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1. Introductory Remarks 

The main purpose of this paper is to give an over-
view on status and future perspectives of the 
Western PWR fuel technology, as a supplement to 
the target of this international conference. Just for 
more easy understanding and correlating this over-
view to the experience of the audience of this con-
ference, some comparing views to the WWER fuel 
technology are provided.  

A consistent evaluation of the status and future 
trends of the WWER fuel technology of course is 
the target of this conference, and conclusions and 
perspective views will be elaborated at the end of 
this meeting by the organizer and the helping re-
viewers of this conference. 

This overview of the PWR fuel technology of 
course can not go into the details of the today used 
designs of fuel, fuel rods and fuel assemblies. 
However, it will try to describe the today achieved 
capability of PWR fuel technology with regard to 
reliability, efficiency and safety. 

 
 

2. Retrospective Historical Review 

PWR fuel technology now exists since more than 
40 years. To achieve the present high level of reli-
ability and economy a remarkable way with sub-
stantial efforts had to be gone covering R&D, de-
sign, fabrication and performance evaluation. This 
way led from energy yield of very initially about 20 
000 MWd/tU to currently as much as 60 000 
MWd/tU, accompanied by an increase of enrich-
ment from initially about 2% to currently close to 
5% 235U. The core average power densities of 
commercial power plants developed from around 
80 kW/l to today up to 108 kW/l for PWRs. 

On this way fuel rod arrays starting with 14×14 
and 15×15 geometries to now 17×17 and 18×18 
geometries were developed. Only low contents of 
235Ucontaining fuel were replaced by fuel contain-
ing high contents of 235U in combination with UO2 + 
Gd2O3 fuel and now also increasingly using "MOX 
fuel" containing (U,Pu)O2.  

The details of the fuel rod design were continu-
ously improved as well as the design of the fuel 
structure component, i.e. the spacer grids, the 
guide tubes and the upper and the lower tie plate. 
These developments include the optimization of 
the materials as well as the thermo-hydraulic prop-

erties of all fuel assembly components and also 
the neutron-economy of the whole fuel assembly 
and of the reload and reshuffling strategies for the 
PWR cores. 

In the same time when this impressive devel-
opment of the PWR fuel design led to dramatic 
improvement as well for the specific energy pro-
duction as also for the economy of this production 
the fabrication technology for the needed materials 
and components of the fuel assemblies was devel-
oped technically and economically. 

And finally, also the operation reliability devel-
oped from the early rather intensive fights with en-
gineering related problems like rod collapsing and 
the necessity to change the fuel rod cladding mate-
rial from stainless steel to Zircaloy to debris related 
fuel rod defects and the problems of fretting be-
tween spacer and fuel rod. On this way the fuel rod 
failure rates could be decreased from 10-3-10-4 in 
the 70ties to less then 10-5 by the end of the 80-
ties. In the 90-ties various unexpected effects led 
to fuel defects which interrupted the process of 
decreasing the failure rate down to 10-6. Thus to-
day the best fuel rod failure rates in PWR fuel 
assemblies vary in the range of 2-5·10-6. 

A comparable successful development oc-
curred with the WWER fuel during about the same 
time period covering also design, fabrication and 
operation. Also there the optimism to reach the 
magic limit of 10-6 up to now could not be fulfilled 
systematically for commercial fuel due to repeat-
edly occurring unexpected fuel operation prob-
lems. On the other hand the burn-up targets could 
be shifted correspondingly to up to 60 MWd/tU. 
Longer exposure times ("5 years cycles") of the 
fuel assemblies are considered for WWER fuel in a 
comparable way as for PWR fuel. Also the fabrica-
tion technology for WWER fuel developed suc-
cessfully during the four decades of its history. 

However, it has to be stated clearly that be-
sides the fact that some of the operation problems 
can be related to the same or similar generic 
causes like FA bow, vibration problems etc., basi-
cally there is one very fundamental difference be-
tween PWR and WWER fuel performance that 
leads to different design characteristics typical for 
these two types of fuel.  

