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ABSTRACT: 

VVER fuel market is dominated by the Russian fuel vendor JSC TVEL. There have been attempts to 
open up the market also for other suppliers, such as BNFL/Westinghouse for Finland, Czech Republic, 
and Ukraine.  However, at the moment it seems that JSC TVEL is the only real alternative to supply fuel 
to VVER reactors.  

All existing fuel suppliers have certified quality management systems which put a special emphasis on 
the customer satisfaction. This paper attempts to define from the customer’s point of view, what are the 
important issues concerning the customer satisfaction. 
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1 Background 
The Russian nuclear fuel vendor JSC TVEL dominates the VVER fuel market.  Besides TVEL the only 
suppliers of VVER fuel reloads have been Westinghouse for Temelin-1 and -2 and BNFL (later 
Westinghouse) for Loviisa-1. All of these reactor units have since been contracted to TVEL, Temelin 
units starting from 2010 and Loviisa-2 from 2008.  

It is very difficult for new suppliers to enter into the VVER fuel market because the market is relatively 
small and there is only one large scale VVER fuel supplier. In these circumstances TVEL's market 
position is exceptionally strong. How does a fuel supplier in such a position keep the customers 
satisfied? Is there a risk that the strong dominance of the market compromises efforts for increased 
customer satisfaction?  

All nuclear fuel suppliers in the market have certified quality systems, which are usually certified 
against the ISO 9001:2000 standard. This standard emphasizes the aim of a quality management system 
to satisfy the customer. The most important sources of information are naturally the customers 
themselves. The issues in this paper are discussed from the customer's perspective only. Of course, a 
perfect world would need a Perfect Customer, too, but that is a subject of another paper.  

The paper brings up some basic features or characteristics that would make a Perfect Fuel Supplier. The 
question is approached from the point of view of concluding and implementing a fuel contract on one 
hand and from the project management point of view on the other hand. The paper concentrates only on 
the non-commercial issues and relationships between the supplier and the customer, although it must be 
admitted that a competitive fuel price is a decisive factor when defining a Perfect Fuel Supplier. 

This paper is a personal view of the author. The opinions presented here may, or may not reflect the 
opinions of organisations and people associated with the author.  

2 Contract Life Cycle 
This chapter follows chronologically the relationship between a fuel supplier and a customer from the 
Invitation to bid until the termination of the fuel contract. At each step some ideas of issues that a 
Perfect Fuel Supplier should take care of to ensure the customer satisfaction are brought out. 

2.1 Bid inquiry 
The first contact between a new fuel supplier and a customer is the bid inquiry for a new fuel contract. 
In a perfect world the bidding process would be a simple procedure: The customer would specify their 
requirements clearly and unambiguously in the inquiry. The bidders would give their bids fulfilling all 
the requirements and the price would consist of their costs plus a reasonable profit. The bidder with the 
lowest price would be the winner of the contract. Real world is more complicated.  

During the bidding process a Perfect Fuel Supplier  
- make sure that they have understood correctly all the customer requirements and the requirements of 

the licensing authority in the customer's country,  
- make sure that the customer have understood correctly all the supplier's proposals in the bid and 
- give their best price in the original bid. 

2.2 Contract 
A nuclear fuel supply contract between a Perfect Fuel Supplier and a Perfect Customer is carefully 
prepared. All the clauses are written in a simple, unambiguous and straightforward manner. During the 
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contract negotiations the meaning of each paragraph should be mutually clarified and tested by 
examples, when possible. In case of different interpretations the contract text should be amended. As a 
concequence of thorough contract negotiations, the parties should have a full and identical 
understanding of the obligations of each party when signing the contract.  

Scope of contract  
There are several possibilities of what the scope of a nuclear fuel supply contract could be. Usually the 
fuel contract covers manufacturing of the fuel assemblies including all necessary services like raw 
materials for structural components, design, quality management, licensing, transportation etc. The 
scope might also include supply of necessary amounts of natural uranium, conversion and enrichment 
services. 

