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Ihtroduction

I.

. to be immediately available, viz. 3 31 MEUA necessary for the'work in 1980,

This document is intended to reply to the wish of the Council to have !
at its disposal additional information on'the objectives and current
status of the Super-SARA project. The‘report presents the results of - .
the work of the first phase of the project and sets out the prospects

for the lmplementatlon of the second phase.

It should be recalled that on 13 March 1980, the Council adopted a multi=

'annual research programme to be implemented by the Joint Research Centre

(0.J. of 18 March 1980, no. I 72). The Council further stated on this occasion *) .
"that it approves the lmplementatlon of the Super-SARA pro;ect including,

in accordance with the ACPM guidelines, experiments on loss of coolant

through small and medium sized breaks. However, the financial appropriation

for the project (43.92 MEUA), whlch is thus approved, comprises one portion

while the remaining portion (40.61 MEUA), for the years 1981 to 1983, is

frozen. At the end of 1980, and on the basis of the new information then
available, the Council will be reguired to deciae on the continuance of : -’E
the project and on the release of the remaining portion of the appropriations.v
Should this decision not be taken, the Council must decide on the future

utilization of the staff working on this project."

The Commission wishes to stress once again the importance of the Super=
SARA project, which constitutes a further Community initiative of

greatest importance in the field of reactor safety. It is the responsibility

" of the Commission to underline the need for a prompt execution of the

I1I1.

Super-SARA project within the frame of the 1980-1983 JRC mgltiannual
programme and to draw the attention to the grave consequences of a
negative decision of the Council on the future development of the Joint

‘Research Centre.

The first phase of the project has been mainly devoted to the oontinuation
of the constructlon of the SARA loop according to the planned schedule, to
the detailed study and completion of the content of the experimental pro-

gramme and to the study of the technical complementarity of the Super—SgRA

project in relation to the other projects being carried out in the same field.

*)S
4

atements for Entries in the minutes of the Council (Document 5422/80 of
March 1980)



Iv.

The Commission is pleased to emphasize the extremely significant contri-

 bution made to this task by the experts of the Member States meeting in

the Task Force established in June 1980 following the invitation addressed
by the Director-General of the JRC to the Permanent Representatives.

The list of experts who took paft in the Task Force is contained in Annex I,
and the calendar of the meetings in Annex II. The constructive spirit which
was shown during the work of the Task Fdrce should in the Commission's
opinion serve as a basis for the further development of a project, in the
implementation of which the laboratories of the Member States would be
widely associated, and where a close collaboration would be established with
the projects of the same nature, in-pile and out~of-pile, conducted with the
Community and eisewhere,

This document is centred upon the technical aspects of the Super-SARA project,

in which the most significant developments have taken place during the
first phase. It further covers the financial aspects of the project, the
main modalities for its execution and the questia of cooperation with third

parties.

The Task Force, after recommending unanimously a test programme, has issued
a certain number of recommendations concerning the .further development of

the project. These recommendations are set out in chapter 3.6

- of this document.

This document has been submitted for Opinion to the Advisory Committee on
Programme Managément'"Reactor Safety" and the General Advisory Committee
of the JRC. These opinions will be transmitted to the Council as soon as

approved by the respective Committees.

P



2. The Rble‘pf the Super-SARA Project in Reactor Safety Research

yWhile all precautions are taken in nuclear plant design and
bperation +6 ensure that accident situations are of very

low probability, it‘remains,however, necessary to obtain
information on-the consequences of accidents, irrespective

‘of the low probability of their occurrence in order to verify
above.all that they do not lead to unacceptable release of

radicactivity into the environment.

The Super-SARA project - as an in-pile investigatidn into. the
behaviour of LWR (PWR or BWR) fuel assemblies during a wide
variety of accident conditions - is aimed, together with

‘other’on-goingvprogrammes, at providing this type of information.

The accideﬁt conditions investigated relate to loss-of-coolant
from the primary system of the reactor;-they rangé from those

of the large break loss-of-coolant accident - the design basis
accident used to date - to those of many scenarios, involving
the simultanecus failureé of independent major systems, in which
- core uncovery occurs - leading possibly to the so-called Class 9

accident conditions.’

'All these accident conditions lead to incipiént-to—severe fuel
damage éonditions ranging up to clad melting and dissolution of

U0, pellets, widespread clad oxidation and embrittlement, formation
of blockages due to fragmentation.and;frozen slag, enhancement of

fission produict release and degradation of core coolability.

The Super-SARA Project is.focussed on the ,general mission of
quantifying the above fuél damage states and the corresponding
fission product releases occurring over the broad accident spectrum

referred above.



Furthermore,’the information obtainedvon.the core blockage which

can result frém the various types of damage‘will indicate the

degree of core coolability available for recovery of plant control
should an accident occur.'Taken in conjunction with a knowledge of
the fission product release, this,informatioﬁ could be an extremely .
important factor in the behaviour and procedures adopted by operators

‘and public authorities during the evolution of the accident.

It should be stated at once that the Super-SARA project cannot

reproduce the full set of geometrical parameters involved under accident
conditions in an LWR primary system. However, it is intended that the
manner in which fuel damage occursin the Super—SARA project be similar

to that in a full scale core because the imposed thermohydraulics

boundary conditions (different to, but based on a real reactor situation)
will be regulated so as t; bgacket the fuei behaviour conditions predicted
to occur in the full scale aécident. In addition, the test cluster
"temperature distribution will be chosen to ensure correspondence with

that for rods in a full scale core. There will thus be good comPatibility

_in the physical conditions of the test and the accident itself.

In summary, by generating data of sufficiently general character on
fuel damage and fission product release against the above background
" of public concern, the practical uses of the Super-SARA project are

- expected to be as follows :

1. to assist those responsible for safety assessments by providing
additional important information on accident situations which can

lead to incipient-to~severe fuel damage; .

2. to contribute to the knowledge’of fission product releases to the
primary system, which is an important source term in establishing

‘more realilstic emergency plans;

3. to help identify remedial measures to mitigate degraded core cooling
.conditions,‘including the.systeﬁs to monitor them, and the specification

of operator procedures to combat them.

-
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" The Sﬁpex—sARA project itself cannot answer all the'questions which
| " are posed in’this complicated field. It rather forms an important
part of a mosaic of projects which together represent a coherent

attack on these questions.

In this hosaic, one identifies eéssentially the out-of-pile programmes
in REBEKA in Germany and MRBT in the United States as _well as the
in-pile programmes PHEBUS in France and PBF in the United States. In
vie& of its detailed technical character, the relationship of
SupereSARAiwith these programmes - o£ a complementary.br a confirmatory:
nature - is outlined in the followiné chapter dealing with technical

acpects -of the project.

It should nevertheless be ﬁointed out here that the Task Force reached
an agreement on the establishment of mechanisms to ensure the
‘complementary/confirmatory role of the supér-sARA_project,notably

~ through the pooling of information with PHEBUS and PBF.

The characteristics of Super~SARA which give it a distinct placé in
the mosaic are clear : large dimensions of test bundle, complete
range of aécident simulation; out-of-pile test calibration. Thesef
characteristics, together with those available at ESSOR —vsingle
purpose operation,Acontiguous hot cells, bunker containment - give
" the Super—-SARA project a_signifidant capability.

, L . | ‘

L)



Technical Aspects of the Project

Preamble

) »

The mandate of the Task Force is to give technical support to the Commission

in the definition of the Super-SARA programme objectives and to assure a

. strong link between the programme and the out-of-pile and in-pile experiments

underway in the different laboratories.

During the period from June 1980 (when the Task Force started) to October,
the Task Force has elaborated a conéensus test matrix which is expected to
give a substantial contribution to the understanding of fuel cluster be-
haviour (damage and fission product release) under a broad spectrum of

~accident conditions.

It was not the mandate of th? Task Force to discuss in depth questions of

- feasibility, instrumentation etc. Neverthéless, a number of unresolved

technical problems which have been pointed out in the Task Force are listed

in Chapter 3.5.

Consequently, the test matrix was formulated on the presumption that the
technologyknecessary to accomplish the programme will be feasible and in
the knowledge that the technology is also being actively pursued by comple-
mentary programmes. It is understood that the matrix is not frozenAand may

be modified to recognise the results of on-going technological effort.

The mandate excluded also all questions concerning organisation, management,

- budgeting and time schedule for the further work.

3.1. General Objeétives‘and Composition of the Consensus Super-SARA Test

Programme (SSTP) prepared and approved by the Task Force

The first basic objective of the consensus SSTP is the attainment of

data and a deeper generic understanding concerning those aspects of LWR

- fuel cluster,behavibur which can lead to significant fuel damage, core



blockage and coolability problems as a result'of'hypothetical accident

situatith'of‘a‘low probability where normal safeguard systems are assumed
to be partially or wholly in—operative.

In addition to such an understanding of the thermomechanlcal and thermo-
hydraulics processes governlng LWR . fuel- cluster damage and blockage, a

second basic objective is the correlation of the transient flSSlOn product’

rélease (FPR) occurring during accident situations with the type and

" extent of the fuel damage provoked.