This is the fact that with PWR fuel the main limit-
ing factor for the liner heat generation rate (LHGR) 
of the fuel rods and the final burn-up of the fuel as-
sembly since more then 2 decades was the corro-
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sion and the corrosion related hydriding of the FA 
components made of Zr-based materials. Besides 
some localized corrosion effects corrosion and cor-
rosion related hydriding was never a problem with 
components of WWER fuel assemblies made of Zr-
based materials. The reason for this difference 
clearly is the different water chemistry in PWRs and 
WWERs. While in PWRs the pH compensation for 
the Boric acid content in the primary coolant is 
achieved by LiOH, in WWER cores KOH and 
NH4OH is used for this purpose, leading to much 
lower uniform corrosion of Zr based materials. 

On the other hand up to today the design de-
velopment of WWER fuel assemblies always 
strongly focused – and still does - on mechanical 
strength, stiffness and related mechanical proper-
ties of the FA components. In turn this was never a 
point of specific concern with PWR fuel designs. 
However, in some of the PWR fuel designs ad-
vanced guide tubes have been introduced that 
contribute to the strength and stiffness of the fuel 
assemblies.  

Finally it should be mentioned that for PWR fuel 

it is "state of the art" since more than 20 years to 
be reconstitutable, i.e. they can be repaired after 
having already been exposed in the reactor. 

 
 

3. High Burnup PWR Fuel, General 
Situation and Near Future 
Perspectives  

After the merging processes in the Western LWR 
fuel industry mainly two PWR fuel designers are 
internationally on the commercial market: 
• The Framatome-ANP fuel design, compiling the 

former design developments of Framatome/ 
Fragema and Siemens/KWU; 

• The Westinghouse fuel design, compiling the 
former design developments of the nuclear fuel 
divisions within the "old" Westinghouse Electric 
comp., and the ABB Combustion Engineering 
Nuclear Operation, under the umbrella of BNFL. 

Both designs are offered worldwide. However, while 
the Framatome-ANP design is more focusing on the 
European situation, the Westinghouse design is 

 
Figure 1. Burnup distribution of Siemens PWR fuel with burnups >40 MWd/tU, (status 12/2000) [1]  

 

 
Figure 2. Trends in discharge-average burnup - US [2] 
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more influenced by the demands in the USA. 
Both companies today design and sell PWR 

FAs with UO2 fuel and UO2 + Gd2O3 fuel. MOX FAs 
using (U.Pu)O2 are primarily designed and sold by 
Framatome-ANP. 

Besides for some older plants today the inter-
national standard for PWR fuel assemblies is a 
17×17 fuel rod configuration, with the exception of 
the mainly in Germany operated newer PWR 
plants built by Siemens which are using an 18×18 
fuel rod configuration. 

Both fuel vendors claim that with the present 
design the fuel assemblies can reach 60 GWd/tU. 
However, in reality the majority of the commercially 
operated fuel is discharged with burnup of about 
40 GWd/tU. This holds for Europe as well for the 
US, as shown in Figure 1 [1] and Figure 2 [2]. As 
also can be seen from Figure 2 that there is a 
range of higher FA discharge burnup that extends 
up to 55-56 GWd/tU for Framatome-ANP fuel 
(Siemens-design). Similarly Westinghouse claims 
[3] to have reached batch discharge burnups of 50 

GWd/tU. Along with the increasing burnup the ini-
tial 235U enrichment increased as shown in Figure 
3 [2] for the US. In fact in some plants initial en-
richments have been realized that go up to the in-
ternational limit for fabrication and transportation of 
5% [4]. With this initial enrichment the discharge 
burnup can be extended up to 65 GWd/tU [3]. Of 
course those high discharge burnups can only be 
realized with an adequately long exposure time as 
for example 5 one-year cycles [4]. While in Europe 
one-year cycle are still the normal case, in the US 
since many years there is a strong trend to much 
longer cycles as illustrated in Figure 4 [2]. 

