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Abstract
The research on refractory materials has been increased in the last years due to the fact that the metallurgical industry imposes more and more exacting

specifications. On the other hand, an interesting way to work with composite materials is the powder technology. This technique consists in producing

solid and resistant pieces from powder material. There are two methods to apply this technique: the first method consists in producing the piece by hot

pressing and the second method consists in a sintering process after the compaction of the powder. The aim of this work is the generation of a discrete

element model that allows to simulate the sintering process of a refractory material. After the model has been adjusted, this is used to look for other

mixtures that improve the properties of the sintered pieces. The analyzed process consists in compacting a powder to obtain a green body. After that, the

body is subjected to high temperatures to increase the mechanical strength of the piece. Therefore, the compaction and sintering processes are separately

studied.

Numerical discrete simulation improving new 

refractory designs for ultraclean steels

aCristina Ramírez-Aragón, aJoaquín Ordieres-Meré, bFernando Alba-Elías 

a ETSII, Universidad Politécnica de Madrid (cristina.ramirez.aragon@gmail.com)
b ETSII, Universidad de La Rioja

Method
The EDEM® software is used to simulate the process through the discrete element method.

The simulations are carried out in two stages: simulation of compaction process and simulation of sintering process.

Powder

To simulate the sintering process a contact model is implemented. This consists in increasing the sintering

force each timestep. Thereby, the overlap between particles augments as the sintering force is increased. This

overlap simulates the neck growth between particles during the sintering.

Green body Sintered piece

Powder compaction Green body sintering

Finally, the mechanical properties

of the sintered piece are analyzed

and solutions that improve those

properties are sought.

Powder compaction process

Green body sintering process

Improvement of the sintered pieces

To simulate the compaction

process a contact model with

bonding is used. The created

bonds make the particles remain

united forming a solid body.

At this model, a set of particles is created inside a die and then an upper

puncheon goes down until the green body has the desired height. At the

end, the puncheon goes up and the piece is pulled out of the die.

Stage I

Stage II

Stage III

In this simulation, the green body that was

generated during the compaction process is

placed over a horizontal surface and remains

at rest while the sintering force is acting.

Simulated processes.

Simulated green body.

Powder compaction process.

Overlap between particles produced in simulations. 

Refractory bricks. Ladle in a casting process.
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5. (smax,i ;Pf,i,DA) ! Three-parameter Weibull cdf 

      (m su s0) referred to DA 

6.    

Abstract 
The large scatter in the strength values of brittle materials requires the use of cumulative distribution functions (cdf) to adequately describe the fracture 

stress. The three-parameter Weibull distribution function is widely used for this purpose. The failure probability of a loaded specimen expressed by this 

function depends on the size of the specimen (the so-called size-effect) and is valid for a uni-axial and uniform stress state. For the estimation of the 

parameter values of the cdf the process is just reversed i.e. the three parameters are estimated by using the calculated failure stresses of a series of 

destructive laboratory tests. The size-effect must be considered and, depending on the test employed, multi axial stress states can be found in the 

specimens before failure. An iterative algorithm to determine the three parameters is proposed. The size effect as well as the multi axial stress case is 

considered. This procedure is applied to determine the strength of crystalline silicon wafers. Due to the particularities of the specimens (i.e. very low 

thickness), non-linear behaviour during the tests must be taken into account. This leads to a wider field of applications of the proposed method. 

Obtaining the cumulative distribution function of fracture 

stress for brittle materials. Application to silicon wafers 

a Josu Barredo, b Alberto Fraile, c Covadonga Alarcón, d Lutz Hermanns 

 
a,b,d Departamento de Ingeniería Mecánica, ETSII-UPM  (jbarredo@etsii.upm.es) 
c Departamento de Ingeniería de Materiales, ETSIM-UPM 

Crystalline silicon wafers 

 Samples characteristics 

 Anisotropy of mono-crystalline silicon: 

c11= 165.6 GPa; c12= 63.9 GPa; c44= 79.5 GPa 

 Sample and test dimensions 

 

 

 

 

 

 

 Test 

 

 

 

 

 

 Finite Element Model (shell elements) 

 Anisotropy; Large displacements; Contact 

 

 

 

 

 

 

 Fitting of test results-FE Model 

 

 

 

 

 

 

 

 

Stress state of all samples before 

failure is reached 

Obtaining the three parameters of the Weibull cdf 

 Weibull Model 

 

 

 

 

 

 

 

 

 

 Non-uniform stress 

 Equivalent area of test i: 

 

 

 

 Multi-axial stress state 

 Principle of Independent Actions (PIA): 

 

 

 

 Iterative procedure to obtain the three parameters of the Weibull cdf 

s
q sq + ss

1. Assignation of experimental failure 

probability (N tests): 

   ss  

 

2. (smax,i ;Pf,i) ! Fitting to a three-parameter 

Weibull cdf using the least square method 

 (m su s0) “experimental” 

3. Calculation of the equivalent area of each 

test: 

 

 

4. Calculation of the failure probability of test 

i referred to a differential area DA 
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Abstract This thesis attempts to explore the possibility to model human behavior and how it guides financial markets. According to 

Behavioral Finance theory the stock market ecosystem is influenced by the decision making of the individuals trading in it. The traders are

heterogeneous in nature, with each group having their own belief and expectation. This thesis tries to answer the question Can human 

behavior and its responses to macroeconomic events be modelled and used as an indicator to predict price directions? To answer the 

former question, the research has delved deep into exploring human behavior guiding financial markets. Different exogenous variables 

representing stock broker behavior has been explored. These variables are derived from market data of local markets like the Madrid Stock 

