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Enusa and Westinghouse strengthen their alliance
Westinghouse and ENUSA had in place until the end of year 2018 the European Fuel Group
Agreement (EFG), the alliance to serve the European fuel market, and the Technical License
Agreement (CUTCA), the mean for ENUSA to use Westinghouse technology in Europe.
After several months of negotiation, ENUSA is happy to communicate the signing of both
agreements until December 31st 2024. This signing strengthen the alliance of both companies
and consolidates the bases to face the challenges that will take place in the next years in a
sector like the nuclear one, experimenting a significant amount of changes.

EFG Agreement
The EFG Agreement is a cooperation agreement for the commercialization of nuclear fuel
manufacturing services, engineering services and on site fuel services. In the framework of
the EFG Agreement, Westinghouse is also the supplier of basic technology of manufacturing
and services to ENUSA through the license agreement in force since 1974.

The signature of the EFG Agreement took place for the first time in July 1991 and several
revisions have been agreed since then. The current version in place was valid until 31
December 2018.
The EFG Agreement regulates the way in which partners address the nuclear fuel market in
the European countries that it covers, establishing the responsibility of each of the parties for
each of the territories indicated in the agreement.
As reflected in the agreement, ENUSA holds the commercial leadership in Belgium and Spain
(for the Trillo Nuclear Power Plant), while Westinghouse is responsible for France, the United
Kingdom and Sweden. Then, the leader in each market has the responsibility to submit offers
and negotiate contracts with potential customers, always with the technical and commercial
support of the other party.

Continue in page 2
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Continue from front page
The EFG Agreement signed this September extends its validity until December 31, 2024 in
line with the existing contractual commitments. It does not contemplate any change in the
general terms and conditions with respect to the previous one but covers the possibility to
include as part of its scope fuel of other technologies (VVER, KWU, etc...), depending on the
market demand.
At this moment, and under the frame of the EFG Agreement, ENUSA as market leader in
Belgium, has signed PWR contracts and engineering services for the Doel 3 and Tihange 2 for
the supply of 17x17, 12 ft fuel, and for the Doel 4 and Tihange 3 nuclear power plants for the
supply of 17x17, 14 ft fuel. This scope of supply yields a market share of around 70%.
Likewise, ENUSA has also signed a contract for the supply of eight demonstration fuel
assemblies 16x16 for the Trillo nuclear power plant in Spain. These fuel assemblies have been
manufactured at the Westinghouse facility in Vasteras. Based on what is stipulated in the EFG
Agreement, ENUSA keeps the right to manufacture possible future reloads.
The licensing and supply
of this fuel for the Trillo
nuclear power plant is
an important milestone
since it places ENUSA /
EFG as a real alternative
for the supply of reloads
while providing the
customer
with
the
subsequent security of
supply in the event of the
closure of manufacturing

facilities in Europe.

Besides, also under the umbrella of the EFG Agreement Westinghouse, as the leader of the
French market, has signed a contract for the manufacture of fuel and associated services
for EDF. It covers a significant portion of the French market needs of 17x17, 12 ft fuel
assemblies for the 900 MW reactors and 17x17, 14 ft fuel for the 1300 MW reactors. These
fuel assemblies are supplied from the Westinghouse manufacturing facilities in Vasteras in
Sweden, Springfields in UK and in Juzbado (ENUSA) in Spain.
Finally, in the case of Sweden, ENUSA has supplied 15x15 type fuel assemblies for Ringhals 2
from its manufacturing facility in Spain and Westinghouse is currently delivering 17x17, 12 ft
fuel assemblies for Ringhals 3 and 4.
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License Agreement (CUTCA)
The original License Agreement is a technology transfer agreement whereby Westinghouse
provides ENUSA with the right to use available patents, licenses, design and manufacturing
documentation. It also allows the provision of the corresponding updating and necessary
technical support in order to design, manufacture and commercialize products and services
related to nuclear fuel of the “PWR” type (pressurized water reactors) under competitive
conditions in the markets in which ENUSA operates.
This agreement, dating from 1974, is established between ENUSA, Westinghouse Electric
Company L.L.C. (Westinghouse) and Westinghouse Technology and Licensing Company
(WTLC). Since then and until 2001 the License has been subject to different amendments,
updating the scope to include at any moment the state of the art technology.
The main objective of the recently signed License Agreement, which name is “Consolidated
and Updated Technical Cooperation Agreement (CUTCA)”, is to restate and amend the
agreements and amendments in force previously in a single one of easier use and application.
Like the EFG, the CUTCA Agreement has a sense of continuity, hence avoiding changes in any
of the general terms and conditions, maintaining the basic scope of technological transfer,
and simplifying its understanding and contents. It has now a more logical structure regarding
the technology made available to ENUSA. CUTCA extends its validity until December 31,
2024 in line with contractual commitments with existing Spanish and European customers as
previously explained and keeps open the inclusion of fuels of VVER or KWU type technologies
depending on the market demand.