Of course, the discussed increase to very high 
burnup has to be accompanied by an adequate 
development of the core load strategies. So called 
Low Leakage Patterns are in use with PWR cores 
since already many years. The degree of low leak-
age depends on the magnitude of difference in 
reactivity between fresh and burnt fuel and may 
have to be reduced compared to traditional low 
leakage patterns. In Figure 5 a schematic pattern 

 
Figure 3. Trends in average initial enrichment – US [2] 

 
Figure 4. Trends in cycle length – US [2] 
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for a 5-regions core is shown [4].  
In the near future the above described high 

burnup targets of up to 65 GWd/tU will not be ex-
ceeded easily, due to the fact that the internation-
ally established limit of 5% enrichment for fabrica-
tion and transportation is reached. However, there 
are also other reasons for a halt of the develop-
ment at this burnup figure. On the one hand some 
"surprises" occurred during the last 10 years with 
regard to the operational behaviour. They will be 
discussed in some detail a little bit later. Also some 
"traditional" operational problems could not really 
fully be solved up to now. This refers in particular 
to "grid-to-rod" fretting failures as the result of vi-
brations. On the other hand there are open ques-
tions with regard to the safety behaviour of high 
burnup fuel [5], e.g. the in the mean while broadly 
known question of conservative RIA-limits [6], and 
also some so far not yet broadly discussed ques-
tions in connection with the LOCA behaviour of 
high burnup fuel. Therefore a "digesting period" is 
expected as the discharge burnup reaches the 
range of 65 GWd/tU within the next years. 

In the meanwhile a considerable amount of ex-
perience has been collected with the design, fabri-
cation and the performance of MOX fuel in Europe, 
in particular in France. As already mentioned either 
Siemens or Framatome/Fragema designed this 
MOX fuel and the experience is now reported as 

with Framatome-ANF fuel [7]. 
Some MOX lead test assemblies have been 

designed BNFL and were irradiated in Switzerland 
with interesting data from PIE examination and 
from ramp test [8] . 

The over-all finding is that the reliability of MOX 
fuel assemblies is as good as with UO2 fuel as-
semblies. "No rod has ever failed for MOX-specific 
reasons. Moreover, the release rates of fission 
products in the primary coolant were similar to 
those observed with defective UO2 fuel" [7]. The 
burnup with individual MOX FAs has reached 54 
GWd/tM. In France a "hybrid" fuel management 
scheme with 28 UO2 FAs (3.7% enriched) irradi-
ated for four annual cycles and 16 MOX FAs (Pu 
content equivalent to 3.25% UO2) for three annual 
cycles has been used for all reactors wit MOX fuel 
since 1994, with load-following conditions since 
1995. Recently the maximum average Pu content 
was increased from 5.3 to 7.08 to allow the use of 
Pu coming from reprocessing of highly irradiated 
fuel. These MOX FAs are equivalent to a Uranium 
enrichment of 4.3 w/o.  

The future perspectives of the French MOX fuel 
R&D programs aim for target burnup of 70 GWd/t. 
For this ambitious target it is necessary to improve 
the current fuel production technology, concerning 
the (U,Pu)O2 as well as the design of the fuel rod 
and assembly structure. 

 
 

4. PWR Fuel Assembly Component 
Design, Status and Perspectives 

The following design features for the main FA 
components typically characterize a modern PWR 
fuel assembly: 
• Tops Nozzle with reduced pressure drop; 
• High performance spacer grids with improved 

mechanical strength as well as optimized cool-
ant mixing capabilities; 

• Fuel rods with advanced cladding materials to 
meet high duty corrosion resistance; 

• Guide thimbles with optimized mechanical 
properties, reinforced dash pots and improved 
corrosion resistance to control the amount of 
hydrogen uptake; 

• A bottom nozzle with integrated anti-debris fil-
ters, which are optimized to a maximum of de-
bris resistance and a minimum of pressure 
drop. 

