are consistent with the cask geometry and shielding 
materials. The comparison between BSS spectrometer and LB6411 monitor ambient dose equivalent rate 
measurements leads to the conclusion that no neutron field correction is needed when measuring with the 
LB6411 monitor. 

 
000256-T1_S6_28  
JENDL-4.0/HE Benchmark Test with Concrete and Iron Shielding Experiments at JAEA/TIARA.  
C. Konno, N. Matsuda, M. Ohta, S. Kwon, S. Sato  
JAEA, Japan 

 
As a benchmark test of JENDL-4.0/HE released in 2015, we have analyzed the concrete and iron shielding 
experiments with the quasi mono-energetic 40 and 65 MeV neutron sources at TIARA in JAEA by using MCNP5 
and ACE files processed from JENDL-4.0/HE with NJOY2012. As a result, it was found out that the calculation 
results with JENDL-4.0/HE agreed with the measured ones in the concrete experiment well, while they 
underestimated the measured ones in the iron experiment with 65 MeV neutrons more for the thicker 
assemblies. We examined the 56Fe data of JENDL-4.0/HE in detail and it was considered that the larger non-
elastic scattering cross sections of 56Fe caused the underestimation in the calculation with JENDL-4.0/HE for 
the iron experiment with 65 MeV neutrons. 

 
000290-T1_S6_29  
Determination of a non-measurable quantity using information from calculations and 
experimental measurements: application to the damage rate determination.  
S. Bourganel, J.C. Nimal  
CEA, France 

 
This article presents a method dedicated to the determination of the best value of a required quantity 
estimated by calculation, using information closely related, obtained by measurements and calculations. This 
best value, called thereafter the “target”, is not measurable in most cases. Dpa and high energy neutron 
fluence (typically higher than 1 MeV) involved in vessel surveillance programs, using measurements of 
dosimeters, are some examples of application of this methodology. This methodology is applied without 
spectrum adjustment, but the spectrum shape is implicitly taken into account. In this article, an example is 
presented where the target value is represented by the neutron flux with energy greater than 1 MeV. Neutron 
information are derived from a set of different kinds of neutron dosimeters. All calculations are carried out 
using TRIPOLI-4 3D pointwise Monte Carlo code. 

 
000329-T1_S6_30 
Generation of an activation map for decommissioning planning of the Berlin Experimental 
Reactor-II. 
J. Lapins, N. Guilliard, W. Bernnat 
IKE, Germany 
(1) IRSN, France - (2) D&S, France 
 
The BER-II is an experimental facility with 10 MW that was operated since 1974. Its planned operation will end 
in 2019. To support the decommissioning planning, a map with the overall distribution of relevant radionuclides 
has to be created according to the state of the art. In this paper, a procedure to create these 3-d maps using a 
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combination of MCNP and deterministic methods is presented. With this approach, an activation analysis is 
performed for the whole reactor geometry including the most remote parts of the concrete shielding. 
 

000386-T1_S6_31  
Activation of dosimeters used in QA of medical linear accelerators.  
K. Polaczek-Grelik (1,2), M. Nowacka (1), M. Raczkowski (3)  
(1) University of Silesia, Poland - (2) NU-MED Cancer Diagnosis and Treatment Centre, Poland - (3) Lower 
Silesian Centre of Oncology, Poland 

 
The activation of dosimetric equipment, i.e. ionization chambers and silicon diodes, originating via 
photonuclear reaction of high-energy (15MV) therapeutic photon beams as well as via secondary neutron 
capture processes was investigated. The gamma radiation spectra were acquired using portable HPGe 
spectrometer. This enabled to recognize the activated radionuclides as well as to estimate the equivalent 
doses connected with them. Moreover, the influence of induced radioactivity on the intrinsic background signal 
of studied dosimeters was checked. The most susceptible on activation are metals forming the electrodes of 
ionization chambers, e.g. 27Al and 55Mn in stainless steel, the copper conductors as well as the tungsten 
shielding of PFD diode aiming at reducing the over-response for low-energy scattered out-of-field radiation. 
The estimated doses are of the order of 0.19 - 0.62 microSv/min and decay within 30 minutes after irradiation 
with 10000 MUs. 
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T2_Shielding Experiments & Benchmarks 
 
 
 
 
 

T2_S1: Calculations versus experiments & shielding materials 
 
 
 
 
 
000079-T2_S1_1 
Determination of power density in VVER-1000 Mock-Up in LR-0 reactor. 
M. Košťál, V. Rypar, D. Harutunyan, M. Schulc, M. ŠVadlenková , E. Losa, J. Milčák Research 
Centre Rez, Czech Republic 
 
The pin power density is an important quantity which has to be monitored during reactor operation due to 
fulfill the limits and conditions of reactor operation. Moreover this parameter is very important, as it is source 
term in neutron transport calculations. 
 

000139-T2_S1_2 
Characteristic Analysis of Concrete for Radiation Shielding Evaluation of Gamma Irradiation 
Facilities. 
K.T. Han, S.M. Kang, J. Min, H.K. Jang 
KARA, Korea 
 
Physical and chemical properties of concrete sample was obtained using various methods such as density 
analysis, elemental analysis and WD-XRF analysis to get accurate characteristics of concrete collected in our 
construction site in Korea. Using these results, in this study, we perform the simulation to compare the dose 
evaluation results between NBS concrete of ANSI/ANS 6.4.3 and concrete samples collected in our construction 
site using MCNPX. As a result, simulation results of collected concrete samples in our facility were 
underestimated up to 54.01%. Through these results, we verify the necessity of accurate properties of 
materials. 
 

000152-T2_S1_3 
SCALE/MAVRIC calculation of dose rates measured for a gamma radiation source in a thick-
walled transport and storage cask of ductile cast iron with lead inserts. 
M.W. Baumgarten (1), H. Thiele (1), B. Ruprecht (1), P.W. Phlippen (2), L. Schlömer (2) 
(1) BfS, Germany - (2) WTI, Germany 
 
Dose rate calculations are important for judging the shielding performance of transport casks with radioactive 
material. Therefore it is important to have reliable calculation tools. In the case of thick-walled transport 
casks, some of those calculation tools become less accurate, which requires a quantification of the deviations. 
The paper reports on measured and calculated dose rates near a thick-walled transport and storage cask of 
ductile cast iron with lead and/or polyethylene inserts and a Co-60 source inside. In a series of experiments the 
thickness of the inserts was varied, and measured dose rates near the cask were compared with SCALE/MAVRIC 
6.1.3 calculation results. Deviations from the measurements were found to be stronger for increased lead 
thicknesses. Furthermore it is shown, how air scattering effects, and how the density of the shielding material 
as well as accounting for the floor affect influence the quality of the calculation. 
 

000271-T2_S1_4 
Discussion on the Standardization of Shielding Materials – Sensitivity Analysis of Material 
Composition. 
T. Ogata (1) , KI. Kimura (2) , M. Nakata (3) , K. Okuno (4), Yukio Sakamoto (5), T. Hirouchi (6), 
M. Taniguchi (7), K. Tanaka (8), K. Oishi (9) (10), T. Tsukiyama (11), S. Ishikawa (12), H. 
Sakamoto (13), N. Kawano (11), H. Kawano (15), M. Yoshida (14), T. Amano (12), K. Kosako 
(15), Y. Hirao (16) 
(1) Mitsubishi Heavy Industries, Ltd., Japan - (2) Fujita Corporation, Japan - 
(3) MHI Nuclear Solutions and Engineering Co., Ltd., Japan - (4) HAZAMA ANDO Corp., Japan - (5) Atox Co., 
Ltd., Japan - (6) Toshiba Corporation, Japan - (7) Taisei Corporation, Japan - (8) The Institute of Applied 
Energy, Japan - (9) Japan Environment Research Co., Ltd., Japan - (10) Giken Kogyo Co., Ltd., Japan - (11) 
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Hitachi-GE Nuclear Energy, Ltd., Japan - (12) ITOCHU Techno-Solutions Corporation, Japan - (13) Transnuclear, 
Ltd., Japan - (14) NUSTEC, Japan - (15) Shimizu Corporation, Japan - (16) NMRI, Japan 
 
The overview of Japan’s standardization activities for shielding materials is described. We propose a basic 
approach for standardizing material composition used in radiation shielding design for nuclear and accelerator 
facilities. We have collected concrete composition data from actual concrete samples to organize a 
representative composition and its variance data. Then the sensitivity analysis of the composition variance has 
been performed through a simple 1-D dose calculation. Recent findings from the analysis are summarized. 
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T2_S2: Neutron activation & code inter-comparisons 
 
 
 
 
 
000176-T2_S2_5  
A Monte-Carlo Benchmark of TRIPOLI-4® and MCNP on ITER neutronics.  
D. Blanchet (1), Y. Pénéliau (1), R. Eschbach (1), B. Fontaine (1), B.Cantone (2), M. Ferlet (2), 
E. Gauthier (2), C. Guillon (2) , M. Proust, (2), F. Mota (3), I. Palermo (3), L. Rios (3)  
(1, 2) CEA, France - (3) CIEMAT, Spain  
 
Radiation protection and shielding studies are often based on the extensive use of 3D Monte-Carlo neutron and 
photon transport simulations. ITER organization hence recommends the use of MCNP5 code (version 1.6) with 
FENDL2.1 neutron cross section data library. The MCNP reference model of the ITER tokamak, the ‘C-lite’, is 
being continuously developed and improved. This article proposes to develop an alternative model, equivalent 
to the 'C-lite', but for the Monte-Carlo code TRIPOLI-4®. A benchmark study is defined to test this new model. 
Since one of the most critical areas for ITER neutronics analysis concerns the assessment of radiation levels and 
Shutdown Dose Rates (SDDR) behind the Equatorial Port Plugs (EPP), the benchmark is conducted to compare 
the neutron flux through the EPP. Such a code-to-code comparison not only provides an independent validation 
of the Monte-Carlo simulations, but it also improves the confidence in neutronics results. 
 

000179-T2_S2_6  
Simulation of neutrons propagation in concrete labyrinth using TDMCC code.  
P. Nikulin , Andrey Daniel  
JSC ATOMPROEKT, Russia  
 
TDMCC code allows calculating of neutrons distribution in the constructions having complex form. Possibilities 
of the code to calculate the neutron flux in a three-section concrete labyrinth held in Protvino in 1982 are 
discussed in the report. The results show a good agreement with the experimental results and the same 
simulations using the MCNP code. 
 

000209-T2_S2_7  
Residual activity evaluation: a benchmark between ANITA, FISPACT, FLUKA and PHITS codes.  
G. Firpo (1), C. M. Viberti (1), A. Ferrari (2), M. Frisoni (3)  
(1) Ansaldo Nucleare, Italy - (2) HZDR, Germany - (3) ENEA, Italy  

 
The activity of residual nuclides dictates the radiation fields in periodic inspections/repairs (maintenance 
periods) and dismantling operations (decommissioning phase) of accelerator facilities (i.e., medical, industrial, 
research) and nuclear reactors. The scope of the present work is to show the results of a comparison between 
residual total specific activity versus a set of cooling time instants (from zero up to 10 years after irradiation) 
as obtained by two analytical (FISPACT and ANITA) and two Monte Carlo (FLUKA and PHITS) codes, making use 
of their default nuclear data libraries.  A set of ~40 irradiating scenarios is considered, i.e. neutron and proton 
particles of different energies, ranging from zero to many hundreds MeV, impinging on pure elements or 
materials of standard composition typically used in industrial applications (namely, AISI SS316 and Portland 
concrete).  In some cases, experimental results were also available for a more thorough benchmark. 
 

000298-T2_S2_8  
Benchmarking of MCNPX results with measured tritium production rate and neutron flux at the 
mock-up of EU TBM (HCPB concept).  
C. Tore , P. Ortego , A. Rodriguez  
SEA SL, Spain  
 
In this study, a qualification of MCNPX code and nuclear data libraries are performed with benchmarking of 
measured tritium production and neutron flux at the mock-up of the EU TBM, HCPB concept. The irradiation 
and measurements had been performed in the frame of European Fusion Technology Program by ENEA (Italy), 
TUD (Germany) and JAERI (Japan). The calculations are performed with detailed three dimensional modelling 
of mock-up of TBM including Li2CO3 cassettes and four penetration channels. The detection capsules for 
tritium production rate and the activation foils for neutron flux calculations are modelled in full detail. The D-
T 14 MeV neutron spectrum corresponding to each angle distribution is used. 
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000305-T2_S2_9  
Shielding and activation analyses for ITSF facility at SNS.  
I. Popova , X.G. Franz  
ORNL, USA  
 
The integrated test stand facility (ITSF), which simulates front end of the Spallation Neutron Source (SNS), has 
been built at the SNS, and is preparing for commissioning. The ITSF has been assembled and will operate  in 
one of service buildings at the site. The 2.5 MeV proton beam, produced in the facility, will be stopped in the 
beam dump. In order to support ITSF project from radiation protection site, neutronics simulations and 
activation analyses were performed to evaluate the necessary shielding around the facility and radionuclide 
inventory of the beam stop. The challenge of the analyses was to consider the low energy charges particles 
reaction physics to fit the calculations into our routine transport and activation methods as practiced for the 
much higher energy spallation environment 
 

000352-T2_S2_10  
Rigorous-two-Steps scheme of TRIPOLI-4® Monte Carlo code validation for shutdown dose rate 
calculation.  
J.C. Jaboulay, E. Brun, E. Dumonteil, D. Mancusi  
CEA, France  
 
After fission or fusion reactor shutdown the activated structure emits decay photons. For maintenance 
operations the radiation dose map must be established in the reactor building. Several calculation schemes 
have been developed to calculate the shutdown dose rate. These schemes are widely developed in fusion 
application and more precisely for the ITER tokamak. This paper presents the rigorous-two-steps scheme 
implemented at CEA. It is based on the TRIPOLI-4® Monte Carlo code and the inventory code MENDEL. The ITER 
shutdown dose rate benchmark has been carried out, results are in a good agreement with the other 
participant. 
 

000364-T2_S2_11  
Monte Carlo neutron evaluation of dual purpose ENSA-DPT type spent fuel casks.  
X. Campo (1), R. Méndez (1), M. Embid (1), R. Plaza (2), A.Ortego (2), M. Novo (3)  
(1) CIEMAT, Spain - (2) Almaraz Trillo NPP, Spain – (3) Gas Natural Fenosa, Spain 
 
A Monte Carlo model of the dual purpose ENSA-DPT cask has been developed. The purpose is to characterize 
the neutron fields around ENSA-DPT cask stored at the interim spent fuel storage installation of the Trillo 
Nuclear Power Plant (Spain), in terms of neutron spectrum and neutron ambient dose equivalent rate, and to 
benchmark the model with neutron spectrometry measurements. The source term is calculated by ORIGEN 
code and radiological magnitudes by MAVRIC code, both available from the SCALE 6.1 package. Calculated 
neutron spectra and H*(10) rates are consistent with the cask characteristics, and are in reasonable agreement 
with the measured results when differences between calculation and measurement conditions are assessed. 
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T2_S3: SINBAD database configurations 
 
 
 
 
 
000149-T2_S3_12 
Validation of Shielding Analysis Capability of SuperMC with SINBAD.  
C. Chen, Q. Yang, B. Wu, Y. Han, J. Song 
INEST, China  
 
The shielding analysis capability of SuperMC was validated with the Shielding Integral Benchmark Archive 
Database (SINBAD). The SINBAD was compiled by RSICC and NEA, it includes numerous benchmark experiments 
performed with the D-T fusion neutron source facilities of OKTAVIAN, FNS, IPPE, etc.  The results from SuperMC 
simulation were compared with experimental data and MCNP results. Very good agreement with deviation 
lower than 1% was achieved and it suggests that SuperMC is reliable in shielding calculation. 

 
000194-T2_S3_13 
Examples of Use of SINBAD Database for Nuclear Data and Code Validation. 
I. Kodeli (1), G. Žerovnik (1), A. Milocco (2) 
(1) JSI, Slovenia - (2) University of Milano, Italy 
 
The SINBAD database currently contains compilations and evaluations of over 100 shielding benchmark 
experiments. The SINBAD database is widely used for code and data validation. Materials covered include: Air, 
N. O, H2O, Al, Be, Cu, graphite, concrete, Fe, stainless steel, Pb, Li, Ni, Nb, SiC, Na, W, V and mixtures 
thereof. Over 40 organisations from 14 countries and 2 international organisations have contributed data and 
work in support of SINBAD. Examples of the use of the database in the scope of different international 
projects, such as the Working Party on Evaluation Cooperation of the OECD and the European Fusion 
Programme demonstrate the merit and possible usage of the database for the validation of modern nuclear 
data evaluations and new computer codes. 

 
000275-T2_S3_14 
Neutron Deep Penetration Calculations in Light Water with Monte Carlo TRIPOLI-4® Variance 
Reduction Techniques. 
Y.K. Lee 
CEA, France 
 
To support the nuclear decommissioning activities on reactor structure materials activation calculations, the 
fission neutron deep penetration in light water shielding was investigated with TRIPOLI-4 Monte Carlo transport 
code for NAIADE 1 light water benchmark. Different variance reduction techniques of TRIPOLI-4 were applied 
and compared in this study. Measurement and calculation results from different types of activation foils and 
tally methods were benchmarked [1-6]. 
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T3_Accelerators & Fusion Facilities 
 
 
 
 
 

T3_S1: Proton accelerators 
 
 
 
 
 
000055-T3_S1_1  
The CERN-EU high-energy Reference Field (CERF) facility: applications and latest developments.  
M. Silari, F. Pozzi  
CERN, Switzerland 
 
The CERF facility at CERN provides an almost unique high-energy workplace reference radiation field for the 
calibration and test of radiation protection instrumentation employed at high-energy accelerator facilities and 
for aircraft and space dosimetry. The presentation will describe the main features of the facility and will 
review the wide range of applications for which CERF is used. Upgrade work started in 2015 to provide the 
scientific and industrial communities with a state-of-the-art reference facility will also be discussed. 
 

000113-T3_S1_2 
Clearance of materials from accelerator facilities. 
S.H. Rokni (1), S. L.Davis (2), R. Ford (1), J.C. Liu, (1), E. Marshall (3), S.O. Schwahn (4), K. 
Welch (5) 
(1) SLAC, USA. - (2) DOE, USA - (3) SNL, USA - (4) ORNL, USA - (5) Jefferson Lab, USA 
 
A new Technical Standard that supports the clearance of materials and equipment (personal property) from 
U.S. Department of Energy (DOE) accelerator facilities has been developed. The Standard focuses on personal 
property that has the potential to be radiologically impacted by accelerator operations. It addresses material 
clearance programs and protocols for off-site releases without restriction on use. Common metals with 
potential volumetric activation are of main interest with technical bases provided in Appendices of the 
Standard. The clearance protocols in the Standard include three elements: 1) clearance criteria, 2) process 
knowledge, and 3) measurement methods. This paper presents the technical aspects of the new Standard, 
discusses operational experience gained in clearance of materials and equipment from several accelerator 
facilities at SLAC and examples as to how this Standard can be applied to benefit the entirety of the DOE 
Accelerator Complex. 

 
000228-T3_S1_3 
Radiation protection design for the Super-FRS and SIS100 at the international FAIR facility. 
E. Kozlova, A. Sokolov, T. Radon, R. Lang, I. Conrad, G. Fehrenbacher, H. Weick , M. Winkler 
GSI, Germany 

 
The new accelerator SIS100 and the Super-FRS will be built at the international Facility for Antiprotons and Ion 
Research FAIR. The synchrotron SIS100 is a core part of the FAIR facility which serves for acceleration of ions 
like U28+ up to 2.7 GeV/u with intensities of 5E11 particles per second or protons up to 30 GeV with intensities 
of 5E12 particles per second. The Super-FRS is a superconducting fragment separator, it will be able to 
separate all kinds of nuclear projectile fragments of primary heavy ion beams including Uranium with energies  
up to 1.5 GeV/u and intensities up to 3E11 particles per second. During operation activation of several 
components, especially the production target or the beam catchers will take place. For handling of highly 
activated components it is foreseen to have a hot cell with connected storage place. All calculations for the 
optimisation of the shielding design of the SIS100, the Super-FRS and the hot cell were performed using the 
Monte Carlo code FLUKA, results are presented. 
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000327-T3_S1_4 
Preliminary design of CERN Future Circular Collider tunnel: first evaluation of the radiation 
environment in critical areas for electronics. 
A. Infantino , R. Garcia Alia , M.Ilaria Besana, M. Brugger , F. Cerutti 
CERN, Switzerland 

 
As part of its post-LHC high energy physics program, CERN is conducting a study for a new proton-proton 
collider, called Future Circular Collider (FCC-hh), running at center-of-mass energies of up to 100 TeV in a new 
100 km tunnel. The study includes a 90-350 GeV lepton collider (FCC-ee) as well as a lepton-hadron option 
(FCC-he). In this work, FLUKA Monte Carlo simulation will be extensively used to perform a first evaluation of 
the radiation environment in critical areas for electronics in the FCC tunnel. The model of the tunnel will be 
created based on the original civil engineering studies already performed and further integrated in the existing 
FLUKA models of the beam line. Furthermore, the radiation environment in critical areas, such as the junction 
chambers, service areas, local tunnel extensions, alcoves will be evaluated. Finally, first considerations on the 
impact of the radiation environment on electronics will be conducted for an a priori evaluation of the 
technology that would be required, the failure rate and the possible mitigation actions. 

  



______________________________________________________________________________ 
29 

 

T3_S2: Fusion facilities, lasers & ion accelerators 
 
 
 
 
 
000063-T3_S2_6 
Shielding Design for the South Pole nTOF Diagnostic at the NIF. 
H. Khater, S. Sitaraman, J. Hall, R. Hatarik, J. Caggiano 
LLNL, USA 
 
Neutron time of flight (nTOF) detectors are fielded in the National Ignition facility (NIF) to measure neutron 
yield, ion temperature, and downscattering in the cold fuel for D-T implosions. A collimated nTOF line of sight 
has been fielded near the Target Chamber South Pole (SP) to examine any possible anisotropy in the cold fuel. 
The SP nTOF detector is located in the lowest floor level of the NIF’s Target Bay and at a distance of ~ 18 m 
from the Target Chamber Center. The line of sight includes a port collimator that is attached to the Target 
Chamber and a bore hole collimator in the concrete floor above the detector. Initial measurements indicated 
the need for installation of additional shielding to eliminate gamma backgrounds during the period before the 
arrival of 14.1 MeV neutrons to the detector. A set of MCNP Monte Carlo simulations with the full Target Bay 
model were conducted to provide an estimate of the expected neutron and gamma backgrounds during D-T 
shots. A new shielding scheme is designed to reduce the gamma background by an order of magnitude. 
 

000161-T3_S2_7 
Development of High Intensity D-T fusion NEutron Generator (HINEG). 
Y. Wu, C. Liu, G. Song, Y. Wang, T. Li, J. Jiang, Y. Song, X. Ji 
INEST, China 
 
The High Intensity D-T Fusion Neutron Generator (HINEG) has been developed at Institute of Nuclear Energy 
Safety Technology, Chinese Academy of Sciences·FDS Team, which will be a significant neutronics experimental 
platform for R&D nuclear technology and safety, including the validation of neutronics method and software, 
radiation protection, materials activation and irradiation damage as well as neutronics performance of 
components. Its application can also be extended to nuclear medicine,  neutron imaging, etc. HINEG consists of 
two phases: the first phase named HINEG-I aims to have the intensity of 1E12n/s in order of magnitude, and 
the second phase HINEG-II is designed to reach a neutron yield of 1E14~1E15n/s via high power tritium target 
system and high intensity ion source. HINEG-I has been completed and commissioning since Dec. 2015 with the 
intensity produced of 1.1E12n/s, while the feasibility of HINEG-II has been preliminarily demonstrated. This 
paper will summarize all the latest progress and future plans for the R&D of HINEG. 
 

000167-T3_S2_8 
Neutronic design of MYRRHA reactor hall shielding. 
Y. Çelik (1), A. Stankovskiy (1), G. Van den Eynde (1), S. Şahin (2), B. Şarer 
(1) SCK-CEN, Belgium - (2) Atılım University, Turkey - (3) Gazi University, Turkey 
 
The lateral shielding of the 600 MeV proton linear accelerator beam line in the MYRRHA reactor hall has been 
assessed using neutronic calculations by the MCNPX code complemented with analytical predictions. 
 

000171-T3_S2_9 
Shielding Design and Radioprotection for Andromede and ThomX accelerators. 
J.M. Horodynski (1), S. Wurth (2) 
(1) CNRS/INP, France - (2) CNRS/IN2P3, Université Paris-Sud, France 
 
The Institut de physique nucléaire – Institute of Nuclear Physics (IPN) and the Laboratoire de l’accélérateur 
linéaire – Laboratory of the linear accelerator (LAL) are about to build two accelerators at the University Paris-
Sud, Orsay. Andromede is a new imaging mass spectrometry instrument for surface analysis: the electron 
positron emission microscope (EPEM) will analyse impacts on a surface made by nano-particles (Au404) in the 
keV to MeV range to study ion-surface interactions. ThomX is a compact X-ray source (energy up to 90 keV – 
flux up to 1013 photons.s-1) that will produce X-rays using Compton backscattering effect between an electron 
beam and a laser. In order to use these machines in the same area, hutches are designed to comply with 
French regulations for radiation protection. This paper presents the methods used to design the hutches, 
complying with safety objectives, technical issues and budget. 
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000257-T3_S2_10 
A Study on the Establishment of Radiation Dose Estimation Procedure for Accumulated 
Radioactive Ions for RAON ISOL System. 
D.H. Kim (1), S.H. Kim (1), J.W. Kim (1), C.H. Shin (1), S.W. Nam (2) 
(1) Hanyang University, Korea - (2) Institute for Basic Science, Korea 

 
For purposes of various experiments, RAON heavy ion accelerator facility has been designed in Korea. ISOL is 
one system of RAON accelerators to generate and separate rare isotopes. Radioactive ions generated from 
target-proton reactions are separated and accumulated at separation devices. The accumulated isotopes 
release the gamma radiations; therefore, the radiation safety must be clearly estimated. In this study, a 
process to evaluate radiations from the accumulated ions was proposed by modifying FISPACT code. The 
proposed process was validated by comparing a solution of single element decay problem. Using the process, a 
preliminary study for radiation doses were performed in a virtual separation devise. 
 

000270-T3_S2_11 
Preliminary Shielding Design Analysis by Monte Carlo Method of High Energy LAMPS Facility on 
RAON. 
S. Kim (1), S. Lee (2), B.S. Kang (2), B.J. Kim (1) 
(1) Konyang University, Korea - (2) IBS, Korea 
 
This paper gives an overview of on-going shielding analysis for LAMPS experimental hall on RAON. RAON consists 
of superconducting linear accelerators of maximum 400 kW beam power with uranium kinetic energy of 200 
MeV, and applies ISOL system and IF system. Rare isotopes and stable nuclides produced from IF system are 
transmitted to LAMPS. The heavy-ion collision experiment lays emphasis on displacement and equation nuclear 
materials state on RAON. High radiation level via the nuclear reactions are expected around the production 
target of LAMPS. Thus radiation shielding will be of the highest priority for the LAMPS. Overview of the LAMPS 
radiation analysis is presented: bulk shielding, air and cooling water activation and residual dose of 
components and facility. Facility shielding analysis and activation evaluation have been performed with respect 
to realizable operating scenarios by using MCNPX_2.7.0 and SP-FISPACT-2007. This summarize results can be 
used to design for radiation shielding as basic data. 
 

000354-T3_S2_12 
CAD-Based Shielding Analysis for ITER Port Diagnostics. 
A. Serikov (1), U. Fischer (1), D. Anthoine (2), L. Bertalot (2), M. De Bock (2), R. O’connor (2), 
R. Juarez (3) , V. Krasilnikov (2) 
(1) KIT, Germany - (2) ITER Organization, France - (3) ETSII-UNED, Spain 
 
Radiation shielding analysis of the diagnostic systems integrated inside the ITER ports is relied on the use of 
CAD models. This paper presents the CAD-based MCNP Monte Carlo radiation transport and activation analyses 
for the Diagnostic Upper and Equatorial Port Plugs (UPP #3 and EPP #8, #17). The creation process of the 
complicated 3D MCNP models of the diagnostics systems was substantially accelerated by application of the 
CAD-to-MCNP converter programs. The found shielding solutions could be universal, reducing ports R&D costs. 
The shield block behind the Tritium and Deposit Monitor (TDM) was added to study its influence on Shut-Down 
Dose Rate (SDDR) in Port Interspace (PI) of EPP#17. The following effects are discussed as well: influence of 
neutron streaming along the Lost Alpha Monitor (LAM) on the neutron energy spectra in the Tangential Neutron 
Spectrometer (TNS) of EPP#8; excessive neutron streaming along the shutter with Charge eXchange 
Recombination Spectroscopy (CXRS-core) of UPP#3. 
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T3_S3: Electron accelerators 
 
 
 
 
 
000029-T3_S3_13 
Shielding calculations for industrial 5/7.5MeV electron accelerators using the MCNP Monte Carlo 
Code. 
E. Peri, I. Orion 
BGU, Israel 
 
High energy X-rays from accelerators are used to irradiate food ingredients to prevent growth and development 
of unwanted biological organisms in food. The production of X-rays is done by accelerating 5 MeV electrons and 
bombarding them into a heavy target. Since 2004, the FDA has approved using 7.5 MeV energy, providing higher 
production rates with lower treatments costs. In this study we calculated all the essential data needed for a 
straightforward concrete shielding design of typical food accelerator rooms. The following evaluation is done 
using the MCNP Monte Carlo code system: (1) Angular dependence of photon dose rate for 5 MeV and 7.5 MeV 
electron beams bombarding iron, aluminum, gold, tantalum, and tungsten targets. (2) Angular 
dependence spectral distribution simulations of bremsstrahlung for gold, tantalum, and tungsten bombarded by 
5 MeV and 7.5 MeV electron beams. (3) Concrete attenuation calculations in several photon emission angles for 
the 5 MeV and 7.5 MeV electron beams. 
 