As stated at the beginning of this article, the signing of the EFG and CUTCA Agreements
reinforces the alliance between ENUSA and Westinghouse that dates from 1991. At the same
time, it consolidates the foundations of a relationship that will allow the partners not only
to respond to the existing contractual engagements as above described, but also to face the
important challenges envisioned for the coming years in the European market.

For further information, please contact miguel.montes@enusa.es or marianoj.rodriguez@enusa.es
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IBERDROLA awards ENUSA/GENUSA for delivery
of GNF2.02 design to Cofrentes NPP
On September 2017 it has been announced that the Spanish based company GNF ENUSA Nuclear
Fuel SA (GENUSA) has earned a contract to supply nuclear fuel, design GNF2.02, and services to
Cofrentes nuclear power station.
Under the agreement GENUSA will supply advanced technology to IBERDROLA up to the year
2025 for a minimum of two reloads and options for another two reloads.

GNF, one of GENUSA’s partners, is who performs the uranium oxide powder conversion and
manufacturing of bundle components while the pelletizing, bundle assembly and transportation is
carried out by ENUSA. The engineering services are accomplished together by both organizations.
The base product for this contract is the so called GNF2.02. This fuel assembly design, which will
operate in Cofrentes from 2017, will help Cofrentes to enhance their power station’s performance
to provide safe and reliable energy. During the life of the contract it is considered the possibility
to introduce the GNF3 which constitutes the next generation product. The GNF3 fuel design is
scheduled to be available for full reloads in 2019.
The first supply for Cofrentes NPP was manufactured in ENUSA in 1985 when a batch of GE6
was delivered to the nuclear site. Since that time, GENUSA has delivered close to 3.000 fuel
assemblies of different designs. Therefore, this new contract strengthen the long GENUSA’s
relationship with IBERDROLA providing fuel and engineering services to IBERDROLA.
GNF2.02 is an upgraded version of GNF2 that continues with the proven 10x10 lattice design
and provides iterative reliability improvement over the current GNF2 design. GNF2 provided
increased uranium mass, new spacer configuration and improved fuel rod characteristics to
deliver better fuel cycle economics to our
customers. GNF2.02 will provide the same
operational, critical power performance
and fuel cycle economics as GNF2,
and includes additional fuel reliability
protection with an improved spacer and
lower tie plate filter design.
The GNF2 & GNF2.02 spacers are made
entirely of Inconel Alloy X-750. The
modified spacer meets more strict seismic
requirements and is suitable to be used
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worldwide. The modified spacer has also design changes that improve the GNF2 reliability by
eliminating potential debris entrapment sites.
About the debris filter solutions, currently
the Defender LTP is the standard option for
GNF2. GENUSA is currently developing the next
generation of debris filters to decrease the
size of debris that gets through the filter. The
development of improved filter technology is
on-going and will be a phased approach.
The short term solution, Defender PlusTM, is
an improvement option for the GNF2.02. The
Defender PlusTM decreases the size of debris
that can potentially pass through the filter,
and improves the retention of captured debris
without incurring a pressure drop penalty. This
new design has a capture efficiency two to
three times better for debris sizes smaller than
about 1 cm in length.
Cofrentes, as well as other plants in US, will
use this new features in batches starting this
year 2017. It is expected a transition to this
new product to all clients within 2018. These
changes, available for deployment in a period
of less than two years, are a good example
of flexibility and fast implementation of new
fuel technology to provide added value to our
customers.
Cofrentes Nuclear Power Plant is the largest
electrical power installation among Spain’s
nuclear plants, counting on 1,092 megawatts
(MW). It is located in the town of Cofrentes
in the Spanish province of Valencia, and it is
owned by the energy company IBERDROLA
GENERACIÓN NUCLEAR S.A.
GENUSA is a Spanish company owned by GNF
and ENUSA Industrias Avanzadas SA, SME.
Across Europe, GENUSA provides reliable and
safe nuclear fuel to energy companies that
operate power plants of boiling water reactor
(BWR) designs.