As an example in Figure 6 the main design fea-
tures of the French AFA 3G fuel assembly [9] are 
shown. There are more on the market that fulfil the 
same main design targets as: 
• High burnup; 
• Optimal neutron economics; 
• Optimal thermo-hydraulic performance. 
These are for example the "HTP" (High-thermal-
Performance) Fuel Assembly of Framatome-ANP 

 
Figure 5. Schematic loading pattern of the 5-region 

core [4] 
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that comes from the Siemens development, and 
the RFA (Robust Fuel Assembly) design of West-
inghouse. They all have optimized all FA compo-
nents and materials to meet the above mentioned 
major design targets. As examples some of the 
most interesting components and design details 
are shortly described. 

 
4.1. The HTP Spacer (Siemens Development) 

Figure 7 gives an impression of the design princi-
ples: 
• Line contact between spacer cell and fuel rod, 

four pairs of continuous lines support the fuel 
rod thus leading to a maximum fretting resis-
tance by a large area of grid-to-rod contact; 

• Spiral channels for the coolant flow through the 

 
Figure 6. AFA 3G main design features [6] 

 

 
Figure 7. HTP spacer, design principles [1] 

 
Figure 8. Fuel guard anti-debris filter, design 

principles (source Siemens) 
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spacer cell provide an excellent long range 
coolant mixing after the spacer, thus keeping 
the temperatures between cladding tube and 
coolant low. 

4.2. The Fuel Guard Anti-Debris Filter (Siemens 
Development) 

Figure 8 shows the details of design principles: 
• Curved blades:  

• Optimize the debris retention capability and  
• Minimize the pressure drop in the coolant. 
 

4.3. The MONOBLOCKTM Guide Thimble 
(Fragema/Framatome Development) 

Figure 9 shows the design difference between this 
new guide thimble used in the AFA 3G, and the 
guide thimble used in the AFA 2G: 
• The MONOBLOCKTM Guide Thimble is made 

from one piece, and the dashpot has no weld, 
thus improving the localized hydriding behaviour; 

• The internal diameter and the wall thickness is 
increased, thus upgrading the lateral stiffness 
by about 30%; 

• The wall thickness of the dashpot is increased 
thus increasing the momentum of inertia and 
decreasing the stress in the dashpot, which de-
creases the creep; 

• As the dashpot straightness is maintained the 
friction forces between absorber rod and guide 
thimble are drastically reduced. 
More advanced FA designs are underway with 

both fuel suppliers: 
• The "ALLIANCE" of Framatome-ANP [10], aim-

ing at 70 GWd/tU or more with further improved 
thermo-hydraulic and mechanic performance. 
Figure 9a shows the main design features. As-
semblies of this type are under irradiation: in 
the 14 ft version in a 1300 MW EdF reactor 

0.4

0.4

0.5

1.18

 
Figure 9. The MONOBLOCKTM guide thimble [6] 

 
Figure 9a. AllianceTM main design features [10] 
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since 1999, in the 12 ft version in a 900 MW US 
reactor since 2000. 

• At Westinghouse development is going on lead-
ing beyond the design limits of the already 
mentioned RFA (Robust Fuel Assembly). This 
development aims at further increased heat 
transfer and burnup. Various critical experi-
ences in US plants where high heat flux in 
combination with crud deposition lead to fuel 
failures. This new dimension of critical operat-
ing conditions involves more thorough investi-
gation of local sub-cooled boiling and the inter-
action with crud depositing coolant chemistry 
conditions. Therefore also more reliable pre-

vention of crud deposition is one key to be able 
to up-rate the core power by increasing the 
heat flux over a wide range of burnup.  
 