A Perfect Fuel Supplier is able to offer all above services separately or in one package, whatever the 
customer wants, for a competitive price. 

2.3 Licensing 
Before the fuel assemblies may be used in the customer's nuclear reactor they have to be licensed by the 
regulatory authority of the customer's country. Unfortunately, there are different licensing requirements 
in different countries. This makes the fuel supplier's task somewhat more complicated but this cannot be 
avoided for the time being. There is a process going on to harmonise the safety requirements in the 
western European countries by the Western European Nuclear Regulators' Association (WENRA). If 
this work succeeds, the complication of different regulatory requirements will be eliminated. With the 
support of the customer a Perfect Fuel Supplier gets acquainted with the nuclear safety regulations in the 
customer's country concerning the licensing of the nuclear fuel.  

Typically, the licensing can be divided into two parts: Licensing of the design and licensing of the 
manufacturing. For clarity, the following chapters deal only with the thermal mechanical design of the 
fuel assemblies and their components. Not, for instance, the reactor physical designs of the assemblies or 
the reactor core itself. 

Licensing of the fuel design 
The aim of the design is to make sure that the fuel assembly structures and the components of the 
assembly fulfil all the safety requirements set for normal operational conditions and anticipated 
transients as well as for postulated accident conditions.  

The scope of licensing may also vary from case to case. Some customers may want the fuel supplier to 
perform the safety analyses of the reactor plant and to demonstrate that all safety criteria are met. Other 
customers prefer performing the plant safety analyses themselves. In the latter case the fuel supplier's 
scope of licensing is restricted to submitting the fuel design and design verification data (see below). In 
the author’s view the latter alternative is more appropriate because it treats the potential fuel suppliers 
equally. It also ensures deeper insight for the plant operator of the plant performance in extreme 
conditions. A Perfect Fuel Supplier is able offer the whole scope of licensing services in accordance 
with the customer's wishes.  

For each fuel assembly type a Perfect Fuel Supplier compiles and maintains a design bases and design 
verification documentation including: 
- Design bases: 

- design criteria (design limits) 
- reasons for criteria (failure mechanisms) 
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- justifications of the criteria criterion (analytical and/or experimental evidence that criteria are 
adequate) 

- design conditions 
- Design verification: 

- description of the verification methodology (analytical and/or experimental methods) 
- results of the verification work demonstrating that the design bases requirements have been met 

and reference to relevant topical reports for detailed information. 

With such documentation the licensing of the fuel design becomes transparent and controllable. In case 
the design or the design conditions change, this documentation facilitates systematic checking of the 
design documentation to make necessary updates. 

Licensing of the manufacturing 
The manufacturing of the materials, components and complete fuel assemblies has to be performed in 
accordance with written documents, such as: 
- specifications,  
- drawings,  
- manufacturing and inspection plans 

Some of the manufacturing processes require qualification. Such special manufacturing processes 
produce characteristics of the product which cannot be measured using non-destructive methods. These 
processes include heat treatments, welds, etc. Special inspection and testing methods are methods that 
require specific parameter settings, environment etc. in order to produce reliable results. These include 
UT- and EC- testing, re-sintering tests, etc. All these special processes and methods shall be qualified 
before applying them on fuel manufacturing. The qualification programmes and the qualification results 
shall be recorded in corresponding reports. 

The requirements for the approval of the above mentioned manufacturing documents by the customer 
may vary from country to country. However, a Perfect Fuel Supplier will provide these documents in a 
timely manner for the customer approval and will start the manufacturing only after the customer, and 
potentially the safety authority of the customer's country, have approved the use of these documents in 
manufacturing. 

2.4 Manufacturing - Surveillance by the customer 
Manufacturing of the fuel assemblies may be organised in a variety of ways. One extreme would be that 
the fuel assemblies and all the components are manufactured within one manufacturing plant. The other 
extreme would be that the fuel supplier does not have its own manufacturing facilities at all, but they 
manage a chain of component sub-suppliers up to an assembling plant of the complete fuel assemblies.  

