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OVERVIEW OF UK PROGRAMME ON MECHANICAL PROPERTIES
OF FAST REACTOR STRUCTURAL MATERIALS

D S Wood
(Risley Nuclear Laboratories, UKAEA)

1. INTRODUCTION

The UK fast reactor research and development programme on structural
materials is centred on the UKAEA* Laboratories with a contribution from the
Design Company, NNC. Alongside this programme, the CEGB as potential
operators are carrying out additional work to develop their understanding of
the behaviour of the materials of usage. This document provides an overview
of the UKAEA, NNC and CEGB programmes. The work is aimed at providing data
for design and design assessment assuming both flawed and non-flawed struc-
tures; alongside the data compilation, complementary work is being performed
aimed at the development of the understanding of damage mechanisms backed up
by microstructural examinations so that extrapolation of the data to the 30
year life of the plant can be soundly based.

Baseline information is being obtained on material in the 'as received'
condition but emphasis is also being given to service conditions which may
influence the behaviour such as thermal ageing, irradiation and sodium
environments. The material of interest for the primary circuit of the
Commercial Demonstration Fast Reactor (CDFR) is Type 316 austenitic steel.
In the case of the steam generators 9%Crl%Mo steel in both thin and thick
section is of most interest; other ferritic steels which might be used
include 2|%Crl%Mo steel, and in the longer term the high strength 9%Cr steels.
The situation regarding information and future work intentions on these steels
for UK fast reactor applications is given below.

2. TYPE 316 STEEL ANS WELD METAL (AIR PROPERTIES)

(a) Specifications

Although the steels in the programme meet the general specifications
for Type 316 steel such as ISO 2604/TS63 a more restricted development spec-
ification aimed at producing less cast to cast scatter with above average
properties has recently been agreed. The compositional limits placed on the
major elements in this specification are: wt(%) C 0.03/0.06, Si 0.20/0.60,
Mn 1.6/2.0, Ni 11.0/12.5, Cr 16.5/18.0, Mo 2.0/2.75, S 0.015 max, P 0.030 max,
B 0.002/0.005, N 0.040/0.070 with limits placed on various trace elements.
Two casts of steel have been produced against this specification; the
properties so far evaluated are consistent with our expectations.

The weld metal which is expected to be used with Type 316 steel is of
17Cr-8Ni-2Mo composition to BS2926 but with an additional restriction on the
delta ferrite to 3-8 vol.% The compositional limits of the major elements

See Appendix for l i s t of abbreviations used to describe the various
organisations and laboratories associated with this programme.
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are: wt(%) C 0.06/0.10, Si 0.80 max, Mn 0.5/2.5, Cr 16.5/18.5, Ni 8.0/9.5,
Mo 1.5/2.5, S 0.030 max, P 0.030 max. Further studies may lead to a
tightened specification as with the wrought material specification.

(b) Low Temperature Deformation

Although deformation limits are included in ASME Code Case N47 for
temperatures > 427 C there are no strain limits given in ASME III for
temperatures < 427 C. Various programmes of work in the UK including
materials tests at BNL and RNL have shown that at these lower temperatures
cold creep can occur and under existing design rules the deformation strains
may be unacceptably high. The work at BNL and RNL has shown that at 400°C
strain hardening is extensive and likely to result in little or no ratchet
strain under cyclic situations; at room temperature (RT) however, little
cyclic hardening occurs and under repeated loading significant ratchet
strains have been observed (Fig 1). Work at BNL and RNL is continuing with
load cycling tests over the temperature range RT-500°C. These tests are
intended to provide design guidance relating to the stress stability limit
and the cumulative strain at stability. Information from these tests
should also improve our phenomenological understanding of deformation
behaviour and allow an improvement in constitutive equations.

