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Developing flexible reactor coolant testing
facilities to support future reactors
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hrough a partnership with the University of Bristol,
UKNNL is working to test and develop materials
and chemistry improvements for both the current
and next generation of nuclear reactors. This innovative
work means that as new reactor technologies move
into detailed design phases, the conditions experienced
by materials used in coolant circuits can be optimised,
maximising the lifespan of each plant.

The research also has As the nation embarks on a mission ~ These emerging technologies require
implications internationally as to develop clean, reliable sources of  extensive research and development.
nuclear power continues to domestic energy, reactor technology  In response, UKNNL has created an
be a cornerstone of the global will continue to evolve to meet the advanced testing facility for reactor

response to the push for net zero. expected increased demand for both

coolant systems, repurposing existing
power and heat.

infrastructure through a partnership
with the University of Bristol.
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The importance of treqt;Jiriln? macgefrial pﬁﬁ?rmar;cte t diffi(lzult in ?utchl an enviroporlpent vyhgtre
. 0 be inferred from historical tes nuclear safety is an overriding priority.
u_nde_rStandmg coolant reactor programmes which operated  The ability to carry out initial testing
circuits under different conditions or shorter  of unproven technologies in a lower
o timeframes than required for a risk environment which replicates
Coolant circuits remove heat from nuclear power plant. Designing a important reactor parameters is a
t.he.reactor core, where nuclear modern plant often requires key enabler for successful technology
fission occurs, and transfer the heat additional data and simulation to transfer.
as stegm to ggnerators tq crgate predict and validate performance
electricity. Typically, two circuits are under actual plant conditions. By building a testing facility now,
used in series to ensure radioactive UKNNL is supporting future reactor
materials are safely contained. Additionally, the nuclear sector deployment. It also enables its
) ) , has a mission to learn from other scientists to research technology
There is a profgsmn .Of different . high integrity and highly regulated that will appeal to an international
technologies, including many primary industries to adopt innovative community, while developing
coolant types. In some cases, technologies to reduce costs and necessary skills here in the UK.

operating experience is limited, often timescales. This is notoriously

NuClear Science in depth:
Advanced coolant chemistries for today and tomorrow

The effect of dissolved zinc in Where zinc is present in the Samples of steam generator
primary coolant water on circuit coolant (also at very low levels), tubes specific to power stations,
surfaces has been recognised this is taken up into the alloy sampled from the fabrication

and exploited for several decades, oxides and modifies their structure  process prior to installation, were
although the mechanisms are not to become denser, more adherent exposed to quantify the differences
fully understood. and more protective. In turn, this in uptake and oxide characteristics
reduces the corrosion product arising from subtle differences in

. ) release rate, effectively ‘turning the fabrication route, but which
alloys, which — aside from the off’ the main reaction driving this could prove important in long-term

fuel clad — constitute most of source term. operational performance.
the coolant-facing surface area

of a pressurised water reactor This effect was originally identified The effect of zinc on advanced
(PWR) or boiling water reactor unexpectedly, owing to inadvertent  materials has also been studied
(BWR), tend to oxidise very presence of zinc in the primary by the Reactor Chemistry and
slowly in high-temperature water. circuit, and was developed as Corrosion team as part of the
However, even at very low rates, a mitigation for both corrosion first zinc exposures of a reduced
corrosion products released at product release and stress activation ferritic martensitic steel
part-per-billion (ppb) levels can corrosion cracking, which can developed for fusion applications,
interact with the reactor core initiate in some alloys in areas of with similar testing underway of
and lead to increased production high stress. refractory high-entropy alloys.

of radioactivity which increases _ . .
waste and dose to the workforce. To realise the full benefits of The work showed that this

zinc chemistry, research work advanced steel alloy interacted
In extreme cases, this interaction undertaken with the UKNNL’s with zinc in a similar way to more
can lead to build up of thick crud Bristol facility has examined the conventional materials, paving
which can affect fuel integrity and interactions of zinc at tens of the way for this chemistry to be
core neutronics, causing nuclear ppb concentrations on very applied in PWR-like fusion water
safety issues which would result specific materials. coolant circuits of the future.
in reactor output being reduced.

