
- 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.
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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.

5̂ Тгв8впЛзТаТёГоП)вУвТЗртёп̂ ??Т!г!Гра8Г̂ Вг!5вЗ!вгТ>гоЗвсТ"в
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.