The consensus SSTP covers fuel cluster behaviour both for the “fast"

transient conditions of the "large break™ loss—of-coolant-accident (LB~LOCA)

and the "slowex" trénsient‘conditions of other eccident'scenarios which
under certain circumstances could lead to periods of pertialvcore un-
covery and higher clad temperatures and a potential for severe fuel
damage (SFD). An’important example of such a "slow" transient leading

to SFD‘is prbvided'by the Three Mile Island (TMI) accident.

The majority of the Task Force.considered frpm the begiﬁninq that more‘
emphasis should be.placed‘on the'SFD part of the programme than oh the
‘LB*LOCA pa;t, The reason for this is essentially that, while a considerable
amount of work has been started or completed for the LB-LOCA, activities

in the SFD field are relatively behind and require intensification in

order to provide SFD data as quickly as possible.

The LB-LOCA part of the consensus SSTP has been established on the basis

of the Task Force reguirement (2) that it must be confirmatory with respect

to the current oUt-of-pile'LB—LOCA fuel behaviour programmes (which'are
.able to scope well the governing parameters and requlre only limited in-
plle checks to confirm the typicality of rod—s;mulator performance) and

complémentary,thh respect to the current 1n~plle LB-LOCA programmes

. (where the data available or expected should be backed up by in-pile tests

which give something new).



-The Super~SARA loop is being fabricated with the design aim to simulate
the entire LB-LOCA scenario, blowdown to reflood, b& means of control
actions on valves and cluster power. This capability will be exploited
in order to meet the basic objectives stated above, which, for the LB-LOCA
take on the following particular form : ) *
- Clad deformation characteristics, likely to be dominated by_high'
strain-rate ballooning, influencing the degree of cluster blockage.
~ Interactions caused by deformations which might influence the
cluster blockage fractiocn.
- Rod cluster coolability and thermal response durlng refloodlng

- Dependence of FPR on the extent of cluster damage.

The Task Forxce has proposed 'a LB-LOCA test matrix which fits within the

‘required confirmatory/complementary context by means of the following tests:

- 4 Tests with 2m long PWR (type ' 17 x 17) clusters of 32
rods; L . ‘ ‘ ] ‘ -
"= 1 test with a 2m long BWR-type cluster (probably type
8 x 8R); .
- 2 unapec1fled tests to cover unforeseen requirements of high prlorlty

ar151ng at a later stage.

In contrast to the LB-LOCA part, the SFD part of the consensus SSTP seeks
to generate a more cemprehensive range of data. There is not currently the
wide variety of activity for SFD as for the LB-LOCA field: the only. other
known comparable SFD programme is that planned for the PBF at EG & G-Idaho,
starting in late 1981 or early 1982. The PHEBUS programme is also expected
to specify SFD‘tests which must be also considered For the time being, the
SSTP has to ensure a good complementary/confirmatory relatlonshlp only with

the PBF programme.

Considering the basic objectives stated above and the large array of accident

scenarios which may potentially lead to'Sbe'as occurred in the case of the

o1
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TMI accident, the Task Force has noted that the Super-SARA loop has

‘the design aim to reach these ijectlves by exploiting its planned .
»capablllty to 51mulate the essentlal common feature of all the SFD ‘
.scenar}os. cluster uncovery to provoke relevant tran31ents of clad

' temperature in combination with relevant transments of system pressure,
followed by resubmergence and guenching. The Task Force- has stipulated
that this capability must be-used to address the following particular
SFD objectives (2, 3) =z |

: a);Degrée of cluster‘blockage and FPR due to clad deformation

~and rupture at low strain-rates, possible in "core uncovery"
transients, especially considering the effects of clad oxidation

on such deformation in the high &- highframe (~1100 - 1650K) .

"b) Dedree of cluster blockage and FPRtresulting from the formation
of a rubble bed dué to the widespféad‘oxidation of the rods
{up toew2000K) , with or without piibr~ballboﬁingﬂanﬁ rupture,
followed by rod fragmentation either by quenching (re-submergence) >@E

. or system depressurisation.

¢) Degree of cluster blockage and FPR resulting from. the formation
of a Zr/UO liquid solution above ms 2170K (rod "candling”), with

" oxr without subsequent rubble bed provocatlon by quenchlng.

‘The Task Eorce has propased a -SFD test matrix Which'fitS'within the re-
quired complementary/confirmatory relation with PBF attained, by means

of the'foilowing tests 3 , S
3 tests w1th objectxve (a), all thh 2m 1ong PWR* type clusters
of 32 rods;

- 74‘tests with objective (b), 3 with a 2m long PWR* type clusters
,of:§2 rods, 1 with a 2m long BWR type cluster;

- 5 tests with obJectxve (c), 4 wzth a 2m long PWR* type clusters
' <of 32 rods, 1 with a 2m long BWR type cluster;

b A A

* The PWR clusters will all be of ‘.b ; ‘ 17 x 17 t;pe geométry j iﬁﬁé
+ The BWR clus*ers will probably be of type : 8 x BR
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-~ 2 unspecified tests to permit the inclusion of unforeseen

objectives which may later become of high priority.

In concldsién, the consensus SSTP is composed tentatively of an overall
number of 2i‘tests which seem to offe;wagrpbis momént”a reasonable
coverage of‘many of the important accident conditions.curfently of
interest, taking into acéount the other proérammes in the fuel be-
haviour fiela. In the following chapters, these tests are described

in more detail; but it should be hinted that, if priorities change or

new problems emerge in the future the SSTP will also have to change.
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3.2. Description of the Consensus LB-LOCA Part of the SSTP

3.2.1 Needs and constraints: field covered by other LB-LOCA fuel behaviour

programmes

3.2.1.1 Out~of~-pile research programmes

SR ¢; Considerable progress has heen made in the characterisation and under-
standing of‘fuel rod and cluster behaviour during the LB~LOCA by out- .
of-pile research The range of this research extends from the detailed
study of separate effects, as examplified by the clad tube ballooning
studies conducted in the PROPAT rig at the UKAEA*Springfields and EDGAR
facilities at CEA-Saclay, to the testing of large clusters usxng sophis~
~ticated electrlcally heated rod Simulators, as examplified by. the studies
conducted in‘the REBEKA installation at the KFK-Karlsruhe and the MRBT.
facility at'the ORNL~Tennessee. o E

Between thee, these programmes investigate‘fuel behaviour over a wide
parameter range and go far towards the verification of theoretical
models intended for eventual LB-LOCA analy51s 'in full—size reactor con-
ditions. They leave open, however, the question 'how "prototypical” is
the’ behavrour of rod simulators?' To answer this question, a very few
speciflc in—pile tests are recommended in addition to those performed
- already. in PBF and FR2 and planned 1n Halden. These tests should be per-
formed under slow creep rate conﬂltions and be explicxtly de51gned to
 check and confirm specific out—of—nlle bundle tests. The Task Force has re-
‘commendedlthat the LB~LOCA part of the SSTP should fulfil this confirmatory

role.

Such a roie:could also cover the secondary'question raised by the fact
k‘that the out~of-pile tests simulate only the blowdowh phase or the heat-
_ up phase separately and cannot simulate the whole LOCA transient which

‘should be~treated in the Super-SARA loop.
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In-pile research programmes

Considerable work on the behaviour of real fuel rods in LB-LOCK con-

ditions is also underway in various experimental reactor facilitie

n

and has‘the same ultimate objective as the éut—qprile work: the veri-
ficatioﬁ of computer models needed for the analysis of the "full scale”
LB~LOCA. The maiﬁ facilities relevant to this discussion are : DK/FR2,

XKFK; PBF, EG&G fdaho; PHEBUS, CEA~Cadarache; NRU, AECLwChalk River.

The LOPT facility is not discussed because it is an integral.plaﬁtbew

haviour facility not dedicated only to fuel'behavioure

These in~pile test programmes vary in scale and parameter coverage and
the recommended complementary place for the SSTP can be identified only
by taking an.overview of the main features of each installation, For
present ?urposes, The features considered relevant to the LB~-LOCR test
objectives are established for each installation by four gquestions :
Are rod cluster effects included ? Is the heated length sufficient for
good reflood thermchydraulics ? Is the whole LOCA sequence included ?
Is the effect of prioy burn-up included ? The table below shows the

situation on these question.

\\\\\\\\\\\ Feature 1 2 3 4

'~

; ‘ length:. whole burn-
- : ¢ 7y '
Installatloﬂ\\\\\\\\\\\ luster {(m) ‘ LOCA ? up ?

DK/FR2 no 0.5 no ves
PBF no . 0.9 ves © yes
PHEBUS yes | 0.8 yés | ves
NRU  | yes 3.6 . no no
'SSTP AR yes | 2.0lﬂﬁi yeé" ves
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i

It appeare lmmedlately that the SS5TP is already partially complementary
to the other programmes in the fact that it responds positively to all

of the first three features ‘while the‘others do not. However, the Task

_ Force has recommended that, in order to be completely complementary, the

1
-8STP should strive to include also the fourth feature : effect of prior

-

burn—upren the cluster behaviour.