For further information, please contact jjs@enusa.es

www.enusa.es

5

Enusa installs the “Espiga” device
In September 2017, after more than five years of engineering development, manufacturing
qualification and licensing, ENUSA has carried out the first installation campaign in spent nuclear
fuel in one Spanish nuclear power plant. Fifty irradiated fuel assemblies have been repaired
during this first campaign.
This first campaign has demonstrated a very good performance of the equipment. During this
first campaign, some different sequences are being used in order to establish the shortest
procedure to optimize the whole process. A second campaign is planned in a different Spanish
NPP in October 2017.
The ESPIGA device is a structural component designed
to carry the weight of the fuel assembly complying with
the design criteria for 17x17 12-ft assemblies. ENUSA
provided the description of ESPIGA device, as well as the
process and tools to carry out its installation into the fuel
assembly in a previous number of this Newsletter. ENUSA
has performed several functional tests both in air and
under water, demonstrating the excellent performance of
the different in-house developed equipment during the
installation/ uninstallation of the ESPIGA.
During the first semester of 2017, ENUSA has successfully
tested in dummies fuel assemblies, in two different nuclear plants, the tools and the electrical
discharge machine (EDM) equipment developed for the setting up of ESPIGA device. Both
campaigns have shown the compatibility of the tools with both plants layout and the suitability
of the process developed to guarantee the correct
set up of the ESPIGA device in a fuel assembly.
EDM machine is designed to drill the top nozzle
instrument tube plug. ENUSA has also led the
development and manufacturing of other tools,
such as the short and long tool for ESPIGA
installation and the specific tooling required for
the adequate on-site process performance.
More information about the tools was provided in
previous ENUSA Newsletter.
During blank tests ENUSA also conducted a
specific risk analysis based on Failure Modes and
Effects Analysis (FMEA) to establish improvement
actions and control activities during the process
in order to reduce the risks levels in the actual
campaigns.
Based on the risk analysis conclusions as well as
the feedback from both blank tests, ENUSA has
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taken the following actions prior to the first campaign to
assure the correct performace of the total process:
• Final process definition with specific control steps
• Some tools duplication as a contingency measure to
minimize any delays in case of any event during the
process, such as second EDM machine, short tool,
support for camera
• Spare parts availability
• Specific training for technicians
After these tests, the manufacturing of the devices for
the first campaign began according to the corresponding
Manufacturing and Quality Plan, which was previously
approved by ENUSA.
The manufacturing process was qualified during the
manufacturing of the prototypes used in the different
tests described above. Industrias Maxi S.A., (Valladolid,
Spain), is ENUSA partner in charge of the manufacturing
of the different parts of the ESPIGA device, as well as
some of the tools developed by ENUSA.
During the development phase, ENUSA has deeply analyzed all aspects related to the different
potential raw materials, the process flow, the welding procedures, the inspection requirements
and the cleaning and handling operations.
Processes
such
as
stamping,
machining as turning, grinding,
milling, drilling, threading, manual
and automatic robotic welding
have been used. ENUSA has also
required an extensive dimensional
characteristic control of the different
parts and components, and paid a lot
of attention to the welding process
and inspections and to all different
functional tests.
As a conclusion, this has been a long
journey of more than five years of a
very deep work of conceptual ideas,
engineering development, “Espiga”
device and different tool prototypes
manufacturing, testing, with thousands of man hours from many different organizations at
ENUSA devoted to the project. Followed by the blank tests in air and under water and with the
exhaustive manufacturing surveillance of the actual devices and tools, which have concluded in
a very successful campaign with the installation of the first fifty devices, that will be continued
with some other campaigns in the different Spanish NPPs that are affected.

For further information, please contact sim@enusa.es, ssa@enusa.es or rch@enusa.es
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ENUSA activities in Argentina
With a surface area of 2.7 millions of square km and 43 millions of population, Argentina has
three nuclear reactors generating about one-tenth of its electricity with a policy based on using
heavy water reactors.

Reactor
Atucha 1

Location
100 km NW of
Buenos Aires

Atucha 2
Embalse

Model

Córdoba

Net MWe

First power

PHWR (Siemens)

335

1974

PHWR (Siemens)

692

June 2014

PHWR (CANDU-6)

600

1983

Total

1627 MWe

The country’s Atomic Energy Commission (Comisión Nacional de Energía Atómica, CNEA) was
set up in 1950 assuming activities centered on nuclear R&D, including construction of several
research reactors. Today, five research reactors are operated by CNEA and others.
On 1981, and as an initiative of the CNEA, the company Combustibles Nucleares Argentinos S.A.
(CONUAR S.A.) was founded to manufacture nuclear fuels. CONUAR is part of the Centro Atomico
Ezeiza located 35 km away from Buenos Aires.
Atucha 2 started its construction on 1979 and after many years on hold, construction was
resumed and then entered in commercial operation in May 2016. The government has a US$
3.5 billion strategic plan for the country’s nuclear power sector. Currently Argentina has the
following nuclear constructions underway/programmed:

Reactor
Carem-25

Location

Model

100 km NW of
CAREM
Buenos Aires

Gross MWe

Construction
start

First power

27

Feb 2014

2019

-

-

Atucha 3

100 km NW of
Candu 6
Buenos Aires

750

2018

-

5th unit

100 km NW of
Buenos Aires?,
Hualong One
Paraguay
River?