(c) Fracture Toughness

Fracture toughness tests on both parent metal and weld metal are being
performed at RNL for low temperature applications (< 400°C) and for high
temperature applications (500/600°C). Depending upon the treatment used,
residual stresses can have a marked effect upon the calculated acceptable
flaw size but present indications suggest that in practice, residual stresses
may not be very important. Thus, although tests have been performed on
materials in the stress relieved condition and on weld metal after solution
treatment, emphasis is now placed on obtaining baseline data on solution
treated wrought material and on as-welded weld metal. Data on wrought mat-
erial at 370°C shows it to have a J initiation value of about lOOKJnr2 (Fig
2); similar data on weld metal shows it to have rather lower values. The
effect of long term thermal ageing is also being studied. Tests completed
show that ageing for up to 30,000h at 625 C has little effect on the fracture
toughness of weld metal at 550OC, but that the toughness of wrought material
falls to a similar value to that of the weld metal following this treatment.
It is planned to study the effect of thermal ageing for times > 40,000h at
temperatures of 550° and 600°C on the fracture toughness properties. Emphasis
will also be placed on the weld metal properties following long term thermal
exposure at 400 and 450°C to investigate the possibility of "fèrrite
embrittlement" which is known to occur at around these temperatures. Other
subsidiary programmes at RNL include the provision of resistance (R) curve
information, a study of the effect of residual stress on fracture toughness,
and high strain rate fracture toughness testing.

CERL are studying the effect of heat treatment on the fracture tough-
ness of weld metal. It has been found that the initiation fracture toughness
Jic was lowered by ̂ 40% by heat treatment at 800°C although the crack growth
.resistance curve was little affected. Charpy tests also showed a reduction
in impact energy after the 800OC treatment; the magnitude of the change was
not always the same as that in the Jic value. Limited investigations relating
to thermal ageing effects on weld metal properties is also being studied at
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CERL following treatments in the range 400-625°C; preliminary work involving
Charpy impact tests after ageing at 450°C or 625°C showed a small amount of
embrittlement.

(d) Thermal Stability

CERL, RNL, BNL and MEL are working in this area. Tests are being
performed on wrought material and weld metal thermally aged in the labora-
tory and also on material taken from plant (eg Drakelow Power Station) after
extensive service at elevated temperature.

In relation to the wrought material CERL have examined the precipita-
tion behaviour of a number of different casts exposed in the temperature
range 550-815°C. Examinations have shown that the major precipitation phases
are M23C6 carbide and n or a intermetallic phases and that these precipitate
in sequence. The amounts, distributions and rates of formation of the three
major precipitation phases depend on the chemical composition, state of
strain and temperature of exposure. For example matrix precipitation during
fatigue is rnuch more extensive than during stress free ageing at the same
temperature. The state of the precipitate can influence the creep resistance
and fatigue resistance of the material. The overall objective is to create
an improved understanding of the relationships between microstructural dev-
elopment and mechanical properties under service conditions with a view to
improved life prediction.

In the case of weld metal, CERL have found that an 800°C treatment
substantially reduces the proof strength whilst a 1050°C treatment gives
tensile properties similar to those of wrought material. The effect of
these treatments on the stress rupture properties is being evaluated. Work
of this nature is also being performed at MEL who are also paying particular
attention to factors influencing the creep ductility.

CERL have found that the elestic modulus of the weld metal is highly
orientation dependent and that a treatment of 4-8h at 1050°C is necessary
to randomise the texture (Fig 3). The effect of orientation and heat treat-
ment on various mechanical properties such as toughness and creep crack
growth is being studied.

At RNL thermal ageing of parent metal, weld metal and welded joints is
proceeding over a wide range of times and temperatures; maximum times exceed
40,000h and temperatures are generally in the range 400-625°C. Subsequently
tensile, fracture toughness, creep/fatigue, strain controlled fatigue, creep
crack growth or creep/fatigue crack growth tests are performed. It has been
found that the effect of ageing depends on composition and the ageing con-
ditions. Ageing for times of up to 20,000h have shown little effect on the
tensile properties although a similar treatment has been found to be detri-
mental to the high cycle fatigue properties. In relation to creep/fatigue
short term ageing has been found to be beneficial; this work is to be extended
to longer term ageing conditions at a later date. In addition to mechanical
tests microstructural examinations are being performed at RNL and AERE in an
attempt to link the mechanical behaviour with the microstructure. Much of
this work is ongoing and it will be some time before a comprehensive under-
standing is possible of thermal ageing effects on the various mechanical
properties.
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(e) Stress Rupture