ProepectS‘for the attainment or simulation of burn-up

'

4

For the tB—LOCA tests it is desirable to obtain the same tctal power in

-~ each rod of tHe cluster. Because of the highly thermalised ‘neutron

- energy spectrum in the ESSOR reactor, thls requlrement can only be ful-

filled by zcnlng the fuel enrichments: central rods 9.7 %; boundary

- rodsadi. o %. Such zoning makes it 1mpossxble to pre—lrradlate entire

Super—SABA clusters in other reactors with other spectra, and the best

that may, be expected is the pre-irradiation of a few single rods and

ments fér;the ESSOR complex.

their subsequent ingsertion into a nonrirradiated assembly. In this way,
for example, the 4 centrai rods could be pie~irradiated. Pie-irradiation
in the Super—SARA loop itself would he the perfect solution but it re-
guires %opg periods of steady ful;}poyefzoperatiop‘of the reactor which

‘at the moment is not compatible with the minimised operational arrange-

L
1

The Task Force attempted to assess (4) the possxbillty of obtaining the

' prlncipal effects of sxgnlficant burn—up w1thout going to long pre-

1rradlations The effects to be attalned are essentially the fuel cracking

and relocatlon patterns, the UO /clad chemlcal bondlng and the cladding
creepdown typical of 51gn1f1cantly burned fuel rods. These effects are
1mportant because when clad ballooninq occurs 1n response to a LB-LOCA,
the fuel fragments may "follow" the defo:matlon and maintain a near-
unlform temperature around the clad elfcumference. As is well known,
thlS would tend to increase clad straln‘and cluster blockage and thus

impact éigplficantly on ‘a major test objective.

R At !


User
Rectangle


Jin any oLnez way.

,peak clad temperature (PCT) history :

~ 14 -

The Task Force produced evidence that the 002 pellet cracking

and relocation pattern typical of high burn-up can be attained

" by no more than smw 2 days full powér operation, combined with at

least 3 cycles between full and low pOWer, each on a timescale of
~ 1 hour. However, it appears that this treatment will not encugh
to provoke the desired UOZ/clad chemical bonding and clad creepdown. Clad

creepdown could be attained by suitable design and/or pre-treatment.

In conciuqion)it is considered necessary that each test be preceeded
by the sbove preconditioning to provoke most of the desxr d effects
of burn-up, that a surveillance of in-pile test data be malntained to
establich the conditions for obtaining Uoz/clad‘bonding and that,

in the meantxme, the LB-LOCA programme should foresee the use of

"some lrradlated rods" in case UOZ/clad bondlng is not attainable

-

[

The Consénsus Super~SARA LB-LOCA Test Matrix ..

-

ot

A1l of tbe above needs and constraints have been SynthESLSed into

ey

the test matrix shown in table 1, which is recommended by the Task

Force {5}, 2 e

o

peoro

),\ - A )
 All tests will involve the complete LB-LOCA sequence (blowdown, re~

£i11, r@flood) for which the timescales and thﬂrmohydraulic variables

will be made to lie within the "prototyplcal" LOCA ranges by deliberate

(oY

loop dnd reactor control actions. The proposed mode of reflood for all

tests is: “fo7ced feed” with constant watur inlet velocity (2 cm/sec

TN
[

Before the execution of an in-pile test,' these control actions will be

reproduced, corrected, tepeated. and ¢bnfirmed by using the electrically

heated Barallel twin channel. v S .

sl '

Two classes of control action are required to yield two tYPEa oF
i h .
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Type A, in which the channel flow and heat transferkcoeffidient
(HTC) are minimised during blowdown to, provoke a rapid rise of
PCT to the target value before the clad is loaded by the drop of

' system pressure.

Type B, in which the channel flow and HTC are 1eft to vary more
freely to limit the rise of PCT until completion of blowdown.

 Type A PCT histories provide “heat—beere—load" situations»suitable‘
for provoking deformation at pre-selected values of the clad .
tempe;atuké followed by the reflooding and quenching of the'damaged"

cluster.

Type B Pci histories provide "1oadwbefbre~heat"vsituationg;in which
deformation occurs only after blowdown during the low pressure heat-
up phase., Type B histories are needed'in,@rder tb correlatevwith out~-
v of—pile tests which ieproduce~only the low pressure heat—ug/reflqod

phase.

The emphasms in the LB-LOCA test matrix- is on deformation in the.
hhﬁxotphase of the clad because the straln and blockage potential
are greatest. Only test l.1nvestigates'defqrmat;9n at higher PCT in
thefs phése‘whére a secondary potentiaiiﬁy—for high strain is possible.

» ~ U '
 Test 2 is the base case and, taken with test 1, brackets the-
interesting range of PCT in a manner compiementary to other in-pile
-programméé (see previous discussion of installations in chapter 2).

fin : BV N P .
TestSVBVayd 4 seek to confirm the resugtsqof ocutrof~pile tests with
rod simulator clusters (REBEKA; etc.) and as test 4 is foreseen with
some ;rr&diated rods it is also complémentary to NRU (wh;ch‘uses'
f;ésh fuel) . K T S A

L4
Lol
S
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Tests 1-4 foresee the use of 2m long PWR (tﬁpe W17 x 17) clusters of
32 rods. Tést 5 is foreseen with a 2m long BWR (probably type GE &

Al

% 8R) cluster containing a number of rods to be determined. This test

T

is expected to confirm that the cluster geometry doeg not strong

et

(=28

infloence Lh@ behaviour patterns of interest and tha*'the codes veri-
fied by Lhn PN“ data are applicable o assess alsc BWR Vnal responsa

'

From this viewpoint, complementarity with all other programmes using

\ . !
PWR fuel can be claimed.

Two unspecified tests have been recommended by the Tagk Force Lo

cope with additional objectives, .¢. remadial measurss to diminiszh

the damage vcaused by the LB-LOCR, or investigate unforsseen problems

arising with high priority. "N Co
[P 4
| y
. o
3 . - ry
i
§ B i
3¢ Y' :
- b { T
1
e
i»'
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3.3. Description of the Consensus SFD Part of the SSTP
4

3.3.1 Needs and constraints : field covered by other SFD programmes

The GérmaA delegates to the Task Force described KfK simulations of
SFD sxtuations in out—of-plle mock-ups of PWR clusters heated at
various rates by ‘Joule heatlng‘(B} Within the restraints of the test '
conditions,the major cbnclusion of this work is that if the ramp»rate'
' of rlse of the PCT is less than » 0. 5K/s, the cladding is all
oxldlsed pbefore melting, but that if this rate exceeds ~» 1K/s then
some Zr metal survives until melt;nq and for »~= 4K/s a considerable
’ portion‘of\the metal survives and forms a solution with the 002 thch
relocates ("candles") down and resolidifies at lower elevations.
These experihents offer the only c¢leaxr gﬁféénce concern;ng thé‘manher
. of handling the PCT to obtain different st;?es of SFD. '

The only known in~-pile programme ammed at the in—pile study of SFD is that
. planned for the PBF at EG & G.Idaho (6). Current priorlties in the

U.s. have dlctated that this programme shall be concentrated on

the inVestigatlon of cluster "candling" and/or fragmentation with

the axm of obtalnlng data on fuel relocatlon and rubble bed block-

ages and the associated FPR as quickly as possxble. Seven tests

v o ‘ o :
are proposed by the Task Force: the five with leading priority are tentatively

scheduled for execution between end 1981 and mid 1984.

1

The Task»FéiCe has suggested that'theFSFﬂhéart of theTSSTP should

" include tests which confirm the PBF iésuiﬁé‘and others which are
complementar& {Such a relationship withfbtier nationél programmes
is also suggested, e.g. PHEBUS, when their SFD tests plans ber~me
known) The three consensus SSTP SFD objéﬁglves, defined previous~
ly, alliow this complementary/confirmatory role by covering a wider
range of canditxons, thus permitting the’detailed examlnation of
some. aspects of fuel damage (e.g. deformatibn) which are not the
-primary conpern of the PBF. The dxscussian of the SFD test matrix

%N

below will ghﬂw how this is realised in Getail.

{
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During Taék Force discussions, some differing views concerning the
fuel preconditimning best suited te the SFD test objectives were
voiced. ' ,

For objective (a) : degree of cluster blockage and FPR due to clad

deformation, it would appear that the same arguments apply as fox

the LB~LOGCA, l.e. good preccnditioning,tanobtain:pr@tmtypical U,
. L

- pellet cracking and relocation and pellét/clad bonding is necessary

3.3.2

ktc ensure the correct clad temperature, distrlbutiono For © Qectxvns

{b) and (c) : degree of cluster blockage and FPR resulting from rod
fxagmentaflan and candling, thexe were scme opinions that such pre~

cand&t;oning may be unnecessary.

The Task Foxcm underlined -the need to include in thm tests for
ey e

cbjectlvns (b) and {(c) some measurements of the thermohyﬂraullc
characterlstlcs of the blockages. In v;ew of the extremity of

some oF th@ conditions leading to these blockaqea : extensive
oxmdatlnn and "candling” of the UO. /er;dlution EolLowed by the
foxmatlon:;f rubkle and fro7en slag on”quénchlng, 1t is not yet
clear what‘t@uhnlques can best be uqed for thesc measurements.

It is expected that the PBF programme w1ll otlmulaﬁe the neces-
sary technology in the U.S. for this and 51milar tesL«train
problens’ and that benefit can be taken from there by the S8TP,

 wh1ch is scheduled to . start lafer.