1150

2020

undefined

Under construction: 1

undefined

This nuclear scenario in Argentina offers commercial opportunities to nuclear equipment
suppliers. Taking this opportunity ENUSA, under the SNGC organisation, participated in a seminar
in Buenos Aires together with other Spanish companies: Tecnatom, Ringo, ENSA.
The seminar took place in the office of the Asociación de Industriales Metalúrgicos de la República
Argentina (ADIMRA) and more than thirty Argentinian companies attended.
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During the first half of the seminar
the SGNC’s companies introduced
their capabilities to the audience and
during the second half they were the
Argentinian companies who introduced
their capabilities to collaborate with the
Spanish group.

collaboration in the future.

The Spanish-Argentinian encounter
was developed under a very positive
atmosphere of collaboration. The
ADIMRA President, thanked all the
participants with the hope of a fruitful

Following with the comercial activities, the next day TECNATOM and ENUSA representatives
visited the Comisión Nacional de Energía Atómica (CNEA) to hold a meeting with their senior
representatives. During this meeting the CNEA members updated the status of the Argentinian
nuclear program: development of CAREM25, construction of Atucha 3 (CANDU) and the Chinese
Hualong One. All these projects are underway with negotiations with the Chinese partner.
After the above meeting, the ENUSA representative visited CONUAR the factory for nuclear fuel
manufacturing. A meeting with different CONUAR organizations was hold to comment needs
and cooperation capabilities for both sides. CONUAR members have already visited the Juzbado
factory and know about the ENUSA capabilities. During the meeting ENUSA capabilities regarding
the inspection equipment manufacturing were introduced to CONUAR. Some of the equipment
raised interest and ENUSA was requested for further information.
As the Argentinian
nuclear program moves
forward a need of an
outer
collaboration
will
be
necessary:
inspection equipment
and support for PWR
fuel manufacturing. The
Chinese implication in
the Argentinian nuclear
program the experience
of ENUSA in the Chinese
market, along more
than 10 years, can be a
valuable support for the
implementation of this
program.
Because of the Argentina/Spain cultural proximity the Argentinian nuclear program brings new
commercial opportunities to ENUSA in the near future.