The majority of the stress rupture tests on parent metal and weld metal
are being performed at ERA, CERL and RNL. The tests at CERL are mainly con-
cerned with heat treatment and tnicrostructural correlations. Tests at RNL
are intended to provide basic data for use in creep/fatigue evaluations since
strong links have been established between the creep/fatigue endurance and
the stress rupture ductility; tests are also being mounted for comparison
with similar tests performed either in sodium or after irradiation.

Extensive long term stress rupture tests are being performed by ERA
under the sponsorship of CEGB, NNC, UKAEA and others. Typical 100,000h
data already obtained on Type 316 steel are shown in Fig 4. Data on Type
316 steel now extends to 150,000h. Tests to 100,000h are also in progress
on four different weld metals; test durations to date are about 20,000h.
Long term data of this nature are extremely valuable in reliably establish-
ing allowable stress levels.

(f) Creep/Fatigue

An extensive programme of tests is in progress at RNL and SNL aimed at
producing data for design purposes together with developing an understanding
of the damage mechanisms involved so that extrapolations can be soundly
based. It has been shown by SNL and BNL that the creep/fatigue damage mech-
anism may be dependent on the test conditions and that at low strain ranges
relevant to design the mechanism may differ from that relating to most of the
published results. Available UK test data from RNL, SNL and BNL are shown in
Fig 5; this figure indicates that most of the tests have been performed at
strain ranges around 1% or more. Under these conditions it has been estab-
lished that the damage mechanism is generally one of creep accelerated
fatigue crack growth. Long term tests now in progress at RNL and SNL are at
strain ranges of 0.35 and 0.60%; these test conditions are likely to result
in essentially a creep cavity crack growth failure mechanism which is
believed to be relevant to the service situations.

A considerable understanding has developed in the UK over the last few
years on creep/fatigue damage mechanisms. Theoretical modelling at SNL and
BNL based on ductility and experimental data are indicating that low stress
rupture ductility Type 316 steel has a significantly lower creep/fatigue
endurance than high ductility material. This understanding has formed the
basis of creep/fatigue design rules which are under development as an
alternative to the empirical Code Case N47 approach.

At BNL future investigations will be concerned with the development of
creep damage in well characterised brittle and ductile materials, the growth'
of damage from defects and multi-axial studies involving thermal shock
involving tension/torsion loading. In addition the influence of compressive
hold periods on the growth of defects and cyclic endurance is being
investigated.

The isothermal fatigue and creep/fatigue data which are applied to
thermal shock situations in the plant are being backed up by thermal shock
experiments. This type of work if being performed at SNL, AERE, CERL and
NNC. Results obtained to date from tests at SNL, AERE and CERL are in good
agreement with isothermal data. The equipment at NNC which has recently
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been installed involves salt baths which can accommodate large numbers of
specimens; it is expected that extensive data will be generated by this
facility.

(g) Creep/Fatigue Crack Growth
l.oad controlled tests have been performed at RNL at temperatures of

550°C and 625°C. This work has shown that under trapezoidal type loading
with hold times of up to 28h/cycle the crack growth rate can eventually
accelerate to a value significantly higher than that observed under con-
tinuous cycling conditions. Furthermore, if a specimen is pre-aged,
accelerated crack growth may occur right from the start of the test under
trapezoidal loading conditions. This phenomenon is believed to be due to
the development of precipitates on the grain boundaries weakening them and
under slow strain rate conditions eventually permitting an easy and rapid
grain boundary crack growth path. This work is continuing in order to
establish the important parameters and in particular to study the influence
of specimen size on the creep/fatigue crack growth behaviour.

