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1. Introduction.
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As shown in preceeding Papers{1,2> of this seminar, the predic-
tion of the behaviour of nuclear reactors in use nowadays can be
pPerformed with gocd accuracy. The applied calculational procedu-
res, however, are not the same for the different reactor types
€.g9. for fast or thermal reactors. Since about 10 years increasing
interest can be observed concerning the design of light water
reactors with very tight lattices (LWTLR). The incentive of these
investigations is to increase the conversion ratios from fertile
into fissile fuel (CR) in the established light water reactors LWR
in order to obtain an improvement of the fuel utilizaticn in a
closed fuel €ycle. Both the thorium/U233- cycle <3,4) and the ura-
nium/plutonium- cycle are investigated. Most of these investiga-
tions are concentrated on the U/pPU- cycle. The main reason for

this fuel-cycle and the availability of plutonium from spent LWR
fuel. This Paper only will deal with the U/Pu-~cycle.

Tightening the lattice in a light water reactor leads to a strong
epithermal neutron Spectrum. This spectrunm hardening 2nables,
together with the use of plutonium, good conversion ratios and a
significant improvement of the fuel utilization. Especially Pu2a1
has very good fissile Froperties, characterized by the number of
fission neutrons per absorption, ETA (Figure 1),

However, the use of Plutonium fuel in a harder neutron spectrum
not only improves the conversion ratios, but also leads tg a change
in the behaviour of the reactor care after coolant density changes .
It is vell-known, that fast reactors have 2 positive void-effaect
with consequences for the 1icensing procedures and for the safeaty-
systems. It has been found that in the case of using realististijc
fuel in a LWTLR, e.g. Plutonium from PWR-fuel arfter 33 GWD/THM mean
burnup and about 10 years off-core and réprocessing time, similar
problems may Occurd(3). Because one ©f the main objectives of the
LWTLR- development ig to maintain Light Water Reactor (LWR)- cha-

racteristics<éy, alsg €.9. a sufficiently negative reactivity-effect

after decrease of the coolant density, the volding effects must be
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predictable with a sufficient accuracy. This Means, that both cores
with an epithermal and a fast neutron Spactrum have to be predicted
accurately with the sane calculational procedures, starting from
the same nuclear data base.

In the next chapters brief discussions of the LWTLR- characteris-
tics, of calculational procedures for fast and thermal reactors,
of the development of new procedures for the LWTLR at the Kern-
forschungszentrunm Karlsruhe (KfK) and of validation investigatimns
for LWTLR- systems will be presented. More datailed infoarmation
may be found in reference(7).

2. Characteristics of LWTLR- systems.

———-——--—-—----—--——--—-—‘-————-—--

The main purpose of the LWTLR- development is to increase the
conversion ratio of a light water reactor (LWR) by hardening the
méan neutron spectrum in the core. This means that the properties
of a thermal reactor move into the direction of the characteris-
tics of fast breeder reactors (FBR). From this Point of view it
seems significant to compare the main properties of LWR and FBR and
to try to estimate the Potential of the LWTLR within this range.
Most of the LWTLR- investigations concern Pressurized water reactor
(PWR)- modifications (advanced PWR ,» APWR). Table 1 shows sone
comparisons of an APWR with LWR and FBR. Typical numbers for nean
enrichment, for burnup and for conversion ratios are given.

In our opinion the lower two rows characterize the main problems
for an APWR: Possible positive void reactivity and recriticality
configurations after Severe malfunctions. Until now we did only a
few estimates for recriticality cases. The void problems, on the
other hand, have been analyzed in more detail. It has been found,
that the veoid behaviour of an APWR is very sensitive to the spe-
cial design considered(Ss).

for the calculation of Zone- averaged cross s=ctions. One of the

first tasks starting LWTLR- investigations must also be to check

the capability of the available calculational procedures for this
reactor, which requires both the Prediztibility of the operating

Case (with epithernal neutron spectrum) and the voided configura-
tion (with very hard fast neutron spectrum) .