For further information, please contact dhp@enusa.es
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Enusa in the extended storage Collaboration Program
The Electric Power Research Institute (EPRI) is running a multi-year program for exchange of
information on spent fuel research, supported by the USDOE, named the Extended Storage
Collaboration Program (ESCP). The final objective of the project is to enhance the technical bases
to ensure continued safe, long term used fuel storage and future portability. To reach this goal, the
Program brings together US and International organizations active in R&D in the used fuel area to
share information and to identify common needs.
The work performed in ESCP has followed a three-step roadmap: (1) A review of the current technical
bases for storage systems was initially performed; (2) a knowledge gap analysis was prepared by
different organizations and countries; and (3) the gaps identified are being addressed by means of
experiments, field studies and analysis. This third phase is a long term effort and is still ongoing.
ENUSA participates in ESCP since its inception in 2009. Other Spanish organizations such as CSN, UNESA,
Enresa and Ensa, participate as well. The ESCP program has seen a steady increase in participation
since it was started, with a current membership of around 550 members from 19 countries. Meetings
of the program are held twice a year in the US, the spring meeting usually scheduled back-to-back
with the NEI Used Fuel Management Conference.
The organization of ESCP is showed in figure 1, and consists of a
Steering Committee and several Technical Subcommittees focused
on specific technical issues. These Subcommittees are created
as need arises, and are closed when the corresponding issue is
deemed to have a defined path for resolution based on the work
performed. ENUSA is a member of the ESCP Steering Committee,
and participates in the Fuel Subcommittee, the Thermal Modelling
Subcommittee and in the International Subcommittee. The Steering
Committee has recently decided to give an additional impulse to
the International Subcommittee, and ENUSA is now chairing this
Subcommittee.
Some of the most relevant activities being performed in the program
are briefly described below.
Transportation of high burnup fuel is one of the issues being discussed in the Fuel Subcommittee.
The capability of the cladding to maintain its integrity during transport has been questioned, and this
has become one of the issues treated extensively by research organizations and regulatory bodies
in several countries. This potential issue is very relevant at the moment, moreover because the
construction of interim storage facilities in different countries will require a further transportation
process in the next future.
The regulatory research being performed by the USNRC and USDOE in this matter is aimed to
demonstrate that cladding with hydrides reoriented to the radial direction as a result of fuel cooling
after the drying process with hoop stress in the cladding, can withstand the mechanical loads
associated to spent fuel storage and transportation. The results already obtained are being analyzed
to demonstrate that the additional rigidity provided by the pellet inside the cladding is enough to
guarantee a sufficient cladding mechanical resistance in all the postulated scenarios, even in the
presence of radial hydrides. At the last ESCP meeting, the USNRC presented a tentative path for
regulatory resolution of the high burnup fuel transportation issue based on the experimental results
so far obtained. This new approach will be included in a NUREG document to be published next
autumn.
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Fuel temperature. The need for an accurate and realistic
knowledge of the fuel temperature during storage and
transportation, as the main parameter affecting the cladding
integrity due to its relationship with fuel internal pressure,
cladding hoop stress, gap size and hydride precipitation, has
been the basis to create the Thermal Modelling Subcommittee.
This Subcommittee will coordinate a two-phase effort. The
first phase is a code benchmark and validation effort based
on the measurements to be performed in a representative
experimental mock-up of BWR fuel in dry storage (figure 2).
The second phase is a calculation of the fuel temperatures
that will be measured in the High Burnup DEMO project that
will be described in the next paragraph. Enusa will participate
in the first phase using COBRA-SFS code. Enusa’s participation
in the DEMO modelling phase is pending resolution of proprietary information issues.
High Burnup DEMO. One of the specific projects in which ESCP is collaborating is a demonstration
program on the behavior of high burnup spent fuel during extended storage periods. The project is
financed by the US-DOE. High burnup PWR fuel assemblies with different cladding materials (ZIRLO, Zr-4
and M5) have been loaded in a commercial dry storage metallic cask, and fuel and cask temperatures
and other relevant parameters are being measured. The measured temperatures will be used for
validation of thermal calculation codes. The cask will be moved periodically to a hot cell, and fuel rods
will be extracted to assess their condition and monitor any degradation processes that may appear. To
this end, sibling fuel rods have been shipped to hot cells for examination and characterization, in order
to serve as a reference for the measurements that will be performed in the rods to be unloaded in the
future.
Mechanical loading during transport. A related ongoing project also performed by DOE will measure
the mechanical loadings on the fuel during normal conditions of transport under real conditions. A
cask manufactured by ENSA (ENUN-32P design) has been loaded with three instrumented dummy
PWR fuel assemblies of different types, and is being transported in all modes (road, rail, ship) from
Spain to the US. A schematic representation of the transportation route is presented in figure 3. One
of the dummy assemblies has been provided to the project by ENRESA. The assembly is a 17x17 design
manufactured by ENUSA. The results obtained will provide basic experimental data to evaluate the fuel
capability to withstand the vibration and impact loadings of normal conditions of transport.
The results of these projects will provide deep knowledge of the fuel conditions (Pressure and
Temperature) and fuel behavior during dry storage and transport, which could be used to perform
more accurate analysis and to obtain additional margin.

For further information, please contact mll@enusa.es or jose.conde@enusa.es
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Flexible operation. Enusa Analysis to
demonstrate its feasibility
The distribution of electricity involves complex processes that could imply the managing of the demand
of specific amount of electricity generation by the power suppliers. This situation increases the need
to improve the plant maneuverability applying frequency control, daily load follow, extended power
modulations or even Extended Reduced Power Operation (ERPO). Those conditions provide operation
flexibility but also require the development of specific codes and methodologies to simulate the
associated fuel rod nuclear and thermal-mechanical phenomena.