000151-T3_S3_14  
Determination of neutron spectrum outside the lateral shielding of  
Taiwan Photon Source using high-sensitivity Bonner cylinders.  
Y.-C. Lin (1,2), A.-Y. Chen (1), J. Liu (1), K.-W. Lee (2), R.-J. Sheu (2,3)  
(1) NSRRC, Taiwan - (2,3) NTHU, Taiwan  

 
The homemade Bonner cylinders spectrometer was used to determine the neutron spectrum from thermal up 
to several GeV at a location outside the lateral shielding wall of Taiwan Photon Source (TPS). The 
spectrometer, similar to the design of Bonner spheres, features high detection efficiency because of using a 
large cylindrical 3He tube as the central probe, exhibiting an overall sensitivity of ∼18 times higher than that 
of conventional Bonner spheres. The measurement was performed during the commissioning of TPS by 
intentionally parking the injected electrons at the septum of the storage ring. The FLUKA-predicted neutron 
spectrum based on a high-fidelity model was adopted as the initial guess of spectrum unfolding. The unfolded 
result indicates an underestimation in the high-energy portion of the calculated spectrum. This paper presents 
the performance of the neutron spectrometer used in a light source facility, including the experimental setup 
and a comparison between calculations and measurements. 
 

000184-T3_S3_15 
Radiation Monitoring System of 30 MeV Cyclotron. 
J.-W. Lee (1,2), M.-G. Hur (1), G. Jeong (1,2), J. Kim (2) 
(1) KAERI, Korea - (2) Chonbuk National University, Korea 
 
A state-of-the-art radiation monitoring system was implemented at KAERI for a 30-MeV cyclotron. This system 
consists of several types of radiation measuring systems for ambient dose equivalent rate measurements of 
outside photon and neutron areas as well as inside the cyclotron, and monitors the alpha and beta particulates 
released from a stack, as well as the results of worker contamination at the portal of the cyclotron. In 
addition, an automatic alarm system is also mounted if there are alarms in the measuring systems. 
 

000244-T3_S3_16 
Radiological Environmental Protection for LCLS-II High Power Operation. 
J.C. Liu , J. Blaha , M. Cimeno , S. Mao , L. Nicolas , S. Rokni , M. Santana Leitner , H. Tran 
SLAC, USA 

 
The LCLS-II superconducting electron accelerator at SLAC plans to operate up to 4 GeV and 240 kW, which 
create high radiological impacts near high beam loss points. The main hazards to the public and environment 
include skyshine radiation, radioactive air effluent of 13N and 41Ar, and activation of groundwater, which were 
evaluated using analytic methods and FLUKA Monte Carlo code. The controls (mainly extensive bulk and local 
shielding around high loss points) and monitoring (neutron/photon detectors with detection capabilities below 
natural background at site boundary, radioactive air monitors, and groundwater wells) were designed to meet 
regulatory and SLAC requirements.  The radiological design and controls for the LCW systems [including 
concrete housing for 15O and 11C circulating in LCW, 7Be and erosion/corrosion products (22Na, 54Mn, 60Co, 
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65Zn, etc.) captured in resin and filters, leak detection and containment of LCW with 3H; explosion from H2 
build-up in surge tank] associated with the high power beam dumps are also presented. 
 

000277-T3_S3_17 
Radiation containment at a 1 MW high energy electron accelerator: 
Status of LCLS-II radiation physics design. 
M. Santana Leitner, J. Blaha, M.W. Guetg, J. C. Liu, S.X. Mao, L. Nicolas, S.H. Rokni, S. Xiao 
SLAC, USA 
 
LCLS-II will add a 4.0GeV, 1MHz, SCRF electron accelerator in the first 700 meters of the SLAC2-mile Linac, as 
well as adjustable gap polarized undulators in the down-beam electron lines, to produce tunable, fully 
coherent X-rays in programmable bunch patterns. This facility will work in unison with the existing Linac 
Coherent Light Source, which uses the legacy copper cavities in the last third of the linac to deliver electrons 
between 2 and 17 GeV to an undulator line. The upgrade plan includes new beam lines, five stages of state of 
the art collimation that shall clean the high-power beam well up-beam of the radio-sensitive undulators, and 
new electron and photon beam dumps. This paper describes the challenges encountered to define efficient 
measures to protect machine, personnel, public and the environment from the potentially destructive power of 
the beam, while maximizing the reuse of existing components and infrastructure, and allowing for complex 
operational modes. 
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T3_S4: Spallation facilities 
 
 
 
 
 
000051-T3_S4_19  
Dose rate estimation during the CSNS spallation target commissioning.  
Y. Quanzhi (1), W. Yin (1), T. Liang (2)  
(1) IPHY-CAS, China - (2) IHEP-CAS, China  
 
The China Spallation Neutron Source (CSNS), currently under construction in Dongguan, Guangdong Province, is 
intended to begin operation in 2018. The W-Ta spallation target, which is irradiated by the 1.6 GeV protons and 
produce spallation neutrons, is planned to commissioning in the initial of 2017. The irradiated target is highly 
activated and the intense residual gamma rays can result severe challenge for the target adjustment. For the 1 
mSv/h dose rate limitation at 30 cm away from the target, the cooling time corresponding to one irradiation 
time can be initially ensured by the target activity. The dose rate during the target commissioning are 
calculated, which is essentially needed for the personal safety. Calculations are made with the transport Monte 
Carlo code MCNPX and the burn up code CINDER’90 combined with an Activation Script and a Gamma Source 
Script. 
 

000200-T3_S4_20  
Radioprotection shielding for neutrons induced by the reaction (2H (40 MeV), 12C).  
M. Fadil (1) , SPIRAL2 team collaboration  
GANIL, France  
 
In the framework of design studies for SPIRAL2, the simulation of the neutron flux generated by 40 MeV 
deuterons on a thick 12C target was performed and compared to experimental data. The calculation of the 
dose rate of these neutrons allowed to compare four materials being considered for radioprotection shielding: 
barites, gypsum, ordinary concrete and heavy concrete. The simulated map of the neutron dose rate in the 
production building shows a very high dose rate around the neutron source and in the environment of some of 
the accelerator equipment. 
 

000227-T3_S4_21  
Radiation shielding design of the ESS Active Cells Facility.  
R. Bevilacqua, G. Muhrer, M. Göhran, P. Erterius, L. ÅStröm  
ESS, Sweden  
 
The European Spallation Source (ESS) will be one the most powerful neutron sources in the world. Neutron 
production will be achieved by interaction of a 2 GeV, 5 MW pulsed proton beam with a rotating solid tungsten 
target. A large inventory of isotopes will be produced in the machine components, as well as in the shielding 
and structural materials exposed to irradiation. This inventory represents a challenge in terms of handling, 
management and disposal. Materials activated above safety thresholds will be transferred to the Active Cells 
Facility (ACF). Here these materials will be manipulated and temporarily stored. In this paper, we describe the 
shielding design of the ACF. Shielding calculations were performed by analytical and by numerical methods. We 
present the source terms, the design criteria, the solutions adopted and the current design. 
 

000312-T3_S4_22  
SNS Proton Beam Window Disposal.  
I. Popova , F. X. Gallmeier , S. Trotter  
ORNL, USA  
 
In order to support the disposal of the proton beam window assembly of the Spallation Neutron Source 
beamline to the target station, waste classification analyses are performed. The window has a limited life-time 
due to radiation-induced material damage. Analyses include calculation of the radionuclide inventory and 
shielding analyses for the transport package/container to ensure that the container is compliant with the 
transportation and waste management regulations. In order to automate this procedure and minimize manual 
work a script in Perl language was written. 
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000402-T3_S4_23  
Shielding design for the CSNS target station via DORT and MCNPX.  
W. Yin (1,2), T. Liang (3), F. Shen (2)  
(1) IPHY-CAS, China - (2) IHEP-CAS, China - (3) IMU, China  
 
In this paper, we have calculated the dose rate of the CSNS target station by two methods. The comparison of 
the dose rate calculated by MCNPX and DORT with the library HILO2K was carried out. Analyses show that the 
high-energy neutron dose rate by these two codes are in good agreement and when we are interested in the 
total dose rate outside the target station, DORT with the library HILO2K can give the dose rate after 
considering a factor of three. Thus this discrete ordinate method was adopted for determination the 
configuration of the CSNS target station shielding. Based on the two-dimensional results, we use MCNPX2.5.0 
calculated the dose rate of the target station on detail. 
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T4_Medical Facilities, Radiotherapy & Medical 
Applications, Space Dosimetry & Shielding 

 
 
 
 
 

T4_S1: Shielding in space environment 
 
 
 
 
 
000131-T4_S1_1  
Measuring space radiation shielding effectiveness.  
A. Bahadori (1,2), E. Semones (2), M. Ewert (3), J. Broyan (3), S. Walker (4)  
(1) KSU, USA - (2,3) NASA-JSC, USA - (4) ODU, USA 
 
Passive radiation shielding is one strategy to mitigate the problem of space radiation exposure.  While space 
vehicles are constructed largely of aluminum, polyethylene has been demonstrated to have superior shielding 
characteristics for both galactic cosmic rays and solar particle events due to the high hydrogen content.  A 
method to calculate the shielding effectiveness of a material relative to reference material from Bragg peak 
measurements performed using energetic heavy charged particles is described.  Using accelerated alpha 
particles at the National Aeronautics and Space Administration Space Radiation Laboratory, the method is 
applied to sample tiles from the Heat Melt Compactor, which were created by melting material from a 
simulated astronaut waste stream.  It is found that the shielding effectiveness calculated from measurements 
of the heat melt compactor sample tiles is about 10% less than that of polyethylene.  Shielding material 
produced from the astronaut waste stream is therefore an attractive solution for protection against space 
radiation. 
 

000135-T4_S1_2 
Double Differential Neutron Yields from Thick Targets Used in Space Applications. 
N. A. McGirl (1), L. A. Castellanos (1), A. P. Srikrishna (1), L. H. Heilbronn (1), C. La Tessa (2), 
A. Rusek (2), M. Sivertz (2), S. Blattnig (3), M. Clowdsley (3), C. Zeitlin (4) 
(1) University of Tennessee, USA - (2) NASA SRL-BNL, USA - (3) NASA LaRC, USA - (4) Lockheed Martin, USA 
 
In May 2015 and March 2016, secondary neutron production from thick-target shielding experiments were 
conducted at the National Aeronautics and Space Administration’s (NASA) Space Radiation Laboratory at 
Brookhaven National Laboratory. Ion beams of proton, helium, and iron projectiles were aimed at aluminium 
and high density polyethylene targets with areal densities of 20, 30, 40, and 60 g/cm2. The ion beams were 
extracted at energies of 0.4, 0.75, and 1.0 AGeV and neutron yields were measured with liquid scintillators at 
10°, 30°, 45°, 60°, 80°, and 135° off the beam axis. The 2016 experiment included a second 60 g/cm2 
aluminium or high density polyethylene target located 3.5 m downstream from the middle of front target to 
study backscattered neutrons. Double differential thick-target neutron yields for various combinations of 
projectile, projectile energy, target material, target thickness, and detector location were produced using the 
time-of-flight technique. These measurements will help NASA perform uncertainty analyses on their transport 
codes. 
 

000136-T4_S1_3 
A Radiation Analysis of 500W RTPV System having Cylindrical Sources. 
S.J. Cheon , S.G. Hong 
KHU, Korea 
 
The radiation shielding analysis for a RTPV device using 238PuO2. The radiation source intensities and spectra 
were evaluated with ORIGEN-S. The detailed shielding analyses were performed with MCNP6 and 
MONACO/MAVRIC. Comparative shielding analysis using two different types of RTPV are performed. The results 
show that RTPV device using the cylindrical source type has lower dose values. 
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000267-T4_S1_4 
Secondary light-ion cross sections and transport from intermediate-energy heavy-ion 
experiments. 
A. P. Srikrishna (1), N. A. McGirl (1), L. Castellanos (1), L. H. Heilbronn (2), C. La Tessa (2) , A. 
Rusek (2), M. Sivertz (3), S. Blattnig (3), M. Clowdsley (3), C. Zeitlin (4) 
(1) University of Tennessee, USA - (2) NASA SRL-BNL, USA - (3) NASA LaRC, USA - (4) Lockheed Martin, USA 

 
The aim of this research is to produce double differential thick target yields, angular distributions and 
integrated yields for the inclusive production of neutrons, protons, deuterons, tritons, 3He, and 4He from 
intermediate heavy-ion interactions on thick targets of aluminium, polyethylene and other targets of interest 
to the radiation shielding program as specified by the National Aeronautics and Space Administration (NASA).  
In tandem with the experimental research, transport model calculations of these thick target yields were 
performed.  A series of future accelerator-based experiments (at Brookhaven National Laboratory's NASA Space 
Radiation Laboratory facility) will rely on the inclusion of two separate upstream and downstream targets.  
Analysis of the data from both sets of detectors – liquid scintillator and sodium iodide (NaI) – using both pulse 
height and time-of-flight methods will allow NASA to perform uncertainty quantification and sensitivity analysis 
on their transport codes and future shielding studies. 
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T4_S2: Medical facilities 
 
 
 
 
 
000062-T4_S2_5  
Shielding Design of the Mayo Clinic Scottsdale MCH Cyclotron Vault.  
K. Van Riper (1), R. Metzger (2), K. Nelson (3)  
(1) White Rock Science, USA - (2) Radiation Safety Engineering, USA - (3) Scottsdale Mayo Clinic, USA 
 
Mayo Clinic Scottsdale, Scottsdale Arizona, is building a cyclotron vault containing a cyclotron with adjacent 
targets and a beam line leading to an external target. The targets are irradiated by high energy (15 to 16.5 
MeV) protons for the production of radioisotopes. We performed Monte Carlo radiation transport simulations to 
calculate the radiation dose outside of the vault during irradiation of the cyclotron and external targets. We 
present the Monte Carlo model including the geometry, sources, and variance reduction methods. Mesh tallies 
surrounding the vault show the external dose rate is within acceptable limits. 
 

000189-T4_S2_6 
A Shielding Concept for the MedAustron Facility. 
L. Jägerhofer (1), E. Feldbaumer (2), S. Roesler (2), C. Theis (2) , H. Vincke (2) 
(1) EBG MedAustron GmbH, Austria - (2) CERN, Switzerland 
 
MedAustron is a synchrotron based accelerator facility for cancer therapy and research in Wiener Neustadt, 50 
km south of Vienna. The facility will provide protons up to kinetic energies of 250 MeV and carbon ions up to 
400 MeV/u for ion beam therapy. Additionally, protons up to 800 MeV kinetic energy will be used in a dedicated 
room for non-clinical research. In order to obtain a shielding concept for this facility a detailed geometry of 
the accelerator facility was implemented into the Monte-Carlo code FLUKA and shielding simulations were 
performed. In the course of these simulations the contributions of different particle types to the mixed fields 
around the accelerator and behind shielding were analyzed. In an iterative process with the architect the final 
design of the shielding concept was developed until it was capable of reducing the effect of secondary 
radiation on humans and the environment below Austrian legal limits. 
 

000220-T4_S2_7 
Neutron transport calculation for Activation Evaluation for  
F. Nobuhara (1), M. Kuroyanagi (2), H. Nakamura (2), A. Toyoda (2),  
K. Masumoto (2), K. Takahashi (3)  
(1) TNS, Japan - (2) KEK, Japan - (3) Dokkyo Medical University, Japan  

 
In order to evaluate the state of activation in the cyclotron facilities for the radioisotope production of PET 
diagnostics, we measured the neutron flux by using gold foils and TLDs. Then, the spatial distribution of 
neutrons and induced activity inside the cyclotron vault is simulated by the Monte Carlo calculation code for 
neutron transport and DCHAIN-SP for activation calculation. Calculated results are in good agreement with 
measured values within factor 3.  Therefore, the adaption of the advanced evaluation procedure of activation 
level is important for the planning of decommissioning of these facilities. 
 

000369-T4_S2_8  
Development of An Epi-thermal Neutron Field for Fundamental Researches for BNCT with A DT 
Neutron Source.  
Y. Osawa, S. Imoto, F. Sato, I. Murata  
Osaka University, Japan  
 
In Japan, Accelerator Based Neutron Sources (ABNS) are being developed for Boron Neutron Capture Therapy 
(BNCT). For the spread of ABNS based BNCT, we should measure the neutron spectrum and flux intensity 
precisely and accurately for each ABNS. Therefore, in the author’s group, development of a low-energy 
neutron spectrometer is underway. In this study, we designed and constructed an epi-thermal neutron field 
using a DT neutron source for vilification of the developed spectrometer and carried out spectrum index and 
absolute flux intensity measurements with activation foils. As a result, we have successfully developed an epi-
thermal neutron field suppressing fast neutrons substantially. 
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000384-T4_S4_16 
Gamma-Ray Dose Measurement with Radio-Photoluminescence Glass Dosimeter in a Mixed 
Radiation Field for BNCT. 
K. Hiramatsu (1), S. Yoshihashi (2), F. Sato (1), E. Hoashi (1), I. Murata (1) 
(1) Osaka University, Japan - (2) Fukui University of Technology, Japan 

 
From the accelerator based neutron sources (ABNS), unnecessary gamma-rays will be generated by neutron 
capture reactions, as well as fast neutrons. To control the whole-body radiation dose to the patient, 
measurement of gamma-ray dose in the irradiation room is necessary. In this study, the objective is to 
establish a method to measure gamma-ray dose separately in a neutron/gamma mixed field by using RPL glass 
dosimeter. For this purpose, we proposed a lead filter method which uses a pair of RPL glasses with and 
without a lead filter outside. In order to realize this method, the basic characteristics of glass dosimeter was 
verified in the gamma-ray field, before adapting it in the mixture field. In the result of the experiment using 
the lead filter, the simulation result especially for the case with a lead filter overestimated the absorbed does 
obtained from measurement. We concluded that the reason of the discrepancy is caused by the difference of 
sensitivity for low-energy photon between measurement and theory. 
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T4_S3: Simulation tools for medical applications & shielding 
 
 
 
 
 
000241-T4_S3_9 
Modeling of Radiotherapy Linac Source Terms Using ARCHER Monte Carlo Code: Performance 
Comparison for GPU and MIC Parallel Computing Devices. 
H. Lin (1), T. Liu (1), L. Su (2), B. Bednarz (3), P. Caracappa (1), I. G. Xu (1) 
(1) RPI, USA - (2) JHU, USA - (3) UW-Madison, USA 
 
Monte Carlo (MC) simulation is well recognized as the most accurate method for radiation dose calculations. 
For radiotherapy applications, accurate modeling of the source term, i.e. the clinical linear accelerator is 
critical to the simulation. The purpose of this paper is to perform source modelling and examine the accuracy 
and performance of the models on Intel Many Integrated Core coprocessors (aka Xeon Phi) and Nvidia GPU using 
ARCHER and explore the potential optimization methods. Phase Space-based source modelling for has been 
implemented. Good agreements were found in a tomotherapy prostate patient case and a TrueBeam breast 
case. From the aspect of performance, the whole simulation for the prostate plan and the breast plan cost 
about 173s and 73s with 1% statistical error. 
 

000283-T4_S3_10 
Inter-comparison of Dose Profiles Calculated by GEANT4, FLUKA, MCNPX, and PHITS for Proton 
Therapy. 
Z.-Y. Yang (1), S.-C. Lee (1), Y.-C. Liu (1), C.-C. Chen (2), R.-J. Sheu (1), P.-E. Tsai (1,3) 
(1) NTHU, Taiwan - (2) ProCure Proton Therapy Center, USA - (3) JAEA, Japan 
 
The applications of four Monte Carlo codes – GEANT4, FLUKA, MCNPX, and PHITS in proton therapy were 
investigated by three different pencil beam scanning cases. For the first case, the IDDCs calculated by these 
four codes were inter-code compared for a mono-energetic proton pencil beam impinging a water phantom. 
The general trends of the calculated IDDCs are consistent with each other for peak location and peak height as 
long as they all use the 75-eV ionization potential for water. The second case considered the IDDCs from proton 
beams with energy shift and energy spread. The ratios of the calculated doses to the measured doses are not 
constant, and significant inter-code differences were found in the shallow region and the region around the 
Bragg peaks. Regarding the computing efficiency, MCNPX conducted the most efficient calculations, followed 
by FLUKA, PHITS, and then GEANT4 for both projectile energies. The third case is to investigate the SOBPs, 
which is still in progress but will be compared with the measurement as well as the treatment plan. 
 

000301-T4_S3_11 
VARIAN CLINAC 6 MeV Photon Spectra Unfolding using a Monte Carlo Meshed Model. 
S. Morató , B. Juste , R. Miró , G. Verdú 
ISIRYM, Spain 
 
Energy spectrum is the best descriptive function to determine photon beam quality of a Linear Medical 
Accelerator (LinAc). The use of realistic photon spectra in MC simulations has a great importance to obtain 
precise dose calculations in Radiotherapy Treatment Planning (RTP). Reconstruction of photon spectra emitted 
by medical accelerators from measured depth dose distributions in a water cube is an important tool for 
commissioning a MC treatment planning system.  In this regard, the reconstruction problem is an inverse 
radiation transport function which is poorly conditioned and its solution may become unstable due to small 
perturbations in the input data. This paper presents a more stable spectral reconstruction method which can 
be used to provide an independent confirmation of source models for a given machine without any prior 
knowledge of the spectral distribution. MC models used in this work are built with unstructured meshes to 
simulate with realism the linear accelerator head geometry. 
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T4_S4: Radiation exposure in medical facilities 
 
 
 
 
 
000122-T4_S4_12  
Re-Shielding of Co-60 Teletherapy Rooms for Tomotherapy and Conventional LINACs using 
Monte Carlo Simulations.  
Y. Çeçen, Ç. Yazgan  
Akdeniz University, Turkey 

 
Instead of building a bunker for new technology treatment machines, the re-shielding of Co-60 teletherapy 
rooms is preferred because of lack of space in radiotherapy clinics. The shielding constuction is mostly left to 
the vendor. However, shielding design goals of the clinic may be much lower than the IAEA accepts. The study 
aims to check on the vendors design and show that shielding of radiotherapy rooms can be designed site 
specifically using Monte Carlo simulations. 
 

000138-T4_S4_13 
Development and application of a set of mesh-based and age-dependent Chinese family 
phantoms for radiation protection dosimetry: Preliminary Data for external photon beams. 
Y. Pi (1), Z. Lian (1), W. Huo (1), F. Mang (1), Z. Chen (1), X. G. Xu (1,2)  
1 USTC, China - 2 RPI, USA  
 
A group of mesh-based and age-dependent family phantoms for Chinese populations were developed in this 
study. We implemented a project to deform RPI-AM and RPI-AF models to phantoms of different ages: 5, 10, 15 
and adult. More than 120 organs for each model were adopted to match the values of the Chinese reference 
parameters within 0.5%. All of these phantoms were converted to voxel format for Monte Carlo simulations. 
Dose coefficients for adult models were counted to compare with those of RPI-AM and RPI-AF. The results show 
that the significant differences between absorbed doses of RPI phantoms and these of our adult phantoms at 
low energy. Comparisons for the dose coefficients among different ages and genders were also committed. And 
we verified that teenagers receive more radiation doses than adults under the same irradiation condition. This 
set of phantoms can be utilized to estimate dosimetry for adults and young people in radiation protection, 
medical imaging, and radiotherapy. 

 
000190-T4_S4_14  
Simulation of irradiation exposure of electronic devices due to heavy ion therapy with Monte 
Carlo Code MCNP6.  
N. Guilliard (1), W. Bernnat (2), Arnulf Buck (3)  
(1,2) IKE, University Stuttgart, Germany - (3) TU Graz, Austria  
 
During heavy ion irradiation therapy the patient has to be located exactly at the right position and has to be 
moved in the range of millimeters to scan the ill tissue. A special table was developed which allows exact 
positioning. The electronic control can be located outside the surgery. But that has some disadvantage in 
construction. To keep the system compact it would be much more comfortable to put the electronic control 
inside the surgery. As a lot of high energetic secondary particles are produced during the therapy causing a 
high dose in the room it is important to find positions with low dose rates. Investigations are needed where the 
electronic devices should be located to obtain a minimum of radiation, help to prevent the failure of sensitive 
devices. The dose rate resulting from carbon ions and protons was simulated for the entire therapy room using 
MCNP6. The types of secondary particles were identified and the deposition in a thin silicon layer and an 
electronic mixture was determined. 

 
000350-T4_S4_15 
Broadly Applicable Dose Model for Radiotherapy Beams from 6 -25 MV. 
C. Schneider (1) , W. Newhauser (2) 
(1) LSU, USA - (2) MBP Cancer Center, USA 
 
The purpose of this work was to develop a new analytical model that is applicable to a wide variety of 
commonly used treatment machines and techniques. The analytical model was developed using measurements 
of absorbed dose from a variety of treatment machines and techniques in the 6 MV to 25 MV energy interval. 
The average local relative difference between the calculated and measured absorbed dose values was 9.9% 

 
 



______________________________________________________________________________ 
42 

 

 
  



______________________________________________________________________________ 
43 

 

T4_S5: Medical & biological studies 
 
 
 
 
000053-T4_S5_17 
Monte Carlo calculations for reporting patient organ doses from interventional radiology.  
W. Huo (1), F. Mang (1), Y. Pi (1), Z. Chen (2),Y. Gao (1), X. G. Xu (1,2)  
(1) USTC, China - (2) RPI, USA  
 
Plastic scintillator are widely used to measure charged particle and cosmic-ray muon. The scintillator with 4.5 
cm diameter and 2.5 cm length was fabricated to apply cosmic-ray muon detection by using polymerization 
reaction of styrene monomer, PPO, and POPOP. The maximum emission wavelength of 426 nm was measured 
by using Varian`s spectrophotometer and then the Compton edge spectrum was measured by using a standard 
Cs-137 source with 8.3 μCi. The scintillation efficiency of 9805 [phe/MeV] was calculated by analyzing of the 
spectrum using an Origin program. 
 

000096-T4_S5_18 
Validation of Monte Carlo simulation of mammography with TLD measurement and depth dose 
calculation with a detailed breast model. 
W. Wang (1), R. Qiu (1), L. Ren (1), H. Liu (1), Z. Wu (2), C. Li (2), J. Li (1) 
(1) Tsinghua University, China - (2) Nuctech Company Limited, China 
 
Mean glandular dose is not only determined by the compressed breast thickness and the glandular content, but 
also by the distribution of glandular tissues in breast. In this study, an experiment using thermos-luminescent 
dosimeters was carried out to validate Monte Carlo simulations of mammography. Percent depth doses at 
different depth values were measured inside simple breast phantoms. The experimental values were well 
consistent with the values calculated by Geant4. Then a detailed breast model, which has been constructed in 
previous work, was used to study the effects of the distribution of glandular tissues on glandular tissue dose 
conversion coefficient in breast with Geant4. The breast model was reversed in direction of compression to get 
a reverse model with a different distribution of glandular tissues. It revealed that the conversion coefficients 
were about 10% larger when the breast model was reversed, for glandular tissues in the reverse model are 
concentrated in the upper part of the model. 
 

000170-T4_S5_19  
A Preliminary Study of Monte Carlo Simulation for Treatment Head of a Carbon-ion radiotherapy 
Facility Using TOPAS.  
H. Liu (1), L. Zhang (1), Z. Chen (1), X.G. Xu (1), Q. Li (2)  
(1) USTC, China - (2) IMP-CAS, China  
 
There is a request in medical physics for less complex, reliable and still flexible Monte Carlo (MC) software for 
design, dose calculation and verification. TOol for PArticle Simulation (TOPAS) is a newly developed MC 
simulation tool for particle radiotherapy which combines extensive radiation physics libraries available in 
Geant4 code, easy-to-use geometry and visualization features. To evaluate the feasibility of applying TOPAS to 
Monte Carlo–based dosimetric studies for ion beam radiotherapy (IBRT) at Institute of Modern Physics (IMP) in 
Lanzhou, China. A comparison about proton ranges by TOPAS calculation and them from NIST data is conducted 
to verify the physical process model and accuracy. Carbon ions’ relative dose depth distributions in water are 
then calculated to compare with the measurements. Some important special components of treatment head 
used in passive scattering modality are also modeled to study the actual dose distribution Spread Out Bragg 
Peak (SOBP). 
 

000238-T4_S5_20 
Geant4-DNA simulation of DNA damage caused by direct and indirect effects and comparison 
with biological data. 
C. Villagrasa (1), S. Meylan (1), G. Gonon (1), G. Gruel (1), U. Giesen (1), M. Bueno (1), H. Rabus 
(2) 
(1) IRSN, France - (2) PTB, Germany 
 
In this work we present results obtained in the frame of the BioQuaRT project. The objective of the study was 
the correlation between the number of radiation-induced double strand breaks (DSB) and the probability of 
detecting nuclear foci after  microbeam irradiation of cells with protons and alpha particles of different LET. 
The former were obtained by simulation with new methods integrated into Geant4-DNA that permit calculating 
the number of DSB in a DNA target model induced by direct and indirect radiation effects. A particular focus 
was laid in this work on evaluating the influence of different criteria applied to the simulated results for 
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predicting the formation of a direct SSB. Among the criteria tested in this work, the case that a direct radiation 
interaction leads to a strand break if the cumulative energy deposited in the backbone part of one nucleotide 
exceeds a threshold of 17.5 eV leads to the best agreement with the relative LET dependence of number of 
radiation induced foci.  
 