Exchange, and also from micro blogging sites and website visit statistics. A local market microstructure is guided mostly by its local players 

and macroeconomic events. Where as more global stock markets are more guided by global macroeconomic events. This research 

constructs exogenous variables which effect the small stock exchanges and bigger stock exchanges alike. In this research different data set 

are constructed from web search volumes, sentiment scores of Twitter posts to page visit statistics of Wikipedia articles. The exogenous 

time series constructed is then used as a predictor variable for different supervised and unsupervised machine learning algorithms for 

future price predictions. In this research different categories of machine learning algorithm were used from simple tree based ensemble 

learning models to SVM (support vector machine) and kernel based models to more complex Deep Learning algorithms. The implication of 

the research is that it will help financial managers and traders use these correlations with social sentiment indexes to predict financial 

markets with certain accuracies. It will also provide them with early warnings of market downturns risk and indication of crisis. 

Keywords:  Social Media Analytics, Stock Market Prediction, Machine Learning 

Incorporation of human knowledge to the 

stock markets for improving forecasts 

aSwarnava Mitra , bJoaquin Ordieres Mere
a,b Universidad Politécnica de Madrid, Department of Industrial Engineering, Business 

Administration and Statistics (swarnava.mitra@upm.es)
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Abstract 
With the rapid development of Internet of Things (IoT) technology, billions of smart devices are being connected into a whole network and streaming out a 

huge amount of data every moment. Unimaginable potential value can be mined from these data with the help of “Cloud Computing” and “Machine 

Learning” techniques. The target of our research is to address the benefits of IoT in social applications, especially in healthcare area, by developing a 

multilayer framework. Low cost data collection, efficient data  transfer, flexible data management and accurate data analysis mechanisms will be included 

in the framework. A Smart Decision Support System is supposed to be developed on the basis of this framework. 

Relevant framework for social applications of 

IoT by means of Machine Learning techniques 

aXiaochen Zheng (PhD researcher), aJoaquín Ordieres (Professor) 

 
aTechnical University of Madrid  (xiaochen.zheng@alumnos.upm.es) 

Figure 2 An example of the data collection and management system  

Figure 1 Overal framework of social applications on the basis of Internet of Things 

171



Introduction  
      From its earliest days, the insurance industry has been data-centric. In the past, insurance companies relied on 

historical data from policy administration solutions, claims management applications and billing systems. Today, the 

explosion of new data is turning the insurance business model on its head. The growth in Quantified-Self products 

has had an especially large influence. Insurance has become a data industry .The factor of accelerated aging, 

deterioration of the living environment, Improvement of living standards are affecting people's lives. More and more 

people attach importance to their own health and they will pay attention health insurance.  

      The main method of Quantified-Self are data collection , data visualization, make a Business decisions . Wearable 

devices can collect the body data, analysis fitness of each policyholder. And to grasp the data of the human data from 

social network. The Data collection can do so by facilitating the discovery of risk factors for disease at population and 

individual levels, and by improving the effectiveness of interventions to help people achieve healthier behaviors in 

healthier environments. The wearable devices will provide the basic layer of continuous data stream to integrate with 

those coming from the smartphone in order to derive specific features along the time. Thus, trends can be estimated 

for different type of factors and human related factors can be mixed to establish online clustering to be processed 

against the accidents by a survival analysis. The concept behind this proposal is to be behind this first layer of 

application which consists in gather continuous data, but designing learning processes capable from knowing data 

sets and their evolution, in such a way that forecasting can benefit users as they will be informed about potential risks 

of specific actions, including causal patterns for biometric behavior.

      Many opponents to the introduction of in Quantified-Self products have expressed concerns in regarding of 

privacy and insurance companies’ abilities to track their insured customers.  Through the sensor, insured customers 

are more aware of how their premiums are calculated, and they’ll know that their health status and attitudes are 

recognized by The idea of using data to generate personalized pricing and provide meaningful risk information 

appears simple. This research will necessitate discovery it helps people to successfully modify their risk behaviors and 

reduces healthcare costs. 

Relevant contributions of Internet of Things and Data Science 

to the Insurance Business by means of Machine Learning 

techniques  
 

LIU YANG                    Professor Joaquin, Ordieres 

yang.liu00@alumnos.upm.es     j.ordieres@upm.es 

Industrial Organization, Business Administration and Statistics  

Business Intelligence 

 

 

The figure1 ,-The structure map 
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Abstract

In this work, a short-term electric load forecasting method is developed, using as an explanatory variable the temperature forecasts from an external

agent. A regression-spline model has been designed to implement the relationship between temperature and energy demand. The proposed method is

general and can be implemented in any real-time electricity energy system.

To check the method's performance, a real data set from the Spanish electricity system has been used and the developed algorithm has been tested

employing the MSE as the performance metric. Results denote that the forecasting method is both accurate and computationally efficient.

Short-term forecasting of electric load in Spain

aEduardo Caro, aJesús Juan, aJavier Cara

aLaboratory of Statistics - Technical University of Madrid 

(eduardo.caro@upm.es – jesus.juan@upm.es – javier.cara@upm.es)

Motivation and aim

For any transmission system operator, it is important to have a proper

prediction for the short-term future consumption. This is particularly

valuable in the electric power framework: since the electricity cannot be

efficiently stored, the electricity system operator must meet generation

and demand on a real-time basis.

The aim of this work is to enhance the quality of the short-term load

forecasts, based on a more accurate temperature model.