The Figures 2 and 3 give an impression of differences between the
~reactor types PWR, APWR and FBR. In Figure 2 a Comparison of the
flux per unit energy is shown. The calculations have been carriaed
out in the 49 WIMS group structure<8). The influence of the large
Plutonium resonances below 4 eV is observed clearly in a Pu-fueled
APWR and FBR. This Picture illustrates the importance of a proper
treatment of the resonance absorption in an APWR; an APWR has its
flux maximum there . In Figure 3 the differences between the reactor
types are shown in another way. The cunulative reaction rates for
capture and fission demonstrate the different importance of the
thermal, the resonance and the fast energy regions for each reactor
type. For these reasons it was not sure in advance that one of the
established methods for LWR and FBR are useable for design calcula-~-
tions of an LWTLR,'particularIy with respect to the investigations
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for voided configurations.

3. Analysis of calculation Procedures.

—_---———--——--—u——-—-———_—__—-——-—--——

The neutronic reactor calculations are usually separated into a
few main tasks:

a) Preparation of mean MABCroscopic cross section sets for all
reactor zones, both for the operating reactor and for the voided
case.

b) Calculation of time-, space- and energy- dependant neutron
fluxes in the reactor, including the associated reactivity
values.

¢) These calculations are often followed by evalyaticons, e.g. for
the determination of (zone dependant) conversion ratics or powernr
density maps.

Only the first task shows large differences between the solution
pProcedures for LWRs and FBRs. For whole-core Calculations the same
methods can be applied for both reactor types, e.g. two- or three-
dimensional diffusion theory in a coarse multigroup scheme.

Tha zone group constants for these reactor calculations, e.g. for
capture, fission, scattering etc., are determined by preserving
the reaction rates in these zones. The group Constants for ths
Common reaction types can be obtained by simple flux weighted

averaging. The problenm i1s, that no Proper general flux gu2ss can be

made for this averaging "a priori“. Using specific properties of
th2 reactor types, different approaches have been established for
this flux guess in FBR- and LWR- investigations.

.—--------q-—-——--———_———--—-__--c—-_..-__.._.._-...._-—-.-..—--

For a fast reactor with hard neutron spectrum and large mean
neutron free path it is assumed, that the Space- und energy-
dependant flux may be separated into the product of space- and
energy- dependant components. Thisg simplifies the problem in such
a way, that the weighting flux becomes only energy- dependant. A
further assumption is usually a weak énergy- dependance of the
collision density, flux times total crossg section. In a standard
calculation all materials of a reacter Zone are homogenized and
group constant sets may be calculated straight forward with the
exception of the resonance region.

The calculation of the group constants in the resconance region
is a complex problem because of the strong Space- and energy-
dependant selfshielding effects,

In our standard FBR- method spatial selfshieldung is not taken
into account . For the energetirc selfshielding several approxima-
tions have been introduced. In the FBR- solution at KfK the nar-
I'OW resonance (NR) approximation 1is applied, stating a slowly
Varying collission density in the neighbourhcod of the resonances.
Lumping- ang shadowing- effects are not important and therefore
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they are not taken into account. The effective group constants in
the resonance region are obtained from interpolations in precal-
culated resonance tables following the so called &0~ concept as
introduced by Abagyan et.al. (%> . More detailed information about
the standard FBR- cross section calculation code GRUCAL may be
found in ref. <10 .

For the LWTLR- investigations this FBR- methods have been modj-
fied on the basis of equivalence theorems for heterogenecus and
homogenecus reactor fuel zones. These modifications concern the
determination of the %0~ value for the interpolatiosn in the
esonance tables. The corrections applisd are well-known in the
literature, see e.g. reference <(11)-

a) the lumping effect of the fuel rod by the volume-to-surface
correction.

b) shadowing effects of the fuel rods by the Dancoff- correction
as proposed by Sauer(12) and Williams and Gilai<13).

3.2 Approximations for thermal reactor calculation procedures.
For a thermal reactor the mean neutron free Paths are smaller
than the reactor zones and it is assumed that the flux guess may
be obtained from the space- and energy- dependant flux distribu-
tion in a representative cell of this zone, placed in an infinite
array of such cells. Usually a one dimensional many group calcu-
lation in transport approximation (discrete ordinates method Sn
or collission probability method CPM) is performed to gen=rate
this weighting flux.

