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TECHISOLOGY TRANSEER WITHIN .
THE KFA/NUCLEBRAS COOPERATIVE PROGRAM : i
“*THORIUM UTILIZATION IN PWRs"

V. Noly, KFA- Jilich, FRG ;
R.B. Pinheiro, NUCLEBRAS/CDTN, Brazil

1. Inicoduction

It is o general trend in the oreo of advonced technologics that besidz the transfer
of the 1technology itself olso the tronsfer of know-how for rclated 2D work is
required ond oitempted. This provides the occepting country with deeper under-
stonding of the tronsferred technology, enclles aclive participotion in odoptivns
to th: spzcific conditions of this couniry cad provides possibilities for further

Independent octivities in this area.

The coopzrotive RED progrem on "Thorium Utilization in Pressurized Woter
Reoctors" between NUCLEBRAS/CDTN on the Brozilion side ond KFA-Julich
with the porticipotion of the companies KWU ond NUKEM on the Germen side
cims o} improvement of the krowledge cn this subject ond contributes o fullfill
in practice the "Governmental Agreement on Cooperation in the Ficld of Science
ond Technology” from 1969 ond the "Memorandum of Understonding between KFA
ond NUCLEBRAS” from 1978.

The progrom has been motivoted by the fac: known from numerous R&D cctivi-
ties, cmong others in Brazil cad Germony, that thorium based fuels con provide
belter resource utilizotion in thermol reoctors compured with the coave::lionol
vronivm bosed fuels, The thorivm fuel cycle technology is, howeves, no! so
molute os fo permit well bused feasibility stutements in this aree. By using the
stonderd PWR o5 o refeience plont on efficient woy has be-- chosen for
demonstiotion of the techrologicel feasibility by concentiation on the probluing
specific for the thotium fuel cycle, providing also o wey for assimilation of the
LV/R-fuel cycle know- how. Al the some time, the potential of the stoncurd PWR
with tespect to the advanced Tuel eycles is being iavestigated for this porticular
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2. Program Results

In the progrom Phaose 1 (1979 through 1‘983) the technological busis for further
work on (Th,U)O2 fuel hos been cesiublished end the principal feasibility of the

chosen fucl cycle concept hos been proven.

In the current Phose 2 the main objeclives ore the demonstration of the (Th,U)Oz
fuel, initistion of the development of ('l'h,Pu)Oz fuel ond extencion of the stotus
of the knowledge in spent fuel treotment. The demonstiation of the ('i'h,Pc.:)C)2

fuel should follow in Phaose 3.

The results ochieved up to now show thai (Th,U)O2 ond (Th,Pu)02 fuel con be
inserted in unchonged fuel ossemblies in o sloaderd PWR in both 3 ond 4 yeurs
cycle (Fig. 1, 2). The odvonced fuel fabricotion process based on pellet pressing
of kernels of ex-gel origin provides (Th,U)O2 fuel sotisfying PWR specifications.
This fuel, under irrodiction testing since end of 1983, thows good irrediation
performance in o good ogrecment with the model predictions (Fig. 3, 4). Trensier
of (Th,U)O2 fuel fabricotion technology to (Th,Pu)O2 fuel by meons of Cerivm as
o Pu-substitute hos been initioted. No basic problems have been identified vp 1o
now. In the oreo of reprocessing the results on loboratory swele show thot PWR
thorivm fuel con be reprocessed using the known flow sheets.

The detoiled results of this common cffort have been jointly published

in scientific meetings os well as in form of 1eports.

.

3. Cooperotion and Technology Tronsfer Aspects

The tronsfer of RA&D techniques prescals the ofher moin objeclive of the
progiom. The three progrom phoses oim not only at different levels of RAD
effort os rmentioned obove but olso ot different levels of cooperation ond
know-how tionsfer (Fig. 5). In the initiol phase the major flow of know-how has
been direcicd from Geoumoany to Braril nwostly in conmection with Jong foim
Brozilion delegetions 1o Germany., With the uvpgiading of the COTIN/NUCLEDERAS
laboratoiies, implamentution of computer progroms end pioduction ond guality
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increosing. The communicotion of the working results bus Leen done by close
person to porwon contucts, exchangz of the reporls oad by short term delegations,
as well o3 by direct poiticipation of R & D personnel on the octivities within
other poitner's departreents. In the piesent progiem phose on equillibrized
porticipotion on novel R & D is aoiternpted wheicos in the following phase fur-
reoching independoncy of NUCLEBRAS/CDTN complementad by close cooperation

on special problems is enviseged.

