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FOREWARD

The Eighth Annual Meeting of the IAEA International Working 
Group on Past Reactors was held at the IAEA Headquarters in Vienna, Austria, 
from 15 to 18 April 1975»

The Summary Report (Part I) contains the Minutes of the Meeting.

The Summary Report (Part II) contains the papers which review the 
national programmes in the field of LMPBR’s and other presentations at the 
Meeting.

The Summary Report (Part III) contains the discussions on the 
review of the national programmes.
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1. Review of Past Reactor Activities in Italy, April 1975; 
by P. Pierantoni, Italy.

I. INTRODUCTION

Since the last meeting of the International Working 

Group on Fast Reactors the natural vocation of the italian 

program to a cooperation, illustrated on many occasions, has 

found factual confirmation. As well-known, a broad partner

ship with France has been entered into.

Fouragreements have been concluded, towards May^June 1974

- between C.E.À. and C.N.E.N. for the ulterior development 

of the French filière and the construction and use of PEC;

- between C.E.Á. and NIRA for the license on the system;

- between C.E*A. and AGIP-NUCLEARE for the fabrication of 

fuel for fast reactors;

- between TECHNICATOME and NIRA for the preparation of the 

offer and the later construction of Super-Phenix.

Those agreements are in the full logic of the previous

one passed between the producers E.d.F., ENEL and R.W.E. for

the construction of the first two commercial-size plants, 

extrapolated from Phenix and S.N.R. 300. In particular the 

NERSA society, acting as client for Super-Phenix, has been 

founded by those same producèrs and will receive the offer 

now prepared by a joint team.

The new orientation of the programme and the validity 

of the previous agreements for its implementation have been 

confirmed at governmental level by the Interministerial 

Economic Planning Committee (CIPE), which has also approved 

the1hird CNEN's five years Plan.

II. THE C.E.A.-C.N.E.N. COOPERATION AGREEMENT

Whereas the agreements with NIRA and AGIP NUCLEARE 

are of industrial character, the one with C.N.E.N. bears, 

with distinct modalities, on:

- the R & D still necessary for the development of the nu

clear steam supply system, conventional part excluded, 

and of the core and fuel, retreatmerit excluded;

- the assistance of C.E.A. and TECHNICATOME for the final

design, construction and start-up of PEC, and the later

use of PEC for fuel development.

Being of long duration (15 years) and encompassing 

practically all aspects of fast reactors R & D, the agree

ment evidently aims at a merger of the respective programs, 

with complementary of the efforts and full exchange of the 

informations. As such it naturally excludes for C.N.E.N. 

third-party agreements on fast reactors not jointly concorded 

with the C.E.A.

The management and supervision of the joint R & D

effort is entrusted to a Liaison Committee, made-up of

C.E.A. and C.N.E.N. delegates from their top fast reactors 

staff. Direct and more frequent liaison between the teams 

is insured by a system of correspondants, for the areas into 

which the R & D spectrum has been subdivided e.g. Na tech

nology, core design, safety, PEC and so on.

III. STATE OF THE WORK AT C.N.E.N.

Whereas on the industrial side the cooperation pro

ceeds satisfactorily, in particular for the Super-Phenix of 

fer in the joint design team, work at C.N.E.N. has been se

verely hampered by internal difficulties of diverse origins. 

An extensive internal restructuration is nearing completion, 

with the aim of reallocating forces and adapting the struc

tures to the new tasks.

The status of the C.N.E.N. itself has been modified 

by legislation, making it a parastatal organisation. It may 

be hoped that present difficulties will be overcome very soon 

but their impact, coupled to the reorientations deriving from 

the agreement with the C.E.A., render perforce the present 

report an interim one.

On the R & D side,the main lines of that part of prc> 

grdmme which C.N.E.N. should undertake in the framework of 

the agreement have been defined, jointly with C.E.A. experts. 

First-priority work, in support of the Super-Phenix project, 

is necessarily limited to what can be carried-out in exist

ing or soon-due facilities and comprizes in particular:



- the trial of a full-size pump rotor in malfunction or ac

cident conditions. The rig has been ordered from FIAT and 

will be installed in the tower of the ISA-1 sodium-water 

reaction facility, which will be modified accordingly.

Seismic loading will be simulated, to ascertain the post

incident operational condition of the pump.

- the trial of a steam-rgenerator module, under provoked Na-HjO 

reaction, in the ISA-1 facility.

- sodium fires, and related methods of intervention.

- hydraulics and vibration studies on dummy subassemblies 

in the CEDI loop.

- trial of mechanisms and bearing materials in the Aspro 

and Moulinox rigs.

- possibly the acceptance trial of sodium valves and analogous 

support to various industrial fabrications in Italy.

The longer-term part of the R & D programme bears on 

those reactors which will follow Super-Phenix and be more e- 

conomical and/or more advanced versions. Although less firmly 

defined, a certain number of lines of development to be pursued 

at C.N.E.N. have been identified, in all areas. The more de

manding contributions will presumably be in the areas of :

- sodium technology and sodium safety, implying the construc 

tion of new facilities

- fuel development, on improved oxydes,carbides and venting.

For the latter part, the PEC should evidently contri 

bute substantially by allowing irradiations in well-control- 

led conditions.

IV. PEC REACTOR

Starting even prior to the agreement, the design has 

been extensively reviewed by C.E.A. and TECHNICATOME experts.

A number of conclusions, tending towards a simplification of 

some aspects and a greater recourse to solutions already pro 

ven at the C.E.A., have been adopted and incorporated into 

the design. Amongst the more significant:

- as reference solution, there will be one central reentrant 

irradiation loop only, instead of three. It will be capable 

of housing test bundles of 9l pins of Phenix-type or 61

pins of Super-Phenix-type, with a 3 MWt heat-removal capacity. 

The loop primary and its components handling are designed 

to accomodate a contamination resulting from testing to 

failure and localized melting.

- the transfer cell, into which the loop head emerges, has been 

greatly simplified. Cutting and welding dirty operations have 

been eliminated, save for exceptional interventions. The tran 

fer from the loop to the handling container of an irradiated 

test fuel element will be under forced gas circulation.

- the design Of the driver fuel elenent will be more closely 

patterned after the Phenix o n e . Later cores may be vented, 

carbide-fueled, and the primary is designed for fission gases 

removal.

- the fuel handling and examination complex has been partly 

redesigned, with a clear separation of the routes of the incom 

ing fresh fuel and outgoing irradiated elements. It is fore

seen that interim dismantling and reassembly of irradiated 

elements may be carried-out.

- the control rods and drives will be redesigned and patterned 

after the vented type developed by the CEA. A critical assembly

(PECORE) at Masurca will ascertain the worth of the rods in 

diverse core configurations.

As regards final design and construction, a clearer 

definition of the roles of CNEN and NIRA has been embodied in 

the last addendum to the construction contract, recently approved 

More overall responsability is given to the NIRA, assisted by 

TECHNICATOME, while CNEN remains responsible for the core and 

nuclear design and the safety procedures. The fabrication of the 

first cores should take place at the Casaccia plutonium labor

atory.

Work on the facilities in support is proceeding. As 

regards the main ones under way:



- the IPM rigs, for the trial of prototypes of the fueling machine, 

of a control rod and of a hold-down sector have been completed.

- the Espresso and CEDI dummy subassembly test loops are nearing 

Completion.

-The site of the CPC1 facility has been prepared, at Brasimone, 

and construction proper will start in the very near future.

2. A Review of Past Reactor Progress in the UK, April 1975» 
by R. D. Smith, the United Kingdom.

A KKVIEW OP PAST REACTOR PROGRESS IN TItB UK 

APRIL 1975 - В. I) SMITH

The fast reactor project in the UK is continuing at approximately the same 
coale of effort as last year, with great attention being paid to overcoming 
the difficulties being met in raising PFF. to full power. Organisational 
arrangements for nuclear power in the UK during the year have been dominated 
by two interlinked issues, firstly the choice of thermal reactor system for 
the next stage of the British nuclear power programme, and secondly the 
consolidation of the British nuclear deaign and construction industry. On
the former, widespread discussion on the merits of alternative thermal 
systems culminated in the announcement by the Secretary of State for Energy 
on 10 July 1974 that the 'British electricity boards would adopt the SGIIvfR 
fcr their next nuclear power station orders. The initial ordering 
programme was set at 4000 KW(E) over the next four years, with the prospect 
of extending the programme in the later I97ÓS given satisfactory initial 
experience of construotion. Consent has now been given by the Department 
of Energy to the CEGB for an SCHWR station at SiNewell in Suffolk (adjacent 
to an existing Magnox station) and to the SSEB for one at Tornees Point in 
East Lothian.

A Government White Paper which accompanied the ministerial announcement 
commented that the British Government "would maintain the UK effort on the 
Past Reactor, on which the UK is in the forefront of technology, and the 
prospect of further international co-operation would be pursued urgently".

Progress tov:?,rd3 the formation of the unified design and construction 
company has involved long and complex negotiations for the acquisition of 
the two previously-existing consortia companies, with their staffs and 
with iha power station contracts they had in progress; the formal ae-qfaieition 
of the two consortia by the new holding company, the National Nucleai’ 
Corporation, and the agreement of termn with the electricity boards for 
completion of the power station contracts, was announced in mid-March 1975. 
During the relatively protracted period of reorganisation close working 
relationships have developed between the several organisations concerned.

Baring the past year the Nuclear Installations Inspectorate has been 
involved in arrangements leading up to their becoming part of the Health, and 
Safety Executive on 1 January 1975. This body has taken over the responsi
bilities for inspection and licensing previously carried out by the Nuclear

Installations Inspectorate and a number of other Inspectorates in the UK. 
The organisational changes have not affected the work of the Nuclear 
Installations Inspectorate who have continued to increase the effort put 
into fa&t reactor safety, with particular attention being paid to the more 
serious safety issues. Contacts have been maintained with licensing 
authorities in the USA and the rest of Europe both by specific arrangement 
and through the Brussels Safety Working Group and related bodies.

The Central Electricity Generating Board has continued to liaise actively 
with the organisations responsible for the development of IMFBRs suitable 
for ase under UK conditions. The objectives of participation continue to 
Ъз the attainment of thoroughly developed designs which will yield high 
reliability and availability in service, good operational and safety 
characteristics, easy accessibility to plant, rapid in-service inspection, 
maintenance and refuelling arrangements and pre-planned repair facilities. 
Resolution of the problems of developing high temperature design codes for 
the environmental conditions of LMFBRs, the substantiation, of the code 
criteria of experimental work and the acquisition of relevant sodium 
materials data is recognised as being central to the provision of reactor 
components of adequate long-term integrity. Of similar importance is the 
development of an ability to verify by under sodium inspection the 
oontinued functional capability of reactor components, particularly those 
related to safety. Considerable attention has been given during the year 
to the safety characteristics and protection requirement of MPBRs suited 
to anticipated UK siting conditions. Participation in the activities of 
the EEC Co-ordinating Committee for Past Reactors has oontinued and 
contribution has also been made to the work of a Unipede group considering 
the long-term development and economic prospects for LMFBRs in Europe. 
Secondment of staff to PFR operations and also to Schnell-Bruter- 
Kernkraftwerkgesellschaft activities, in which CEGB is now a partner, has 
oontinued. Support for the Gas Cooled Breeder Research Association has 
been maintained and technical contributions were made to the appraisal by 
an EEC group of the safety characteristics of a gas cooled fast reactor.

The Central Electricity Generating Board Research Department has pursued 
its policy of obtaining basic information which will enable the Board to 
evaluate commercial fast reactor designs. Particular attention has been 
given to the characterisation of sodium and cover ga3 environments and 
their influence on materials properties and the performance of mechanisms.

A Past'Reactor Training Centre has been set up at Dounreay to provide 
courses in all aspects of Past Reactor Technology and Operations including 
the handling of Liquid Metals.

DOUNREAY PAST REACTOR AND PROTOTYPE PAST REACTOR

Run 77 on the 60 Ш(Н) test reactor was completed at the end of June 1974 
and it was then decided to postpone the Run for some months so as to 
release experienced staff to assist with the commissioning of FFR. The 
opportunity has been taken to refurbish some mechanical components in DPR 
and the reactor has now been loaded with experiments and fuel and is due 
to start operation in April. Plans are well advanced for some speoial 
experiments in which fuel pins will be deliberately taken to failure by 
induoing coolant boiling. These experiments will use either special 3 pin 
rigs or mini-sub—assemblies. Failure will be induced by inlet or looal 
blockages; the experiments are being planned for runs 80 and 81.

As reported last year, PPR started producing nuclear heat on 3 March 1974*



A number of experiments to measure reactivity control and shut-off rod 
effectiveness and interaction were carried out. All the parameters agreed 
with prediction within the expected uncertainties. >

The primary and secondary pumps have been running satisfactorily since the 
problems on the bearings of the two pumps mentioned in .last year’ s report 
were remedied. The hot dynamic test run was completed satisfactorily at 
the end of June and the sodium purification system has worked well.

A small sodium leak was detected in one of the 36 cm diameter pipes in 
one of the secondary circuits. It was found to be due to a poor repair 
of an unreported defect in the pipe and was effectively repaired in situ.

The roof cooling system on the reactor has been enhanced and. the modified 
system is now operating satisfactorily. The initial loading of the core 
and subsequent adjustments for power operation has necessitated extensive 
use of the pantograph fuel handling system. Experience of its operation, 
including recovery of a damaged sub-assembly has been good and the system 
is now behaving well.

During the last six months the reaotor has operated very well with high 
availability at power levait; up to 90 MW(H) and has been generating steam 
for commissioning the conventional power station plant. Some difficulties 
have, however, occurred in the secondary oircuits, steam generators and 
turbine which have delayed full power operation.

In October a very small leak waB detected in one of the three evaporators. 
Tho tube bundle has been removed for inspection and cleaning and the 
faulty tube, will be plugged and the evaporator then returned to service. 
Subsequently small leaks have been detected in two of the three super
heaters. The sodium in in counterflow to the steam flow in these units 
whereas in the evaporator it is in parallel flow, and access to the tube 
plates in the superheaters is more difficult than in the evaporators. 
Nevertheless, the leai.ing tubas have been successfully located and pre
parations for plugging the tubes have been made.

All these leaks were readily deteoted by the installed hydrogen monitors 
in the blanket gas and sodium. These monitors had previously been 
calibrated by deliberate injection of small quantities of water.

A failure of the Main Boiler Peed Parnp caused further delays in the pro
gress towards full power operation and towards tho end of December two of 
the turbine bearings were found to be "running hot" and had to be refitted.

In January 1975 “he 'tw° turbine bearings again overheated just after the 
alternator was synchronised to the grid. Since early February 1975 the 
station has been operated at a few MW's of electrical output and prepara
tions made for a phased increase in power level.

COMMERCIAL FAST REACTOR

Work lias continued on the reference design for a Commercial Past Reactor 
lend station with the objective of achieving a design and development 
plan in order to ensure that the system will be available for construction 
on a considerable scale in the mid-80's. In the overall plan CFR1 is seen 
as a lead station in which every attempt will be made to meet the expected 
requirements of the main programme and provide design solutions which will 
have long term application.

Since the 1974 report, it has been decided to use a reduced mixed mean 
core outlet temperature of 540°C„ This lower temperature is more consistent 
with the maximum required steam temperature of 50G°C and reduces the reliance 
which Eiust be placed on long term creep and fatigae data.

A major review was made of the number and size of the main components and 
eub--circuit3 to be incorporated. As a result it has been decided to adopt 
r.ix primary pumps, eight intermediate heat exchangers and eight secondary 
sodium circuits supplying the steam generator compared with the four 
prireary pumps, four intermediate heat exchangers and four secondary sodium 
circuits of the 1974 reference design.

Points in favour of a greater number of smaller circuits are improved 
overall availability and more limited extrapolation in the development of 
major components from those of PFR.

In the previous reference design the inner tank was connected to the IHX's 
by means of ducts which proved very difficult to design because of high 
stresses. The current design, therefore, dispenses with ducts and the main 
primary circuit components are accommodated in or between the lobes of the 
inner tank which contains hot sodium passed out from the core. This tank 
is supported on a large strongbaclc structure which is in turn supported by 
straps from the wall of the primary reactor vessel below the sodium level. 
This latter feature is the only basic departure from the PPR scheme and 
the Y-shaped forging is the subject of detailed investigations from the 
point of view of stressing and fabrication.

The fuel is basically similar to the PFR reference fuel, having the same 
pin diameter, number of pins per sub-assembly, method of pin support and 
virtually identical performance parameters. Important differences inclv.de 
the elimination of the axial/breeder section, uniform pin dimeter over 
fuel and gas plenum, a common method of pin support over the full length 
and incorporation of steel shielding above the fuel pins to limit neutron 
damage dose to the above-core structure. The breeder fuel is virtually 
identical to the PPR design, the only important difference being elimina
tion of the mixer/breeder and inclusion of a steel shield as in the fuel 
design. Attention is being given to the design and behaviour of a 
restrained core design as an alternative to the free-3tanding concept of 
the reference scheme which is based on the PFR design. Work has been 
initiated into analysis and design of the restrained core and associated 
test rigs with a view to taking a decision on which design to adopt in 
late 1975* The choice of core design does not significantly affect the 
othei' reactor components.

Long term reactivity changes and power manoeuvres are controlled by 19 
boron carbide absorber rods similar to the PFR design. Two independent 
shutdown systems are incorporated to provide a high overall reliability 
of shut-down. Each system contains nine rods with one system based on 
the PFR and operated from above the core while the alternative system is 
operated by sodium pressure applied from beneath the core. The absorber 
rods for the latter system are held out above the fuel level in the space 
between the top of the breeder and the top of the sub-assemblies and fall 
under gravity when the sodium pressure is removed.

A structure reaching to within several centimetres of the core is suspended 
from the rotating shields in the reactor roof and provides a mounting for 
shroud tubes containing the absorber rods and their mechanisms and process 
tubes for sub-assembly instrumentation suoh as thermocouples and coolant 
campling for burst pin deteotion.



As before fuel handling is carried, out by operation of doubled rotating 
shields combined with direct lift handling machines which may be left in 
the reactor during operation. Sub-asaemblies are discharged along an 
inclined ramp from which the fuel is removed from the sodium. The dis
charge route is being designed to handle two sub-assemblies with a heat 

removal capacity for each 50kw using gas cooling.

As before the primary containment system is based on using the reactor 
concrete vault as a pre-stressed pressure vessel. Design work has 
continued on the engineering features and this work is co-ordinated with 
the safety development programme where the behaviour of such a structure 
and its internals will be analysed by application of computer codes 
validated by testing programmes on models. Major consideration is being 
given to the possible provision and rolé of the secondary containment 
systems. This involves the design of the reactor hall operating floor 
for accident conditions, (e.g. sodium fires) in combination with the 
containment that may be provided by design of the reactor building itself. 
For the latter both rectangular and cylindrical shapes are under investi
gation including the requirement for withstanding impact of a crashing 
aircraft.

In continuation of the work of previous years, the safety aspects of sub- 
assembly fault behaviour have been given major attention. Comprehensive 
étudiés have been made of all possible initiating faults that may be 
postulated and candidate detection systems are being reviewed; these 
include individual sub-assembly thermocouples and flow meters, burst pin 
detection and boiling noise detection.

A significant activity associated with the design work has been the defini
tion of the required supporting development work and the specification to 
development teams of the types and ranges of reactor operating conditions 
which require to be studied. This has included planning and construction 
of the necessary test facilities and drawing-up of programme networks for 
the CFR1 construction and commissioning programmes.

FAST REACTOR FUEL

The first core loading of core and radial breeder fuel in the Prototype 
Fast Reacxor has operated at various power levels up to 90 MW(H) since 
September 1974* A final check remains to be made on the reactivity noise 
which arises from minor sub-assembly movement under coolant dynamic 
excitation when the reactor in at high flow and power. The current manu
facture of reload fuel for PFR includes a number of design and materials 
variants which are part of the programmes which have been planned as part 
of the overall development strategy. Tÿpical examples are the alternative 
niobium stablised austenitic steel cladding FV548 and larger diameter, 
higher linear rated wire-wrapped pins: these will be loaded at the 5 "to 10 
sub-assembly level. Some minor design changes are being incorporated in 
reload fuel to take account of manufacturing experience or evaluation 
observations related to the first charge fuel. Two examples will illustrate 
suoh changes. The pellet fuel for the first charge is in the form of 
annular pellets which are sized by grinding to fall within a closer toler
ance band than could be economically achieved by sintering to final size.
The first core loading includes some pellets deliberately sized to fall 
outside the general specification and with a larger than standard can- 
pellet gap. With some of the reload fuel, the pellets are not being ground 
tut are being used as sintered. The other example relates to flow control 
gags. The earlier design has been replaced by a simpler, more robust 
design which retains the freedom from cavitation noise which was a part of 
the original specification.

Consideration is being given to a number of changes to the PFR driver fuel 
which will bring it into line with the design proposals for CFR1 fuel.
This should simplify the manufacturing commitment (which includes experi
mental CFR-type fuel in PFR) and increase the irradiation information 
directly relevant to the CFR design detail.

Designs for core and radial breeder fuel sub-assemblies for CFR1 having a 
strong family likeness to PFR fuels, have been formulated by the Design 
company, TNPG. These are for free-standing core style using ал arrange
ment of leaning posts similar (but not identical) to the PFR concept.
The across—flats dimensions of the CFR wrappers are virtually the same as 
for PFR. The core length is somewhat larger with a small increase in 
coolant flow. The principal design differences are that the separate 
upper axial breeder of the PFR fuel has been incorporated in the main pin 
in both core and radial breeder CFR designs, and a top neutron shield unit 
has been included in the CFR fuel. There are minor internal detail 
differences to grids, etc. A version of the core design suitable for 
irradiation in PFR has been drawn up and is in manufacture.

A PFR version of the radial breeder design will also be irradiated in the 
PFR blanket zone. A programme of out-pile studies is in hand to cover 
those aspects of the CFR design which will not be fully endorsed in PFR 
irradiations or by the existing' PFR evaluation data. An example is the 
long-term water and sodium rig endurance testing of the CFR design where 
both the CFR detail and flow conditions require investigation.

As previously stated, operation of DFR has been restricted during the year 
to concentrate on PFR commissioning and hence progress has been curtailed 
in proceeding to very high burn-ups. The peak achievement reached has 
been the irradiation of a trefoil of mixed oxide pins, 0.200 in. i .d . 
cladding, to 15.7Í“ peak burn-up without detectable signs of pin failure. 
The three cladding materials cold worked 11316 steel, cold worked FV548 
steel and Nimonio PB16 were used.

No observations have been made during the year which conflict with the 
general behaviour pattern established in earlier studies. The examination 
of a sub-assembly at 10.1% peak burn-up may have revealed the first sub- 
assembly evidence seen of genuine endurance failures in two pins by clad 
defecting towards the hot end: there are details of the observations in 
the two pins concerned which leave the matter open to some doubt.

The two areаз in which effort on cladding development has been concen
trated are void swelling and irradiation creep. The consensus of studies 
on void swelling, involving reactor fuel pin and specimen irradiations, 
variable energy cyclotron ion bombardment, and high voltage electron 
microscope studies confirms the generally decreasing swelling magnitude 
at a given dose and temperature in cold work M316 steel, cold worked 
FV548 and Nimonic PE16 in that order. Consideration is being given to 
the choice of cladding for Commercial plants and in this context the data 
on 316 steel and FV548 from PFR irradiations are important. Some circum
ferential variability in void swelling seen in seamless drawn stainless 
eteel tubing has been ascribed to variations in hardness round the tube.

The picture on irradiation creep seen is that creep rats is generally 
linearly dependent on stress and neutron dose, and insensitive to temp
erature. There may be a threshold period before the steady state values 
are established. An outstanding question is the way creep is affected at 
higher doses when noticeable void swelling has occurred. Some light will 
be shed on this problem by the tensile creep of specimens in DFR which 
have been pre-voided in the unstressed condition.



During the year, mixed carbide destined for irradiation in PFR has been 
fabricated to the sub-assembly stage. This is for gas-bonded carbide 
pins of oa 1100 w/cm linear rating. A related sub-assembly is currently 
under irradiation in DPR. Some irradiations are continuing in DPR and will 
be mounted in PFR on the sodium bonded concept. The PPR current loading 
includes some uranium carbide breeder sub-assemblies.

In summary, the outstanding issues seen relate to the ohoice of core style 
(free-standing, restrained, annular) for Commercial plants and the 
materials for cladding, wrappers, etc., which will best optimise burn-up, 
taking account of safety and. operational requirements. Whilst the synthetic 
approach based on materials data collection and calculation models are 
essential, it is considered that sub-assembly experiments incorporating 
alternative materials are indispensable.

SAEBTÏ

Discussions between the ЛЕА, tha Electricity Generating Boards, the Nuclear 
Installations Inspectorate and the Design and Construction companies on the 
safety philosophy for the CPR have continued during the year with the 
objective of agreeing the safety philosophy for the CPR and ultimately the 
preparation of a preliminary safety appraisal. Attention has continued to 
be focussed on the two major problems outlined in last year's report; the 
magnitude of any possible whole core nuclear excursion and the detection 
of incidents originating in single sub—assemblies before escalation to a 
whole core accident could occur.

In an examination of whole core excursions, attention has focussed on a 
hypothetical accident which might produce simultaneous rapid voiding of 
many sub-assemblies and lead to high reactivity ramp rates through the 
action of the positive sodium void coefficient. It would not be possible 
to contain the excursion resulting from these particular high ramp rates 
(between 500 and 1000 $/sec) and the degree of pessimism involved in the 
many assumptions made in the estimation of the ramp rate are also being 
critically assessed. As a back-up, some attention is being paid to 
designs of cores with reduced positive void coefficients.

Discussions on the Design Basis Excursion for the containment are continuing. 
An important factor of uncertainty in size of the DBE is the efficiency of 
interaction of sodium and molten fuel following a whole core excursion. It 
seems that any sodium remaining in the core following the excursion may well 
interact with molten fuel in a fairly efficient manner leading to a size
able sodium vapour excursion. A proposed level of 2 GJ for a 1300 MW(E)
CPR was not generally thought to be fully adequate and the present position 
is that the containment should be "as strong as practicable".