Steels and nickel-based structural
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“ Our partnership with UKNNL on reactor chemistry
and corrosion has been a great multiplier of research
success. The University of Bristol and UKNNL (as well as
EDF) have together developed a capability in chemistry
testing for water-cooled reactors (PWR and SMR) and
Securing the effective advanced reactors using novel coolants.

operation of the UK’s
gigawatt nuclear plants

Through small pilot research programmes, we have
built the testing and characterisation capability into a

Globally, water is the most widely nationally important capability, with a number of PhD
used nuclear reactor coolant, students and postdoctoral researchers funded on this
including the gigawatt-scale PWR topic, publications in respected materials and corrosion
in operation at the Sizewell B power journals and presentations at international conferences.
plant, and the UK’s most progressed

new build project, Hinkley Point C. 7

Our work together has enabled collaborations with
international partners, and the outputs of our research
work have direct impact into EDF’s research and

Water cooling will also be the basis
for near-term small modular reactors

in the UK.

development programme for current and future reactors,
Teams from the University of Bristol informing their safety cases for lifetime extension and
are using UKNNLS facilities to new reactor construction, as well as supporting the
research the implications of water- development of coolant circuits for fusion reactors.
cooled nuclear reactors. Hinkley Point
C is expected to operate for the next “ Our close collaboration with the UKNNL Reactor

60 years, so researchers from the

University of Bristol are using the Chemistry and Corrosion team allows us to be agile to

UKNNL testing facility to understand developments in the field, and develop new capability
the fundamental aspects of very quickly to establish our track record to meet the

L]
slow corrosion processes. They are challenges of future nuclear energy.

using samples from the components
that comprise plant in new power
stations. These are exposed to
high-temperature, high-pressure
water in test loops formed of thick-
wall pressure vessels integrated with
temperature, chemistry and pressure
control and measurement devices,
to allow a range of conditions to

be applied and maintained over
weeks and months while coolant

Professor Tomas Martin
University of Bristol

The interactions with the reactor core  developed by industry to optimise

is recirculated. Although extensive with pgrt—per—billion (ppb) levels of their‘ eﬁgotiveness and to support
development has been undertaken corrosion produpts .tha.t are gradually appllcatlpn to new classes
internationally to understand the rleleased from circuit pipes is at of material.
performance of structural materials, first glance a subtie phenomenon. As well as experimental investigations
the new designs will operate for prever, due to the pxtremely . ther k b th 9 | ’
longer and are expected to perform high mass transportin a PW.R’ this anod ﬁ-r eyf?reel\ CIjS Ny Ir;ur;]werlc.at
to & rande of new requlator effect can dominate production modaelling of fuel aeposit chemistry

9 9 Y of operational radiological wastes of this effect at microscopic scales.
standards. and worker doses for commercial Enabling a link between experimental

power plants. Mitigations are being studies and simulation is a priority of
the programme.
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Coolant testing facilities
enable the next
generation of reactor
technology

UKNNL is working in partnership
with the Japan Atomic Energy
Agency on the design of a

HTGR, which uses helium gas

as a coolant. Commissioning a
HTGR demonstrator will require
underpinning research to understand
how high-temperature helium will
interact with reactor components.

UKNNL has commissioned a helium
loop testing facility at full commercial
HTGR temperatures and pressures
to support the research needed

to understand the processes
involved. The facility was built by
reusing components from the
former Berkeley Technology Centre,
close to Bristol, UK. Equipment

was originally used in rigs which
underpinned lifetime extension of
the Magnox nuclear power station
at Wylfa, on Anglesey, UK. Wylfa

is widely considered the forerunner
of a generation of advanced gas-
cooled reactors which have formed
the backbone of the UK’s nuclear
generation for decades.

In collaboration with the University of
Bristol and EDF Energy, the UKNNL
team have completed technology-
neutral tests with reference materials
representing different reactor
components. The results enable
understanding of how impurities

in the coolant could interact at the
microscopic scale and change
material properties over many years
or decades.