 

5. PWR Fuel Materials for Existing and 
Future Designs 

Material development was always a key feature in 
promoting PWR fuel design. Already 20 years ago 
it became clear that the classical Zircaloy could no 
longer fulfill the function as a reliable cladding ma-
terial for the increasing thermal load and burnup 
requirements. The critical design limiting property 
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Zr1Nb
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Figure 10. Corrosion behaviour of advanced alloys [8] 

 

 
Figure 11. Corrosion of ZIRLOTM vs. Zircaloy-4 at modified fuel duty [3] 
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was the uniform corrosion with its strong tempera-
ture dependence at the interface cladding to cool-
ant. As a first consequence "improved Zircaloys" 
were developed with more strict limits for corrosion 
sensitive alloying elements and impurities and on 
heat treatment conditions. But soon more basic 
changes became unavoidable to meet the further 
increasing thermal and burnup requirements. This 
lead to strong efforts with all leading fuel designers 
to find advanced cladding material solutions. As a 
result today there are, besides many more experi-
mental materials, three commercially used and 
proven variants of cladding material in use: 
• The "Duplex" cladding with a low Sn Zry-variant 

on the outside and a regular Zircloy-4 as the 
bulk of the cladding wall. This Siemens devel-
opment today is called DX-ELS 0.8 (Duplex-
Extra-Low-Sn, with 0.8% Sn); 

• "ZIRLOTM", a 1% Nb, 1% Sn, 0.1% Fe material, 
developed by Westinghouse; 

• "M5TM" a ZrNbO material developed by Frama-
tome/Fragema. 

In Figure 10 a comparison of the corrosion behaviour of 
DX-ELS 0.8 and M5TM is given together with optimized 
Zry-4 and some other experimental materials is given. In 
Figure 11 recent data [3] on the corrosion of ZIRLOTM is 
depicted. Of course for the use in a modern PWR fuel 
design more data, e.g. on creep and growth, are neces-
sary and available in the literature, e.g. on M5TM in [11] 
and for DX-ELS 0.8 in [12]. However, this would lead 
out of the limited scope of this paper.  

In the meanwhile both PWR designer, as 
applicable, are going to introduce the above 
described advanced Zr-materials also into the FA 
structure, i.e. in spacer grids and guide thimbles. 
This has been announced by Framatome-ANP for 
the "ALLIANCETM" design with using he "M5TM"-
material. And Westinghouse accordingly an-
nounces to use the ZIRLOTM-material for the struc-
ture of their advanced variant of the "RFA"-design. 

 
 

6. Operational 
Performance 

As already mentioned in the 
historical review, up to now 
Western PWR fuel could not 
reach the target of a failure rate 
of 10-6 or lower. On the one 
hand there are still fuel failures 
caused by debris fretting. In 
fact the anti-debris filters could 
decease this problem signifi-
cantly (Figure 12). However, 
not all utilities are using fuel 
with this device. Also the prob-
lem of spacer to cladding fret-
ting could not be fully resolved. 
In detail the reasons for this 
kind of defects are different for 
different designs.  

On the other side during the 
90-ties also new types of fuel 
failures occurred that are corre-
lated to a high heat flux in com-
bination with crud deposition on 
the fuel rod surface. At loca-
tions where sub-cooled boiling 
occurs, i.e. on upper spans of 
high-power fuel assemblies the 
deposition is accelerated. Boric 
acid and LiOH also concentrate 
in these boiling crud deposits, 
accumulating boron com-
pounds. The result of this boron 
buildup in the upper portions of 
some fuel assemblies is that 
the core power distribution 
shifts unexpectedly toward the 
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Figure 12. Impact of anti-debris filters on fuel failures induced by debris 
(source: Framatome-ANP) 
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Figure 13. Axial offset behaviour for a CIPS core [3] 
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core inlet (several months after start-up of the cy-
cle). This shift is called a "crud induced power 
shift" (CIPS), or "axial offset anomaly" (AOA) (Fig-
ure 13). In most cases CIPs incidents in the US 
occurred after the power output of the plant was 
increased. Under locally thick crud deposits the 
temperature at the interface between cladding sur-
face and coolant increases, thus leading to accel-
erated localized corrosion.  

As a result fuel rod failures occurred. Conse-
quently more attention has to be paid to localized 
sub-cooling in advanced high duty PWR fuel de-
signs. 