Equations of state of the appropriate core materials play an important role 
in the predictions of the course of any hypothetical fast reactor excursion. 
Modelswhioh enable the extrapolation of existing thermodynamic data to the 
conditions of the hypothetical excursions have and are being developed. 
Equations of state currently being formulated are for sodium uranium 
dioxide, uranium-plutonium oxide solid solutions and irradiated oxide 
fuels. Assessments will be extended to carbide fuel materials Prelimin
ary tests are in progress using the Viper pulsed faoility with which it 
is hoped to measure the rate of development of pressure from fission 
product gas and from volatiles in irradiated fuels following melt times 
of the order of one or two milliseoonds.

Arrangements for UK participation in the Soarabee programme and the joint 
French-German Cabri programme on fuel failure modes have progressed and 
the UK is helping to produce theoretical models of the fuel failure process
under rapid transient conditions and attempting to analyse in detail cer
tain of the earlier Scarabee experiments.

A model for fuel failure has been derived which aims to be consistent with
the information obtained from a general review of published work on tests 
leading to fuel failure. This model has now been incorporated into the 
FRAX whole-core accident oode. It recognises a number of failure modes, 
i .e . oan melting, can bursting due to internal pressure and high can temp
erature, can fracture due to stresses from fuel expansion and can melt- 
through from molten fuel impingement. Comparisons with the more detailed 
FRUMP oode, for situations oapable of being treated by both methods, are 
in progress and these will help to guide development of the FRAX module.

A substantial effort is now being deployed on the interpretation of the 
SCARABEE experiments» The thermal hydraulics side of the analysis is 
aimed at predicting the detailed flow and temperature distributions in the 
tests including flow oscillations and the time at which effeotive cooling 
is lost at some point. A number of computer codes, developed initially 
for boiling water reactor studies, have been modified to treat sodium 
boiling assuming a homogeneous tvro-phase flow model. The stage reached 
is that for boiling of single channels, or equivalent mixed flow repres
entations of bundles, NASLIP will calculate the initial steady state and 
the boiling transient resulting from flow reduction. Further development 
to deal with the marked pressure dependence of physical properties is 
required however. For rod bundles.a new SAMBA code has been developed 
from HAMBO (a water reactor oode) which now includes pressure dependence 
of properties but is only steady state. Blockages are being studied with 
SABRE but it is likely that the wire wrap version will be needed before 
good agreement could be expected.

Studies of the feasibility of mounting multipin boiling sodium experiments 
in support of fast reactor safety have continued at AEEW during the year, 
culminating in the preparation of a development, design and manufacturing 
programme. This envisages initial boiling tests with single and 3-pin 
arrays in 1976 and 1977 followed by sub-channel blockage experiments with 
a 10-pin rectangular test section in 1979 and a 55_pin triangular test 
section in I98O. The tests will be carried out in the sodium loops under 
construction at RBML. These are a small loop principally for testing 
heater pins and a high temperature sodium loop capable of mounting large 
cluster experiments. The latter is provided with a large by-pass and 
sub-cooled plenum so that studies may be made of boiling propagation, 
channel voiding and coolant re-entry under realistic reactor accident 

conditions.
Effort has been concentrated on the main feasibility issues previously 
identified:

a provision of heater pins and

b development of voidage detection techniques.

A licence agreement has been negotiated with CEN for the manufacture by 
the U1CAEA of prototype heater pins to the French design. The pins will 
bo made at RFL and will be subjected to sodium boiling tests in the 
single or 3-pin loop at HEML.



A sodium freeze seal -technique for mounting and scaling the heater pins 
into a cluster has 'osen established using a test rig built for this 
purpose at ABHK. A heated model representing the lower end of a 61-pin 

.hexagonal test section was used for this study i-'iili external cooling 
provided by NaK flowing through an anauiue. Future woyk will he carried 
out with a 55~pin triangular test section to develop the techniques of 
assembly and disassembly further.

Studies have beon made of X-ray attenuation as a means of detecting 
transient voidaga within the multipin cluster. The results so far 
indicate that rates of voiding equivalent to 10% of the cross-section 
in 1 ms could Ъе measured. An alternative electromagnetic technique 
based on the effect of voidage on the mutual inductance between coils 
external to the test section is also being investigated.

Water modelling of sodium boiling plays an important role in support of 
proposed sodium boiling experiments Eÿnd as an aid to tho development and 
validation of computer codes. During the year, a low pressure water 
modelling rig was commissioned and a small cluster experiment mounted. 
This consisted of 7 electrically heated pins of reactor dimensions 
contained in a glass tube with a large by-pass and a sub-cooled plenum 
above. The object of the experiments is to determine the modes of 
boiling, 2-phase flow, oscillations, dryout and re-entry which occur 
when the inlet flow to the channel is reduced.

Analysis of the results obtained is proceeding and correlations of 
2-phase pressure drop have been derived. Oscillations associated with 
vapour condensation and partial re-entry of cold water from the plenum 
have been observed which give rise to large acoustic signals. Experi
ments simulating flow stagnation at lower powers indicate that this 
re-entry from the plenum contributes appreciably to the cooling in the 
pins. Future experiments will include experiments employing a single 
row of pins as a precursor to the proposed 10-pin sodium boiling 
experiment.

Experimental work has also continued to examine the basic mechanisms of 
vapour bubble growth and collapse in sodium. The objective is a 
quantitative experimental study of these mechanisms using largely 
acoustic techniques, and a comparison with theoretical predictions. A 
sodium pool boiler is nearing completion and an apparatus containing 
lead alloy has been constructed for further tests of the ultrasonic 
pulse echo bubble measurement device. A computer programme predicting 
bubble growth and collapse rates has been written and used to make 
predictions for water. The code is being extended to cover the oase 
of bubbles containing permanent gas, and a water analogue experiment is 
being designed to test the validity of this extension.

A major programme of work on fuel coolant interaction studies is planned 
starting with large scale studies of propagation phenomena in metal/ 
water mixtures followed by work with U02 and sodium in a variety of 
oontact modes.

The THERMIR rig for the study of tens of kilogram quantities of liquid 
metals dropping into water was brought into operation in December 1974 
and is now operating on a regular basis. The aim of this work is to 
improve the understanding of thermal explosions and in particular:

a to investigate mechanisms which oan trigger a thermal 
interaction (e.g . shock waves)

b to identify conditions under which a thermal interaction 
triggered at one position propagates through a larger 
mass of metal

о to determine the effeot of scale on the characteristics 
of thermal interactions over the range 0.1 to 30 kg of 
metal

d to investigate the effect of containment geometry on the 
nature of thermal interactions in THEEMIR.

Early tests aimed at commissioning the rig and developing experimental 
techniques have been completed successfully and have produced some 
fragmentation of up to 4 kg of metal but no coherent explosive inter
actions. A stronger interaction vessel with a minimum wall thickness of 
75 mm has now been installed and tests with increased qualities of metal 
will begin in April 1975-

Work with UO2 and sodium will be based on the use of U/M0O3 THERMI1E 
mixtures to provide molten/gaseous UO2 at 3-4*000°C in a number of 
different contact modes with sodium. The aims are to develop THERMITE 
charges containing kilogram quantities of UO2 and also to develop 
smaller charges containing beads of sodium which will be surrounded by 
molten UO2 when the charge is fired. Two small scale rigs for experi
mental work with THERMITS charges already exist and it is proposed that 
a third, larger scale rig for use with the large charges will be 
designed in late 1975 for construction during 1976.

A theoretical model for fuel—coolant interactions has been developed at 
СЕСГВ Berkeley Laboratories which examines the effeot of a fuel-coolant 
interaction proceeding by means of a "detonation" wave. Some initial 
coarse mixing of the hot and cold liquids is assumed and a theory of 
fragmentation of droplets in gases used to illustrate the development of 
a high pressure detonation wave. If  this theory and degree of fragmentar- 
tion can be applied to "molten" UO2 (the UO2 is normally solid at the 
U02/sodium interface temperature) then a very efficient interaction could 
be produced between UO2 and sodium if some external or internal initiating 
mechanism is present to trigger the interaction.

A scale model of clusters of sub-assemblies has been made to investigate 
the manner in which the clearances between sub-assembly wrappers may 
transiently be closed following a minor explosion in a single sub~assembly. 
It is possible that certain modes of transient closing could lead to a 
reactivity increase and a whole core accident. Preliminary tests with 
central explosions in very small clusters of sub—assemblies indicate that 
the natural response of a free standing core has a six-fold symmetry and 
that the springback towards clearance gap closure does not appear to be 
coherent. Larger cores will be tested as also will the effeot of off- 
centre explosions in tending to produce a core compaction effect.

A programme of work on the effect of larger sub-assembly explosions ir. 
producing core movement and crushing of adjacent sub-assemblies has also 
been identified. One possibility here is that the pins in adjacent 
oru3hed sub-assemblies may be undercooled and produce further malting 
after the reactor has been shut down.

A programme of experimental woik on the behaviour of the SNH oore 
following sub-assembly explosions has been continued in partnership with 

Germany.



A programme of explosion code validation experiments has been planned for 
the two sites, Foulness and Winfrith, and preliminary experiments are now 
in progress. The first two of a set of three identical explosion tests 
have been oarrieci out in a simple overstrong cylindrical vessel with an 
Ц/D ratio similar to CFR. Similar sets of three tests are baing carried 
out at Foulness so that the comparison will show up any defects in 
experimental technique at either of the laboratories and provide a sound 
basis for later quantitative measurements of individual fast reactor 
features which will in some caaes be studied at one laboratory only. The 
results to date show that corresponding pressure records from Foulness and 
Kinfrith are generally in good agreement.

The large pressures measured in the first two tests have damaged a large 
number of transducers but it ia anticipated that these can be repaired 
in time to carry cut the third test, in May 1975* The subsequent programme 
includes the use of a low density, slow burning, high explosive charge to 
make the energy input more realistic, and the study of a number of simple 
internal geometries typical of current fast reaotor designs.

The 2D wave propagation explosion code ASTARÏE developed at Aldermastcm 
and the 2D fluid flow explosion code SURBOUM developed in conjunction 
with Bolgonucleaire have both been made available to Inpra who have 
undertaken to add compressibility effects to SURBOUM.

The explosion tests on a l/20th scale steol containment model oontinue 
and after the nominal 5 GJ test has been completed, attention will be 
focussed on the behaviour of pre-stressed concrete containment vessels 
under internal explosion conditions. A preliminary programme at l/50th 
or l/lOOth scale will be followed by a more realistic representation at 
l /25th or larger scale in which the penetrations and reactor internals 
will be more accurately modelled.

Small scale experiments of a fundamental nature are being performed in 
aid of understanding the problem of controlling the core debris following 
a reaotor core disassembly. These include the natural circulation of 
self-heating liquids (representing molten fuel), the thiokness of cold 
crusts when the crust is heavier than or lighter than the circulating hot 
liquid and the natural circulation heat transfer from downward facing 
surfaces in sodium. There is also a supporting programme of theoretical 
work.

ENGINEERING DEVELOPMENT

Work on the three new rigs under construction at the Reactor Engineering 
and Materials Laboratory, Risley, is well advanced. The Small Water 
Facility building will be ready for occupation this month; the Sodium 
Components test Rig and the High Temperature Sodium Loop are due to be 
commissioned early in 1976.

The turbulent behaviour of the jet issuing from the top of a core sub- 
assembly is being studied using an air model and hot wire anemometry.
The S/A is mounted on force transducers so that turbulence can be 
correlated with the reaction forces. Pipe vibrations due to internal 
fluid forces are being studied using a rig mounted on force transducers 
and fed with water under g r a v i t y  so that the pump vibrations are 
decoupled from the experimental section» The rig can accommodate 
typical pipeline components - "bends, valves, etc. - and is being run at 
velocity heads appropriate to CFR circuits.

A rig has been built to investigate natural convection in sodium from a 
downward facing plate » The plate can be inclined at any angle from the 
horizontal to the vertical and the corresponding heat fluxes measured.
The initial programme of work is aimed at determining the critical 
inclination at which the boundary layer pattern changes from the 
"horizontal" to the "vertical" configurations.

Considerable progress has been achieved in the development of a fast 
response 1 mm o/d coaxial thermocouple with a twin stainless steel sheath 
and single 0.25 mm dia. conductor, Chromel on one leg, and Alumel on the 
other. The thermocouple is bent into a hairpin form with the hot 
junction at the tip, and the time cons taint is~40 milliseconds. Sixty 
specimens have been tested under fast temperature transient conditions 
(400 to 600°C in 15 seconds, 600 to 400°C in 5 seconds) and have with
stood 3 x K>5 cycles without failure. This is somewhat longer than the 
average life of a standard 3 mm o/d thermocouple under the same 
conditions.

At Berkeley Nuclear Laboratories the development of on-line oxygen, 
carbon and hydrogen meters is continuing and the oxygen meter in parti
cular has reached the stage of undergoing extensive long term testing. 
Studies have also been made of the vanadium wire technique together with 
the possibility of aohieving on-line application of this method. This 
range of instrumentation will, together with classical analysis techniques, 
be deployed to characterise the sodium environment in the CEGB Research 
Department rigs whioh are being built at Berkeley Nuclear Laboratories and 
the Marchwood Engineering Laboratories. These rigs are being used for 
fundamental studies of long term creep behaviour of structural materials, 
with particular emphasis on creep crack initiation and growth, the 
characteristics of wear processes and corrosion and mass transfer 
phenomena.

The PFR roof displacement measurement system, comprising 3 sensors 
installed in speoially drilled holes through the concrete roof, and 3 
associated electronic units, has been successfully installed and is work
ing satisfactorily. The three sensors are fitted so as to monitor the 
relative radial displacement between the diaphragm and the shutter plate 
resulting from temperature changes in the roof.

As a result of the failure of a primary pump on PFR a theoretical study 
nas been made of the temperature distribution in the region of the pumps 
due to natural convection currents in the cover gas. A theoretioal study 
has also been made of residual stresses, due to manufacturing prooesses, 
in bearing shells coated with either weld deposited or spray fused 
stellite. Distortion of the bearings due to incompatible thermal expansion 
effects during manufacture and normal operating conditions have also been 
examined.

Aociustio vibration measurements taken during commissioning show that 
aooustic excitation is a principal souroe of vibration in PFR, with most 
of the acoustic energy concentrated at twice pump blade passing frequency. 
Predicted structural and aooustio resonances are excited in tho frequency 
range 75 to 420 Hz. All the associated stresses are low and acceptable 
for reactor operation.

Work has continued to obtain a better understanding of the behaviour of 
email leaks of water into sodium. Earlier work on the flow of steam/ 
water mixtures through small holes has been combined with a study of 
inert gas jets in liquide, work on sodium vapour flames and mioroleaks,



and exchangee with overseas workers to formulate a theoretical model to 

describe small leak events.

Essentially the steam jet issuing from the leak ia considered to entrain 
sodium and réaction product droplets? into itself, and a target tube 
inserted into such a jet will he subjected to both erosion and corrosion 
processes. The theoretical model indicates that wastage rate is primarily 
dependent on the temperature distribution along the axis of the jet. The 
dominant external parameter is the sodium temperature, othor parameters 
having only a secondary effect. First indications are that existing 
experimental wastage data is consistent with this theoretical model.

Vîork has continued on the development of the Sodium/Water Reaction 
Simulation Code FLOOD. This digital code can be used to evaluate transient 
velocities and pressures in any type of secondary circuit with the facility 
to incorporate the theoretical reaction models being developed as input 
parameters. The model describing large leaks has been further checked 
against the experimental results from Super NOAH test 3.

Agreement was generally good, and the model adequately represented the 
pressure transients; but there are indications that in describing the 
çffluent system flow it may be necessary to use a two-phase analysis start
ing from the ejection of sodium and reaction products from the vessel.

A possible Intermediate Leak situation has been identified which is between 
the small leak, in which the gas bubbles arising from the reaction jet 
escape entirely by buoyancy forces, and the large leak which is characterised 
by a jet that has not fully decompressed before it makes contact with the 
enclosing vessel walls. Under these large leak conditions an immediate 
sodium piston expulsion is initiated, but under the intermediate leak 
conditions the reaction volume is postulated to be a frothy two-phase 
mixture which expands with a decreasing reaction rate until such time as 
a true piston expulsion is achieved.

This intermediate leak regime is associated with leaks of ~ 0 .5 to lKg/seo 
caused by holes ~ 2 mm dia, and could exist for a few seconds, allowing 
time for a large field of wastage of tubes adjoining the letJcing tube 
before a second tube rupture initiates the piston-type expulsion of the 
remaining sodium. It is predicted that the overall effect will be less 
than that of a large leak (e .g . the double-ended fracture of a single tube), 
and Super NOAH test 5 is being designed to investigate this size of leak.

In the past year tests have been carried out on the waterside thermal 
performance of a helically coiled boiler tubs at conditions relevant to 
fast reactors using electrical heating. The thermal performance was 
generally as expected, with the onset of dryout being deleted ia comparison 
with straight tube designs and significant circumferential variations in 
heat transfer coefficient being found in the single phase regions. At the 
lowest mass velocities, corresponding to part load operation, however, the 
two-phase flow tended to stratify under the influence of gravity inducing 
dryout virtually at the onset of boiling. Wall temperature fluctuations 
were also measured in the region of dryout, induced, it is thought, by 
periodic wetting and drying of the tube wall.

Work has been carried out at Harwell to evaluate the corrosion behaviour 
of Alloy 800 and 9$ Cr steel boiler tube materials in boiler water.
Alloy 800 has been shown susceptible to severe pitting with some cracking 
in oxygenated chloride solutions and to stress corrosion cracking in 
caustic solutions. 9$  Cr steel is far more resistant to caustic oracking.

Studies in the AÏÏHE waterside corrosion loop show that the corrosion rate 
of PFR evaporator tubes Í3 within, acceptable limits at all points but is 
6ome> 40?ó higher in regions of the highest heat flux than in regions of 
иего heat flux. Protective magnetite films were found to have formed on 
a wide range of defects and surface conditions. The hydrogen corrosion 
product which diffuses to the sodium side (and forma a background against 
which the water-leak detection system must operate) has been measured as 
a function of time and tube surface condition and shown to follow 
logarithmic kinetics.

SODIUM CHEMISTRY

Work has continued on the factors determining carbon transport in sodium 
systems. A critical review of the overall process has been made in terms 
of the individual steps:- carbon diffusion from the source, dissolution 
and chemical behaviour in the sodium, and diffusion into and equilibria 
set up with the sink. Direct measurements of carbon transport in small 
thermos.vphon loops have confirmed some of the factors considered in 
modelling work, mainly the temperature dépendance of activity. For unit 
activity at 450 to 700°C the important carbon species in sodium is dimeric 
with a small monatomic component. The work has continued studying the 
transport at lower carbon potentials that may be present in reactor systems.

The solubility of iron has been investigated in low oxygen sodium and found 
to have a large temperature depandance, e .g . 0.5 ppm at 500°G and 3«5 PPm 
at 7.00°C. These levels are forty times larger for oxygen saturated sodium 
and twenty times larger in sodium at three-quarters saturation. The change 
in solubility with oxygen activity can be associated with the formation of 
a, sodium/iron complex oxide at high temperature.

Underlying work on the behaviour of particulates in sodium has started. 
Initial experiments on the growth rate of iron particles at 730°C has 
demonstrated, a large of feet due to oxygen. 2.5 pm particles in low oxygen 
sodium grow only slowly while in oxygen saturated solutions the particles 
grow to needles some millimetres long in two days. These findings are 
correlated to the large effect of oxygen found on the iron solubility.

Studies are continuing on the corrosion, transport and deposition of 
active and inactive corrosion products arising from reactor core and 
structural materials. Work on uontrol rod materials is nearing completion 
under PFR cold trapping conditions. Release rates for uncoated tantalum 
are some two orders of magnitude in excess of those for stainless steels 
ungLer comparable conditions. Deposition rates for this material of up to
2 x 10“ 3 mg’/cm^ hr have been observed with peak deposits occurring at the 
low .temperature end of a representative reactor heat exchanger section.

Coated tantalum exposure up to 525°C indicates little release of Тал-182 
and suggests good integrity for the coating.

Measurements of the migration of active species have shown significant 
migration to the circuit cold traps of all species tested. Progress is 
being maintained in establishing proper criteria for decontamination of 
active components* Within the limits imposed by these a KOI! solution 
seems most effective. Liquid sodium has been observed to have little 

effect.

EXPERIMENTAL REACTOR PHYSICS

The experimental programme in ZEBRA assembly 13 was completed in mid-



September 1974» The overall aim of this work was to extend tests of data 
and calculai; ional methods from the relatively simple core configurations 
of the MOZART programme (performed in collaboration with Japan) to more 
complex situations relevant to power operation. To focus on specific 
problems, the assembly was built to provide a close representation of the 
anticipated mid-cycle equilibrium loading of the PFR.

Nine versions of assembly 13 were studied during the course of the programme. 
The effeots of different relative insertions of the five PFR-type control 
absorbers and of different breeder loadings in a 120° sector were explored.

The experimental techniques were similar to those used during the MOZART 
programme, with the addition of the new multi-chamber scanning system for 
the rapid acquisition of 3-D power distributions and the extension of the 
solid-state track recorder method to the measurement of BIO (n, alpha) 
reaction rates in boron-carbide oontrol absorbers. The experiments are 
being analysed with FGL5 data in 6- or 16- group diffusion theory calcula
tions, using, as far as possible, oalculational modules from the COSMOS 
modular code scheme which is under development. Much of the analysis 
requires a full 3-D representation of the reactor. Comparison of the 
reactivity calculations for the variants of the assembly bear out the 
MOZART conclusions that diffusion theory appears adequate for calculating 
oontrol rod interactions on cores of this size.

Measurements of the reactivity changes on removal of sodium formed an 
important part of the experimental programme on assembly 13. Groups of 
nix ZEBRA elements in pin-geometry representing power reactor sub
assemblies were voided at several locations (by replacing sodium-filled 
mini-calandrias by empty ones). A large central plate-fuelled zone was 
also voided. A preliminary evaluation of the data leads to the conclusion 
that the central and leakage terms are separately predicted by diffusion 
theory to an accuracy of about Í 6$ .

Following the completion of the programme on assembly 13, a series of more 
general integral studies are being performed on a simplified version of 
the same assembly. The topics under investigation include activation 
cross-3ections for possible corrosion products in the primary circuit, 
capture cross-sections of Am241 and to243 for the production of Cm242 and 
Cm244, respectively, and studies of the characteristics of moderated- 
absorber control rods.

Experimental studies in ZEBRA have, so far, been limited to assemblies 
containing up to 1000 kg plutonium and have been focussed, in the main, 
on the physics of prototype-sized reactors. The analysis of the MOZART 
and PFR~mockup experiments shows that current data and methods are, with 
a few exceptions, adequate for predicting the core performance of such 
reactors. However, extrapolation to commercial reactors with over three 
times the plutonium loading results, inevitably, in greater uncertainties 
in predicting those properties sensitive to core size such as the sodium- 
void reactivity, the radial power distributions and the interactions of 
control rods. Proposals for a collaborative study of a large oore in 
ZEBRA, involving the pooling of fissile material from several countries to 
obtain the necessary fuel loading, are being actively discussed. It is 
envisaged that experiments on this assembly would start in 1977 •

NUCLEAR DATA
•me Kuoiear Data Request List and the Chemioal Nuclear Data Request List 
have recently been revised and up-dated and should be issued in the near 
future.

Priority 1 requests exist for structural and canning materials, fissile 
and fertile materials, control materials, Am and Cm isotopes and fission 
products; differential cross-section requirements for fission products 
are still under review however. Requests for U235 and. Pu239 fission 
spectrum measurements are still entered at priority 1. Various new 
evaluation requests at priority 1 have been entered to allow better 
prediction of activation in fast reactor circuits and some integral 
measurements are under way in ZEBRA.

A joint Harwel1-Studsvik measurement of the U235 fission spectrum is 
discrepant with the Harwell measurement, reported, earlier in that it does 
not indicate as many high energy neutrons, and can be fitted, in fact, by 
a Maxwellian form (very similar to that used in the fast reactor data set 
FGL5). These discrepancies are under investigation.

The simultaneous evaluation carried out at Harwell of cross-section data 
for U235i Pu239 4238 has been published. Further work for these
nuclides is under way. The studies en U233 resonance parameters support 
the review of fast reactor Doppler effects presented at the KACRP 
specialist meeting at Saclay in May 1974*

Reflecting the importance of europium as an alternative control material, 
measurements made at Harwell of the capture croa»-seotions o ' Bu-151 and 
Eu-153 are to be used in the preparation of new UKKDL files. At present, 
they have been used together with EHDF/t^ resonance parameter:; to producá 
data, with a shielding prescription, directly for use in the fast reactor 
data set FGL5» Some effort is being devoted to theoretical estimates of 
the cross-sections of the isotopes formed by neutron capture in europium.

An assessment of accuracy requirement?; for fuel handling and reprocessing 
and en evaluation of nuclear data for the aotinides has been made, 
including 57, capture, fission and (n,2u) cross-sections, holf-lives and 
certain branching ratios. More detailed studies are in progress. A 
recent report describes a scheme ’cased on systematica for the calculation 
of neutron cross-sections of actinide nuolei up to about 3 MeV incident 
neutron energy.

A library is being prepared, in ENDF/B4 format, of decay and related data 
for the fission products, actinides and other important radioactive 
nuclides. The first version consists of the decoy data of A Tobias of the 
CEQB end of the independent fission product yields of E A С Crouch of 
Harwell. Further measurements and evaluations are under way to improve 
and extend the library, particularly the data, for actinides. The library 
will be used in the computer programme FISPÏK to calculate fission product 
and actinide inventories, decay heating, and gamma ray intensities after 
reactor shut-down. Discussions are in progress with the French with the 
intention of making the production and maintenance of the library a joint 
venture.

The library of photon interaction data in the 1Ж Nuclear Data Library has 
been revised. It now covers all elements of atomic number 1 - 94, and the 
opportunity has been taken to include the most up-to-date cross-sections 
of Hubbell. The energy range covered is 0.01 to 20 KeV and cross-sections 
ore given at 40 energy points. The angular distributions for Compton 
scattering is given at 23 energy points and is included with each element. 
A report for publication is in preparation. This describes the inter
polation of data not in the Hubbell set and the accuracy of the cross- 
sections will also be tabulated for each element.



The programme GALAXY for calculating group—averaged cross-sections from the 
UK Nuclear Data Library is now available in an IBM-370 version. It will be 
available from the Computer Programme Library at Ispra.