Whatever manufacturing solution the fuel supplier has, a Perfect Fuel Supplier makes the customer's 
manufacturing surveillance easy by the following actions: 
- Compiling and providing the customer with an up-to-date manufacturing schedule of all 

manufacturing stages. This is important for the customer to be able to time their visits on the 
manufacturing stages of interest. 

- Providing an easy access to all manufacturing facilities and manufacturing documents therein for the 
customer's manufacturing surveillance, even at short notice. 

- Making sure that the customer's requirements on the manufacturing of the fuel assemblies and their 
components are correctly understood and taken into account in the documentation at the 
manufacturing plants.  
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- Making the practical arrangements for the customer's visits to the sub-supplier's plant  
- Accompanying and supporting the customer during the manufacturing surveillance visits 

2.5 Delivery 
The most important issues concerning the delivery of nuclear fuel to the customer are the delivery on 
time and the use of a transportation method which preservs the quality of the fuel during transportation. 
To make sure and to demonstrate for the customer that during the transportation no incidents have 
occurred that could affect the quality of the fuel assemblies, accelerometers should be installed in the 
transportation containers. The set points of the accelerometers should be set based on experiments 
determining the safe range of accelerations on the fuel assemblies. 

In addition to the delivery of the fuel assemblies themselves, a Perfect Fuel Supplier supplies the 
customer with a quality certificate and a documentation package demonstrating that the fuel assemblies 
and their components have been manufactured in accordance with the manufacturing documentation 
approved by the customer (and the Safety Authority of the customer's country). This is to say, copies of:  
- material certificates of all component materials and welding materials 
- manufacturing certificates of components, sub-assemblies and completed fuel assemblies  
- documents showing the results of inspections made in accordance with the inspection plans 
- traceability files allowing to identify which particular material batches, components or component 

batches have been used in which particular components, sub-assemblies and completed fuel 
assemblies 

2.6 Contract completion 
Before the contract completion a Perfect Fuel Supplier takes care that all the open issues of the contract 
implementation are closed together with the customer. In case there are issues that concern potential new 
fuel supply contracts, a Perfect Fuel Supplier records all such issues to be carried forward if a new 
contract becomes a reality. 

3 Customer project management 
The nuclear fuel supply does not consist only of the delivery of the fuel assemblies to the power plant. 
Due to the important role of the fuel for the safety of a nuclear power plant, the nuclear fuel supply shall 
also include a demonstration in writing that the fuel assemblies meet all the customer requirements. One 
of the main tasks of a Perfect Fuel Supplier's customer project is to make sure that this demonstration, in 
form of quality records, is gathered during the manufacturing and supplied to the customer after the 
completion of the reload manufacturing. 

The intention of the following chapters is not to cover all issues of project management in general but to 
pick up some issues of particular importance for the customer of a nuclear fuel supply project. 

3.1 Project organisation 
A Perfect Fuel Supplier establishes a customer project for each fuel contract for managing their 
obligations. From the point of view of fluent and efficient communication with the customer it is 
important that a person who performs the everyday coordination of the project is nominated as a project 
manager in the supplier's organisation.  The customer project manager manages the contacts between the 
supplier and the customer on one hand and within and between the supplier's and their sub-suppliers' 
organisations on the other hand.  
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3.2 Documentation 
Documentation plays a crucial role in the nuclear industry in general. The design and manufacturing of 
nuclear fuel are no exception. Documents are used to specify, plan and realise actions and to record the 
results. They are also used to demonstrate that the planned actions have been taken and that the results 
of the actions have been acceptable. 