Fig. 1. Relationship between ambient temperature and the electric load

(Blue: weekdays, Green: Saturdays, Red: Sundays, Black: public holidays)

4 a.m. 8 a.m.

4 p.m. 8 p.m.

0           10          20          30         40

+ 10%

+5%

0

-5%

0           10          20          30         40

+ 10%

+5%

0

-5%

+ 10%

0           10          20          30         40

+ 10%

+5%

0

-5%

0           10          20          30         40

+ 10%

+5%

0

-5%

+ 10%

Temperature Temperature

In
fl

u
e

n
c
e

 o
v

e
r 

th
e

 l
o

a
d

In
fl

u
e

n
c
e

 o
v

e
r 

th
e

 l
o

a
d

Results

Fig. 4. Resulting model for several representative hours.
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Temperature influence

As it can be observed from Fig. 1, there is a non-linear relationship

between temperature and electric load. Specifically, there is a negative

correlation among these two variables for winter months (a lower

temperature causes a higher demand), and a positive relationship for

summer months (a higher temperature provokes a higher demand).

Fig. 2. Spline-regression additive model applied to temperature.

Temperature modelling

In order to model properly the relationship between ambient temperature

and the Spanish electric load, a spline-regression additive model has been

employed.

Figure 2 provides an illustrative example of an application of this model,

using three nodes and Tmin = 5ºC and Tmax = 37 ºC, resulting the equation

below:

The following geographical locations have been employed for computing

the daily Ti value using AEMET weather forecasts:

 ! = "# + "$ · %! + "& · ' %! , ($ + ") · ' %! , (& + "* · ' %! , () ···
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The spline-based temperature model has proved to be accurate and reliable. The

resulting relationship between load and temperature is provided in Fig. 4, denoting that

this relation significantly varies among hours.

As an illustrative example, Fig. 3 provides the forecasted (green line) and the actual load

demand (blue line), denoting accurate results.

Fig. 3. Real and forecasted electric load for a recent week using the developed model.174
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Abstract 
The interest for modelling of human actions acting on structures has been recurrent since the first accidents on suspension bridges in the nineteenth 

century like Broughton (1831) in the U.K. or Angers (1850) in France. The use of new materials allowing the design of slender structures, the simultaneous 

interest in the structural serviceability performance and accidents such as during the opening ceremony of the London Millenium Footbridge made it 

mandatory to carry on and in-depth analysis of the equivalent actions to be used in the numerical analysis of structures. 

In this work, some studies have been carried out in order to compare the existing load models used to simulate periodic jumping and develop a new load 

model. Tests have been performed on a structure designed to be a gymnasium, which has natural frequencies within that range of the excitation 

frequencies. In addition, a finite element model of the structure has been developed. The load models have been applied on this model to calculate 

predictions of the structural response. Test results have been compared with predictions based on the load modelling alternatives. 

Characterization of human activities on structures 

a Javier Fernández, a Alberto Fraile, a Lutz Hermanns, a Enrique Alarcón 

 
a Departamento de Ingeniería Mecánica, ETSII-UPM  (jfernandezm@etsii.upm.es) 

Jumping load models 

Model 1.  Steel Construction Institute 

• Periodic loads 

• Fourier coefficients (group effect  !) 

 

 

 

 

 

 

 

 

 

Model 2. Oxford University (Sim) 

• Statistical model 

• Randomness  in the phase lag among individuals 

 

 

 

 

 

 

 

 

Model 3. Proposed model 

• Force plate tests 

 

 

 

 

 

 

• Least squares fitting  

• Statistical post-processing 

 

 

 

 

 

 

 

 

Methodology 

Structure monitoring 

• ETSII gymnasium 

 

 

 

 

 

 

Modal Identification and numerical model 

• Operational Modal  Analysis (OMA) 

• Finite Element Model 

 

 

 

 

  

 

 

Jumping tests 

• Jumping area: 12 m2 

• Up to 30 jumpers 

• Occupyng densities: 0.5, 1, 1.5, 2, 2.5 p/m2 

• Jumping frequencies: 1.5, 2, 2.5 Hz 

 

Numerical-experimental comparison 

 

 

 

 

 

 

 

 

 

Project sponsored by: 

 

 

 

(Ref: BIA2014-59321-C2-1-R) 

"(#) = $ · %& + '*+ · ,-.(/ · + · 0 · 12 · # + 3+)
4

+=&
5 

67,8 =
#7,89: · /0              

6; =
#̅79 · /0            

2 2

1 1 1 2 2 2F(t) = A cos ( (t-t ))+A cos ( (t-t ))  w w

Mode 
Experimental 

Freq. (Hz) 

Numerical 

Freq. (Hz) 
Error (%) 

1st Floor Bending 5.74 5.71 0.6 

2st Floor Bending 6.75 6.59 2.3 

3st Floor Bending 8.52 8.20 3.8 

4st Floor Bending 10.85 10.89 0.4 

PSD diagram: Model 3 (proposed) fits 

better to the test results for frequencies  

higher than 10 Hz 

Running RMS: Models 1 and 2 

underestimate and model 3 (proposed) 

overestimate the experimental values 
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Abstract

The new technologies of micro-machining have a very important role in different fields of engineering , such as , electronics , bio-medics , manufacturing

of mechanical components and some others that require a high precision machining process.

In this work a new method of micro-machining is presented, which its main characteristic is the use of a single-point cutting tool. This process competes

directly with micro-milling, with the advantage of using a simpler tool.

The process is developed in a special 4-axis machine capable of placing the velocity of cutting tangentially along the tool trajectory during the machining

process.