THEORETICAL REACTOR PHYSICS

There is now a wide range of physics modules available in the COSMOS 
modular code scheme comprising data preparation, flux calculation and 
edits. The diffusion theory codes TIGAR (for triangle-я and hexagon-z 
geometries), SNAP (also for triangle-z and hexagon-z geometries) and 
GOG (for RZ and other 2—D geometries) are included as options for the 
flux calculation.

In order to reduce the amount of card input required by COSMOS calcula
tions, much-used calculational sequences are organised using so-called 
"tasks" making use of the organisational facilities offered by the 
COSMOS module, WORKSHOP. The calculations required to support PPR 
operations have been organised as tasks for some time. Tasks for CPR 
calculations are starting to become available.

Methods áre under investigation for the treatment of neutron streaming 
in low density regions left behind, when control roda are withdrawn. 
Results obtained with the discrete-ordinates transport theory code 
WDSN(ST) are being compared with those obtained by other methods.

A two and three dimensional transport theory code based on a spherical 
harmonic expansion of the flux using coupled diffusion equations has 
been developed and used oxtensively in XY geometry. Triangular and XYZ 
geometries are also available. Running times relative to diffusion 
theory are about twice in two-dimensional geometries and 3~4 times in 
three dimensional ones. A formulation for divergent geometries is being 
developed.

PERFORMANCE CALCULATIONS FOR CFR

An extensive investigation into the refuelling characteristics of CFR 
cores of about 3000 Ш(Н) size divided into two and three radial enrich
ment zones was completed using the computer code CRACKLK. A complete 
core was refuelled in one, two, three or six separate batches. The 
properties of interest included inventory, breeding gain, doubling time, 
power output during approach to equilibrium and time-scaie of production 
of plutonium in the blanket.

The performance of CFR and an SGHWR of similar size as plutonium burners 
vías compared using plutonium of various gradee, from that produced by 
Magnox reactors (175» Pu240), to that likely to arise from repeated 
recycling through fast reactors (40$ Pu240). The conclusion was that CFR 
is much the more efficient plutonium burner, with an advantage of order 
0.6 in breeding gain terms; the advantage is slightly higher with the 
higher Pu240 fuel. CPR is also more effective as a converter reactor on 
enriched uranium feed. The principal reasons are the improved fission- 
ability of fertile isotopes and the larger number of fission neutrons 
produced by the fissile isotopes in CPR.

A critical comparison was made of the wrapper irradiation damage in PFR 
and CFR using the Nelson formalism. The damage rate is about 10$ higher 
in CFR, primarily because the larger size allows a reduction in plutonium 
enrichment, which requires a rise in flux level to give the same fuel

rating. This result shows that adequate tests of olad damage in CFH will 
Ъе obtained from irradiations in PPR.

A number of CFR design variants have been examined to see whether the 
maximum reactivity release on selectively expelling sodium ooolant can be 
reduced. The existing sub-assembly design, based on the PPR one, was 
used as far as possible consistently with the design change. Calculations 
were carried out using RZ geometry diffusion theory in 37 groups, using 
exaot perturbation theory.

The principal variants considered were a reduoed-height oore, a core in 
which the inner region had the fuel density reduced, and annular designs 
with a single or double annulus of fuel sub-assemblies with breeder sub- 
assemblies filling the interstitial annuli. Only the latter showed any 
substantial reduction, and a single annulus four sub-assemblies thick was 
chosen for further investigation, as it reduced the maximum voiding 
reactivity from ¡¿8 for the standard CFR design to only $2. The Doppler 
reactivity coefficient was also reduced, however, by more than a factor 2.

A more realistic annular layout with satisfactory control rod and power 
output was worked out by trial and error of individual sub-assembly 
positions ; the design was found to be quite sensitive to small boundary 
pertui-bation3 in these respeot3. The final design had a voiding 
reactivity of only $1 .3 , though again the Doppler coefficient was much 
reduced. The core is much larger in diameter, about 4*4 m compared with
3 m in the standard design.

The sub-a3sembly design was allowed to vary in longer range studies of 
reduced sodium void effeots. One design selected for further assessment 
is a very low height (pancake) core whioh produces enhanced leakage and 
allow3 closer spaoing of fuel to reduce sodium content. This has 
reduced the maximum possible reactivity gain by voiding sodium from 
central-regions to about $2, at which level the Doppler coefficient 
(which is little altered) would be better able to terminate a prompt 
oritical transient. The design has other safety benefits, such as 
reduced reactivity gain on fuel slumping but a possible oriticism is that 
closer pin spacing may increase the chance of internal blookages develop
ing.

ENERGY DEPOSITION AND SHIELDING

The main objectives of the theoretical programme are the implementation 
of the adjusted diffusion coefficient (ADC) capability for neutron and 
gammar-ray calculations. This method will continue to be supported in 
appropriate oases by Monte Саг].о and kernel methods.

The present phase of the theoretical development should be largely 
completed by mid-1975 and- attention will then turn to the important task 
of validating the new design procedures utilising zero-energy mock-up 
experiments at ZEBRA and bulk-penetration measurements in the new ASPIS 
facility on NESTOR. Experimental checks on PFR will be carried out during 
the commissioning programme and the first few years of operation.

Two examples of calculations recently oompleted in support of design are 
studies of neutron end gamma shielding in a transport flask for 5 CFR 
sub-assemblies and studies of proposed axial shielding incorporated in the 
extremities of sub-assemblies to reduce the neutron damage dose in nearby 
permanently installed structures.



THERMAL HYDRAULICS

Work done during -the past year was concerned with three main topics: hot 
spot analysis for the core; sub-assembly bowing and dilation due to 
neutron-induced voidage; and natural-circulation heat removal.

Design calculations are currently performed using the method originated 
by Amendola (Karlsruhe) but further developments have been made in the UK. 
Hot spot analysis has much reduced importance since temperatures in current 
designs are limited by the performance of the above-core structure.

Calculational methods are under development on the following topios: bowing 
behaviour of free-standing sub-assemblies; dilation of sub-assembly walls 
under the action of internal pressure and irradiation creep; bowing 
behaviour of individual restrained sub-assemblies; and behaviour of arrays 
of sub-assemblies. It is not expected that it will be possible to produce 
a code to calculate the behaviour of a restrained array if there are 
initial gaps between sub-assemblies which olose up as a result of irradia
tion.

The computer code TRIXIE has been developed to carry out a survey of 
parameters affecting natural-circulation heat removal from the CFR. This 
code incorporates a representation, more complex than previously, of the 
ebove-core plenum, the intermediate heat exchanger, and the secondary 
oircuit flow and temperature transients. It will be extended, as 
required, to include representation of the whole of the secondary cirouit.

CONTROL AND INSTRUMENTATION

A digital computer model of the CFR reactor and plant is being set up for 
control and dynamics studies. A systematic assessment of the consequences 
of various plant failures is proceeding based on PFR experience and simple 
modelling. Even before the full modelling systems are available a useful 
view is emerging of which transients could lead to significant damage. 
Preliminary design is being aided by studies such as those on temperature 
transients of the intermediate heat exchanger, primary pimp orientations 
and secondary pump supply configuration.

The code JCBARK has been applied to a preliminary study of rapid load 
pick-up for a helioal once-through boiler which showed a possibility of 
IO55 rapid load pick-up and stable grid-frequency load-following given 
certain design provisions. Reoent improvements in treating phase-boundary 
movement across mesh points in JCBAKK, when applied to feed failure 
transients, lead to appreciably reduced computing times.

A simpler overall plant model, FASDIG, is being developed to supplement 
the work on the reference model based on JCBARK. The possibility of 
developing FASDIG further to cope with non-symmetrical operatioa is 
being studied.

It is expected that CFR will have two ranges of nuoleonic instruments.
The lower power range will be based on pulse-counting fission counters; 
the high power range will also have pulse-counting fission counters but 
extended upwards to the required maximum by measurement in Campbell mode 
for the same counters. This scheme and the corresponding sites for the 
counters are currently Tinder review and research a n d  development are 
continuing on a range of instruments that oould be adapted for use in the 
final preferred scheme. The work in progress includes development of

fission counters (including speoial gas fillings allówing fast pulse 
collection), cables and electronios and trials in other reactors. Quad- 
гл axial cables are under development to allow measurements in the 
Campbell mode.
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in the Federal Republic of Germany, Belgium and the 
Netherlands and Progress Achieved during 1974 and early 
1975; by P. Engelmann and U. DSunert, the Federal Republic 
of Germany.

The major milestones of the German-Belgian-Dutch LMFBR Programme during the 

past year were

- the continuation of the construction work on the SNR 300 power station 

at Kalkar and of the accompanying r+d work.

- the successful operation of the 20 MWe sodium-cooled test reactor, KNK, 

at Karlsruhe with it s  f i r s t  (thermal neutron) core and the beginning of 

the preparatory work for the in sta lla tion  of a second (fa st neutron) core.

- the preparation of necessary steps towards a commerciabsize LMFBR power 

plant, SNR 2, culminating in the award of a preliminary design contract 

and the authorization of гч-d funds.

1. SNR 300

The German-Belgian^Dutch SNR programme continues to be centered around the 

construction of the SNR 300.

Following the concrete placement for the reactor building floo r in July 1973, 

the construction of the building has proceeded somewhat slower than the 

orig ina l schedule because of numerous licensing d if f ic u lt ie s . At present the 

concrete walls extend from the foundations, about 13 m below grade, to 

elevations ranging from 0 to 10 m above grade. Licensing d if f ic u lt ie s ,  primarily 

in  the matter of protecting the building against the hypothetical core 

disassembly accident, w ill lead to further delays in  the construction of 

the reactor build ing, which w ill dictate the overall schedule. Full power 

operation is  now expected mid 1980.

S ign ifican tly  better construction progress can be reported on the turbine 

hall and the middle steam generator building. The f i r s t  large components, the 

secondary sodium drain tanks and leak-collection tanks, have now been 

in sta lled  at the site .

The mechanical and e lectrica l components, representing about 2/3 of the

total contract value, have been ordered from the subcontractors. The

reactor vessel is  about 2/3 completed and for the large loop components, the

materials have a ll been procured.



This was made possible by the good progress of the supporting r+d work. The 

major sodium component test fa c il it ie s  at Hengelo and Bensberg were fu lly  

available, so that the performance of the stra ight tube steam generator, 

the IHX, the helical coil steam generator, the handling equipment, fuel element 

bundles and the.control rods could be tested.

The inspection of the stra ight tube steam generator after 10000 hours 

sodium operation and 3500 hours steam generation under SNR conditions 

showed some inperfections, such as inhomogeneous bypass flow around the 

lattice  bars, which gave rise  to a s lig h t  bowing of the bars due to temperature 

differences. S lig h t improvements in the design of the components

for SNR 300 and more stringend fabrication requirements w ill eliminate these 

effects in the future. The inspection of the helical coil steam generator, 

which during the tests has shown a very satisfactory performance, is  just 

starting. The IHX, however, showed after dismantling excessive

tube bending of the outer tubes caused by bypass streams and of the inner 

tube caused by imperfect equalization of temperature in the sodium gap between 

the inner tubes and the central pipe at low loads. Major design modifications 

have therefore been decided. The modified IHX w ill be subjected to another 

performance test at Hengelo.

Tests of the handling equipment at 250 °C sodium temperature gave very 

satisfactory results. The tests included 5000 movements of the rotating 

shie ld plugs, handling of ordinary and bent fuel element dummies and their 

handling casks, assembling of a 19 element core, instrumentation performance 

and accuracy etc.. Operation at 560 °C sodium terrperature showed, that 

with the choosen preventive mesures no problems have to be expected due to 

sodium depositioning in gaps of the rotating shield plug. At present the 

tests are continued at 600 °C sodium temperature.
О

The analysis of the performance of the 5000 m /hr sodium pump and the 

cause of the shaft seizure - which was reported in detail la st year - was 

completed. As a consequence the temperature equalization section was modified 

in order to reduce the temperature differences around the pump shaft in the 

cover gas space. I t  is  expected that the new design w ill decrease the tempe

rature gradients by a factor 4. At the same time, the clearances of the 

bearing were increased, so that no d iff ic u lt ie s  are expected within the 

fu ll range of pump operation.

The performance and endurance tests of the prototype of the type 1 shut-off-rod 

were conpleted. The performance was excellent and the visual inspection showed 

essentia lly  no wear effects. The hydraulic model tests of the type 2

shut-off rod under water were completed at GfK, performance tests of the J J

prototype at Bensberg have started.

The concept of the fuel subassembly of the Mk IA core has been established.

The cladding material chosen is  the german steel 4970, the pin diameter 6,0 mm 

and the grid spacers are of honeycomb type. The inp ile  and out of p ile  tests of 

the Mk I I  fuel subassembly were started or are in preparation. The Mk I I  subassembly 

w ill have 7,6 mm pins fixed by electroeroded grid spacers allowing a lower p/d ratio.

the progress of construction work of SNR 300 is  expected to depend to a 

large extend on the acceptance of the evaluation of the consequences of 

severe Bethe-Tait type accidents by the licensing bodies. In order to 

provide the necessary information the r+d effo rt in the safety fie ld  was 

concentrated on problems connected with whole core disruptive accidents 

or single subassembly events which are considered as potential in it ia t in g  

events.

The whole core jiccident codes CAPRI-2 and KADIS were further improved and 

applied to DBA-calculations for the Mark la core of SNR 300. The results 

of th is analysis indicate that despite of the enlarged core configuration 

the energy release is  s t i l l  within the design lim its of the vessel. A large 

e ffo rt was devoted to the experimental verification of assumptions made 

in the theoretical analysis (see chapter 4).

An external core catcher had to be incorporated into the SNR design.

The conceptual design of this core catcher has been submitted for approval.

It s  functions are to d istribute, contain and cool the molten core material 

and to protect the concrete vault surrounding the reactor tank.

2. KNK

The 60 MWt sodium cooled test reactor KNK I was operated until September

1974 with fu ll power. No technical problems causing set backs or shut downs 

were encountered. The foreseen experimental program (especially instrumentation 

tests, sodium vapour behaviour, control experiments) was completed. E lectric ity  

(up to 21 MWe) was fed into the Badenwerk grid.

In October 1974 work to convert KNK I to the fast power plant KNK I I  was 

started. Up to now the following major operations are under way:

- unloading of the thermal core and transport of spent fuel elements to the 

reprocessing plant at Marcoule.

- extraction of the KNK I wet fuel storage and insertion of the KNK I I  

magazine.

- remodeling of fuel element machine (for hexagonal elements).



- erection of a separate emergency diesel building which takes care 

of redundancy considerations.

- insertion and cabling of a process computer.

- turbine revision work.

Progress of work is  widely determined by the licensing procedure. Up to now 

a ll operations are done on the basis of KNK I-license . The f i r s t  KNK I I -  

license is  expected to be granted in April 1975.

KNK I I  conversion w ill be completed in  spring 1976. The fuel elements for 

KNK I I  are under fabrication at Alkem and BN. The test, program for KNK I I  

cores 1 and 2 is  in preparation.

Startup is  foreseen for the summer of next year. From then on, KNK I I  w ill 

be the primary fast flux test fa c ilit y  for integral FBR fuel irrad iations 

in the DeBeNeLux countries. It s  core provides for 7 subassembly 

positions for Ри-containing test elements with oxide or carbide fuel.

3. SNR 2

During 1974 preparatory steps towards a large LMFBR demonstration plant were 

taken. The necessary r+d work was defined and started both at the centers 

and at industry and the organizational arrangements on the u t i l it y  side were 

established.

On October 10, 1974, the new European Fast Breeder Power Company, ESK, 

was formed by the u t i l it ie s ,  RWE, EdF and ENEL. The shares of RWE were than 

taken over by SBK. Just recently, ESK awarded a f i r s t  preliminary engineering 

contract to INB and parallel to th is, the government has authorized in it ia l 

funds for the accompanying Research and Development, so that in the course 

of th is year the programme w ill get fu lly  underway.

Also the organizational arrangements for cooperation between the nuclear 

research centers and INB have been worked out. The objective is  the con

struction sta rt by 1980 of an SNR power station rated at 1200-2000 MWe.

For planning purposes, the reference site  is  Kalkar.

The german government w ill call in an advisory comittee this spring in 

order to assess the FBR situation and to make a recommendation on the 

support of the future development by public means. I t  is  foreseen that 

the f i r s t  phase of the SNR 2 project ending in  1979 before the sta rt of 

construction w ill be funded by the government on the r+d side and by the 

u t i l it y  group on the design side. A new assessment w ill be made in 1979/80 

before the second (construction-)phase w ill be in itiated.

4. Additional Information on R+D A ctiv itie s 

4.1 Fuels and Materials
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For the specification of the SNR 300 Mk la fuel 500 test pins, 250 out of 

them from fast flux irrad iation, have been evaluated.

In the f ie ld  of clad swelling i t  appears that for cold worked sta in less 

steels the swelling exponent is  about 1 up to a fast neutron dose of 

6xl022 n/cm2 >0.1 MeV. Extrapolation to fast neutron doses, which correspond 

to the design bumup of big power plants, would result in Ш  volume increase. 

However, the in p ile  resu lts, supported by simulation experiments in a 

cyclotron, indicate that the swelling exponent may increase at higher doses.

Large differences in swelling behaviour can be caused by the pretreatment 

and the charge h istory of tube fabrication.

Main causes of pin fa ilures were the internal corrosion at high clad 

temperatures in connection with high temperature embrittlement and neutron 

induced matrix hardening in combination with He-embrittlement in the tempe

rature range 450-600 °C.

Most of the research and development work required for establish ing the 
fuel fabrication method is  about to be finished. An important problem s t i l l  

to be solved concerns the recycling of the fuel fabrication scraps and the 

establishment on control methods for the plutonium particle size in  the 

fuel, the oxygen-content and impurities.

In the fie ld  of carbide fuel development 30 pins have been operated between

20.000 and 90.000 MWd/t, most of them were of gas bonded design. Two pins failed 

at low burnup. High carbide burnup with re lative ly  low diametral changes around 1% 

apparently can be reached with smear densities around 75%. The void volume 

which w ill be f il le d  by the (2% per % bumup) fuel swelling is  distributed 

equally in the fuel and the gap between fuel and cladding. I t  appears that 

carefully designed gas bonded carbide pins can reach burnups of the same 

magnitude as oxide pins considering that the clad swelling is  the lim iting 

factor.

In itia ted  by the plant licensing requirements a broad experimental program 

is  now under way in order to support the primary system design by providing 

data on the fatigue resistance of materials under cyclic  loads, the material 

strength under dynamic loads and on the ine la stic  behavior of materials.



4.2 .Physics

The SNEAK 9 series of experiments that supports the design of SNR 300 started 

in early 1972 and has ju st been finished.

During the la st year assembly 9C has been investigated, a smaller sized core 

(38 cm radius, 60 cm height) that served mainly to check, the influence of 

higher Pu240 content. Oxide fuel was used to set up a cubic central zone of 

32.6 cm side length, while metallic fuel, supplied by the ZEBRA group, 

served to construct a cylindrical zone of 22.8 cm radius over the whole 

length of the core.

The evaluation has not yet been finished. Presently, the following two main 

results are available:

1st: C r it ic a lity  calculations result in С/E ratios between 1.005 and 1.010 

2nd: Calculations and experiments agree well for reaction rate ratios with 

exception of the fiss ion  rate ratios of U238 to U235, which are under

estimated by the calculation by about 10%.

Among other measurements done at SNEAK 9C a check of the sector substitution 

method was done, sta rting from a fu ll uranium core and ending with a fu ll 

plutonium core. Furthermore the routine measurements of f iss ion  rate ratios 

were extended to Am 241.

After the new evaluation for KEDAK of data for U235, U238 and Pu239 had 

been finished i t  could be shown that a data set derived from KEDAK now 

leads to results comparable to those obtained with the KFKINR set, that 

was adjusted to integral experiments.

The work to generate a new 26 group data set tailored to support the pre

design of SNR-2 is  in good progress, the test phase of th is set w ill sta rt 

later th is year.

The modular program system KAPROS now contains 35 modules, the documentation 

of the system kernel has ju st been finished.

4.3 Safety

The vapour pressure of mixed oxide fuel containing 20% PuOg was measured 

for the f i r s t  time up to 5000 °K using a LASER technique. The results indicate 

pressures somewhat higher than previous extrapolated values. This very 

important work is  being continued in cooperation of GfK and the European 

Transuranium Institute  at Karlsruhe. In addition the experimental data for 

the equations of state for the essential fiss ion  products were reviewed

and programmed to calculate equations of state for irradiated fuel to be j

used in  disassenfcly calculations.

In the fie ld  of sodium bo iling  f i r s t  experiments simulating the pump coast 

down incident of SNR 300 were performed. The experimental results show 

fa ir ly  good agreement with theoretical models, but no sodium superheat could 

be detected in th is bundle geometry. Rather homogenous bo iling  was detected, 

which is  in some contraction to e a rlie r single  channel bo iling experiments.

Larger test r igs with 28 and 91 e le ctrica lly  heated rods in fu ll size SNR 

core are under contruction for the investigation of local and cross bo iling  

phenomena in bundle geometry .JSodium-fuel- and sodium-steel interaction 

experiments were performed in collaboration between GfK and Ispra. Several 

kg of molten UOg or steel were dropped in  a tank with sodium at temperatures 

up to about 400 °C. Although intensive fragmentation of U02 or steel was 

observed only pressure pulses of a few bars could be measured. This i s  consistent 

with e a r lie r  experiments in  France and the USA.

Theoretical models for the description of the thermal interaction and 

mixing process of molten fuel and sodium were further improved. Two computer 

programmes are ready now for application in the SNR safety analysis.

The potential effects of a severe pressure pulse in itia ted  by a sodium fuel 

interaction after a local melt down in a subassembly was investigated by 

explosion experiments in a 1:1 scale SNR core model at Foulness. Pressure 
pulses corresponding up to 700 bars in comparing overstrong wrapper geometry 

did not show any p la stic  deformation in neighbouring core areas. However, 

these experimental results apply up to now only to non or s lig h t ly  irradiated 

steel. Further experiments simulating also the stress-stra in-properties of 

high irrad iation are planned for next year.

The experimental investigation of the vessel and it s  in te r io r parts during 

a core disruptive accident was continued by a series of tank explosion 

tests in 1:13 scale at Ispra. An additional series using a 1:6 scale model 

i s  in preparation.

In the f ie ld  of in  p ile  safety tests the MOL 7C program was in itiated.

This programme w ill be carried out in cooperation between GfK and the CEN Mol.

It s  main objective w ill be the investigation of the possible propagation 

of damaged fuel zones in subassemblies. GfK also entered a tr ila te ra l coope

ration with the CEA and the UKAEA for the evaluation of the French Scarabee 

program. The common experimental program CABRI aiming at the study of fresh 

and irradiated fuel rods under severe power excurious is  in  progress. The



test fa c ilit y  CABRI w ill be modified until mid 1976. The experimental program

w ill sta rt at the end of 1976.

R&D work for the incore instrumentation of SNR 300 is  in progress. Signal 

processing w ill be performed by 3 Siemens process computers.

5. Study with respect to large scale introduction of breeders

In cooperation of GfK and Interatom a study is  being completed that describes

the status of breeder development and the implications of a large scale 

introduction of the breeder -  mainly under the viewpoint of conservation 

of resources. This study concerns the situation of the DeBeNeLux countries.

I t  concentrates on LMFBR's with oxide and carbide fuel but also makes some 

conparisons with alternatives such as GCFR's.

From the aspect of conservation of uranium resources the LMFBR with carbide 

fuel is  the best concept, because it  combines high breeding with low f is s i le  

material inventory. The GCFR and the LMFBR with oxide fuel are comparable, 

because the advantage of high breeding of the GCFR and of the lower inventory 

of the LMFBR about cancel each other.

At the moment an exact comparison of the power generating costs can not yet 

be made. R+D work on GCFR is  therefore being continued at a re lative ly  low 

level of expenditure. I t  concentrates on fuel element development and safety. 

Discussions are under way between KWU and GAC on a possible cooperation in 

a prototype GCFR project.

The study also shows the importance of the external fuel cycle which determines 

the ratio of external to internal fuel inventory and the Pu lo sses,i.e . the 

system doubling time. I t  seems that the required cooling time of spent 

fuel elements and the amount of Pu losses in reprocessing and refabrication 

are as important quantities as core inventory and reactor doubling time.

Much more attention therefore should be devoted to the development and 

optimization of the external fuel cycle.
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Le développement du programme français sur les réacteurs 
à neutrons rapides de mars 1974 à mars 1973» L. Vautrey

Le développement de la filière des réacteurs à neutrons 

rapides a été poursuivi au cours des douze mois écoulés selon le 

rythme prévu, et la situation actuelle peut être résumée ainsi :

- Rapsodie, qui est maintenant dans sa huitième année de 

fonctionnement, continue à. être exploité régulièrement et à apporter 

une moisson de résultats fondamentaux pour la filière.

- Phénix, après avoir atteint sa puissance nominale de 250 M W  

il y a un an, a alimenté régulièrement le réseau électrique français 

depuis la mi-juillet 1974.

- Le  projet Super Phénix a été poursuivi activement, et la 

commande pourra être passée dans quelques mois.

- Des études sont dès à présent engagées pour l'avenir 

après Super Phénix.

Les moyens affectés en France aux réacteurs rapides peuvent 

être caractérisés ainsi :

Au  C E A , les effectifs pour la filière rapide, pratiquement 

constants depuis un ou deux ans, sont de l'ordre de 1500 personnes, 

et, si on y ajoute le personnel d 'E D F  et de l'industrie, le total est 

sans doute compris entre 2000 et 2500 personnes.

Le  budget du C E A  pour la recherche et le développement 

des réacteurs rapides en 1975 est de 475 millions de francs, ce qui, 

compte tenu de l'inflation, correspond à une augmentation effective 

de l'ordre de 12% par rapport à 1974. Ce budget représente environ 

63%  du montant total affecté au développement des réacteurs.



R A P S O D IE

Il y a un an, je signalais que le réacteur avait été arrêté 

au début de février 74 pour une période de maintenance de deux mois 

environ. Tous les travaux programmés ont été exécutés, et le matériel 

visité a été trouvé en bon état. Un examen de la paroi externe de la 

cuve de sécurité s'est révélé tout à fait satisfaisant.