The thermal reactor codes available for our investigations were
HAMMER<14> and WIMS/D(8>. Both systems have code-own data libra-
ries, containing older nuclear data; they predict thermal systems
rather well. The resonance treatment in these codes is different.
Whereas HAMMER calculates the weighting spectrum iteratively as
proposed by Nordheim<(15), WIMS/D applies resonance tabulations
with interpolation schemes based on equivalence theorems, similar
to our modified FBR- methods. However, compared to ours, the
WIMS/D interpoclation scheme is more refined (intermediate reso-
nance approximation IR, Bell- factor) .

Although the Program HAMKOR<14), developed from HAMMER, may
calculate the depletion of fuel in a2 PWR satisfactory compared
with experiments, we observed that thisg system is not suited for
reactivity investigations of APWR- systems. For that reason only
a few comparative calculations have been performed with this
program.

The WIMS/D code showed good agreement for the tight lattice
experiments we have investigated (see chapter S and ref . (172,
but calculations for the voided case, starting from the sane
data base, have large discrepancies compared with the results of
reliable FBR- codes<18> (Figure 4). Because these FBR-codes have
been checked intensively with results of experiments with hard
neutron spectradi9), we belijieve WIMS/D is not adequate for study-~
ing voided core configurations. Therefore one has to be sceptic
with the interpretation of Publications, using WIMS/D for such
purposes.
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4. KfK- code development for LWTLR investigationsg.

Benchmark investigations in collaboration with the University cf
Braunschweig (TUBS) and with Kraftwerkunion (KWU3I <173 and further
extensive analvysis or calculational procedures showed that at Kry
no adequate tools were avalaible to calzulate both normal and voi-
ded LWTLR- systems with sufficient 8CCUracy with one code systen.

The modified FBR- codes for homogenized reactor zonesg cannot be
applied for the normal reactor condition becanse the plutonjium
rresonances in the low eV. energy region cause strong Space-depen-
dant shielding effects. For this reason the basic assumption for
the homogenization, Separation of space- and energy- dependance,
is not valid. Figure 5 shows =a comparison of the fluxes in the
unit-cell of a FBR- Zone and an AFWR- zone. Whereas the syntheza-~
tion of the space~- and energy- dependance for the FBR-cell obvi-
ously 1s valid, jn the case of the AFWR-cell it js¢ certainly not
allowed.

As pointed out before, the available thermal code WIMS/D was not
able to predict the volded lattices with sufficient accuracy.

Two alternatives for the improvement of ocur calculaticnal tocols
for LWTLR- applications were discussed:

A) improvement of the data library in a thermal code, e.g. WIMS,
or
B) establishment of thermal code features in the FBR- systenm.

Because our FBR- codes, collected in the Program system KAPROS
<205, are very powerful and flexible we decided tg introduce the
main advantages of the WIMS/D code 1nton KAPROS .

These improvements are:

a) establishment of & 69 group constant library with the energy
group structure of WIMS, but basedq c¢n the newest nuclear data
at KfK. This group structure includes the treatment of upscat-
tering.

b) introduction of a slightly modified version of the one-dimen-
sional collission Probability method (CPM) from WIMS fopr cell-~
calculations.

The characteristics of these develoapments are:

_-—-.-———__.-_-___..—__—___-—-——..——----—-——-_

a) Energy structure: ¢9 wWIMS groupboundaries<g;) One of the
advantages of this structure is the good resolution of the first
rescnances of Pu239, Pu240 and Pu241 up to 4 =v. Selfshielding for
fuel with significant Pu- content can be described satisfactory,

b) Scattering Matrices: in the thermal region below 4 oV the
original WIMS/D matrices are used, otherwise new calculated data
from KEDAK-4<21> Wwith the help of the standard FBRR- codes nusing
the co;lission density Spectrum of a typical APWR- lattice forp
the weighting (MIGROS3¢(22), MITRA(23> ang GRUMA<24} )

he Upscatter matrices fgor hydrogen and 2xXygen at reactor opera-
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tion temperatures were calculated with the code NJOY<{25>, starting
from an ENDF/B-V library(2é6)>.

c) All other group constants are recalculated from KEDAK-4 with
the procedures mentioned above. For a large number of fission
products, group constants have been provided by ECN- Petten<27),
which are comparable in quality or even better than ENDF/B-V
evaluations.

d) The data storage has the same format as the FBR- libraries,
that means separate data types are used for the different de=gra-
dation and emission cross sections as elastic and inelastic scat-
tering and n-2n reactions. This data separation is advantageous
for the calculation of systems with hard neutron spectra, where
these reactions are important. They may be changed and adjusted
separately if necessary. In most thermal codes, e.g. WIMS/D and
HAMMER, only one tranfer matrix is applied for all degradation
processes.