The number of different documents needed to comply with the fuel contract obligations is quite large. In 
addition, various documents have to be revised from time to time due to development in the fuel design 
and manufacturing technology etc. For many documents there exist various revisions, usually one valid 
revision at a time. The documents often refer to other documents. This is especially true for the 
manufacturing documents. This huge complexity of documents requires a good document management 
system. All documents and their different revisions shall be identified unambiguously. When a 
document is changed or replaced by another document, it is necessary to check whether this is reflected 
to other documents (having reference to the changed document). Unnecessary reference to documents 
with their revision numbers should be avoided to avoid an infinite chain of document changes just 
because of changing the revision numbers. Nevertheless, the full traceability of the manufacturing 
documents shall be maintained at all times (see chapter 3.3). 

Most documents today are created electronically. In order to expedite the handling of documents a 
Perfect Fuel Supplier uses a system of electronic inspection and approval. Distribution of documents to 
the customer in electronic form would also shorten the total time needed for their approval by the 
customer and/or the licensing authority in the customer's country. 

3.3 Traceability 
A full traceability of everything is a key feature of nuclear fuel design and manufacturing.  

All design work used to demonstrate that the fuel design meets the customer requirements shall be 
documented in individually identified documents. 

Every document, batch of material (and small components), every sub-component and complete fuel 
assembly as well as every piece of equipment used in the manufacturing and inspection of the fuel shall 
have its individual identification code. The history of all manufacturing and inspection stages, shall be 
recorded with reference to these identifiable materials/batches/components and manufacturing and 
inspection documents. 

A reliable traceability system is essential for assuring that the fuel is manufactured in accordance with 
the correct design specifications and manufacturing and inspection plans and using correct materials, 
components and equipment. A good traceability system enables also to create reliable evidence for the 
supplier itself as well as for the customer that the final product fulfils all the requirements. In case of 
mistakes in the manufacturing (batches of wrong material or failures of equipment etc.) a good 
traceability system helps to limit the amount of suspect material batches or components. Thereby, the 
consequences of such mistakes can be minimised. 

A Perfect Fuel Supplier has a perfect traceability system. The supplier maintains and supplies the 
customer with an up-to-date record of all design documents (see chapter 2.3 above). After a reload 
manufacturing campaign the manufacturing documentation and the traceability files for the customer are 
produced easily (see chapter 2.5 above). 
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3.4 Continual improvement 
Continual improvement is a term introduced into the quality management when ISO 9001:2000 standard 
was issued. As ISO 9000:2001 puts it "The aim of continual improvement of a quality management 
system is to increase the probability of enhancing the satisfaction of customers and other interested 
parties."  

What is required to enhance the satisfaction of the customer and other interested parties, may vary 
between the customers. In the nuclear industry the safety is of primary importance. Therefore, the 
quality of the nuclear fuel itself and the customer's confidence that the quality targets have been met, are 
the main factors in the customer satisfaction. They are also the main factors of satisfaction of the "other 
interested party", which in this case is the licensing authority of the customer's country.  

In practical terms continual improvement means, among other things, that the supplier has a systematic 
approach  
- to plan their activities 
- to execute the plans 
- to monitor and measure the effectiveness of the activities,  
- to evaluate the feedback and  
- to implement adequate improvements.  

Examples of tools for the continual improvement are: 
- statistical process control methods 
- management of non-conformances 
- internal and external audits 
- acquiring of customer feedback through questionnaires and/or interviews 
- keeping lists of improvement opportunities ("Lessons learned") 
- management reviews 

A key to building up the customer's confidence that the quality targets have been met and will be met in 
the future is an open communication between the customer and the supplier on the implementation and 
on the results of measures for continual improvement. 

3.5 Communication with the customer 
A good communication between the customer and the supplier is essential in a fruitful relationship. 
Good communication means  
- easy and direct contacts between the persons managing every-day operational issues 
- fast response to questions and requests 
- good understanding of the technical issues related to nuclear fuel manufacturing and its licensing in 

the customer's country 
- mutual language between communicating parties 

A Perfect Fuel Supplier  
- establishes a project organisation to manage the implementation of each fuel contract (see chapter 

3.1), 
- nominates a customer project manager and other necessary people in the project with good 

knowledge on nuclear fuel design and manufacturing and language skills (at least English or 
customer's own language).  
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- provides modern communication equipment (electronic mail, mobile phone) for all key persons 
working in a customer project, such as the project manager and any other persons communicating 
with customer's specialists. 