000254-T4_S5_21 
Radiation-Induced Second Cancer Risk Estimates From Radionuclide Therapy. 
B. Bednarz , A. Besemer 
UW-Madison, USA 
 
The use of radionuclide therapy in the clinical setting is expected to increase significantly over the next 
decade. There is an important need to understand the radiation-induced second cancer risk associated with 
these procedures. In this study the radiation-induced cancer risk in five radionuclide therapy patients was 
investigated. These patients underwent serial SPECT imaging scans following injection as part of a clinical trial 
testing the efficacy of a 131iodine labeled drug. Using these datasets the committed absorbed doses to 
multiple sensitive structures were calculated using RAPID, which is a novel Monte Carlo-based 3D dosimetry 
platform. The ERR of developing a radiation-induced cancer in these structures was then derived from these 
dose estimates following the recommendations set forth in the BEIR VII report. The risks associated with 
radionuclide therapy are similar to the risk associated with external beam radiation therapy. 
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T5_Fission Facilities, Fuel Cycle & Waste Management 
Facilities, Decommissioning 

 
 
 
 
 

T5_S1: Research reactors shielding 
 
 
 
 
 
000108-T5_S1_2 
Shielding and activation calculations around the reactor core for the MYRRHA ADS design. 
A. Ferrari (1), Stefan Mueller (1), J. Konheiser (1), D. Castelliti (2), M. Sarotto (3), A. 
Stankovskiy (2) 
(1) HZDR, Germany - (2) SCK·CEN, Belgium - (3) ENEA, Italy 
 
In the frame of the FP7 European project MAXSIMA, an extensive simulation study has been done to assess the 
main shielding problems in view of the construction of the MYRRHA accelerator-driven system at SCK·CEN in 
Mol (Belgium). An innovative method based on the combined use of the two Monte Carlo codes MCNPX and 
FLUKA has been used, with the goal to characterize complex, realistic neutron fields around the core barrel, to 
be used as source terms in detailed analyses of the radiation fields due to the system in operation, and of the 
coupled residual radiation. The main results of the shielding analysis are presented, as well as the realization 
of an activation database of all the key structural materials. 
 

000159-T5_S1_3 
Radiological Shielding Design for the Neutron Backscattering Spectrometer EMU at the OPAL 
Reactor. 
T. Ersez , F. Esposto , N.R. de Souza 
ANSTO, Australia 
 

The shielding for the neutron backscattering spectrometer (EMU) located at the OPAL Reactor 
(ANSTO) was designed using the Monte Carlo code MCNP 5-1.60. The proposed shielding design has 
produced compact shielding assemblies, such as the pre-monochromator bunker with sliding 
cylindrical block shields to accommodate a range of neutron take-off angles, in the experimental 
area - shielding of focusing guides, choppers, flight tube, backscattering monochromator and linear 
Doppler drive and shielding elements inside the Scattering Tank. These arrangements meet safety 
and engineering requirements and cost constraints. The neutron dose rates around the EMU 
instrument were reduced to < 0.5 μSv/h and the gamma dose rates to a safe working level of ≤ 3 
μSv/h. 
 

000324-T5_S1_4 
New infrastructure for studies of transmutation and fast systems concepts. 
F. Panza (1), G. Firpo (2), G. Lomonaco (1,3), M. Osipenko (1), G. Ricco (1,4), M. Ripani (1), P. 
Saracco (1), Carlo Maria Viberti (2) 
(1) INFN, Italy - (2) Ansaldo Nucleare, Italy - (3) University of Genova, Italy - (4) Centro Fermi, Italy 
 
In this work we report initial studies on a low power Accelerator-Driven System as a possible experimental 
facility for the measurement of relevant integral nuclear quantities. In particular, we performed Monte Carlo 
simulations of minor actinides and fission products irradiation and estimated the fission rate within fission 
chambers in the reactor core and the reflector, in order to evaluate the transmutation rates and the 
measurement sensitivity. We also performed a photo-peak analysis of available experimental data from a 
research reactor, in order to estimate the expected sensitivity of this analysis method on the irradiation of 
samples in the ADS considered. 
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000390 - T5_S1_5 
Radiation transport calculation of the UGXR collimators for the Jules Horowitz reactor. 
C. Hueso, I. Zamora, M. Fabbri, Y. Chento, C. De La Fuente, A. Larringan 
IDOM, Spain 
 
Jules Horowitz Reactor (JHR), a major infrastructure of European interest in the fission domain, will be built 
and operated in the framework of an international cooperation, including the development and qualification of 
materials and nuclear fuel used in nuclear industry. For this purpose UGXR Collimators, two multi slit gamma 
and X-ray collimation mechatronic systems, will be installed at the JHR pool and at the Irradiated Components 
Storage pool. Expected amounts of radiation produced by the spent fuel and X-ray accelerator implies diverse 
aspects need to be verified to ensure adequate radiological zoning and personnel radiation protection. A 
computational methodology was devised to validate the Collimators design by mean of coupling different 
engineering codes. In summary, several assessments were performed to fulfill all the radiological requirements 
in Nominal scenario (TEDE < 25µSv/h) and in Maintenance scenario (TEDE < 2mSv/h) among others, detailing 
the methodology, hypothesis and assumptions employed. 
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T5_S2: Nuclear power plant shielding 
 
 
000126 - T5_S2_6 
Analysis and optimization of minor actinides transmutation targets with regards to neutron and 
gamma sources. 
T. Kooyman, L. Buiron, G. Rimpault 
CEA, France 

 
We propose here to implement an optimization methodology of the blankets design for minor actinides 
transmutation with regards to various parameters such as the local spectrum or the mass to be loaded, with 
the objective of minimizing the final neutron and gamma source of the spent assembly while maximizing the 
transmutation performances of the blankets. In a first stage, an analysis of the various contributors to long and 
short term neutron and gamma source is carried out while in the second stage, relevant estimators are 
designed for use in the effective optimization process, which is done in the last step. A comparison with core 
calculations is finally done for comparison and validation purposes. It is found that the use of a more energetic 
spectrum in the blankets can be beneficial in terms of final neutron and gamma source without impacting 
minor actinides transmutation performances but at the expense of a slight increase in the total minor actinides 
inventory in cycle. 

 
000175 - T5_S2_7 
Reflector and Protections in a Sodium-cooled Fast Reactor: Modelling and Optimization. 
D. Blanchet, B. Fontaine 
CEA, France 
 
The ASTRID project (Advanced Sodium Technological Reactor for Industrial Demonstration) is a Generation IV 
nuclear reactor concept under development in France. In this frame, studies are underway to optimize radial 
reflectors and protections. Considering radial protections made in natural boron carbide, this study is 
conducted to assess the neutronic performances of the MgO as a reflector material, in comparison with a more 
conventional stainless steel. The analysis is based upon a simplified 1-D cylindrical model of the reactor, 
providing simplified interfaces between core, reflector and protections. Such a model allows examining 
detailed reaction rate distributions; it also provides physical insights into local spectral effects occurring at the 
Core-Reflector and at the Reflector-Protection interfaces. The analysis is performed at fresh and depleted fuel 
conditions. 
 

000193-T5_S2_8 
Radiation transport out from the reactor core: to decouple or not to decouple? 
K.W. Burn, P. Console Camprini  
ENEA, Italy 
 
In the framework of the extension of the lifetime of currently operating reactors as well as of issues connected 
to decommissioning, accurate calculations of neutron and gamma responses outside the reactor core are 
increasingly being sought. Recently Monte Carlo calculations have been extended to provide a deep penetration 
capability incorporated in the eigenvalue calculation. This allows in principle neutron and gamma ray responses 
quite far outside the fissile region to be calculated within the same source-iteration scheme employed to 
define the neutronic responses in the fissile zone. In this paper this new algorithm is compared to the classic 
decoupled approach (an eigenvalue calculation followed by a fixed source one), with the point of decoupling 
chosen as the fission sites. Two contrasting sample problems are discussed: a small fast research reactor and a 
large GEN-III thermal power reactor. 
 

000237-T5_S2_9 
Neutron-gamma flux and dose calculations in a Pressurized Water Reactor (PWR). 
M. Brovchenko (1), B. Dechenaux (1), K.W. Burn (2), P. Console Camprini (2), I. Duhamel (1), A. 
Peron (3) 
(1) IRSN, France - (2) ENEA, Italy - (3) IRSN subcontractor 

 
The present work deals with Monte Carlo simulations, aiming to determine the neutron and gamma responses 
outside the vessel and in the basemat in a Pressurized Water Reactor (PWR). The model is based on the 
Tihange-I Belgian nuclear reactor. With a large set of information and measurements available, this reactor has 
the advantage to be easily modelled and allows for a validation of the measurements. Comparison were made 
for the power distribution calculations with the MCNP code to the available in-core measurements at IRSN and 
showed a relatively good agreement. In this paper, the methods and hypotheses used for the particle transport 
simulation from the fission distribution in the core to the detectors outside the vessel of the reactor are also 
summarized. The results of the simulations will then be presented including the neutron and gamma doses and 
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flux energy spectra. MCNP6 calculational results comparing JEFF3.1 and ENDF-B/VII.1 nuclear data evaluations 
will be presented. 
 

000341-T5_S2_10 
Characterization of Radiation Fields for Assessing Concrete Degradation in Biological Shields of 
NPPs. 
I. Remec, T.M. Rosseel, K.G. Field, Y. Le Pape  
ORNL, USA 
 
Life extensions of nuclear power plants (NPPs) to 60 years of operation and the possibility of subsequent 
license renewal to 80 years have renewed interest in long-term material degradation in NPPs. Large 
irreplaceable sections of most nuclear generating stations are constructed from concrete, including safety-
related structures such as biological shields and containment buildings; therefore, concrete degradation is 
being considered with particular focus on radiation-induced effects. Based on the projected neutron fluence 
values (E > 0.1 MeV) in the concrete biological shields of the US pressurized water reactor fleet and the 
currently available data on radiation effects on concrete, some decrease in mechanical properties of concrete 
cannot be ruled out during extended operation beyond 60 years. An expansion of the irradiated concrete 
database is desirable to ensure reliable risk assessment for extended operation of nuclear power plants. 
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T5_S3: Spent fuel shielding studies 
 
 
 
 
 
000100-T5_S3_11 
Quantitative Fissile Assay In Used Fuel Using LSDS System. 
Y. Lee (1), J. Y. Jeon (1), C.-J. Park (2) 
(1) KAERI, Korea - (2) Sejong University, Korea 

 
A quantitative assay of isotopic fissile materials (U235, Pu239, Pu241) was done at Korea Atomic Energy 
Research Institute (KAERI), using lead slowing down spectrometer (LSDS). The optimum design of LSDS was 
performed based on economics, easy maintenance and assay effectiveness. In LSDS system, The detected signal 
has a direct relation to the mass of existing fissile isotopes. An accurate fissile content contributes to safety 
and economics of future nuclear energy system development and optimization and effective management of 
spent fuel storage. In the designed system, the fissile assay model was setup. The isotopic fissile content assay 
was performed by changing the content of Pu239. The isotopic content was consistent with ~2% uncertainty for 
Pu239. From the assay evaluation, LSDS technique is very powerful and direct to analyze the isotopic fissile 
content. LSDS is applicable for nuclear fuel cycle and spent fuel management for safety and economics. 
 

000110-T5_S3_12 
A new shielding analysis method for used fuel transport and storage casks. 
V. Léger, S. Kitsos 
AREVA, France 
 
To provide a cask with the largest possible loading capacity of spent fuel assemblies with the largest 
practicable burnup and shortest cooling time within all safety requirements, AREVA TN has adapted its design 
process and developed a more elaborated shielding analysis method. Taking advantage of the potential 
heterogeneities between sources of fuel assemblies to be loaded, and the self-shielding of assemblies loaded at 
the basket centre by the assemblies loaded at the basket periphery, the result of this method is expressed 
under the shape of a linear inequalities system allowing to optimize the cask capacity and performances. 
 

000226-T5_S3_13 
Recalculation with SEACAB of the activation by spent fuel neutrons and residual dose originated 
in the racks replaced at Cofrentes NPP. 
P. Ortego (1), A. Rodriguez (1), C. Töre (1), J.L. de Diego Compadre (2), B. Rodriguez Quesada 
(2), R. Orive Moreno (2) 
(1) SEA, Spain - (2) IBERDROLA, Spain 
 
In order to increase the storage capacity of the East Spent Fuel Pool at the Cofrentes NPP, located in Valencia 
province, Spain, the existing storage stainless steel racks were replaced by a new design of compact borated 
stainless steel racks allowing a 65% increase in fuel storing capacity. Calculation of the activation of the used 
racks was successfully performed with the use of MCNP4B code. Additionally the dose rate at contact with a 
row of racks in standing position and behind a wall of shielding material has been calculated using MCNP4B 
code as well. These results allowed a preliminary definition of the burnker required for the storage of racks. 
Recently the activity in the racks has been recalculated with SEACAB system which combines the mesh tally of 
MCNP codes with the activation code ACAB, applying the rigorous two-step method (R2S) developed at home, 
benchmarked with FNG irradiation experiments and usually applied in fusion calculations for ITER project. 
 

000295-T5_S3_14 
Degree of conservatism in the determination of neutron source in spent fuel assemblies 
following NUREG-1536. 
P. Ortego , A. Rodriguez , C. Töre  
SEA, Spain 
The limitation of the spent fuel storage capability has required the availability of additional facilities both in 
wet conditions and with metallic dry casks as well. KKGösgen is a world leader in the solutions for increasing 
the capability for spent storage having the standard wet pond inside containment (KWU design) a wet pond in 
an auxiliary building at the site and planning a new facility with dry casks. Because of the wide experience in 
high burnup fuel its UO2 assemblies fleet is used as a base to assess the degree of conservatism normally 
applied in the neutron source term calculation method and somehow based on the NRC evaluator guiding 
document NUREG-1536. 
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000297-T5_S3_15 
Test tasks for verification of program codes for calculation of neutron-physical characteristics of 
the BN series reactors. 
G. Tikhomirov (1), M. Ternovykh (1), A. Smirnov (1), I. Saldikov (1), R. Bahdanovich (1), A. 
Gerasimov (2) 
(1) MEPhI, Russia - (2) ITEP, Russia. 
 
System of test tasks for the fast reactor BN-1200 as prototype is presented. This test system can be applied for 
certification of engineering program codes and codes based on the Monte Carlo method for the calculation of 
full-scale model of the reactor cores for reactors of BN series. These tasks take into account the basic layout 
and design solutions for BN-1200. They are intended for the study of neutron-physical characteristics, 
estimation of the impact of influence of heterogeneous structure and the impact of the diffusion 
approximation. Concentrations of isotopes are assigned in these tests instead of macroscopic cross sections, 
what allows us to check the library of nuclear data and algorithms to ensure libraries of constants. 
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T5_S4: Accidental situations 
 
 
 
 
 
000124-T5_S4_16 
Radiological environment within an NPP after a severe nuclear accident. 
K. Andgren, F. Karin, A.M. Blixt Buhr, T. Huutoniemi 
Vattenfall AB, Sweden 
 
The radiological environment following a severe nuclear accident can be visualized on building layouts. The 
direct radiation in an area can be visualized on the layout by a coloring scheme depending on the dose rate 
level. Following the Fukushima accident, a need for update of these layouts has been identified at the Swedish 
nuclear power plant of Forsmark. Shielding calculations for areas where access is desired for severe accident 
management have been performed. Many different sources of radiation together with different types of 
shielding material contribute to the dose that would be received by a person entering the area. External 
radiation from radioactivity within e.g. pipes and components is considered and also external radiation from 
radioactivity in the air (originating from diffuse leakage of the containment atmosphere). Results are presented 
as dose rates for relevant dose points together with a method for estimating the dose rate levels for each of 
the rooms of the reactor building. 
 

000180-T5_S4_17 
Update of the Nuclear Criticality Slide Rule for the Emergency Response to a Nuclear Criticality 
Accident. 
M. Duluc (1), A. Bardelay (1), D. Heinrichs (2), C. Hopper (3), R. Jones (4), S. Kim (2), T. Miller 
(3), C. Wilson (4) 
(1) IRSN, France - (2) LLNL, USA - (3) ORNL, USA - (4) AWE, UK 
 
AWE (UK), IRSN (France), LLNL (USA) and ORNL (USA) began a long term collaboration effort in 2015 to update 
the nuclear criticality Slide Rule for the emergency response to a nuclear criticality accident. This document, 
published almost 20 years ago, gives order of magnitude estimates of key parameters, such as number of 
fissions and doses (neutron/gamma), useful for emergency response teams and public authorities. This paper 
will present, firstly the motivation and the long term objectives for this update, then the overview of the 
initial configurations for updated calculations and preliminary results obtained with modern 3D codes. 
 

000186-T5_S4_18 
Shielding analysis in the design phase of the new Emergency Operation Facility for Tihange 
Nuclear Power Plant. 
G. Genard , V. Boucha , S. Vanderperre 
Tractebel ENGIE, Belgium 
 
In the framework of the design studies for a new Emergency Operation Facility (EOF) for Tihange NPP, radiation 
protection analyses are needed to comply with effective dose rate criteria. In this aim, the shielding performed 
by, at the one hand, external walls and roof of the building and, on the other hand, internal walls, has been 
sized by means of MicroShield calculations. This paper explains how the calculations for external walls, doors, 
roof, floor and internal walls are made. The assumptions on the source terms and on the source geometry as 
well as the way the shielding is determined and the results of the sizing are presented. 
 

000332-T5_S4_20 
A useful observable for estimating keff in fast subcritical systems. 
D. Chersola (1,2), G. Ricco (2,1), M. Ripani (2,1), P. Saracco (2,1) 
(1) University of Genova, Italy - (2) INFN, Italy 
 
The neutron multiplication factor keff is a fundamental quantity for assessing reliability of subcritical neutron 
multiplying devices: moreover it is a fundamental quantity for understanting its physical behaviour, being 
related to the fundamental eigenvalue of Boltzmann transport equation. Both the maximum available power - 
and all quantities related to it, like, e.g. the effectiveness in burning nuclear wastes - and reactor kinetics and 
dynamics depend on keff . Nevertheless keff is not directly measurable and its determination results from the 
solution of an inverse problem: minimizing model dependence of the solution for keff becomes then a critical 
issue, relevant both for practical and theoretical reasons. 
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000359-T5_S4_21 
Methodology for the nuclear design validation of an Alternate Emergency Management Centre 
(CAGE). 
C. Hueso (1), M. Fabbri (2), I. Zamora (2), C. De La Fuente (2), A. Janés (2), Y. Chento (2), J.A. 
Vega (1), C. Gasca (1), H. Hernández 
(1) ANAV, Spain - (2) IDOM, Spain 
 
After Fukushima Dai-chi accident, all nuclear plants in the European Union have been subjected to the "stress 
tests". The Spanish nuclear industry has proposed, and CSN (Spanish Nuclear Regulatory Body) has subsequently 
required the creation of an on-site emergency center, called Alternate Emergency Management Centre (CAGE). 
The CAGE’s occupancy conditions during a severe accident must meet a TEDE < 50 mSv and an equivalent dose 
to the thyroid < 500 mSv within the 30 days following the accident. A computational methodology was devised 
to validate the nuclear design of the CAGE by means of coupling different nuclear codes. In summary it is 
required the evaluation of the on-site meteorological conditions, the definition of source term and release 
sequence, the analysis of radionuclide’s relative concentrations in the air, the energy spectra definition of any 
possible source to end with the dose evaluation. In order to validate the CAGE design the sum of the different 
contributions must meet the CSN occupancy conditions. 
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T5_S5: Decontamination & dismantling 
 
 
 
 
 
000034-T5_S5_22 
Development of a reliable estimation procedure of radioactivity inventory in a BWR plant due to 
neutron irradiation for decommissioning. 
K.-I. Tanaka (1,2), J. Ueno (3) 
(1) IAE, Japan - (2) TIT, Japan - (3) Genden Information System Company, Japan 
 
We are establishing a procedure of radiological characterization for a commercial Boiling Water Reactor (BWR). 
Our procedure comprises three sub-tasks, namely an evaluation of neutron-activated materials, an evaluation 
of contaminated materials and an amount estimation of materials. In order to perform the radiological 
characterization reliably, we developed a new procedure of the evaluation for neutron-activated materials in 
the BWR. Neutron activated materials are calculated with calculation codes and their validity should be 
verified with measurements. The evaluation of neutron-activated materials can be divided into two steps. One 
is distribution calculation of neutron-flux. Another is calculation of material activation. Distribution calculation 
of neutron-flux is performed with calculation codes to simulate neutron transport phenomena. Using the 
distribution, we perform distribution calculation of radioactivity concentration of 178 nuclides. We also 
estimate time dependent distribution of radioactivity classification and radioactive-waste classification. 
 

000181-T5_S5_23 
Calculation with SEACAB of residual photon dose to elastomer plugs used for core isolation 
during single loop chemical decontamination of Cofrentes NPP.  
P. Ortego (1), A. Rodriguez (1), C. Töre (1), M. Mota (2), J. Melara (2)  
(1) SEA, Spain - (2) IBERDROLA, Spain  
 
During the 20th reload of Cofrentes NPP, located in Valencia province, Spain, isolation plugs made of an 
elastomer material (EPDM rubber were installed at the inlet to the venturi contractions of the jet pumps and at 
the common return nozzle (N2) pertaining to the same recirculation loop. This isolation allowed the safe 
decontamination of the internal surfaces of this loop by the use of lixiviant products, which are chemically 
aggressive for the fuel cladding. This paper describes the process of gamma dose calculation at both plug 
locations (jet pump entrance and collector nozzle), the values obtained and the relative importance of direct 
gamma irradiation from the fuel present in the core and from the activated shroud in both locations, the return 
nozzle and the jet pump entrance. 
 

000207-T5_S5_24 
Activation calculation for the dismantling and decommissioning of a light water reactor using 
MCNP™ with ADVANTG and ORIGEN-S. 
L. Schlömer (1), P. W. Phlippen (1), B. Lukas (2) 
(1) WTI, Germany - (2) EnBW, Germany 
 
The decommissioning of a light water reactor (LWR) includes essential changes in requirements for the systems 
and components and will mainly lead to the direct dismantling in Germany. In this context, neutron induced 
activation calculations for the structural components have to be carried out to predict activities in structures 
and to estimate future costs for conditioning and packaging. To avoid an overestimation of the radioactive 
inventory and to calculate the expenses for decommissioning as accurate as possible, modern state-of-the-art 
Monte-Carlo-Techniques (MCNP™) and variance reduction tools (ADVANTG) are applied and coupled with 
present-day activation and decay codes (ORIGEN-S). In this paper the calculation procedure is described and 
the obtained results are presented with a validation along with measured activities and photon dose rates 
measured in the post-operational phase. The validation shows that the applied calculation procedure is 
suitable for the determination of the radioactive inventory of a nuclear power plant. 
 

000304-T5_S5_26 
PANTHERE V2: Multipurpose simulation software for 3D dose rate calculations 
G. Penessot (1), E. Bavoil (1), L. Wertz (1), F. Malouch (2), T. Visonneau (2), J. Dubost (3) 
(1) EDF, France - (2) CEA, France - (3) CS-SI, France 

 
PANTHERE is a multipurpose radiation protection software developed by EDF to calculate gamma dose rates in 
complex 3D environments. PANTHERE takes a key role in the EDF ALARA process, enabling to predict dose rates 
and to organize and optimize operations in high radiation environments. PANTHERE is also used for nuclear 
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waste characterization, transport of nuclear materials, etc. It is used in most of the EDF engineering units and 
their design service providers and industrial partners. 

 
 
000358-T5_S5_25 
Decommissioning Plan for European Spallation Source. 
D. Ene 
ESS, Sweden 
 
This paper is a survey of the European Spallation Source initial decommissioning plan developed in compliance 
with Swedish Regulatory Authority requirements. The report outlines the decommissioning strategy selected 
and the baseline plan for decommissioning. Types and quantities of radioactive waste estimated to be 
generated at the final shut-down of the facility are further provided. The paper ends up with the analysis of 
the key elements of the decommissioning plan and the recommendations to the ESS management team. 
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T5_S6: Shielding methodologies & optimization 
 
 
 
 
 
000203-T5_S6_27  
Shielding Calculations on Waste Packages –The Limits and Possibilities of different Calculation 
Methods by the example of homogeneous and inhomogeneous Waste Packages.  
S. Smalian, A. Mike  
TÜV NORD, Germany  
 
For nuclear waste packages the expected dose rates and nuclide inventory are beforehand calculated.  The 
problem here is to choose an appropriate program for a specific geometry. Therefore we compared the results 
of deterministic programs like MicroShield® and stochastic programs like MCNP®. These comparisons enable us 
to make a statement about the applicability of the various programs for chosen types of containers. As a 
conclusion we found that for thin-walled geometries deterministic programs like MicroShield® are well suited 
to calculate the dose rate. For cylindrical containers with inner shielding however, deterministic programs hit 
their limits. Furthermore we investigate the effect of an inhomogeneous material and activity distribution on 
the results. The calculations are still ongoing. Results will be presented in the final abstract. 
 

000279-T5_S6_29 
Dose rate evaluation of workers on the operation floor in Fukushima-Daiichi Unit 3. 
K. Matsushita (1), M. Kurosawa (1), K. Shirai (2), I. Matsuoka (3), N. Mukaida (3) 
(1) Toshiba Corporation, Japan - (2) Tokyo Nuclear Services Corporation, Japan - (3) TEPCO, Japan 

 
At Fukushima Daiichi Nuclear Power Plant Unit 3, the fuel handling machine installation work is planned for the 
removal of spent fuels. The dose rates at the workplace were calculated with the radioactivity distribution 
based on the measurement using a collimeter in order to confirm that the dose rates on the operation floor was 
within the manageable range. It was confirmed that the radioactivity distribution was evaluated with an 
accuracy of C/M = 1.0-2.4. The dose rates have been used effectively for the planning of the work over the 
operation floor. 
 

000357-T5_S6_30 
Evaluation of RAPID for a UNF Cask Benchmark Problem. 
V. Mascolino, A. Haghighat, N. Roskoff 
NSEL, Virginia Tech, USA 
 
This paper examines the accuracy and performance of the RAPID (Real-time Analysis for spent fuel Pool and 
cask In-situ Detection) code system for the simulation of a used nuclear fuel (UNF) cask. RAPID is capable of 
determining eigenvalue, subcritical multiplication, and pin-wise, axially-dependent fission density throughout a 
UNF cask. We study the source convergence based on the analysis of the different parameters used in an 
eigenvalue calculation in the MCNP Monte Carlo code. For this study, we consider a single assembly surrounded 
by absorbing plates with reflective boundary conditions. Based on the best combination of eigenvalue 
parameters, a reference MCNP solution for the single assembly is obtained. RAPID results are in excellent 
agreement with the reference MCNP solutions, while requiring significantly less computation time (i.e., 
minutes vs. days). A similar set of eigenvalue parameters is used to obtain a reference MCNP solution for the 
whole UNF cask, and the RAPID results are compared to the reference solution. 
 

000395-T5_S6_31 
DEMETERRES project: development of innovative technologies for removing radionuclides from 
contaminated solid and liquid matrices. 
P. Chagvardieff (1), V. Blin (1), F. Charton (1), A. Fornier (1), D. Grange (2), E. Guiderdoni (3), 
P. Henner (4), M. Messalier (5), H. Paillard (2), T. Prevost (5), M. Rennesson (5), C. Sarrobert 
(1), A. Vavasseur (1), A.-A. Véry (6) 
(1) CEA, France - (2) VEOLIA, France - (3) CIRAD, France -(4) IRSN, France - (5) AREVA, France - (6) INRA, 
France 
 
As part of the « post-accidental » management, the DEMETERRES project (RSNR PIA) proposes to develop 
innovative and environmentally friendly methods for removal of cesium and strontium from soils and liquid 
matrices in order to rehabilitate them for an agricultural use while minimizing the volume of generated wastes 
in accordance with the nuclear waste existing processes. Complementary approaches are based on physico-
chemical technologies (such as foams flotation, supercritical CO2 extraction, extractants in fluidized bed 
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reactor...) and biological ones (bioextractants, phytoextraction). These researches aim to design innovative 
and performing extractants in term of selectivity and to achieve the pilot reactor phase for each of them. 
These pilots will group in a network to provide a technological platform lasting the project, to which will be 
attached an available network of experts. The respective advances of these researches are presented, 
completed of tests initiated in Japan on contaminated soils through partnerships. 
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T6_Calculation methods Monte Carlo & Deterministic 
 
 
 
 
 

T6_S1: Monte Carlo codes recent developments 1 
 
 
 
 
 
000054-T6_S1_1 
Continuous energy adjoint transport for photons in the Particle and Heavy Ion Transport code 
System. 
A. Malins (1), M. Machida (1), K. Niita (2) 
(1) CCCS-JAEA, University of Tokyo, Japan - (2) RIST, Japan 
 
Adjoint Monte Carlo can be an efficient algorithm for solving photon transport problems when the size of the 
detector is relatively small compared to the source. Here we describe the incorporation of an adjoint Monte 
Carlo capability for continuous energy photon transport into the Particle and Heavy Ion Transport code System 
(PHITS). An adjoint cross section library for photons was developed based on the JENDL-4.0 library by adding 
cross sections for adjoint incoherent scattering and pair production. PHITS reads in the library and implements 
the adjoint Monte Carlo algorithm by Hoogenboom. A new adjoint tally function was created to recover the 
detector response from the calculated adjoint flux in the source region. Currently coherent and incoherent 
scattering, and photoelectric absorption are available within the PHITS adjoint function. 
 

000174-T6_S1_2 
Progress on the TRIPOLI-4®-Geant4 coupling. 
D. Mancusi, O. Bringer, P. Monot 
CEA, France 

 
The capability to simulate the transport of charged and/or high-energy hadrons (especially protons) is 
indispensable for a number of applications. This includes, among others, simulation studies concerned with 
radiation protection and decommissioning around accelerators and high-intensity laser facilities, as well as 
beam characterization in spallation neutron sources. In the context of Monte-Carlo particle transport codes, 
solving these problems often requires the use of advanced variance-reduction techniques. TRIPOLI-4 is a 
reference Monte-Carlo particle transport code for the simulation of low-energy (<20 MeV) neutrons and photons 
and offers a wide range of sophisticated variance-reduction schemes; however, it cannot be applied to the 
problems mentioned above because it lacks the capability to transport charged, high-energy hadrons. This 
limitation can be circumvented by coupling TRIPOLI-4 with the Geant4 particle-transport toolkit. We present 
here the first results of this coupling. 
 