Also, a new model of micro-machining for single-point cutting is presented, this model links the input parameters of the process such as velocity, tool

geometry, surface machining conditions and others, with the cutting forces. This model takes into account the influence of the dimensions of the cutting

section over the specific pressure coefficients.

Influence of micro-machining process conditions on the 

wear of a single point cutting tool using a 4 axis machine.

a López-Estrada Luis, b Vizán Antonio

a UPM-ETSII- Department of Mechanical Engineering.   (imt.Luis.lopez@gmail.com)
b UPM-ETSII- Department of Mechanical Engineering.   (avizan@etsii.upm.es)

4 Axis single point machine for micro-cutting

Capable of moving the tool tangentially to the path of the cut.

Prismatic shapes

Small pyramids have been made in order to measure the capabilities of the

techniques used in the process.

The new technologies of micro-machining have a very important
role in different fields of engineering that require a machining

process capable of obtaining small factor shapes.

The process is developed in a special 4-axis machine capable of
placing the velocity of cutting tangentially along the tool
trajectory during the machining process.

Emphasis of the simplicity of the single point cutting process as an
alternative to micro-milling.

Given the nature of the procedure, it is difficult to measure in real
time the different variables that influence the cutting of the
material.

It is important to build a function in terms of the cutting force, the
specific cutting pressure (Ks). and the area of the cutting section
(!").

With special equipment to measure the wear of the tool and
include it in the single point cutting function.

Height of the pyramids and cutting tool

The height of the prismatic shapes are in the order of 15 micrometers.
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Abstract
Modeling, simulation and testing of the main tribological contacts. Surface textures are created to improve the lubrication performance

and reduce friction and wear. On the other hand, numerical simulations of models developed are performed and experimentally

validated, in order to increase our understanding of lubricated contacts (friction, temperature, film-thickness, lubricants rheology…).

Modeling, simulation and testing of 

tribological contacts

Alejandro Sánchez, Javier Echávarri, Enrique Chacón,

Eduardo de la Guerra, Irene Bellón, Jaime Travesí

Departamento de Ingeniería Mecánica

Friction optimization with surface texturing
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Abstract
An accurate analysis of nuclear reactor transients requires coupled neutronics/thermal-hydraulics calculations based on 3D kinetics methods. It is the case

of main steam line break events or rod ejection scenarios. The 3D kinetics core simulators available nowadays to perform those best-estimate analyses are

based on diffusion theory, which employs as input data pre-generated cross-section libraries. In addition, there has been an increasing concern for the

identification of the sources of uncertainties along with the quantification of their impact on coupled calculations. In this work advanced cross-section

libraries including their uncertainties have been generated and their impact on some transients studied.

Advanced cross-section libraries with uncertainty

quantification for simulation of challenging

accidental scenarios in nuclear reactors

aS. Sánchez-Cervera, N. García-Herranz

Ciencia y Tecnología de Sistemas Avanzados de Fisión Nuclear 
a(santiago.sanchezcervera@upm.es)

Advanced simulation of LWR
Advanced simulation tools result useful for the community

involved in numerical simulation of nuclear reactors for safety

purposes. More accurate modeling of physical phenomena

involved in present nuclear reactors requires a multi-physics

and multi-scale approach.

In order to apply modern pin-by-pin or nodal methods to LWR

cores in a successful way two main elements are required:

• Efficient and accurate diffusion codes for full core

calculations, such as COBAYA

•Methodologies to produce adequate multigroup equivalent

parameters to be used by core simulators. These parameters

are mainly few-group homogenized cross-sections and

discontinuity factors which are stored in libraries for

combinations of state variables.

Full core calculation

Self-shielding 

Lattice calculation
Advanced cross-section libraries
Advanced cross-section (xs) libraries should include

uncertainties in the parameters. Neutronics-related

uncertainties are one of the main contributors when modeling

LWR transients.

Origin of uncertainties to be propagated

ü Basic nuclear data

ü Methods and modeling approximations utilized to:

• Derivate multigroup microscopic xs

• Collapse and homogenize few-group macroscopic xs

• Compute xs values in the 3D core calculation

ü Fuel/assembly manufacturing 

Optimization procedure for cross-section 

libraries

Computing xs from the libraries during the 3D core calculations

yields to uncertainties. A procedure to optimize the

distribution of grid points for tabulated libraries has been

developed. Optimality is considered in the sense of building a

non-uniform point distribution with the minimum number of

grid points for each state variable satisfying a given target

accuracy in k-effective [1]

Effects on control rod ejection accidental scenario
Different cross-section libraries have been used in order to assess the impact of generation

and optimization of nodal libraries in a transient analysis. A provided benchmark library

(LIB-A), an own-generated library with the same mesh (LIB-B) and an own-generated

library with an optimized mesh (LIB-C)

Conclusions
Methodologies to obtain advanced cross-section libraries including uncertainties have

been developed. Those uncertainties arise not only from the nuclear data, but also from

the formalism of cross-sections. Uncertainties are propagated to final results in 3D

coupled calculations. An analysis for a rod ejection transient with three different libraries is

performed and results show that interpolation errors are a non-negligible source of

uncertainties [2]

References
[1] Sánchez-Cervera, S. et al. Optimization of multidimensional cross-section tables for 

few-group core calculations. Annals of Nuclear Energy, 69: 226-237, 2014.

[2] Sánchez-Cervera, S. et al. Effects of cross-sections tables generation and optimization 

on rod ejection transient analyses. Annals of Nuclear Energy, 73: 387-391, 2014.187



Abstract
One of the most important aspect of the nuclear safety is the study of the evolution of different accidents to estimate the behavior of the reactor.