Other organisations are accelerating
advanced reactor designs based on
a variety of coolants - including lead

NuClear Science in depth:
Enabling innovation in component development

A major barrier to the deployment
of innovative technologies in the
nuclear sector is the difficulty in
testing early-stage components in
the highly unusual and sometimes
adverse conditions of a reactor
core and primary circuit. This is
particularly true for fluids which
have very specialised handling
considerations such as helium,
molten lead and molten salts.

By providing apparatus where
early-stage components can be

tested before they are ready for
on-plant deployment, we can
significantly reduce development
time and lower technical risks.
Examples of this have included the
demonstration of high-temperature
ultrasound transducers in molten
lead, which allowed the first
three-dimensional imaging in this
coolant. Seal material testing is
another significant consideration
for high-temperature systems

and has been addressed through

and salt. It is necessary to evaluate
how the differences between coolant
options translate into corrosion and
coolant chemistry when circulated

at high temperatures and pressures
around and through the fuel
assemblies.

Molten salt reactors are also in
development around the world and
require coolant testing facilities to
increase their readiness to market.
Each technology has different
requirements but can benefit from
expertise in high-temperature
testing and characterisation. As the
UK’s national laboratory, UKNNL is
developing a range of facilities to test
the chemistry and corrosion of these
mixtures, using highly specialised
apparatus. This ensures the UK

has fully up-to-date knowledge

and capabilities for the range of
technologies that could contribute to
a clean energy future.

developing assemblies where
material performance can

be established under a high
differential pressure, as well

as representative temperature
conditions. A wireless digital
implementation is currently
underway with the aim to
underpin eventual use of resilient
communication protocols for plant
sensing and control.
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Impact - learning from
the past to underpin the
future

Work at the testing facility builds on
decades of experience gained by

operators across the nuclear industry.

It will provide the information to
predict plant operational lifetimes or
support plant life extension.

Our partnership with the University of
Bristol not only supports world-class
science but also provides a valuable
skills pipeline. This leverages other
tasks within the Reactor Chemistry
and Corrosion theme, including

an “excellence in reactor chemistry”
initiative which has included
compilation of multimedia training
resources from lifetime experts
particularly in light water reactor
primary chemistry and steam/water
secondary circuits. This complements
the experience available from running
exposure tests at the coolant facility.

The University of Bristol offers one of
the UK’s few postgraduate master’s
courses on nuclear science and
engineering. It has an enviable record
of student entry into the nuclear
industry, including PhDs. In fact,
UKNNL has recruited some of the
students who used the testing facility

in their studies.

The testing facility is a valuable
resource for both UKNNL and
researchers from universities across
the UK. It provides a rapid response
to emerging research challenges
and facilitates knowledge transfer
to a new generation of scientists.
UKNNL’s testing facility provides
easy access for researchers and
has typically hosted the research
work of up to four PhD and post-
doctoral researchers concurrently.
Partnerships both now and in the
future will enable innovations that
will further strengthen the sector and
attract new talent.

Developing advanced
testing regimes to
support innovation

Coolant systems are also required
for fusion reactors, with high-
temperature water being one of
the frontrunner coolants, where the
fusion industry will benefit from the
decades of operational experience
gained from water-cooled fission
reactors.

UKNNL is working alongside the UK
Atomic Energy Authority (UKAEA),
responsible for developing the
UK’s fusion technology. Fusion
programmes are using a range of
complementary water testing loops
under national and international
programmes (e.g. EUROfusion) to
develop a suitable water chemistry
to build confidence in the durability
and performance of the facing
structural alloys.

UKNNL built a bespoke module to
enable testing, applying very high
magnetic fields to simulate the

plasma confinement systems in a
tokamak. It has provided the first
data on high magnetic field influence
on advanced reduced activation steel
in a representative cooling circuit
environment.

UKNNL has also worked on various
test methodologies for accelerating
material development, such as

the use of in situ miniaturised
stress/strain rigs and surrogate

ion irradiated materials in high
temperatures.

The team is also working with another
University of Bristol-led international
partnership to develop a unique high-

temperature atomic force microscope.

Having these facilities means that
UKNNL can engage with a range

of research initiatives, including

the collaborative European
EUROfusion programme and

the UK Government’s Advanced
Modular Reactor Research and
Development programme, supporting
the deployment of these reactors to
contribute to net zero goals.