000195-T6_S1_3 
FIFRELIN - TRIPOLI-4® coupling for Monte Carlo simulations with a fission model. Application to 
shielding calculations. 
O. Petit, C. Jouanne, O. Litaize, O. Serot, A. Chebboubi, Y. Pénéliau 
CEA, France 
 
TRIPOLI-4 Monte Carlo transport code and FIFRELIN fission model have been coupled by means of external files, 
so that neutron transport can then take into account fission distributions (multiplicities and spectra) that are 
not averaged, as is the case when using evaluated nuclear data libraries. Spectral effects on responses in 
shielding configurations with fission sampling are then expected. The principle of this coupling is detailed and a 
comparison between TRIPOLI-4 fission distributions at the emission of fission neutrons is presented when using 
JEFF-3.1.1 library or FIFRELIN data. Finally, an application to a modified version of the ASPIS benchmark is 
performed and the impact of using FIFRELIN data on neutron transport is analyzed. Differences noticed on 
average reaction rates on the surface closest to the fission source are mainly due to the average prompt fission 
spectrum. However, when working with the same average spectrum, a complementary analysis based on non-
average reaction rates still shows significant differences. 
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000229-T6_S1_4 
A versatile multi-objective FLUKA optimization using Genetic Algorithms. 
V. Vlachoudis (1) , A.A. Guido (2) , S. Mathot (1), W.S. Kozlowska (1,2) , M.Vretenar (1) 
(1) CERN, Switzerland - (2) Medical University of Vienna, Austria 
 
Quite often Monte Carlo simulation studies require a multiphase-space optimization, a complicated task, 
heavily relying on the operator experience and judgment. Examples of such calculations are shielding 
calculations with stringent conditions in the cost, in residual dose, material properties and space available, or 
in the medical field optimizing the dose delivered to a patient under a hadron treatment. The present paper 
describes our implementation inside flair the advanced user interface of FLUKA of a multi-objective Genetic 
Algorithm to facilitate the search for the optimum solution, and  a couple of test cases will be presented. 
 

000261-T6_S1_5 
A computationally efficient moment-preserving Monte Carlo proton transport method in Geant4. 
D.A. Dixon (1), A.K. Prinja (2), A. Mccartney (1), H.G. Hughes (1) 
(1) LANL, USA - (2) UNM, USA 
 
The moment-preserving method, demonstrated as a viable alternative to condensed history for electrons, is 
extended to protons. Given the generality and the flexibility of the method, a discrete ionization differential 
cross-section library for protons is readily developed and existing Geant4 electron discrete process and model 
classes are extended to make use of the new proton library. It is shown that levels of efficiency and accuracy 
similar to those demonstrated for electrons are obtainable for protons. That is, excellent agreement with the 
analog benchmark is achieved when calculating transmitted energy spectra and dose profiles in both low- and 
high-Z materials, while observing improvements in efficiency 50 times greater than analog. 
 

000306-T6_S1_6 
Adaptive Multilevel Splitting for Monte Carlo particle transport. 
H. Louvin (1), C. Diop (1), E. Dumonteil (2), T. Lelièvre (3), M. Rousset (3) 
(1) CEA, France - (2) IRSN, France - (3) Université Paris-Est, ENPC/ CERMICS, INRIA, France 
 
In the Monte Carlo simulation of for particle transport, and especially for shielding applications, variance 
reduction techniques are widely used to help simulate realisations of rare events and reduce the relative errors 
on the estimated scores for a given computation time. Adaptive Multilevel Splitting is one of these variance 
reduction techniques that has recently appeared in the literature. For the time being, it has only been applied 
to the field of molecular dynamics. In the present paper We propose to adapt it to the frame of particle 
transport. We will show that the preliminary results are promising. 
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T6_S2: Monte Carlo codes recent developments 2 
 
 
 
 
 
000107-T6_S2_7 

Recent developments in the TRIPOLI-4® Monte-Carlo code for shielding and radiation protection 
applications. 
F. Malouch, E. Brun, C. Diop, F.X. Hugot, C. Jouanne, Y.K. Lee, F. Malvagi, D. Mancusi, A. 
Mazzolo, O. Petit, J.C. Trama, T. Visonneau, A. Zoia 
CEA, France 
 
TRIPOLI-4® is a 3D continuous-energy Monte-Carlo particle transport code developed by CEA (SERMA) and 
devoted to shielding, reactor physics, criticality-safety and nuclear instrumentation. In this paper, we present 
the recent developments in the TRIPOLI-4® for shielding and radiation protection applications. Some of these 
additional features are already available in the TRIPOLI-4® version 10 released in December 2015. Other 
features are in development. 
 

000117-T6_S2_8 
Recent Improvements of the PHITS Code. 
T. Sato (1), K. Niita (2), Y. Iwamoto (1), S. Hashimoto (1), T. Ogawa (1), T. Furuta (1), S.I. Abe 
(1), T. Kai (1), N. Matsuda (1), K. Okumura (1), T. Kai (1), H. Iwase (3), L. Sihver (4) 
(1) JAEA, Japan - (2) RIST, Japan - (3) KEK, Japan - (4) TU Wien, Austria 
 
Particle and Heavy Ion Transport code System, PHITS, has been developed under the collaboration of several 
institutes in Japan and Europe. It can deal with the transport of nearly all particles up to 1 TeV (per nucleon 
for ion) using various nuclear reaction models and data libraries. More than 2,000 researchers and technicians 
have used the code for a variety of applications such as accelerator design, radiation shielding and protection, 
medical physics, and space and geosciences. This paper briefly summarizes physics models and functions newly 
implemented in PHITS between versions 2.52 and 2.82. 
  

000217-T6_S2_9 
Improvements in electron-photon-relaxation data for MCNP6. 
H.G. Hughes 
LANL, USA 
 
After the initial release of the first production version of MCNP6 and its subsequent beta release, the extended 
electron-photon-relaxation capabilities of the code have continued to be developed. With the availability of 
newer data, several enhancements and corrections to the methods have been installed into the code. In this 
paper we discuss these improvements, including the development of three distinct approaches to sampling 
electron elastic scattering, the correction of an earlier data resolution problem, and a few formal corrections 
to the earlier ACE data file. 
 
000319-T6_S2_11 

Release of RANKERN 16. 
A. Bird , C. Murfy 
AMEC FW, UK 
 
RANKERN 16 is the latest version of the gamma radiation transport Point Kernal Monte Carlo code from AMEC 
Foster Wheeler’s ANSWERS Software Service.  RANKERN is well established in the UK shielding community for 
radiation shielding and dosimetry assessments. Many important developments have been made available to 
users in this latest release of RANKERN.  The existing general 3D geometry capability has been extended to 
include import of CAD files in the IGES format providing efficient full CAD modelling capability without 
geometric approximation.  Import of tetrahedral mesh and polygon surface format has also been provided. An 
efficient voxel geometry type has been added suitable for representing CT data.  There have been numerous 
input syntax enhancements and an extended actinide gamma source library.  This paper describes some of the 
new features and compares the performance of the new geometry capabilities. 
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T6_S3: Inverse problems & others 
 
 
 
 
 
000120-T6_S3_13 
Application of Inverse Gamma Transport to Material Thickness Identification with SGRD Code. 
P. Humbert 
CEA, France 
 
SGRD (Spectroscopy, Gamma rays, Rapid, Deterministic) code is used to infer the dimensions of a one 
dimensional model of a shielded gamma ray source. The method is based on the simulation of the uncollided 
leakage current of discrete gamma lines that are produced by nuclear decay. Experimentally, the unscattered 
gamma lines leakage current is obtained by processing high precision gamma spectroscopy measurements. The 
material thicknesses are computed with SGRD using a fast ray-tracing algorithm embedded in a non-linear 
multidimensional iterative optimization procedure that minimizes the error metric between calculated and 
measured signatures. For verification numerical results on a test problem are presented. 
 

000266-T6_S3_14 
Use of Lagrange Multipliers to Provide an Approximate Method for Optimisation of a Shield 
Radius Including its Contents. 
P. Warner 
Rolls-Royce, UK 
 
The report describes an approximate method for optimising a shield design which may contain several 
thicknesses of material that need to be set. The method is based upon Lagrange multipliers using simple 
sensitivities and quadratic flux formulations as the basis. The method is demonstrated on a theoretical small 
reactor model which contains a primary shield comprised of water and steel plates. The results are compared 
with a transport theory calculation and the limitations and uncertainties are discussed. Finally, the paper 
discusses how the method may be developed further in the future. 
 

000356-T6_S3_15 
Rapid evaluation of particle properties using inverse SEM simulations. 
K. Bekar, T. Miller, B. Patton, C. Weber 
ORNL, USA 
 
The characteristic X-rays produced by the interactions of the electron beam with the sample in a scanning 
electron microscope (SEM) are usually captured with a variable-energy detector, a process termed energy 
dispersive spectrometry (EDS). The purpose of this work is to exploit inverse simulations of SEM-EDS spectra to 
enable rapid determination of sample properties, particularly elemental composition. This is accomplished 
using penORNL, a modified version of PENELOPE, and a modified version of the traditional Levenberg–
Marquardt nonlinear optimization algorithm, which together is referred to as MOZAIK-SEM. The overall 
conclusion of this work is that MOZAIK-SEM is a promising method for performing inverse analysis of X-ray 
spectra generated within a SEM. As this methodology exists now, MOZAIK-SEM has been shown to calculate the 
elemental composition of an unknown sample within a few percent of the actual composition. 
 

000363-T6_S3_16 
Radiation Transport in Random Media With Large Fluctuations. 
A. Prinja (1), A. Olson (1,2), B. C. Franke (2) 
(1) UNM, USA - (2) SNL, USA 
 
Cross sections of random media are represented by a second-order-accurate, lognormal transformation of the 
Karhunen-Loève expansion, ensuring cross section positivity for applications with large process variance. 
Stochastic collocation applied to the expansion coefficients further reduces the model complexity. Transport 
results are solved on continuously random realizations exactly using Woodcock Monte Carlo. 
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T6_S4: CAD & Monte Carlo code packages for shielding studies 
 
 
 
 
 
000046-T6_S4_17 
Research on a Primary Shielding Calculation Source Generation Code. 
Z. Zheng (1), Q. Mei (1), H. Li (1), D. Shangguan (2) 
(1) SNERDI, China - (2) IAPCM, China 
Primary Shielding Calculation (PSC) plays an important role in reactor shielding design and analysis. In order to 
facilitate PSC, a source generation code is developed to generate cumulative distribution functions (CDF) for 
the source particle sample code of the J Monte Carlo Transport (JMCT) code, and a source particle sample code 
is developed to sample source particle directions, types, coordinates, energy and weights from the CDFs. A 
source generation code is developed to transform three dimensional (3D) power distributions in xyz geometry 
to source distributions in rtz geometry for the J Discrete Ordinate Transport (JSNT) code. Validation on PSC 
model of Qinshan No.1 nuclear power plant (NPP), CAP1400 and CAP1700 reactors are performed. Numerical 
results show that the theoretical model and the codes are both correct. 
 

000083-T6_S4_19 
AREVA Developments for an Efficient and Reliable use of Monte Carlo codes for Radiation 
Transport Applications. 
N. Chapoutier, F. Mollier, G. Nolin, M. Culioli, S. Barbier, J.R. Macé 
AREVA, France 
 
AREVA recently improved its suite of engineering tools in order to produce efficient Monte Carlo workflow. 
Monte Carlo codes, such as MCNP or TRIPOLI, are recognized as reference codes to deal with a large range of 
radiation transport problems. However the inherent drawbacks of theses codes - laboring input file creation 
and long computation time - contrast with the maturity of the treatment of the physical phenomena. The goals 
of the recent AREVA developments were to reach similar efficiency as other mature engineering sciences such 
as finite elements analyses (structural or fluid dynamics for example). Among the main objectives, the creation 
of a graphical user interface offering CAD (Computer-Aided Design) tools for geometry creation and other 
graphical features dedicated to the radiation field (source definition, tally definition) has been reached. From 
now engineering teams are capable to deliver much more prompt support to any projects dealing with reactors 
or fuel cycle facilities from conceptual phase to decommissioning. 
 

000092-T6_S4_20 
JMCT Monte Carlo Simulation Analysis of BEAVRS and SG-III Shielding Models. 
L. Deng , G. Li (1,2), B. Zhang (1,2), D. Shangguan (1,2), Y. Ma (1,2), Z. Hu (1,2), Y. Fu (2), R. Li 
(2), D. Shi (2), X. Hu (2), W. Wang (1,2) 
(1) IAPCM, China - (2) CAEP, China 
 
This paper describes the application of the JMCT Monte Carlo code to the simulation of BEAVRS and Chinese 
SG-III shielding models. For BEAVRS model, firstly, we performed the full core pin-by-pin neutron transport 
calculation in HZP status. Then, we performed the coupled calculation of neutron transport and depletion in 
full power and 30/398 axial plane cases, where the depletion regions exceed 1.5 million and 120 thousand 
processors to be used. Finally, the detail modeling for Chinese SG-III laser device, where the anomalistic 
geometry bodies exceed 10 thousands. The radiation shielding simulation is done in case of deuterium-tritium 
fusion reaction. The detail neutron and photon flux energy spectrum distributions are given. The strong 
modeling and high fidelity simulated capability of JMCT has been shown. 
 

000112-T6_S4_21 
Simplification of an MCNP model designed for dose rate estimation. 
A. B. Laptev (1), R. T. Perry (2) 
(1) LANL, USA - (2) GAEA Scientific, USA 
 
A study was made to investigate the methods of building a simplified MCNP model for radiological dose 
estimation. The research was done using an example of a complicated glovebox with extra shielding. The paper 
presents several different calculations for neutron and photon dose evaluations where glovebox elements were 
consecutively excluded from the MCNP model. The analysis indicated that to obtain a fast and reasonable 
estimation of dose, the model should be realistic in details that are close to the tally. Other details may be 
omitted. 
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000235-T6_S4_22 
CAD-Based Monte Carlo Neutron Transport Analysis for KSTAR. 
G. H. Seo , S.H. Choi , H.J. Shim 
SNU, Korea 
 
The Monte Carlo (MC) neutron transport analysis for a complex nuclear system such as fusion facility may 
require accurate modeling of its complicated geometry. In order to take advantage of modeling capability of 
the computer aided design (CAD) system for the MC neutronics analysis, the Seoul National University MC code, 
McCARD, has been augmented with a CAD-based geometry processing module by imbedding the OpenCASCADE 
CAD kernel. In the developed module, the CAD geometry data are internally converted to the constructive solid 
geometry model with help of the CAD kernel. An efficient cell-searching algorithm is devised for the void space 
treatment. The performance of the CAD-based McCARD calculations are tested for the Korea Superconducting 
Tokamak Advanced Research device by comparing with results of the conventional MC calculations using a text-
based geometry input. 
 

000281-T6_S4_23 
An Augmented γ-Spray System to Visualize Biological Effects for Human Body. 
S. Manabe , H. Tenzou , T. Kasuga , Y. Iwakura , R. Johnston 
NIT Kagawa College, Japan 
 
The purpose of this study was to develop a new educational system with an easy-to-use interface in order to 
support comprehension, within a short period of time, of the biological effects of radiation on the human body. 
A paint spray-gun was used as a radiation source mock-up for the system. The application screen shows the 
figure of a human body for radiation deposition using the γ-Sprayer, a virtual radiation source, as well as 
equivalent dosage and a panel for setting the irradiation conditions. While the learner stands in front of the PC 
monitor, the virtual radiation source is used to deposit radiation on the graphic of the human body that is 
displayed. Tissue damage is calculated using an interpolation method from the data calculated by the PHITS 
simulation code in advance while the learner is pulling the trigger with respect to the irradiation time, incident 
position, and distance from the screen. It was confirmed that the damage was well represented by the 
interpolation method. 
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T6_S5: Monte Carlo codes: new functionality validation 
 
 
 
 
 
000095-T6_S5_24 
Validation of the MCNP6® electron-photon transport algorithm: multiple-scattering of 13- and 
20-MeV electrons in thin foils. 
D.A. Dixon, H.G. Hughes 
LANL, USA 
 
This paper presents a validation test comparing angular distributions corresponding to a multiple-scattering 
experiment of 13- and 20-MeV electrons with those generated using the MCNP6 Monte Carlo code system. In 
this experiment, an electron pencil beam is deflected by thin foils with atomic numbers from 4 to 79. The 
fluence is measured down range of the scattering foil at various radii orthogonal to the beam line to determine 
the angular distribution. From the angular distribution, the characteristic angle (the angle for which the max of 
the distribution is reduced by 1/e) is determined. Four scattering foils were tested herein: beryllium, 
aluminum, copper, and gold. For the default electron-photon transport settings, the calculated characteristic 
angle was statistically distinguishable from measurement. Furthermore, the characteristic angle was 
overestimated with exception of beryllium where it was underestimated. That is, the MCNP6 calculated angular 
distribution is generally broader than the measured distributions. 
 

000243-T6_S5_25 
Performance Study of Monte Carlo Codes on Xeon Phi Coprocessors - Testing MCNP 6.1 and 
Profiling ARCHER Geometry Module on the FS7ONNi Problem. 
T. Liu, N. Wolfe, H. Lin, K. Zieb , W. Ji, P. Caracappa, C. D. Carothers X.G. Xu 
RPI, USA 
 
This paper contains two parts revolving around Monte Carlo transport simulation on Intel Many Integrated Core 
coprocessors (MIC, also known as Xeon Phi). (1) MCNP 6.1 was recompiled into multithreading (OpenMP) and 
multiprocessing (MPI) forms without modification to the source code. The new codes were tested on a 60-core 
5110P MIC. The test case was FS7ONNi, a radiation shielding problem used in MCNP's verification and validation 
suite. It was observed that both codes became slower on the MIC than on a 6-core X5650 CPU and both 
exhibited limited capability of strong scaling. (2) To identify the performance bottleneck of Constructive Solid 
Geometry (CSG) module in ARCHER, we developed a CSG proxy application and profiled the code using the 
geometry data from FS7ONNi. The results showed that the code was primarily memory latency bound on the 
MIC. 
 

000334-T6_S5_26 
Quantification of the validity of simulations based on Geant4 and FLUKA concerning photo-
nuclear interactions in the high energy range. 
L. Quintieri (1), M.G. Pia (2), M. Augelli (3), P. Saracco (2), M. Capogni (1) 
(1) ENEA, Italy - (2) INFN, Italy - (3) CNES, France 
 
The simulation of photo-nuclear interactions at high energies (above 20 MeV) is of fundamental importance for 
the design and optimisation of photo-neutron sources and extremely intense gamma beams. An assessment of 
the reliability of such simulations based on widely used Monte Carlo codes (with emphasis on Geant4 and 
FLUKA) is presented: it consists of quantitative validation tests, based on statistical data analysis methods, 
which compare simulated and measured observables in relevant scenarios whenever experimental data are 
available. Knowledge gaps due to lack of pertinent experimental data, preventing the validation of simulation 
models, are identified, and the need of further measurements is highlighted. The first cycle of this evaluation 
is focused on materials, such as natural lead and tungsten, which are most commonly used for shielding 
purpose in radiation protection applications and in high energy particle bumps. 
 

000365-T6_S5_27 
Generation of an activation map for decommissioning planning of the Evaluation of RayXpert® 
for shielding design of medical facilities. 
S. Derreumaux (1), S. Vecchiola (1), T. Geoffray (2), C. Etard (1) 
(1) IRSN, France - (2) D&S, France 
 
In a context of growing demands for expert evaluation concerning medical, industrial and research facilities, 
the French Institute for radiation protection and nuclear safety (IRSN) considered necessary to acquire new 
software for efficient dimensioning calculations. The selected software is RayXpert®. Before using this 
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software in routine, the impact of different calculation parameters, such as the source energy spectrum and 
the use of biasing techniques, was evaluated and some basic configurations were validated. The validation was 
performed by the calculation of gamma constants and tenth value layers (TVL) for usual shielding materials and 
for radioisotopes most used in therapy (Ir192, Co60 and I131). Calculated values were compared with results 
obtained using MCNPX as a reference code and with published values. 
 

000387-T6_S5_28 
A comparison of the discrete moment-preserving model and the Urban multiple-scattering 
model in the presence of heterogeneity using the Geant4 wrapper TOPAS. 
D. Dixon (1), J. Perl (2), A. Mccartney (1) 
(1) LANL, USA - (2) SLAC, USA 
 
In this paper, we compare the Moment-Preserving method, recently made available via the Geant4 TestEm11 
example, and the Geant4 condensed history method, referred to as the Urban model, using the Geant4 
wrapper TOPAS. Specifically, the two methods are compared in the presence of heterogeneity similar in nature 
to medical physics applications. 
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T6_S6: Deterministic & point kernel methods 
 
 
 
 
 
000077-T6_S6_29 
A Deep Penetration Problem Calculation Using AETIUS: An Easy Modeling Discrete Ordinates 
Transport Code UsIng Unstructured Tetrahedral Mesh, Shared Memory Parallel. 
J.W. Kim, Y.O. Lee 
KAERI, Korea 
 
As computing power gets better and better, computer codes that use a deterministic method seem to be less 
useful than those using the Monte Carlo method. In addition, users do not like to think about space, angles, and 
energy discretization for deterministic codes. However, a deterministic method is still powerful in that we can 
obtain a solution of the flux throughout the problem, particularly as when particles can barely penetrate, such 
as in a deep penetration problem with small detection volumes. Since 2009, we have been developing our own 
code by benchmarking ATTILA. AETIUS is a discrete ordinates code that uses an unstructured tetrahedral mesh 
such as ATTILA. 
 

000296-T6_S6_30 
Adaptive angle and parallel multigrid for deterministic shielding.  
S. Dargaville (1), A. Buchan (1), R. Smedley-Stevenson (1,2), P. Smith (1,3), C. Pain (1)  
(1) AMCG, Imperial College London, UK - (2) AWE, Aldermaston, UK - (3) AMEC-FW, UK 
 
Traditionally, solver technology and the space/angle discretisations are intimately linked; sweep-based 
(wavefront) methods are typically used with DG FEM in space and Sn in angle to solve the Boltzmann-transport 
equation. These parallelise well (scaling to >100,000 cores) on structured grids, however achieving good scaling 
on unstructured grids is still an open problem. This talk will focus on alternate space/angle discretisations and 
solver technology we have been developing within the Applied Modelling and Computation Group (AMCG) at 
Imperial College. These approaches enables the use of traditional angular discretisations like Pn, Sn, along with 
new approaches based on linear and haar wavelets. We can use these angular discretisations to perform regular 
and goal-based anisotropic adaptivity in angle, focusing resolution in important directions. We have also been 
developing multigrid solver technology which does not require sweep-based methods, allowing the possibility of 
excellent scaling on unstructured grids. 
 

000310-T6_S6_31  
Polynomial axial expansion in the Method of Characteristics for neutron transport in 3D 
extruded geometries.  
L. Graziano , S. Santandrea , D. Sciannandrone  
CEA, France  
 
Recently a solver based on the Method of Characteristics for 3D extruded geometries has been developed in the 
APOLLO3 framework. The standard Step Characteristics approximation is used in this method. Since most of the 
heterogeneities present in this kind of calculation are along the radial direction, the idea proposed in this 
paper is to expand the sources and fluxes axial dependence over a suitable polynomial basis, while the Step 
Characteristics approximation is still used over the radial plane. Calculations over a realistic fast reactor 3D 
assemblies will be shown to weigh up the benefits of this approach. 
 

000315-T6_S6_32 
NARMER-1: a photon point-kernel code with build-up factors. 
T. Visonneau, L. Pangault, F. Malouch, F. Malvagi, F. Dolci, 
CEA, France 
 
This paper presents an overview of NARMER-1, the new generation of photon point-kernel code developed by 
the Reactor Studies and Applied Mathematics Unit (SERMA) at CEA Saclay Center. The paper surveys the generic 
features: programming language, computer platforms, geometry package, sources description, etc. Moreover, 
specific and recent features are also detailed: exclusion sphere, tetrahedral meshes, parallel operations. Then 
some points about verification and validation are presented. Finally we present some tools that can help the 
user for operations like visualization and pre-treatment. 
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000355-T6_S6_33 
A New Point Kernel Sampling Scheme and Monte Carlo Transport. 
L. Bindel , B. Avez 
MILLENNIUM Company, France 
 
Based upon a precedent proposal [L. Bindel, A. Gamess, E. Lejeune, J. Nucl. Sci. and Technol., 37, Supplement 
1, p. 512-514 (2000)] concerning a point kernel integrated over the bounding surface of a volume source the 
present article propose a new point kernel formula and an associated stochastic sampling scheme. This 
sampling scheme is shown to be more efficient than the classical one because the integration proceeds from 
source line segments instead of source points. A new kind of Monte Carlo transport process is proposed. It is 
called flux transport from a line source and is proved to be more efficient than the standard source transport. 
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T6_S7: Use of Monte Carlo codes 
 
 
 
 
 
000197-T6_S7_34 
Using the MCNP Taylor series perturbation feature (efficiently) for shielding problems. 
J. Favorite 
LANL, USA  
 
The Taylor series or differential operator perturbation method, implemented in MCNP and invoked using the 
PERT card, can be used for efficient parameter studies in shielding problems. This paper shows how only two 
PERT cards are needed to generate an entire parameter study, including statistical uncertainty estimates (an 
additional three PERT cards can be used to give exact statistical uncertainties). One realistic example problem 
involves a detailed helium-3 neutron detector model and its efficiency as a function of the density of its high-
density polyethylene moderator. The MCNP differential operator perturbation capability is extremely accurate 
for this problem. A second problem involves the density of the polyethylene reflector of the BeRP ball and is an 
example of first-order sensitivity analysis using the PERT capability. A third problem is an analytic verification 
of the PERT capability. 
 

000287- T6_S7_35 
 

Acceleration of MCNP calculations for small pipes configurations by using Weigth Windows 
Importance cards created by the SN-3D ATTILA code. 
E. Castanier, L. Paterne, C. Louis 
AREVA, France  
 
In the nuclear engineering, you have to manage time and precision. Especially in shielding design, you have to 
be more accurate and efficient to reduce cost (shielding thickness optimization), and for this, you use 3D 
codes. In this paper, we want to see if we can easily applicate the CADIS methods for design shielding of small 
pipes which go through large concrete walls. We assess the impact of the WW generated by the 3D-
deterministic code ATTILA versus WW directly generated by MCNP (iterative and manual process). The 
comparison is based on the quality of the convergence (estimated relative error (σ), Variance of Variance 
(VOV) and Figure of Merit (FOM)), on time (computer time + modelling) and on the implement for the engineer. 
 

000321- T6_S7_36 
Using MCBEND for Neutron or Gamma-Ray deterministic calculations. 
G. Dobson, A. Bird 
AMEC FW, UK 
 
MCBEND 11 is the latest version of the general radiation transport Monte Carlo code from AMEC Foster 
Wheeler’s ANSWERS Software Service. As a well established code, it incorporates a number of tools for 
accelerating the calculation.  One method uses a deterministic diffusion solution of the adjoint formulation as 
an importance map. The method is fully integrated with the MCBEND geometry and material specification, and 
can easily be run as part of a normal MCBEND calculation.  An often overlooked feature of MCBEND  is the 
ability to use this method for quick running forward scoping calculations.  The development of the Visual 
Workshop environment for results display now provides convenient capabilities for visualising the results, 
making the method more attractive for use of as a productivity tool.  In this paper we illustrate the use of 
these tools.  We also explore the use of more advanced deterministic methods for scoping calculations used in 
conjunction with MCBEND, with a view to providing a suite of methods to accompany the main Monte Carlo 
solver. 
 

000351- T6_S7_37 
Monte Carlo simulation of particle-induced bit upsets. 
F. Wrobel (1), A. Touboul (1), J.R. Vaillé (1,2), J. Boch (1), F. Saigné (1) 
(1) Université de Montpellier, UMR-CNRS 5214, France - (2) Université de Nîmes, France 
 
We investigate the issue of radiation-induced failures in electronic devices by developing a Monte Carlo tool 
called MC-Oracle. It is able to transport the particles in device, to calculate the energy deposited in the 
sensitive region of the device and to calculate the transient current induced by the primary particle and the 
secondary particles produced during nuclear reactions. We compare our simulation results with SRAM 
experiments irradiated with neutrons, protons and ions. The agreement is very good and shows that it is 
possible to predict the soft error rate (SER) for a given device in a given environment. 
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000392- T6_S7_38 
Reduced Variance using ADVANTG in Monte Carlo Calculations of Dose Coefficients to Stylized 
Phantoms. 
M.M. Hiller (1), M.B. Bellamy (1), K.F. Eckerman (1), N.E. Hertel (1,2) 
(1) ORNL, USA - (2) Georgia Tech., USA 
 
The estimation of dose coefficients of external radiation sources to the organs in phantoms becomes 
increasingly difficult for lower photon source energies. This study focus on the estimation of photon emitters 
around the phantom. The computer time needed to calculate a result within a certain precision can be lowered 
by several orders of magnitude using ADVANTG compared to a standard run. Using ADVANTG which employs the 
DENOVO adjoint calculation package enables the user to create a fully populated set of weight windows and 
source biasing instructions for an MCNP calculation. 
 
  



______________________________________________________________________________ 
71 

 

 

 
 
 
 
 

Poster presentations 
 
 

  



______________________________________________________________________________ 
72 

 

  



______________________________________________________________________________ 
73 

 

T1_Nuclear Data, Radiation Detection, Measurements & 
Dosimetry 

 
 
 
 
 
00071 
Calibration of radiation survey meters using the braking rays of an electron beam. 
A. Chapon   
CERAP, France 
 
Braking rays of an electron beam allows to calibrate radiation survey meters through large ranges of energy and 
dose-rate. The method proposed here is furthermore safer for workers and for environment as it avoids the use 
of high activity radioactive sources. The production rate and reliability of the process are also better than the 
standard method due to a possible large automation. Finally, the shape of the calibration X-spectrum is fairly 
representative of the typical one experienced in nuclear power plants. 
 

000090 
Evaluation of Electron Temperature in 14.5 GHz ECR Ion Source by Analysis of X-rays Spectra. 
CH. Lee (1), DS. Chang (2), BH. Oh (2), J. Son (1), YK. Kim (1); (1) Hanyang University, South 
Korea - (2) 
KAERI, South Korea 
 
Electron Cyclotron Resonance (ECR) ion source are used to generate soft and hard X-rays. Energy of electrons 
in the resonantly heated radiofrequency (RF) plasma has been evaluated by analysing the X-rays spectra from 
high performance of the ECR ion source at 14.5 GHz. The ECR ion source was developed for production of high 
charged ions at KAERI. The trends of X-rays emission for varying RF power were studied in the range 100 – 500 
W. The electron temperature was estimated from X-rays spectra by using asymptotic analysis method. It was 
confirmed that maximum energy obtained by electrons when the RF power is 500 W. 
 