7. PWR Fuel Manufacturing and Quality 
Assurance/Quality Control 

During the last 15 years the classical way of quality 
assurance and control was replaced by a new phi-
losophy with new methods to assure a best possi-
ble quality of nuclear fuel products. While in the 
past the reactive efforts were focusing on the de-
tection and removal of quality deficiencies by post-
line control of the products after completing fabri-
cation, now pre-planed preventive measures are 
primarily focusing on process- rather than product 
control. A so called "Total Quality Management" 
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Figure 14. Relation between Quality Assurance, Total Quality Management, and (Customer´s) Quality 
Awareness [9] 
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Figure 15. Distribution of quality characteristics [10] 
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(TQM) (Figure 14) philosophy was developed [13] 
and successfully introduced in the fuel production. 

Two basic ideas characterize this kind of mod-
ern quality management: 
• Process Orientation, i.e.: 

• Control and instantly correct the processes 
that are crucial for the fabrication quality; 

• With an active attitude toward foresighted 
prevention, i.e. 

• Any problem must be detected and cor-
rected before it may occur. 

• Continuous Improvement, i.e.: 
• Constant effort to improve all steps of fabri-

cation: manufacturing and testing; 
• Deviations from target values must be re-

duced constantly; 
• It is not sufficient to meet the specification 

[14], process variation must stay as clear off 

Process

Product

be
fo

re

du
rin

g

af
te

r

Manufacturing

control of relevant
process parameters
implementation of

adjustment and
corrective measures

on-line

Packaging and
Distribution

quality control of
final fuel elements

off-line

Product and
Process Design

identification of
crucial parameters

and optimal settings

off-line

Acc K. Baur and Y.-L. Grize, Kerntechnik 63 (1998) 3, pp. 92 - 97Quality management and Quality Assurance 
in the Manufacture of Nuclear Fuel Eements  

Figure 16. The three stages of Quality Management in modern fuel production [10] 
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as possible in between lower and upper 
control limit (LCL, UCL) (Figure 15) as de-
fined by statistical process control; 

• Quality data have to be collected, analyzed 
and assessed frequently and regularly. 

Those activities essentially imply a continuous feed 
back from the customer how the delivered prod-
ucts perform in service.  

This feed back has to be sought and under-
stood(!) actively by the supplier. 

For the realization of this new quality manage-
ment the following measures (Figure 16) are nec-
essary [14]: 
• Organizational: 

• The responsibility to make the adequate 
quality was appointed to the manufacturing 
units;  

• Independent QA/QC continued to exist with 
surveillance tests 

• Decentralized continuous process control – 
and improvement – was implemented. 

• Technical: 
• Highly automated fabrication processes 

were introduced step by step; 
• Online data acquisition and evaluation was 

established with those modern processes to 
continuously provide the necessary data for 
manufacturing as well as QA/QC; 

• For the assessment of process and product 
data modern statistical evaluation methods 
were developed and applied. 

A good overview on the achieved progress with 
modern quality management in nuclear reactor fuel 
manufacturing was given on an IAEA Technical 
Committee Meeting held in Lingen, Germany, in 
1999 [15]. Two lectures describing the methodol-
ogy of TQM and its application on nuclear fuel  
fabrication were given on an IAEA seminar in  
Bratislava, Slovakia in 1999 [16]. Interestingly  
with the methods of TQM not only the quality of 
nuclear fuel and the reliability of its fabrication pro-

processes can be strongly improved, but also the 
cost of fabrication [17] clearly could be reduced  
(Figure 17). 

 
 

8. Comparing Views on WWER Fuel 
Technology 

It was recently published [18] that presently the 
significant part of WWER-1000 plants are operated 
in a mixed 3 to four annual cycle mode where from 
6 up to 36 FAs are left for the 4-th operational year 
(Figure 18). Fuel assemblies are discharged after 
3 cycles at burn- up of up to 40 GWd/tU, and after 
4 cycles operation with a burnup of up to 45 
GWd/tU. That correlates quite well to the situation 
with PWR fuel in Europe (Figure 1) and in the US 
(Figure 2).  