Other advantages of the use of the FBER- storage mode are that
existing FBR- codes for the calculation of zcne dependant macros-
Copic cross sections can be applied with only small changes for
the better treatment of the heterogenities in these zones and the
possibility to use the numerocus available evaluation progranms .

A disadvantage at the beginning was that the modified FBR- codes
could not treat temperature dependant transfer matrices. It has
been observed, that at least two matrices for the moderator ma-
terials must be used for cold and hot lattices, especially for
burnup studies.

Two libraries which only have differences in the WIMS thermal
energy region are available.

A) The library G49COLD contains matrices at about 300K below 4 eV.
The group cross sections for the heavy nuclides are determined at
300K. This library is used for the recalculation of experiments at
room temperature.

B) The library G69HOT contains the matrices for the mean tempera-
tures at operational level ( 580K for hydrogen and 700K for oxXygen)
and cross sections for the heavy nuclides at 900K. This library is
used for the APWR- design calculations at nominal power.

In the meantime the standard FBR- code GRUCAL for the calculation
of macroscopic group cross sections has the capability to traat
temperature dependant upscattering. At the present time, the gene-
ration of a 6%-group library with temperature dependant scattering
matrices is in progress.

._—-—_-———-—-——-.-——-————-.-_----————---.—_—_..——————-._—___..__

The commonly used cell pragram in WIMS is a one dimensional
collission probability program derived from the THESEUS code(28).
Only a few modifications were necessary to adopt the WIMS program
in the KAPROS system. These modifications in WEKCPM are rslated to
the cross section preparation for the interface files and to the
handling of the progranm input. The data transfer of the results to
other KAPROS- programs is organized in the same way as established
before in the discrete ordinates program ONETRA, derivad fron
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the Los Alamos code ONETRAN<29} . In this way comparisacns between
WEKCPM and ONETRA can be parformed easily, e.g. for verification
PUrposes.

4.3 Burnup calculations.

One of the most important LWTLR- parameters jig the achievable mean
burnup of discharqged fuel, determined by the number of relocads for
the fuel and the number of full Power days per Cycle. The predijc-
tion of the crucial Parameter "fir]} Power days/cycle, FPD/cycle"
showed large discrepancies in the first APWR- publicaticns<7>, see
also Table # In the meantime a trend to more uniform, accurate
results for the burnup calculations can be Observed(7>. Thessa re-
sults are in good agreement with Qur published datadS,7>, based on
calculations with the KAPROS- module BURNUP< 30> .

The module BURNUP has been developed for FBR- burnup calculations
{31) from the KORIGEN- code<32). Slight modifications enabls the
application for thermal and epithermal reactors. BURNUP treats al}
transitions between nuclides. The data for these transitions are
stored on module-own libraries like in KORIGEN. During a depletion
calculation BURNUP checks the availability of System dependant
one-group cross sections. In this cace these data are used, other-
wise the data from the lidrary will be taken. The number of fis-
sion products used 1s defined by the code-libraries. E.g. the sanme
humber as in XORIGEN (ca 1200) may be taken into account, but as
the other extremum, also one pseudo fission product pair, as cften
done for FBR- investigations.

epithermal and thermal reactors, including depletion. Particular-
ly the expected accuracy for the most important Parameters seens
to be sufficient for comparitive studies. For the detailed analy-
Sis of a final concept and for detailed evaluations of LWTLR-
experiments jt may becone necessary to improve both the resonance
treatment and the weighting procedures for the cross sections in
the epithernmal and fast groups.

A flexible new Procedure, KARBUS, KArlruhe Reactor BUrnup System,
2nables the automatized execution of these tasks and organises the
data transfer between the codes. With a minimum of user input ths
following calculations can be performned: deternination of number
densities jp reactor cells and in homogenized reactor zones, cgl-
culation of Zonedependant macroscopic cross sections with (modij-
fied) fast reactor methods or from homogenized results of -co]]
calculations with the collission Probability method CPM or the
discrete ordinates method Sn, calculation of 22ro-, one- ,two- and
three-~ dimensional neutron flux distrlbutions, including upscat-
tering, calculation of power maps, conversion ratios and absolute
fluxes, depletion and fuel management investigations. a more
detailed description of the contents of the KAPROS- system and of
the procedure KARBUS may be found in the KAPROS-own Progran des-
Criptions and i1n reference<33) .