Computational simulation is the way to perform this study. COBAYA4 UPM in-house code is a neutronic diffusion code that solves 3D full core problem for

different kind of analysis, steady state or transient, different geometry, hexagonal geometry or cartesian geometry at different level, nodal analysis or pin by

pin analysis. This code has been developed through different European Projects beginning with NURESIM and actually with NURESAFE. Within these

projects UPM collaborates with different institutions, laboratories, companies and universities to develop the European Reactor Simulation Platform,

NURESIM.

Best estimate analysis of transients with in-house 

COBAYA code within NURESIM European platform

A.Sabater, D.Cuervo
Ciencia y Tecnología de Sistemas Avanzados de Fisión Nuclear 

adrian.sabater.alcaraz@alumnos.upm.es

d.cuervo@upm.es

COBAYA4
• COBAYA4 is an in-house UPM neutronic diffusion code. COBAYA4 solves the diffusion equation for

steady state calculations and transient calculations.

• COBAYA4 solve different geometry problems. Cartesian geometry for the PWR and hexagonal

geometry for the VVER.

• With different resolution level, nodal analysis or pin by pin analysis. In the nodal analysis, the fuel

assembly(FA) is usually divided in 1 or 4 nodes. On the other hand, in the pin by pin analysis each

fuel rod of the FA is modeled as an homogeneous cell.

Analysis of a MSLB transient
Main Steam Line Brake transient is a reactor accident where the steam circuit

(secondary side) brakes what produces a fast cooling of the primary side and sudden

increase of power. Using COBAYA4 we can analyze the behavior of the reactor in the

transient and check different parameters. COBAYA4 works coupled with a TH code, in

our case COBRATF. COBRATF calculates the Doppler temperature, moderator

temperature and moderator density. COBAYA4 calculates the cross sections using this

values. This allows to check where the values of these parameters are too high, so it

can affect the integrity of the reactor.
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Picture on the left, each fuel assembly

has 264 fuel rods and 25 guide tubes.

Total 289 nodes for each layer. There

are 25 FA including the reflector. All

the domain has 231200 nodes. In full

core with same configuration of this

case and 193 FA, The domain is

constituted by 1896418nodes.

Picture on the bottom represent the

power evolution of Main Steam Line

Break. In this case the transient starts

at Hot Zero Power, at 25 seconds the

reactors returns to power.

All this work has been developed within the European Platform NURESIM integrated

by codes simulating different physical aspects of the reactor and developed by

different laboratories, universities and companies.

This work started 10 years ago, with NURESIM project continuing with NURISP and

NURESAFE and including every time new and more detailed characteristics.

The goal of the project was to generate a platform to integrate different codes and

couple them together in order to be able of produce a better simulation of the

reactor behaviour. It includes neutronic codes, core simulation codes, thermo-

hydraulic codes, system simulation codes, thermo-mechanic codes and uncertainty

codes.

This platform allow to the users coupled different codes, through python script and

make different analysis, or analyze the different evolution of the different codes for

the same transient.

Nuclear Reactors European Simulation Platform NURESIM
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Abstract 
The hydrogen production, distribution and combustion in a post-accident scenario represent one of the most significant hazards to the containment and 

equipment integrity. During a severe accident in a Light Water Reactor (LWR), large quantities of hydrogen could be generated and released into the 

containment atmosphere. In order to develop strategies to control the hydrogen concentration inside the containment in case of severe accident (SA) 

scenarios, investigation are performed with the aim to quantify the hydrogen and determine its behaviour inside the containment. The study presented 

herein established a methodology for location and sizing of the Passive Autocatalytic Recombiner (PAR) to be installed in the containment to minimize the 

risk arising from a hydrogen release generated during a SA and its distribution in the containment building.  

Methodology for the implementation of passive systems for 

improving safety against hydrogen release in Light Water Reactor 

(LWR)  

aEmma López-Alonso, bGonzalo Jiménez 
aUniversidad Politécnica de Madrid (emma.lconty@upm.es) 
bUniversidad Politécnica de Madrid  

Methodology for PAR implementation and location 

The proposed methodology presented herein for PAR installation analysis is followed four steps: the identification 

of the most limiting scenarios to be simulated with MAAP4 in order to obtain the mass and energy source term 

(step 1); the hydrogen distribution analysis in containment and drywell with a GOTHIC 3D model (step2 and 3); 

and the PAR sizing and location analysis (step 4). The optimized PAR configuration for a BWR Mark III and a Konvoi 

(PWR) containment types were obtained, analysing the size, location and number of the PARs capable to minimize 

the combustion risk, which arises from a hydrogen release generated during a severe accident and its distribution 

in containment building.  In figure the methodology diagram showing the chronology of each step. 

Step 3: 

The hydrogen preferential pathways and the accumulation points 

were studied and identified on the basis of a base case scenario 

without any mitigation measure taken in both containment.  In 

figure, the H2 path for the BWR containment. 

Conclusions 

The PAR configuration offers an improvement in the chosen accidental scenario; decreasing the possibility of 

hydrogen combustion and leading to concentration values below the flammability limit (hydrogen 

concentration below 7%), in all the containment compartments for both model, in figure Konvoi results. [4]. 

Step 2: 

As an example of a 3D 

model is the  BWR 

containment model 

performed with GOTHIC 

8.1 code [1]. 

Step 4: 

The PARs implementation process starts by choosing the size of the recombiner attending to the 

recombination rate and the size of the PAR according to the space available within the containment.  