An exomple of such a joint activity in fuel development areo is presented in Fig.
6. In order 1o investigate the stobility of the production process simulionecous
fobricotion of the ex-gel-kernels by NUCLEZRAS and NUKEM ead pellet pressing
of NUCLEBRAS, KWU ond NUKEW were performed. At the some time, by
extensive compurison of onalytical methods und charactesization procedures the

quolity control scheme will be verified.

The program has o joint mouncgement. Muiuolly ogreed interocting working pro-
grems ond coimmon progress reports strengihen the cooperotive choracter.

The progrom covers o wide specirum of activities including the nucleor cote
design, fuel design ond {cbrication, irrodiction testing ond spznt {uel ticotinent,
Extcinal institutions ore involved if neceded. Therefore, extensive excercise of R
& D monogement of o complex progrom con be considered ©s another benefit

from :his cocperation.

The progrom performence up to now has been judged to be positive. The rojor

foctors which contributed to this judgment cie presented in the following Fig.7.

The progrom has been orienfed towards the stondurd commerciol PWR sysiem.
Therafore, the involvement of the Geimon industrial pariicipants KWU in oll pro-
grom orecos ond NUKEM in the fucl development ores has been essentiol because
of their knaw-how potentiol, R & D expzrience ond strictly problem oriented

treotmert of the tosks.

The ossimilation of the LWR fucl cycle tecraalogy has been strongly enbunced by
the foct that the 1 & D octivity for on advonced type of the fuel hod to solisly
th s well knowin requirerments of en enisting reactor systern. The necessory

modificatic and adeplions in the stondord miethods such as computer programs



including the input dato, production process steps as well os the quclily contro!
require theic deep understonding. All these rodifications ore checked ogain for

the opplicction to the standord PWR.

The motivotion of the R & D personnel hos been strongly increosed by the
chollenge of the novel octivitics, differing in seme respect strongly from the
previously known ones. Some problems, porticulorly in the fusl development oieg,
were not fo be solved eosily. As o coascauence, the typical R & D sequence of

trying, finding of basic solutions and optirnizing hos bzen extensively excercised.

The definition of so called master soals, preferubly hordware ones, linked to as
many program oreas os possible, contribuicd to coordinating of the work and
performonce mecsurement, As on exomple of such o goal shauld be mentioned the
"stort of irrodiotion of short rods wilh (Th,U)’C)2 fuel satisfying PWR
specifications”. Here, procticolly oll depoitments hod to coniribute and the

performonce wos eosily meosurable by the stondards or specifications.

The creoting ond support of direct, portly informol, links between technical per-
sonne! of oll portners working on one subject condributed to o timely ond exicn-
sive information exchonge. The positive role of working visits should be stressed

here.

The close cooperotion has leod to the detailed recognition ond understonding of
the copobilitics of the other poriners including internal inlerdependencics ond
regulations. This helped substantiolly whaot the monogement aspects ond the

performance of the work are concesned (Fig. ©).

4, Conclusion

The rewulis of the cooperotive R & O progiem "Th-Uiilizetion in PWRs"
performed by KEA and NUCLEBRAS under purticipation of KWU ond NUKEM
showe that thotiven bosed fuel con be insvited in vamadified fuel assemblics ime
stondord PWR of KWU design. Successivll tisnsier of techinology in the ored of R
& D on nucleor fuel cycle from Geimony to Rrozil piesents onother benefit of

this joint «ffort.
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Phase 1
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Feasibility
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know-how from
Germany to Brazil

Fig, 5:

Phase 2
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Jjoint pregram steering and management including inter-
acting working programs

clear formulation o1 goals oriented on the requiremenis
of a standard PWR-system '

intensification of know-how transfer by modifying stendarc
procedures and programs

motivation.of personne) by novel rescarch activities
competing with known ones

enhancing of the ccoperation and integration of progrem
effort by introducing hardware orient=d master coals

flexible means for information exchange

Fig., 7: HMajor factors for program success



- intensive 2nd verifiable know-how trensfer

- detailed recognition of the capabilities of other proéram
partners

- creation of durable contacts between the participating
personne!

Fig., 8: _
Program benefits from standpoint of -technology trensier