Background
During fuel rod operation, and as long as a gap exists between the pellet and cladding, the cladding is
typically in a compressive stress state with fairly uniform stresses. Once pellet-cladding contact occurs
and pellet-cladding contact pressure increases the cladding goes from compressive to tensile stress.
This tensile stress increases until there is equilibrium between the cladding stress relaxation due to
creep and the outward expansion due to swelling. On that scenario, the local power increases during a
transient can impose additional tensile stress.
Pellet Cladding Interaction (PCI) is the iodine assisted stress corrosion cracking phenomenon that may
result in fuel failures during power increases in a fuel rod. There are three components that must occur
simultaneously to induce PCI: tensile stress induced by the power ramp, access to freshly released iodinewhich occurs during the power ramp, due to the fuel pellet temperature increase, and a sensitized
cladding material.
PCI is much more prevalent in BWRs since reactor operation to some extent is done by control rods
movements. In PWRs, reactor power is normally not controlled by insertion and extraction of the control
rods in the core. Instead, it is controlled by the boron concentration that is continuously decreasing
during operation to compensate for the reduction in reactivity.

Methodology of feasibility
During reactor power increases,
and specifically during a Condition
II transient, PCI failures may occur
in a PWR although the reasons
are not clear.
Fuel vendors have incorporated
improved manufacturing process
to greatly reduce the incidence
of pellet defects. Cladding has
evolved to materials with a higher
capacity of stress relaxation.
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Additionally, restrictions on the rate of power increase are also imposed to power maneuvers after
refueling or prolonged periods at reduced power and all these limitations have been successful in
preventing PCI cladding failures.
EPRI and Westinghouse are closely working on the development of guidelines and limits for safety
operation preventing these type of duty related failures and based on multiple areas: core design, power
maneuvering and fuel rod design.
However, there is a trend in the industry toward the use of additional experimental limits based on the
behavior of commercially irradiated rods subjected to power ramp tests.
ENUSA and Spanish nuclear industries have been engaged since the 90’s in several irradiation and PIE
programs to get a critical size database on ramp test. Based on that information, ENUSA has developed
a technological limit PCI (TL) for ZIRLO® and Optimized ZIRLOTM (1) that discriminates between failed
and non-failed rods due to PCI. This PCI (TL) is defined as the stress value, calculated in the cladding,
below which there is not any rod failure due to PCI mechanism. Using this PCI (TL) ENUSA has developed
a specific methodology to establish the
maximum ERPO, duration before coming
back to full power without increasing the
PCI faillure risk.
A complete nuclear verification of the
behavior of the core under flexible
operation is required prior to the PCI
evaluation. Afterwards, all possible power
levels found in a core are evaluated with
an advance thermal-mechanical code
(TREQ) to obtain the peak effective stress
during a Condition II transient event.
This value is compared directly with the
PCI (LT) to determine the margin to PCI
failure.

ERPO Methodology Scheme
The whole process is repeated until the
ERPO Methodology Scheme
maximum acceptable duration of the
ERPO period is determined which would be the duration with minimum margin to PCI.
In a near future, nuclear plants may have to incorporate flexible operation which require specific
guidelines to accommodate the impact on the fuel area. ENUSA has a succesful experience with the
licensing of flexible operation in Belgium such as the Extended Power Modulations and the methodology
for the PCI analysis during ERPO.
(1) Optimized ZIRLO™ and ZIRLO® are trademarks or registered trademarks of Westinghouse Electric Company LLC in
the United States and may be registered in other countries throughout the world. All rights reserved. Unauthorized
use is strictly prohibited.

For further information, please contact ndg@enusa.es and cmr@enusa.es
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New SICOM-COR supplied to SNPI
Fuel characterization at Ling-Ao NPP
New SICOM-COR supplied to SNPI
The SICOM-COR equipment was developed in 1999 jointly between TECNATOM and ENUSA in the frame
of the SICOM family. This equipment was specifically designed for the peripheral fuel rod oxide layer
measurement and visual inspection, and has a broad experience in Spanish fuel assemblies inspection
campaigns.
Starting from this concept, a new version has been developed for SNPI in response to their requests of an
equipment that could provide fuel rod oxide and diameter measurements without need to disassembly
the fuel rod.
For the oxide measurement, no additional development was needed, beyond the need of standards
manufactured in ENUSA laboratory using new alloys provided by the final user. The equipment owned
by Tecnatom/ENUSA measures oxide thickness with a well proved uncertainty, verified both by blank
tests and by comparison with measurements obtained in hot cells.
For
the
diameter
measurement,
a
development was needed
as far as the previous
equipment did not have
this capability. Based on
experiences from Tecnatom
with visual systems for
dimensional control, and
in order to supply an
equipment a step forward
the
competitors,
both
companies
opted
for
the development of an
underwater
metrology
system, from now on µDIM
system.
The development consisted in the following steps:
• Definition and design review: in this step several improvements based on the previous experience
with the equipment were implanted and the diameter system was defined.
• Factory acceptance tests (FAT) performed in Tecnatom site once the equipment was manufactured.
• Site acceptance tests (SAT): the equipment was adjusted and several tests were performed in the
pool of Daya Bay station. The main tests were focused on the verification of the µDIM system and its
uncertainty, as well as the compatibility of the equipment with the customer fuel assemblies.
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Equipment description
The SICOM-COR is formed by:
1. An ET system to measure fuel rod corrosion,
composed by a data acquisition system
(ETbox8i) a Software (Teddy GEN) and the
probes.
2. Fuel rod diameter system, µDIM composed by
a submarine camera with image processing
algorithms.
3. A video system to support the inspection of
eddy current, µVIS-LITE.
4. A control system called SIROCO-LITE.