The joint coolant testing facility at University of Bristol,
showing the cells containing high-temperature,
high-pressure water and helium apparatus, heater
controllers and monitoring instrumentation.

Part of the high-temperature, high-pressure water
test loop showing the hydrogen injection system,
conductivity monitoring and heater controllers.
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Core Science achievements summary EEE
for the financial year 2024-2025

QUALITY : TALENT PARTNERSHIPS

Participation in international programmes Working Wlth
g PhDs : _ Uni ..
: : : niversities:
: supported : €5 Il : UNENE
% o pp S : network of Canadian Bristol, Manchester,
: . THEMIS (Nuclear Energy - universities, industry,
o]

Agency of the Organisation government and international Guelph, Coventry
for Economic Go-operation *

H = i i . institutions dedicated to irmi )
ublications :  across2university partners D Deopmant 1 oo S and Birmingham
. - science and technology.

IMPACT

Facilities developed by the 2 Novel work demonstrating the impact of Contribution to technical basis
theme currently in use supporting zinc addition and magnetic fields on an for fusion circuit water
UK PWR and HTGR programmes advanced alloy in high-temperature water coolant chemistry

PhDs supported by UKNNL

Project title Start date End date Other partner
Un_iversity of Corrosjon lbehaviour of fission and fusion relevant 01/10/2021 30/09/2025 UKAEA
Bristol alloys in high temperature lead based coolants

Utilising X-ray tomography techniques to measure
oxide solubility in high-temperature, 01/10/2018 31/10/2024
high-pressure environments

The University
of Manchester

The University Printed graphene based sensors for real-time and

f - 30/09/2021 01/08/2025 NDA

of Manchester wireless monitoring of nuclear waste storage

Effect of cold work and Zn water chemistry
Un_|ver5|ty of upon the corrosion behaviour of Alloy 690 under 01/10/2020 30/09/2024 EDF R&D UK
Bristol simulated pressurised water reactor primary water

conditions
University of The effect of zinc addition on structural alloy oxides
Bristol under PWR primary conditions Wil Sl S0l [READ Wi

Publications

Publication title UKNNL Authors Journal/Conference

. . R " Clark, R.
Under the microscope: Reduced activation ferritic U Jewrmel af Nuelker
2025 martensitic steel Eurofer-97 following ion-irradiation Hawes’ J. Materials 605 155527  Article
and high-temperature high-pressure water exposure Burrows, R.
An in-situ corrosion small punch test for developing Experimental g
2 stress corrosion cracking in stainless steel Clark, R. Mechanics & G aucle
Microstructural analysis of ex-service neutron ATewe. B Jewrmel af Nuelker
2024 irradiated stainless steel nuclear fuel cladding by Yemlslie ? D Materials 600 155265  Article
high-speed AFM U Bk
2024 [MbSjiransientiermaliageing|ofiEUrofen9 7oy Kumar, D. Materials and Design 244 113207  Article
mitigated plasma disruptions
First ionization constant of phosphoric acid and of
acetic acid in H,O and D,O from T = 373 K to 573 K A Journal of Solution q
A atp=11.5 and220 MPa tz)y AC conductivity (el (i Chemistry & &l QUicE
methods
Hawes, J.
2024 Demonstration of an ultrasonic imaging system for ngr’;sv's‘]h Nuclear Engineering 56 1460 Article
molten lead M . and Technology
ontague, R.
Walters, S.
Revised Parameters for the IAPWS Formulation Arcis, H. Journal of Physical

2024  [JeiieiionizationiBonstanHoWaleriOMoralIce Dickinson, S. and Chemical 53 023103  Article
Range of Temperatures and Densities, Including Lee. C e

Near-Critical Conditions

Hawes, J.

Knapp, J.

Achieving wetting in molten lead for ultrasonic Nuclear Engineering

2024 R Burrows R. 56 437 Article
applications Montague, R. and Technology
Walters, S.
Reactivity of quasi-free electrons toward N3- and . .
2024 its impact on H, formation mechanism in water Sims, H. Physical Chemistry 26 11604 Article

radiolysis Chemical Physics