(R

The consanéus Super-SARA SFD test matr;xl;

i"
&

Table 2 shpws the test matrix into whlch has been facLored the

‘ agreed SFD objectives in conjunctlon w1th above needs and

i
constralnts. The Task Foxrce has given its]approval (5).

i
.“ '

The prog;amme is divided into three tesL series : A, B and C,

corresponding to objectives (a), (b) and (c) defined earlier,

plus series D 1 unspecified tests to cope with unforeseen new

problems or new ways of conceiving of problems whlch might hit
first prLorlty in the future. | f r“ s
s .

0o
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All tests will involve the feature ccmmon to the wide variety of

. ‘relevgnt accldent scenarios : controlled cluster uncovery to

elevations and at system pressures appropriate for the provocation

. of the particular cluster responses defined by the test;objectlves.

‘' This report does not attempt any discussion of the accident
;scenarlos ‘themselves. Control systems Wlll be built intec the “Loop

. ko acecmplish the requlred*thermohydraulics conditions and
transients and these w1ll be checked before in-pile testing by using

- the elect:ically heated paralled twin out—of—plle channel.

" Table 2'is‘largely'self—explanatory_and.xeqﬁires‘only seme addition--

al general comments. These comments will not touch on the FPR
objectiveidf the tests which is treated separately in a later
section. l ‘ ‘; . ‘ k
:Ij; . : . o '

-

‘ Test Series A (tests 1-3) investigates posslble large extended clad

deformation, characterlsed as ausage" o¥ "carrot" balloonlng,

‘which may involve strong rod-to~rod interactions and significant

cluster blockage fractions. The series: 1nvestigatés such defcrmation
for the ¢&lor just o(,,ﬁﬁg phase,’ where expected ballooning is
largest (test 1), and for the low ﬁ (tegt 2) and high ﬂ {test 3)

regions where deformation is also pntentially large but strongly

affected hy the occurrence of simultaneous oxidation. All three

. tests will ‘be conducted with 2m long PWR (Wi? x 17) type clusters

of 32 rods. ;_ _
A :'\

I
v

Test series B (tests 4-7) 1nvest1getes transients which may lead

to rubble bed ‘blockages bet no "candlmng - On the basis of the KEK

: out—of-plle test results, a ramp rate of rlse of HJ 0.3K/s in the

ey .
PCT can be used to ensure the necessary clad oxidaticn. Test S eries

Bl (test 4—6), which will be conducted With 2m lang PWR (W17 X 17)

d i
1type clusters of 32 rods, investlgates tpe process of rubble bed

formation due to guenchlnglafter clad rﬁ@ture and embrittlement

ﬂhf S dn
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‘by widespread external and internal oxidation with the PCT rising
to "~ 1900K. Test 4 seeks ?o assess the condition of the cluster
prior to frggmentaticn by‘terminating with a slow cool-down to
avoid thermal shock:; test 5 is a repetition but with a thermal
shock due to fast quenching. Both tests involve clad ballooning
and rupture as the PCT rises through the Zr‘ac‘phase’and the next
test, test 6, examines how the rubble bed characteristices are
changed if this early ballooning and rupture occur in the high fg
phase of/the clad (which may predispose the clad to 2 different
Eragmentation patﬁern)p Test 5 is the first test in the matrix
involving the measuvement of rubble bed blodkage characteristics
andiwill-thus ‘be the first Qeal check within the SSTF én the test-

Ctxain LerthLoqj to be developed fex this purpose. T2 &% gerieg B2

{Lest 7} xnyestlgatec the process of rubble bed f@xmatian due to

depressurisation (with PCT - 600K} following exfenslv@ alad

embrlttlemgnﬁ by exteinal oxidation {WlbﬂyEbT &mwinO&). The

Task Force agreed that this is more a prphlem for the. BWR and

the test will therefore be conducted with a 2m long BWR {probably

type GE 8 x @R} cluster containing a numbey. of rods tmlbe determinated,

= v

Test geries ¢ {tests 8-12) investigates Axansients. which may lead

Lo rod ”q?ndling“ Ly the dissolution. of UL.in wmolben Zx follmwed

[

by guench Induced blockages censishing of rubble and frozen slag.
The out~of-pile KFK results suggest that the PCY must be raigsed
faster than ~s1K/s to obtain the Zr!UOz/liquid, Test series Cl

. ftests @wll\ which will be conducted wxﬁhzzm long PWR (W17 X 17)

Ckype cluste Ls of 32 rods closely resembles series Bl but with the
PCT rising. mare rapidly { ~fdK/s) to a higher level [ 2300K) so

as to add ved "candling” and frozen alaq hlockage fo.the processes
agourring. Tesht £ geeks to "freexz e the wlusker in ibs "candled”

gometry pridr to fragementation by using a slow shook-free coolds .
[



Test 9 repeets this test but with a fast quench to provoke rod

]fragmehtaﬁion and measure the thermohydraulic characteristics of the

,~blockage. Both tests 8 and 9 involve cled balloonlng and rupture as

~the PCT rlses through the Zr o, phase and test 10 examines how the

. the high [3 phase (which may give rise to. quite a different rupture

blockage characteristlcs are changed if this early .rupture occurs in

‘configurat;on and thereby a different "candling” behaviour). Test 11
v‘is intended to confirm that the processes remain essehtiaily
‘unchanged if the PCT rise rate is very high, (;> 4K/s) as occurred in

‘,the ™I acc1dent Test series C2 (test 12) investigates conditions

f\related to the inlet flow blockage accident of the BWR for Wthh the

. problem is; according to the U.S. observers of the Task Foroe,

;essentlally to assess if molten fuel could penetrate to neighbouring ,

. fuel assemblles and cause a propagatxon processes. Test 12 is accoxrd-

11ngly an iovestlgation into the relocatlon of the‘liquid Zr/UOg but

"the BWR-based test-train deésign required,to}gain insight for the

‘above assessment has not yet been given any thought.‘In any Caee,

with the v@ﬁy Etrong negative pressure differential across the clad,

test 12 wi}l probably have a higher propensity for. candling" than

:3 .4'.

3.4.1

any other test. G .

f.: : ':';_(-\ B

-Fission Product Releage : ;7 . .

1
1 ". ) ‘ - ' ’}1 M !\*'. . : o . \“

Needs and constraints : field covered by,other programmes

‘ The consensus test programme described above entails the deliberate

provocation ‘of several types and degrees of fuel cluster damage,

~ 1y

extending from multiple ballooning and rugture in the "lower" range

’of ¢lad temperature {1070-1650K) , through cluster collapse by

‘”¥loxidation and fragmentation at "intermediate" temperatures (~/ 1900K) ,
up to cluster "candling at "hiqh" temperetures (ﬂJ 2100-23OOK)¢

1'”'1*'
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. The Task Fo¥ce attempted to identify “the' §éneral specifications

The Tasl Force hes recommended that fission product relsase (FPR)

should be regarded as a major objective of the 35TP, especially in
the frame of the SFD programme. There are three reasons for this
objectlve :
- need, te know the radiological effedﬁs‘in the plant and
env1ronment which result for a hypothet:ical accident;
- need for diagnosis of an accidermt 51tuation," Bk

~ need for FPR instrumentation to satisfy these two requirements.

The background in this field has been ddnsidered (e.g. German
studies of simulated FPR; hot cell experlments at the ORNL) but
there appeak to be insuff;cxent in-pile tests aimed at obtaining

a data base capable of sustainlng model and code verirlcation.

“ AN
|

Consxderlng the experierice available in the CEA-Grenoble (FLASH-
SILCE projett) and EG&G-Idaho (PBF progrdmme), the Task Force
recommends ‘that the SSTP should adopt a confirmatory relationship
to these studies, especially to the anafy%ical and experimental

Cye i

programme Conducted at Grenoble. Hhe

ST ;
. 5 i

Fission Product Release Investigations

The Task Force has recommended that the lbcb should be equlpped

'Wlth an 1nstrumentatlon system capable of’monltorlng the transient

of FPR ocrugrlng for each type of fuel damage. The data supplied :
by this system will assistvthe search for a correlatlon between _ : i

FPR and thEtype and extent of fuel damagg?r
T . R

for a trankient FPR monitoring system and 'the duration of full

power operation of the loop needed to engure a sufflcient fission product

'

flnventory ﬂor the measurements. Partlcularly useful information

on these poihts was presented from the French and U, b. participants,

L4
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o

. ‘ N » ! ' H . N
from which it was concluded that transient FPR monitoring equipment
mst include : ' ‘

?~delayed neutron detection on the 1oop as near as possible to
the test fuel (overall signal of the FPR transient);

{ .
-7 detection at suitable locations'féh“ the loop to permit
zr—eéectrometry>(identification and location of nuclides as

" a function of time);

- on-line 7 -spectrometry for one of tHese locations to have

immediate information on fuel damage during the test;
i

- filters or bottles connected to the:loop or test—train to take

o

samples of coolant at various times 80 as to 1ater check the

release of gaseous and volatile longer-lived fission products.

‘)‘ ‘ ’ r‘\.
There was qlsagreement on the duratlon of the full power operation

no;

‘needed to provide a useful fission product lnventory for a test.