On  en a conclu qu'un arrSt pour maintenance d'une durée de 

l'ordre de 2 mois ou 2 mis )/¿ tous les 2ans correspondait bien aux besoins,

Rapsodie a été remis en marche le 20 avril pour débuter sa 

34ème campagne d'irradiation. Cinq campagnes ont été éffectuées 

depuis cette date ( la sixième est en cours) d'une durée de 45 à 60 jours 

environ chacune, séparées par des arrêts pour manutention du 

combustible de deux semaines chacun environ. La puissance de 

fonctionnement, établie en fonction du chargement du coeur; a été de 

36 à 40 M W  environ. Le taux de disponibilité (correspondant au temps 

pendant lequel le réacteur est en état de marche) a varié d'une 

campagne à l'autre de 79,4 à 100% , et le facteur de charge (rapport 

de la puissance réellement produite à la puissance qui serait produite 

en fonctionnement continu) a été de 77,2 à 92,4°£ suivant la campagne.

Le facteur de charge global du réacteur, depuis le fonctionnement 

régulier au régime,Fortissimo (début janvier 71) jusqù'à la fin de 

l'année 74 est de 64 ,6% . Ces chiffres montrent suffisamment que le 

réacteur continue à fonctionner très régulièrement et sans incident 

majeur.

La figure 1 donne un bilan, établi à la fin de l'année 74, des 

aiguilles irradiées dans Rapsodie {% la fois dans le coeur nourricier 

et dans des assemblages expérimentaux). La courbe en escalier 

représente le nombre d'aiguilles correspondant à chaque valeur du 

taux de combustion T C F  (en atomes <&). Les points noirs donnent les 

nombres cumulés d'aiguilles dont le taux de combustion dépasse une 

valeur donnée. On  voit que le nombre total d'aiguilles irradiées était 

d'environ 19 500 à la fin de l'année 74. Plus de 10 000 aiguilles avaient 

alors dépassé un taux de combustion de 6 ,2%  (soit la valeur de 50 000 

M W j/t  autorisée à Phénix), et 3500 aiguilles environ, la valeur de 

70 000 M W j/t . Quelques aiguilles expérimentales de type Fortissimo 

étaient parvenues à 150 000 M W j/t  (18 at. % ) .

Une idée de l'utilisation de Rapsodie comme outil expérimental Y ]

d'irradiation de combustible est donnée par les chiffres suivants : 

au cours de la 35ème campagne en septembre-octobre derniers, le 

coeur comportait 32 assemblages nourriciers de type Fortissimo , 

et 47 assemblages expérimentaux, parmi ces demieis, cnticuve en particulier : 

des aiguilles du type Phénix, des aiguilles représentatives de Super 

Phénix, des aiguilles Fortissimo réirradiées en capsule jusqu'à des 

taux de combustion de 18% , des aiguilles pour étude 

des nuances d'acier de gaine et de leur traitement thermique, des 

aiguilles pour l'étude de l'interaction combustible-gaine, et des 

aiguilles pour études des ruptures de gaine et de leur détection.

Enfin, quelques aiguilles expérimentales en carbure, à joint 

sodium/ sont également en irradiation. Deux aiguilles avaient atteint 

60 000 M W j/t  à la fin 74.

P H E N IX

On  se rappelle que la construction de Phénix, centrale de 

démonstration de 250 M W e , s'est déroulée de l'automne 1968 

(ouverture du chantier et préparation du site) à la fin de l'année 1972 

(mise en sodium des circuits secondaires). Les essais des différentes 

parties de la centrale se sont échelonnés de l'été 1972 à mi-74, et 

ont été jalonnés par la première divergence (31 août 73), le 

raccordement de la centrale au réseau électrique (13 décembre 73), 

et l'obtention des performances nominales le 12 mars 74. Les 

caractéristiques de fonctionnement ce jour-là, comparées aux 

valeurs de projet, étaient les suivantes :

Performances Valeurs 

réalisées le nominales

12 /3 /7 4  <lu projet

- puissance électrique brute 251 M W  250 M W

- puissance thermique 568 M W  563 M W

- température du sodium primaire :

- entrée réacteur 385°C  40 0 °C

- sortie réacteur 552°C  560 °C

- température de vapeur 510°C  510eC

- pression de vapeur 163 bars 163 bars



Les délais de construction et de mise en marche de Phénix 

peuvent être résumés dans le bilan suivant : environ 5 ans entre le 

début des travaux de génie civil (1er avril 69) et l'obtention de la 

puissance nominale (13 mars 74); retard final de 5 mois pour la 

divergence et le raccordement au réseauypar rapport aux dates fixées 

dans le planning initial établi en 1968.

Il est sans doute intéressant de faire maintenant le bilan réel 

du coût de construction de la centrale.

Le  total des dépenses faites de 1969 à 1973 pour la réalisation 

de Phénix est de 759 millions de francs, taxes non comprises. Cette 

somme se répartit ainsi :

- ingénié rie et construction 596 millions de francs

- essais avant mise en marche 18

- combustible, y compris le pri¿c du plutonium 145

759 millions de francs 

Pour être clair, il faut noter que ces chiffres représentent 

le total des factures payées au cours de 4 années. Ils sont donc 

exprimés en "francs courants", c'est-à-dire en francs qui n'ont pas 

la m êm e valeur réelle, suivant la date du paiement.

Le  coût de construction extimé en 1968 était de 417 millions, 

non compris taxes et imprévus. Si on tient compte de l'évolution des 

prix au cours de la période considérée, l'augmentation du coût par 

rapport à la prévision initiale est de l'ordre de 10 à 15% .

Voyons maintenant l'histoire de Phénix au cours des douze 

derniers mois, et le bilan de l'expérience acquise.

Ainsi qu'il avait été programmé, le premier fonctionnement 

à pleine puissance en mars 74 a été suivi par une période consacrée 

aux dernières mises au point du matériel et aux essais en puissance.

Ces travaux de finition qui se sont échelonnés au cours des mois 

d'avril, mai et juin 1974, concernent en particulier :

- le remplacement du moteur d'entrainement du bouchon tournant, 

dont la puissance était insuffisante.

- le renforcement des protections biologiques en haut des pompes 

primaires et des échangeurs intermédiaires, pour tenir compte des 

dépôts de sodium actif sur les parois des viroles qui contiennent ces 

appareils, en haut de la cuve principale

- la modification de la troisième pompe primaire (les deux autres 
avaient été modifiées au cours des essais préalables) pour obtenir 

un meilleur fonctionnement du clapet de non-retour. On  a également 

amélioré la position du thermocouple, situé au refoulement de la 

pompe, et dont la mesure sert de référence pour la température 

d'entrée du sodium dans le coeur.

Pendant'cette même période (mai-juin 74) ont été étudiées

les dernières caractéristiques de l'installation liées au fonctionnement 

en puissance, en particulier : la distribution du flux neutronique à 

différents niveaux de puissance, les bilans thermiques des circuits de 

sodium, le fonctionnement du réacteur dans des conditions dissymé

triques du système de refroidissement (arrêt d'une des trois pompes 

primaires ou d'un des trois circuits secondaires).

Tous ces essais ont été très satisfaisants, et à la mi-juillet 74, 

Phénix était prêt à fonctionner comme centrale productrice d'électricité 

(à la puissance de 252 MWe). Depuis cette date, l'installation a fourni 

régulièrement sa puissance au réseau (fig. 2 et 2 bis).

La  production d'énergie électrique cumulée a atteint

1 milliard de kWh le 23 décembre 74 (correspondant à 4000 heures de 

fonctionnement à la puissance nominalë). Elle était de 1, 44 milliards 

de kWh à la fin de mars 75. A  cette date, le facteur de c h a r g e ^  

depuis la mise en service industriel, à la mi-juillet 74, était de 

77 %  et le taux de disponibilité^ de 82 % 4

Le  rythme d'exploitation actuel est en principe le suivant : 

chaque période de fonctionnement correspond à environ 56 jours 

équivalents à la puissance nominale, c'est-à-dire à environ 

9 000 M W j/t  pour l'élément combustible le plus chargé. Deux périodes 

de fonctionnement sont séparées par un arrêt pour manutention du 

combustible, qui dure une semaine environ.

A  la fin de mars 197 5, le taux de combustion maximal était 

de 5,13 atomes % ,  soit 42 000 M W j/t , et le taux moyen de 3 ,6 %  ou 

29 700 M W j/t .

Aucune rupture de gaine n'a été observée.

(1) e j t (-noriric totale produite ( M W h  )
facteur do charge = — y : >--- 1-- ¡--- rf,--- . .

250 (MY/e) x nom bre d 'heures total

. , .. é n e r p i e  t o t a l e  p r o d u i t e
taux de disponibilité ? Т г 7 П \7 Ъ 7 ~ \----— Г--ГТГ------- 7—

¿50 (M W e )  x nombre d'lieuros (non compris

les périodes de manutention du combustible)



Ce bilan montre que l'ensemble du matériel a jusqu'à présent 

fonctionné de manière très satisfaisante.

A  la fin février 75, les pompes primaires avaient déjà 

dépassé 10 000 heures de marche, les pompes secondaires 13 000 heure: 

Les générateurs de vapeur totalisaient 17 000 heures en sodium, 

sans aucun incident.

Le  système de manutention du combustible (bouchon tournant, 

bras de transfert, rampe et sas de déchargement) a parfaitement 

fonctionné au cours des 5 campagnes de manutention qui ont déjà eu 

lieu (plus de 90 assemblages introduits ou extraits), et les opérations 

d'introduction et d'extraction des .assemblages dans le coeur se sont 

faites sans difficulté. Il est d'ailleurs intéressant de noter que, 

compte tenu des besoins de manutention au cours des essais neutro- 

niques à faible puissance, on a déjà effectué autant d'opérations 

de manutention que le réacteur doit normalement en subir en plusieurs 

années de fonctionnement normal.

Un organe qui concerne indirectement la manutention du 

combustible a causé quelques soucis et a exigé une mise au point 

imprévue. C'est l'appareil appelé Visus (visualisation par ultra-sons) 

qui permet de vérifier que tous les organes du coeur sont bien en 

place, grâce à un balayage horizontal par un faisceau d'ultra-sons.

La présence d'échos parasites conduisaient à des interprétations 

tout à fait inexactes des signaux reçus. C'est ainsi qu'il y a un peu 

plus d'un an, on avait cru qu'un assemblage n'avait pas pénétré 

complètement dans son logement, et on avait vidangé partiellement 

la cuve (ce fut le.seul cas d'une telle vidange) pour procéder à un 

examen optique. Tout était bien en place, et c'est l'appareil à ultra

sons qui avait donné une fausse inquiétude. Le problème a été résolu 

électroniquement, et l'appareil est maintenant opérationnel.

Les seuls incidents propres au type de réacteur (rapide 

à sodium) sont deux fuites très minimes, qui se sont produites 

près de la soudure de raccordement d'une vanne de réglage du 

débit de sodium à l'entrée d'un resurchauffeur.

La  première fuite a eu lieu courant septembre 74, Ort a alors arrêté 

le générateur de vapeur correspondant et on a terminé la 2ème

campagne de fonctionnement qui était en cours avec deux circuits 

secondaires seulement (2 sur 3). La  cause de la fuite n'a pas été 

parfaitement identifiée : il s'agissait d'une fissure transversale, 

peut-être due à une mauvaise qualité du métal constitutif de la vanne 

(inoxydable 304). La  vanne a été enlevée et changée pendant l'arrêt 

normal de la centrale qui a suivi (mi-octobre 74),

Une nouvelle fuite est apparue, de manière absolument

identique, à la mi-mars 75, sur..la nouvelle vanne qui avait remplacé

la précédente. Com m e la première fois, la centrale a été.arrêtée,

puis remise en marche avec deux circuits secondaires seulement.

La  fuite ayant été détectée le 13 mars à 18 h 45, alors que la centrale

produisait 263 M W e , le réacteur a été arrêté le lendemain matin à

9 h 35. Le jour suivant, à 9 h. , il fournissait à nouveau 168 M W .
Après réparation, la centrale était à nouveau en fonctionnement avec 

ses trois circuits le 24 m ars,' et produisait 265 M W e .

Les autres défauts sur le matériel, tous mineurs, n'ont

amené que des perturbations très brèves dans la marche de la 

centrale : il y a eu ainsi, depuis la mise en exploitation le 14 juillet 74, 

jusqu'à la mi-mars 75, 25 arrêts imprévus du réacteur, dont 14 

seulement lorsque le réacteur était couplé au réseau électrique. Les 

causes principales de ces arrêts sont :

- les organes annexes (vannes en particulier) du circuit eau-vapeur 

(10 arrêts)

- le contrôle commande (10 arrêts dont 4 dûs aux équipements 

électriques de commande des pompes à sodium)

Trois arrêts ont été provoqués par des fausses manoeuvres.

Ces incidents ont conduit à des interruptions de fonctionnement 

de 4 à 88 heures, suivant le cas.

Citons quelques autres faits intéressants :

- le fonctionnement en octobre et en mars avec 2 circuits secondaires 

seulement (à la suite des fuites mentionnées plus haut) a confirmé 

la souplesse de l'installation : la centrale fournit alors exactement 

les 2 /3  de sa puissance habituelle j les températures du sodium 

primaire et du sodium secondaire sont maintenues à leur valeur 

normale; les 2 pompes secondaires qui restent en service sont à 

plein régime, tandis que les pompes primaires tournent à vitesse 

réduite pour maintenir l'échauffement du sodium primaire à sa 

valeur habituelle.



les systèmes de détection de ruptures de gaine, sur l'argon d'une 

part, sur le sodium de l'autre, n'ont pas encore reçu la sanction 

d'une expérience réelle, puisqu'aucune rupture de gaine n'a été 

observée. Toutefois, la pollution externe connue, par des matières 

fissiles, de quelques assemblages à U 235 a permis de vérifier le 

bon fonctionnement des systèmes de détection et de localisation de 

ruptures de gaine, et de recouper les résultats d'essai. Ainsi le 

déplacement d'un assemblage pollué, qui l'a rapproché d'un autre 

également pollué, a été vu par le système de prélocalisation sur 

le sodium. Pendant le fonctionnement avec 2 circuits secondaires 

seulement, ce même système a également permis d'observer la 

dissymétrie hydraulique due à l'isolement de deux échangeurs 

intermédiaires. Enfin, le déchargement de deux assemblages pollués 

a fait diminuer de 20%  les comptages dûs à la pollution, 

de même, le système de détection d'hydrogène dans les générateurs 

de vapeur n'a pas encore eu l'occasion de fonctionner, puisqu'aucune 

fuite n'a été décelée. Mais il a permis de suivre parfaitement 

l'évolution du taux de diffusion de l'hydrogène à travers les parois des 

tubes. Ce taux est resté stable, à environ 500 m g /h  par générateur 

de vapeur, pendant les deux premiers cycles de fonctionnement, 

puis a diminué régulièrement ; il est actuellement de l'ordre de 300 à 

350 mg/h,et la concentration correspondante de l'hydrogène dans 

le sodium, le piège froid étant en fonctionnement, est de l'ordre de 

0, 090 ppm. Le  système de détection peut alors déceler une variation 

de concentration de 0 ,05  ppm, soit une fuite de l'ordre de 0 ,03  g/s. 

au cours des deux premiers cycles de fonctionnement, la puissance 

électrique brute était légèrement supérieure à 250 M W  (252 M W ).

La température maximale de gaine du combustible était alors de 640"C 

environ. Au  cours du mois de décembre, on a accru la puissance 

pour se rapprocher de la température maximale de gaine prévue par 

le projet : 650°C . On a ainsi, pendant une quinzaine de jours, 

fonctionné à une puissance électrique brute de 267 M W , soit 591 MWth. 

O n  peut espérer que ce régime pourra devenir le régime nominal 

dans un proche avenir, et dès les mois de janvier et février, la 

centrale fournissait régulièrement 260 M W e  ou plus, 

dans la mesure oîi on vise un facteur de charge élevé, on a cherché

à minimiser les temps de transition (arrêt et mise en route). Voici 

quélques résultats concrets.:

- une baisse de charge de 100% à 60%  est obtenue en 15 rrinutes

- en cas d'arrêt intempestif suffisamment court pour que la 

température du sodium reste supérieure à 250°C , les 

générateurs de vapeur restant en service, lè réacteur peut 

être ramené à la pleine puissance en 6 heures environ.

- si l'arrêt se prolonge et que la température du sodium 

descend à 250°C , on procède à l'assèchement des générateur: 

de vapeur. La mise à pleine puissance demande alors

24 heures.

- les opérations de manutention du combustible sont faites 

dans la situation : sodium à 2 50°C , générateurs de vapeur 

asséchés ; conditions qui sont atteintes 24 heures après 

l'arrêt du réacteur. Il faut également 24 heures une fois la 

manutention terminée, pour ramener le réacteur à sa 

pleine puissance. On  espère d'ailleurs réduire quelque peu 

ces délais.

S U P E R  P H E N IX

Com m e on le sait, le dessin de Super Phénix est en parfaite 

continuité avec celui de Phénix, et les options fondamentales sont les 

m êm es (concept à circuits primaires intégrés,avec m êm e schéma 

général du réacteur et du système de refroidissement primaire, 

déchargement du combustible h l'arrêt et évacuation vers un stockage 

extérieur).

Il est sans doute utile de signaler ou de rappeler les quelques 

différences fondamentales qui ont été introduites, pour tenir compte, 

soit de l'expérience acquise avec la construction de Phénix, soit du 

caractère plus industriel de l'installation. Sans que l'énumération qui 

suit soit exhaustive, signalons que :

- la grande cuve (cuve principale) qui contient le réacteur et le système 

de refroidissement primaire n'a plus de "toit", comme dans Phénix. 

Elle est fermée par une dalle de protection, avec un calorifuge 

spécial à sa base.

- le circuit de purification du sodium primaire (piège froid avec tous 

les appareils annexes) est logé verticalement dans la cuve principale.



Le sodium primaire radioactif est ainsi intégralement contenu dans 

la cuve principale.

le système de manutention du combustible a été modifié par rapport 

à Phénix : le transfert interne (mise en place des assemblages 

dans le coeur, ou sortie du coeur) est réalisé 

par deux bouchons tournants excentrés, avec 

deux mécanismes qui n'effectuent quedes mouvements verticaux 

simples, au lieu, dans le cas de Phénix, d'un seul bouchon avec un 

bras tournant (le mouvement de l'assemblage n'est pas suivant la 

m êm e verticale que celle du canal du bras). En outre, la sortie dos 

assemblages irradiés vers l'extérieur et l'introduction d'assemblages 

neufs utilisent un sas rotatif, qui permet d'effectuer simultanément 

les deux opérations. Ces dispositifs ont été, conçu en particulier pour 

réduire les temps d'immobilisation du réacteur au moment des 

campagnes de manutention du combustible.

il n'y a d'ailleurs plus de stockage interne dans le réacteur : les 

assemblages sont sortis immédiatement dans un pot de sodium.

il n'y aura pas dans Super Phénix, à la différence de Phcnix, 

de cellules de démantèlement du combustible. Cette opération sera 

faite à l'usine de retraitement, après transport dans des pots remplis 

de sodium.

une différence essentielle avec Phénix réside dans la conception des 

générateurs de vapeur. Au  lieu des modules unitaires de faible 

capacité utilisés à Phénix (environ 15 M W  thermiques chacun), les 

circuits secondaires seront équipés chacun d'un seul appareil de 

750 MWth. Deux dessins différents étaient en compétition : l'un 

(proposé par Stein Industrie), caractérisé par des faisceaux de 

tubes droits munis d'une lyre de dilatation, et par la division de 

l'appareil en deux éléments en série ¡un évaporateur avec tubes en ade 

ferritique non stabilisé, et un surchauffeur en acier austénitique ; 

l'autre dessin (proposition Fives Cail Babcock) du type à faisceau de 

tubes hélicoidaux, l'ensemVle évaporateur et surchauffeur constituant 

un appareil unique avec tubes en Incoloy 800. Ces deux types 

d'appareils ont été étudiés et développés parallèlement, et tous deux 

ont été jugés finalement tout à fait valables et satisfaisants. Aussi le 

choix>qui a eu lieu il y a un mois environ, a-t-il été très difficile:

c'est finalement l'appareil à tubes héliçoi'daux en Incoloy 800 qui a 

été retenu.

- les générateurs de vapeur de Super Phénix, contrairement à ceux

de Phénix, sont prévus sans resurchauffe à sodium, qui sPremplacée 

par une resurchauffe à la vapeur.

- enfin, les caractéristiques de vapeur ont été choisies dans un esprit 

de conservatisme, c'est-à-dire dans un souci de fiabilité : 4 9 0 °C,

180 bars, au lieu de 510°C , 163 bars pour Phénix,

- dos échangeurs sodium-air sont prévue en by-pass des générateurs 

do vapeur pour évacuer la puissance résiduelle, en cas de défaillanci 

du réseau électrique, ou du système de production délectricité.

Le  tableau de la figure 3 rassemble les caractéristiques 

principales de Süper Phénix, comparées à celles de Phénix (et de sa 

variante extrapolée Phénix 450, qui n'est, je le rappelle, qu'une 

étude de projet destinée à un client éventuel).

Il faut noter enfin que 1;'architecture générale de la centrale, 

comparée à celle de Phénix, tient largement compte des préoccupation 

sans cesse croissantes pour ce qui touche à la sûreté.

C'est ainsi que le bâtiment du réacteur est une enceinte 

circulaire en béton armé, capable de résister à une chute d'avion.

P ar  ailleurs, un dôme métallique épais couvre la dalle 

supérieure du réacteur, et forme ainsi une barrière supplémentaire 

en cas de réaction violente hypothétique après fusion accidentelle du 

coeur.

L'organisation mise en place pour la construction de Super 

Phénix est la suivante (figure 4):

L a  commande sera passée par la société multinationale N E R S A  

créée en association entre Electricité de France (51% ), l'organisme 

national italien pour la production d'électricité : E N E L  (33% ), et la 

compagnie de République Fédérale d'Allemagne : R W E  (17% ).

L'offre technique et financière est remise à la N E R S A  par 

le Groupement Super Phénix, constitué de Technicatome, du Groupemen 

Neutrons Rapides et de la N IR A ' Technicatome est une filiale à 90%



du C E A , chargée de promouvoir l'industrialisation des techniques

nucléaires du C E A ; le Groupement Neutrons Rapides (GNR) aàé croc "

en association par les sociétés françaises Alsthom et Fives-Cail-Babcoc

et a reçu du C E A  la licence d'utilisation du système français^ la NIRA

qui a également reçu la licence du système C E A , est une société 

italienne pour la commercialisation des réacteurs avancés, créée 

par Ansaldo (groupe IRl) et A G IP  Nucleare (groupe ENl), auxquels 

ee sont'joints les sociétés Fiat et Franco Tosi.

Technicatome et G A A A , dont les équipes avaient déjà été 

associées pour Rapsodie et Phénix, ont d'autre part créé en commun 

la CIRN A  (Compagnie d'Ingéniérie pour les réacteurs à sodium), qui 

est chargée des travaux d'ingéniérie pour l'étude du projet et la 

construction de Super Phénix, avec la collaboration d'une équipe 

d'ingénieurs de la N IRA , qui travaillent à Saclay dans les bureaux de 

la C IRN A .

Pendant l'année écoulée, un travail intensif a permis de 

mettre au point les derniers détails du projet, lancer les appels d'offre 

des différents composants, dépouiller les réponses, et préparer le 

devis à remettre au client. L'offre technique et financière est 

actuellement en discussion entre la N E R S A  et le Groupement Super 

Phénix, et la commande devrait pouvoir être passée dans quelques mois.

La procédure officielle de demande d'autorisation de 

construction est d'autre part en cours, et le rapport préliminaire de 

sûreté est à l'examen du Service Central de Sûreté des Installations 

Nucléaires (SCSIN), qui appartient au Ministère de la Recherche et 

de l'Industrie.

L E S  C E N T R A L E S  A P R E S  S U P E R  P H E N IX

Dès l'année 1974, des études ont été lancées pour préparer 

l'avenir, en effectuant un bilan critique du projet Super Phénix, pour 

réviser les solutions techniques adoptées, et chercher les améliorations 

possibles.

Ces études tiennent compte d'une extrapolation éventuelle à 

une puissance de 1800 M W e , et s'appuient à la fois sur l'expérience 

de construction, de mise en marche et d'exploitation de Phénix, et sur 

l'évolution des idées et de la technique après les choix faits pour 

Super Phénix.

Outre certains perfectionnements technologiques des différents 

composants, les points sur lesquels se concentrent les efforts sont 

le cüeur et les générateurs de vapeur.

En ce qui concerne le coeur, les assemblages combustibles 

évolueront certainement en fonction des résultats qui seront obtenus, 

dans Rapsodie, et surtout dans Phénix. D'autre part, l'expérience de 

Phénix permet d'ajuster et d'affiner les codes de calculs thermiques, 

hydrauliques et neutroniques du coeur, en tenant compte de l'évolution 

des assemblages au cours de leur vie, et de définir avec précision 

les régimes de fonctionnement adaptés à un chargement quelconque 

du coeur.

On  étudie également des variantes dans la composition du 

coeur pour améliorer l'aplatissement du flux radial et le gain de 

régénération.

Pour les générateurs de vapeur, les études d'avenir porteront 

en particulier sur l'emploi des aciers ferritiques stabilisés ou non, 

à la fois dans l'évaporateur et dans le surchauffeur. Les deux types 

d'appareil étudiés pour Super Phénix seront maintenus en parallèle 

comme options possibles.

La  R E C H E R C H E  et le D E V E L O P P E M E N T  en support de ce 

programme continuent évidemment à un rythme soutenu, et préparent 

l'avenir par des recherches, soit fondamentales, soit appliquées aux 

cas particuliers des projets en cours.

C'est ainsi que :

- dans le domaine de la technologie, deux éléments nouveaux pour 

Super Phénix ont nécessité un important programme d'essai :

- le calorifuge en argon qui tapisse la face inférieure de la 

dalle de protection qui ferme la cuve;après de nombreux 

essais de mise au point à petite échelle, on construit une 

grande maquette qui simule une portion du ciel d'argon de la 

cuve du réacteur,

- l'ensemble du système de purification, qui sera intégré dans

la cuve principale; il a fait l'objet d'essais détaillés sur 

une maquette du piège froid, et un prototype du système 
complet va être construit.