- provides the most important design and manufacturing documents to the customer translated in 
English or in the customer's own language, in addition to the original language. 

3.6 Quality management 
There are several definitions of Quality Management in the literature. In this paper the term is used 
somewhat loosely meaning all the planned and systematic actions aimed to provide adequate confidence 
that the supply will satisfy the customer requirements.  

The Quality Management System shall be described in a Quality Manual (Quality Management Manual, 
earlier often called also Quality Assurance Manual). Often the fuel supplier has a Quality Manual 
covering all activities of the organisation. Because the customer requirements are written in the fuel 
contracts and may vary from one customer to another, a Perfect Fuel Supplier works out a Quality 
Management Programme (Quality Assurance Programme, Quality Plan) for each individual fuel 
contract. The Quality Management programme describes how the individual customer projects are dealt 
with within the supplier's Quality Management System. 

A Perfect Fuel Supplier works out the Quality Management System and Quality Management 
Programmes keeping in mind primarily the resources and the ways of working that have been developed 
in their own organisation. It is surprising how many of the quality manuals seem to repeat the contents 
of the ISO 9001:2000 standard rather than describe the actual processes that have been estimated and 
selected to be the ones that bring about the best results as far as the customer satisfaction is concerned. 
This, in spite of the fact that ISO 9001:2000 states in the introduction of the standard that  

"The design and implementation of an organisation's quality management system is influenced 
by varying needs, particular objectives, the products provided, the processes employed and the 
size and structure of the organisation. It is not the intent of this International Standard to imply 
uniformity in the structure of quality management systems or uniformity of documentation" 

It is usual that the fuel supplier sub-contracts some of the tasks (design or manufacturing or both) to 
other organisations. The customer's requirements concerning the products including the quality 
management system shall be transferred on these sub-suppliers in the contracts between the fuel supplier 
and their sub-suppliers. 

4 Conclusions  
The customer is right. The customer comes first. These are common sentences in the marketing 
language. By a free interpretation of the ISO 9001:2000 quality standard the same idea has been 
converted into a concept of a quality management system that is based on a continual improvement of 
the functional processes of an organisation with a goal to enhance the customer satisfaction. 

In principle, the importance to the supplier of the customer satisfaction is clear. There is no business 
without customers. Under healthy market conditions the supply and the demand are more or less in 
balance and there are various suppliers on the market. In these circumstances the competition takes care 
of the customer satisfaction.  

VVER nuclear fuel market is relatively small and there is only one large scale supplier. Therefore, a 
hard competition is not there, at least not for the time being, to guarantee that the enhancement of the 



  9(9) 

customer satisfaction stays number one in the supplier's priorities. One way to promote the importance 
of the customer satisfaction is public discussion on the issues that are important for the customers. Good 
opportunities for these discussions are specialized VVER fuel conferences, like the one this paper is 
given in. Regular meetings between the supplier and all the VVER fuel customers would be another 
good forum for this kind of discussions. 

The attempt of this paper is to emphasize the issues that are important from point of view of the 
customer satisfaction. In a nutshell, the customer satisfaction in the supply of nuclear fuel assemblies is 
based upon  

- the good quality fuel assemblies themselves 

- the reliable and sufficient evidence that the specified quality of the fuel assemblies fulfil has been 
achieved 

- the good quality of the services needed to accomplish two previous points, ie. 

- Easy and open communication between the supplier and the customer throughout the 
implementation of the fuel supply contract. 

- Timely submittal of the information on the fuel design and manufacture for licensing prior to 
start of manufacturing. 

- Timely delivery of the fuel assembly reloads 
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