- P 4

_ The French experts £elt that maybe 15 days of such operation is advisable
" for fresh fuel in order to build up a range of fission products covering
those with short ( asmin) to moderate ( »~~ days, e. g. 131 Xe 133)
’lifetimesw While many_participants‘agreed;with this, the U.S. ‘experts
tfelt that’the behaviour or the short-lived nuclides provides a eseful o
- guide to the behaviour of chemically similar longer-lived isotopes

and that, 'consequently, a few hours of tull power cperation is all

that is nécessary. L ' \? R o .

Even taklng into account the current unLikelihood (see chapter 3.2.1.3)
of attainihg a duration of 15 days full ‘power operation (except

maybe in éne test), it was agreed ‘that ' the recommended measurements'
will in any cass be of zignificance’ whatever the duraticn, and

on oo
Lo

should ﬁ sondaeted For all tests.

E‘ ? NS .
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3‘5.

In view of the experience and re.:ilts on TR available at the FLASH

project in the SILOE reactor of the CEA~Gznnou'P, there are strong

suggestions that (he Super~SARA FPR monitoring equipment and detailed
. programme should be set uﬁ in close coliaboration with the CEA. U.S.

-

expériencé:at the PBF must also be consulted.

l

Outline of some Techhological Problems underlying the Feasibility of Tests

This chapter is definitely not inteﬁded to cover all ﬁechnological
problems paéed by the 5STP, but only to note some of the significant
problems which have a strong impact on the feasibility of the
programme‘éhd which have been'raised during the Task Force meetings.
It is clearly understood by all partlclpan#s that ‘solutions to these

problems are a mattex for prolonged des;gn and analys;s.
1

For the LB-LOCA tests it is considered netéssary to study more deeply
the effects’ of the rod power tilt, whicﬁ,tfox example, may give rise

to a non-typical diametral clad temperature difference and resulting

. defcrmation.

B [

. The control of the thermohydraulics transient processes which determine

the requiréﬁ clad temperature history and ‘associated deformation must
. ,

~be explored. Problems arise from several sources : uncertainties such

as dry“out"and re-wet effects associated with the cluster length,
reliability{Qf,monitoring the peak élad temperature, variations of
cluster pdwér distribution due to the éd&lant densiﬁy distribution,
measur@ment and control of cluster powet and cocllng, The possible

conLrlbutlanq and probklems of the outwoprlle parallel twin channel
1

should be further investigated (s Lmllarﬁfy, contamlnatlon, rod

sxmu.nator)o Most of the problems for, the LB~LOCA are amenable to
resolutlogﬂhy existing methods aﬁﬁ/er technolemy and will receive
consxdcrabWa supporting attention from ether onmgcvvg programmes such
as REBEKA_42 KPK and MULTIROD in the UKA&A

Y - ":"* - !
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For the SFD programne, however, the problems require additional

development for their solution. The major leading problem is the
containment of high temperature. Cluster temperatures up to ~/ 2300K "

"are foreseen and necessitate that the in-pile pressure tube be
- protected by a thermal shield around and extend;ng above the cluster.

: Concepts‘for this shield are under inﬁeetigation‘and the incorporation

of a bfpass flow within the interspaoe between the shield and pressure

"‘tube is, ¢ommonly considered necessary to guarantee the pressure tube

. against all hazards originating from the high cluster temperature.

Spray steam cooling and fuel catching systems must be developed.

 The instrumentation and control systems needed to regulate the cluster
'uncovery transient must face the problem of monitoring high temperature

+ in the’ pxesence of the Zr/H 0 reaction. Developments for the in—plle

;
thermohydraulic characterisation of rubble and slag blockages must

A o ~

S TN “-

The possible impact of the‘fPR objectives and ingtrumentation require-
ments cn the loop must be promptly aesESsed and the test operations

rneededqtb meet ‘the objectlves must be e&plored All of these problems

are beiny lnvestlgated for the PHEBUS and PBF SFD ' programmes and the

~ solutions proposed will be‘available'for application in the SSTP.

T
i

The Task Force recognises that the solution to these problems will

.“:‘

The Task,Force further recognises thaf a dialqgue has already been
establlshed between the JRC and resexach groups deeply involved
in simxlar studies. These groups have expressed their willingness

to,actively contribute to the SSTP for the sakevof mutual benefit.
g ot \ "'i; - i ‘"V ]
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3.6. Some Particular Recommendations of the Tas Force

st

While noting thai the SSTP will remain in the normal Commission

advisory framework (Advisory Ccommittee for the Management of the

Reactor Safety Programme), the Task Force nevertheless recommends
, ‘ .

that the.fiollowing actions should be unée%takeng-

I, The JRC should identify and sponscor any supporting studies or
tests which are necessary, either at Ispra or with the help of

participating parties, to solve the prob}ems outlined in chapter
‘ | N
II. Working groups should be sponsored to assist the solution of

problems when required. In partiéulart working groups aré needed
to ‘ekplore further the requiremehts’'of the SSTP in the fields of
PIE. and FPR. . B

1 " oS oo

. III. The JRC should undertake collaboration with the FLASH/SILOE
Prqﬁ@ct‘at Grenoble to define the FPR objeotives and instrumen-

"
tai;;i@n in more detail. B A

"IV. The JRC should promptly identify the impacht of the consensus
progiamme on the loop design. p ' \

o ir

v. ‘The“JRC should maintain a running dialogue with the Italian
1ie§msing authorities on licensing procedures; The Task Force
also recommends that the licensing suthorities be continuously
infgrmed on the evolution Qf.thq;ﬁéﬁt matrix and the resoluticn

of the technical problems. -
i . v t
VI. While the consensus SSTP is a valid, answexn tg; current needs, «on-

sultation with those responsible,ficr safety zssessment in the

various countries should be maintained in order to ensure a connection

to licensing questions as they evolve.

: .:.1@ B N .
- VII. Atxqppropriate times, seminars shquld be sponsored at Ispra or
elsewhere to allow the exchange ¢f information between fuel be-
haviour programmes and ensure thé ‘continuing correct relation-

ship of the SSTP to these prograimés.,

N &
me . 1 e : ¥
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4. Other Aspects of the Project

¥

v

‘4.1.,TiméZSchedu;e and Financial Aspects"

4.1.1. Time Schedule

The time schedule of the Super-SARA loop assembly and{
commissioning programme fofesees the availability of the

loop for test initiation in mid-1983 (see Annex 3). Assuming
that the consensusiprogramme remains at the level of 21 tests,
thisnimplies a test freqﬁency of 6 tests per year to terminate
‘the Commnity programme at the end of 1986. |

[

4.1.2. Financial Allocation for Super~SARA Project

The financial allocaéion for the super-SAﬁA project,Vwithin the
overall, global envelope of 510.87 MEUA decided by the Council

for the 1980-1983 multiannual programme of the JRC as é whole,

was fixed at 43.92 MEUA, divided into 3.31 MEUA for the first
phase‘of the pro:egt {1980} and 40.61 MEUA for the second phase
(1981; 1982 and 1983}. This refers to the allocation at the
charge of the cOmmunity budget, sincé the contributions of both the
Italiér Governmeni icd the construut:@r of the loop and to the
flndnc1ng of the pxoject proper and of the USNRC in kind have been

duly-taken into account and arg over ‘and above this net allocation.
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Tha breakdown of the allocaticor fiws fixed would be as follows

SUPER-SARA Project 1980 | 1981 | 1982 | 1983 | TOTAL

A. Experimental Programme 1 ,
A.l. Personnel Expenditure { 0,21 | 4,90 4,90 4,90 14,91 A {

A.2. Spécific and Service d ~ o I .
Appropriations ‘ 3,10 §15,91 | 4,25 } 3,9 |17,22

B. Operation of
ESSOR Reactor

B.1l. Personnal Expenditure - 2,01 2,02 2,02 6,05
B.2. Specific'and Service "
Appropriations - 1,80 | 1,91 |2,03 5,74 :
[ ' o ‘ s
Grand Total 3,31 [14,62 113,08 (12,91 |43,92 ﬁ

e : 3
4 e

[

Since then, personnel expenditure has be@n reVLSed to take account
of the detlcions on salaries anhsequenflv taken by the Council and
of the h}potheses used for the calculation of qtaff expenditure in
the draft 1981 budget transmitted by the Council to the Parliament.
ih |
Further,~ the specific appropriations have been re-~zvaluated as a
function, of the objectives at present asgigned to the Super-SARA
test pfmgramm@ {88TP) following Lgp wclr of the Task—Force, The

'breakdowprof the reviszed flnanclal‘al%ogﬂtion is at present as follows

SUPER-SARA Project {1980 /1981 | 1982 | 1983 | TOTAL

A. Expé?lmental Programme

A.1. Pe¥éonnel Expenditure | 0.58 | 6,37| 6,37| 6,37] 12,69

.ot 1 # r
A.2. Spé&ific and Service ne
Appropriations 3,104 6,00 7,00} 5,12 21,22
B. Operation of _
ESSOR- Reactor e s
B.l. Personnel Expenditure - oy 2,46 2461 2,46 7, A8
R i1 ’
B.2. Spsoific and Service il e iy

appropriations e ‘oE.BL 1,201 2,07 5,74

e e .
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The increase in personnel expendlture {+ 6,11 MEUA) is part of

the re-assessment of personnel expenditures (267.3 MEUA) provided
for follow1ng any Council decision adjusting the level of
‘remunerations(see Council Document 5422/80 of 4 March, 1980,
"paragraph T, page 4) . For the increase in specific and service

"approprlatlons {+ 4 MEUA), the Commlssion states its intention

to absorb it within the amount of g43$§3ﬁMEUA for gperating ’

- expendlture, this belng a flat—rate assessment expressed in cux;en?