An overview on the present status and the fu-
ture development of WWER fuel recently was 
given in [19]. The design criteria for regular opera-
tion as well as for the safety behaviour of WWER 
fuel are not basically different from those for PWR 
fuel. However, as already mentioned in the histori-
cal review, the priorities for some of the criteria are 
different from those for PWR fuel. This specifically 
holds for the corrosion criteria, which is of first pri-
ority for PWR fuel, but not for WWER fuel.  

In the period from 1990 to 2001 the operating 
reliability, assessed by the quantity of WWER fuel 
rod leakers per year has been reported [19] as: 
• WWER-440 (Project B-213): 6.8·10-6

 

1/year; 
• WWER-1000: 1.7·10-5

 

1/year. 
Again this complies well with the experience with 
PWR fuel. 

The safety criteria for PWR and WWER fuels 
were discussed and compared by the experts in 
the framework of the joint IAEA-OECD/NEA activi-
ties [20,21]. The comparison has revealed an es-
sentially identical approach to designing WWER 
and PWR fuel. 

 
Figure 18. The average fuel burnup depth for spent WWER-1000 FAs [14] 
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A recently published report on "WWER Nuclear 
Fuel Trends" [22] summarizes the future R&D tar-
gets as: 
• Extended service life – not less than five years; 
• High fuel burnup – up to 60 GWd/tU; 
• Increased bending rigidity and improved dis-

mantling ability of FA; 
• High level of operational reliability – 10-6 1/year. 
For WWER-1000 FAs these targets will be 
reached by a new type of FA with a load-bearing 
skeleton formed by 6 rigid angles with 15 zirco-
nium spacing grids welded to them (TVSA). The 
Zirconium alloy E635, with increased mechanical 
properties and radiation resistance, is used as a 
material for angle pieces of the skeleton and guide 
channels. Another FA with rigid skeleton (TVS-2) 
has also been developed.  

With regard to WWER-440 FAs successful fea-
sibility studies led (for WWER-440, V-213 type) to 
the implementation of a 5-year fuel cycle with U-
Gd fuel on the basis of a second generation FAs. A 
cycle length of 310 eff. days and an average bur-
nup of unloaded FAs of up to 52 GWd/tU charac-
terize this advanced type of fuel. 

TQM methods already described above also 
have been introduced for the fabrication of WWER 
fuel [23]. 

 
 

9. Conclusions 

1. In general terms PWR and WWER Fuel design 
is in a fairly well corresponding status with the 
bulk of the commercial fuel reaching burnup of 
40 to 45 GWd/tU and limited amounts of fuel al-
ready discharged at up to 50 GWd/tU. 

2. Next future R&D targets are aiming at up to 60 
GWd/tU for both types of fuel. 

3. For both fuel types the general performance is 
characterized by about the same magnitude of 
fuel failures in the range of 2-5·10-6 or more. 
Thee are still not solved performance problems, 
partly the same for PWR and WWER fuel (grid to 
rod fretting), partly different, e.g. special water 
chemistry related problems like the "Axial Offset 
Anomaly" (AOA) with PWR fuel in the US. 

4. There are of course differences in the details of 
the present and the future designs, determined 
by some characteristic operational differences, 
in particular the fact that for PWR still the clad-
ding corrosion is the most limiting design crite-
ria, while for WWER mechanical and dimen-
sional stability is of first priority. 

5. As a consequence of the very strong impact of 
the cladding corrosion on PWR performance a 
set of new advanced Zr-based cladding materi-
als have been developed and successfully in-
troduced into the commercial market for PWR 
fuel. 

6. For WWER fuel the classical Zirconium alloy 

E110 is still the only one for cladding tubes. 
E635 is in a process of slow introduction for 
some parts of the structure of the very new 
generation of fuel assemblies. 

7. A basic change in the fabrication quality assur-
ance philosophy led to introducing Total Quality 
Management (TQM) methods into the produc-
tion of PWR as well as WWER fuel. 
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