The organisation of the use of fast computer storage and of the
slower external] one is very flexible, sg only the computer capa-
City determines the limits of the pPossible complexity of the pra-
blems. At least ca 2 MB fast memory must be available.

"



- 97 -

S. LWTLR- validation investigations.

S e e e e e e - - .- - e o
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Because of the expected new spectral properties of LWTLR- latti-
ces, the first task of our LWTLR- work was to try to validate the
available calculational procedures. In ceoperation with the Uni-
versity of Braunschweig (TUBS) and the Kraftwerk Union (KWU) we
intended to perform benchmark investigations on relevant experi-
m2nts. However, at that time (ca 1978), no relevant experiments
with mixed oxyde, UO2Pu02, (MOX) in tight light water lattices were
available. Only experiments with small PuQ2-contents in wider
light water lattices could be found in the SAXTON<(34> and pluto-
nium Utilization Program (FUP)<35). For U02- lattices, on the
other hand, relevant experiments could be found in the ZPR-7
program<3é). So we decided to investigate also a theoretical lat-
tice with typical APWR- properties. This theor=tical lattice was
proposed by TUBS. Both normal and voiding conditions should be
calculated.

These joined benchmark investigations could be completed in {982.
The results are described in reference{17>. The most relevant
findings were:

a) The experiments with U02 in tight lattices and MOX-fuel with
small PuO2-contents in wider lattices could be recalculated satis-
factorily, both by thermal reactor methods and by modified fast
reactor methods. The standard fast reactor methods without treat-
ment of the cell-heterogenities are not usable for the recalcula-~
tion of these experiments.

b) The results for the theoretical lattice showed large differen-
ces between the applied methods, especially for void-calculations.
A main part of these discrepancies could be explained by data
differences (e.g. for inelastic scattering of U233).

5.2 Recent LWTLR- lattice experiments.

S e e e e r r r —m et e — - - - — -

The discrepancies in the benchmark results and the increasing
interest for the LWTLR- development demonstrate the need for rele-
vant experimental data for tight light water moderated lattices
with MOX- fuel with PuO2-contents in the order of 10-20%. Several
activities have been initiated in order to perform such experi-
ments, e.g. in the PROTEUS-facility at Wuerenlingen(37), the
SNEAK- facility at Karlsruhe<38>, the ERASME experiment and the
MELUSINE experiment in France(39).

Whereas the Phase I experiment in PROTEUS and the SNEAK-experiment
had to be carried out with naot wall suited fuel (developed for
special FBR- experiments), the French experiments and the Phas= I
experiment in Wuerenlingen will use relevant MOX-fuel(40) .
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Until now only the PROTEUS- results have been published detailed
enough for code validation work, e.g. refs (37,41>. The main part
of these results are reaction rate ratios for s2veral moderator
conditions: H20, dowtern (simulating about 42.5¢% H20-voidage) and
the dry lattice.

The fuel used in the PROTEUS Phase 1 and in the SNEAK experiments
was MOX with about 15% PuO2- content. The Pu- composition was
80% Pu239, 18% Pu240 and 2% Pu241. These values are not typical
for the available fuel for LWTLR: 57.8% Pu239, 2¢.6% Pu24Q, 9.5%
Pu240 and 6.1% Pu242.

The PROTEUS experiments have been carried out in a lattice with a
nixture of these fuel rods and of rods with depleted uranium. With
the ratio MOX:UQ2 equal 1:1, the mean fissile enrichment was &%,
with the ratio 2:1, it was 8%. The SNEAK experiment contained a
testzone with a lattice of MOX-fuel with 12% fissile enrichment.

Reference<40) gives a detailed analysis of several investigations
on the PROTEUS Phase I experiment. In refence¢38) first results of
the SNEAK- experiment are given. More detailed analysis are in
Progress now. Table 2 shows some preliminary C/E- values for Keff.
The core 12B was a fast system. The cores 12F1 and 12F2 contained
different tight lattice testzones.