000121 
The effects of revised ICRU dose quantities on the response characteristics of neutron survey 
instruments. 
J. Eakins, R. Tanner, L. Hager 
PHE-CRCE, United Kingdom 
 
The ICRU is currently considering revising its recommended dose quantity for use in area monitoring. This will 
in turn lead to a revision of the conversion coefficients that underpin the quantity. The effects of these revised 
conversion coefficients on the responses of various neutron survey instruments are considered, and compared 
against their current responses when calibrated in terms of ambient dose equivalent. 
 

000125 
A optimized overall shielding arrangement in anomalistic measurement under strong source. 
Y. Bai, B. Yang, L. Deng 
IAPCM, China 
 

The method is tested be practical that measuring the time constant of a subcritical device by DPF（Dense 

Plasma focus）source . Because of the high intensity of the source, the quantity of the scatter induced by the 
source is very strong, then the designing and optimizing of the shielding arrangement is very important. After 
many analyzing and calculation by JMCT code, a optimizing shielding arrangement is brought forward in this 
article. 
 

000153 
Development of Plastic Scintillator Detector for Applying Cosmic-ray Muon Detection. 
CH. Lee, J. Son, YK. Kim 
Hanyang University, South Korea 
 
Plastic scintillator are widely used to measure charged particle and cosmic-ray muon. The scintillator with 4.5 
cm diameter and 2.5 cm length was fabricated to apply cosmic-ray muon detection by using polymerization 
reaction of styrene monomer, PPO, and POPOP. The maximum emission wavelength of 426 nm was measured 
by using Varian`s spectrophotometer and then the Compton edge spectrum was measured by using a standard 
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Cs-137 source with 8.3 μCi. The scintillation efficiency of 9805 [phe/MeV] was calculated by analysing of the 
spectrum using an Origin program. 
 

000164 
Study on the Characteristics of a Plastic Scintillator for Beta-ray Detection using Epoxy Resin. 
JS. Nam, YS. Choi, SB. Hong, BK. Seo, JK. Moon, JW. Choi 
KAERI, South Korea 
 
A thin plate of a plastic scintillator for detecting a beta-ray was developed. The plastic scintillator was made 
using epoxy resin and organic scintillators such as 2.5-diphenyloxazole (PPO) and 1,4-bis [5-phenyl-2-oxazol] 
benzene (POPOP). The mixture ratio of epoxy resin and the organic scintillators was determined using their 
absorbance, emission spectra, and transparency. Their optimal weight percentage of PPO and POPOP in the 
organic scintillators was adjusted to 0.2 wt%:0.01 wt%. Based on the above results, it will be utilized for 
preparing large-area plastic scintillators for rapid investigation of a site contaminated with Sr-90. 
 

000185 
A new method for the determination of 241Am activity for large site contamination. 
N. Arbor (2), S. Gutierrez (1), S. Ménard (1), A.M. Nourreddine (2) 
(1) CEA, France - (2) University of Strasbourg-CNRS, France 
 
Presentation of a new method of detection and quantification of Am-241 through airborne gamma 
spectrometry 
 

000188 
Environmental Assessment for Tehran Research Reactor during Normal Operation by Using Pc-
Cream Code. 
N. Sadeghi, R. Ahangari 
AEO, Iran 
 
The amount of released radionuclide from Tehran’s Research Reactor (TRR) stack, and its impacts has been 
studied. To perform the above two tasks, Pc-Cream computer code which simulate Gaussian Dispersion air 
transport Plume Model and laboratory analysis of air, soil and leaves samples around the site were used. Air 
samples were collected using the glass-fiber and charcoal filters with sampling pumps and analyzed by gamma 
spectroscopy counter. Results of computer program showed that annual committed and external dose received 
to the person in vicinity of reactor is below the regulatory limit. Also results of analysis of available 
radionuclide in the air, soil and leaves samples also showed that concentrations are close to the background 
and confirm the code results. Counting of TLD detectors were positioned around the reactor in 500 m radius, 
shows that background dose in vicinity of TRR, is according to the background dose in Tehran province. 
 

000255 
Radiological characterization of hard X-rays produced by intense laser-solid interactions. 
B. Yang (1), R. Qiu (1), J. Li (1), W. Lu (1), H. Zhang (1), Z. Wu (1), C. Li (1), W. Zhou (3) 
(1) Tsinghua University, China - (2) NCL, China - (3) CAEP, China 
 
The X-ray spectra and dose produced by intense laser-solid interaction were experimentally studied on the XG 
III laser systems. Bremsstrahlung dose distribution was measured by a set of dosimeters at different angles 
ranging from -90º~90º off the laser forward axis. And Bremsstrahlung spectra at 0º and 90º were measured by 
two compact filter stack spectrometers. The peak photon dose observed during experiments is 7.4 mSv at 1 m 
per shot. The forward photon dose significantly increases with the laser intensity while the dose at large angle 
(i.e., 45º and 90º) is much less sensitive to the laser intensity. The bremsstrahlung spectra were observed to 
have an exponential distribution with the slope temperature ranged between 240 and 870 keV depending on 
laser intensity and observation angle. A good agreement between the experimental results and Monte Carlo 
model results was found. Monte Carlo model was further employed to give the relationship between relativistic 
electron temperature and the Bremsstrahlung dose, as well as effective temperature. 
 

000280 
Characteristics of Thermal Neutron Field at KRISS. 
YH. Kim (1,2), H. Park (1), J. Kim (1), YK. Kim (2)  
(1) KRISS, South Korea - (2) Hanyang University, South Korea 
 
A thermal neutron field has been developed at the Korea Research Institute of Standards and Science (KRISS). 
The thermal neutron field was generated by inserting 241Am-Be neutron source into a pure graphite pile with a 
dimension of 120 cm (width) × 120 cm (height) × 140 cm (length). For the reference position of the field, 
thermal neutron fluence rate was (2700 ± 29) cm-2s-1, based on the Neutron Activation Analysis. The cavity of 
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the graphite pile is used for calibration of thermal neutron detectors. Thermal neutron fluence rate was (2373 
± 25) cm-2s-1 and ambient dose equivalent rate from thermal neutrons was 91.5 μSv/h for the center of 
graphite cavity. Based on the well-known characteristics of the field, the KRISS thermal neutron field can be 
used for the calibration service in 2016. 
 

000300 
10B+ZnS(Ag) as an alternative to 3He-based detectors for Radiation Portal Monitors. 
K. Guzman-Garcia (1), H. Vega-Carrillo (2), E. Gallego (1), J. Gonzalez-Gonzalez (1), A. Lorente 
(1), S. Ibanez-Fernandez (1) 
(1) Madrid Tech. University, Spain - (2) Zacateca University, Mexico 
 
Typical radiation portal monitor systems, RPM, deployed to detect illicit trafficking of radioactive materials 
include a set of gamma-ray detectors and neutron detectors. Due the shortage of 3He reported since 2009, the 
amount of 3He available for use in gas proportional counter neutron detectors has become limited, while the 
demand has significantly increased. For this reason, many different alternatives are being investigated for its 
use in RPM systems. The aim of this work is to study a scintillation detector ZnS(Ag) mixed with highly enriched 
10B, 10B+ZnS(Ag). Using Monte Carlo methods, MCNPX code, the response of two neutron detectors based on 
10B+ZnS(Ag), with different geometries, were estimated by calculating the number of 10B(n,a)7Li reactions for 
29 monoenergetic neutron sources. Measurements and models were made, and both detectors were compared. 
With these results we conclude that neutron detectors using 10B+ZnS(Ag) are an interesting alternative for 
replacing 3He detectors. 
 

000303 
Improvement of Nb-93m and Rh-103m measurement methodology for reactor dosimetry. 
J. Riffaud, MC. Lépy, C. Domergue, H. Philibert, J. Bonora, P. Cassette, M. Kellett (2), V. 
Lourenço, D. Lacour, I. Le Garrérès 
CEA, France 
 
The reactor dosimetry is based on the analysis of the activity of irradiated dosimeters, such as 93mNb and 
103Rh. The activity measurement of these dosimeters is conventionally performed by X-ray spectrometry, but 
the low-energy of emitted photons makes it difficult to derive reliable results with low uncertainties. 
Approaches to improve these characterizations are presented: it includes high accuracy efficiency calibration 
of a HPGe detector using both experiments and Monte Carlo simulation, calculation of corrective factors for 
the geometry (self-attenuation) and fluorescence effects. Improvement of the knowledge of the 103Rh decay 
scheme is also required and a specific experiment is proposed, including activity measurement of a 103mRh 
solution by liquid scintillation, and measurement of the photon emission intensities by X-ray spectrometry. 
 

000316 
Testing New Kinds of Personal Protective Equipment against X and Gamma Rays. 
M. Kozlovska (1), R. Cerny (1), P. Otahal (1), P. Smitka (1), J. Solc (2) 
(1) SUJCHBO, Czech Republic - (2) IIR, Czech Republic 
 
A collection of personal protective equipment (PPE), suitable for use in case of accidents in nuclear facilities or 
radiological emergency situations, was gathered and tested at the National Institute for NBC Protection, Czech 
Republic. Attenuating qualities of shielding layers in individual PPE were tested at broad energy range via 
spectra measurement of X and gamma rays, penetrating them and originating from different radionuclide point 
sources. Photon attenuation for significant energies of the spectra was the main experimentally determined 
quantity for tested PPE. Mass attenuation coefficients, lead equivalents and dose rate decrease were also 
determined. Some of the PPE were studied in a dispersed radioactive aerosol atmosphere of different 
radionuclides via kerma decrease in TLDs. Physiological stress in some samples of the PPE during workload was 
tested as well. MCNP simulations of tested PPE were carried out to determine effective dose both whole body 
and in different body organs during exposition to different dispersed radioactive aerosols. 
 

000318 
Indirect Measurement of Field Emission Electron Current from the Main Superconducting 
Cavities of Compact ERL at KEK 
H. Matsumura (1), H. Nakamura (1), A. Toyoda (1), KI. Hozumi (1), H. Sakai (1), K. Enami (1), T. 
Furuya (1), M. Satoh (1), K. Shinoe (1), K. Umemori (1), K. Haga (1), S. Sakanaka (1), M. 
Sawamura (2), E. Cenni (3)  
(1) KEK, Japan; (2) JAEA, Japan; (3) Tsukuba University, Japan 
 
The field emission electron currents from the main superconducting cavities (Cavities #3 and #4) of compact 
ERL at KEK, Japan, were estimated indirectly from photon dose rates measured around the cavities and on the 
roof of the compact ERL room. The field emission electron currents estimated from the photon dose rates 
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measured around the cavities are in good agreement with those on the roof of the compact ERL room. The field 
emission electron currents increased steeply with the applied voltage. The field emission electron currents 
corresponding to the applied voltages were different between Cavity #3 and Cavity #4. We found that the field 
emission electron current exceeded 1 μA at 13.5 MV for Cavity #3 and 15.5 MV for Cavity #4. This result was 
used in considering unexpected loss of field emission electrons. 

 
000335 
Evaluation of Environmental Radioactivity Level in Suwon and Southern Gyeonggi province after 
Fukushima Nuclear Accident. 
Y.G. Kim, S.C. Oh, K.P. Kim 
Kyung Hee University, South Korea 
 
The Fukushima nuclear power plant accident was occurred in 2011, which caused radionuclides were leaked to 
the external environment. In this study, we evaluated of environmental radioactivity levels in Suwon and 
Gyeonggi province after the accident. Samples for evaluation included airborne dust, precipitation, fallout, 
agricultural and indicator plants. Radioactivity analyses using gross beta measurement and gamma 
spectrometry were performed. Gross beta measurements were performed for airborne dust and precipitation 
using low background alpha/beta counter. The gamma spectrometry was performed for all samples using HPGe 
detector. The results of gross beta measurement were not influenced by the accident. Radioactive caesium was 
detected in some samples. Most of the origins are nuclear experiments performed in the past. For some cases, 
the origin was the accident. The database of environmental radioactivity analysed in this study can be used for 
basic data of accident impact assessment to local residents of Suwon and southern Gyeonggi province. 
 

000346 
Study of Pulse Shape Discrimination for a Neutron Phoswich Detector 
J. Hartman, A. Barzilov 
University of Nevada, United States 
 
A portable phoswich detector capable of differentiating between fast neutrons and thermal neutrons, and 
photons was designed. The detector is based on the use of two dissimilar scintillators coupled with a single 
optical sensor. The digital pulse shape discrimination and the wavelet treatment of measured waveform data 
were used. The instrument enabled neutron spectrum analysis. 
 

000360 
Intrinsic noise of a superheated droplet detector for neutron background measurements in 
massively shielded facilities. 
A. Fernandes (1), M. Felizardo (1), T. Morlat (1), A. Kling (1), A. Ramos (1), J. Marques (1), M. 
Prudencio (1), R. Marques (1), F. Carvalho (1), I. Roche (2), T. Girard (1) 
(1) Lisbon University, Portugal - (2) CNRS, France 
 
The neutron-induced signal of superheated droplet detectors originating from radio impurities in the detector 
materials was calculated via Monte Carlo simulations normalized to the measured U-238 and Th-232 contents in 
the detector materials. Material compositions were also measured with respect to light elements with high 
neutron production yields by (alpha,n) reactions. We estimate a detector noise of ~1E-3 cts/day, corresponding 
to a detection limit in the order of 1E-8 n/cm2s. Direct measurements of the intrinsic background in a shielded 
environment confirm this result. The detector is an interesting tool for the characterization of the neutron 
background in massively shielded facilities, where the reduced radiation intensity hampers the application of 
many experimental methods. 
 

000366 
A Preliminary Study on Fast Calculation of Radiation Field and Source Inversion. 
H. Li (1,2), L. Liu (1), Y. Zhao (1), Q. Cao (1), J. Li (2) 
(1) CIRP, China - (2) Tsinghua University, China 
 
Since the geometry and source term are diverse in the workplace of the nuclear power plants, the dose of staff 
in the workplace will have significant discrepancies as their activities have different scope and time, and the 
exact distribution of radiation field in the workplace is very necessary.This paper focuses on optimization of 
radiation protection (ALARA), and conducts a research on fast calculation of radiation field in workers’ 
operating area using the point-kernel integral method. Then, workers’ operations can be tracked for the 
calculation, and the dose information of operations can be given out. In addition, this paper also carries out 
the study on source inversion. Together with the positions and data of the source term or the hotspot, this 
paper combines with the actual measured values of radiation field and uses the least squares method with 
weight technology to calculate the activity of the sources. Measured values of dose rates in different positions 
are used to calculate the activities of the sources, and the preliminary results are obtained in this paper. 
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000368 
Feasibility study on real-time γ-ray spectrum / dose measurement system. 
M. Kobayashi, F. Sato, I. Murata 
Osaka University, Japan 
 
Recently, medical applications of radiation have been widely spread.  However, exposure of medical staffs is 
sometimes not focused on. Therefore, we must decrease the possibility of the exposure for them. The purpose 
of this study is to develop a system which can measure energy spectrum and dose of γ-rays at the same time in 
medical application spots. As a result, the medical staffs could be understood the risk of radiation and finally 
the exposure dose to them could be expected to be suppressed. We first decided to use a CsI scintillator as the 
γ-ray detection device. A MPPC was attached to the scintillator to detect γ-ray signals. Pulse height spectra 
were measured with several standard γ-ray sources. The energy resolution and intrinsic efficiency were 
deduced from the measured results and the intrinsic efficiency was compared with the calculation result by 
MCNP5. After estimating the response function, the energy spectrum can be derived with the sequential 
Bayesian estimation procedure in real time. 
 

000373 
Wide Indoor Air radon Survey for Elementary, Middle and High Schools at Ulju County in Korea 
C. Lee, H. Kim 
UNIST, South Korea 
 
Radon exists in nature as the form of radioactive rare gas and is one of important issues of environmental 
radiation due to its radiological hazardousness. Ulju County is one of administrative district of Ulsan which has 
the highest density of industry complex in Korea. Wide radon survey for Ulju County were carried out by 
seasons to secure radiological safety and confirm the basic information for reduction of the resident exposure. 
To survey radon radioactivity concentration, 114 passive detectors of alpha track were placed in 57 schools of 
Ulju County at each season and the radon radioactivity concentration was measured during summer, autumn 
and winter. The radon radioactivity concentration was analyzed on the change of season in the different 
schools in comparison with the previous survey results. 

 
000400 
Development of monitoring technology using radiation portal monitor 
J. Lee, I.-H. Choi, B.-J. Kim 
KINS, South Korea 
 
Two radiation detectors (plastic scintillators and NaI(Tl) types) are widely used in vehicle-based radiation 
monitoring systems. Plastic scintillators are the most common gamma-ray detectors for portal monitors, mainly 
due to their relatively low cost of manufacturing for detection over large areas. The NaI(Tl) type is much more 
expensive, but provides enhanced energy resolution, which enables the spectroscopic identification of some 
specific radionuclides. To design systems that can be applied to a wide variety of environments, strategic 
approaches are needed to enhance the technological competence of the two types of detector candidates, and 
to develop their economic advantages. In this paper, we discuss the development of algorithms for plastic 
scintillation detectors to identify isotopes during the primary screening step. 
 

000058 
ANITA-IEAF activation code package - updating of the decay and cross section data libraries and 
validation on the experimental data from the Karlsruhe Isochronous Cyclotron. 
M. Frisoni 
ENEA, Italy 
 
ANITA-IEAF is an activation code package developed in ENEA-Bologna able to handle neutrons with energies 
greater than 20 MeV to be applied for activation calculations for facilities like IFMIF and DONES. The present 
paper summarizes the main characteristics of the updated version of ANITA-IEAF, able to use decay and cross 
section data based on the most recent nuclear evaluated libraries, i.e. the JEFF-3.1.1 Radioactive Decay Data 
Library and the EAF-2010 neutron cross section activation  library. In this paper, the validation effort related to 
the comparison between the code predictions and the activity measurements obtained from the Karlsruhe 
Isochronous Cyclotron is also presented. 
 
 
 
 

000060 
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Production and Testing of the ENEA-Bologna VITJEFF32.BOLIB (JEFF-3.2) Multi-Group (199 n + 
42 gamma) Cross Section Library in AMPX Format for Nuclear Fission Applications. 
M. Pescarini, R. Orsi, M. Frisoni 
ENEA, Italy 
 
The ENEA-Bologna Nuclear Data Group produced the VITJEFF32.BOLIB fine-group (199 n + 42 γ) coupled 
neutron-photon cross section library in AMPX format, based on the OECD-NEADB JEFF-3.2 evaluated nuclear 
data library. VITJEFF32.BOLIB is a general-purpose pseudo-problem-independent library generated through the 
NJOY-2012.53 and SCAMPI (ENEA-Bologna 2007 Revision) nuclear data processing systems. VITJEFF32.BOLIB is 
based on the Bondarenko (f-factor) method for neutron resonance self-shielding and temperature effects and 
contains 184 standard nuclides processed at four temperatures and twelve background cross sections. Thermal 
scattering cross sections for six bound nuclides are also included. VITJEFF32.BOLIB can generate, through 
proper problem-dependent cross section collapsing and self-shielding, broad-group cross section working 
libraries for reactor shielding and radiation damage applications, dedicated to transport analyses performed 
through, in particular, 3D deterministic transport codes. 
 

000265 
Precise calculation of neutron-capture reactions contribution in energy release for different 
types of VVER-1000 fuel assemblies. 
G. Tikhomirov, R. Bahdanovich, P. Pham 
MEPhI, Russia 
 
Precise calculation of energy release in nuclear reactor is necessary to obtain correct spatial power distribution 
and predict characteristics of burned nuclear fuel. In this work, previously developed method for calculation 
neutron-capture reactions – capture component – contribution in effective energy release in fuel core of 
nuclear reactor is discussed. The improved method was implemented to different models of VVER-1000 with 
the use of MCU 5 and MCNP 4 computer codes. Different models of equivalent cell and fuel assembly in the 
beginning of fuel cycle were calculated. These models differ by geometry, fuel enrichment and presence of 
burnable absorbers. It is shown, that capture component depends on fuel enrichment and presence of burnable 
absorbers. Its value varies for different types of hot fuel assemblies from 3.35% to 3.85% of effective energy 
release. Average capture component contribution in effective energy release for typical serial fresh fuel of 
VVER-1000 is 3.5%, which is 7 MeV/fission. 
 

000314 
Measurement of neutron energy spectra for Eg=23.1 and 26.6 MeV mono-energetic photon 
induced reaction on natC using laser electron photon beam at NewSUBARU. 
T. Itoga (1), H. Nakashima (2,4), T. Sanami (2,3,6), Y. Namito (3,6), Y. Kirihara (3), S. Miyamoto 
(5), A. Takemoto (5), M. Yamaguchi (5), Y. Asano (2,5 
(1) JASRI, Japan - (2) RIKEN, Japan - (3) KEK, Japan - (4) JAEA, Japan - (5) Hyogo University, Japan - 
(6)Tsukuba University, Japan 
 
Photo-neutron energy spectra for Eg=23.1 and 26.6 MeV mono-energetic photons on natC was measured using 
laser Compton scattering facility at NewSUBARU BL01. The photon energy spectra were evaluated through 
measurements and simulations with appropriate collimator size and arrangements for the laser electron 
photon. The neutron energy spectra for the natC(g,xn) reaction were measured at 60 degrees in horizontal and 
90 degrees in horizontal and vertical with respect to incident photon. The spectra show almost isotropic 
angular distribution, and flat energy distribution from detection threshold to upper limit defined by reaction Q-
value. 
 

000382 
Thought Experiment to Examine Benchmark Performance for Fusion Nuclear Data. 
I. Murata, M. Ohta, F. Sato, H. Miyamaru 
Osaka University, Japan 
 
There are many benchmark experiments carried out so far with DT neutrons. These integral experiments 
seemed vaguely to validate the nuclear data below 14 MeV. The author's group thus started to examine how 
well benchmark experiments with DT neutrons can play a benchmarking role for energies below 14 MeV. In this 
study, thought experiments with finer energy bins have thus been conducted to discuss how to generally 
estimate performance of benchmark experiments. As a result of thought experiments with a point detector, 
the sensitivity for a discrepancy appearing in the benchmark analysis is “equally” due not only to contribution 
directly conveyed to the detector, but also due to indirect contribution of neutrons (named (A)) making 
neutrons conveying the contribution, indirect contribution of neutrons (B) making the neutrons (A) and so on. 
From this concept, it would become clear from a sensitivity analysis in advance how well and which energy 
nuclear data could be benchmarked with a benchmark experiment. 
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000385 
Calculation of radiative capture gamma ray shielded dose behind a lead glass shield using MCNP 
code with ENDF/B-Vand ENDF/B-VII cross-sections. 
J. Kebwaro (1), C. He (2), Y. Zhao (2) 
(1) Karatina University, Kenya - (2) Xian Jiaotong University, China 
 
MCNP code with cross-sections from ENDF/B-V and ENDF/B-VII has been used to study the gamma ray dose 
equivalent, H*(10), behind a lead glass shield enclosing a slow neutron source. It is observed that the radiative 
capture gamma ray dose behind the shield is higher when ENDF/B-V cross-sections are used when compared to 
that produced by ENDF/B-VII cross-sections. The discrepancy is due to absence of energetic primary gamma 
rays when ENDF/B-VII is used. The results show that shielding design using ENDF/B-VII cross-sections could 
underestimate the shield by a fair margin and compromise safety. It is therefore necessary to consider more 
than one release of ENDF/B when using lead glass for shielding slow neutron capture gamma rays. The 
discrepancies need to be addressed in the next releases. 
 

000057 
Measurements and analyses of the distribution of the radioactivity induced by the secondary 
neutrons produced by 17-MeV protons in compact cyclotron facility. 
N. Matsuda (1), Y. Izumi (2), Y. Yamanaka (2), T. Gandou (2), M. Yamada (2), K. Oishi (2) 
(1) JAEA, Japan - (2) Japan Environment Research Co., Japan 
 
Measurements of reaction rates by secondary neutrons produced from beam losses by 17-MeV protons are 
conducted at a compact cyclotron facility with the foil activation method. The experimentally obtained 
distribution suggests that the target and the electrostatic deflector as components of the cyclotron are 
principal beam loss points in the facility. The experimental data are compared with the results by the Monte 
Carlo simulations. The simulated results using the corrected beam losses at the electrostatic deflector are 
1.1~1.7 times higher than the experimental ones. These results imply that the overestimation of the beam 
losses is improved with supports from the Monte Carlo simulations concerning the activation analysis. 
 

000132 
Monitoring System for the Gold Target by Radiation Detectors in Hadron Experimental Facility at 
J-PARC. 
R. Muto, K. Agari, K. Aoki, K. Bessho, M. Hagiwara, E. Hirose, M. Ieiri, R. Iwasaki, Y. Katoh, JI. 
Kitagawa, M. Minakawa, Y.Morino,K.Saito, Y.Sato, S.Sawada, Y.Shirakabe, Y.Suzuki, H. 
Takahashi,K.Tanaka, A. Toyoda, H. Watanabe, Y. Yamanoi 
KEK, Japan 
 
At Hadron Experimental Facility in J-PARC we inject 30 GeV proton beam into a gold target to produce 
secondary particle beams which are provided for various particle and nuclear experiments. The gold target is 
placed in a hermetic chamber, and to monitor the soundness of the target, the chamber is filled with 
circulating helium gas, whose radioactivity is continuously monitored by gamma-ray detectors such as a 
germanium detector and a NaI(Tl) detector. Beam operations with those target-monitoring systems were 
successfully performed from April to June and from October to December, 2015, and next beam operation is 
planned in May and June, 2016. In this presentation we will explain the details of the helium gas circulation 
system and the gamma-ray detectors, and the analysis results of the obtained gamma-ray spectra. 
 

000157 
Preliminary Analysis of Activation Product for Primary Coolant System of China Lead-based 
Research Reactor. 
T. Dang, T. He, J. Song 
INEST-CAS, China 
 
China LEAd-based Research Reactor (CLEAR-I) is a 10 MW lead-bismuth cooled research reactor, which serve as 
ADS and Lead cooled Fast Reactor technology verification platform. The evaluation of radioactive source term 
is needed for reactor decommissioning, worker and public dose rate. In this summary, activation product 
source term of primary coolant system was calculated by the Super Monte Carlo Simulation Program for Nuclear 
and Radiation Process (SuperMC) developed by FDS Team. This calculation plays an important role in estimating 
radiation dose of worker and public during maintenance and decommissioning. 
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Photoneutron Flux Measurement via Neutron Activation Analysis in a Radiotherapy Bunker with 
an 18 MV Linear Accelerator 
Y. Cecen, T. Gulumser, C. Yazgan, H. Dapo, M. Ustun, I. Boztosun 
Akdeniz University, Turkey 
 
The study aims to map the photoneutron flux distribution within a medical LINAC bunker via neutron activation 
analysis (NAA) using indium-cadmium foils. 91 points; 3 planes were used to map the entire room. The planes 
were the floor, top of the false ceiling and the isocenter (the origin of the gantry rotation). At first bare indium 
foils, then cadmium coated indium foils were irradiated to observe thermal neutron fluxes. The foils were 
immersed in a cup of water to slow down neutrons, increase the number of counts and decrease statistical 
errors. The maximum thermal neutron flux obtained was 3x105 neutrons/cm2.s. The magnitude of the neutron 
fluxes shows that there is a significant amount of neutron dose within the room. 
 

000247 
Measurement and Analysis of Induced Radio Activity in the Self-Shielding Concrete of PET 
Cyclotron Facility. 
K. Oishi (1), T. Yagishita (1), Y. Yamaya (1), K. Kosako (2), T. Aso (3), K. Ihara (3)  
(1) Japan Environment Research, Japan - (2) Shimizu Institute of Technology, Japan - (3) National Cancer 
Center, Japan 
 
Comparison between measurement and calculation of induced radio activity in self-shielding concrete of PET 
cyclotron facility has been performed. Good agreement has been obtained for Sc-46, Eu-152, and Cs-134 
radioactive nuclides. By using the measured and calculated results, we have defined the boundary of 
radioactive wastes in the concrete shield properly. 
 

000367 
Preliminary Verification of Shutdown Dose Rate Calculation Module in SuperMC. 
G. Sun, B. Zhang, L. Hao, J. Song, P. Long 
INEST-CAS, China 
 
During radiation analysis of fusion device, shutdown dose rate calculation is an important aspect. In Super 
Monte Carlo Simulation Program for Nuclear and Radiation Process (SuperMC), based on the functions of 
neutron and photon transport calculation and activation calculation, the shutdown dose rate calculation was 
developed based on Chebyshev rational approximation method (CRAM) and rigorous two step (R2S) method. In 
this study, the ITER shutdown dose rate benchmark test and ITER-T426 shutdown dose rate experiment were 
used to preliminarily verify the correctness of shutdown dose rate calculation. The results of SuperMC were in 
accordance with the experiment data and the calculation results of other program 
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T2_Shielding Experiments & Benchmarks 
 
 
 
 
 
000059 
Use the JASPER Shielding Experiment (SINBAD) for Verification of ROSFOND and ABBN-RF 
Nuclear Data. 
V. Grabezhnoy, V. Koscheev, G. Lomakov, G. Manturov, A. Tsiboulia 
IPPE, Russia 
Performing accurate whole-core transport calculations requires appropriate nuclear data libraries verified 
through calculations of different critical and shielding benchmarks. The ABBN-RF multigroup cross sections data 
set is based on the ROSFOND nuclear data. It was tested mostly for application to fast reactor core studies. 
This paper describes the results of verification of the ABBN-RF multigroup cross sections of shielding materials 
based on JASPER experiment from SINBAD Database. Calculations were performed using point-wise and group-
wise cross sections by MCNP code as well as multi-group discrete ordinates code KASKAD. The results of 
calculations of neutron transmissions through shields of shielding materials shown that the ROSFOND and ABBN-
RF nuclear data libraries provide acceptable description of the considered benchmarks. So these nuclear data 
can be recommended for radiation transport and shielding studies related to the sodium-cooled fast reactor 
application. 
 

