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Introduction

In the realm of nuclear industry decommissioning programs, a recurring theme persists regarding the
necessity of constructing a mock-up. Professionals frequently pose questions regarding the measure-
ment and rationalisation of the investment of time and resources in such endeavours. Queries arise
surrounding the duration's necessity and the program's capacity to accommodate it. Fundamentally, the
question posed is, "What real value does a mock-up bring to a decommissioning program?"

This paper highlights the evolution of mock-ups from rudimentary scale models to indispensable tools
in nuclear decommissioning programs. Their historical significance, cost-effectiveness, and adaptability
to modern technologies underscoring their enduring relevance in ensuring the success and safety of
complex decommissioning projects today and into the future.

In the Early Days

Back in the days when the focus was primarily on achieving 'cheap' nuclear energy, the concept of
mock-ups was virtually non-existent. Design processes unfolded typically in large open-plan rooms,
resembling vast spaces filled with approximately 200 boards positioned at a 45-degree angle, arranged
row after row with mirrored boards on the other side. Between these rows, there was a narrow gap
before another double row, extending almost as far as the eye could see. Designers, like meerkats,
leaned over their boards, occasionally pausing to stand up straight, survey their surroundings, and then
bend back down.

To the right of these meticulously arranged rows of drawing boards, there was a parallel line of desks
occupied by engineers and checkers intently reviewing the designs. Further to their right, in separate
offices, were the Chief Engineer, managers, and specialist experts overseeing activities.

In an era before the prevalence of digital tools, calculations were painstakingly performed by hand, often
using the log scale method. The GA, or General Arrangement drawing, held a central position, sitting
on the lead draughtsman’s board, subject to constant scrutiny and updates.

While mock-ups were absent, there was always a scale model representing the facility, reactor, or plant.
Model making constituted an industry in itself, complete with its dedicated office and a significant place
within the organisational structure. These models not only served as impressive showcases for visitors
but also played a crucial role in the design process. The scaled-down replicas were used to check for
conflicts in all aspects of the design, from verifying pipe runs and identifying optimal maintenance points
to detecting entire walls being out of position. While not mock-ups per se, these models were certainly
essential in the design process.

Building a mock-up seemed redundant when there was already a model and a comprehensive period
of inactive testing in place, although that wasn't always the case.



DEM 2024 - International Conference on Decommissioning Challenges

Avignon, France - 2024, May 27| 29

The First Mock-ups

In the past, when facilities became outdated, unusable for various reasons, or rendered redundant due
to accidents, the common practice for many years and even decades was to 'make safe' and place them
under a care and maintenance regime. This approach was often chosen because decommissioning was
deemed too challenging or expensive, or due to significant radiation concerns. Additionally, some facil-
ities were situated within vital production areas, making decommissioning too disruptive. Numerous ex-
amples exist of facilities entering this care and maintenance state, ranging from early research reactors
and cell lines to a production facility within a renowned healthcare company, which was simply encased
in concrete. Notably, it was recently reported that a large facility at Dounreay was entered for the first
time in several decades.

This care and maintenance practice was widespread until the early 1990s. However, the increasing
costs associated with aging facilities, prolonged dormancy, deteriorating ventilation systems, and the
need to repurpose the building or land prompted a re-evaluation.

These factors led the Government to establish the forerunner of the NDA (Nuclear Decommissioning
Authority) around 1990, called the Liabilities Management Unit (LMU). Before consolidating all liabilities
and estimating the total decommissioning cost across the entire UK, the LMU had to develop protocols
for estimating and planning decommissioning. For the start of this process, they selected a conveniently
located facility on the AERE Harwell site, not far from London, known as B540.2. The facility had two
important elements: a large structure with many industrial hazards (a Variable Energy Cyclotron) and a
'hot-cell' facility contaminated with plutonium.