'"fvalues (see Council Dccument 5422/80 of 4. March, 1980, paragragh 7y
rnpage 4) .. The new Super—SARA financial allocation is again net of

| the . ccntrlbutions of Lhe Italian chernment and of the ﬂS&RC as
 'expla1ned on page 33. ‘
; . P . ,,4; ‘ S
_As far qs the- financial contrzbutions,of~other organizations are
,  concerned, ‘these will come in net reduct&an from the financial '
jaL;ocatipn,of the Community. . 0 . ‘
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4.2. Impleﬁentatioh'of the project
4.2.1. Establishment of a consultative structure for the experimental
programme ' ' ' ) .

'The first phase (1980) of the Super-SARA project has been realized with
the assistance of a "Task ‘Force" composednof experts from the Member States
and with the partlcipatlon of observers from third countries interested

in the pro;ect.

: The extremely satisfactory results of this type of collaboratzon with
.the national experts has led the Commission to propose for the second phase
of the project a similar consultative structure, while respecting at the

same time the role assigned to the Reactor Safety ACPM.
\.,

This proposal is for the creation of a Technical Committee composed of
experts - in tﬁe areas deriving from the' objédtives of the project. The

task of the cbmmittee would be to assist £he JRC in the continuing process
’of formulation, preparation and interpretation of the experiments to be
carried out, 1t would further assure the close liaison necessary between

- the Super~SARA project and the different nationd.programmes in this field.

.\] w\)

jFor general questions of the management of the project and particularly

Cits co-ordination with the rest of the' Reictor safety Programme, the Reactor

Safety AcPM ' would malntain the consultatlve role" ‘given it by the Council

Resolutlon of 18 July 1977, and in particﬁlar would give its formal opinion
n the management of the Super-SARA project. The Commission proposes that

a member of. the ACPM designated by it should,ex officio be member of the

: Technlcal Commlttee. e , RN ¢
"i A e
in ” T b .
.- v b T
:‘ 1 ,':l " ~ 1
- ( !
1 ne i o
| .y .
oo i
n: Al 7
i ey -
ot ' AR .
Ty Y ",:,.,‘ .
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4.2.2. Participation of n iunal specialists in the implementation
of the project '

4

-Infaccbrdance with art.cle 7 f the Euratom Treaty, the execution of the
Super-SARA project, as o7 11 the other projects 'decided within the multi~
annual prograﬁme of tho JRC,'is the‘responsability of the Commission alone,

which makes use to this, end of the personnel of the Joint Research Centre.

Nevertheless, in view of the multiplé interfaces between the Super—-SARA
project and the projects carried oﬁt naticnally and of the collaborations
foreseen to this end, the Commission considers it desirable that specialists
from the Member States should be detaéhed to the project for its duration.
The Commission ig examining the possibility of offering to tﬁgse specialists,
bwho would bé 'integrated into the JRC teamsr,conditionsranalogouslto those
assured currently to national experts*pﬁt at the disposal of the Commission h
services or-to national civil servants secoriled to the Commission.

- N ea

N . S - A
ooy ' ot oL

’ 4.2.3. Description of the internal management structure

The management of the project will be ¢arried out according to the rules

- of the matrix' structure as in force at’thé“Ispfa Establishment :

:]I . 3 - '" ?A - )

A. Within the Projects Directorate, évSupar—SARA project unit will be
~ constitpted, whose task will be to coeoxdinate at technical. and budgetary
level all the activities which contipute to the realization of the

- programme. o

i

In particular, this unit will :+ 1 133 o

- assure the external relatioc.s nec.usary for the project {consultative
ER TN L

AR . ?
~committees, national laboratories) ;

T Gooemy fon

=~ work out the experimentél planniné and mﬂrrespbnding specifications ;

- defingxand'manage the study contracks .; L

el "
x .
;
|


User
Rectangle

User
Rectangle


NG A e R RO EIRRETIRIRL S0 e oS00 GO IR X "~ - —

2. Implementat:cn of the prO}eet

- overview-and coordinate the activities relevant to, the gfoject'

. vucture for the experiment
2.1. EStaQLxﬂhﬁgfﬂ‘agtgbyz%ﬁglgéf %i?f Division of the Establishment 5

procramme
- control the timetable of the . execution of the work '

d mh
e flrst pA&emaﬁh%eltherprafegfmﬁﬁaéagh pereCt has oeen realize
"isk Force™ COmposed of experfe~‘rom

hhe Member States
ne’ assxstan € vl

with the paf Seitwilh wetaep:emne-mntmageﬁ%nss%sfﬁat & S:??r‘i“qe ot
na * ang

the projeggeclalizations required for.the tasks set out above. R
n .

£ thig btrpe of "ollabcr:tlon mltn

e

\.4'

=2

- e 1 - ':'a'—sﬂ' ras el ;.v =L
”'.€ chge The 501entif1c‘Departments ano piyisions,of the~&stabiishment’w&§l
- b f “a.: s —.{ N

“*FlJna be charged with carrylng out the,work of -the. -project. The &ivision

ey Ty

SR oF work will be made accordipg ta tgeir «Gisciplinary specialization.

. ~rad e W Reaciuts  oonen
TIN S R

K These will be regrouped in the scientific sectors which wil; be

;?‘“’progressiveﬁy reinforded in pereonnéi. whetoer.by internal .col aboration'

:5 .n or. by exte¥Ral” reeruitmeﬁt The‘ebegfaiiets sent by the partne§§ will
. _Z 't be inserted:into the‘disciplinarf‘s;ctoxsﬂ o

Taix v Boe

: soomllat ~azation 2nd tr‘arrreta“"o*
S - The maln gas%srentrggted-to the*Scientific Divisions wilI be the
B | 1 11 do
fOIIOWing"‘“lt;_".iE She ALEfersnt vt v I e I

i
gl . EEEE { © At i

a) - Realfkation of the Super-SARA léop and .experimental ‘equipment
: including the test sections;- B L TP . Ttor

oy e A : ' i1
. 34

- Preparation and. execution of experiments, operation of the’
reactor and loop; ;1v R v‘% : ' - e
[,,’ ' ) e ! '

.= Acquisition and collection of e#pegiﬁental data,

o Hal C

T These ta%ks will be carried out by tge ESSOR Division of the Applied
o Sciencee and Technology Department. This Divieion will further have
MoRE .

the responsﬁbility for safety anaiysis and quality assurance, and for
obtaining the authorizations fromnthe Italian authorities.

1

I

A
gL

- by : "

wlty o ia i -

0 0Ld e i 39 ST s


User
Rectangle


-39 - e

b) ~7Thermohydraulic, thermomechanical and reactor physics

' analysis relati-: to the experimeﬁts to be carried out.
These tasks will be carrled out by the’ Heat Exchange and’
Applled Mechanics »ivision of the Applied Sciences and
Technology Departiient and by the Information Analysis and -
Handling Division of the Mathematics and Systems Analysis
Department

¢) ~ Post-irradiation examinations.

These tasks wili be carried out by the ADECO Laboratory
(ESSOR Division, Applied Sciences and Technology Department)
and by the Medium Activity Laboratory (Materlals Division, |
Natural Sciences and Physics Department).

The total number of research staff allocated to this project by
Council Decision is 75. Present staff consists of 40 agents, and

w111 be increased as follows :,

beginning 1991 . 47 agents
beginning 19854 70 agents
beginning 1983 75 - agents
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. 4 3. Vgarticigatign ofwmhird Parties in the Project : .
Lo bt ahma— S

R S R oo tn s sE et ant to the roject
4.3.1. United States of America ‘ S R GxDerLPePtgt 3

.~ 2 Establishment ;

3 -

S L e v b =

At the ‘tine Of ‘the Council Decision on:the JRC multfawexkl sresearch programme
| 1980-1983 ;-participation in- the 'Super-SARA project Was envfaaéga from the
US Nuclear jRegulatory Commission (USNRC) and from the‘Electric quer ‘Regearch
Instztuéetfgzkxé ‘Palo Alto, California. Since this B&isﬁoﬁﬁ;aﬂnbnﬁ.
contactsLEaVE been taken with the US Department of Eadoyy .to investigate a

further cooperation with this Department. The current”sitnation}ia described
ant ' ’

below. ¥ ~ + Zstablishment widl
o | | | ‘fﬂfe::. The division
LLoERYY gGeclalizaTics
4.3.1.1 UsS Departﬁent«of Enerqgy (ﬁS DOE) " NE WLLn %;;;\?e
! ‘ L0oLrle = smovig -

| : Sl GAh . ST e dosranius

Discussions have been held with representatives of the:Depaﬁtmentné%aEnéﬁgy
to investigate the possibility of a DOE contribution to the Super~SARA pro-
-ject. This contribution - which ‘should be in the form of cash =~ should
‘complement the USNRC contribution in hardware. Severzigheetings were“held
to brief the DOE on the technical aspects of the Super—SARA project. The

DOE has indicated that the objectives pursued by this Comm%nity project

did not correspond to a high—ranking priority within the DOE research develop-.