D'autres essais, pour Super Phénix ou pour 1 avenir, visent à



simplifier certains composants, à accroître la fiabilité, ou à améliorer 

les performances. Citons par exemple : dash-pot en sodium pour les 

barres de contrôle, tuyauterie de jonction des pompes primaires à la 

grille de support du coeur avec système compensateur de dilatation, 

épuration des produits de fission dans l'argon par cryogénie, piégeage 

et filtration des aérosols de sodium, dépôts des vapeurs de sodium, 

cavitation en sodium, frottement en sodium, comportement des 

matériaux, détection et localisation des ruptures de gaine, analyse des 

défauts du coeur (température, réactivlté, bruit acoustique), etc ,,,

- dans le domaine de la sûreté, qui prend chaque jour une importance 

accrue, le programme d'études et d'essai a été intensifié.

La  partie la plus importante de ce programme est sans doute 

celle qui concerne les conséquences éventuelles d'accidents du coeur 

(défaut de refroidissement sans chute des barres de securité, insertion 

brutale de réactivité).

Ces problèmes essentiels sont attaqués simultanément sur 

plusieurs fronts : celui du développement de codes qui permettent 

d'évaluer les conséquences des accidents ; celui d'essais sur maquettes 

pour étudier la tenuE des enceintes de confinement ; enfin et surtout, 

celui d'essais pour vérifier la validité des hypothèses utilisées dans 

les codes. C'est le but des programmes C O R R E C T  et JE F  (études 

hors pile de l'interaction sodium-combustible) et S C A R A B E E  (circuit 

de sodium avec aiguilles de combustible, installé dans le réacteur Cabri)

Les expériences S C A R A B E E , qui simulent une défaillance 

de la circulation du sodium et une défaillance simultanée de l'arrêt 

d'urgence, ont été effectuées sur 1 aiguille, puis sur 7 aiguilles, dans

des conditions parfois très sévères : aiguilles sans pression interne, 

puis aiguilles sous une pression de 90 bars ; maintien de la puissance 

quelques secondes, ou 30 secondes, et m êm e une minute, après 

défaillance de la première aiguille ; puissance linéaire'égale ou 

supérieure à la valeur nominale (jusqu'à 1400 W /ç m ). Dans tous les 

cas, on a observé une fusion complète de la gaine des aiguilles, et des 

fusions plus ou moins importantes du combustible. Aucun pic de pression 

notable n'a permis de caractériser Une interaction du combustible et 

du sodium. Les essais avec aiguilles sous pression, comparés aux 

cas d'aiguilles sans pression, ont montré comme seule différence 

notable, une vidange plus rapide du canal et de grandes fluctuations 

avant le rétablissement du débit.

Pour terminer, je voudrais signaler que les accords de

coopération entre la France ¡et l'Italie, que j'annonçais il y a un an,

ont été signés en mai et juin 1974. Ils concernent à la fois la recherche

et le développement (accord CEA- CN EN ) et l'industrialisation des

centrales à neutrons rapides (accords avec la N IR A  et avec A G IP  

Nucleare). D'autres accords vont Être conclus entre industriels 

fabricants de composants.

Je rappelle d'autre part que Super Phénix est une réalisation 

trinationale, et que le matériel et les composants de la d«ntrale seront 

réalisés à la fois par dès industriels français, italiens et allemands.

Enfin, les études de sûreté faites en France sont menées de 

plus en plus dans le cadre d'une coopération multinationale. Le  

programme Cabri par exemple, sera exécuté conjointement avec là 

R F A , le Japon et probablement la Grande Bretagne.
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PHENIX, PHENIX 450, SUPERPHENIX 

POWER PLANTS CHARACTERISTICS

Figure 3

PrENDC 230 PHEXD< 450 SJ?Z3 г'-ИЛТ<

Cross electrical rating 250 450 1.200

Thermal rating 563 1050 2.&ÎO

Core volum 1227 1 2135 1 10.000 1

Lenght assembly 4 ,3  a 4 ,3  = 5 ,5  а

Fuel pins per assembly 217 217 271

I Pin outside diameter 6 ,6  Cl 6 ,6  =1 3,65

M axim um  linear power 430 W/ca 430 v;/c= 450 V.’/cn

Eurn-u? 50.000 MvJ/T 70.000 У..'JA 7О.ОСО М О /Г

M axim um  total aeutron 7 ,2 .10 i;>n/ca2s
_ ,Л 5 , 2 
7 ,3  10 n/c= s 6,2 lO^is/ca^s

Breeding ratio 1.12 1 ,1 5 1,24

Control reds with 

.J2l-xS¿.Í~-S¿ic n s ______
6 9 21

Complementary shut 

cowr. system
О 3 3

’ Nominal deeding 

temperature
650/700° С 630/700® С 620/703° С

Sodium temperature 

ir)rt /  rorp

400/560® С 390/540° С 330/530° с

Intermediate exchanger 350/550' С 350/530° С 330/510° С

P rim ary  piunps 3 4 4

Intermediate exchanger 6 8 6

Secondary loops 3 4 4

Prim ary  N a  flow 2760 K g /s 6300 K g /s 15700 K g /s

Secondary N a  flow 2210 Kg/ S < « »  K g /s 12000 K s / S

Steam temperature 510° С 495® С 400° С

Ir.lct H 2 0  temperature 246е С 246° С 235® С

Steam pressure (bars) 16S 3 СО 1S4

5. Status of the USA Liquid Metal Past Breeder Program, April 
1975; by G. W. Wensch, the USA.

LIQUID METAL FAST BREEDER REACTOR PROGRAM

Introduction

This report was prepared for the Elgth Annual Meeting of the International 

Working Group on Fast Reactors of the International Atomic Energy Agency. 

It is a summary of the major projects and activities of the U.S. high 

priority LMFBR program and should permit the reader to obtain some 

Insight Into this large, complex, government-industrial undertaking. It 

is an undertaking that is gaining momentum 1 n scope and drive as the 

industrial capability of the U.S. becomes more deeply Involved In the 

program, both as potential customers and manufacturers. The human factor, 

too, cannot be Ignored as more skilled resources have become experienced 

1 n sodium reactors technology and are contributing by helping to provide 

the requisite trained manpower.

As the program continues 1n furthering the required technology, new 

problems have become Identified and defined and means of their resolution 

planned. Some of the problems as well as achievements are described In 

this report.

The unstable financial situation has contributed to problems In the 

development of the LMFBR. Cost over-runs on the FFTF and CRBR 

(Demonstration Plant) and 1n the entire program have Impressed upon 

us the need for Improved management. We are strengthening the 

management o f the program to avoid future over-runs and delays which 

have plagued the program.

STATUS OF NUCLEAR POWER

As of January 1, 1975 there were 55 central station nuclear power gener

ating units authorized to operate, although a few of the most recent 

additions have not yet been brought to full commercial operation. In 

the aggregate, these 55 nuclear units represent an Installed capacity 

of about 36,800 megawatts electric (MWe), or almost 82 of the total 

Installed electric capacity In the U.S.



Figure 1 shows the number and general locations of nuclear plants In 

operation, under construction, or under contract. There are 30 more 

marks on the figure than last year, representing the 30 units, totalling 

over 35,600 MWe In capacity, that were sold to U.S. utilities 1n 1974.

Figure 1

As of January 1, 1975 there were 221 nuclear power plant units authorized 

to operate, under construction or ordered 1n the U.S., comprising a total 

generating capacity of 215,780 MWe. Another 14 units, totalling about 

17,000 MWe, were announced as planned by the electric utilities, but 

nuclear steam supply systems had not yet been ordered for these units.

During 1974 utilities also ordered fossil fueled generating plants 

totalling 44,400 MWe. After exceeding fossil plant orders in the 

preceding two years, nuclear orders dropped to 44.5% of total ordered 

capacity In 1974.

STUDIES AND ASSESSMENTS

Status of the Environmental Statement for the LMFBR Program

In the last year considerable effort was applied to the NEPA review for

the LMFBR Program. On January 17, 1975 the Commission issued for public

comment a Proposed Final Environmental Statement for the LMFBR Program 

(WASH 1535). It was issued in its "proposed" final form to afford the 

Administrator of ERDA the opportunity to review the document and receive 

additional public coiment before concluding the NEPA review process. A 

chronology of the development of the Environmental Statement 1s shown 

In Figure 2.

ENVIRONMENTAL STATEMENT FOR THE LMFBR PROGRAM 
CHRONOLOGY

COURTS REQ U IRE  PREPARAT IO N  OF A  PRO G RAM  STATEM EN T 

D R A FT  EN V IR O N M EN T AL  STATEM EN T  ISSUED  

PUBLIC  H EAR ING  

PUBLIC M EET ING  WITH EPA

PROPOSED F IN A L  E N V IR O N M EN T AL  STATEM EN T ISSU ED  

END OF COM MENT PER IO D  

POSSIBLE IN FO R M A L  H EAR IN G

Figure 2

The Proposed Final Statement extends the discussion of the subjects 

covered In the Draft Statement (Issued on March 14, 1974) and considers 

comprehensively the numerous comments received from the public and 

interested organizations. The principal conclusions of the Statement 

are that:

(1) The LMFBR can be developed as a safe, clean, reliable and 

economic electric power generation system and the advantages 

of developing the LMFBR as an alternative energy option for 

the Nation's use far outweigh the attendant disadvantages.

(2) Utilization of the LMFBR would involve recognized, but 

solvable, environmental problems, which would differ 1 n 

degree but not In kind from those of other nuclear fuel 

cycles:

(a) The amount of plutonium that must be processed and 

transported would be greater for the LMFBR industry 

than for the LWR industry.

JUNE 12. 1973 

M ARCH  15. 1974 

A P R IL  25-26. 1974 

AUG U ST  13.1974 

JA N U A R Y  17, 1975 

A P R IL  9, 1975 

APR IL-M AY, 1975



(b) Plutonium is a highly toxic substance which must be 

carefully handled and controlled. The Statement shows 

that, with the use of prescribed procedures, plutonium 

would present little risk to the public either from 

normal operations or from postulated accident 

situations.

(c) Safeguarding of nuclear materials and facilities 

against theft or sabotage will become Increasingly 

Important as the Industrial use of plutonium Increases.

A program has been Instituted to strengthen and Improve 

safeguards to meet the expanded Industry activities 

that are projected.

(d) Management of radioactive wastes 1s an unavoidable 

consequence of the LMFBR and all other nuclear power 

concepts. Alternatives ranging from Interim storage 

1 n retrievable storage facilities to permanent 

disposal in geologic formations or transmutation to 

less noxious forms are under study. It 1s reasonably 

certain that radioactive waste management can be 

adequately dealt with In the future.

The LMFBR option offers a well-advanced technology which has 

reached the demonstration plant stage. Commercial utilization 

of the LMFBR would:

(a) extend the utilization of low-cost uranium 

resources from decades to centuries;

(b) reduce the environmental Impact from waste heat 

discharges, from air pollution, and from mining, 

milling, and enrichment of uranium, and reduce 

occupational injuries and fatalities;

(c) provide substantial economic benefits 1 n reductions 

of fuel cycle costs and in the avoidance of large 

capital cost Investments in the mining and enrichment 

of uranium. These considerations In conjunction with 

superior fuel resource utilization would provide an 

essentially unlimited supply of low cost energy.

(4) The electrical energy needs of the Nation are so large and 

are likely to grow to such an extent, that existing methods 

of energy production will be insufficient to meet the require

ments. Additional options will be needed If the Nation 1s to 

be assured a secure electrical energy supply.

It is worth noting that the public has been afforded multiple opportunities 

to be Involved at all major stages of Statement preparation. For example, 

shortly after the U.S. Court of Appeals for the District of Columbia 

decided on June 12, 1973 that the AEC should prepare an environmental 

statement for the LMFBR Program, a notice was entered into the Federal 

Register soliciting suggestions from the public and other Interested 

organizations regarding the scope and content of the Statement. Having 

considered such suggestions, the AEC then Issued a Draft Environmental 

Statement in March 1974 for review and comment by Federal, state and local 

agencies; Interested environmental, industrial and other organizations 

and the public. At the end of this comment period on April 25-26, 1974, 

the Commission held a public hearing at which time those issues Involved 

1n the LMFBR Program in general and on the draft Statement In particular 

were fully aired. In addition, an open meeting was held 1n August 1974 

to discuss publlcally the Issues which EPA raised as a consequence of its 

review of the Statement. Another more recent example of involving the 

public 1s the issuance of the Proposed Final Statement for public comment. 

It should be noted that of all the actions taken only the issuance of the 

Draft Statement for public comment is required under the guidelines for 

preparation of environmental statements as set forth by the Council on 

Environmental Quality.

Having made extensive use of laboratory staffs, employed consultants on 

several special topics, conducted an independent internal review and 

utilized the broad technical capability in the various ERDA Divisions,

It is believed that the Statement represents a reasonable and compre

hensive assessment of the cumulative environmental Impact of a fully 

developed LMFBR industry.

LMFBR Commercialization Study

Within the past year several major reviews of the LMFBR program approach 

have been made. The first of these occurred last summer as part of a



continuing Internal assessment of the program. RRD requested and received 

input from the program laboratories, the reactor manufacturers, and the 

utility community. All of the reviewers indicated strong support for 

continuing the LMFBR program and stressed the urgency of reaching 

commercialization at an early date with a competitive, multi-vendor 

Industry. Specific recommendations of the reviewers were that the 

program requires:

an early start on the design, development and construction of 

a 1000-1500 MWe plant;

a vigorous large component development (design, fabrication 

and verification) program;

development of advanced fuels and Improved core and 

structural materials;

an early start on demonstration of a complete fuel cycle 

with short doubling time; and 

continuing a strong safety R & D program.

Analysis of these recommendations resulted In the conclusion that the 

LMFBR program was not equally balanced among the various program 
elements. It was concluded that the basic technology areas are being

adequately covered but that not enough attention has been given to 

development and engineering of large sodium components. Heretofore, 

the program has depended on the stepwise developmental progression 

of fabricating these large components for the FFTF, CRBR, follow-on 

demonstration plants, and early commercial plants, using these plants 

as test beds for components such as pumps, heat exchangers, valves, 

and steam generators.

The program Is being reoriented to focus more heavily on component 

development through non-nuclear testing prior to use 1 n a reactor.

This should allow the Industry to provide large commercial plants with 

full size components sooner than previously contemplated and to do so 

without the necessity of a sequence of government sponsored demonstra

tion plants.

Plans for a multi-plant demonstration have been discontinued and 1t is 

planned to proceed directly from the CRBR to a plant of commercial 

size. Sufficient early plant operational experience will be gained 

through operation of the FFTF and CRBR and from the experience gained 

by foreign countries In the operation of LMFBR's. Differences between 

the previously and currently planned LMFBR program are discussed In 

the LMFBR section of this document.

LMFBR Program Review Group

On October 2, 1974, the Chairman of the Atomic Energy Commission appointed 

a group to review the LMFBR program and the Clinch River Breeder Reactor 

(CRBR) project. The purpose of the review was "to reassess the need for 

and timing of the LMFBR in light of the latest information available and 

to determine If the purpose and schedule of the CRBR are compatible with 

that need and the state of LMFBR technology." As information for the 

review was being developed and during the discussions of the group, the 

related questions which have been raised by critics of the LMFBR program 

and the CRBR were also considered.

The topics addressed by the Review Group and conclusions reached under 

each topic follow:

Topic I - Need for the breeder program and timing 1n relation to uranium 

supply. Conclusions:

Even If estimates of low electrical demand growth rate are 

realized, a significantly expanded program of uranium 

exploration Is needed.

If enough uranium can be found to double present resource 

(not reserve) estimates (at up to $30/1b. U 3 O3 ). construc

tion of converter reactors might be extended to the 

year 2 0 2 0 .

Careful planning is needed to avoid a pinch In uranium 

production capability.

There does not appear to be any breakthrough available In 

converter reactor technology which could ease the demand/ 

supply situation significantly.

Uranium prices will fluxuate with demand/supply but the over

all trend Is upward as higher grade ores are consumed.

Commercial breeders should be available In the early 1990's 

because of a lack of assurance of adequate supplies of 

uranium at acceptable prices.

If electrical demand growth rate returns to historical levels, 

the breeder Introduction date may already be late.

Topic II - Essential elements for success and reasonable balance in the 

LMFBR program. Conclusions:

There 1s an appropriate balance among the essential elements 

of the program: plant experience, component development, 

fuel technology, safety.

Cooperation with Industry appears good.



Topic III -^Relationship between U.S. and foreign LMFBR activities. 

Conclusions:

Maximum benefit should be made of scientific and 

technological Information from abroad Including 

purchasing selected Information such as some 

component technology.

Topic IV - Contribution of CRBR to commercial1zat1on goal.

Conclusions:

The CRBR provides a logical step 1n the scale-up of LMFBR 

technology, the licensing experience necessary for early 

resolution of Issues, and the early Involvement of utilities 

in the program.

The design decisions and judgments made are reasonable at this 

stage.

It would be Imprudent to scale up to any size significantly 

larger than that proposed.

Feedback from an operating plant Is needed as soon as possible, 

and proceeding on the current CRBR schedule 1s a reasonable 

risk.

While the capital cost estimated for CRBR 1s high, factors 

such as scale, multiple unit production, and technology 

advancements should reduce costs of future plants.

Topic V - Schedule of CRBR 1n light of licensing process, safety Issues 

and potential technology problems.

Conclusions:

It 1s possible that not all data will be available when 

necessary to support the construction permit application.

The component development and testing program Involves a 

risk of delay.

Topic VI - Organizational relationship among the CRBR partners. 

Conclusion:

There Is a potential for cost and scheduler impact unless 

the present complex and cumbersome organizational arrange

ment 1 s streamlined.

Topic VII - Reasonableness of overall CRBR cost and schedule.

Conclusion:

Although the presently estimated cost and schedule are 

reasonable 1 n light of the current state of knowledge, 

they could be adversely affected by delays In resolution 

of licensing Issues, design changes due to licensing 

requirements, unanticipated problems In component 

development and the diffuse project management.

Topic VIII - Alternatives.

Conclusion:

The current approach Is a reasonable approach.

In summary the Review Group concluded that:

LMFBR development should proceed expeditiously.

Known economically recoverable domestic uranium reserves 

(approximately 700,000 tons) will be committed to converter 

reactors within a few years.

The planned LMFBR program contains the essential elements 

for success arid Is balanced.

Foreign LMFBR programs can contribute to but not subltltute 

for the U.S. program.

Proper balance and effective progress 1n the LMFBR program 

require the design, development, construction and operation 

of the CRBR at this point.

CRBR schedule for crlticality in 1982 1s a reasonable balance 

between scheduler risk and efficient use of manpower and 

manufacturing resources.

The present CRBR organizational relationship 1s not the most 

efficient.

There are no other special factors foreseen which could 

adversely affect CRBR cost and schedule.

Based on the conclusions listed above, the review group submitted the 

following recommendations noted in Figure 3.



LMFBR PROGRAM REVIEW GROUP 

{ERDA-1, DECEMBER 1974) 

RECOMMENDATIONS

Proceed expeditiously to early 1990's commercialization.

Do not relax CRBR schedule at this time.

, Undertake aggressive uranium exploration effort.

Determine stretch capability of CRBR design.

Streamline CRBR management organization.

Obtain and use foreign data and experience.

FIGURE 3 

RRD BUDGET

The total funding for the Fission Power Reactor Development program 1s 

$568.6 million for FY 1976. As shown In Figure 4, $411.8 million Is for 

the Reactor Research and Development (RRD) operating budget for FY 1976. 

The FY 1976 budget is an Increase of $58.0 million over the current 

FY 1975 estimate. In addition to the operating funds, $108.1 million 

1n construction obligations and $48.7 million for capital equipment — 

an Increase of $19.8 million over the FY 1975 estimate — are Included.

Figure 4

FISSION POWER REACTOR DEVELOPMENT PROGRAM 
OPERATING COSTS BY RRD SUBPROGRAM 

(In Millions)

Actual Estimate Estimate Estimate
FY 1974 FY 1975 FY 1976 Transition

Liquid Metal Fast Breeder
Reactor $193.0 $250.0 $261.3 $ 71.0

Cooperative Power Reactor
Demonstration 14.1 14.0 35.4 20.0

Gas Cooled Thermal Reactors 12.6 21.9 31.4 8.2
Gas Cooled Fast Breeder
Reactors 1.8 4.2 6.0 1.5

Molten Salt Breeder Reactors 1.6 4.0 3.5 0.9
Reactor Safety 30.0 39.6 45.8 12.1
Supporting Activities 7.4 20.1 28.4 8.0

Total $260.5 $353.8 $411.8 $121.7

OVERVIEW OF LMFBR PROGRAM

The basic objective of the LMFBR program Is to develop a broad techno

logical and engineering base, with extensive utility and Industrial 

Involvement, which will establish a timely capability for a competitive 

and commercial breeder Industry. This program Is based on technology 

developed over twenty-five years with Intensive effort focused over the 

last nine years. The major participants in the LMFBR program are the 

multi-purpose laboratories — Argonne National Laboratory (ANL), Los 

Alamos Scientific Laboratory (LASL), Hoi 1 field National Laboratory (HNL). 

the engineering laboratories — Hanford Engineering Development Laboratory 

(HEDL), the Liquid Metal Engineering Center (LMEC), and the Industrial 

organizations of Atomics International, General Electric and Westinghouse.

Some of the major accomplishments In the LMFBR program to date Include:

over ten years of successful operation of EBR-II, 

the establishment of a broad spectrum of operating 

support facilities especially at HEDL and LMEC, 

the development of a reliable mixed oxide fuel system, 

the establishment of the world's largest plutonium 

critical facility (ZPPR),

the confirmation of the Inherent safety of mixed oxide 

fuels through the operation of the Southwest Experimental 

Fast Oxide Reactor (SEFOR),

development of sufficient LMFBR base technology to construct 

the highest performance test reactor in the world, the FFTF, 

the establishment of an industry/utility team to design, 

construct and operate the Clinch River Breeder Reactor.

LMFBR Program Cost Estimate

A number of questions have recently been raised publicly regarding the 

Increase In the overall LMFBR program cost estimate and allegations have 

been made that the program has experienced unprecedented "overruns."

First, these estimates focus on a period from 1950 to the year 2020 —

70 years. It 1s not often that one attempts to make an estimate over 

such a long period, particularly of a very complex undertaking. 

Nevertheless, past questions relating to "cost benefits" have led RRD 

to attempt such a long term estimate.



Five updates of the LMFBR overall cost projection have been published 

over the past five years. The original estimate (WASH-1126) was issued 

in April 1969, and an updated version of the estimate was published 1n 

January 1972. As part of the Environmental Statement for the U.S.

Breeder Program, a revised estimate was Issued with the draft statement 

In March 1974, and a further revised version was Issued with the proposed 

final Environmental Statement 1n December 1974. The most recent estimate 

is 1n the report of the LMFBR Program Review Group (ERDA-1), published 1n 

December. This estimate, however, 1s merely an escalated version of the 

estimate appearing In the proposed final Environmental Statement, I.e., 

the latter displays the estimate In 1975 dollars and ERDA-1 displays the 

same estimate 1n 1976 dollars. Each year the total estimate to complete 

the program will be updated to reflect current budget year dollars.

Figure 5 summarizes these various long range projections made since 1968. 

Note the differing assumptions or conditions used for each projection.

Of most significance Is the value of the dollar used and the period of 

years covered.

Figure 5 Comparisons of LMFBR Program Cost Projections
(Billions of Dollars)

LMFBR Base Program

Supporting Technology 
Total

WASH-1126 WASH-1184

2.0 2.4

1.3
X T '

WASH-1535 
Draft Final

4.0 5.1

2.6 3.0
T T '  ТПТ"

ERDA-1

5.5

3.3
тптг

ASSUMPTIONS

Уеаг dollars used 1968 1970 1975 1976
Period covered 1970-2020 1972-2020 1975-2020 1975-2020
First Commercial

Plant Operations 1984 1986 1987 1987

Escalation experienced since 1968 has had a significant Impact on these 

projections. For example, as shown In Figure 6 , a comparison of the 

current estimate in 1968 vs. 1976 dollars shows that $3.6 billion had 

to be added to the projections to account for escalation since 1968.

Figure 6  LMFBR PROGRAM COST PROJECTION
DOLLAR VALUE COMPARISON 

(Billions of Dollars) ’

70 Year
1950-1969 1970-1974 1975 1976-2020 Estimate

Current Estimate 
ERDA-1

(Actual) (Actual) (Actual) (1976$)

(1976 dollars) .5 1.3 .5 8.3 1 0 . 6

Current Estimate 
ERDA-1

(Actual) (1968$) (1968$) (1968$)

(1968 dollars) .5 1 . 0 .3 5.2 7.0

Escalation 1968 thru 1976 $ 3.6 В

Other changes between the original and current estimates representing 

scoping differences are shown in Figures 7 and 8 .

Figure 7 LMFBR PROGRAM COST PROJECTIONS
ORIGINAL VS CURRENT ESTIMATE 

SCOPE DIFFERENCES 
(Billions of 1968 Dollars)

70 Year
1950-1969 1970-1974 1975 1976-2020 Total

Current Estimate
ERDA-1 .5 1.0 ‘ .3 5.2 7.0

Original Estimate
WASH-1126 .5 1.2 .3 1.9 3.9

$ 3.1 В
Figure 8  LMFBR PROGRAM DIFFERENCES

ORIGINAL VS. CURRENT LONG RANGE ESTIMATE 
(IN BILLIONS OF DOLLARS)

Original Estimate (WASH-1126) 3.4

Current Estimate (ERDA-1) - Less Original Estimate ЗЛ_

Fast Flux Test Facility . 6

Clinch River Breeder Reactor . 6

Advance Fuel and Reprocessing .4
Large Component Development 1.2
Safety .1
Equipment and Misc. Capital Projects .2

Escalation (1968 to 1976) 3 ^

Costs Thru 1969 .5

TOTAL Current Overall Estimate 
(1948 thru 2020) 10.6



Cost Increases In the FFTF program are due to underestimating the 

complexity of the project which has experienced a four to five year 

slippage from the original schedule. This facility, when completed, 

will be the highest performance test reactor In the world, and 1 t is 

necessary to assure that LMFBR's built in the future will have an 

optimum breeding capability.

Similar to the FFTF, the complexity of the first demonstration plant, 

Clinch River Breeder Reactor, was underestimated. The estimate has 

gone from $700 million to over $1.7 ЫШоп which Includes a significant 

amount of escalation and contingency. Without escalation and 1n terms 

of 1968 dollars, government support must be Increased to over $600 

million . This demonstration plant Is an essential step toward the 

commercialization of the breeder In this country. Details of the CRBR 

cost estimate are contained later in this document.