3.3 Validation of the KARBUS- procedure.

-——---—.—_————--——------———-——_-—--——

The main purpose for the development of the KArlsruhe Reactor
BUrnup System KARBUS was to assure reliable prediction of the cri-
ticality for the whole range of fissiocn reactor types, including
fuel depletion and reactor control, and of the most important
reaction rates (e.g. CR). In order to reach this goal it is neces-
sary to validate the system. by calculating as much reactor types
as possible. Two types of validations have been performed:

2) Recalculation of available experimental data. This could be
done for fast, epithermal and thermal systems.

a) Comparison with results of established methods for the specific
reactor type considered. Fast and thermal code systems were avaij-
lable for this work.

3.3.1 Validation for fast reactors.

Because of the great experience with fasgt reactors (including
voided configurations) at KfK it was rather 2asy to verify XARBUS for
these reactor cenfigurations and in this way also for voided LWTLR-

a) Experimental verification was performed for:
i)Y a simplified FHENIX- model{42:,
ii) a BZA- experiment(43),
iii) a SNEAX- experiment (44> .

b) Code Comparisons were performed for:
1) KFKINR- s=at validation work<45)
1i) NEACRP- LMFBR benchmark investigations for a fresh
c“ore{4é> and for burnup behavicur<¢31).
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All comparisons show satisfactory agreement.

3.3.2 Validation for thermal reactors.

These investigations started 1984 with two comparison calcula-
tions:

a) Analysis of Kernkraftwerk Obrigheim (KWO)- type fuel burnup as
carried out for the KORIGEN- verification<32). The first com-
parisons show satisfactory agreement.

b) Participation in a NEACRP- benchmark on recycling of reproces-
sed uranium{47)>. After the correction of sone data deficiencies
not yet approved, also satisfactory agreement can be observed
with the first preliminary results of participants from five
laboratories. This comparison concerns both reactivity values
and actinide number densities.

5.3.3 Validation for epithermal reactors.

For this spectral region, LWTLR- type lattices have been analy-
zed.
As pointed out above both experiments and benchmark grids have beaen
investigated. Until now KARBUS has been tested for a selected num-
ber of lattices: :

a) the tightest single zone U02- core (HIC-8) from<17>,

b} the most representative MOX- experiment (core 7) from <17> and

c) the K-infinity value of the first LWHCR- experiment at EIR-
Wuerenlingen(37). Because of the complex layout of the test-
Zzone in PROTEUS with 2 different rodtypes, detailed reaction
ratio comparisons are difficult to perform. Until now we did
not establish a procedure for thecse calculations.

Table 3 shows a summary of the validation calculations.

With exception of the PHENIX- core all these Tesults show satig-
factory agreement for a wide range of reactor spectra with a ten-
dency to slight underestimation of the reactivityof epithernmal
lattices. The initial conversion ratio (ICR) of the U0O2- core can
be recalculated much better than the results in <(17>. The 1.4%
difference for Keff in PHENIX is related to the leackage from the
reactor; the K-infinity values of the s5ingle zones show batter
agreement between the KFKINR and the G&4PHOT results. The origin of
this effect is in investigation at the present time.

Although only a limited number of validation investigations have
been performed until now, the results for reactor types with
completely different spectra indicate that the present version of
KARBUS is well suited for LWTLR- calculations. Alsoc the depletion
calculations, which showed large discrepancies in earlier publica-
tions, see table 4, have gained more confidence by the results
of the NEACRP- benchmark calculations on recycling of reprocessed
uranium, referenced before.

6. Summary and future work.

e i O P
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The LWTLR will have pPhysics characteristics between the currently
used LWR and FBR. The latter may be predicted with sufficient accu-
racy, but with different calculational procedurss. Whereas LWRs do
not have severe problens with negative voiding effects, the FBR
has a positive void effect with tonsequences for the licensing
procedures and for the safety~systems.

Because the LWTLR- designs in consideration now should be licen-
sable with the currant LWR- procedures, sufficiently negative
void-effects must be guaranteed. For this reason both normal andg
voiding conditions of LWTLR~ lattices must be predictahbhle with
good accuracy. '

Analysis of available calculational Procedures at kfk show, that
neither the thernal reactor code WIMS/D, nor the modified fast
reactor codes could fulfill these requirements.