The PAR performance is based on the hydrogen oxidation by the oxygen presented in the containment 

atmosphere with the use of metals as catalysts. There are several experiment of the PAR performance 

validated with CFD codes. In figure, for instant, the H2 mole fraction contour for simulation performed for 

REKO facility for inlet H2 mole fraction 2% [2]; or, the H2 fraction fields for the validation of the H2-PAR 

model by Kali-H2 experiments [3]. 

The PAR location is based on the more likely 

hydrogen pathways extracted thanks to the 3D 

model from step 2&3. Example of PAR 

configuration in the Konvoi (PWR) containment is 

depicted in the figure [4]. 
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Step 1: 
The mass and energy sources releases are analysed with severe accident code. The most limiting scenarios 

chosen were, for example: Station Blackout (SBO); Total Loss of Feed Water (TLOFW); Loss of Coolant Accident 

(LOCA), etc.
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Abstract
Uncertainty propagation methodologies have been implemented in the COBAYA diffusion code, developed at UPM, following two approaches:

deterministic and sampling-based. In this work, the implementation schemes of each methodology are discussed and applied to assess the role of the

nuclear data and thermal-hydraulic uncertainties in different scenarios.

THE ROLE OF NUCLEAR DATA AND THERMAL-HYDRAULIC 

UNCERTAINTIES IN DESIGN, OPERATION AND SAFETY 

OF LIGHT WATER REACTORS

E. Castro, N. García-Herranz
Ciencia y Tecnología de Sistemas Avanzados de Fisión Nuclear

emilio.castro@upm.es

Statement of the problem
Worldwide nuclear regulatory authorities demand safety analysis for the design and operation of

nuclear power plants. Those analysis require the calculation of a set of magnitudes that must fulfill

the regulatory acceptance criteria and can be categorized as conservative or realistic.

• Conservative: based on pessimistic models and scenarios; uncertainties are not required as they

are covered by the conservative assumptions and larger safety margins

• Best Estimate Plus Uncertainty (BEPU): based on realistic models and assumptions, but the

uncertainties in the input data must be propagated to the results.

For BEPU analysis, methodologies to propagate uncertainties must be implemented in core

simulators. Nuclear data, technological parameters, boundary conditions and methodologies are the

most important sources of uncertainty.

Approaches
Two solutions have been implemented in the 3D diffusion code COBAYA to propagate uncertainties

Acknowledgements
This work is supported by Consejo de Seguridad Nuclear (CSN) in the framework of the agreement with Universidad Politécnica de Madrid in the area of

Propagation of Uncertainties for Neutronic Calculations (P110530207)

Method keff σ (%)

TSUNAMI 3D 

(reference)
1.35520 0.4588

COBAYA

deterministic
1.34915 0.4336

COBAYA 

sampling
1.34931 0.4343

Conclusions
New developments have been made in COBAYA core simulator to assess the role of nuclear data and thermal-hydraulics uncertainties during steady-states

and transients of LWR. Two approaches have been implemented: deterministic and sampling-based. Both provide similar uncertainties in the calculation of

the eigenvalue (keff), and only the sampling-based approach can be used to predict the uncertainty in the rest of responses, such as power distributions or

other transient parameters.

Deterministic approach

• Based on first order perturbation theory

• Forward and adjoint fluxes required for each response

• Limited number of responses, only steady-state

• Fast but inaccurate with large input uncertainties

Sampling-based approach

• Based on random sampling of the input data

• Any input parameter and response can be studied

• More accurate

• Higher CPU time consumption

• Applicable to transients

Results for steady-states
Uncertainty in power distribution and k-eff due to cross section data 

(radial cut at z=182.5 cm)

Results for transients
Uncertainty (1σ) in the total power due to TH 

parameters in a Main Steam Line Break (MSLB) accident

Forwad Flux 

Computation

Adjoint Flux 

Computation
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Coefficients 
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Uncertainty 
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to keff

Input 
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Introduction
Ø Final lenses in inertial fusion power plants receive irradiation of different nature (neutron, light ions, heavy ions,…).

Ø High electronic excitation ion irradiation (higher than 0.1 MeV/amu) produces electronic sputtering, density changes, color center formation,...

Ø Electronic excitation is not well understood. It consists of a complex energy transfer mechanism from the electron system to the lattice.

ØWe developed an atomistic model based on molecular dynamics (MD), to analyze the surface thermal effects, describing the mechanism responsible

of atoms displacements, crater formation and the sputtering yield.

Abstract
The irradiation of silica with high electronic excitation ions produces the formation of nanometer sized tracks around the ion trajectory with marked

permanent changes in physical, chemical and structural properties. In addition, irradiation produces an important volume loss due to electronic sputtering.

In order to quantify these effects, we have developed and experimentally validated an atomistic model based on molecular dynamics which is able to

predict experimental results. In fact, we are able to explain the crater formation, the sputtering yield dependence with the energy and angle of the

incident ion and the final atomic distribution typical of a thermal process. In short, we will discuss the mechanisms for permanent modification of silica

based on a high density of electronic excitations, which leads to a sudden temperature raise inducing a huge thermal gradient followed by a shock wave

and an ultrafast cooling process, all of that determining the final atomic rearrangement.

