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The Advanced Pressurized Water Reactor (APNR)

- A Complementary System to the Closed Fuel Cycle -

‘B. Kuczera (KfK-FRG)

For some years several APWR concepts have been investigated with the
intention of finding out tne_extent to which the conversidnfproperties
of a light water reactor (LWR) core can be improved L, 2, 3

In comparison to present thermal water reactdrs such a high converter -
reactor, as an element of the cIosed U-Puy fuel cycle, includes the

' potent1a1 to enhance uranlum utlllzat1on by a factor of about four 4.
.The considerations are based on the idea to keep as much as possible
to the cdmmercially proven and widely standardized PWR plant and

to i;s component technolody, including'the_reactor-pressnre vessel,

" s0 that modifiéatidn'are'es§entia11y restricted to tnerreactor core
_and the control rod system in the followlng paragraphs two dlfferent
_APNR concepts w111 be presented wh1ch were developed recently by

cooperatlng groups of- KfK and Kraftwerk Union (KHU)

In both concepts the .increase of the conversion ratio from 0.6 (PWR)

up to 0.9 to.o.95 _.(-APNR-)' is achieved by spectrum hardening via significant
reduction of the muderator~to—fue1-volUme_ratio. For this reason, the
typical square rod lattice of a PWR fuel element has been modified into

a tight tr1angle arrangement structure thCh results in a hexagonal
erossesectlon of an APWR fuel element. Fig:. 1 111ustrates the main o

APWR design characteristics in comparison with a_1300 MW, PWR core.
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'Regarding the compact fuel assembly design two concepts have been

developed:

~different fuel pin types. The highly enriched (215 % Pu

the homogeneous version is composed of uniform fuel rods
containing MOX fuel with a fissile enrichment of 7.5 to 8 % Pu.
Characteristic for the rod bundle is it$ pitch to diameter

ratio p/d = 1.12;

the heterogeneous version is composed of two zones accommodating

fiss’®
p/d = 1.24) central seed zone is designed above all under power

generating aspects whilst the function of the surrounding hexagonal =

blanket {5 % PUL oo p/d = 1.06) is determined rather by

conversion aspects.

Comprehensive investigations related to the neutron physics and

thermohydraullcs of Doth APWR core types were performed 5.6 ,

complemented by flrst safety ana1y51s studies 7. The results have

served for a general compar1son of the APNR system w1th a 1300 Mw PWR

plant, on the one hand, and for an 1ntercomparlson of the 1nd1v1dual

concepts, on the other hand. In thls frame the’ f0110w1ng 1tems have been_”

discussed:

global plant'(modifications against standard PWR unit),
COre“(fuei rod assembly, tissile inventory,fconversion ratio;;burnup),

operating pehavior (QNB ratio;:Doppier coefficient),

accident behavior (void coefficient,. ATWS, LOCA},

licensability (German RSK guidelines),

economic and strategic perspectives.
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The result of this assessment can be summarized as follows:
According to the present state of knowledge the alternative APWR
concepts deScribed_above'are both interesting and feasible from the

f'technical point of view.

Concerning- 1nd1v1dua1 advantages, the- homogeneous core variant
turned out to be more attractive under de51gn and fabrlcatlon
'aspects. wlth respect to the overall core_power whlch can be
generated within an unchanged PWR reactor pressure vessel geo-
metry this variant seems to be nore favoréble' On the other hand,
the heterogeneous version reveaIs some more advantageous neutronlc

. propertles, 1n part1cu1ar with respect to the conversion potential

and the void react1v1ty behavior.

In this context it'should be mentioned:that both concepts have-been

developed partly on rather conservatlve assumptlons ThlS comprlses
thermohydraulzc design parameters as well . as react1v1ty calculatlon

| methods. Therefore,_R+deork in the_nearnfuture will follow two.llnes,

the main emphases being laid on ° -

- the eXperimental_vertfication of theoreticai models ourrentlyi
applied to tight lattice core studies and, in parallel,

"~ the best estimate optimtzation of‘the individual core designs.

At the end-or'tnis intermediate period one reference concept will be

:defined for more detailed feasibility inveStigations.
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"From the economic and strategie points of view APWRs are to be

considered in relation with fast breeder reactors (FBRs)-rather than

8

with LWRs ~. As long as prices for natural uranium and separation work

_wiil be kept at the present low level LWRs will continue to be ahead
commercially.-The advantage of advanced systems, their better utilizatioﬁ
of reéources, will not be of interest dntil the possibility of shortage
in uranium supply will be taken into account for. any'reasons whatsoever
To the same extent as the electricity generating costs of the 1nd1v1dual
systems converge an LNR APNR FBR symbiosis will become 1nterest1ng

and provide a flex1b111ty in terms~of supply strategy which will

allow to adjust the fuel cycle to future market trends and boundary -

conditions in an optimum_Way.
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