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TECHNOLOGY TRANSFER WITHIN

THE KFA/NUCLEBRAS COOPERATIVE PROGRAM

"THORIUM UTILIZATION IN PWRs"

V. Moly, KFA-Jülich, FRG

R.B. Pinheiro, NUCLEBRAS/CDTN, Brazil

1. Introduction

It is o general trend in the area of advanced technologies tho! beside the transfer

of the technology itself oJso the tronsfer of know-how for rclotcd R&D work is

required ond ottempfed. This provides the occopting country with deeper under-

standing of lhe tronsfc-rred technology, enables active participation in adaptions

to tht specific conditions of this country end provides possibilities for further

independent activities in this area.

The cooperative R&D program on "Thorium Utilization in Pressurized Water

Reoctors" between NUCLEBRAS/CDTN or, the Drozilion side ond KFA-Jülich

with the participo!ion of the companies KV/U and NUKEM on the Gcrmcn side

cims ci improvement of the knowledge en this subject end contributes Io fullfill

in pioctice the "Governmental Agreement on Cooperation in the Field of Science

ond Technology" from \96? ond the "Memorandum of Understanding between KFA

ond NUCLEBRAS" from 1978.

The program has been motivated by the fact known from numerous R&D activi-

ties, among others in Brazil end Germany, that thorium based fuels con provide

better resource utilization in thermal reoctors compared with t!>e conventional

urcni^.Ti based fuels. The thorium fuel cycle technology is, however, noi so

molute os to permit well bused feasibility statements in this orca. By using the

Standard PWR os a reference plant or. efficient v/oy hns be • •• chosen for

ric'fnot'.itiotion oi the lechr.oloc.icr.l fc'osi:>ility by concentiofion on the pro!>Lwts

i-peciiic foi tin* lho:ium fuel cycle:, providing also o v/oy for «ssimilciiion of thi*

LV/R-fiicI cycle know- how. Al 'In.- some time, the* potential of the slonG'.jrd PWR

wifh u-ipeef !c> the (idviintctJ fuc-1 cycles is bcir.j investigated for this porlicwlo:

cttuc.
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2. Program Results

In the proorom Phose 1 (197? through 1?83) the technological basis for further

work on (Th,U)O? fuel hos been established aaJ the principal fecsibiiity of ihe

chosen fuel cycle concept hos been proven.

In the current Phosc 2 the main objectives are the a'emonstration of the (Th,U}0

fuel, inifiution of the o'evelopmc-nt of (Th,Pu)Q~ fuel or.d extension of the status

©f lhe knowledge in spent fuel treatment. The demonstiution of th» (Th,Pu)O

fuel should follow in Phose 3.

The results achieved up to now show thot (Th,U)O_ ond (Th,Pu)O7 fuel con be

inserted in unchanged fuel assemblies in o standard PV.'R in both 3 ond A yeors

cycle (Fig. 1, 2). The odvonced fuel fabrication process based on pelle* pressing

of kernels of ex-gel origin provides [Th,\J)Oy fuel solisfying PWR specifications.

This fuel, under irradiation testing since end of 19E3, shows good irrodintion

performance in o good agreement with rhc model predictions (r ig. 3, 4). Transfer

of (ThjUjOo fuc ' fabrication technology to (ThjPuJO^ fuel by means of Cerium os

o Pu-substiJutc hos been initiated. No bat"»c problems huve been identified up to

now. In the areo of reprocessing the results on laboratory scale show that PWR

thorium fuel con be reprocessed using the known flow sheets.

The detailed results of this common effort hove been join' ly published

in scientific meetings os well as in form of teports.

3. Cooperation ond Technology Transfer Aspects

The transfer of R&D techniques presents the olhor main objective of the

proyiom. The three program phoses aim not only at different levels of R&D

effort os mentioned obove but also a? different levels of cooperation and

know-how transfer (Fig. 5). In the inilio! piiosc'the major flow of know-how has

been directed ':om Gcimony Jo Bro/i! f).o;.fly in ccn.-.cc I ion will-. long l:;nT»

BtozWhvA dí-lvycüons to Gc-imnny. V.'ifi, !iic- w;>jK».iing of the CDTN/NUCLÍ:í:'F-?A$

loborcilos its, iiviplcnu-nliMJon of cornjiuic) pro^iam«. tmíi ;»ioc\ií,lion ond Kwolity

c r c . ' - t n : . " » ; { • ! ' i ' ' \ ' : ' r . i . ' : - . '•'•<:• V I : J : I - :<'• • > : • * •'••• • '•..••.— :'. • > » • ' " . " J " 1 ' '••.:•. [ • • > • ' ;• r . i : ' < " . >
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increostny. The communication of the working results hot Lteri liorit by close

person to psrion contacts, exchunne oi the reports onci by short term delegations,

os well «s by direct poi iicipation of R £ D personnel on the octiviiies within

other poctnsr's deportments. In the piesent progicm phase on equillibrized

participation on novel R & D is attempted whereas in the following phase fczr-

re.oching independency of NUCLEBRAS/CD7N' complemented by close cooperation

on special problems is envisaged.