000073 
Calculation of Fast Neutron Removal Cross-section of Shielding Material: Polyboron. 
AS. Mollah (1), R. Biswas (2) 
(1) MIST, Bangladesh - (2) Dhaka University, Bangladesh 
 
Neutron penetration in shielding is characterized by several important parameters and the fast neutron 
effective removal cross-section,  (cm-1) is one of them. In the present study, the value of   has been calculated 
analytically for a locally developed shielding material named polyboron. For comparison, has also been 
calculated for other three shielding materials- pure polyethylene, borated polyethylene and water. 
 

000074 
Comparison with simulations to experimental data for photo-neutron reactions using SPring-8 
Injector. 
Y. Asano 
RIKEN Japan 
 
Leakage neutron spectra and the doses outside the shield tunnel and dose distribution within the accelerator 
tunnel has been simulated by using Monte Carlo codes PHITS and FLUKA to compare to the measured data at 
the SPring-8 injector with 250MeV and 961MeV electrons by using Helium-3 high sensitivity neutron counter 
with multi-moderators. Measurement data of Bismuth-206 productions due to photo-nuclear reaction at the 
beam dump of 250MeV has been compared with the simulations. 
 

000094 
Shielding calculations with SCALE/MAVRIC and comparison with measurements for the TN85 cask 
with vitrified high level radioactive waste. 
H. Thiele, FM. Börst 
BfS, Germany 
 
A series of dose rate/spectra measurements in the German interim storage facility Gorleben was carried out at 
a TN85 cask in April 2009. This type of cask is used for the transport and interim storage of vitrified high level 
radioactive waste (HAW) from reprocessing. The aim of this work is to validate the shielding component 
MAVRIC  of the SCALE system with these measurements for the use in the German Office for Radiation 
Protection (BfS). The paper includes the comparison of neutron and gamma dose rates calculated by SCALE 6.1 
shielding sequence MAVRIC with measured values at a TN85 cask. Cask areas with heterogeneous structures like 
trunnions and ducts are of special interest. The dose rate measurements have been carried out for a single 
TN85 cask in storage configuration. Loading plans are used for calculating the source strength and the spectra 
of the inventory. 

 
 
 
 



______________________________________________________________________________ 
82 

 

000134 
Optimal Shape of a Gamma-ray Collimator: single vs double knife edge. 
A. Metz, A. Hogenbirk 
NRG, Netherlands 
 
When using a tapered collimator for selecting a narrow vertical segment in a scanning system for radioactive 
waste, a single knife edge collimator gives a much better performance, because its response is largely 
independent of the direction of the incoming beam. 
 

000146 
Estimation of material degradation of WWER-1000 Baffle. 
D. Harutyunyan, M. Kostal, J. Zmitkova, M. Schule, A. Hojna 
CVREZ, Czech Republic 
 
The planned lifetime of the first commercial VVER-1000 units were designed for 30 to 35 years. Most of the 
early VVER plants are now reaching and/or passing the 35-year mark. Service life extension for another 10 to 
30 years is now under investigation. Life extension requires the evaluation of pressure vessel internals 
degradation under long-term irradiation. One of the possible limiting factors for the service life of VVERs is a 
void swelling of the Russian type titanium stabilized stainless 08Ch18N10T steel used to construct the baffle 
surrounding the core. This article aims to show first steps towards deeper analysis of the baffle degradation 
process and to demonstrate the possibilities of precise calculation and measurements on the VVER-1000 mock-
up in LR-0 reactor 
 

000158 
Photon Shielding Features of Quarry Tuff. 
H. Vega-Carrillo (1), L. Hernandez-Adame, (2), K. Guzman-Garcia (3), A. Ortiz-Hernandez (4), J. 
Rodriguez- Rodriguez (5), C. Juarez-Alvarado (5)  
(1) Zacatecas University, Mexico - (2) Orsay University, France - (3) Madrid Tech. University, Spain - (4) IPN, 
Mexico - (5) University of Nuevo Leon, Mexico 
 
Cantera is a quarry tuff widely used in the building industry; in this work the shielding features of cantera were 
determined. The shielding characteristics were calculated using XCOM and MCNP5 codes for 0.03, 0.07, 0.1, 
0.3, 0.662, 1, 2, and 3 MeV photons. With XCOM the mass interaction coefficients, and the total mass 
attenuation coefficients, were calculated. With the MCNP5 code a transmission experiment was modelled using 
a point-like source located 42 cm apart from a point-like detector. Between the source and the detector, 
cantera pieces with different thickness, ranging from 0 to 40 cm were included. The collided and uncollided 
photon fluence, the Kerma in air and the Ambient dose equivalent were estimated. With the uncollided fluence 
the linear attenuation coefficients were determined and compared with those calculated with XCOM. The 
linear attenuation coefficient for 0.662 MeV photons was compared with the coefficient measured with a 
NaI(Tl)-based g-ray spectrometer and a Cs-137 source. 
 

000299 
Monte Carlo simulations of the background spectrum in a chair-type whole body counter. 
H. Poorbaygi (1), S. Pourali (2), M. Mostajaboddavati (2)  
(1) NSTRI, Iran - (2) Isfahan University, Iran 
 
The MCNP Monte carlo cod has been used to estimate the background γ-radiation for a chair – type whole body 
counter setup with NaI(Tl) detector inside an lead shield collimator. The model spectrum consists of a 
collection of lines and a continuum component.  With monenergistic γ -sources ranging from 300 to 2000 keV at 
intervals of 100 keV we have got a matrix of transmitted flux data calculated using a general purpose Monte 
Carlo code. This matrix of data is folded with the measured spectrum outside the setup to estimate the 
observed spectrum in the NaI(Tl) detector. We have studied various combinations of splitting and Russian 
roulette to arrive at an optimal combination based on the figure of merit of the Monte Carlo results. Variation 
of the flux in the detector transmitted through the lead collimator and chair shielding for different densities of 
lead and at different photon energies have been evaluated. We observe that the calculated spectrum under 
predicts the measured spectrum at all energies even though corrections for detector efficiency have been 
made. 
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000340 
Comparison of thick-target (alpha,n) yield calculation codes 
A. Fernandes (1), A. Kling (1), G. Vlaskin (2) 
(1) Lisbon University, Portugal - (2) ITC Proryv, Russia 
 
The yield for neutron production due to (alpha,n) reactions is calculated by various codes and compared to 
measurements. We observe that older codes generally underestimate the production yield, while there is a 
trend for increased values retrieved by the more recent versions. For most codes, materials and alpha energies 
the accuracy in the yield calculations is in the order of 20-30%; when energies close to 10 MeV are involved the 
accuracy can degrades to ~50%. Although significant differences are observed in the calculated neutron 
spectra, with some codes clearly exhibiting unrealistic distributions, the inaccuracies are not critical for many 
applications, in particular when a moderate/high level of neutron moderation is present. The neutron yield 
uncertainty is therefore limiting that in neutron calculations using state-of-the art methods. 
 

000362 
Benchmarking study for particle-induced neutron production using FLUKA, PHITS, MCNPX and 
MARS. 
H.-S. Lee, J.-H. Oh, L. Mokhtari Oranj, D. Kim, A. Lee, N.-S. Jung 
POSTECH, South Korea 

 
The radiation fields at high energy accelerator are complicated and the safety analysis of a shielding design or 
a radioactivity estimation has been performed using semi-empirical formula or some computational methods 
like Monte Carlo codes. The benchmarking study using the experimental data is a standard way to prove the 
accuracy of each Monte Carlo codes. Through the benchmarking study, the safety margin can be proposed to 
compensate the discrepancy between the experimental data and the calculated one. In this study, the most 
important data like the SINBAD were benchmarked using the well-known and the latest Monte Carlo codes: 
FLUKA, MCNPX, PHITS, and MARS. The production yields of secondary particles, especially, neutrons, which are 
the most important for shielding design, were observed and the penetration effects of a thick shield were also 
benchmarked. Proton, electron, and heavy ion were tested as a projectile against a wide energy range above a 
few tens MeV. 
 

000375 
Radiation shielding analysis for IFF target system in heavy-ion accelerator facility of Korea 
CW. Lee (1), YO. Lee (1), M. Kim (2) 
(1) KAERI, South Korea - (2) IBS, South Korea 

 
This paper describes the radiation shielding assessment for the IFF target system in the heavy-ion accelerator 
complex in Korea. 
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000099 
Radiation shielding design for a front-end and an optical hutch of PAL-XFEL hard X-ray beamline 
N.-S. Jung, S. Kim (1), S.-N. Kim, H.-S. Lee, M.-H. Kim, M.-J. Kim. 
POSTECH, South Korea 
 
A new free electron laser, PAL-XFEL, is developed using 10 GeV, 0.2 nC electron beams. Most severe accidental 
scenario of the PAL-XFEL is the failure of the main dump magnet. To secure the radiation safety in accidental 
scenario, the radiation shielding at the front-end and the optical hutch of PAL-XFEL were designed using FLUKA 
code. The suitable size and location of the collimators related to the safety permanent magnet, stopper, and 
the safety shutter were evaluated. 
 

000101 
Worker dose under high-power operation of the J-PARC 3 GeV Rapid Cycling Synchrotron. 
K. Yamamoto 
JAEA, Japan 
 
The J-PARC 3 GeV Rapid Cycling Synchrotron delivers a 1-MW, high-intensity beam to the following facilities. In 
such high-intensity accelerator, the operational beam intensity is limited to keep the exposure to the workers 
by the residual dose within acceptable tolerances. Therefore we continue to commission the accelerator 
system to reduce the beam loss. In order to achieve further high-intensity operation, the J-PARC accelerator 
system was drastically upgraded over the past two years. In this paper, we report the recent conditions of 
radio-activation and worker dose in the 3 GeV Rapid Cycling Synchrotron after the accelerator upgrade. 
 

000123 
Shielding analyses of an AB-BNCT facility using Monte Carlo simulations and simplified methods. 
B.-L. Lai, R.-J. Sheu 
Tsing Hua University, Taiwan 
 
Accurate Monte Carlo simulations and simplified methods were used to investigate the shielding requirements 
of a hypothetical accelerator-based boron neutron capture therapy (AB-BNCT) facility that includes an 
accelerator room and a patient treatment room. The epithermal neutron beam for BNCT purpose was 
generated by coupling a neutron production target with a specially designed beam shaping assembly (BSA), 
which was embedded in the partition wall between the two rooms. The MCNP6-generated surface sources 
around all the exterior surfaces of the BSA was applied to facilitate the Monte Carlo shielding calculations. In 
addition, three simplified models based on point-source/line-of-sight approximation were developed and their 
predictions were compared with the reference Monte Carlo results. The comparison indicates which model 
results in better dose estimation and that model will be useful for our future design work for an AB-BNCT 
facility. 
 

000212 
Radiation protection activities for the ELI Beamlines facility. 
V. Olsovcova (1), R. Versaci (1), S. Bechet (1), A. Fasso (1), A. Ferrari (1, 2), G. Grittani (1), L. 
Morejon (1), P. Prochazka (1), N. Shetty (1), R. Trunecek (1)  
(1) IP-ASCR, Czech Republic - (2) HZDR, Germany 
 
ELI-Beamlines is the Czech Republic based pillar of the Extreme Light Infrastructure, a European Research 
Infrastructure Consortia, for the next generation of high energy and high intensity lasers. It aims at the 
development of high-brightness sources of X-rays and the acceleration of proton, electron, and ion beams, to 
be used both for pure research and practical applications. Aiming at a proper radiation protection assessment, 
for both shielding and activation, extensive FLUKA simulations have been performed, taking into account the 
high repetition rates of the laser. The present work is based on the final design of the facility and on the 
updated experimental setup. 
 
 
 
 
 
 



______________________________________________________________________________ 
86 

 

000294 
Low energy and high energy dumps for ELI-NP accelerator facility: rational and Monte Carlo 
calculations' results. 
O. Frasciello, A. Esposito, M. Pelliccioni 
INFN, Italy 
 
ELI-NP will be a new international research infrastructure facility for laser-based Nuclear Physics to be built in 
Magurele, south west of Bucharest, Romania. The machine is an advanced source of gamma rays up to 20 MeV, 
based on Compton back-scattering. Here we describe the design study of both low energy 320 MeV and high 
energy 720 MeV (and suitable for a 840 MeV beam energy) beam dumps by means of Monte-Carlo simulations 
with FLUKA and MCNP codes. Ambient dose equivalent and residual radioactivity results are further exploited. 
The dumps’ placements and layouts are shown to be fully compliant with the dose constraints and 
environmental impact. 

 
000322 
The future SwissFEL facility – challenges from a radiation protection point of view. 
E. Hohmann (1), E. Musto (1), A. Fuchs (1), R. Luescher (1), R. Galeev (1,2), S. Mayer (1) 
(1) PSI, Switzerland - (2) EPFL, Switzerland 
 
The Swiss Free Electron Laser is a new large-scale facility currently under construction at the Paul Scherrer 
Institute. Areas surrounding the 720 m long accelerator tunnel accessible by the public, together with the 
pulsed time structure of the primary beam, lead to new challenges to ensure that the radiation level in these 
areas remains in compliance with legal constraints. For this purpose an online survey system, based on the 
monitoring of the ambient dose arising from neutrons inside the accelerator tunnel and opportunely calibrated 
to indicate the dose outside the tunnel, will be installed. The presented study provides a conceptual overview 
of this system, of its underlying assumptions and of experiments so far performed to validate its concept. 
 

000337 
Development of Radiation Shielding Flexible Material for Accelerator Building. 
KI. Kimura (1), N Shigyo (2), S. Takahashi (3), H. Hirasawa (3), S. Utsumi (1), N. Ikeda (2), K. 
Ishibashi (2) 
(1) Fujita Co., Japan - (2) Kyushu University, Japan - (3) CMP, Japan 
 
New type of flexible materials were applied to the narrow space between two accelerator buildings (existing 
one and newly constructed) for neutron shield. Main requirements of these shielding material were flexibility, 
shielding performance and durability. We started the developing urethane polymer materials besides existing 
resins and/or polymers for radiation shielding and normal use, and tested them in six environment durability 
experiments. With the material performances tests, construction method of the material also investigated in 
parallel. Based on these investigations and experiments, we finally selected urethane-base materials as the 
radiation shielding flexible material. 
 

000338 
Computational study of radiation doses at UNLV accelerator facility. 
M. Hodges, A. Barzilov, Y.T. Chen, D. Lowe 
UNLV, United States 
 
A Varian K15 electron linear accelerator with a bremsstrahlung photon converter is planned to be installed at 
University of Nevada, Las Vegas. It is necessary to evaluate photon and neutron spectra as generated by the 
linac, as well as the dose rates within the shielded accelerator facility. A computational study using MCNP5 
code was performed to characterize the source terms for the bremsstrahlung target. The 15-MeV electron 
beam of the linac is above the photoneutron threshold energy for several materials in the system and in the 
vault, and as a result, neutrons must be accounted for. The angular and energy distributions for the photon 
flux and neutron flux generated by the interaction of the electron beam with the target were determined. This 
source term was used in conjunction with the K15 collimators to determine the dose rates within the facility. 
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000050 
Tritium leakage in a fusion nuclear power plant. Multiscale integral analysis. 
M. Velarde (1), J. Fradera (2), JM. Perlado (1), I. Zamora (2), E. Martinez-Saban (2), C. Colmer 
(2), P. Briani (2) 
(1) Madrid Tech. University, Spain - (2) Idom NS, Spain 
 
Tritium leakages are a major concern regarding nuclear power plants (NPP), not only in commercial fission 
power plants, but also in future fusion power plants. According to recent data collected by the NRC [1], 45 
commercial NPPs in the US report leaks or spills involving tritium at some time during their operating history, 
although no threat to the public has been detected by the regulator [2]. Future fusion reactors, as for example 
those being studied in the ITER and NIF experiments, will breed tritium from other elements to use it as fuel. 
Hence, the need for preventing and containing tritium leakages, as it is done with any other contaminant, 
turns out to be a key issue. 
 

000118 
Preliminary Radiation Shielding Analysis of K-DEMO Equatorial Port Area. 
J.S. Park, S. Kwon, K. Im 
NFRI, South Korea 
 
A preliminary radiation shielding analysis of the Korean fusion demonstration reactor (K-DEMO) in the vicinity 
of an equatorial port area. 
 

000276 
Shutdown Dose Rate Analysis for the long-pulse D-D Operation Phase in KSTAR. 
J.H. Park (1), J.-H. Han (1), D.H. Kim (2), Y.S. Hwang (2 
(1) CARFRE, South Korea - (2) Seoul National University,South Korea 
 
KSTAR is a medium size fully superconducting tokamak. The deuterium-deuterium (D-D) reaction in the KSTAR 
tokamak generates neutrons with a peak yield of 3.5x1016 per second through a pulse operation of 100 
seconds. The effect of neutron generation from full D-D high power KSTAR operation mode to the machine, 
such as activation, shutdown dose rate, and nuclear heating, are estimated for an assurance of safety during 
operation, maintenance, and machine upgrade. The nuclear heating of the in-vessel components, and neutron 
activation of the surrounding materials have been investigated. The dose rates during operation and after 
shutdown of KSTAR have been calculated by a 3D CAD model of KSTAR with the Monte Carlo code MCNP5 
(neutron flux and decay photon), the inventory code FISPACT (activation and decay photon) and the FENDL 2.1 
nuclear data library. 
 

000309 
Shielding Analysis of Bio-shield Plugs in B1 of ITER with SuperMC. 
J. Song, Q. Yang, S. Zhuang, G. Sun, L. Hao 
INEST-CAS, China 
 
Bio-shield plugs are of great importance to the protection of electronic devices and staff workers during 
maintenance. Precise analysis of the shielding performance of bio-shield plugs is a big concern for ITER design. 
By the end of July 2015, a new bio-shield plug model was designed by DIN in order to propose a standardization 
of configuration and respecting the requirement. In this study, based on the new-designed model, a detailed 3-
D neutronics model of the bio-shield plug in B1 and an integration model with ITER building has been 
developed. The investigation of shielding capability of new designed bio-shield plugs and nuclear radiation in 
the bio-shield plug area in B1 was carried out. The result indicated the weakest shielding of IVVS the high 
shutdown dose rate in Torus Cryopump. 
 

000381 
Neutron streaming studies along JET shielding penetrations. 
IE. Stamatelatos (1), T. Vasilopoulou (1), P. Batistoni (2), B. Obryk (3), S. Popovichev (4), J. 
Naish (4) 
(1) NCSR, Greece - (2) ENEA, Italy - (3) INP-PAS, Poland - (4) CCFE, United Kingdom 
 
Neutronic benchmark experiments are carried out at JET aiming to assess the neutronic codes and data used in 
ITER analysis. Among other activities, experiments are performed in order to validate neutron streaming 
simulations along long penetrations in the JET shielding configuration. In this work, neutron streaming 
calculations along the JET personnel entrance maze are presented. Simulations were performed using the 
MCNP code for Deuterium-Deuterium and Deuterium-Tritium plasma operations. The results of the simulations 
will be compared against experimental data obtained using thermoluminescence detectors and activation foils. 
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000328 
Developing New Materials for Radiological Protection. 
V. Fuentes-Vázquez, J. Caruncho-Rodado 
ARRAELA, Spain 
 
Arraela S.L. has developed and patented different materials for radiological and nuclear shielding. These 
materials have been developed as a function of the type of radiation to shield. Thus, heavy aggregates with a 
high content in iron have been selected to make masses for gamma rays shielding while barite aggregates have 
been used for X-ray shielding materials. Besides, light aggregates have been selected to make an appropriate 
product against neutron radiation. Attenuation coefficient measurements have been done with these products 
once they have been proved to have good mechanical properties. 
 

000343 
Quantitative assessment of P-32 colloid in the brain cancers using Monte Carlo simulation of a 
skull phantom and gamma camera. 
H. Poorbaygi (1), M. Babaiie (2), D. Sardari (2) 
(1) NSTRI, Iran - (2) Azad University, Iran 
 
The objective of this study was to examine a skull phantom and planar bremsstrahlung imaging may to 
determine whether the present methods are suitable for quantitative assessment of 32P colloid in the brain 
lesion. The sensitivity of gamma camera (GC) in the appropriated energy window and an effective attenuation 
coefficient for bremsstrahlung were calculated using simulation of a skull phantom with cystic tumor and 
gamma camera equipped Low energy collimator. The Skull phantom and cystic part are filled by water and 32P 
colloid, respectively. For determination of GC detector response was used MCNPX code in order to create an 
input file. In this study, up to 108 beta histories were considered in each simulation and the F8 tally of was 
used for each detector cell. The sensitivity for the energy window of 50-150keV with scattering materials 
including soft tissue-equivalent (water) and bone tissue was calculated 0.0072 (cps)/(kBq). 
 

000032 
Evaluation of the Absorbed Dose in the Kidneys due to Tc99m (DTPA) / Tc99m (MAG3) and 
Tc99m (DMSA). 
M.V. Vásquez (1,2), V. Murillo (1), C. Castillo (1), E. Rojas (3), J.J. Rocha (1), Y. Sifuentes (1), 
P. Sanchez (1), F. Marquez (4) 
(1) UNT, Peru - (2) UCV, Peeru - (3) IPEN, Peru - (4) INEN, Peru 
 
The absorbed doses in the kidneys of adult patients have been evaluated using the biokinetics of 
radiopharmaceuticals containing Tc99m (DTPA) / Tc99m (MAG3) or Tc99m (DMSA). The absorbed dose to the 
kidneys, was calculated using the formalism MIRD, and its representation Cristy-Eckerman. The absorbed dose 
in the kidneys, due to  Tc99m (DTPA) / Tc99m (MAG3), are given by 0,00466mGy.MBq-1 / 0.00339 mGy.MBq-1. 
Approximately 21.2% / 8.8% of the absorbed dose is due to the organs that are part of the biokinetics of Tc99m 
(DTPA) / Tc99m (MAG3): bladder (content) and remaining tissue. The absorbed dose to the kidneys due to 
Tc99m (DMSA) is 0.17881 mGy.MBq-1. Here, 1.7% of the absorbed dose is due to the organs that are part of the 
biokinetics of Tc99m (DMSA): bladder, spleen, liver and the remaining tissue. 
 

000213 
Light Ion Yields from Bombardment of Thick Targets by Protons, Helium-4, and Iron-56. 
L. Castellanos (1), N. McGirl (1), A. Srikrishna (1), L. Heilbronn (1), C. La Tessa (2), A. Rusek (2), 
M. Sivertz (2), S. Blattnig(2), M.Clowdsley (2), T.Slaba (2), C.Zeitlin (3) 
(1) University of Tennessee, United States - (2) NASA, United States - (3) Lockheed Martin, United States 
 
In March 2016 accelerator-based experiments colliding protons (0.4 and 0.75 GeV), helium (0.4 AGeV) and iron 
(0.4 and 1.5 AGeV) on thick aluminium and high density polyethylene targets with surface densities of 20, 40, 
and 60 g/cm2 will be performed at the National Aeronautics and Space Agency Space Radiation Laboratory at 
Brookhaven National Laboratory. Two targets will be utilized in each configuration. The purpose of the 
experiment is to provide measurements of angularly distributed light ion yields originating from major dose 
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contributing constituents of galactic cosmic rays at energies poorly represented in atmospheric measurements. 
Hydrogen and helium ions will be detected using liquid scintillators in conjunction with thin plastic scintillators 
at 10o, 30o, 45o, 60o, 80o, and 135o. Time-of-flight techniques will be used to generate double differential 
energy spectra of the light ion fragments. Comparisons of these measured yields will be made with Monte Carlo 
calculations generated by MCNP6. 
 

000379 
Calibration of Multi-Segmented Spherical Digital Tissue Equivalent Proportional Counter in 
HIMAC. 
S. Kim (1), U.-W. Nam (2), J.J. Lee (2), J. Pyo (2), B.-K. Moon (2), W.-K. Park (2) 
(1) Cheongju University, South Korea - (2) KASI, South Korea 
 
A Tissue Equivalent Proportional Counter (TEPC) has been developed for the space radiation dosimetry. In 
order to measure the large range of LET, from 0.2 to 1,000 keV/μm, we designed and developed a multi-
segmented spherical digital type TEPC which measures ionized particles produced by collision between 
radiation sources and detection gas in the detector. For lineal energy calibration of the TEPC, we have 
performed heavy ion beam experiments with the Heavy Ion Medical Accelerator in Chiba (HIMAC), Japan. By 
using the developed TEPC, we can derive easily the equivalent dose in the complicated space radiation field. In 
this HIMAC experiment, we could successfully calibrate and demonstrate the performance of active radiation 
detector, TEPC with He 150 MeV/u, C 400 MeV/u, Si 490 MeV/u and Fe 500 MeV/u. 
 

000130 
Validation of an analytical model for therapeutic and stray dose calculations of 6 MV photon 
beams. 
L. Jagetic (1), W. Newhauser, (1,2), R. Carver (2), R. Zhang (1) 
(1) Luisiana State University, USA - (2) Mary Bird Perkins Cancer Center, United States 
 
The purpose of this study was to assess the dosimetric accuracy of a physics-based analytical model to 
calculate the total absorbed dose inside and outside of the therapeutic field of external beam photon 
radiotherapy. Dosimetric accuracy was evaluated by comparison of model predictions to measured and Monte 
Carlo simulated absorbed dose profiles. The evaluation was performed using a modified one-dimensional 
gamma index analysis. 90% of the locations considered passed the gamma index evaluation using criteria of 
11.5% relative dose difference and 5 mm distance-to-agreement in the therapeutic region and 1.1 mGy/Gy 
absolute dose difference and 0.5 mm distance-to-agreement outside the therapeutic region. The accuracy of 
out-of-field dose predictions was superior to that of two widely used commercial radiotherapy treatment 
planning systems for a wide variety of beam configurations. This suggests that a physics-based modeling 
approach will be feasible for a variety of clinical and research applications. 
 

000154 
Pencil Beam Dose Algorithm of Scanned Proton Beams for Intensity Modulated Proton Therapy. 
H. Wang, H. Zheng, X. Pei, R. Cao, J. Song, P. Long, L. Hu 
INEST-CAS, China 
 
A pencil beam dose algorithm for intensity modulated proton therapy using spot scanning is presented. The 
algorithm utilize dose-fluence model, which factorize the dose of a pencil beam into integral depth dose and 
lateral distribution. The depth dose is derived from Monte Carlo simulation, while the calculation of lateral 
distribution is based on Fermi-Eyges theory. Nuclear interaction is taken into account by another Gaussian with 
its fraction and sigma derived from fit to Monte Carlo simulations. To take better account of lateral 
inhomogeneity, the scanning beam is divided into 13 pencil beams, 12 of which are distributed in two 
concentric circles around the beam center. The algorithm was benchmarked with Monte Carlo code in 4 
phantoms including homogeneous and heterogeneous phantoms. The agreement between pencil beam 
algorithm and MC simulation results is well within 2%/2mm. The accuracy of the algorithm is preliminarily 
validated, and further validation with clinical examples and measurement are underway. 
 

000155 
Photon Dose Calculation Based on Monte Carlo Finite-Size Pencil Beam Model in Accurate 
Radiotherapy. 
H. Zheng, Q. Ren, H. Wang, W. Li, R. Cao, X. Pei, J. Song 
INEST-CAS, China  
 
This study mainly focused on the key technologies, the photon dose calculation based on the Monte Carlo 
Finite-Size Pencil Beam (MCFSPB) model. With several tests including the comparisons among the American 
Association of Physicists in Medicine (AAPM) Task Group 119 Report sample, the results showed that this 
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MCFSPB model met the clinical criteria, and would be expected to be used as a fast and accurate dose engine 
for clinic TPS. 
 

000240 
Modeling of the human genome with DnaFabric for the calculation of radio-induced DNA 
damages. 
S. Meylan (1), U. Vimont (2), M. Karamitros (3), I. Clairand (1), S. Incerti (4,2), C. Villagrasa (1) 
(1) IRSN, France -(2) CNRS,France -(3) University of Notre Dame, USA -(4) University of Bordeaux,France 
 
The study of the events leading to a DNA damage after an irradiation using a mechanistic approach requires the 
use of a track structure code and complex DNA geometrical models. Such models are generally hard to create 
and modify because of the inherent complexity of the DNA geometry. In order to mitigate this problem, the 
DnaFabricproject was started to facilitate the generation of complex DNA models. Three cell nucleus models 
filled with theDNA content of the human genome were created in this work. Several user-applications based on 
Geant4, more precisely Geant4-DNA, were implemented to import in Geant4 a geometry generated in 
DnaFabric. Those Geant4 user-applications allow the simulation of the physical, physico-chemical and chemical 
stages initiated by the irradiation of a cell nucleus, and output the number of double strand breaks (DSB) per 
primary particle. Simulations were performed for protons of 0.5 MeV to 50 MeV. 
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000128 
Neutron-gamma flux and dose calculations for feasibility study of instrumentation 
implementation in the European Pressurized Reactor (EPR). 
M. Brovchenko, I. Duhamel, B. Dechenaux 
IRSN, France 
 
The present paper presents the study carried out in the frame of the DISCOMS project, which stands for 
“DIstributed Sensing for COrium Monitoring and Safety”. This study concerns the calculation of the neutron and 
gamma radiation received by the considered instrumentation during the normal reactor operation for the 
European Pressurized Water Reactor (EPR) outside the pressure vessel and in the basemat. This paper 
summarizes the methods and hypotheses used for the particle transport simulation during the normal reactor 
operation. The results of the simulations are then presented including the responses for optical fibers, such as 
the gamma dose and the fast neutron fluence, and for Self Powered Neutron Detectors, namely the neutron 
and gamma spectra. 
 