Fuel Characterization at Ling-Ao Plant
Two inspection campaigns were set at Ling Ao III in February and April respectively. This is the first time
that ENUSA and TECNATOM have inspected together fuel assemblies in China.
This first campaign was the blank test of the equipment SICOM-COR working with spent fuel assemblies.
This campaign was set to verify the compatibility with plant lay-out and the equipment worked properly
in real conditions. During the inspections, some points of improvement were discussed on the µDim, on
the other hand, ET system worked as expected.
The second campaign was set during the Ling Ao´s outage with the goal of measuring 40 rods belonging
to 4 fuel assemblies, as part of a fuel demonstration programme. Some deviations were found and not
all the scope was fulfilled.
Due to the difficulties found in the campaign, some improvements in the equipment have been identified
and ENUSA and TECNATOM will work jointly with SNPI to satisfy their requirements before the next
inspection campaign planned for next year.
The intercultural differences between Spain and China combined with the fact that the campaign was
programed in critical path, were a big challenge for the personnel involved.
At the end of the campaign, the 4 fuel assemblies were characterized and were accepted to continue on
their second cycle of irradiation. Future inspections will be performed at the end of this and third cycle
at the same fuel assemblies.

Conclusion
TECNATOM and ENUSA are working on increasing their participation in the market of fuel spent inspection
equipment. With the supply of this new SICOM-COR equipment, both companies have reinforced their
presence in the Chinese nuclear market and at the same time it is confirmed their competitiveness
in the development of new capabilities for the spent fuel inspection, an area where day by day more
characterization capabilities are required in order to classify and dispose spent fuel assemblies.

For further information, please contact ngi@enusa.es or ptd@enusa.es
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Efg fuel reliability improvement strategy
overview
The European Fuel Group is committed to providing our European customers with fuel designs that
meet their needs for efficiency, power, energy, performance and reliability. Westinghouse and ENUSA
current fuel designs incorporate highest performance with proven reliability features developed in
the past 40 years of nuclear power operation. As of June, EFG has manufactured more than 13.000
fuel assemblies, with operating conditions reflecting varying reactor power densities, cycle lengths,
operating strategies and water chemistry environments.

The Fuel Reliability Program
For the EFG fleet, any unexpected behavior of the fuel in one customer site, including leaking fuel and
its latter inspections, outage time extension, fuel handling limitations, or extra efforts in fuel cycles
management can impact our customers confidence and may induce them to a potential increase in
radiation exposure and contamination events. For this, EFG has been focused on the performance
and reliability of the manufactured fuel for the past decades. Nonetheless, in 2012 the indicator of
leak free plants raised a flag that drove us to initiate a program aimed at improving our fuel reliability.
In addition, all the nuclear industry operators and researchers (i.e. INPO, EPRI) increased their
involvement since the 2000 decade, by establishing zero failure programs in which Westinghouse,
jointly with ENUSA have been actively involved.
The Fuel Reliability Program inherited from Westinghouse and implemented in the EFG frame follows
a process that anticipates and prevents fuel reliability issues and is based on the existing Westinghouse
and ENUSA basic pillars tools for improvement, such as the Continuous Improvement Program, the
Corrective Actions Process and the Human Performance Principles. The process works to ensure that
feedback on fuel reliability and performance from three sources: Westinghouse internal experience,
ENUSA own experience and EFG fleet experience. This comprises Internal and External Operating
Experience, Root Cause Analysis on Failed Fuel, Healthy Fuel Exams, Manufacturing changes, etc.
Once this information is processed, trended and analyzed, areas for improvement are identified,
being the most relevant issues transformed into recommended projects classified and elevated for
discussion for approval to the Fuel Reliability Steering Committee, FRISC, so that resources are made
available to these projects. Once sanctioned, the projects are followed and controlled until closure.
This process has been described and included in both Westinghouse and ENUSA Operation Procedures,
in the highest level of hierarchy of the organizations’ Quality Assurance program.
Also, this process has been extended to the European Fuel Group frame, with a specific Fuel Reliability
Improvement Process Steering Committee from both Westinghouse and ENUSA organizations, where
strategic projects for ENUSA European customers are brought for discussion and approval.
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The Results
Westinghouse and ENUSA focus on fuel reliability has extended for over many years. The implementation
of the Fuel Reliability Program in the EFG frame has lead, for instance, to standardize and promote
excellence in our manufacturing facility in Juzbado, including the implementation of the Coating
process, feature in the fuel that jointly with the Debris Filter Bottom Nozzle and Protective Grid, has a
failure rate of 0.3%. Also, the development of the sipping inspection equipment has been considered
critical given the importance of the classification of the spent fuel for our domestic customers. Most
importantly, given that debris fretting is the most probable failure mechanism, actions to prevent
debris fretting failures have necessarily become an area of industry focus, driving our manufacturing
and sites to focus on improved foreign material exclusion practices. Figure 1 shows the evolution of
the EFG fueled leak free plant indicator since implementation of the Fuel Reliability Program in 2012,
reaching and maintaining the levels up to the high ‘90%.