',ment and demonstration programme on light water reactor safety. Nevertheless
* they expressed their willingness to review their position taking 1nto con~
sideration the latest orientations of the Super-SARA project as these

emerged from the work of the Task Force. The Commission will be notified

- - of the results of this review in a very near future and will inform the

" Council accordingay. ' - - - e RSy

L4

4.3.1;2 US Nuclear Regulatory Commission (USNRC)

‘ » ‘ o .
As alreadybindicated to the Council, the USNRC will participate in the
Super-~-SARA project’by sapplying'test hardware, personnel and services to
the project‘andtwill make available to the.project'the relevant know-~how
available in the USNRC. ' ' e

'
- -

o el S F
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| The hardware coﬁtribution of the USNRC can be detailed as follows:

Sﬁpply of test trains « th the accompanylng analytical and.tec&nical
support: V '

i

= 1 large Break Test Train refurbishable

-

~ =~ 1 Severe Fuel Damage Test Train (for a low temperature experiment)

~ The flrst two test trains should be delivered before - egaqof calendar year

vrefurblshable
~ 1 Severe Fuel Damage Test Train (for extreme temperature experiment)

\non—refurbishable.

1983; the third one will be delivered during the calendar year 1984 - ca-

\ lendar year 1986 period in accordance with the progresi in the experimental ’

b)

 test programme. In the case of the two refurbishable tqst trains, refurbish~rv
ment will be performed by JRC Ispra with the support of USNRC contractor
’ [ [ ! .

personnel.

NRC will further supply instrumentation, the detailed nature of which,
will be agreed later in the programme, during the calender year 1984 -

calendar year 1986 period, up to an amount of 2.5 M$ including the in-

‘strumentatién required for the refurbishment. It is understood that the

USNRC contribution is subject to the US Congress' allocation of approprtated _
funds. & w1111ngness has been expressed by the Office of Research, USNRC,

to 1nvestigate the possibility to 1ncrease at a later stage, i.e. for the

period calendar year 1984 -~ calendar yeax 1986, its contribution to the
project beyo@d the one described.

.4.3.1.3. Electtic Power_Research Institute (EPRI}

In the advisability report on Super-SARA sent to the Council on 15 November

1979, mention was made of discussicns being held with the Elect: ic Powex Re—
search Institute {Palo Alto, California). EPRI has indicated 1ts readiness Lo

" - participate in the project by making available at Palo Alto a small team of

experts, particularly in thermohydraulics, for ‘the preparation and inter- v

pretation of tests.

‘1.
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This contribution, though of high gquality, would be limited in size

=

(2 to 3 man/vear per vear) and the Commission felt that it would create

an unbalance between the benefits it would bring to the Community and

the advantages given away by access to the results of the project. Further-
more, the type of technical support which could be given by EPRI would
preferably by sought through the secondment of Member étates specialists
(see paragraph 4.2.2. above). The Commission has not brought furthe;, in

these conditions, the discussions with ﬁPRI,

4,.3.2. Japan

After detailed contacts on a Japanese participation in the project invdlving
Ambassadors and Science Attachés of the Member States, to whom the Commission
wishes to express its gratitude for their assistance and support, the Japanese
authorities have most recently notified the Commission that Japan is not

ready for the time being to contribute to the project.

With the assent of the Council, the Commission would keep the relevant
Japanese bodies informed of the general development of the project in order

to allow these bodies to review their position at a later stage.

4.3.3. Sweden

Contacts. have been established in Spring 1980 with the Swedish authorities
in order to explore a possible Swedish participation in thé project. At.
the discussions held at technical level in June and September 1980, the
interested Swedish parties have shown great interestfin the project and
readiness to participate subject to the necessary funds being available.
The contacts are continuing in particular to determine the size and nature

of a possible Swedish participation.
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The Commission has indicated to the Swédish‘authoritiés that it would
hope that sufficient progress can be made in this area to be in a
position to report adeguately on the matter of the Swedish contribution

during the discussions of the present report in the Council instances.

i
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' 5. Conclusions

On the basis of the clements set out above, the Commission considers
that there is an urgent need that the Council decide to pass without
further delay to the sacond phase of the Super-SARA project and to

release the corresponding appropriations.
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LIS OF PARTICIPANTS AT THE SUPER-SARA TASK FORCE MEETINGS

Belgium GOVAERTS
L HEBEL

Denmark OLSEN
DAGBJARTSSON
ERBACHER

. FIEGE
RININSLAND
SEPOLD
WATZINGER -
CHAGROT

> DEL NEGRO
GOMOLINSKI
C. JANV;ER

Federal Republic of Germany

.

France'

.

°

-
. H. GITTUS

Great Britain
‘ . GEORGE j

Ve OExE XrIs>To > £

Ireland J. TURVEY -

.

AMBROSINI
. MANCINI

. ROCCA
VALLI

Itaiyj!

DE JOODE -
VAYSSIER

O Pocon

.

Netherlands

sapan S HOSHI )
y ‘ . )
. BROUGHTON ‘
. COURTRIGHT )  observers
_ . C. MOHR )
» S . VAN HOUTEN)

U. S. A.

momea  —

Commission of the European Communities

1
o

BLANK

. DOYLE
FAYL

. FINZI

. KLERSY -
. MARKOVINA -
RANDLES

. SIMONI/

. TINAGLI

MOLI>IIWNO -~
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Annex 11 LL‘:

g g 2w e e oy awt

CALENDAR OF THE MEETINGS OF THE SUPLRSARA TASK FORCE

Varese  17-18 June 1980

Ispra 22-23 July 1980

ispr§1 \/: 18-19 September 1980 )
Ispra 8- 9 October 1980

Lo

CALENDAR OF THE BRAINSTORMING SESSIONS f R

Karlsruhe 15 - 16 - 17 July 1980
Cadarache 10 - 11 - 12 September 1980
iy BERYE

) i Y H

W.,a.,.wqm.,W.www.V
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| SUMMARY DﬁSCRIPTION OF THE SARA LOOP AND PROCUREMENT STATUS

" +The SRALoop

Description of the prebent configuration

_ 'The'SA§A ioco is a high;pressure'water'éyétem‘céoable af
5 testlng elther single plns or fuel bundles at varlous pressures

f and tempe”atures. A 31mp11f1ed flow c1rcu1t is shown in Figure 1.
?ﬁ;; The ﬂaln aln Of the. lcop 1s to uarry cut slmulated loos 'of coolant:

= acc1cent exPerlments 1n the Dressurlzed water mode in support of
the PW and BW reac*or safﬂty programme, oneratlon 1n the b0111ng'

-~ water modg in also posslbl So It aas the canaolllty of simulating

 Vthe "Lafﬂe Break™ accldent and cur”engly (Seot 1980) a large '
.Drooortlon of the comaonents navé oeen oruered ana are in
nana:ac‘ure. Installat1on of the plant 1s prog*ammed to start in.
the ussbR reactor* in ﬁld 1981 w1th the’ flrst out .of pile
conm1551an1ng tes“s planned for Mid 1989 to be followed 6 months
later by the 1n—p$le COmml551on1ng. A study has benn completed
wnich demonstrates the fea51b111ty of - m@dlfylng the SARA loop to
carry out)"Se“e*e Fuel Damage" experlments. A general design
Studj ig now bL ng completed to examlre 1n deta11 the lmpllcatlons
of Lhese d:.ffmw 1'"expex:‘:v.mentaa.l Tequlrements.ASpec1f1cat10n and
‘procurément o£ e i?*ional loop: camponents will take place in 1981
collOW1ng the compil etLQns of the: de51gn study.

The ba51c loop parameters ares oo

In-pile’ test«sngtﬂon power (PW Mode)‘_- 2.26 MW (max flSSlle)

Out-o: d@l&“ " n(pW Mode) = 2426 MW ( " electrical)
u&;ﬂmLOdp Lflow \; 12 kg/% (maximum)
Design nressuW1= Main circuits 1 = 20 i MN/%2

In-pile test—sectlon = 18 MN/hz
. T

* The*lasic layout and characteristics of the ESSOR reactor and
rel&t@d‘laboraf@ries are described in the report "The ESSOR Plant

Facilitr® fSepi. 1278.