Atomistic simulations of optical materials 

under irradiation for nuclear fusion power 

plants
aA. Prada, bE. Bringa, cM.J. Caturla, aJ.M. Perlado, aA. Rivera
aInstituto de Fusión Nuclear, Universidad Politécnica de Madrid, Spain (alexpradav@yahoo.es)
bCONICET and Facultad de Ciencias Exactas y Naturales, UNCuyo, Mendoza, Argentina
cDepartamento de Física, Universidad de Alicante, Spain
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Methodology
Ø Simulation boxes 60 × 30 × 10 nm3, > 1×106 atoms

Ø Simulation times around 100 ps

Ø Non-periodic boundary conditions

Ø Parallel code MDCASK

Ø Inter-atomic potential ZBL+Feuston-Garofalini (silica)[1]

Ø Supercomputer MAGERIT-CESVIMA UPM

Ø Typically 512 processors, 20-30 hours per simulation

Results
ØWe obtained a differential sputtering yield with a thermal dependence

of the polar emission angle (ϕ) and independent of the azimuthal emission

angle (Ɵ).

Ø The sputtering yield as a function of the incident angle (α) increases with

the affected area.

Ø The sputtering yield as function of the electronic stopping power

increases with the deposited energy.

Ø Experimental results validate the model.

Conclusions
ØWe analyzed the surface effects of high electronic excitation ion

irradiation in silica by an atomistic model based in molecular dynamics.

Ø Three mechanisms are identified: ejection, shock and flow.

Ø Atom evolution is described by a thermal process, which explains the

ejection and final shape of the track.

Ø In laser fusion power plants heavy ions with high stopping power are

expected. Despite they will produce severe damage, the resulting

sputtering yield will be low. Other applications may be more affected.

Acknowledgement
We acknowledge Spanish MINECO for financial support through projects MAT-2012-38541-C02, AIC-A-2011-0718. EMB thanks support form PICT 2009-

0092 and a SeCTyP grant. The author acknowledges the computer resources and technical assistance provided by the Centro de Supercomputación y

Visualización de Madrid (CeSViMa) CESVIMA-MAGERIT.

References
[1] Feuston and Garofalini J. Chem Phys. 89 (1988) 5818 [3] Arnoldbik et al. NIMB 203 (2003) 151 [5] Matsunami et al. NIMB 209 (2003) 288

[2] Assman et al. Sputtering Part. Bombard. 401 (2007) [4] Matsunami et al. NIMB 193 (2002) 830

0 10 20 30 40 50 60 70 80 90

0

2

4

6

8

10

12

14

Fit: y = C sin
-d
(a)

MD - S
e
 = 18 keV/nm - a

0
 = 3.5 nm

MD - S
e
 = 7.7 keV/nm - a

0
 = 4.0 nm

Au 200 MeV [2]

Cu 50 MeV [3]

 

 

S
p

u
tt

e
ri

n
g

 y
ie

ld
 (

x
1

0
3
 a

t/
io

n
)

Incidence angle (degree, a) 
0 4 8 12 16 20

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
 MD - a = 90 - a

0
 = 3.5 nm

 MD - a = 90 - a
0
 = 4.0 nm

 Matsunami et al. [4, 5] 

 Arnoldbik et al. [3]

 Au 200 MeV [2]

 Assmann et al. [2] 

 Fit: y = E S
f

e
  

 

 

S
p

u
tt

e
ri

n
g

 y
ie

ld
 (

x
1

0
3
 a

t/
io

n
)

Electronic stopping power (S
e
, keV/nm)

Thermal evolution
Bath (300 K)

Initial Hot Cylinder

ϕ

ɸ

x
y

z α

0 2 4 6 8 10 12
0

2

4

6

8

10

12
 3 ps (1 ps)

 4 ps (2 ps)

 7 ps (4 ps)

 11 ps (8 ps)

 13 ps (10 ps)

 43 ps (50 ps)

 68 ps (100 ps)

 100 ps (200 ps)

 

 

T
e

m
p

e
ra

tu
re

 (
x
1

0
3
 K

)

Distance to the origin (nm)

IHC = 3.5 nm S
e
 = 8 keV/nm

191



BIOREMEDIATION OF RADIOACTIVE WATER IN 

NUCLEAR POWER PLANTS

aJulio A. Belinchón, bAna M. García, bDiego A. Moreno

b d l ió f l i

Abstract
Previous studies in the Cofrentes Nuclear Power Plant showed that microorganisms from radioactive water are able to form biofilms on metallic

materials submerged in the water and that these biofilms could retain radionuclides. In the present study a bioremediation process to decontaminate

the water was designed and the microorganisms forming the biofilms were identified using culture-independent techniques. Additionally, we

assessed that the bioremediation process could be economically profitable

aIberdrola Generación S.A., Cofrentes, Valencia
bETSI Industriales, Universidad Politécnica de Madrid (diego.moreno@upm.es)

assessed that the bioremediation process could be economically profitable.

Bioremediation of radioactive water
The existence of microorganisms in spent nuclear fuel pools has been

demonstrated recently in nuclear power plants by using conventional

microbial techniques [1]. Subsequent studies have revealed that those

microorganisms are able to colonize the stainless steel pool walls

forming biofilms. Moreover, it has been observed the ability of these

biofilms to retain radionuclides, which suggests the possibility of its use

10 µm

for radioactive water decontamination purposes. This thesis [2]

presents deeper knowledge of microbial biofilms biodiversity by using

molecular biology techniques such as cloning, and develops a

decontamination system on a pilot scale, in order to assess whether

the process is scalable to an industrial level. Thus, two stainless steel

bioreactors were designed and manufactured, both compatible with

seismic and radiation protection standards in the controlled zone of a

nuclear plant. These bioreactors were installed in the Cofrentes

Nuclear Power Plant (Valencia) next to the spent nuclear fuel pools
Figure 2. Scanning electron microscopy micrograph showing filamentous 

bacteria biofilm on stainless steel submerged in ultrapure and radioactive ( ) p p

(Figure 1) and preceding (upstream) ion exchange resins. This

configuration allowed the bioreactors to receive water directly from

the pools allowing in situ analysis of radiation removal.

g p

water for 186 days. This biofilm is able to retain radionuclides.