(h) Creep r.rack Growth

At RNL the majority of the creep crack growth tests have been per-
formed on double edge notched specimens but recently tests have been concen-
trated on compact tension specimens. Various casts of Type 316 steel have
been tested and in general notch strengthening was observed; under certain
conditions one low ductility cast showed notch weakening. Notch strengthen-
ing was maintained following a heat treatment around 800°C and in relation
to geometry increased notch strengthening was generally observed with
increasing constraint. Crack propagation rates were measured during the
tests; in general the rates were unaffected by the heat treatment conditions
employed and were decreased under conditions of increasing constraint.
Present intentions are to increase the creep crack growth data base and to
evaluate the best correlating parameter (apparent linear elastic stress
intensity, net section stress or a non-linear fracture parameter (C*) ). In
some of the tests a rapid transition from slow to fast crack growth rate has
been observed; this phenomenon will -be further investigated.

(i) High Cycle Fatigue

At RNL strain controlled fatigue tests have been performed at tempera-
tures in the range 500-593°C to provide design data for thermal striping
situations. A baseline curve to 108 cycles has been produced on solution
treated material from tests performed generally at a cyclic frequency of
IHz. The effect of a number of potential variables has also been studied.
These include cold work effects, thermal ageing, weld metal properties,
thermally aged weld metal and surface finish. It was found that over the
conditions examined temperature had little effect on the endurance and cold
work was beneficial to the endurance. Prolonged prior thermal ageing was
however detrimental. Furthermore at low strain ranges the weld metal was
found to have a lower endurance than the wrought material, and thermal
ageing reduced it further. Surface finish was found to be very important to
the high cycle fatigue endurance and a good finish is essential if the
properties are to be maintained.

At BNL theoretical calculations and load controlled tests at RT have
confirmed that specimens containing short, sharp defects can significantly
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lower the high cycle fatigue limit derived from laboratory polished speci-
mens. Surface defects of ^ lOOOym can reduce the high cycle fatigue limit
by a factor of two (Fig 6). Work in this area at BNL is being extended to
study aged steels and weldments.

3. IRRADIATION EFFECTS (TYPE 316 STEEL AND WELD METAL)

(a) Fracture Toughness

RNL are partway through an irradiation programme in which fracture
toughness specimens are irradiated either in test reactors at AERE or in
the Prototype Fast Reactor (PFR) to dose levels of between 0.2 and 7.0dpa.
Most irradiation temperatures are around 400°C, but some specimens are
being irradiated at about 550°C. Post irradiation tests are being per-
formed in a shielded facility at WNL. The results to date indicate that
in relation to temperatures of about 370°C, although the fracture toughness
of the weld metal is reduced by irradiation, the reduction is not signif-
icant for dose levels < 2dpa; the superior toughness of wrought plate is
maintained in the irradiated condition. Tests at _> 550°C are planned in
the future; because of the known effects of helium embrittlement in slow
strain rate situations some of the tests will be loaded for an extended
period of time prior to fracture testing.

A facility has been commissioned at BNL for evaluating the fracture
toughness of steel after irradiation; at a later date it is hoped to use
this facility to evaluate the influence of low dose thermal irradiation
on the toughness of Type 316 steel.

(b) Cyclic Crack Growth

Load controlled fatigue crack growth tests have been performed at
370 C on wrought material and wald metal following irradiation at about
the same temperature to dose levels of up to 3dpa. This work has shown that
under the conditions examination, irradiation was not detrimental to the
crack growth rate. A further programme has recently commenced involving
irradiations at AERE and testing at WNL at a temperature of about 550 C.
Preliminary results indicate little effect of irradiation under rapid
cycling conditions; slow cycling tests are planned however and from slow
strain rate/helium effects noted in the published literature from other
types of test a significant effect of irradiation is anticipated.

(c) Stress Rupture

BNL investigations in collaboration with ECN Petten have demonstrated
that low dose thermal irradiation significantly reduces the creep rupture
properties of Type 316 steel. The extent of degradation at 625OC in rup-
ture time and rupture ductility (Fig 7) can be correlated with the cal-
culated helium level generated by irradiation. Grain boundary boron/helium
and grain size are particularly important in this respect. Although models
based on wedge cracks and growth of unstable bubbles can predict the extent
of embrittlement no helium bubbles have been detected in these irradiated
steels. Future BNL/ECN Petten work in this area will be concerned with
weldments supplied by RNL.