An example of such a joint octivity in fuel envelopment area is presented in Fig.

6. In order to investigate the stability of the production process simultaneous

fabrication of the ex-gcl-kcrnsls by NUCLEiiRAS and NÜKEM end pellet pressing

ot NUCLEBRAS, KWU end NUKEM were performed. At the- some time, by

extensive comparison of analytical methods and characterization procedures the

quality control scheme will be verified.

The program has a joint munogemenr. Mutually ogreed interacting working pro-

grams and common progress reports strengthen the cooperative character.

The progrom covers a wide spectrum of activities including the nuclear core

design, fuel design ond fabrication, írrudioüon testing end spent fuel iieatrnc-nt.

External institutions ore involved if needed. Therefore, exlensive excercise of R

& D management of o complex program can be considered cs another benefit

from ibis cocperotton.

The piogram performance, up to nov/ has he-en judged to be positive. The rnojor

factors which contributed to this judgment are presented in the following Fig.7.

The program has been oriented towards the standard commercial PV/R system.

Therefore, the involvement of the Gasman industrial participants KWU in oil pro-

gram areas ond NUKEM in the fuel development area has been essential because

©f their knnw-how potential, R &• D cy.r^tisr.cc end strictly problem oriented

treatment of the tasks.

The assimilation of the LV/R fuc:l cycle St-cr '-lology !»os bo en strongly enhanced by

the foot thot the R & 0 octivity for on mivnnct'rf type of t'ne iwcl hod to satisfy

ft'.• v/fl! Hown rc<j'.»iri.:rnentj of en existing rt*(»clat tysti-m. The

if • ' uncf «ííoj/tíyni in thy :.\ar,;Uinl tui-ihwii M>ch en computer p



including Ine input doto, production process, steps os v/ell os lhe quality control

require their deep under st onding. AH thc^c modifico!ions ore checked agoin for

the opplicetion to the si undo id PWR.

The molivolion of the R & D personnel hes been strongly increased by the

challenge of She- novel ocfiviiies, differiny in some respect strongly from the

previously known ones. Same problems, puMiculorly in the fuel development o:r-o,

were noJ lo be solved easily. As o consequence, the typical R & D sequence of

trying, finding of basic iolutions ond optimizing hos been extensively excercised.

The definition of to colled mosier 3C*ils, preferobly hordwerc ones, linked to cs

many program areas os possible, contribu'e-d to coordinating of the work ond

performunce measurement. As on exomplc- of such a goal should be mentioned the

"sfort of irradiation of short rods wiih (Th,U)O2 fuel satisfying PWR

specifications". Here, procticoüy oil deportments hod to contribute end the

performonce wos eosily meosuroble by ths standards or specifications.

The creating one; Support of direct, port!*/ inforrnol, links between technical per-

sonnel of oil partners working on one subject contributed to o timely and exten-

sive information exchange. The positive role of working visits should be stressed

h«»re.

The close cooperation has leod to the detailed recognition ond understanding of

the copobilifies of the other partners including internal interdependonciei. ond

regulations. This helped substantially what the monogernenr aspects and the

performance of the work ore concerned (Fig. &).

4* Conclusion

The result; of the coopcrofivc R A D progsom "Th-Uiilizotion in PWRs"

pcrfoirned by KPA and NUCLEBRAS under fr.tr lieipwtion of KV.'U cvnd NUUfZM

bhovt thfii Jhoiiurn luiscd fuel con be insL-iicd in vnmociificd fuel «sj-cmblU'S into

standard PV/R of KWU design. Successful! lu-.nsfer of ieciinplogy in the» oreo of R

& D on nuclear fuel cycle fforr» Gtnnony tc> Oio/il picsortts anolitcr benefit of

Ihis joint effort.
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Fig. 2: Power distribution at beginning of cycle
Th/Pu core, 4 batch once-through equilibrium



Fig. 3: <Tn,U)02 fuel pellet írrecíiated up to 10 KWd/kgHM



C9

I

Fie. Í<: ".acmif i rar inns nf rhr r.rnss-sprt ion



Phase 1

1979 - 1985

Phase 2

1931 - 1SS3?

Phase 3

beyond 1389

Feasibility

Equalizing of
RSD status

know-how from
Germany to Brazil

Optimization

Complementary
R 8 D

know-how
both ways

Demonstration

camion R I D on
-special problems

know-how
both ways

Fig. 5: Program Phases
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joint program steering and management including inter-
acting working programs

clear formulation oi goals orienied on the requirements
of a standard PWR-system

intensification of know-how transfer by nodifying standard
procedures and programs

motivation of personnel by novel research activities
competing with known ones

enhancing of the cooperation 3nd integration of program
effort by introducing hardware oriented master goals

flexible means for information exchange

Fig. 7: Major factors for program success
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intensive 2nd verifiable know-how transfer

detailed recognition of the capabilities of other program
partners

creation of durable contacts between the participating
personnel

Fig. 8:

Progran: benefits from standpoint of-technology transfer