The new developments at KfK combine advantages of established
calculational Procedures for thermal and fast rzactors @.g.:

a) Groupboundary scheme with upscattering as in the thermal code
WIMS/D.

b) Treatment of the degradation processes at high energies with
Separate data storage for elastic, inelastic, (n,2n)- pProces-
Sés, as usuval realized in fast reactor codes .

Moreover, the large R/D- developments at KfK for the fast breeder
pProject can be utilized for LWTLR- investigations. The new calcu-
lational procedure (KARBUS) is realized at KfX within the powerfir]
FBR- calculational system KAPROS.

The validation-investigations for the KARBUS- Procedure for fast
epithermal and thermal systems show satisfactory agreement for a
selected number of comparisons with experimental data and with the
results of sstablished codes for special reactor systems. The
burnup behaviour, which showed larger discrepancies in 2arlier
studies, also seems to be predictable with good accuracy in KARBUS .

For these Ieascons we believe, at the present time KARBUS is a
good tool for comparative LWTLR- investigations. For detailed cal-
Culations of a final design, further improvements may become neccesary.

For the near future the following improvements of our calculatj-
onal procedures and of the experimental data are identified.:

a) Refinements jin the resonance treatment, €.9. by the introduc-
tion of a calculation module based on the Nordheim theory.

b) Refinements in the weighting procedures for the group constants
in the coarse epithermal and fast energy groups.

c) Need for more representative experimental data. Desirable is a
number of experiments with MOX-fuel with 10-20% PuD2-content
and with a Pitch-to-diameter ratio (p/d) from 1.10 to 1.30.
The experimental setup should be asg sinple asg possible. The
measurements in ywed lattices are more important than those in
dry configurations. Lattice K-infinty values arse important
because one of the main problems for the LWTLR- design is the
Prediction of reactivity in the normal reactor condition.
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Preliminary C/E- values for Keff in SNEAK- assemblies

..__--..-_--—....._.—_----—-—-—-———--.._.._._..--_-—_—_—..._—-—_—_—-—__..__

CORE / METHOD "MODIFIED FBR" WEKCPM
e oo .
12B 1.0058+£0.0010 0.9967+:0.0C10
~werr T onirs0.000s  1omisio.oeos
R T 1.0019:0.0006  1.000850.0005

estimated transport and control rod corrections as SNEAK {2F

Table 2 KARBUS results with G69COLD

——_-----------———_---————--—.--——-—_.—_————--——---«---—--_—-—-—_

experiment KFKINR KARBUS

LMFBR~ benchmark Keff -- 1.0240 1.0223
PHENIX- model Keff -- 1.0033 1.0174
BZA- experiment Keff 1.000 0.9990Q 1.0077
SNEAK- experiment Keff 1.001 1.00s9 1.00t2

experiment WIMS/D KARBUS

Kinf -- 1.1988 1.1797S

HIC-8 (U0O2) Keff 1.000 1.0081 0.9926
ICR 0.500 0.543 0.3506

Kinf - 1.2150 1.2247

PLUT-7 (MOX) Keff 1.000 1.0087 0.9948
CR -- 0.581 0.517

EIR-1 Kinf 1.045£1% 1.0423 1.0407

+)

mean value KARBUS

NEACRP U23s Kinf fresh 1.248 1.2726
recycle benchmark Kinf after 33GWD/THM 0.941 0.9377

_-_.--—--_—_-_--—_—.--——_—--..-_-—_-—-_--_-...—-——----—....__—-—---.

preliminary results from 5 participants

Table 3 KARBUS validation results
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Data on APWR- burnup.

1) TU-BS, Nuclear Technology Vol.59 (1982)

2.22 reactivity Loss for 450 FPD,
==> 0.5E-4 AK/FPD.

2) GKSS NucLear Technology Vol.59 (1882)

3.62 reactivity Loss for 20 GWD/ THM,
==> 0.5E-4 AK/FPD.

3) Uotinen, Edlund et. al. EPRI-NP-1833 (1981)
62 "depletion allowance”, (TABLE IV-16)
for 350-396 FPD/CyclLe,
==> (1.5 - 1.7)E-4 AK/FPD.

4) KFK results:

==> (1.0 - 1.8)E-4 AK/FPD,.

i

Table 4 Burnup data 1983
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