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FOCUS X5 a n d  HTP X5 -A New Generation of 
Higher-Enrichment PWR Fuel Assemblies 

ptimum fuel utilization and 
maximum fuel assembly 

reliability are forkey MOTS 
reducingnuclear fuel cyde wsts 
and thus enhancingthe mpeti-
h n e s s  of nudear pcrwer.Two of 
the main objecibs pursued in 
fuel assembly development are 
therefwe to empby highep 
enriched fuel and to ensure high 
oprational reliability of the fuel 
assemblies in reactors with 
demandingp l~erhistories. 

Designedfor Endchmmb up 
t o S d o L I W 5  

Our newfuel assemblies FOCUS 
X5 and HTP X5 for pressurimd 
water- reactors {PWRsl are 
de@'W fw enrichments of up 
to 5 wlo U235 ( h e m  the X5" 
which stands for "extended to 
5 wlo U2351.They am based on 
ow FOCUS and 
KTP prduct lines and permit 
fuel assemblyburnupsof around 
70 MWdkgU and fuel rod bur-
nups of up to 75 MW- U. 

The main dimnce betwen 
these two product lines is that 
they are quipped with either 
FOCUS spacers or HTP spacers 
in the actiw zone of the fuel 
assernbty. Our irradiiion experi-
ence with these fuel designs 
now covers 2800 FOCUS fuel 

assemblies inserted in 17 PWR 
pfantsand 2500 HTPfuel assem ' 

MBSin 15 plants, both in Ger-
many and abroad. The main fea-

tures characterizing the 
FOCUS spacer a& its 
conventional spring-and-
dimple fuel rod support 
configuration and its use 
of splii vanes for 
enhanced coolant mix- 
ing. In the HTP spacer 
the f ~ drods are S U P  
ported along four pirs 
of continuous lines, with 
amhnt mixing being 
effected by curved inter-
nal flow channels. 
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Our rlend8rd 
OUPLW'clndding 
tab# mri#nm 
DX ELSO.# and 
BX 54 8 l M y  
cowr wry wide 
ram## of bafnups. 
T)rDUPLEX v.ri-
anW DX HPA-4 #ad 
DX ZR.5Nb doral-
opud ler oror mom 

condiffans am cur-
rontly in the test-
ing pbre. 

7Bu 811-zimoajmm 
HTP spaerr s u p  

a l o ~ gfour pairs of 
soati~uousl in~s ,  
providing a Ia~#r 
grid-to-rod coatafit 
srhc. that 
ensnms optimal 
r#shtanc# to fret-
ting. The curved 
interm1flow chen-
nels improve 
coolant mixing 
and enhance !her-
ma1 hvdraulic nnr-

mcaptAll- for 
m i t a t k n  
Thematerialof thedadding tubesis 
selected in consultation with the 
plantoperatorto meetspedficplant 
requirements (such as target bum 
ups, licensing requirements and/or 
planned operating modes). For rod 
bumups up to between 55 and' 
80 MWdncgU, PC42a and PCA-2b 

throughwall cladding tubs are 
employed. DUPLEX (DNbbes are 
the right choice for even higher bur-
nups.TheDXELS0.acladdingtube 
variant has been in use since 1989. 
ThemorerecenttydevelopedDX04 
cladding a l h  rod bumups in the 
range of 70 M W g U  to be 
attained. We have also developed 
modem cladding tubes for ewn 

moredemandingsewiceconditions 
which are presently being put 
through an extensive demonstm 
tion and lead test program to verify 
their suitability for burnups in 
excessof 75 MWdlkgU. 

EnhamemantsTargeWat 
Mldmidng Rfdt 

For our latest generation of PWR 
f d  aswmbli ,  the senrice-paven 
FOCUSand IiTP spacersh mb e n  
specifilly enhand -drawing on 
our past v t i n g  wrience - to 
ensure safe operation to high bum-
ups together with a very high 
degree of reliability. Spacer growth 
has beenreducedinthe case of the 
HTPvr.andthe relatedmargins 
inthe FOCUSspacer have k n  fur-
ther increased. Mew hlopments 
also indude, fw example, introdue 
t h  of the advanced materials 
PCAm and H P M  as well as design 
i m m t s  s u d ~as widening of 
the slots in the strip intersections. 
These modifications have been 

up by FMW (failure made 
andeffectsanalyses). 

G w b r  M a ~ bfor Ewn H m  
-1 hlWtty 

In both the FOCUS X5 and HTP X5 
fuel assemblies. an innovative 
spacerdesignisusedfor the bottom 
most spacer w h i  is subjected to 
particularly sevlere W s  during 
-or o p t i o n .  This new spacer 
represents a further dwdopment 
of the HTP spacer. The only d i r -
ences are that it has straight flow 
channels for U a n t  mixing instead 
of curved chands (which are 
unnecessary in the battom spacer) 
and is made of Inconel instead of 
arcalw. 
The HTPspacer's high resistanceto 
fretting has been demonstrated, for 
eocample, thrwgh its use in core 
locations with local flaw anomalies 
that plm severe demands on rod 
suppart. No damage has been 
observed on HTP fuel assemblies 
insertedat these locations.This kan 
be attributed to the fact that the 
HTP spacer supports each fuel rod 
along eight continuws lines of con-
tact, providing the highest resis-
tance to fretting wailable anywhere 
in the world. 