000218 
Analysis of Gamma Ray Dose for Dried Up Pond Storing Low Enriched UO2 Fuel. 
Y. Nauchi, M. Suzuki 
CRIEPI, Japan 
 
Gamma ray dose is calculated for loss of coolant accident in spent fuel pond (SFP) storing irradiated fuels used 
in light water reactors. Influence of modeling of fuel assemblies, source distributions, and loading fraction of 
fuel assemblies in the fuel rack on the dose were investigated. 
 

000250 
Consistent Neutron-Physical and Thermal-Physical Calculations of Fuel Rods of VVER Type 
Reactors 
G. Tikhomirov (1), I. Saldikov (1), M. Ternovykh (1), A. Gerasimov (2) 
(1) MEPhI, Russia - (2) ITEP, Russia 
 
Calculations of neutron-physical characteristics of fuel rods are mainly based on model using averaged 
temperature, thermal conductivity factors, and heat power density. In this paper, complex approach is 
presented, based on modern algorithms, methods and codes to solve separate tasks of thermal conductivity, 
neutron transport, and nuclide transformation kinetics. It allows to perform neutron-physical and thermal-
physical calculation of the reactor with detailed temperature distribution, with account of temperature-
depending thermal conductivity and other characteristics. It was applied to studies of fuel cell of the VVER-
1000 reactor. The proposed approach can be used for development of verification base for testing calculation 
of fuel rods of VVER type reactors. 
 

000293 
Fission Product Escape Rate Coefficients in Design Basis Source Term Determination – Past and 
Present. 
P. Perez (1), J. Hamawi (2) 
(1) AREVA, France - (2) AREVA, United States 
 
Nuclear power plant radiation protection design features are designed with radionuclide source terms based on 
conservative assumptions enveloping expected operating experience. Two parameters that affect the 
radionuclide concentrations in the source term are failed fuel fraction and fission product escape rate 
coefficient. Failed fuel fraction may be a regulatory based assumption such as in the U.S. Escape rate 
coefficients are not specified in regulatory requirements, but have been referenced to experimental data that 
is over 50 years old. Shielding design basis source term methodology had not advanced until EPRI published in 
2015 an updated ANSI/ANS 18.1 source term basis document. Our paper revisits the fission product escape rate 
coefficients as applied in the derivation of a shielding source term following the original U.S. NRC NUREG-0017 
methodology. New coefficients have been calculated based on the recent EPRI results which demonstrate the 
conservatism in nuclear power plant shielding designs 
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000214 
Evaluation of isotopic composition of fast reactor core in closed nuclear fuel cycle. 
G. Tikhomirov (1), M. Ternovykh (1), I. Saldikov (1), P. Fomichenko (2), A. Gerasimov (3) 
(1) MEPhI, Russia - (2) Kurchatov Institute, Russia - (3) ITEP, Russia 
 
The strategy of the development of nuclear power in Russia provides for use of fast power reactors in closed 
nuclear fuel cycle. The PRORYV (i.e. «Breakthrough» in Russian) project is currently under development. 
Within the framework of this project, fast reactors BN-1200 and BREST-OD-300 should be built to, inter alia, 
demonstrate possibility of the closed nuclear fuel cycle technologies with plutonium as a main source of power. 
Thus, the actual issue is modeling fuel handling processes. To solve these problems, the code REPRORYV 
(Recycle for PRORYV) has been developed. It simulates nuclide-streams in non-reactor stages of the closed fuel 
cycle. At the same time verified codes can be used to evaluate in-core characteristics of a reactor. By using 
this approach various options for nuclide streams and assess the impact of different plutonium content in the 
fuel, the fuel processing conditions, losses during fuel processing, as well as the impact of initial uncertainties 
on outcome of neutron-physical characteristics of reactor are considered in this study. 
 

000224 
Calculation of Neutron Production Rates and Spectra from Compounds of Actinides and Light 
Elements. 
G. Vlaskin, Y. Khomiakov 
ITC Proryv, Russia 
 
The code NEDIS allows the calculation of neutron production rate and continuous energy spectra due to (α,n) 
reaction on Li, Be, B, C, O, F, Ne, Na Mg, Al, Si, P, S, Cl, Ar, K, and Ca. It accounts for anisotropic angular 
distribution of neutrons of (α,n) reaction in centre of mass system and dimensions of alpha emitting source 
material particles. Spontaneous fission spectra are calculated with evaluated half-life, spontaneous fission 
branching, ν-averaged per fission, and Watt spectrum parameters. The results of calculations by NEDIS can be 
used as input for Monte Carlo simulation for materials that will be used in radiation shielding and for 
underground neutron experiments 
 

000248 
Determination of equilibrium fuel composition for fast reactor in closed fuel cycle. 
M. Ternovykh (1), G. Tikhomirov (1), Y. Khomiakov (2), I. Suslov (2) 
(1) MEPhI, Russia - (2) NIKIET, Russia 
 
Technique of evaluation of multiplying and reactivity characteristics of fast reactor operating in the mode of 
multiple refueling is presented. We describe the calculation model of the vertical section of the reactor. 
Calculation validations of the possibility of correct application of methods and models are given. Results on the 
isotopic composition, mass feed, and changes in the reactivity of the reactor in closed fuel cycle are obtained. 
Recommendations for choosing perspective fuel compositions for further research are proposed. 
 

000249 
Decay heat power of spent nuclear fuel of power reactors with high burnup at long-term 
storage. 
M. Ternovykh (1), G. Tikhomirov (1), I. Saldikov (1), A. Gerasimov (2) 
(1) MEPhI, Russia - (2) ITEP, Russia 
 
Decay heat power of actinides and fission products from spent nuclear fuel of power reactors at long-term 
storage is calculated. Two modes of storage are considered: mode in which single portion of actinides or fission 
products is loaded in storage facility and mode in which actinides or fission products from spent fuel of one 
VVER reactors are added every year in storage facility during 30 years and then accumulated nuclides are 
stored without addition new nuclides. These data are important in the back end of fuel cycle when improved 
cooling system of the storage facility will be required along with stronger radiation protection during storage, 
transportation and processing. 
 

000263 
Calculation of separation distance from the temporary storage facility satisfying the dose 
criteria using Monte Carlo Method. 
A R. Go, M.J. Kim, K.Y. Ko, K.P. Kim 
Kyung Hee University, South Korea 
 
Contaminated soil generated from remediation in Fukushima Prefecture was stored in temporary storage 
facilities and this resulted in radiation exposure to people. The object of this study was to calculate the 
separation distance from the temporary storage facility satisfying the dose criteria, additional radiation 



______________________________________________________________________________ 
95 

 

exposure dose from contaminated soil less than 1 mSv y-1. To calculate separation distance satisfied dose 
criteria, ambient dose rates were calculated. Calculation of ambient dose rates was performed by cover soil 
thickness, facility size, and facility type using MCNPX code. The ambient dose rate decreased as the distance 
from the facility and thickness of cover soil increased. Shielding effects of cover soil were 68.7%, 96.7% and 
99.7% at 10 cm, 30 cm and 50 cm. The ambient dose rate was constant as the size of facility was increased. 
On-ground storage type had the highest ambient dose rate and followed by semi-ground type and underground 
type. The results of this study can be used to construct and manage the temporary storage facility safely. 
 

000333 
Radioprotection analysis in a rad-waste management facility. 
W. Giannotti, G. Baiocco 
N.IN.E., Italy 
 
This paper concerns the analysis of the shielding and dose to the personnel in a facility for the treatment and 
conditioning of solid rad-wastes. The analysis is performed also adopting some calcualtions codes typically used 
in the NPP accident analysis to derive for some scenarios the radionuclides source term. MCNP5 has been used 
for the shielding and dose evalaution 
 

000378 
The Fundamental Approach to Disposal Features of C-14 Contained Heavy Water Reactor Spent 
Resin Waste. 
NW. Sung, HR. Kim 
UNIST, South Korea 

 
The fundamental analysis was carried out for the disposal characteristics of 14C contained spent resin from 
heavy water reactor of Wolseong nuclear power plants in Korea. Worldwide, many nuclear power plants has 
reached their design life and prepare the decontamination and decommissioning while the first nuclear power 
plant in Korea was decided to be decommissioned in 2015. In nuclear power plants, ion-exchange resin is 
mainly used to purify liquid radioactive waste. The used ion-exchange resins are stored in spent resin storage 
tanks and they are treated as disposalwaste or clearance according to the decommissioning plan. Spent resins 
generated in heavy water reactor include various radionuclides including long-lived nuclide of 14C classified 
into intermediate level waste. The disposal method and characteristics were conceptually analyzed for the 14C 
containing spent resin disposal container for estimation of the future radiologically and physio-chemically 
stable disposal of resin waste. 
 

000198 
Atmospheric dispersion factor and ground deposition factor by the classification methods of 
atmospheric stability. 
H.S. Jeong, A.R. Kil, E.H. Kim, H.J. Jeong, M.H. Han, W.T. Hwang 
KAERI, South Korea 
 
The annual-averaged atmospheric dispersion factor and ground deposition factor were produced based on two 
classification methods of atmospheric stability; that is, i) a temperature difference and ii) a standard deviation 
of horizontal wind direction fluctuation. The assessment was performed for Daedeok and Wolsong sites with 
nuclear facilities. The XOQDOQ computer code was used for all series of calculations of the atmospheric 
dispersion and ground deposition factors. The target distances were set to be 400 m, 800 m, 1200 m, 1600 m, 
2400 m, and 3200 m away from the release point of radioactive materials. As a result, all of the atmospheric 
dispersion factors calculated by the classification of atmospheric stability based on the temperature difference 
were shown to be higher than those from the standard deviation of horizontal wind direction fluctuation. For 
the ground deposition factors, there is no difference between both methods because relative deposition rate is 
only a function of plume travel distance in the case of ground releases. 
 

000401 
Growth of micrometric oxide layers for the study of metallic surfaces decontamination by laser 
L. Carvalho, W. Pacquentin, M. Tarabant, H. Maskrot, A. Semerok 
CEA, France 

 
The nuclear industry produces a wide range of radioactive waste in term of level of hazard, contaminants and 
material. For metallic equipment like steam generators, the radioactivity is located in the corroded surface.  In 
order to study decontamination in a safe way, it is important to have access to oxides layers with a non-
radioactive contaminants. We propose a method of formation of oxide layer on stainless steel 304L with 
europium (Eu) as oxide marker and contaminant. In this method, an Eu solution is sprayed on the stainless steel 
samples. The specimen are treated by laser and then exposed for 110h to a 600°C furnace. The structure and 
depth distribution of Eu in the corroded film of the specimen are analysed by SEM coupled with EDX 
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microanalyzer, GD-OES and GDMS. The oxide layer are from 0.2 to 4.5 µm in thickness with a weight 
percentage of 0.5% of europium in the volume of oxide layer. These oxide layers are used to study the 
decontamination of metallic surfaces using a nanosecond pulsed laser. 
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T6_Calculation methods Monte Carlo & Deterministic 
 
 
 
 
  
000133 
Particle track plotting in Visual MCNP6. 
R. Schwarz 
Visual Editor Consultants, United States 
 
A visual interface for MCNP6 has been created to allow plotting of source points, collision points and particle 
tracks.  The interface will allow users to visualize collision points based on parameters set by the user.  This 
can be very valuable in understanding the physics of a problem and the important paths that contribute to a 
tally. 
 

000137 
Elaborate SMART MCNP Modelling Using ANSYS and Its Applications. 
J.H. Song, S.-J. Kim, H.-B. Surh, B. S. Koo 
KAERI, South Korea 
 
MCNP 3-dimensional model can be widely used to evaluate a various design parameters such as core design or 
shielding design. Conventionally, the simplified 3-dimensional MCNP model is applied to calculate those 
parameters because of the manual procedure of the modelling by hand. ANSYS has a function converting CAD 
‘stp’ format to MCNP input in geometry part. Using the ANSYS code and CAD file, very detailed and 
sophisticated MCNP 3-dimensional model is generated. The MCNP model is applied to evaluate assembly 
weighting factor at ex-core detector of SMART and the result is compared with simplified MCNP SMART model 
and assembly weighting factor from calculated by DORT which is a deterministic Sn code. 
 

000147 
Radiation Shielding Analysis for the ESS LINAC. 
L. Tchelidze (1), N. Mokhov (2), I. Rakhno (2), I. Tropin (2), Y. Eidelman (3) 
(1) ESS, Sweden - (2) FNAL, United States - (3) Euclid Techlabs, United States 
 
The ESS accelerator is under construction in Lund, Sweden. It will deliver a 5-MW, 2-GeV proton beam for the 
European Spallation Source facility. Due to unavoidable loss of a fraction of the beam in the accelerator 
components, a certain level of radiation will be generated in the linac tunnel. A passive shielding system is put 
in place to ensure adequate mitigation of the corresponding hazard. The linac shielding is one of the safety 
credited systems that decreases operational as well as accidental radiation dose rates outside the shielding to 
below the tolerable levels. The linac shielding is a bulk permanent construction with a number of penetrations 
for personal and equipment access. During the early stages of the project, the minimum required shielding 
layout was derived based on conservative assumptions and combined analytical and MARS15 Monte Carlo 
analysis results. 
 
Recently, the existing geometry model of the entire linac was updated with the newest detailed information – 
based on the engineering design - on beam-line components such as quadrupole magnets, accelerating cavities 
and cryomodules as well as-built linac tunnel and shielding layout. The new model uses the ROOT mode in 
MARS15 and includes all the details available on geometry, materials and electromagnetic fields as well as a 
refined model of the beam loss. Calculations from the end of the spoke linac to the end of the high-beta linac 
are done for the standard beam loss rate of 1 W/m, while those in the earlier sections – end of DTL and spoke 
linac – were performed with two beam loss rate assumptions: 1 W/m and energy-dependent loss rate. The 
latter was derived at proton energies below 250 MeV from special runs of the MARS15 version with a recently 
implemented TENDL-2015 nuclear data library. Calculations of air activation in the tunnel as well as source 
terms for sub-sequent ground water activation and skyshine analyses were also performed. Sufficiency of the 
shielding layout was verified in thorough MARS15 calculations – for both operational and accidental beam losses 
- in all the accessible areas and necessary modifications were recommended where appropriate. 
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000201 
Radiation shielding calculation by means of weight windows iterations in small-scale NPP 
concept. 
S. Chernov, A. Sonko, V. Khoromsky 
IPPE, Russia 
 
Lately the precise approaches based on Monte Carlo methods with the use of different variance reduction 
techniques are actively implemented in the radiation shielding calculation practice. Hybrid methods have been 
widely spread. The experience of applying hybrid schemes in project research is generally successful, however,  
in some cases when the initial approximation is not good enough the problems with computation scheme 
stability appear. The simple iterative approach works fine in many practical cases. By the example of the 
small-scale NPP calculation the potential of weight windows iteration method in calculation of radiation fields 
for radiation shielding research is presented. The main features – combination of high accuracy of Monte Carlo 
method with the simple implementation, high speed and computation stability – allow considering this 
technique as a cheap and reliable alternative to hybrid methods for the practical use in project reactor 
shielding calculations. 
 

000262 
Calculation of External Radiation Dose to Workers in the Monazite Industry using Monte Carlo 
Method. 
C.K. Choi (1), M.J. Kim (1), Y.G. Kim (1), S.W. Ji (1), B. Koo (2), K.P. Kim (1) 
(1) Kyung Hee University, South Korea - (2) KINS, South Korea 
 
Monazite contains naturally occurring radioactive materials (NORM). Radioactivity concentrations of the 
monazite are much higher than other raw materials containing NORM. The objective of this study was to 
calculate external radiation dose to workers in the monazite industry using Monte Carlo method. A 
representative storage facility, monazite stack in the storage, workers were simulated for radiation dose 
calculation using MCNPX code. The simulation dose results and measurement dose rates were in good 
agreement with difference less than 10%. Organ dose and effective dose rates were calculated by distance 
from 2,000 kg monazite stack. Effective dose rates were decreased by distance from the monazite stack, 32 
mSv/hr at 10 cm distance and 8 mSv/hr at 1 m distance. The calculated dose results in this study will be used 
to develop safety standards and guidelines to manage NORM industry in Korea. 
 

000311 
Advanced Capabilities of the Latest Version of Monte Carlo Program SuperMC for Radiation 
Shielding. 
J. Song, L. Hu, P. Long, T. He, L. Hao, M. Cheng, H. Zheng, S. Yu, G. Sun, T. Dang, Q. Yang, B. 
Wu, C. Chen, P. He, L. Fang, Y. Wu 
INEST-CAS, China 
 
Great challenges exist in real engineering projects for the current Monte Carlo (MC) methods. Several novel 
and advanced capabilities of the latest version of SuperMC on radiation shielding of nuclear system were 
introduced in this paper, including automatic and accurate modeling of complex structures, visualized and 
interactive radiation transport simulation, hybrid MC and deterministic transport method simulation, advanced 
acceleration methods in transport calculation, built-in activation and dose calculation, high efficiency and 
convenient cloud computing framework. ADS was given as an application example to demonstrate the higher 
calculation efficiency of SuperMC for radiation shielding analysis. 
 

000323 
Implementing Shared Memory Parallelism in MCBEND. 
A. Bird, D. Long, G. Dobson 
AMEC Foster Wheeler, United Kingdom 
 
MCBEND is a general purpose radiation transport Monte Carlo code from AMEC Foster Wheeler’s ANSWERS 
Software Service.  MCBEND is well established in the UK shielding community for radiation shielding and 
dosimetry assessments. The existing MCBEND parallel capability effectively involves running the same 
calculation on many processors.  This works very well except when the memory requirements of a model 
restrict the number of instances of a calculation that will fit on a machine.  To more effectively utilise parallel 
hardware, OpenMP has been used to implement shared memory parallelism in MCBEND.  This paper describes 
the resoning behind the choice of OpenMP, notes some of the challenges of multi-threading an established code 
such as MCBEND, and assesses the performance of the parallel method implemented in MCBEND. 
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000347 
Modeling of gamma field around irradiated TRIGA fuel elements by R2S method. 
K. Ambrožič, L. Snoj 
JSI, Slovenia 
 
An R2S method computer code has been developed, which accounts for delayed gamma ray production and 
transport. It couples particle transport code MCNP and neutron activation code FISPACT-II, modeling the 
delayed gamma rays. An example on the use of code is presented, in terms of evaluation of utilization of JSI 
TRIGA nuclear fuel as a gamma ray source. In the computational model, fresh fuel is used and fuel activity and 
dose on the sample for different fuel element positions as well as different irradiation times have been 
evaluated. 
 

000348 
On the development of radiation tolerant surveillance camera from consumer-grade 
components. 
K. Ambrožič (1), L. Snoj (1), L. ÖHlin (2), J. Gunnarsson (2), N. Barringer (2) 
(1) JSI, Slovenia - (2) ISEC, Sweden 
 
An overview on the process of designing a radiation tolerant surveillance camera from consumer grade 
components and commercially available particle shielding materials is given. This involves utilization of Monte-
Carlo particle transport code MCNP6 and ENDF/B-VII.0 nuclear data libraries, as well as testing the physical 
systems against radiation, utilizing JSI TRIGA mk. II fuel elements as gamma ray sources. A new irradiation 
facility for irradiation of large electronic and optical components assemblies with electrical power and signal 
wire guide-tube to the reactor platform, was constructed and utilised. Electronic components to be used in the 
camera were tested against gamma radiation in an independent manner, to determine their radiation 
tolerance. Several camera designs were proposed and simulated using MCNP, to determine incident particle 
and dose attenuation factors. Data obtained from the measurements and MCNP simulations will be used to 
finalize the design of 3 surveillance camera models, with different radiation tolerances. 
 

000033 
Evaluating Monte Carlo Particle Transport on Mulitcore ARMProcessors: MCNP6® on the ARM 
Cortex-A7 (Raspberry Pi 2).  
J. Sweezy; LANL, United States 
 
The performance and power consumption of the quad-core ARM Cortex-A7 has been evaluated with the 
MCNP6® Monte Carlo particle transport software. The ARM-Cortex-A7 has been measured to consume 2.5 W of 
power during MCNP6 execution with four threads. Performance of ARM Cortex-A7 is shown to be 3% of the 
performance of the Intel Xenon E5-2670 (formally known as Sandy Bridge). However, the measured power 
consumption of the ARM Cortex-A7 is 5% of the power consumption of the Intel Xenon. Thus the power to 
solution for MCNP6 on the ARM Cortex-A7 is 160% of the Intel Xenon. This is an improvement from the 
performance of MCNP6 on single core ARM Cortex-A8(1). The results here indicate that the ARM multi-core 
architecture is becoming more power efficient, however as of the Cortex-A7, the architecture has a larger 
power-to-solution than the Intel Xenon architecture for MCNP6 calculations. 
 

000103 
Preliminary Application and Analysis of Radiation and Shielding Code of COSINE Package in Main 
Body Shielding Design of AP1000. 
Y. Hu, B. Zhang, Y. Sun, H. Yu, Y. Chen 
SNPTC, China 
 
The radiation and shielding code cosShield, which used for PWR shielding design calculation, is one of the main 
functional modules in COSINE package. Based on AP1000 reactor as an example, this paper uses cosSHIELD code 
to conduct preliminary calculation and analysis on the shielding problem of the main body of reactor, including 
pressure vessel fast neutron flux, concrete shielding and the surveillance capsule leading factor etc. The 
results show that the calculated values are in good agreement with the result of the reference, basically 
correspond to the engineering requirements. 
 

000119 
ARES: a discrete ordinates transport code for radiation shielding simulation. 
L. Zhang, B. Zhang, J. Zheng, Y. Hu, J. Zhang, Y. Chen 
NCEPU, China 
 
ARES is a multi-dimensional parallel discrete ordinates transport code that can be applied to a wide variety of 
radiation shielding calculations. ARES uses advanced solution methods to obtain accurate solutions to the linear 
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Boltzmann transport equation. The code currently provides multiple spatial discretization schemes and 
multiple quadrature sets. Extended Koch-Baker-Alcouffe parallel sweep algorithm is employed to obtain high 
parallel efficiency and facilitate the simulation of large scale radiation transport problems. Discrete ordinates 
differencing in angle and spherical harmonics expansion of the scattering source are adopted. First collision 
source method is available to eliminate the ray effects. In this paper, the H. B. Robinson Unit2 Pressure Vessel 
Benchmark is calculated and the results are in acceptable agreement with published values. This result 
indicates that ARES is capable of performing radiation transport calculations for evaluating RPV neutron 
fluence. 
 

000304 
Cavity decontamination: calculation of the impact on dose rates with PANTHERE simulation 
software. 
G. Penessot, C. Dabat-Blondeau, M. Michelet, C. Monier  
EDF, France 
 
PANTHERE is a multipurpose radiation protection software developed by EDF to calculate gamma dose rates in 
complex 3D environments. PANTHERE takes a key role in the EDF ALARA process, enabling to predict dose rates 
and to organize and optimize operations in high radiation environments. PANTHERE is also used for nuclear 
waste characterization, transport of nuclear materials, etc. It is used in most of the EDF engineering units and 
their design service providers and industrial partners. 
 

000307 
The Activation Detector Activity Calculations Using the Effective Source Method and 
Measurement. 
A. Konečná (1), V. Smutný (1), D. Sprinzl (1), V. Klupák 23), M. Vinš (2)   
(1) SKODA, Czech Republic - (2) RCREZ, Czech Republic 
 
Deterministic transport calculation of activation detectors activities in the VVER-1000 rector pressure vessel 
cavity. Comparison with measurement. 
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SS1: Special Session 1 
 

Fukushima, five years after 
 
 
 
 
 

Invited presentations 
 
 
 
 
 
SS1_Inv_1 
Outline of the Fukushima Daiichi Accident. Lessons Learned and Safety Enhancements 
Masashi Hirano 

Nuclear Regulation Authority, Japan 
 
On March 11, 2011, an earthquake and subsequent tsunamis off the Pacific coastline of Japan’s Tohoku region 
caused widespread devastation in Japan. As of June 10, 2016, it is reported that a total of 15,894 people lost 
their lives and 2,558 people are still unaccounted for. In Fukushima Prefecture, approximately 100,000 people 
are still obliged to live away from their homes due to the earthquake and tsunami as well as the Fukushima 
Daiichi accident.  
 
On the day, the earthquake and tsunami caused severe damages to the Tokyo Electric Power Company 
(TEPCO)’s Fukushima Daiichi Nuclear Power Station (NPS). All the units in operation, namely Units 1 to 3, were 
automatically shut down on seismic reactor protection system trips but the earthquake led to the loss of all 
off-site electrical power supplies to that site. The subsequent tsunami inundated the site up to 4 to 5 m above 
its ground level and caused, in the end, the loss of core cooling function in Units 1 to 3, resulting in severe core 
damages and containment vessel failures in these three units. Hydrogen was released from the containment 
vessels, leading to explosions in the reactor buildings of Units 1, 3 and 4. Radioactive materials were released 
to the atmosphere and were deposited on the land and in the ocean.  
 
One of the most important lessons learned is an importance to prevent such large scale common cause failures 
due to extreme natural events. This leads to a conclusion that application of the defense-in-depth philosophy 
be enhanced because the defense-in-depth philosophy has been and continues to be an effective way to 
account for uncertainties associated with risks. From the human and organizational viewpoints, the final report 
from the Investigation Committee of the Government pointed out so-called “safety myth” that existed among 
nuclear operators including TEPCO as well as the government, that serious severe accidents could never occur 
in nuclear power plants in Japan.  
After the accident, the Nuclear Regulation Authority (NRA) was established on September 19, 2012. The NRA 
very urgently developed and issued the new regulatory requirements on July 8, 2014, taking into the account 
the lessons learned from the accident. It is noted that the NRA issued the Statement of Nuclear Safety Culture 
on May 27, 2015 which clearly expressed the NRA’s commitment to break with the safety myth. 
 
This paper briefly presents the outline of the Fukushima Daiichi accident and summarizes the major lessons 
learned having been drawn and safety enhancements having been done in Japan for the purpose of giving 
inputs to the discussions to be taken place  in the Special Invited Session “Fukushima, 5 years after”. 
 

SS1_Inv_2 
OPEN RADIATION: a collaborative project for radioactivity measurement in the environment by 
the public. 
J.-F. Bottollier  
RSN/PRP-HOM, France 
 
After the Fukushima accident, initiatives emerged from the public to carry out themselves measurements of 
the radioactivity in the environment with various devices, among which smartphones, and to share data and 
experiences through collaborative tools and social networks. Such measurements have two major interests, on 
the one hand, to enable each individual of the public to assess his own risk regarding the radioactivity and, on 
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the other hand, to provide “real time” data from the field at various locations, especially in the early phase of 
an emergency situation, which could be very useful for the emergency management.  
 
The objective of the OPENRADIATION project is to offer to the public the opportunity to be an actor for 
measurements of the radioactivity in the environment using connected dosimetric applications on smartphones. 
The challenge is to operate such a system on a sustainable basis in peaceful time and be useful in case of 
emergency. In “peaceful situation”, this project is based on a collaborative approach with the aim to get 
complementary data to the existing ones, to consolidate the radiation background, to generate alerts in case 
of problem and to provide education & training and enhanced pedagogical approaches for a clear 
understanding of measures for the public. In case of emergency situation, data will be available 
“spontaneously” from the field in “real time” providing an opportunity for the emergency management and the 
communication with the public. …  
 
The practical objective is i) to develop a website centralising data from various systems/dosemeters, providing 
dose maps with raw and filtered data and creating dedicated areas for specific initiatives and exchanges of 
data and ii) to develop a data acquisition protocol and a dosimetric application using a connected dosemeter 
with a bluetooth connection. 
This project is conducted within a partnership between organisms’ representative of the scientific community 
and associations to create links with the public. 
 

SS1_Inv_3 
Temporal change of environmental contamination conditions in five years after the Fukushima 
accident.  
K. Saito   
Japan Atomic Energy Research Institute, Fukushima Environmental Safety Center 
 
The temporal change of environmental contamination conditions after the Fukushima accident have been 
clarified based on large-scale environmental monitoring data repeatedly obtained in the 80 km zone. The 
decreasing tendency of air dose rates was confirmed to obviously depend on land uses. In human-related 
diverse environments the air dose rates have decreased much faster than the physical decay of radiocesium. 
The horizontal movement of radiocesium in undisturbed fields were found to be generally quite small, though 
it has gradually penetrated into the deeper parts of the ground. 
 

SS1_Inv_4 
Modelling the dynamics of ambient dose rates induced by radiocaesium in the Fukushima 
terrestrial environment.  
M.-A. Gonze 
IRSN/ PRP-ENV/SESURE/LEREN, France 
 
Since the Fukushima accident, Japanese scientists have been intensively monitoring ambient radiations in the 
highly contaminated territories situated within 80 km of the nuclear site. The surveys that were conducted 
through mainly carborne, airborne and in situ gamma-ray measurement devices, enabled to efficiently 
characterize the spatial distribution and temporal evolution of air dose rates induced by Caesium-134 and 
Caesium-137 in the terrestrial systems. These measurements revealed that radiation levels decreased at rates 
greater than expected from physical decay in 2011-2012 (up to a factor of 2), and dependent on the type of 
environment (i.e. urban, agricultural or forest). Unlike carborne measurements that may have been strongly 
influenced by the depuration of road surfaces, no obvious reason can be invoked for airborne measurements, 
especially above forests that are known to efficiently retain and recycle radiocaesium. The purpose of our 
research project is to develop a comprehensive understanding of the data acquired by Japanese, and identify 
the environmental mechanisms or factors that may explain such decays. The methodology relies on the use of a 
process-based and spatially-distributed dynamic model that predicts radiocaesium transfer and associated air 
dose rates inside/above a terrestrial environment (e.g., forests, croplands, meadows, bare soils and urban 
areas). Despite the lack of site-specific data, our numerical study predicts decrease rates that are globally 
consistent with both aerial and in situ observations. The simulation at a flying altitude of 200 m indicated that 
ambient radiation levels decreased over the first 12 months by about 45% over dense urban areas, 15% above 
evergreen coniferous forests and between 2 and 12% above agricultural lands, owing to environmental 
processes that are identified and discussed. In particular, we demonstrate that the decrease over evergreen 
coniferous regions might be due the combined effects of canopy depuration (through biological and physical 
mechanisms) and the shielding of gamma rays emitted from the forest floor by vegetation. Our study finally 
suggests that airborne surveys might have not reflected dose rates at ground level in forest systems, which 
were predicted to slightly increase by 5 to 10% during the same period of time. 
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SS1_Inv_5 
Optimization of exposure and countryside waste management for different accidental 
radioactive release. 
P. Guetat  
CEA, France 
 

Fukushima accident showed that the safety of a reactor, even imperfect in case of a major natural low-
probability event, can nevertheless reduce considerably the amount and nature of releases and allow saying 
that it is presently possible to have no radiological health effect for the population, and that 
environmental/waste effects should be considered on the psychological side, countermeasures having also real 
health effects. 
 