It has previously been indicated that the creep/fatigue endurance can
be linked to the stress rupture ductility. The irradiated creep/fatigue
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behaviour is a major design consideration, and one way of providing useful
information in this context is by establishing the long term stress rupture
behaviour of irradiated steel. RNL are currently exploring how such tests
can most readily be organised.

(d) Creep/Fatigue

RNL are currently irradiating a limited number of fatigue specimens
in PFR to a few dpa at ~ 550°C. Post-irradiation tests will be limited to
a few low cycle fatigue tests, some high cycle fatigue tests and a few
short term creep/fatigue tests. It is accepted that it is important from
a design viewpoint to evaluate the long term creep/fatigue behaviour and
consideration is being given as to how increased capacity for such tests
can best be accommodated.

4. FERRITIC STEELS (AIR PROPERTIES)

(a) 2£%Crl%Mo Steel

Interest in this steel is in the normalised and tempered (N+T) con-
dition for thin sections and in the quenched and tempered (Q+T) condition
for thick sections.

RNL are performing a comprehensive series of tests on two casts of
N+T material and two casts of Q+T material; work is also proceeding on
manual metal arc (MMA) weld metal and on submerged arc weld metal. Partic-
ular attention is being given to the effects of post weld heat treatment
(PWHT) ind thermal ageing on the various mechanical properties.

In relation to the tensile properties RNL have shown that PWHT effects
can vary significantly from cast to cast, the most important influence being
to reduce the proof strength. A thermal ageing treatment of up to 10,000h
at 525°C was also found to reduce the proof strength, although the values
obtained on the particular casts investigated were all in excess of the
minimum values quoted by ISO for N+T material. The influence of longer
thermal ageing times is being studied. Tensile tests performed on MMA weld
metal samples after PWHT have given strength values similar to those for
Q+T material.

In relation to stress rupture properties, tests to 20,000h at RNL
have shown that a simulated PWHT of 5h at 730°C has given rupture strengths
consistent with ISO published values but within the lower half of the scatter
band. Long term stress rupture tests are in progress at ERA on N+T material
with data currently extending beyond 80,000h; these data will be included in
a planned reassessment of the 250,000h extrapolated values.

At RNL fatigue and creep/fatigue tests have been performed on N+T and
Q+T material at temperatures of 475 and 525°C; fatigue tests have also been
•completed on MMA weld metal at 525°C. Information from these tests used in
conjunction with other data on N+T/Q+T steel has been used to develop soundly
based fatigue curves at various temperatures. Creep/fatigue tests are con-
tinuing on wrought material.

Workers at AERE have been examining the influence of heat treatment on
the microstructure and properties of 2J%Crl%Mo steel and in particular the
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effects of segregation on stress relief cracking. This work has shown that
at lower temperatures low ductility intergranular cracking is possible as a
result of segregation of P and Sb to the grain boundaries and S to the crack
tip region. At high temperature classic ductile intergranular stress relief
cracking is possible from the influence of grain boundary voids resulting
from desegregation of MnS particles.

(b) Thin Section 9%Crl%Mo Steel

This steel has been used extensively for tubing in UK power plant and
in the N+T condition is the preferred steam generator tubing material for
CDFR. Considerable work has been performed in the UK which demonstrates
that this steel is very tolerant to variations in heat treatment and cold
work, and maintains a high stress rupture ductility under virtually all
anticipated heat treatment and service conditions.