Many of the difficulties encountered 1n the FFTF and CRBR are due to a 

lack of sufficient large sodium component engineering technology. Hence, 

It has been necessary to significantly strengthen the overall LMFBR 

program 1 n this area thus requiring a much expanded research and develop

ment effort as well as additional facilities for testing large commercial 

size components.

The majority of the Increase noted under the fuel category is related to 

the need to fully develop the fuel refabrication and reprocessing capa

bility In this country. The original plan allowed Industry to accomplish 

this task. Recent setbacks In this technology area have caused these 

plans to be readjusted. Other Increases, particularly 1n the advanced 

fuel area, are essential to meeting the breeding performance of this 

system.

Since the original plan, the need for additional safety technology has 

been identified, and plans have been adjusted to Include the construc

tion and operation of a large safety test facility which can be used 

in support of a large commercial breeder which will be built 1 n large 

numbers beginning In the mld-1990's.

Experience has shown that there 1s an approximate linear relationship 

between the base RSD program and the need for capital equipment and small 

capital projects to support the base program. In view of the Increased 

costs shown above, the estimate for this category has been Increased as 

well.

FAST FLUX TEST FACILITY (FFTF)

The FY 1976 budget R & D request for FFTF of $50.0 million Is a $14.6 

million decrease over that for FY 1975. The total estimated cost of 

this project is $530 million, Including $110 million for expense funded 

equipment.

Total operating costs decrease as the design engineering nears completion, 

expense funded equipment 1s delivered, and development and procurement of 

prototype equipment 1s completed. The increase shown under operation Is 

associated with required system and plant component tests, operator 

training, and preparation of detailed operating and acceptance test 

procedures.

The fundamental purpose of the FFTF project Is to provide a reactor 

complex specifically designed for testing fuels and materials 1 n a fast 

flux environment, prototypic of the commercial fast breeder reactor 

plants. When completed, FFTF will enable the fast flux testing needs 

of the LMFBR program to be met and will be available as a fast flux 

testing facility for other ERDA programs. Principal, characteristics of 

FFTF are shown 1n Figure 9.

Figure 9

FFTF DESIGN AND OPERATING CHARACTERISTICS
ITEM  RATED CONDITION

Reactor Power 400MWT
Coolant Outlet Temp. 1050°F
Coolant Inlet Temp. 792°F
Fuel Assem bly Ave. Outlet Temp. 1100°F
Total Coolant Flow 42,730 G P M
Primary Heat Transport Loops 3
Heat Rejection Air
Plant Design Life 20 Years
Core

— Closed Loops 6 at 4.2 M W  Each
— Open Test Positions — Instrumented 8
— Fuel Assem bly Length 120 Inches (Fuel 36 in.)
— Fuel Pin Length 94 Inches
— Fuel Composition 2 5 W T %  PU02¡n UO2
— Fuel Target Burnup 4500MW D/MT
— Peak Flux 0.7-1 x 106 NV



Status

Through the end of calendar year 1974, overall engineering was 90% 

complete and contracts for all major plant components were let with 

42% delivery already achieved. These deliveries were highlighted by 

delivery of the 200 ton capacity polar gantry crane, the Dump heat 

exchanger components, the Auxiliary system tanks, and the arrival at 

the site of Items such as pipe spools, hangers, and valves 1 n 

sufficient quantities to allow start of piping Installation. The 

equipment delivery will continue to accelerate throughout CY 1975.

Construction was 362 complete through December with essentially all 

concrete pours and building superstructure erection completed. The 

Installation of the Reactor Guard Vessel, the Main Support Structure, 

and the Reactor Vessel marked the achievement of major milestones In 

the FFTF Project. The polar crane support structure within the 

containment building, was erected and the large 2 0 0  ton capacity polar 

crane was set on its structure during January. Significant progress 1n 

the reactor heat transport system was achieved with the Installation of 

some components, the start of large sodium pipe Installation, and the 

erection of dump heat exchanger structures. Miscellaneous piping 

systems Installation was started throughout the plant. Electrical cable 

tray Installation outside of the containment building 1 s 372 completed. 

Power cable was pulled and connected to the main plant swltchgear thereby 

providing useable power to the plant during January 1975.

Continuing efforts in FY 1975 will include the Installation and accept

ance testing of the FFTF equipment leading to start of sodium fill 

procedures. After numerous meetings with ACRS and NRC, the Final 

Safety Analysis Report 1s well along 1n preparation and should be 

submitted to NRC early In FY 1976.

Procurement of FFTF mixed oxide fuel under contracts administered by HEDL 

with Kerr-McGee Corporation and NUMEC proceeded during the year. Of the 

approximately 18,000 fuel pins to be supplied by each vendor, over 1 2 , 0 0 0  

and 11,000 have been delivered by Kerr-McGee and NUMEC respectively. It 

is expected that deliveries from both vendors will be complete around the 

end of the fiscal year.

Cost and Schedule

A change 1s not being proposed In the official ERDA estimate of FFTF 

project cost — $530.0 million, and scheduled completion date —

November 1977, at this time. However, the project Is experiencing 

substantial Inflationary growth in costs of material and labor, in

addition to adverse market conditions In availability of materials. Area 

wide labor disputes over contract settlements have directly Impacted the 

project schedule. On the basis of these current trends, the project is 

forecasting a project cost of $622 million, compared to $530 million 

and a schedule completion date of August 1978 Instead of November 1977.

It should be emphasized that this Is a forecast based on present visibility

on estimates of costs, escalation and contingency.

The $92 million Increase which is being forecasted includes $78 million of

cost growth already experienced or allocated. Of the $78 million growth, 

$12 million Is attributable to design evaluation since 1973, $24 million 

1 s due to low estimating caused by the flrst-of-a-kind nature of certain 

aspects of the project, and $42 million was caused by escalation and 

unusual market conditions. As an example of the escalation experienced, 

labor negotiations in 1974 have resulted 1n settlements ranging from 38 

to 48% hourly wage rate increases for essential crafts over the next two 

years. Comparable Increases are anticipated on contracts to be 

negotiated In the coming year. This 1s substantially higher than the 

5.5% per year forecast In 1973. It should be noted that the forecast 

Includes $ 8 8  million of escalation and contingency for presently 

unidentified growth.

Major attention by all FFTF contractors continues to be focused on ways to 

recover the forecasted cost growth and schedule slippages. For example, 

an Intensive critical path analysis is being performed to identify and 

allow massive expediting of components that have a time-fordng effect 

on the end date. Similarly, where the schedule Is purely construction- 

restrained, the project 1 s examining, on a cell-by-cell basis, the ways 

to reduce Interferences and Increase productivity for bulk installation. 

Improved management systems are providing management with the visibility 

requisite to managing those areas that are controllable to avoid further 

Increases and offset Increases due to market conditions and Inflationary 

trends. A formal cost reduction-cost avoidance program has been 

initiated. Change Control Boards have been established both In the 

contractor organizations and RRD. These boards, staffed with senior 

management personnel, are Intended to control the Project contingency 

and minimize controllable cost Increases.



CLINCH RIVER BREEDER REACTOR

The budget request for the CR6 R In FY 1976 Includes $49.6 million of R & D 

support from our base program and $35.4 million of direct assistance funds 

under the Cooperative Power Reactor Demonstration program for a total 

request of $85 million.

The CRBR Is a principal step 1n the LMFBR program that assumes added 

significance 1 n light of the decision to drop plans for added demon

stration plants prior to construction of a full-slz* commercial plant. 

Figure 10 compares significant features of FFTF, CRBR. and a typical 

commercial or near-commercial LMFBR.

The principal objectives of CRBR are:

1 . to demonstrate safe, clean and reliable operation with high 

availability 1 n a utility environment,

2 . to focus the development of systems and components, and

3. to develop industrial and utility capabilities to design, 

construct operate and maintain an LMFBR, and

4. to demonstrate the commercial licensability of LMFBR's.

The development to maturity of a reactor system requires two or more 

decades of persistent effort. Even the LWR system, despite the 

substantial commitment of money and manpower by the AEC and Industry 

has not yet fully matured. Major problem areas still confront the 

Industry In several areas: safety, quality assurance and standards, 

fuel cycle, shortages of trained manpower, and reliability and 

maintainability of plants already built.

The design effort necessary to permit procurement of a significant 

portion of CRBR major long lead hardware Is scheduled for completion 

in FY 1975 and 1976. This design effort and equipment procurement, 

plus the planned commencement of the construction phase during 1976 

will result In a substantial Increase in expenditure rate over previous 

years as project momentum Increases. The ordering of critical material 

for long-lead components has been accomplished and delivery of these 

materials Is expected to be consistent with project need dates.

During the past year a thorough design review was completed and a firm 

design base was established. A major reestimate of cost and schedule 

also was completed. The list below sunmarlzes significant overall and 

technical accomplishments during 1974:

COMPARISON OF DESIGN PARAMETERS

Commercial and 
Commercial

Design Parameter FFTF CRBR Prototype

Overall Plant
Thermal Power, MWt 400 975 3,800
Net Electric Power, MWe NA 350 1,500
Net Plant Heat Rate. Btu/kwhr NA 9,507 8,650
Number of Primary Loops 3 3 3
Containment Diameter 135 186 168

Reactor
Fuel Material Oxide Oxide Oxide
Cladding Material SS 316 SS 316 SS 316
Fuel Rod Diameter, 1n. .23 .23 .27
Number Fuel Rods 16,492 42,966 86,178
Core Height/Diameter, Ft. 3.0/4.0 3.0/6.2 4.0/10.2
Peak Fuel Burnup, MWD/T 80,000 150,000 150,000
Breeding Ratio NA 1 . 2 1.25
Doubling Time, yrs. NA 23 12/15
Vessel Diameter/length, ft. 20.7/43.8 20.7/53.8 23.5/59.5

Primary Heat Transport System
Reactor Outlet Temperature, QF 
System Flow Rate, Total 

1 0 ° lb/hr.
Pump Flow Rate at Pump

1,050 995 1 . 0 0 0

18.3 41.5 136.8

Temperature, gpm 14,500 33,700 122,400

Intermediate Heat Transport System
Hot Leg Temperature, °F 950 936 935
Cold Leg Temperature, °F 
Pump Flow Rate at Pump

600 651 650

Temperature 14,500 29,500 1 0 1 , 1 0 0

Steam Generation/Turbine System
Turbine Cycle 

Superheater. Outlet

NA Straight
Expansion

Steam
Reheat

Temperature, °F NA 905 905
Pressure, psl 

Steam Flow Rate, Total, 
1 0 » lb/hr

NA 1,525 2,520

NA 3.34 1 2 . 6

Figure 10



A. Overall

1. Reference design, cost estimate and schedule established.

2. Integrated cost-schedule control system developed.

3. Specific scopes of responsibility defined among contractors.

4. Management procedures and requirements prepared.

5. Project quality assurance programs established and 

submitted for NRC review.

B. Technical

1. Majority of NSSS system designs approved - Including all major 

systems.

2. All building general arrangement drawings completed.

3. Project Environmental Report submitted to NRC and requests for 

additional information are being satisfied.

4. PSAR under preparation, with submission planned for Spring 1975.

5. Component concepts selected and designs Initiated for the IHX, 

steam generator, reactor vessel and closure head, large sodium 

valves, dreactor Internals, reactor refueling equipment and 

radioactive equipment handling machines.

6 . Plant control and protective system designs, along with major 

Instrumentation system designs established.

7. Instrumentation, reactor thermal-hydraulics, safety and 

steam generator development programs well underway.

8 . Site geology surveys completed.

CRBR Cost Estimate

A revised cost estimate has been prepared for the CRBR Project. This 

new cost estimate 1 s based on careful evaluation of the reference design 

and schedule and utilizes detailed estimates of the reactor manufacturers 

and the archltect-engineer. The estimate totals $1,736 million divided 

as follows: $1,202 million for the plant, $434 million for development, 

and $100 million for five years of operation. This 1s shown 1n detail 

1n Figure 11. A large amount of engineering effort has gone into the 

preparation of this cost estimate and the design upon which the 

estimate 1s based Is mature for this, staae of the project. Extensive 

reviews were conducted by ERDA and PMC and by/two separate independent 

review groups. The conclusion of those reviews is that the cost 

estimate appears reasonable.

CRBR Major Accomplishments - 1974 There have been several factors which account for the financial increase, 

with escalation being the most obvious. In addition, the 1972 estimate 

was based on conceptual design Ideas as opposed to the firm reference 

design upon which the revised estimate 1 s based.

Further, there also have been changes that have Improved plant availa

bility and maintainability from the utility point of view. Additional 

safety systems, unique to the CRBRP, have resulted in additional cost. 

These Include diverse shutdown systems, parallel designs associated 

with ex-vessel post-accident heat removal and other fallback designs.

All were added after the original estimate was developed. The need for 

additional R & D to be applied directly to the project also Increased 

significantly.

The contingency funding Increased from the application of standard 

contingency factors to a larger sum of money as well as réévaluation 

by RRD that the Increased contingency was appropriate at the present 

stage of design.

Items affecting the cost estimate are shown In Figure 12. This cost 

estimate Includes a number of Important assumptions. Probably the 

most Important Is the placement of orders for major components, that 

are near the critical path of the project schedule, by mid FY 1975.

The schedule also assumes standard licensing approval times are 

achieved. It has also been assumed that there will be no major 

changes In the safety approach, that the research and development 

efforts will continue to be successful and construction craft and 

materials will be available. The scheduled cr1t1ca11ty date has been 

changed from 1980 to 1982.

Long-Lead Procurements

There are numerous materials and components of the CRBR which have 

procurement lead times of one year or more. Purchase orders for 

some of these items have been placed or are very near being placed.

In the case of long-lead time materials, over $7 million has been 

obligated for the purchase of materials. This Includes shell plate, 

tubesheets, and forgings for the reactor vessel, IHX, steam generator 

and lower core support. It 1s expected that the purchase orders for a 

significant fraction of the long-lead time materials will be placed 

this Spring and that the delivery of the material will be consistent 

with the expected need date.



For long-lead time components, some of the planned purchase order 

placement dates have slipped. In most of the cases where the dates 

have slipped, there Is still sufficient slack time 1 n the schedule 

to accommodate the current expected purchase order placement date.

In the case of the reactor vessel and turbine generator purchase 

order placements, however, It Is beginning to Impact the criticalIty 

date. In particular, the reactor vessel purchase order placement Is 

on the critical path. EROA Is experiencing difficulties in negotiating 

with the vendor who cannot accommodate the fabrication schedule without 

affecting reactor vessel production for light water reactors. EROA is 

continuing to negotiate with them and at the same time has identified 

an alternate vendor. It 1s expected that a purchase order will be 

placed 1 n a few weeks. С Р т Р

The turbine generator purchase order placement 1s also being delayed due 

to vendor negotiation problems and would be a critical path Item If order

placement Is not effected by May 1975. It Is expected that a purchase

for the turbine generator will be placed by the end of March.

U  CRBRP PROJECT COST ESTIMATE*
M 9 U  ---- (Mil Hons o f dollars»
PLANT INVESTMENT 
Equipment & Construction 
Engineering 
Contingency 
Escalation 

Plant Cost 
Fuel Fabrication (Initial Core)
Contingency 
Escalation
Fuel-Special Nuclear Material 

Total Plant Investment

DEVELOPMENT COST 
Development, Systems Engineering 

Prototypes and Testing 
Contingency
PMC Staff and Insurance 
Escalation 
Total Development

OPERATING COST (5 YEARS)
PMC Staff and Insurance 
Operating & Maintenance 
Fuel Fabrication (Reload Core)
Contingency (Fuel)
Revenue 
Escalation 

Total Operating Cost

TOTAL PROJECT COST $ 699 $1736

*1972 Estimate 1n 1972 Dollars; 1974 Estimate In 1974 Dollars

1972 1974
24Û $ 506
38 1 1 0

36 186
94 324

"Ш N 2 6
2 2 37

0 5
7 24

1 0 1 0

447 1 2 0 2

1 0 0 272
2 0 29
30 27
45 106

434

37 1 0

15 49
23 39

- 5
(31) (47)
13 44
sy loó

Figure 12 Items Affecting CRBR Estimate

Since 1972

Total Project Cost Estimate in 1972 (Unescalated) $ 540M
(Including $56M In contingency)

Factors Affecting the Estimate Since 1972 
(Including Estimated Impact)

. Improved Plant Availability and Added $ 85M
Safety Provisions

. Revised Requirements, Codes, and $135M
Standards

. Impact of Marketplace $ 35M

. Additional AEC Technology Efforts $ 75M

. Scope, Schedule $ 50M

. Additional Contingency $173M

Total Impact $ 553M

Total Escalation (Including 1972-1974)

Escalation from 1972-1974 on the Factors $145M
Affecting the Estimate (Excluding 
Additional Contingency)

. Escalation from 1974-1987 (1979-1982) $498M

Total Escalation $ 643M

Revised Total Project Cost $1736M

Summary 1972 1974

Project Cost 484 1013
Contingency 56 225
Escalation 159 498

Total 699 T73B-

SUPPORT FACILITIES

The FY 1976 request is tabulated In Figure 13 and totals $50.8 million, 

an Increase of $7.8 million over FY 1975. This category includes the 

operational support required for key LMFBR facilities: Experimental 

Breeder Reactor II (EBR-II), Hot Fuel Examination Facility (HFEF), Zero 

Power Reactors (ZPRs), the Liquid Metal Engineering Center (LMEC), and 

the Hanford Test Facilities and provides conceptual design support for



new facilities. LMFBR support facilities are built and operated to 

support the development of fuels, materials, and physics and to proof- 

tèst major reactor and plant hardware such as refueling machines, pumps, 

valves, piping, steam generators, heat exchangers, and Instrumentation.

LMFBR SUPPORT FACILITIES 
OPERATING COSTS (In Millions)

Actual Estimate Estimate
FY 1974 FY 1975 FY 1976

Experimental Breeder $ 9.8 $13.7 $16.0
Reactor II

Hot Fuel Examination Facility 3.3 4.0 4.9
Zero Power Reactors 2.8 2.4 2.8
Liquid Metal Engineering
Center 13.1 17.8 20.0

Hanford Test Facilities 3.9 4.3 6.0
Other Test Facility Support - 0.8 1.1

Total $32.9 $43.0 $50.8

Figure 13

Experimental Breeder Reactor II (EBR-II)

The EBR-II emphasis continues to be placed on Irradiation testing and 

examination of breeder fuels and materials.

During the past year, EBR-II achieved a plant capacity factor of 58.72.

The following are other EBR-II accomplishments over the past year:

1. Initiated longer reactor runs; i.e. Increased from 1550 to 

2700 megawatt-days.

2. Initial delivery from Atomics International of 150 preproduction, 

commercial-vendor, EBR-II driver fuel elements was made In 

November 1974.

3. Installed the third Instrumented test position.

5. Installed 48 new or reconstituted experimental subassemblies.

6 . Completed two training classes for FFTF operators.

7. Completed engineering, procurement, and fabrication for sodium

leak detectors for the steam generator.

8 . Completed fabrication, assembly, and Installation of XX07,

an instrumented subassembly for characterizing the reactor environment.

Hot Fuel Examination Facility (HFEF)

The HFEF comprises a complex of two major hot cell (shlelded-remote 

handling) Installations: HFEF-North and HFEF-South located at the Idaho 

National Engineering Laboratory (INEL) adjacent to the Experimental 

Breeder Reactor No. 2 (EBR-II). The HFEF complex plays a vital role In 

the development of LMFBR fuels. The EBR-II Driver Fuel, as well as 

Irradiation Program Experiments, require the remotely controlled equip

ment at HFEF to obtain precise data of fuel rod diameter, length, bow 

and twist. Radiography and metallography are also performed. Many of 

the remote operations must be accomplished In a controlled inert 

atmosphere to preserve the latent data. HFEF also provides similar 

support for experiments conducted In Transient Reactor Test Facility 

(TREAT) as well as for new programs planned for the Engineering Test 

Reactor (ETR).

Accomplishments during 1974 Included:

1. Receipt and dismantling of 38 EBR-II experimental subassemblies.

2. Receipt and dismantling of 12 EBR-II driver subassemblies for 

surveillance or other post-1 rrad1 at1 on examination.

3. Reconstitution and shipment of 25 experimental Irradiation 

subassemblies to EBR-II following completion of Interim 

examination.

4. Examined nondestructive!y 4812 fuel elements.

5. Dismantled the 1000th Irradiated EBR-II subassembly using 

the verltlcal assembller/dismantler.

All of the above activities contribute data on fuel element swelling, 

maximum capabilities, and mechanisms of cladding breach that are vital 

to the development of LMFBR fuels. The photograph on the following 

page shows EBR-II, HFEF, and ZPPR which Is discussed next.

Zero Power Reactors

This includes the operation of the Zero Power Plutonium Reactor (ZPPR) 

facility at Argonne-West and ZPR- 6  and ZPR-9 at Argonne-East.

The Zero Power Reactor Program includes the operation of two related 

facilities at Argonne East and West, containing a total of three split 

table critical assembly machines. These facilities are designed to



acconmodate the study and simulation of the neutronlc characteristics 

of a great variety of proposed reactors. Both general studies, approp

riate to development and validation of nuclear design approaches, and 

design confirmation studies can be done.

The Zero Power Plutonium Reactor Facility (ZPPR) at Argonne-West 1s 

being equipped to accommodate commercial plant sized core and blanket 

assemblies. ZPPR is now providing neutronlc data related to typical 

CRBR sized breeder reactor cores. Operations were completed on schedule 

to conclude CRBR-Assembly 4 critical experiments characterizing effects 

of plutonium buildup and CRBR blanket (fertile material) performance.

The Zero Power Reactor facilities (ZPR- 6  and ZPR-9) at Argonne-East 

are somewhat more limited 1 n size, but they have equipment for more 

specialized measurements. ZPR-9 has been used for the past four years 

for neutronlc confirmation studies related to the type of problems 

encountered in FFTF core design. ZPR-9 operations were completed on 

schedule to conclude the FFTF Critical Experiments Program in this 

facility.

Liquid Metal Engineering Center (LMEC)

The LMEC is of fundamental Importance in developing sound foundation of 

component technology and thorough testing of components up on which the 

LMFBR program Is structured. As discussed earlier, the need to 

strengthen the program of component development and testing 1 s 

recognized. LMEC supports the LMFBR program by providing testing of 

sodium plant components including steam generators, pumps, valves, 

instrumentation, and heat exchangers.

The principal test facilities available, under construction, or 

planned are shown in Figure 14.
LMEC FACILITIES 

Figure 14 Status as of February 1975

Facility Status

Sodium Components Test Installatlpn (SCTI) Under Modification

Sodium Pump Test Facility (SPTF) Operational In FY 1975

Small Components Test Loop (SCTL) Operational

Component Handling & -Handllnq Operational,
Cleaning Facility (CHCF) -Cleaning Operational in FY 1975

Large Leak Test Rig (LLTR) Operational in FY 1975
or early FY 1976

Thermal Transient Test Facility (TTF) Design and Procurement Underway

SCTI Expansion Under Design

Plant Component Test Facility (PCTF) Conceptual Design

Construction of SCTL and modifications to SCTI for the FFTF Dump Heat- 

exchanger were completed this year. Also the success of an alcohol 

cleaning process with complex sodium wetted components was demonstrated 

through the cleaning of the Atomics International (AI) Modular Steam 

Generator following test in SCTI. The AI steam generator design 1s 

being used in the CRBR.

Currently underway 1s the conceptual design effort and development of a 

cost estimate for the Plant Component Test Facility. This effort will 

be expanded in order to be properly prepared to submit a U n e  Item 

request in FY 1977. In addition, testing of the FFTF sodium pump 1n 

SPTF is expected to begin this summer.

Hanford Test Facilities

The principal LMFBR Test Facilities at HEDL are located 1n 9 major 

buildings and encompass approximately 30 significant test systems and 

laboratories which are being operated, modified, and expanded to provide 

the testing needed for developing and verifying the quality reactor 

components required for safe and reliable reactor plant operation 

and for examining Irradiated fuels and materials.

The majority of these facilities are being actively used around the 

clock to provide engineering and operational data for the high 

priority LMFBR projects.

Key test facilities at HEDL are listed 1n Figure 15.

Figure 15 HANFORD ENGINEERING DEVELOPMENT LABORATORY

TEST F A C IL IT IE S

•  H Y D R A U L IC  CORE M OCKUP

•  H EAT  T R A N SF ER  LOOP

•  SOURCE TER M  CONTRO L LOOP

•  H IGH TEM PERA TU RE  SO D IU M  F A C IL IT Y

•  FU EL  E LEM EN T  FA BR IC A T IO N  D EM O N STRAT IO N  FA C IL IT Y

•  SPEC IAL  EN V IR O N M EN T  R A D IO M E T A L L U R G Y  F A C IL IT Y  .

•  COMPOSITE REACTO R  COM PONENTS TEST  A C T IV IT Y

•  CORE M EC H A N IC A L  MOCKUP

•  PROTOTYPE APPLICAT IO N S LOOP

•  LM FBR  HOT C ELL  TR A IN IN G  FA C IL IT Y

•  S M A LL  COM PONENTS E V A LU A T IO N  LOOP

•  A L K A L I M ET A L  C LEA N IN G  F A C IL IT Y

•  LA RG E  SO D IU M  F IR E  F A C IL IT Y

•  TR A N S IEN T  TEST  LOOP

•  SO D IU M  R EM O V A L  D EV ELO PM EN T  APPARATU S

•  IN T EG R A L  REACTO R FLOW  M O D EL



The High Temperature Sodium Facility (HTSF), which Is this country's only 

facility for testing large LMFBR reactor components at prototyplc sodium 

temperatures (up to 1100°F), was made operational at HEDL this year. HTSF 

contains the Composite Reactor Components Test Activity (CRCTA), for 

testing FFTF reactor components 1n a prototyplc sodium thermal environ

ment; and the Core Mechanical Mockup (CMM), for testing FFTF reactor 

components 1 n a temperature and humidity controlled environment.

The FFTF reactor Instrument Tree was tested In the CRCTA at sodium 

temperatures up to 1100°F and the FFTF In Vessel Fuel Handling Machine 

was tested 1n the CMM. Other large sodium reactor components which will 

be tested In CRCTA Include the Closed Loop Exvessel Machine (CLEM) and 

the core restraint mechanism. Such prototyplc testing of large reactor 

components will reduce the probability of problems being encountered 1 n 

these components after they are Installed 1n the reactor system. This 

facility could also be used for testing CRBR reactor components. Other 

test facility activities during 1974 included the design, construction 

and operation of a sodium loop for testing small valves (up to 4") at 

prototypic temperatures (up to 1200°F) and transient conditions. The 

photographs on the following pages show some of these components in, or 

awaiting, test as well as the Hanford Test Facilities.