This presentation deals mainly with accidental releases of a fission reactor , but also gives some features for a 
fusion reactor and cycle installations, to illustrate the effect of radionuclides nature, (i.e. cesium and iodine 
for fission, tritium for fusion and plutonium for some fuel installations), and their consequences on the surface 
deposits management. It addresses the question of dose and activity levels, the effect of some fundamental 
environmental parameters, and the need for a “as rational as reasonably achievable” approach based on 
efficient and non-expensive actions of the population. 

 
 
 
 
 

Other presentations 
 
 
 
 
 
000246-SS1_1 

Assessment of Effective Dose from External Exposure in Tochigi Prefecture. 
H. Miyatake (1), N. Yoshizawa (1), S. Hirakawa (1), K. Murakami (1), M. Takizawa (1), M. Kawai 
(1), O. Sato (1), Shunji T. (1), G. Suzuki (2) 
(1) Mitsubishi Research Institute, Tokyo, Japan - (2) International University of Health and Welfare Clinic, 
Tochigi, Japan 
 
The Fukushima Daiichi Nuclear Power Plant accident caused a release of radionuclides. Radionuclides were 
deposited on the ground not only in Fukushima prefecture but also in nearby prefectures. Since the accident, 
measurement of radiation in environment such as air dose rate and deposition density of radionuclides has 
been performed by many organizations and universities. In particular, Japan Atomic Energy Agency (JAEA) has 
been performing observations of air dose rate using a car-borne survey system continuously and over wide 
areas. In our study, using the data measured by JAEA, we estimated effective dose from external exposure in 
the six prefectures adjacent to Fukushima prefecture. Since car-borne survey was started a few months later 
after the accident, measured air dose rate in this method is mainly contributed by Cs-137 and Cs-134 whose 
half-lives are relatively long. We also estimated effective dose contributed from not only Cs-137 and Cs-134 but 
also other short-half-life nuclides using the ratio of deposition density of short-half-life nuclides. 

000353-SS1_2 
Determination of kinetic parameters for 123I thyroid uptake in healthy Japanese. 
H. Kusuhara , K. Maeda 
Laboratory of Molecular Pharmacokinetics, University of Tokyo, Japan 
 
The purpose of this study was to compare the kinetic parameters for iodide thyroid accumulation in Japanese 
today with previously reported values. We determined the thyroid uptake of 123-I at 24 hours after the oral 
administration in healthy male Japanese without any diet restriction. The mean value was 16.1±5.4%, which 
was similar or rather lower than those previously reported in Japan (1958-1972).  Kinetic model analysis was 
conducted to obtain the clearance for thyroid uptake from the blood circulation. The thyroid uptake clearance 
of 123-I was 0.540±0.073 ml/min, which was almost similar to those reported previously. There is no obvious 
difference in the thyroid uptake for 24 hours, and kinetic parameters in healthy Japanese for these 50 years.  
The fraction of distributed to the thyroid gland is lower than the ICRP reference man, and such difference must 
be taken into consideration to estimate the radiation exposure upon Fukushima accident in Japan. 
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000302-SS1_3 
Development of a tool for calculating early internal doses in the Fukushima Daiichi nuclear 
power plant accident based on atmospheric dispersion simulation. 
O. Kurihara (1), E. Kim (1), N. Kunishima (1), T. Ishikawa (2), K. Furuyama (1), S. Hashimoto (1), 
M. Akashi (1) 
(1) National Institute of Radiological Sciences, Chiba, Japan - (2) Fukushima Medical University, Fukushima, 
Japan 
 
A tool was developed to facilitate the calculation of the early internal doses to residents involved in the Tokyo 
Electric Power Company’s Fukushima Daiichi Nuclear Power Plant accident based on atmospheric transport and 
dispersion model (ATDM) simulations performed using the Worldwide version of System for Prediction of 
Environmental Emergency Information 2nd version (WSPEEDI-II) together with personal behavior data 
containing the history of the whereabouts of the subjects after the accident. The tool generates hourly-
averaged air concentration data for the simulation grids nearest to an individual’s whereabouts using WSPEEDI-
II datasets for the subsequent calculation of internal doses due to inhalation. This paper presents an overview 
of the developed tool and provides tentative comparisons between direct measurement-based and ATDM-based 
results regarding the internal doses received by 421 persons from whom personal behavior data available. 
 

000143-SS1_4 
Estimation of thyroid equivalent doses during evacuation based on body surface contamination 
levels in the nuclear accident of FDNPS in 2011. 
T. Ohba (1,2), A. Hasegawa (3), Y. Kobayakawa (4), H. Kondo (4), G. Suzuki (5) 
(1) Department of Radiation Health Management – (2) Barcelona Institute for Global Health (ISGlobal) - (3) 
Radiation Disaster Medical Center, Fukushima Medical University - (4) National Hospital Organization Disaster 
Medical Center - (5) International University of Health and Welfare Clinic. 
 
A new methodology is proposed for estimating thyroid dose from body surface screening data. Because the 
radionuclides’ compositions of three evacuees’ cloths and those of dust samples at 20km zone from FDNPS on 
March 12 were almost the same, the dry deposition velocity of particulate 132Te and that of a mixture of 
gaseous and particulate 131I were considered to be almost the same. Then, one can estimate radionuclides’ 
densities in the air (Bq/m3) during evacuation from radionuclides’ contamination on head or cloths (Bq/cm2) if 
dry deposition velocity vi (cm/s) is given. In the present analyses, we assume a deposition velocity of 131I to be 
a uniform distribution ranging from 0.1 to 0.5 cm/s based on the observations in Windscale and SL-1 accidents, 
and the natural wash-out rate of radionuclides from skin before screening to be 50%. Thyroid equivalent doses 
by 131I, 132I, 133I and 132Te were estimated based on the date- and evacuation root-specific distributions 
among 6,600 body surface measurements by 2D Monte Carlo simulation. 
 

000086-SS1_5 
Investigation of Main Radiation Source above Shield Plug of Unit 3 at Fukushima Daiichi Nuclear 
Power Station. 
H. Hirayama (1,2) , K. Kondo (1,2) , S. Suzuki (1), Y. Tanimura (1), K. Iwanaga (1), H. Nagata (1) 
(1) Nuclear Regulation Authority, Tokyo, Japan - (2) High Energy Accelerator Research Organization, Ibaraki, 
Japan 
 
Pulse height distributions were measured using a CdZnTe detector inside a lead collimator to investigate main 
source producing high dose rates above the shield plugs of Unit 3 at Fukushima Daiichi Nuclear Power Station. 
It was confirmed that low energy photons are dominant. Concentrations of Cs-137 under 60 cm concrete of the 
shield plug were estimated to be between 8.1E+9 and 5.7E+10 Bq/cm2 from the measured peak count rate of 
0.662 MeV photons. If Cs-137 was distributed on the surfaces of the gaps with radius 6m and with the averaged 
concentration of 5 points, 2.6E+10 Bq/cm2, total amount of Cs-137 is estimated to be 30 PBq. 
 

000215-SS1_6 
Investigation on Main Radiation Source at Operation Floor of Fukushima Daiichi Nuclear Power 
Station Unit 4. 
H. Hirayama (1,2) , K. Kondo (1,2), S. Suzuki (1), S. Hamamoto (1,3), K. Iwanaga (1) 
(1) Nuclear Regulation Authority, Japan - (2) High Energy Accelerator Research Organization, Japan - (3) Japan 
Atomic Energy Agency, Ibaraki, Japan 
 
Pulse height distributions were measured using a LaBr3 detector set in a 1 cm lead collimator to investigate 
main radiation source at the operation floor of Fukushima Daiichi Nuclear Power Station Unit 4. It was 
confirmed that main radiation source above the reactor well was Co-60 from the activated steam dryer in the 
DS pool (Dryer-Separator pool) and that at the standby area was Cs-134 and Cs-137 from contaminated 
buildings and debris  at the lower floor. Full energy peak count rate of Co-60 was reduced about 1/3 by 12mm 
lead sheet placed on the floor of the fuel handling machine. 
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000141-SS1_7 
Updating source term and atmospheric dispersion simulations for the dose reconstruction in 
Fukushima Daiichi Nuclear Power Station Accident. 
H. Nagai, H. Terada, K. Tsuduki, G. Katata, M. Ota, A. Furuno, S. Akari 
Japan Atomic Energy Agency, Ibaraki, Japan 
 
In order to assess the radiological dose to the public resulting from the Fukushima Daiichi Nuclear Power 
Station (FDNPS) accident in Japan, especially for the early phase of the accident when no measured data are 
available for that purpose, the spatial and temporal distribution of radioactive materials in the environment 
are reconstructed by computer simulations. In this study, by refining the source term of radioactive materials 
discharged into the atmosphere and modifying the atmospheric transport, dispersion and deposition model 
(ATDM), the atmospheric dispersion simulation of radioactive materials is improved. Then, a database of 
spatiotemporal distribution of radioactive materials in the air and on the ground surface is developed from the 
output of the simulation. This database is used in other studies for the dose assessment by coupling with the 
behavioral pattern of evacuees from the FDNPS accident. 
 

000045-SS1_8 
Internal dose from Food and Drink Ingestion in the Early Phase after the Accident. 
M. Kawai (1), N. Yoshizawa (1), S. Hirakawa (1), K. Murakami (1), M. Takizawa (1), O. Sato (1), 
S. Takagi (1), H. Miyatake (1), T. Takahashi (2), G. Suzuki (3) 
(1) Mitsubishi Research Institute, Tokyo, Japan - (2) Kyoto University Research Reactor Institute, Osaka, Japan - 
(3) International University of Health and Welfare Clinic, Tochigi, Japan 
 
Activity concentrations in food and drink, represented by water and vegetables, have been monitored 
continuously since the Fukushima Daiichi Nuclear Power Plant accident, with a focus on radioactive cesium. On 
the other hand, iodine-131 was not measured systematically in the early phase after the accident. The activity 
concentrations of iodine-131 in food and drink are important to estimate internal exposure due to ingestion 
pathway. When the internal dose from ingestion in the evacuation areas is estimated, water is considered as 
the main ingestion pathway. In this study, we estimated the values of activity concentrations in water in the 
early phase after the accident, using a compartment model as an estimation method. The model uses 
measurement values of activity concentration and ground deposition rate of iodine-131 calculated from an 
atmospheric dispersion simulation. As for vegetables, we estimated the concentrations with iodine-131 
deposition. 
 

000398-SS1_9 
Retrospective reconstruction of Iodine131 distribution through the analysis of Iodine129. 
H. Matsuzaki (1), Y. Muramatsu (1), T. Ohno (2), W. Mao (1) 
(1) MALT, The University of Tokyo, Japan - (2) Gakushuin University, Tokyo, Japan 
 
Iodine-131 distribution released from the Fukushima Dai-ichi Nuclear Power Plant accident was reconstructed 
through the iodine-129 measurements for about 1,000 soil samples collected around the Plant. 
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SS2: Special Session 2 
 

Neutron experimental studies under  
the quasi-monoenergetic neutron field  
in the energies from 100 to 400 MeV 

 
 
 
 
 

 
000336-SS2_1 
SEE Cross Section Calibration and Application to Quasi-Monoenergetic and Spallation Facilities. 
R. Garcia Alia (1), M. Brugger (1), S. Danzeca (1), A. Thornton (2), J. Mekki (1) 
(1) CERN, Switzerland - (2) Centre National d’Etudes Spatiales, Toulouse, France 
 
We describe an approach to calibrate SEE-based detectors in monoenergetic fields and apply the resulting 
semi-empiric responses to more general mixed-field cases in which a broad variety of particle species and 
energy spectra are involved. The calibration of the response functions is based both on experimental proton 
and neutron data and considerations derived from Monte Carlo simulations using the FLUKA code. The 
application environments include the quasi-monoenergetic neutrons at RCNP, the atmospheric-like VESUVIO 
spallation spectrum and the CHARM high-energy accelerator test facility. 
 

000165-SS2_2 
Shielding experiments of concrete and iron for the 244 MeV and 387 MeV quasi-mono energetic 
neutrons using a Bonner sphere spectrometer (at RCNP, Osaka Univ.). 
T. Matsumoto (1), A. Masuda (1), J. Nishiyama (1,2), H. Iwase (3,4), Y. Iwamoto (5), D. Satoh 
(5), M. Hagiwara (3,4), H. Yashima (6), T. Shima (7), T. Nakamura (8,9), H. Harano (1), A. Tamii 
(7), K. Hatanaka (7) 
(1) National Institute of Advanced Industrial Science and Technology, Japan - (2) Tokyo Institute of Technology, 
Japan - (3) High Energy Accelerator Research Organization (KEK), Japan - (4) Department of Accelerator 
Science, Japan - (5) Japan Atomic Energy Agency, Japan - (6) - Research Reactor Institute, Kyoto University, 
Japan - (7) Research Center for Nuclear Physics, Osaka University, Japan - (8) Shimizu Corporation, Etchujima, 
Japan - (9) Cyclotron and Radioisotope Center, Tohoku University, Japan 
 
Neutron energy spectra behind concrete and iron shields were measured for quasi-monoenergetic neutrons 
above 200 MeV using a Bonner sphere spectrometer (BSS). Quasi-monoenergetic neutrons were produced by the 
7Li(p,xn) reaction with 246-MeV and 389-MeV protons. Shielding materials are concrete blocks with thicknesses 
from 25 cm to 300 cm and iron blocks with thicknesses from 10 cm to 100 cm.  The response function of BSS 
was also measured at neutron energies from 100 MeV to 387 MeV.  In data analysis, the measured response 
function was used and the pingpong scattering effect between the BSS and the shielding material was 
considered.  The neutron energy spectra behind the concrete and iron shields were obtained by the unfolding 
method using the MAXED code. Ambient dose equivalents were obtained as a function of a shield thickness 
successfully. 
 

000056-SS2_3 
Calibration of the radiation monitors from DESY and SPring-8 at the quasi-mono-energetic 
neutron beams using 100 and 300 MeV 7Li(p,n) reaction at RCNP in Osaka Japan in November 
2014. 
A. Leuschner (1), Y. Asano (2), A. Klett (3) 
(1) Deutsches Elektronen-Synchrotron, Hamburg, Germany - (2) SPring-8/RIKEN, Sayo, Hyogo, Japan - (3) 
formerly Berthold Technologies, Bad Wildbad, Germany 
 
At the ring cyclotron facility of the Research Center for Nuclear Physics (RCNP) Osaka University, Osaka, Japan 
a series of measurement campaigns had been continued with quasi mono-energetic neutron beams in November 
2014. A 7Li target was bombarded with 100 and 300 MeV protons and the generated neutron beams were 
directed into a long time-of-flight tunnel at 0 and 25 degree deflection angle with respect to the proton beam. 
At a distance of 41 m the cross section of the neutron beam was large enough for the illumination of square 
meter sized objects like extended range rem-counters. The research institutes SPring-8, Japan, and DESY, 
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Germany, participated in this campaign for the calibration of 4 different types of active ambient dose rate 
monitors: LB 6411, LB 6411 Pb, LB 6419 and LB 6420. The measurements of their responses are reported and 
compared with the calculated values. 

 
000068-SS2_4 
Characterization of the PTW 34031 ionization chamber (PMI) at RCNP with high energy neutrons 
ranging from 100 – 392 MeV. 
C. Theis (1), P. Carbonez (1), E. Feldbaumer (1), D. Forkel-Wirth (1), L. Jaegerhofer (1), M. 
Pangallo (1), D. Perrin (1), C. Urscheler (1), S. Roesler (1), H. Vincke (1), M. Widorski (1), Y. 
Iwamoto (2), M. Hagiwara (3), D. Satoh (2), H. Iwase (3) , H. Yashima (4), T. Matsumoto (5), A. 
Masuda (5), J. Nishiyama (5) , H. Harano (5) , T. Itoga (6) , T. Nakamura (7) , T. Sato (2) , Y. 
Nakane (2) , H. Nakashima (2), Y. Sakamoto (2), S. Taniguchi (8), N. Nakao (9), A. Tamii (10), T. 
Shima (10), K. Hatanaka (10) 
(1)CERN, HSE-RP, Geneva 23, CH-1211 Geneva, Switzerland - (2) JAEA, Tokai-mura, Japan - (3) KEK, Tsukuba, 
Japan - (4) Kyoto University, Kyoto, Japan - (5) AIST, Tsukuba, Japan - (6) RIKEN, Tsukuba, Japan - (7) Tohoku 
University, Sendai, Japan - (8) Spring-8 synchrotron radiation facility, Hyogo, Japan - (9) Institute of 
Technology, Shimizu Corporation, Tokyo, Japan - (10) RCNP, Osaka University, Osaka, Japan 
 
Radiation monitoring at high energy proton accelerators poses a considerable challenge due to the complexity 
of the encountered stray radiation fields. These environments comprise a wide variety of different particle 
types and span from fractions of electron-volts up to several terra electron-volts. As a consequence the use of 
Monte Carlo simulation programs like FLUKA is indispensable to obtain appropriate field-specific calibration 
factors. At many locations of the LHC a large contribution to the particle fluence is expected to originate from 
high-energy neutrons and thus, benchmark experiments with mono-energetic neutron beams are of high 
importance to verify the aforementioned detector response calculations. This paper summarizes the results of 
a series of benchmark experiments with quasi mono-energetic neutrons of 100, 140, 200, 250 and 392 MeV that 
have been carried out at RCNP - Osaka University, during several campaigns between 2006 and 2014. 
 

000085-SS2_5 
Experimental analysis of neutron and background gamma-ray energy spectra of 80-400 MeV 
7Li(p,n) reactions under the quasi- monoenergetic neutron field at RCNP, Osaka University. 
Y. Iwamoto (1) , T. Sato (1) , D. Satoh (1) , M. Hagiwara (2,3) , H. Yashima (4) , A. Masuda (5) , 
T. Matsumoto (2,3) , H. Iwase (8) , T. Shima (6) , T. Nakamura (7,8)  
(1) Japan Atomic Energy Agency, Japan - (2) High Energy Accelerator Research Organization (KEK), Japan - (3) 
Department of Accelerator Science, Graduate University for Advanced Studies (SOKENDAI), Japan - (4) Research 
Reactor Institute, Kyoto University, Japan - (5) National Institute of Advanced Industrial Science and 
Technology, Japan - (6) Research Center for Nuclear Physics (RCNP), Osaka University, Japan - (7) Shimizu 
Corporation, Etchujima, Tokyo, Japan - (8) Cyclotron and Radioisotope Center, Tohoku University, Aoba, 
Sendai, Japan 
 
To develop 100-400 MeV quasi-monoenergetic neutron fields, we measured neutron and unexpected gamma-ray 
energy spectra of the 7Li(p,n) reaction with 80-389 MeV protons in the 100-m time-of-flight (TOF) tunnel at the 
Research Center for Nuclear Physics (RCNP) cyclotron facility. Neutron energy spectra with energies above 3 
MeV were measured by the TOF method, which had been reported in our previous papers, and photon energy 
spectra with energies above 0.1 MeV were measured by the automatic unfolding function of the radiation dose 
monitor DARWIN. For neutron spectra, the contribution of peak intensity to the total intensity integrated with 
energies above 3 MeV varied between 0.38 and 0.48 in the proton energy range of 80–389 MeV. For gamma-ray 
spectra, high-energetic gamma-rays at around 70 MeV originated from the decay of pi0 were observed with 
proton energies higher than 200 MeV. For 246-MeV proton incident reaction, the contribution of gamma-ray 
dose to neutron dose is negligible because the ratio of gamma-ray dose to neutron dose is 0.014. 
 

000168-SS2_6 
Neutron spectrometry and dosimetry in 100 and 300 MeV quasi-mono- energetic neutron field 
at RCNP, Osaka University, Japan. 
V. Mares (1) , S. Trinkl (1,2) , Y. Iwamoto (3) , A. Masuda (4) , T. Matsumoto (4) , M. Hagiwara 
(5) , D. Satoh (3) , H. Yashima (6) , T. Shima (7) , T. Nakamura (8) 
(1) Helmholtz Zentrum München (HMGU), Germany - (2) Technische Universität München, Physik-Department, 
Germany - (3) Japan Atomic Energy Agency (JAEA), Japan - (4) National Metrology Institute of Japan, National 
Institute of Advanced Industrial Science and Technology (NMIJ/AIST), Japan - (5) High Energy Accelerator 
Research Organization (KEK), Japan - (6) Research Reactor Institute, Kyoto University, Japan - (7) Research 
Center for Nuclear Physics (RCNP), Osaka University, Japan - (8) Tohoku University, Japan 
 
This paper describes the results of neutron spectrometry and dosimetry measurements using an extended range 
Bonner Sphere Spectrometer (ERBSS) with 3He proportional counter performed in quasi-mono-energetic 
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neutron fields at the ring cyclotron facility of the Research Center for Nuclear Physics (RCNP), Osaka 
University, Japan. Using 100 MeV and 296 MeV proton beams, neutron fields with nominal peak energies of 96 
MeV and 293 MeV were generated via 7Li(p,n)7Be reactions. Neutrons produced at 0° and 25° emission angles 
were extracted into the 100 m long time-of-flight (TOF) tunnel, and the energy spectra were measured at a 
distance of 35 m from the target. To deduce the corresponding neutron spectra from thermal to the nominal 
maximum energy, the ERBSS data were unfolded using the MSANDB unfolding code. At high energies, the 
neutron spectra were also measured by means of the TOF method using NE213 organic liquid scintillators. The 
results are discussed in terms of ambient dose equivalent, H*(10). 
 

000278-SS2_7 
Shielding experiments of concrete and iron for the 244 MeV and 387 MeV quasi-mono energetic 
neutrons using an organic scintillator (at RCNP, Osaka Univ.). 
M. Hagiwara (1,2), H. Iwase (&,2), Y. Iwamoto (3), D. Satoh (3), T. Matsumoto (4) A. Masuda (4), 
H. Yashima (5), Y. Nakane (3), H. Nakashima (3), Y. Sakamoto (3), T. Shima (6), A. Tamii (6), K. 
Hatanaka (6), T. Nakamura (7,8) 
(1) High Energy Accelerator Research Organization (KEK), Japan - (2) Department of Accelerator Science, 
Graduate University for Advanced Studies (SOKENDAI), Japan - (5) Japan Atomic Energy Agency, Japan - (4) 
National Institute of Advanced Industrial Science and Technology, Japan - (5) Research Reactor Institute, Kyoto 
University, Japan - (6) Research Center for Nuclear Physics, Osaka University, Japan - (7) Shimizu Corporation, 
Japan - (8) Cyclotron and Radioisotope Center, Tohoku University, Japan 
 
A shielding benchmark experiment has been performed using a quasi-monoenergetic 7Li(p,n) neutron source 
with the peak energies of 244 and 387 MeV at the Research Center for Nuclear Physics (RCNP) of Osaka 
University, in order to assess the accuracy of nuclear data and calculation codes used in high-energy 
accelerator shielding design. Energy spectra behind bulk shields of 10- to 100-cm-thick iron, 25- to 300-cm-
thick concrete and their composite are measured using a NE213 organic liquid scintillator with a diameter and 
thickness of 25.4 cm each with a time-of-flight and an unfolding method. The neutron attenuation lengths are 
illustrated for iron and concrete as a function of the incident energy. 

 
 
 
 
 

Poster 
 

000231-SS2 
Dose Measurements through the Concrete and Iron Shields under the 100 to 400 MeV Quasi-
Monoenergetic 
NeutronField(atRCNP,OsakaUniv.) 
Y. Nakane (1), Y. Iwamoto (1), M. Hagiwara (2), H. Iwase (2), T. Sato (1), A. Masuda (3), T. 
Matsumoto (3), T. Nunomiya (4), H. Yashima (5), D. Satoh (1), H. Nakashima (1), T. Shima (6), A. 
Tamii (6), K. Hatanaka (6), T. Nakamura (7) 
(1) JAEA, Japan - (2) KEK, Japan - (3) AIST, Japan - (4) Fuji Electric Co., Japan - (5) Kyoto University, Japan - 
(6) Osaka University, Japan - (7) Tohoku University, Japan 
 
The benchmark experiments were carried out for 244- and 387-MeV quasi-monoenergetic neutron field at RCNP 
of Osaka University. Neutron dose rates through the test shields, 100-300 cm thick concrete and 40-100 cm 
thick iron, were measured by four kinds of neutron dose equivalent monitors, three kinds of wide-energy range 
monitors applied to high-energy neutron fields above 20 MeV and a conventional type rem monitor for neutrons 
up to 20 MeV, placed behind the test shields. Measured results with the wide-energy range monitors were in 
agreement one another for both the concrete and the iron shields. Measured results with the conventional type 
rem monitor are smaller than those with the wide-energy range monitors for the concrete shields, while that 
are in agreements for the iron shields. The attenuation lengths obtained from all the monitors are in 
agreement on the whole, though some differences are shown. These results are almost same as those from 
others measured at several hundred MeV neutron fields.  
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W1: VARIAN, Attila radiation transport software 
 

Greg Failla   
 

Sr. Manager Attila Product Line Varian Medical Systems – Imaging Components, USA 

 
 
 
This workshop provides a hands-on introduction to Attila4MC, a new product from Varian Medical Systems for 
improving the productivity of MCNP® users. Attila4MC provides robust CAD integration, an intuitive graphical 
user interface (GUI), and automated variance reduction. Through the Attila4MC GUI, users can import arbitrary 
geometry directly from CAD, and leverage MCNP's new unstructured mesh functionality. Most fixed source 
MCNP calculations can be set up entirely in the GUI without editing an input deck, simplifying analysis and 
verification. Attila4MC variance reduction options include automated region-wise importances and 
deterministic weight windows. SpaceClaim is offered as integrated part of Attila4MC, providing users with the 
full power of direct CAD modeling at their fingertips. The workshop will include a 2 hour hands-on session for 
attendees who bring a laptop with Windows XP (64 bit), Windows 7 (64 bit), or Linux (64 bit) installed. To run 
MCNP from Attila4MC, users must already have MCNP6.1 of MCNP6.1.1 installed. 

 
 
 
 
 
 
 
 

W2: SuperMC Tutorial 
 

Dr. Jing Song, Dr. Mengyun Cheng, Dr. Shengpeng Yu 
 

Institute of Nuclear Energy Safety Technology (INEST), 
Chinese Academy of Sciences · FDS Team, China 

 
 
 
The SuperMC workshop consists of two presentations. One presentation is for the advance features and 
development progress of SuperMC and the other presentation would give exhaustive introduction of the usage 
of SuperMC. Your participation will be among the highlights of the workshop. 
 
Super Monte Carlo Simulation Program for Nuclear and Radiation Process (SuperMC), a general, intelligent, 
accurate and precise simulation software system for the nuclear design and safety evaluation of nuclear 
systems, is designated to support the comprehensive neutronics calculation, taking the radiation transport as 
the core and including the depletion, radiation source term/dose/biohazard, material activation and 
transmutation, etc. The main usability features of SuperMC include automatic modeling of geometry and 
physics, visualization and virtual simulation and cloud computing services. The latest version of SuperMC can 
accomplish the transport calculation of n, γ and depletion calculation, and can be applied for criticality and 
shielding design of reactors, medical physics analysis, etc. 
 
SuperMC has been verified and validated by more than 2000 benchmark models and experiments, such as 
International Criticality Safety Benchmark Evaluation Project(ICSBEP), Shielding Integral Benchmark Archive 
and Database (SINBAD), and the comprehensive applications from the reactors including International 
Thermonuclear Experimental Reactor (ITER), FDS-II, IAEA-BN600, IAEA-ADS, BEAVRS, HM, TCA and International 
Reactor Physics Experiment Revaluation Project (IRPhEP), etc. 
 
SuperMC has been used in 50+ nations and more than 30 major nuclear engineering projects. It has been 
embodied by Nuclear Energy Agency of the Organization for Economic Cooperation and Development 
(OECD/NEA) Data Bank. SuperMC has passed International Thermonuclear Experimental Reactor (ITER) 
benchmarking and supported to create a series of ITER neutronics reference models. Relevant achievements of 
SuperMC have been recognized by international counterparts as “represents a major contribution to the 
progress made in the recent years in the field of neutronics”.   
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W3: MRT Methodologies for Real-Time Particle 
Transport Simulation of Nuclear Systems 

 

Prof. Alireza Haghighat 
 

Virginia Tech Transport Theory Group (VT3G)  
Director of Nuclear Engineering and Science Lab (NSEL) at Arlington  
Nuclear Engineering Program, Mechanical Engineering Department 

USA 
 

 

 

The goal of this workshop is to introduce the audience to the novel Multi-stage, Response-function Transport 
(MRT) methodology, a Physics-based computational technique, for real-time simulation of nuclear systems. The 
workshop will include two parts:  
 

 Part I: Discussion of the MRT methodology and its application for a few real-world problems;  
 

 Part II: Demonstration of novel MRT-based software tools. 
 
In a MRT methodology, the problem of interest is partitioned into stages based on its physics, and each stage is 
represented by a response function or set of coefficients. These stages are combined into a linear system of 
equations which are solved iteratively using the pre-calculated functions and/or coefficients.  
 
The MRT methodology has been applied to a few real-world problems, and novel software tools have been 
developed as follows: 
 

 AIMS (Active Interrogation for Monitoring of SNM)  
 INSPCT-S tool (INSPCT-S, Inspection of Nuclear Spent fuel-Pool Calculation Tool ver. Spreadsheet)  
 TITAN-IR (TITAN code system for Image Reconstruction) 
 RAPID (Real-time Analysis spent fuel Pool In-situ Detection)  
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