A programme of creep and creep rupture testing at CERL which has
included material in various extreme metallurgical conditions has shown that
under the conditions examined the ductility generally remains high (Fig 8 ) ;
some additional tests are planned to characterise the unusual behaviour
observed with the untempered coarse grained material. Note that the metal-
lurgical condition relating to this low ductility is not expected to arise
in the plant. CERL have also examined the microstructure of creep tested
material and shown that precipitation occurs during testing which in some
cases can result in an over-aged structure; it has been possible to correl-
ate the microstructural changes with the observed creep behaviour. 100,000h
stress rupture tests are in progress at ERA; some tests on 9%Crl%Mo steel
with Si 0.5% max have already reached 100,000h duration whilst tests on a
higher Si variety (0.5/0.8%) more relevant to nuclear tubing applications
have reached 25,000h duration. In virtually all cases high ductility values
have been obtained.

Creep/fatigue tests performed at RNL show that hold times in tension
have little effect on the fatigue endurance (Fig 9). This is believed to
be due to the fact that this material generally does not cavitate and there-
fore is not susceptible to the type of creep/fatigue interaction noted in a
number of other steels. Since the stress rupture ductility is maintained at
long times it is believed that the long term creep/fatigue endurance will
also remain high. Long term creep/fatigue tests are planned to confirm this
view.

Preliminary load controlled cyclic crack growth tests have shown that
under continuous cycling this steel gives growth rates similar to published
values for 2£%Cr steel suggesting that in the absence of creep the growth
rate is little influenced by chemical composition or microstructure. Creep/
fatigue crack growth tests are planned which should yield very useful
indirect information relating to the smooth specimen creep/fatigue endurance.

The effect of thermal ageing on the tensile properties, creep/fatigue
endurance and cyclic crack growth behaviour is being studied at RNL; signif-
icant results are expected within the next two years. The effect of thermal
ageing on the tensile and impact properties and microstructure has already
been studied to some extent at AERE and CERL. AERE have found a marked
degradation in impact properties of Q+T steel after ageing at 500 and 550 C
characterised by an increase in the ductile/brittle transition temperature,
a decrease in the upper shelf fracture energy and promotion of intergranular
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fracture in both the upper and lower shelf energy regimes (Fig 10). The
embrittlement was consistent with both microstructural changes and grain
boundary solute segregation occurring during the ageing treatment. This
type of work is continuing at AERE, CERL and RNL.

(c) Thick Section 9%Cr Steel

Because of the excellent properties observed with thin section 9%Crl%Mo
steel consideration is being given to its use in thicker sections such as
tube plates. The properties of the thick material will be influenced by the
cooling rate, and preliminary investigations have been performed at the
British Steel Corporation, CERL and RNL to evaluate some of the more basic
properties of the steel heat treated to simulate thick section material.
Cooling rates down to 50°C/h simulating the cooling rate expected in 1000mm
diameter bar have been investigated, the microstructure, hardness, tensile
and fatigue properties so far evaluated have been found to be similar to
those expected from thin section material (see for example Fig 11); further
more detailed information will be given in a separate paper.

As a result of the excellent preliminary findings a development pro-
gramme has been formulated which relates to the procurement of two large
forgings, one of which will be produced to a secondary remelt route. This
programme will involve extensive NDT and welding trials in addition to
mechanical properties evaluations. The first step will involve heat treat-
ment optimisation trials; these will be followed by an extensive programme
of tensile, fracture toughness, impact, creep, stress rupture, stress
relaxation, fatigue, creep/fatigue and cyclic crack growth tests and micro-
scopic investigations; prior thermal ageing will also feature extensively in
the programme. Key areas are likely to relate to the creep/fatigue prop-
erties and thermal ageing effects on the fracture toughness properties.
Welding trials will proceed in parallel with this work to be followed by a
variety of tests associated with the welds. It is expected that NNC will
organise the material procurement and testing and that most of the more
complex mechanical tests will be performed at RNL. This programme is likely
to take several years to complete.

(d) High Strength 9%Cr Steels

Although high strength 9%Cr steels are not at present being specified
for any fast reactor components, the potential of these steels is clearly
recognised and limited work for evaluation purposes is in progress. Com-
positions under consideration include 9Cr2Mo steel, 9Cr2MoVNb steel and
9CrlMoVNb steel.