ENGINEERING AND TECHNOLOGY

As shown In Figure 16 the budget request for engineering and technology 

Is $110.9 million In FY 1976, an Increase of $10.7 million over FY 1975. 

This Includes $56.1 million for research Into the basic technology areas 

of physics, fuels, materials, fuel recycle, and chemistry and $54.8 

million for engineering development of components and systems for LMFBR 

plants. This program provides the necessary data for a strong technology 

base which 1s the backbone of the LMFBR program.

Physics

The design of a reactor Is based on predictions of various reactor physics 

parameters such as critical size, detailed power distributions, control 

rod worths, breeding ratio, neutron flux distributions, temperature, power, 

void coefficients, and dynamic neutronic characteristics. These parameters 

affect design considerations such as fuel enrichment, size and number of 

fuel pins, cladding thickness, number and dimensions of control rods, 

shielding design, and instrumentation and control requirements. The basic

objective of the physics program Is to Improve the accuracy of reactor 

neutronic analyses so that reactor designs can be optimized for performance 

and economics.

Figure 16

LMFBR ENGINEERING AND TECHNOLOGY 
OPERATING COSTS (In Millions)

Actual Estimate Estimate
FY 1974 FY 1975 FY 1976

Technology
Physics $ 9.5 $ 9.4 $ 9.5
Fuels 16.3 20.0 21.8
Materials 10.9 14.1 13.9
Fuel Recycle 2.8 4.7 7.7
Chemistry 5.5 3.4 3.2

Subtotal-Technology 45.0 51.6 56.1

Engineering
System Development 9.3 11.2 20.2
Component Development 44.9 37.4 34.6

Subtotal-Engineering 54.2 48.6 54.8

Total $99.2 $100.2 $110.9

The following are major accomplishments in the Physics program during

the past year:

1. Completed Fast Test Reactor (FTR) Engineering Mockup Critical 

programs to confirm FTR design and the performance when fueled 

with plutonium produced In light water reactors.

2. Completed Phase I planning and Initiated ZPPR-CRBR engineering 

mockup critical studies to confirm safety related parameters 

such as sodium void reactivity and Doppler coefficients as well 

as fuel worths.

3. Completed general planning of experiments to support Gas-Cooled 

Fast Reactor concept. Experiments Include critical mass, spectra, 

reaction rate distributions, streaming effects and steam entry 

effects.

4. Completed experiments at Tower Shield Facility (TSF) at Hollfleld 

National Laboratory (HNL) to determine the effects of stored fuel 

on ex-vessel subcrlticality monitoring.



Fuels

This program focuses on developing fuel, cladding and duct materials and 

reactor control elements through fundamental research, developing analytical 

models to provide a predictive capability, and verifying results through 

1n-p11e testing. Continued emphasis is placed on developing fuel capable 

of sustaining operation to target burnups of at least 1 0 0 , 0 0 0  megawatt days 

per ton (MWD/T) average and 150,000 MWD/T peak and on developing a qualified 

Industry to manufacture LMFBR fuel and related components.

The fuel development program which encompasses a total of 1800 mixed 

oxide fuel-pln tests In EBR-II has demonstrated that LMFBR mixed 

uranium-plutonium oxide fuel pins can be run to peak burnup levels 

greater than 150,000 MWD/MT, the target burnup for commercial 

plants. Approximately 111 prototyplc fuel pins have been irradiated 

to at least 110,000 MWD/MT burnup before two failures occurred.

However these two failures were not fuel pin associated but were due 

to a non-prototyplcal test assembly condition in EBR-II. An 

additional 264 prototyplc fuel pins have attained burnups in excess 

of the FFTF average burnup of 45,000 MWD/MT without failure, for a 

success rate of 1 0 0 2 .

Major accomplishments during the past year Include:

1. Implementation of a coordinated national program to study fuel- 

fisslon product-clad chemical interaction. Goals include 

characterizing observations, determining the controlling

mechanisms, and investigating methods to alleviate or stop the Interaction.

2. Completion of a major fraction of the 1n1tal transient overpower 

test series to Investigate the margin that exists between design 

base transients and clad failure. Test results Indicate that a 

significant margin exists.

3. Successful completion of the proof testing phase of the Mark II-C 

loop for TREAT reactor multi-pin testing of overpower and under

cooling transients in flowing sodium. The TREAT testing phase 

can now proceed.

4. Irradiation of approximately 1,400 unencapsulated mixed oxide fuel 

pins to various burnup levels In EBR-II. One pin has attained a 

burnup level In excess of 2 0 0  percent of the peak burnup level 

expected In FFTF. Thirty-eight pins have achieved burnup levels 

between 150 and 180 percent that of the FFTF peak burnup while 206

pins attained burnups between 100 and 150 percent of the FFTF peak burnup.

A peak bumup in excess of 100,000 MWD/MT was achieved 1n EBR-II 

Irradiation of grid type mixed oxide fuel assemblies. This exceeds 

the maximum burnup expected for FFTF. These Irradiations are 

continuing to higher burnups to determine the maximum capabilities 

of this fuel, to study fuel p.1 n-gr1 d support system interaction and 

to study mechanisms leading to clad breach.

Two EBR-II high temperature oxide fuel pin tests have successfully 

achieved 50,000 MWD/T exposure at rated FFTF core condition (800°F 

Inlet sodium and 1325°F peak clad temperature). This increases the 

confidence that fuel pins of this type will perform as expected 1 n 

FFTF. A third high temperature test has been loaded Into EBR-II.

The run-to-fa1lure program to establish mode of clad breach and 

probability of end-of-1 1 fe clad breach as a function of reactor 

operating burnup limit Is showing the mode of failure to be benign. 

Clad breach occurs predominately as hairline cracks or very small 

pin holes with attendant fission gas release and without solid 

fission product release. The reference fuel pin design should 

attain the FFTF reactor design lifetime of 80,000 MWD/MT burnup 

with a very low probability of clad breach of any of the fuel pins 

in FFTF at initial core, 600°F Inlet sodium, operating conditions.

Insertion 1n EBR-II of a test assembly to study the effect of pin 

bundle porosity on fretting and wear of the fuel pins. These tests 

are required to Investigate these mechanisms that can contribute to 

premature breach of the cladding. This test has achieved a burnup 

of 10,000 MWd/T to date.

Completion of GETR Irradiations of fuel pins fabricated by vendors 

qualified to supply FFTF mixed oxide fuel. Post irradiation exam

inations completed on 2 pins Irradiated to 12,000 MWD/T indicate no 

difference In lifetime or In thermal performance between the NUMEC 

fuel and the HEDL fuel.

The HEDL P-15 test containing FFTF vendor fuel 1s under Irradiation 

in EBR-II, as part of the vendor fuel overcheck program, to obtain 

additional data on the resistance of this type of fuel to low 

temperature densification. This test Is undergoing its first 

Interim examination.



9. Results of void swelling measurements of several lots of cold

worked type 316 stainless steel to a fast neutron fluence of 
22 2

8  to 1 0  x 1 0  n/cm Indicate that swelling 1 s less than had 

been predicted and that FFTF operational goals will not be 

compromised by void swelling. Lot to lot variations indicate 

that neutron Induced swelling can be correlated to composition 

and microstructure. Complementary data obtained by charged 

particle Irradiations indicate that void swelling 1 n stainless 

steel may be controllable through control of composition and 

microstructure and allow nearer term LMFBR goals to be attained.

10. Post irradiation creep and tensile test results show that the 

ductility loss caused by neutron irradiation can probably be 

significantly reduced by composition and microstructure control.

11. Successful completion of 22 months of exposure in the EBR-II of 

a sophisticated Instrumented test containing the candidate 

neutron absorbers boron carbide and europia. This test 

provided continuous measurement of reactor temperature and B^C 

gas (He) release. The data from this test enable experimenters 

to derive accurate irradiation performance correlations for the 

two absorber materials.

Materials

Efforts are directed at characterizing advanced engineering structural 

materials and developing fabrication techniques to provide a basis for 

large reliable plant components and structures. In addition, high 

temperature engineering design and stress analysis methods are being 

developed which will permit safe and reliable plants to be built. 

Continued emphasis 1s planned on welding development, structural 

materials development with emphasis on steam generators, development of 

high temperature design methods, and evaluations of alternate core 

materials for Improved performance.

Major accomplishments during the past year Include:

1. Completion of approximately 80S of the 2 1/4 Cr - 1 Mo steel 

mechanical property correlations to develop data required for 

CRBR steam generator design. Bolling water corrosion tests and 

decarburlzation tests In sodium support the selection of the 

Cr-Mo steel for the CRBR.

2. Completion of tests demonstrating that the reference FFTF fuel 

duct load pad hardsurfaclng material will perform as designed.

3. Establishment of the potenltal for extending the 10-year life

time of the FFTF core basket by Irradiation experiments on base 

metal and welds.

4. Confirmation of mechanical properties used in the design of 

FFTF core components (reflectors, core supports and others) 

to design neutron fluences.

5. Determination by nondestructive examination that the EBR-II 

steam generator evaporator tubes are satisfactory for 

continued operation.

6 . Significant progress has been made towards developing an ultra

sonic Inspection method for thick-walled, austenltlc stainless 

steel weldments such as reactor vessel downcomers and nozzles.

Such an examination technique Is needed to complement existing 

methods used to ensure the mechanical integrity of reactor components.

Fuel Recycle

The LMFBR requires that fuel which has been used in the reactor be 

processed to recover the newly bred fissile material as well as the 

remains of the original fissile and fertile material. This requires 

shipping the used fuel, reprocessing it and refabricating it Into 

new LMFBR fuel elements. The efficiency with which these processes 

are accomplished has a strong effect on the fuel doubling time and 

hence on both the economics and capability to meet expanding energy 

requirements.

Significant accomplishments during the past year include:

1. Completion of a cask design which is undergoing licensing 

review for transport of FFTF and CRBR fuel.

2. Completion of four engineering and procedural standards for 

fuel packaging and transportation.

3. A significant expansion of large scale engineering development 

of LMFBR fuel reprocessing technology at Oak Ridge.

4. Signing of several design study and development subcontracts 

with industrial equipment suppliers In an effort to develop 

commercial sources of supply for major pieces of equipment to 

be used in LMFBR reprocessing.



Chemistry

Major effort in this area is centered around development of instrumentation 

for control of transport of radioactive materials and development of 

processes for cleaning components of sodium and radoactivlty prior to 

maintenance.

Included among the accomplishments of the past year was the establishment 

of a firm technical basis and cleaning procedures for safely removina 

sodium from components, proof testing of a laboratory scale nickel mesh 

nuclide trap, and the measurement of the effect that oxygen concentra

tion has on controlling radioactive transport in a sodium system.

System Development

This supports design and development leading to the proper Integration 

and compatibility of all reactor components and subsystems Into workable 

reactor designs. Continued progress was made In development of LMFBR gas 

system purification and cleanup technology and special instrumentation 

development and testing, together with the supporting engineering analysis 

In these and related systems activities. Continued support of this area 

is Important to provide the underlying technology for the program. Other 

areas Investigated Include design simplification, cost reduction, 

reliability Improvement and the large commercial plant design studies which 

are beginning In FY 1975. These designs, conducted by two, or more, 

reactor manufacturers will form the engineering base for the planning 

and execution of the large component development program and associated 

Plant Component Test Facility (PCTF) and for the design of the first 

full-size commercial plant. These studies are being undertaken In 

cooperation with EPRI. Through EPRI the utility companies of this 

country will be kept Informed on these full size commercial LMFBR plants 

designs. Other Increases In system development will be applied to 

Improve secondary heat transfer systems and on shutdown heat removal 

system reliability.

Component Development

The following plant and reactor system components are developed under 

this category:

Plant System Reactor System

Steam Generator Instrumentation & Control

Heat Exchanger Fuel Handling

pump Reactor Vessel & Internals

Piping & Valves Fuel Assembly Reactor Control Mechanisms

The principal effort in component development is to support an extensive 

steam generator development and test program to resolve the design 

uncertainties of this component, to develop a means of reducing the 

probability of sodlum-water interactions within this component, and to 

develop Improved means of detecting leakage.

During the past year developmental activities associated with heat 

exchangers, pumps, valves, fuel assemblies and reactor mechanisms has 

shifted from near-term support efforts to new programs being Initiated 

on large, commercial-sized components.

Significant accomplishments during the past year Include:

1. Steam generators

Requests for proposals have been released for the design and 

fabrication of the Large Leak Test Vessel (LLTV). This 

vessel will be Installed in a rig at the LMEC to experi

mentally determine energy release and damage which results 

from a large water to sodium leak. A conceptual design was 

completed and a work plan has been prepared for the design 

and fabrication of the Large Leak Test Internals (LLTI).

These Internals, which simulate a full scale steam generator

tube bundle, are Inserted Into the LLTV.
2. Pumps

The annular linear Induction pump (ALIP) was selected from 

among several design concepts for electromagnetic pumps.

Development and design leading to the fabrication and test 

of a 14,500 gpm prototype was Initiated. In order to 

confirm the feasibility of building the pump as configured 

1 n the preliminary design, fabrication and assembly of the 

stator and center Iron core models for the first EM pump 

prototype were completed with satisfactory results. Thermal 

testing of the center Iron core model was Initiated to 

confirm design calculations of pump behavior at design temperatures.

Progress 1n large pump development during the year Included 

full scale water loop testing of the pump type to be used 

in FFTF. Testing showed some dynamic performance 

anomalies which are being resolved to assure long term 

reliable operation under the full range of pump operating 

conditions. Plans call for final proof testing of the pump 

1n the SPTF (Sodium Pump Test Facility) at LMEC and the 

pump components are already being delivered to LMEC for testing.



3. Piping and Valves

Fabrication and testing of a 12 Inch offset rotating ball 

valve prototype were completed, and hydraulic, operating 

torque, seat leakage, and proof pressure test data were 

obtained. These data are being used to confirm predicted 

hydraulic and operating characteristics and to provide a 

basis for proceeding to larger sizes.

Tests have shown that small cracks 1n pipes containing 

sodium tend to plug after leaking sodium for a few 

hundred hours Into a gaseous atmosphere such as presently 

exists In the primary system of LMFBRs. This Information 

Is a part of the data needed to define small leak behavior 

and sodium-to-gas leak detection requirements for LMFBRs.

Manufacturing processes, qualification, and proof testing 

of small sodium valves continued with emphasis on qualifi

cation of valve assemblies under simulated operating 

temperatures and thermal transients. Development of valve 

operators capable of reliable performance under the radia

tion conditions 1n an LMFBR plant environment was 

accomplished during the year.

4. Instrumentation and Control

Hollfleld National Laboratory (HNL) successfully developed 

and operated, in a reactor at 2250°F for 3000 hours, a 

small size reslstance-noise type temperature sensor for 

use in high temperature reactor fuel experiments. This 

device extends the range over which direct temperature 

measurement can be made and makes It possible to place 

sensors within the very limited confines of the fuel 

pin.

HEDL demonstrated the operation of a 1100°F microwave 

resonant cavity type pressure sensor for measuring 

fission gas pressure In fuel pins during long term 

irradiation tests. Under this same task, HEDL also success

fully operated an 1100°F microwave resonant cavity type 

biaxial extensometer for measurement of dimensional changes 

in fuel pins and other specimens during irradiation tests.

To permit the location and Identification of reactor 

components or foreign objects submerged in opaque liquid

sodium, an ultrasonic pulse-echo system was developed at 

HEDL that presents a three-dimensional projected Image on 

a TV type of tube. The Images can also be stored on tape 

for future playback and reference.

High temperature, sodium Immerslble, acoustic transducers 

developed at ANL have been placed 1n the EBR-II to check 

their performance in an actual reactor environment.

Fuel Assemblies

5. Fuel Assemblies

The construction of two 1/15 scale model upper reactor plenums 

for testing 1 n sodium and 1 n water was completed and test 

results to date show:

Large local temperature fluctuations at the Interface 

between the hot and the cold fluid 1 n the plenum, 

that were Identified during the tests, can Impose 

severe thermal stresses on components In the reactor 

vessel.

Grid Spaced Fuel Assemblies have potential for reduced overall 

pressure drop and are being developed as an alternate to the 

wire wrap fuel assembly design. Grid spaced driver assembly 

(GSDA) designs for testing In FFTF were finalized. Fully 

Instrumented 2l7-p1n flow and vibration test assemblies were 

fabricated, and flow induced vibration tests were successfully 

completed on the Westlnghouse unit. An Interim examination of 

a test GSDA of preliminary design being Irradiated in EBR-II 

was completed with satisfactory results, and the assembly was 

reinserted for continued high level Irradiation to determine 

actual performance capabilities.

Evaluation of various wire wrap configurations having 

potentially Improved characteristics was completed. A 

promising new configuration labeled the "locked wrap" 

design was Identified. This configuration has potential 

for Increased clad swelling accommodation at high burnup 

while maintaining necessary tightness at beginning of life. 

Test equipment for checkout of the locked wrap and other 

promising designs was completed.



LMFBR SAFETY PROGRAM

The funding request for the LMFBR safety program for FY 1976 1s 

$40.4 million, an Increase of $4.5 million over the 1975 estimate. The 

objective of this program Is to develop a base of data and analytical 

tools that will provide Input to the LMFBR design process to contri

bute to the evolution of designs that are safe In all phases of 

operation, with maximum tolerance for errors and abnormalities, and 

that will provide the basis for an accurate determination of the safety 

of LMFBR's.

To fulfill the LMFBR-safety objectives and to resolve the technical 

Issues: (a) models and methods are being developed and experiments are 

being performed to generate an adequate technological base for under

standing the potential causes, courses, and consequences of accidents,

(b) methodology Is being developed to combine with the understanding of 

potential consequences to allow making Informed risk assessments,

(c) design options to enhance LMFBR safety are being provided, and

(d) the facilities needed to establish the technological base are being 

defined and acquired.

Major reactor safety tests are conducted In large facilities to provide 

Integral confirmation of analytical tools for accident analysis and to 

supplement the data base for understanding the fundamental phenomena 

Involved In model development. The major facilities used Include the 

Transient Reactor Test Facility (TREAT), the Fuel Failure Mockup (FFM), 

the Sodium Loop Safety Facility (SLSF) In the Engineering Test Reactor 

(ETR), and potentially the Power Burst Facility (PBF).

FY 1975 Accomplishments

During FY 1975, the ACRS completed a review of safety research for liquid 

metal cooled fast breeder reactors which was reported 1n a January 14,

1975 letter to the Chairman of the AEC. In that letter, the ACRS stated: 

"The Committee believes that substantial advances 1n our knowledge 

of fast reactor safety have resulted from the CoimtlssIon's research 

program."

"The purposes and needs for new LMFBR safety research In pile test 

facilities were also discussed at the July 1974 ACRS Subcommittee 

meeting. This matter Is quite properly under active Investigation

by both RRD and RSR. The categories of possible new facilities, 

their complexity, and their potential varied widely, and no 

definite recommendations were presented. It Is likely that any 

new in pile safety research facility will be expensive and take 

a considerable time to obtain. The Committee believes 1t Impor

tant to Initiate steps to provide such facilities and to expedite 

decisions regarding their specific nature and capability."

"In conclusion, the Coimlttee again states Its general approval of 

the current program In LMFBR safety research and emphasizes the 

need for expediting decisions on new programs and facilities to 

meet the safety research requirements of commercial LMFBRs."

Modeling of fuel, cladding, and coolant heat transfer and dynamics. 

Analytical techniques are being developed to describe, provide and 

Improve understanding of the progression and consequences of postulated 

severe accidents. In FY 1975, specific analytical models were developed 

to improve descriptions of heat transfer among fuel, cladding and 

coolant; fuel motion, cladding failure, fisslon-gas release, and 

coolant expulsion or boiling.

Several of the analytical models developed were validated experimentally 

by:

1. Overpower test 1n TREAT of 7 pins with medium power structure.

2. Single- and 7-p1n fuel-sweepout tests In a small out-of-p1le 

loop.

3. Fuel dispersion tests 1n TREAT based on fisslon-gas released 

and fuel vapor pressure.

4. 0ut-of-p1le experiment on fuel-coolant Interaction 1n pin bundle 

geometry. Test results confirm benign nature of event.

5. Out-of-plle characterization of loss-of-p1pe-1ntegr1ty flow 

transient In FFM (19-pin geometry).

6 . Inlet flow blockage tests 1n FFM demonstrated ability to 

accommodate up to 80X axial blockage (19-pin geometry).

The remaining major key problem areas Include: The extension of the 

fuel, cladding and coolant heat transfer and dynamics models to two 

and three dimensions; the Introduction of further refinements Into the



models; and continuing experimental validation of models developed and 

being developed.

Fuel-elemant failure propagation (FEFP). An area long postulated as a 

potential problem is the propagation of a single defect or failure of 

a fuel pin so as to Involve a number of pins or assemblies. To assure 

that slightly off-normal failures, such as fuel-pin failure, do not 

progress to a situation of serious consequence to the plant or public, 

the effects of flow blockages, f1 ssion-gas release and Intersubassembly 

effects áre being studied. In FY 1975 substantial progress was made 1n 

completing the definition of test requirements for FEFP.

1. As a result of out-of-pile test programs, It was concluded 

that local faults will not result 1 n rapid p 1 n-to-p1 n failure 

propagation. Consequently, the need for an extensive 1n-p1le 

program was reduced to that of confirming that new effects do 

not occur 1 n-p1 le.

2. Test programs in the Fuel Element Failure Propagation Loop 

(FEFPL) were reoriented to Investigate the key remaining 

problems of flow transients (loss of flow and loss of pipe 

Integrity) and questions of slow p1 n-to-pin propagation and 

subassembly-to-subassembly propagation. The test loop was 
renamed the Sodium Loop Safety Facility (SLSF) to reflect 

the broader role In the safety program.

Postaccident containment and heat removal. Programs are underway to 

Increase our understanding of the behavior of reactor core materials 

after an assumed gross loss of Initial geometry. The main areas of 

Interest are 1 n determining material properties and behavior that 

affect the capability to effectively cool the debris. The potential 

for the resulting debris to form a recritlcal configuration Is also 

being studied. Key problem areas are developing understanding of:

(a) molten-pool heat-transfer behavior and (b) interactions of sodium 

and molten fuel with sacrlfical materials. In FY 1975 significant 

progress was accomplished In defining the conditions under which cooling 

of particle debris beds In sodium can take place and substantial support 

was provided to the preparation of the FFTF Safety Analysis Report. 

Out-of-pile heat transfer experiments were completed on partlcle-bed 

cooling using debris sizes that extended below 100 microns. Additional 

tests were completed that used mixed beds of fuel and steel and a

combination of layers of fuel and steel. The overall result 1s that 

several Incnes of particulate debris can be cooled by overlying sodium. 

Additional accomplishments follow:

1. A small-scale apparatus was developed for dlrect-electrlcal- 

resistance heating apparatus for UOg. A scaled-up version 

will be used for direct measurements on heat-transfer rates 

from molten pools.

2. Mockup tests were completed on the delay to meltthrough that 

occurs when molten debris attempts to penetrate fuel assembly 

inlet structures. Holdup time on the order of hours 1s likely, 

which will lower decay-heat levels In the debris.

3. In-vessel and ex-vessel post-accident heat removal reports in 

support of FFTF were completed. These reports contain data 

needed for continuing design efforts.

4. Screening tests of sodium and sacrificial barrier materials 

were completed, and some criteria for choosing such materials 

were defined. This Information 1s needed to support 

decisions on the design of any ex-vessel core catcher.

Assessment modeling of radiological consequences. This program Is 

concerned with modeling fuel and flsslon-product release from an LMFBR 

core under postulated accident conditions, attenuation of the material 

as it passes through the surrounding sodium, Its release from the 

reactor vessel, behavior 1 n the reactor containment building, release 

to the environment, transport to site boundary, and potential radio

logical consequences. In FY 1975 preliminary experiments were completed 

and Initial analytical models were developed for analyzing the release 

and transport of fuel, fission products, and sodium under postulated 

accident conditions, and tests of emergency air-cleaning systems were 

conducted.

1. The development of a model to assess the radiological 

consequences of Hypothetical Core Disruptive Accidents 

(HCDA's) was Initiated and experiments were conducted 

to support the modeling of the transport of fuel and 

fission products from the core to the environment.

2. A program to develop an emergency a1r-clean1ng system for 

LMFBR containments was Initiated; several concepts were 

evaluated and Initial tests were conducted.



3. The Initial version of a code to analyze the consequences of 

sodium spray fires was developed and several small-scale 

supporting experiments were completed.

The key problems are the assessment of: (a) leakage paths in the 

primary system and (b) the fuel and flsslon-product attenuation within 

the primary system.

Inherently safe core design. GE, ARO, AI, and ANL were selected to 

review core deslgn(s) so as to Identify approaches that would prevent 

or substantially mitigate accidents through Inherent properties and/or 

characteristics of the design.

1. Design areas that can be emphasized to Increase inherent 

safety were defined Initially.

2. Criteria were defined for selecting a design to be 

continued; screening was Initiated.

Additional accomplishments Include:

1. Technology reports were prepared to support FFTF FSAR 

development on fuel-dynamics transient-overpower and 

loss-of-flow experiments.

2. A compendium of computer codes for safety analyses of LMFBR1s 

was compiled and distributed to industry, government agencies, 

and national laboratories.

3. Experiments were performed to validate the reactor-system 

structural response to rapid transient loadings analysis code 

series (REXCO); agreement between models and experiments was 

generally good.

4. The state-of-the-art understanding of the response of fuel 

rods during reactor accident transients was reviewed; a 

report was prepared for use by designers and licensing 

organizations.

5 . Programs were conducted at Combustion Engineering and ANL 

to Identify safety Implications resulting from unique 

characteristics of advanced fuels.

Facility design and development

Current development work on the systems and areas described above is 

being conducted In existing facilities. Their limitations make necessary 

the greater size, harder neutron spectrum, and longer experiment duration 

of the Safety Research Experiment Facility (SAREF) 1n the early to 

mld-1980's to complete the understanding of the problems and to find 

acceptable solutions. In addition, a Super TREAT probably will be 

needed 1n the early 1980's to provide a more suitable transient 

environment than Is obtainable 1n existing facilities or In SAREF. These 

two new test reactors are required for prototyplc tests of failure thres

hold and design prooftests. Their needed features are being determined.