BiEal
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Loop material: Main circuit = 316L stainless steel

In-pile test-section = Zr-2% Nb alloy

u

3 in. nominal bore
ASME III Class 1
ASME III Class 3

Malnm}oop pipework

bR 1 K

Pressure~vessel code: Main c1rcu1ts
. ry oty v

(2l ad o}
P
i

.Secondary circuit

The Main Loop

Figure 1 shows a simplified flow diagram of the SARA loop,

vThelprincipal loop components are the main circulators, flow

meter, main heater, filter, shut-off valve (V2), inlet
quality meter; test section, steéﬁ Separator, outlet-quality
meter, shut-off valve (V3), filter, pressurizer, subcooler
and; on a bypass line, the main cooler and the purificaticn
circuit. | R

The loop feeds two different test-sectiohs, the in—éile
teék'section, and a parallel rwinjtest section containing

and identical but electriealiy heated rod bundle whose

- purpose is to check the loop”thermohydraulid'behaviour‘in

‘ advepCe of the nuclear tests. The arrangement is expected

toigive vital information for the proving of the’in-pile

‘test! programme and its subsequent detailed execution and

analysise ' et .
Under normal steady onerating'céhﬁitions,7waterlis?puﬁped’
through the ma,nnloop neater (1 MW capac1tv) whech is used

to obtaln the desired water temperature or stecm quallty 3;,. -

‘at the inlet to the test section. Valves VQ,ann w3 are

openvand Vi0 and Y34 in the bvpass line clos nd. Thﬂ vater
is:heated faritser b the tes t fuel in the 1nmp11e sect1@n
beforé passing te the subcocler! when *neﬁJR mode, the

condenser - when in BWR mode. Cold water - “Om the maln

cooler is mixed with the main loép‘flowezn the subcoolcr

to provide subcooled water at the punp inlet. Pressure in
the loop is contiolled‘by a heater 'in thefpressurixef when
operating in PWR mode and by the pressuriser spray when
operating in the BWR mode. ’

i
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- LOCA-simulation equipments

Addé‘d to the basic loop circuit. aré a number of special
L features so that loss—of—coolant—acc:ldent tests can be
f@*:‘med out. Significantly, before a LOCA test is lmﬁ&tﬂd
the loop is divided into two parts by the closing of valves
¥2 and V3 and the opening of the bypass lines valves V10
and V34. This} ensures that if‘ény damage ‘occurs to the, ‘cest‘
assembly durihg a LOCA test all the components are retained
in a relatively small section‘of .the" locp and qreven‘t'ed'
from being swept around the main out-of-pile loop circuits
in the bunker. Other LOCA featﬁre; are describéd in the
paragraphs following. | R
After isolation of the test section by V2 and V3, V6 and/or
V8 are opened to blowdown the test'section into the quench
tanks at a rats controlled by : V7 ‘:and/or V9; in certain
axperiments V765 may also be used: for éontrol.
Upon completion of blowdown, V764 is closed to isolate the
. cold leg, andéd the pi;}ework below the test section is refilled
rapidly as the reflood pump 1n3ects water from the reflood
tank through V766. ST x
V766 closes when the water is just below t}xe,section, and a
pause:ensw:fz whilst the tes.t sectidn heats upes Although no
flow is requl: - the réflodd pump recirculates its outp‘ri“fm”:'"""{
through the reflood tank to av01d overheatlng. ' |
Reflood is initiated by opening V23, If ‘'cyclic reflood! is
required then Y763 is oscillated open/closed to allow water
to be reje~ted from the test sectidn (which has a blanket
sressure of & O bars, controlled by V7). .
Upom completion of reflooding, V766 opens again to allow
£:31 Fleodn ¢ of the upper test seii:f:ion. AS water reaches
tha steam - eparator, V764 opens dgain to flood the cold leg
&1 parnit thomosyphon cooling to begine When this circuit
i £ 2Lk reflooding vater is cut off by closing V‘766 and
V23 o
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Seve e Fuel Damnage Experiments

To carry out these tests some modlflcatlon to the SARA loop
will be necessary. The main features of the modified loop

are shown in Fige 2 and consist of:

a) ' A high pressure reflood pﬁmp and reflood tank make-up
" pump, which will supply cooIing water t6’ the pressurised
D in~pile test section. Thls wvater w1ll be evaporated in

. the half exposed fuel bundle and then pass to the quench

tank.

b) $pecial instrumentation for the detection of fission

products which will include{a»gamma spectrometer,

‘c)w'épray cooling of the,steam'as it leaves the fuel to keep

‘the pressure vessel and pipewbrk their design temperature.

d) ‘A cooling jacket around the blowdown piﬁe in the quench -

' ! [
tank will condense the steaﬁ as it arrives. Any hydrogen

' content will be retaired.

¢) A hydrogen recompination unit which will deal with the

‘fhydrogen accumulating in therqqench tanis.

-~ £) A recirculating gas system which will provide external
coollng for the pressure vessel and whlch will reject

; heat to the reactor D20.

1

[[a]
e

e,A control system to regulate fuel claddlng peak
;etemperature by controlling the water b011~off or dry

\f"ff g

out level in the fuel bundle.

h) A blowdown control valve, conmrolled onm a pressure
‘sensor which will regulate syvtem pve@suuea

[ -

i) “Another steam pressuriser wlih centﬂuﬁ valve which may

R i

- be necessary to stabilise system pressﬂre,

A new test section will be needed to meet the severe fuel
damage experimental 1'101rement Se The hagh fuel tenpe?atures

'proposed demand that the lnwpale pressure vessel be protected.



A preliminaty design shown in Fig. 3 incorporates a special
insulating shroud, core catcher, steam oooling sproy systém

and instrumentation located at the cool inlet.

Loop Prdcurement status

The procurement of the components has contlnued on schedule,

Fig. 4" shows thcrhythmcﬁ?component orderlng and an identification

of some of the main orders. It is an S-curve typlcal of such projects
except ior the evident freeze imposed in l978~1979 pending Commun1ty
'dapro al of the Supsr—-SARA project. The components already ordered

at the end of the 1977, pressure vessels and main pumps, will be dis-
patcaad ta Ispra in the period m&.d—Octobax\ 1960~ Aprn '8,

The foilowing subcontracts have been placed in 1980 : valves, auxiliafv
pressure vésqnla and fillters, auxiliary pumps, instruments, electrical
componeants,

The follow;ng subcontracts hove already. been approved an& the sub4‘
contracts:will.be rlaced in October 1980 : Graylocs,\glove box, Zxr Kb
material.. . ( : T ;y;i o '

The tendar  actinn and asséssment will be completed in October 1980'and‘
the contraots will .2 finalized before the end of this year for ﬁhe‘
following suber.iracts : out-of-pile test section heaters, motor |
alternator:sets, installation. ’ |

The remaihiug contracts, listed below, will be placed during 1981, in
agreement;with the schedule for the SARA loop shown in Fig. 4 :

In-Pile T?St Sec-tion and Qut~of-Pile Tést.Sectionjmahufacturingv

T

‘ cohtractsi out-c Test Section«po§erwsupply.z ‘

The precurement st.. .3 described, above refers to the loop design and
- construction sprrified *a;perform Large Break~LOCA experiments. The
compqnént%.andygyﬁt&ms necessary to carxy out Severe Fuel Damage
‘;x;:xzments will be»specifiea early. next, year énd tender actions

w11 ﬁhmﬁostart,'; Coen e :

Tha “:itigal-rahﬁ Network of all actiVi;ies inveolved in the loop design
I ;onw?‘pctiao gtould be continouSlynmeasseésed with a view to avoid
dello dug o the addational features already specified and those that

con 1 e defined by -further design andiamalysish:above all, in connection

witgh tne taoih tzoin design.
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FINANCIAL SHEET

an ' : - nro A 0~

- 1. Programme Decision

The funds necessary for the implementation of the SUPER-SARA
project have been provided for within the allocation for the
JRC's 1980-1983 muttlannual programme dec1ded by the Council
on 13 March, 1980.

These funds are included within the total amount inscribed for

the Reactor Safety Programme.

They ampunt to 43.92 MEUA for the period 1980+1983, of which :
e 3.31 MEUA for the implementation of the first phase (1980)

° 40.61 MEUA as 8 prcv131onal amount for the implementation
of the second phase (1981-1983).

"o 4 £ 1% "
3 i . it ao

2. Budget ” " Ry o6
B |

2.1. The funds necessary for the implementation‘of the first

,phase have been made avw1LabLe in the general Budget of the

European Commun ki.s for the 1980 budgetary year (chapter 33,
post 3300). '
. ?1 H ! (“ 1 (“!
, r i > '
2.2, For‘the second piravs, the porfion of the appropriat%ons for

the mork forescen in 1981 has been inscribed by the CouncaL
i

in the draft Budget for ihe 5985 budg@fary years

o i Py ¢ N

' 1 "o
B
f r LI 4
{ T
)
an ’ )y b |
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Pending 1is conoirs

. of this note, ihe ‘cuncil Las inscribed these

as follows @

I

B T

Chapter or post

[ {personnel corts)

Chenter 100 71D
ing cost
0% SUPER-SARA

i

o

¥

L ommer
L TOTAL

N [T pe—

21" “has ar o rtaken to ‘adopt its final position
TReL4RA project before 31. December, 1980. The
making available the funds blgcked in '

(&)

s s

Chopter 33/post 45

i

Lok

tion of the Réport which is the subject

appropriations

*

in MEUA

Commitment
appropriations

Payment ‘
appropriations -

SR

8.830

v

8.830

1

i o

77207

»

lll

LA

3.160

16.550 .

11.990

Charter 106 will be undertaken:inpqaralleL.

- - oo o

Qo .
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