At CERL stress rupture tests are being performed on the 9Cr2Mo and
9Cr2MoVNb steels. REsults to date indicate that the 9Cr2Mo steel gives a
consistently high ductility but that the ductility of the 9Cr2MoVNb steel
falls off at longer times. The effect of thermal ageing on the impact prop-
erties is also being studied. Consideration is being given to including the
9CrlMoVNb steel in this work.

At BNL arrangements were made two years ago, in conjunction with
Caibustion Engineering and Oak Ridge National Laboratory, to install 9CrlMoVNb
as tubing in the superheater of a CEGB power station; a satisfactory perform-
ance has so far been achieved. On the basis of data supplied by the US this
steel is expected to have a better thermal shock resistance than Type 316
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steel. Preliminary results from thermal shock tests by NNC confirm the
good shock resistance of this steel; this work is to be extended to include
a study of welds.

A number of casts of the three steels mentioned have been included in
the ERA stress rupture testing programme. The purpose of these tests is to
gain more laboratory experience with these steels and to confirm that the
properties are consistent with published values.

5. SODIUM PROPERTIES (TYPE 316 STEEL AND FERRITIC STEELS)

At RNL several two point loops have been operational for a number of
years which have been used to perform fatigue and stress rupture tests in
dynamic sodium. A programme of fatigue and creep/fatigue tests has been
completed on Type 316 steel and no further tests of this nature are contem-
plated in the. immediate future. Two new four point loops have recently
been commissioned and utilised for stress rupture testing, allowing the two
point loops to revert to their originally intended use of corrosion testing.
The intention with the eight new dynamic test stations is to provide 20,000h
stress rupture data points on Type 316 steel and 9%Cr1%Mo steel for design
purposes. Six static sodium stress rupture machines are also available, two
of which are currently being employed for creep crack growth t^cts.

As an interim measure RNL contracted 5/10,000h stress rupture tests on
9%Crl?4Mo steel in sodium to be performed in an eight point loop at BP. These
tests have been completed and the results will be presented in a separate
paper.

CERL are performing stress rupture tests in dynamic sodium in an eight
point loop located at MEL; the loop also has a corrosion pot for unstressed
specimen comparisons. The stress rupture tests are also being backed up by
comparative in-air tests at CERL where contaminated sodium work is also being
performed. The eight point loop at MEL has generally functioned satisfac-
torily over the last year. Short term tests completed on Type 316 steel and
N+T 9%Crl%Mo steel showed good agreement with in-air behaviour; a micro-
structural examination of these specimens is now under way. The current pro-
gramme involves tests on 9%Crl%Mo steel, Type 316 steel and associated welds
and transition welds in metallurgical states considered to be most likely to
lead to sodium effects on creep rupture ductilities. The impure sodium
facility at CERL has been used to study the influence of sodium/sodium
hydroxide mixtures on intergranular cracking under stress of Type 316 steel
and 2J%Cr steel; it is planned to test 9%Crl%Mo steel and welds in the future.

6. CONCLUSIONS

The UK programme which has been outlined in this document has been
devised to endorse the use of Type 316 steel and its associated weld metal
in the primary circuit of a fast reactor. In relation to ferritic steels
for the steam generator, most emphasis is being placed on 9%Crl%Mo steel
(thin and thick section), with attention also being given to 2|%Crl%Mo steel
and a number of high strength 9%Cr steels.
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APPENDIX

LIST OF UK PARTICIPATING ORGANISATIONS AND LABORATORIES

United Kingdom Atomic Energy Authority

Risley Nuclear Laboratories

Springfields Nuclear Laboratories

Atomic Energy Research Establishment, Harwell

Windscale Nuclear Laboratories

Central Electricity Generating Board

Berkeley Nuclear Laboratories

Central Electricity Research Laboratories

Marchwood Engineering Laboratories

ERA Technology Ltd, Leatherhead

Babcock Power Ltd

National Nuclear Corporation, Risley

UKAE/

(a)

(b)

(c)

(d)

CEGB

(a)

(b)

(c)

\

RNL

SNL

AERE

WNL

BNL

CERL

MEL

Others

(a)

(b)

(c)

ERA

BP

NNC
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