The radioresistant organisms identified belong to the phylogenetic

groups Alpha-proteobacteria, Gamma-proteobacteria, Actinobacteria,

Deinococcus-Thermus and Bacteroidetes. The capability of these

biofilms to retain radionuclides was also determined by gamma

spectrometry. Biofilms essentially retained activation radionuclides.

Sometimes the sum of Co-60 and Mn-54 reached 97% (Figure 3).

Furthermore, Cr-51, Co-58, Fe-59, Zn-65 and Zr-95 were also retained.Furthermore, Cr 51, Co 58, Fe 59, Zn 65 and Zr 95 were also retained.
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/
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Figure  1. Spent nuclear fuel pool at the Cofrentes Nuclear Power Plant 

(Cofrentes, Valencia, Spain).

10 µm

Stainless steel and titanium balls were introduced into these

bioreactors and were removed after different time periods, up to 635

days for stainless steel and 309 days for titanium Biofilms developed

An economic survey was performed, confirming that the scalable

process using stainless steel balls is profitable.

Figure 3. Radionuclide accumulation with time in the biofilms on stainless 

steels submerged in ultrapure and radioactive water.

fuel pools and bioremediation of radioactive water. International 

Microbiology 2005,  8, 223-230.

2. J.A. Belinchón. Diseño y evaluación de un procedimiento on-line para la 

biorremediación de aguas radiactivas en centrales nucleares. 2016. PhD 

Thesis.

days for stainless steel and 309 days for titanium. Biofilms developed

on the balls (Figure 2) were analyzed by scanning electron microscopy

and epifluorescence microscopy. DNA was extracted from the biofilms,

cloned and then the microorganisms were identified by culture-

independent techniques.
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Abstract 
Materials for radio frequency (RF) windows and different antenna supports and insulators for the heating systems and for diagnostics are still an 

unresolved issue in future fusion machines such as DEMO. Alumina ceramic (Al2O3) is one of the main candidate materials for these systems. The dielectric 

properties, such as electrical permittivity (ε) and loss tangent (tan δ), determine its power losses. Therefore, tan δ values need to be low, between 10-6 and 

10-3 depending on the application. However, due to the crucial role of the manufacturing process in determining its final dielectric properties, there is the 

need to undertake a joint effort with the industry in order to validate a standard manufacturing route that ensures a supply of ceramic material with 

homogeneous and standardized dielectric properties for the fusion machines. 

In this work, the studied alumina samples were provided by NANOKER, a high-performance ceramics manufacturer. Different manufacturing routes were 

used for each batch of samples to systematically test the effect on the loss tangent. The dielectric properties were measured using two different resonant 

methods, depending on the frequency range. These combined methods have the advantage of covering the very broad range of frequencies required for 

alumina applications in fusion (from kHz to GHz) and giving the best accuracy for very low losses. 

Results revealed that the samples have the desired dielectric properties but depending on the manufacturing route, they have better performance at 

different frequency ranges. Besides, the different routes presented quite different deviations in the measured dielectric loss between samples from the 

same batch. Uniformity in the loss tangent values is also an important parameter when choosing the best manufacturing process in order to obtain a 

reference material. Therefore, assuring the reproducibility of the samples has become the next goal. 

MANUFACTURING PROCESS IMPACT ON THE 

DIELECTRIC PROPERTIES OF ALUMINA 

CERAMICS FOR FUSION APPLICATIONS  

a.bDarío Cruz, aRafael Vila, aBegoña Gómez-Ferrer 

 
aCIEMAT - National Fusion Laboratory, Madrid, Spain  (darioandres.cruz@ciemat.es) 
bUniversidad Politécnica de Madrid - ETSII, Madrid, Spain. 

•1kHz to 100MHz  

-> Half-power-gap variation method (Japan 

DPMS 1000) [3] 

-> room temperature, N2 atmosphere 

(eliminate surface moist) 

 

•10 to 20 GHz  

-> closed cylindrical resonant cavity.  

 

•The dielectric properties are obtained 

from the comparison of the characteristics 

of the resonance with and without the 

sample inside the resonator.  

 

•Tan d (and ε) values at each frequency. 

 

MEASURING METHODS 

  

SAMPLES 

  
•Supplier -> Nanoker Research S.L., industrial 

partner. 

 

•Same initial powder mixture. 

 

• Different manufacturing routes 

-> Spray Dried 

-> Spray Dried New Route 

-> Slip Casted 

 

•Each set of samples are cut out from a single 

rod.  

 

•Circular samples of 2mm and 1 mm thick and 

30mm diameter are used. 

 

•Samples have to be properly  parallel polished. 

RESULTS 

  

FUTURE WORK 

  
•Continue the dielectric characterization of alternative 

manufacturing routes and emphasize on sample traceability. 

•Irradiate the samples with electrons and neutrons at different 

fluences to analyze relevant radiation-induced effects (RIC, tan δ   

degradation) [4][5] 

•Establish an industrial manufacturing route that complies with 

the requirements for fusion applications. 
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It can be seen that changes in the manufacturing route substantially modified the dielectric properties of the ceramic. The samples have the desired 

dielectric properties but depending on the manufacturing route, they have better performance at different frequency ranges. For the tested routes there 

is still not enough uniformity of the dielectric properties between the samples from the same batch.  
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