Summary
EFG, by implementing the Fuel Reliability Process, has adopted a robust strategy to promote fuel
reliability and drive continuous improvement through design, manufacturing, materials and operational
experience. EFG is committed to provide flawless fuel to our customers, bringing them the most
valuable product. As a result of the implementation of the Fuel Reliability Process, leak free indicator of
number of plants with leaker-free cores has increased to new levels, reaching 97% (2 out of 43 plants)
by third quarter of 2017.

Acknowlegment: This article has been prepared with the collaboration of Xavier Coll, EFG Director.

For further information, please contact scb@enusa.es
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ENUSA collaboration with Argonne National
Laboratory (Anl)
According Interim Staff Guidance 11 Rev. 3, “Cladding Considerations for the Transportation and
Storage of Spent Fuel”, cladding performance during hypothetical accident conditions of transport
require further information than currently available. Until necessary data is obtained, transportation of
high burnup spent fuels must be handled on a case-by-case basis.
The nuclear industry is making great efforts in the acquisition of knowledge
to solve, as soon as possible, the high burnup fuel transportation issues. In
particular, US DoE has been working for years in measuring ductile brittle
transition temperatures (DBTT) for different commercial high burnup
cladding alloys. The person in charge of the research project is Dr. Michael
Billone, from Argonne National Laboratory (ANL). ENUSA and Dr. Billone have been in contact for years,
since both work together in the EPRI’s Extended Storage Collaboration Program (ESCP), where Dr.
Billone is chairman of the fuel assembly subcommittee. In order to obtain a deeper understanding of
Dr. Billone’s research, there was the possibility of a collaboration stay of an ENUSA expert in ANL during
summer 2017.
ANL started its activity with Enrico Fermi and then constructed the first nuclear reactor, the Chicago
Pile-1, which achieved criticality on December 2, 1942. Nowadays, ANL is a multidisciplinary science
and engineering research center with more than 3500 employees, of which, 500 are PhD.
Dr. Billone, from Nuclear Engineering Division, has over 40 years of experience in metallic and ceramic
fuels behavior, and fission and fusion structural materials. For the past 12 years, sponsored by the
Nuclear Regulatory Commission (NRC) and the Department of Energy (DoE), Dr. Billone has directed
experimental work on light-water-reactor cladding embrittlement for fuel rods irradiated to high
burnup and subjected to in-reactor loss-of-coolant accidents and post-reactor spent-nuclear-fuel cask
accidents.
During the collaboration stay, ENUSA has witnessed
experiments with irradiated and non-irradiated cladding
material related to zirconium hydrides reorientation.
Depending on the cladding alloy, fuel rod burnup and
hydrogen concentration, zirconium hydrides may precipitate
in the cladding during dry storage under certain internal
pressure and temperature conditions. Presence of these
radial hydrides decreases the ductility of the cladding,
which could not be sufficient for transportation accidents.
Furthermore, besides radial hydride reorientation topic,
ENUSA and Dr. Billone exchanged and analyzed current information about key issues related to spent
fuel storage and transportation in US and Spain.
ENUSA believes that international collaborations among experts are very valuable for the nuclear
industry and, through this collaboration, ENUSA is updated regarding transportation and storage of
high burnup fuel. The success of ANL stay only confirms the opening of new opportunities for future
and fruitful collaboration programs.

For further information, please contact jmgi@enusa.es

18

www.enusa.es