Figure 17 lists the major safety facilities.

SAREF, as envisioned, would provide a fast-flux zone for testing up to 

seven full-scale LMFBR fuel assemblies to and through loss of fuel- 

element Integrity caused by overpower, transient, flow-coastdown, and 

flow-blockage accident conditions. As Indicated by Figure 49, SAREF 

will provide the capability for testing large-scale phenomena of large 

fast-reactor zones beyond fuel failure. Data from SAREF are expected 

to enable us to understand key safety phenomena, such as channel 

voiding, transient fuel-element failure, core slumping, fuel 

disassembly, and fuel motion.

The need for SAREF was established from Inputs from the nuclear community, 

regulatory organizations, and other concerned organizations. Licensa

bility and safe operation are Important considerations in the 

commercialization of the LMFBR; SAREF will be the major facility needed 

to resolve these issues. It should be built and operating by the early 

1980's to meet program requirements. Facility cost is estimated to be 

about $200-$300 million.

During FY 1975, ANL and GE initiated conceptual design studies of SAREF;

In FY 1976, these are expected to be completed and the concept and 

contractor will be selected.

Super TREAT as presently epvlsloned will provide unique capabilities for 

prototyplc transient power, temperature, and flow tests under conditions 

of hypothesized LMFBR accidents.

Advanced Fuel Technology

The budget request for FY 1976 Is $13.5 million, an Increase of $2.0 

million over FY 1975. This 1s a development program to assess the



potential of advanced fuels and materials which may be capable of a 

fuel doubling time of ten years or less. Fuels being Investigated 

Include mixed carbides and nitrides. In addition. Improved oxide 

fuels are being Investigated. Extensive 1n-p11e testing of these 

fuels 1n EBR-II will continue. Development of advanced alloys for 

cladding and core structural materials Is being emphasized. Actions 

are directed toward ascertaining, at the earliest possible date, which 

fuel system should receive priority commitment.

Major accomplishments during the past year Include:

1. Plutonium fuel element fabrication facilities of three 

contractors were recommissioned 1 n preparation for 

fabricating fuel In 1975.

2. A 19-pin advanced carbide fuel subassembly achieved a burnup 

of 75,000 megawatt-days per ton (MWD/T) without failure 1n 

EBR-II. This 1s 50X of the burnup expected 1n a commercial LMFBR.
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3. A contract was negotiated and fabrication Initiated for an 

Irradiation experiment on candidate advanced cladding and 

duct materials to be conducted 1n the British Prototype 

Fast Reactor (PFR). This experiment will accumulate neutron 

doseage at approximately twice the rate of a comparable 

experiment being performed In EBR-II.

4. Initial studies of the advanced oxide fuel system Indicate that 

operation at a very conservative average power can result 1 n a 1 2  

to 16 year simple doubling time with an estimated fuel pin burnup 

capability of at least 80,000 MWD/MT maximum.

6. Commission of the European Communities - Presentation at 
the 8th Annual Meeting of the International Working Group 
on Past Reactors; by H. J* Allgeier#

The contribution of the European Communities to FBR development, 

modest compared to national programmes, is designed to complement 

national programmes and to promote cooperation and coordination 

particularly within the Community. The last year has brought about 

a general confirmation of this policy and has led to a modest increase 

of our activities.

Thus the Fast Reactor Coordinating Committee (FRCC) has approved 

the setting up of a Working Group "Codes and Standards" which has held 

two meetings to date and has in particular charged two specialist teams 

to Compile existing and applicable codes and standards, and to identify 

areas where new ones are needed, respectively. The Safety Working Group 

(SWG) of the FRCC has pursued its work actively and is now completing 

a first round of discussions and deliberations. Its work has contributed 

considerably to establishing a valid dialogue on the overall safety of 

the LMFBR-system in the Community between technical experts of all 

parties concerned. The Group has improved mutual information about 

programmes, identified areas of collaboration, and should now define 

areas and priorities for its future work. The SWG has also contributed 

indirectly to improving bi-and multi-national collaboration in the area 

of LMFBR-safety within the Community. Its sub-group on Whole Core Acoident 

Codes has made considerable progress. It has performed comparative 

calculations of typical accidents on a notional reactor using the different



codes available and has established a working scheme to develop a common 

accident code on which basic agreement has been reached. The SWG is 

presently considering setting up a similar sub-group for Containment 

Loading and Response. In both these areas including code validation the 

contribution of the Joint Research Center at Ispra is presently being 

strengthened. Vie are also considering the proposal of an indirect action 

programme to stimulate support of this overall safety oriented activity.

Unípede has submitted its updated report on the "Prospects of 

Development of Past Breeder Reactors in the European Community of the 

Nine” in April 1974 as indicated, and has since completed a number of 

parametric studies and updating of results to be presented at the next 

meeting of the FRCC.

The ad hoc group on Gas Cooled Fast Reactor Sefty mentioned last 

year did indeed meet as foreseen and should have a concluding meeting 

in May this year on the Safety aspects of the GBR-4 design.

With 2 years into our 4-year programme of the JRC-R&D programme

I shall only mention that the programme, outlined briefly last year, is 

being pursued normally. Highlights in the sense of a more extensive 

project orientated programme cannot be reported, but the overall area is 

being strengthened and the corresponding programme revisions are being 

submitted to the Council of Ministers. This includes in particular, as 

indicated earlier, extension of the code development and validation work. 

Work on advanced fuel development aiming at making the final assessment 

of the two concepts "hot fuel" and "cold fuel" in 1976.

Finally I should mention that the Commission does support extension 

of any suitable activity inclduing notably fast reactor safety in the frame 

of collaborative arrangements with non-community countries,

7* Состояние работ по быстрым реакторам в СССР на 

Мврт 1975 г., Н.В. Краснояров

Аннотация

В сообщении приводится краткое описание состояния 

дел с реакторами ЕР-5, Б0Р-60, Ш-350, Ш-600, наиболее 
Важных результатов, достигнутых за истекший год. Кратко 
излагаются перспективы разработки других быстрых реакто
ров.

X. ВВЕДЕНИЕ

В прошедшем году продолжалось накопление данных на 
экспериментальных реакторах ЕР-5 и Б0Р-60, проведение 
ремонтных работ на парогенераторах Ш-350 и работа уста
новки на огоаниченных мощностях, продолжалось сооружение 
БН-600. где практически завершены строительные работы и 
идет монтаж, продолжался поиск оптимальных решений для 
перспективных реакторов энергетики будущего.

2. РЕАКТОР ЕР-5

.1. После реконструкции реактора максимальная мощность 
составляет 7,5 Мвт. Реактор используется для облу - 

здния топливных конструкционных и поглощающих мате

риалов.

.2. В период реконструкции были проведены прямые измере

ния внутреннего диаметра корпуса реактора в трех 
диаметральных плоскостях. Максимальное увеличение 
диаметра составило 1,5 мм при исходном размере 330мм 
i максимум в распухании примерно соответствует макси
муму нейтронного потока 4.10 н/см̂) на участке

корпуса с температурой 450°С.
Результаты измерений совпадают с результатами 

расчета по эмпирической зависимости.

f  I = ю  ( i f *  -

.3. Материаловедческие исследования образцов стали раз
личных участков I контура показали наличие слоя по
вышенной твердости толщиной до 150-200 мкм. Обра
зование этого слоя связано с науглероживанием внут
ренних слоев стали, так как содержание углерода со
ставляю 40-170 ppm. , а первый контур был заполнен 
натрием в течение 92.000 часов, в том числе цри тем
пературе 450-500° 28.000 часов. Однако механически- 
щ  испытаниями было показано, что основные механиче
ские свойства стали: предел прочности, условный пре
дел текучести и относительное удлинение - остались 
тактически без изменений»



2 Л .  Сравнение поведения двух сталей оболочек твэлов под
твердили значительные преимущества стали 0И6Н15МЗБ 
перед 0U8H9T как по механический свойствам после об
лучения, так и по причине,вдвое меньшей склонности 
к радиационному расцуханаю.

3. E0Í-60

3.1. Реактор BOP-SO продолжал в 1974 г. успешно эксплуа

тироваться. За этот период выработано 208.000 Мвтча
сов тепла, что в итоге за 5 лет дает 900.000 Мвт ча
сов и 120.000 Мвт часов электроэнергии. Температур
ный режим и мощность 50 Мвт позволяли в тех хе усло
виях испытывать топливные элементы и оборудование 
установки.

3.2'. В августе 1974 г. во время проверки топливных паке - 

тов перед перегрузкой и во время перегрузки было об
наружено большое число пакетов с изогнутьми головка
ми. Как выяснилось позднее, первопричиной было дви - 
яение вращающихся пробок при частично поднятом погло
щающем стержне. В результате стержень был обломан и 
его концом были изогнуты головки топливных сборок.Из
гиб части головок был увеличен при опускании направ
ляющей трубы, через которую извлекаются пакеты.

3.3. 20 топливных пакетов из 33 , подлежавших выгрузке, и из 

39, которые были выгружены, были извлечены нормальным 
образом; 8 пакетов были извлечены специальным приспо
соблением за окна в верхней части пакетов, так как 
из них 5 пакетов не имели головок; остальные пакеты 
извлекались серией специальных инструментов, захваты
вая изогнутую часть головки.

3.4* Верхняя часть обломка поглощающего стержня была поме
щена в специальный пенал и извлечена с пеналом. Ниж
няя часть извлечена вместе с направляющим чехлом. Че
хол был заменен на новый.

3.5. Удалось извлечь одну из обломанных головок пакетов и 
кусок вытеснителя 6 мм, длина~Ю0 мм) от погло - 
щвющего стержня. Остальные возможные детали были пере

ведены через сквозные втулки напорного коллектора в 
коллектор низкого давления путан поочередного подъема 
всех пакетов активной зоны.

3.6. В активной зоне было оставлено 12 пакетов с дефекта
ми головок, имевших небольшое выгорание, для извлече
ния их в будущем и не проверенных на герметичность. 
Позднее подтвердилось, что они герметичны. Все паке
ты, намеченные на извлечение в феврале 1975г.#бнли 
извлечены.

3.7. В результате большого объема работ с открытым пере
грузочным отверстием поверхность натрия покрывалась 
окислами и во вновь загруженных пакетах был) зафик
сировано после всех работ снижение расхода теплоно

сителя в 15 пакетах от 0,6 до 0,75, а в 26 пакетах 
от 0,75 до 0,9 от номинального. Прокачка теплоноси
теля при повышенных расходах и температуре до 320°С 
привела к восстановлению расхода.

3.8. В процессе большого числа проверок выявлено превыше
ние высотных отметок головок пакетов на несколько мм. 
Постановка свежих пакетов на эти гнезда показала,что 
изменений в посадочном месте нет, а случаи отклоне - 
ний коррелируют с глубиной выгорания топлива. В про
грамму исследований введено регулярное измерение вы
сотных отметок вместе с тщательным измерением перво
начальных размеров.

3.9. В результате проверок по специальной программе надеж
ности в подвижности и времени срабатывания защиты ре
актор в октябре 1974 г. был выведен на мощность и 
до остановки в январе 1975 г. нормально эксплуатиро
вался. Однако особое внимание было направлено на вы
явление каких-либо отклонений, которые могли быть 
следствием нарушений в активной зоне. Задержка в ра
боте реактора из-ja нарушений была менее 1,5 месяцев.

3.10. На I января 1975 г. испытано 160 топливных пакетов, 

из которых 41 относится к экспериментальный. За пять 
лет герметичность потеряли 19 пакетов, в том числе
8 стандартных, из которых 7 имели выгорание более 10?. 
Таким образ см, стандартные пакеты ЮР-60, сщюектиро-



ванные на выгорание 10$, успешно выдержал!» испытания 
и была показана как их надежная работа, так и воз
можность эксплуатации реактора в течение ограничен
ного времени с нарушениями герметичности твэлов.

3*11. Насосы реактора работали нормально. Три насоса из

четырех отработали по 30.000 часов. За все время ра
боты произошло около 200 пусков и остановок. Один 
из насосов был ранее заменен для осмотра, а также в 
связи с тем, что он давал небольшие вибрации Çv 70m k m). 
Причиной вибрации был небольшой изгиб вала.

3.12. Корпусной парогенератор со змеевиковыми трубками на
ходился в работе 18.000 часов. За истекший год заме
чаний нет. В февралеГ975г,парогенератор отсоединен 
от установки с целью замены его на новую модель с 
поямыми трубками. Предстоит демонтаж парогенератора, 
исследование его состояния.

3.13. Модульный парогенератор находится в работе 8.500 ча
сов. Замечаний нет. Имевшие место превоначальные от- •
клонения по расходам в двух модулях исчезли в тече - 
ние первого года эксплуатации.

3.14. Во время каждой перегрузки топлива проводятся поиск

и извлечение пакетов с твэлами, потерявшими герметич
ность. Оцнако появление негерметичных твэлов в про - 
цессе микрокампании и продолжение эксплуатации реактора 
до очередной остановки привели к накоплению в контуре 
продуктов деления. Основную активность сейчас созда
ют изотопы цезия. Холодная ловушка окислов в услови
ях Б0Р-60, хотя и концентрирует цезий, однако, не явля
ется эффективным средством снижения активности конту
ра. Большое внимание сейчас уделяется поиску средств 
выведения цезия, который в основном сосредоточен ь 
натрии.
4. Ш-350

4.1. После энергетического пуска 16 июля 1973 г, мощность 

реактора к сентябрю 1973 г. была поднята до 30*?. Ос

новной проблемой в работе реактора являются парогене
раторы.

4.2. Первая течь воды в натрий в испарителе парогенератора 

возникла в мае 1973 г.,спустя несколько часов после 
заполнения ьодой и подъема давления до 45 кг/см̂.Течь 

фиксировалась приборами контроля водорода в натрии и 
газе, наблюдалась в течение 12 часов и постепенно рос
ла. Концентрация водорода в аргоне достигла 3% к мо
менту отключения парогенератора и максимальное згаче- 
ние было до Ъ%\ количество воды, попавшей в натрий, 
оценивается в 3-4 кг.
Дефектная трубка была извлечена, в сварном шве доныш
ка была неплотность ¿  0,2-0,3 мм.
Трубка была заглушена и парогенератор проработал 
9000 часов с нагрузкой до 555? от номинала.

4.3. Большая течь в сентябре 1973 г. возникла после 3000 ча

сов работы. Начало течи было зафиксировано по росту 
концентрации водорода в аргоне. Через несколько минут 
после появления этого сигнала был отмечен заметный 
рост давления в газовой полости. Персоналом была вве
дена в работу аварийная защита реактора и открыт кла
пан для осушения парогенератора. При давлении газа
во П контуре 2,5 кг/см̂ сработала спецзащита, то есть 
давление из полостей П контура сброшено через предо
хранительную мьмбрану, перекрыты коммуникации пере - 
гретого пара, питательной воды.
Аварийный процесс какими-либо взрывными эффектами не 
сопровождался. При разборке в одной из трубок найдена 
трещина в сварном шве, приведшая к последующему рас
крытию трубки по образующей.
Количество воды, попавшей в натрий, оценивается в 
300-500 кг. В октябре 1973 г. аналогичная авария с 
большой течью цроизошла в другой петле.

4.4. Было принято решение о ремонте парогенераторов на 

месте, а также ó замене трубок Фильда во всех испа
рителях.
Два парогенератора, испытавших течи, отремонтированы 
и введены в работу. Накоплен ценный опыт ремонтных 
работ с разрезкой основных трубопроводов, отмывкой 
парогенераторов и контуров от продуктов взаимодейст
вия натрия с водой и воздухом.



4.5. с июля 1973 г. реактор работал на 15-35$ номинальной 
мощности, вырабатывая пар для турбогенераторов и оп
реснительных установок. На конец 1974 г. выгорание 
топлива достигло 1,5%. Случаев выхода из строя топ - 
ливных элементов нет.

4.6. Другое оборудование работает без особых замечаний, 
особенно можно отметить хорошую работу насосов, сис

темы перегрузки реактора.

4.7. Физические измерения и эксперименты подтвердили ос

новные проектные данные, полученные на основе расчет
ные исследований и экспериментов на критсборке. Неко-
' торые отклонения в значении температурного и мощ - 
ностного эффекта, эффективности системы регулирова
ния не создают препятствий для эксплуатации.

5. Ш-600

К настоящему времени строительные работа на АЭС прак

тически завершены, с нарастающим темпом ведутся мон - 
тажные работы. Продолжается монтаж основного корпуса 
реактора и страховочного корпуса, монтируются трубо - 
проводы П контура, узла очистки натрия I контура,узла 
приемки и хранения наария. Завершение монтажных работ 
и начало пусковых ожидается в 1977 г.

6. БОЛЬШИЕ РЕАКТОРЫ

6.1. Освоение реакторов Ш-350 и Ш-600 необходимо для

обоснования разработки более мощных и более экономич
ных реакторов с натриевым охлаждением. Принято, что 
единичная мощность такого реактора будет около 1500Мвт, 
температура натрия на выходе из реактора должна ле
жать в умеренных пределах 530-54О°С, что обеспечивает 
достаточно высокий КЦЦ. Тип компоновки первого конту
ра рассматривагтся как интегральный, так и петлевой 
с тем, чтобы можно было провести сравнение с учетом 
имеющегося и накапливаемого опыта по Ш-350 и Ш-600.

6.2. Создание конкурентоспособных промышленных быстрых ре
акторов требует дальнейшей работы по совершенствова
нию конструкций л повышению надежности оборудования, 
в первую очередь парогенераторов, по обоснованию пер
спективных конструкционных и топливных материалов, а 
также по совершенствованию топливного цикла.

6.3. Существуют пути улучшения показателе?*.воспроизводства 
реакторов-размножителей на окисном топливе. Эти воз - 

можности должны быть исследованы, однако ядерные дан
ные еще недостаточно точны в предсказании этих харак
теристик. В связи с этим исследуются и новые виды топ
лива, такие как карбид, нитрид и металл в сочетании
с улучшенными свойствами оболочек.

6.4. Данные материаловедческих исследований по распуханию 
сталей и результаты облучения до 2.10^ н/см2 дают ос
нование надеяться, что распухание сталей в больших 
реакторах при глубинах выгорания 10% тяжелых атомов
не создает серьезных инженерных проблем.

7. ДРУГИЕ ТИШ БЫСТРЫХ РЕАКТОРОВ

7.1. Помимо основного направления работ-реакторов с нат

риевым охлаждением, в СССР продолжаются исследова
ния возможностей применения в быстрых реакторах в 
качестве теплоносителя газов: гелия и диссоциирующе
го газа /V¿ Оц, Эти типы реакторов находятся на такой 
стадии разработка, что делает затруднительный срав
нение между собой достоинств и недостатков натриевых 
и газовых реакторов.

7.2. Значительные преимущества газовых реакторов связаны 
с весьма смелыми гипотезами, касающимися конструкции 
реакторов, технологии и режимов работы топливных эле
ментов. Предстоит еще длительная работа по обоснова
нию таких решений и возможно создание опытных рван - 
торов.



8. Progress Report on Sodium Cooled Fast Breeder Reactor Devel-
1 opment in Japan, April 1975» by K. Tomabeohi, Japan.

(I) SUMMARY

The progress of the sodium cooled fast Breeder Reactor development in Japan 

in the past 12 months can be summarized as follows.

Installation of all the components of the Experimental Fast Reactor, "JOYO",

was completed in the end of the last year and various commissioning tests of the

reactor began in January 1975. It is planned to charge sodium into the reactor in 

coming fall and the first criticality experiment is currently planned in the summer 

1976. Most of the research and development works for "JOYO" are nearing com

pletion. These include an endurance test of 3 prototype primary sodium pump for

12,000 hours. 86 core fuel subassemblies and 220 blanket subassemblies, a suf

ficient number for composing the intial core, have already been fabricated.

Concerning the Prototype Fast Breeder Reactor, "MONJU", design activity 

as well as relevant research and development works are continued. A siting pro

blem exists and it is hoped to be resolved soon. Of the research and development 

works, a significant achievement in the past 12 months can be a successful opera

tion at full power of the 50 M W  Steam Generator Test Facility. This facility was 

put into operation at full power in June 1974. No leak of water into sodium has been 

experienced with operation of the steam generator tested. The steam generator is 

being dismantled for a detailed inspection originally planned.

(II) "JOYO”

Installation of all the components and associated piping works of "JOYO" 

reactor were completed in the end of 1974 and various commissioning tests began 

in January 1975. Fabrication of the initial core fuel subassemblies has been com

pleted and 86 subassemblies are currently stored in the fabrication plant located in

the Tokai Works of the PNC. The fuel subassemblies will be transported to the 

reactor site in coming fall. Fuels for reloading the reactor are under fabrication 

in the Tokai Works. 220 radial blanket subassemblies for the initial core are al

ready in the reactor site.

According to the present schedule of the commissioning tests, sodium will 

be charged into the reactor in coming autumn and the first criticality experiment 

is expected to be made in the summer, 1976. Therefore, schedule of "JOYO" is 

almost one year delayed compared with that reported at the last annual meeting of 

the Working Group.

One of the reasons for the delay is many small troubles and reworks en

countered in construction. Of these, reworks on pipe hangers of the primary 

sodium circuit and a modification of gamma ray shield against some of the highly 

radioactive sodium components required a relatively long period of time. Another 

reason is the prolongation of the pre-critical commissioning period from previously 

planned 9 months to the present 13 months. In addition, a leak test on the contain

ment steel vessel is planned just before the first criticality experiment and the test 

will require approximately 1.5 months.

Most of the research and development activities relevant to "JOYO" construc

tion are nearing completion. Major achievement to be reported here can be the ex

perience with sodium pump operation. A prototype primary sodium pump of "JOYO” 

was successfully operated for about 12, 000 hours and it was disassembled for an

inspection. Neither significant deterioration in performance nor any mechanical 

damage were found by the inspection. The pump was reassembled and put into opera

tion again in March 1975, for further endurance test. A similar endurance test on 

a prototype secondary sodium pump is being made and the pump has been operated 

so far for about 8, 000 hours without any significant trouble.



The design work on "JOYO" Mark II coré suitable for irradiation purposes

of fuels and materials for fast reactor has been continued. At the present time,

the third conceptual design is being made and design work is approaching to the

final stage. In parallel with the design of Mark II core, a thorough analysis and

evaluation work of the present Mark I core is being made and power increase up

to 75 M W  seems quite possible without any modification of the hardwares of the

reactor. Therefore, it is seriously considered to increase the reactor power at

an early time, after a successful operation at 50 M W  which is currently licensed.

(Ill) "M ONJU"

Design of the prototype reactor "MONJU", is currently reviewed and refined. 

Some modifications of the plant layout are being considered in order to facilitate 

construction works at site. However, no significant modification was made on the 

major plant parameters. Siting problem is not yet resolved and it is hoped to be 

solved soon.

Extensive research and development works relevant to "M ONJU" are being 

carried out at the O-arai Engineering Center and laboratories of other organizations. 

Of these, a highlight of the achievements in the past 12 months can be commissioning 

of the 50 M W  Steam Generator Test Facility. As reported previously, a contract 

for constructing this facility was made with a firm in June, 1971 and field construc

tion was started at the O-arai Engineering Center in October, 1972. Construction 

works were completed in November, 1973 and commissioning tests were followed. 

Sodium was charged into the circuit in December, 1974. The rated steam condition 

from the superheater was attained in May, 1975 and a 72 hour full power operation 

was successfully conducted from 11th through 14th, June, 1974.

This test facility was designed not only to test 50 M W  steam generators, but 

also to obtain information of dynamic behavior of the coolant system of "M ON JU " by

simulating the circuits of the reactor plant. Therefore, the facility has a primary 

sodium circuit, an intermediate heat exchanger, a secondary sodium circuit, and 

a water-steam circuit. A  flow diagram of the facility is given in Fig. 1.

The design parameters of No. 1 steam generator tested at the ficility are 

given in Table 1 and a schematic drawing is given in Fig. 2. The steam generator, 

an evaporator and a superheater, is of helical coil type. Since last summer, the 

steam generator was tested at various conditions until the end the March, 1975.

Then The steam generator was dismantled for a detailed inspection originally planned. 

No. 2 steam generator will be installed in the facility in coming summer and test on 

that steam generator will be started in coming fall.

Anpther facility newly completed in the O-arai Engineering Center is the 

Steam Generator Safety Test Loop, often called by the name of SWAT-3. The pur

pose of the loop is to obtain necessary information of behavior of steam generator 

and its associated devices, at an unlikely large sodium water reaction accident.

This loop has a 1/2. 5 reduced scale model of the steam generator, both 

evaporator and superheater, for "M ONJU". However, thbes of the simulated 

evaporator and superheater are of full size. The maximum water injection rate 

is 24 Kg/sec and an amount of water up to 360 Kg can be injected into sodium in 

the steam generator model.

The loop is under commissioning test and experiment will begin very soon.

(IV) Budget and personnel

The number of technical people engaging in the Fast Breeder Reactor De- 

velopmènt Project of the PNC is approximately 440 at the present time. The budget 

for the fiscal year 1975 is approximately 1. 3 x 101® yen. This figure does not 

include the wages of the personnel of the PNC.



Table ! Design Data of the 50 MW Steam Generator

Item Evaporator Superheater

Type Helical Coil Helical Coil

Number of Unit 1 1

Thermal Power MW 40.1 9.9

Sodium Inlet Temperature °C 469 .6 505

Sodium Outlet Temperature •c 3 2 7  6 4 6 9 6

Sodium Flow Rate t/h 794.8 7 9 4  8

Water / Steam In let Temperature °C 2 4 0 36 5

Wo ter / Steam Out let Temperature •c 3 6 7 4 8 7

Water/Steam Outlet Pressure кд/с.т^д 143 1 32

Water /Steam Flow Rate t/h 79.6 79.6

Heat Transfer Area m* 186 100

Number of Tubes 7 5 6 0

Tube Outer Diameter mm 25.4 25.4

T ube Thickness ( Downcomer) mm 3.2 (4.5) 3.2

Tube Pitch ( Radial ) mm 4 0 4 0

Tube Pitch ( Axial ) mm 4 0 4 0

Tube Material 2 % C r - \  Mo Type304S S

FIG. 1.
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