This project effectively pioneered the first use (in nuclear) of a Work Breakdown Structure (WBS) to
determine a protocol for estimating decommissioning projects. The 'hot cells' could not be decommis-
sioned manually and required remote dismantling using a hydraulically powered articulated arm. There
was much debate about constructing a practical mock-up to test various aspects of the arm's operation,
which added both cost and time to the program. However, this effort ultimately served to establish sev-
eral universal benefits:

o Verify that the system, including the arm, its coverage, movement, and basic operations of the
remote device, functioned as required.

e Facilitate operator training, ensuring that both the basic controls and visibility aspects (such as
the use of windows and/or cameras), were suitable for the intended operations.

e Support operator training in terms of developing techniques for interacting with the facility and
becoming more efficient, thus enhancing safety and speed in using the systems for operations.

o Demonstrate the capability to recover from an accident state — a critical safety case require-
ment.

e Provide reassurance to the client, and in many cases, the regulators and safety approval com-
mittees, that the proposed solution will work.

e Allow for adjustments to the arm's design while in a 'clean’ state, before entering the contami-
nated area, which is typically a more cost-effective approach.

The mock-up used a simple structure to simulate the cells and cutting operations and incorporated a
new system for packing waste into cans. Additionally, it successfully demonstrated the ability to recover
from an accident, specifically a scenario involving the loss of hydraulic fluid. These demonstrations ef-
fectively built confidence in the overall approach, validating its feasibility and safety for the decommis-
sioning project within the B540.2 facility.

The Windscale Advanced Gas Cooled Reactor (WAGR) Pressure Vessel and Insulation (PV&l) decom-
missioning project stands as another early example of utilising a mock-up. Around 1998, a full-scale
physical mock-up was constructed for a small part of the project. While there was some debate about
whether 3D modelling techniques could have been utilised instead, the established benefits from previ-
ous projects, as mentioned earlier, were compelling.
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The approach proved to be cost-effective for several reasons:

1. Confirming the solution: The mock-up served as a tangible way to validate the proposed de-
commissioning solution.

2. It provided verification of multiple clearances in various scenarios, offering valuable insights into
potential challenges and solutions.

3. 'Quick' adjustments: The ability to make quick minor adjustments to the final design before en-
tering the contaminated area was a significant advantage. It minimised risks and streamlined
the overall project execution.

The mock consisted of a wooden ILW waste box and a wooden internal rack representing the shielded
container, along with stainless-steel internals for positioning the cut sections of the WAGR pressure
vessel and insulation. All very simple and cost-effective in demonstrating that the methodology would
work.

The practice of using mock-ups for complex decommissioning operations, particularly those involving
hazardous areas requiring renovation, recovery, or decommissioning, became standard practice. This
was especially true in situations where access and visibility were limited, or where unknown factors
needed to be addressed and validated through the development and testing of operational and recovery
scenarios.

Mock-ups provided a tangible and practical means to assess and refine these critical processes, en-
hancing safety, efficiency, and client and regulator confidence in decommissioning projects.

Modern Day Mock-ups

While modern design processes heavily utilise CAD systems, BIM (Building Information Modelling), and
advanced visualisation tools like 2D and 3D walk-throughs, the use of mock-ups remains relevant. The
value of a mock-up depends on the specific context and benefits they offer, as outlined in previous
examples:

e Tangible Validation: Mock-ups provide a physical representation that validates design concepts
and operational procedures in a real-world context, especially valuable for complex or high-
stakes projects.

e Operational Realism: They allow testing of operational scenarios that may be difficult to simulate
entirely in virtual environments, ensuring real-world challenges can be addressed.

e Human Interaction: Mock-ups offer a hands-on experience, enabling operators and project
stakeholders to physically interact with the design, crucial for training and enhancing operational
efficiency.

e Safety Assurance: In hazardous or critical environments, physical mock-ups serve as a crucial
tool for safety validation, ensuring protocols and procedures are effective.

e Client and Regulator Confidence: Work during the mock-up period increases client and regula-
tor confidence in the proposed solution's efficacy.

Today, numerous examples highlight large-scale mock-ups benefiting projects. One such project is the
Dounreay Shaft project, known as one of the UK’s most complex challenges.
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Figure 1 A view of the Shaft Intervention Platform (SIP) (yel-
low structure) that moves over the shaft's two manipulators
supported on a lifting frame (orange structure) and in parallel
to a grab mechanism to remove the waste. The Top 5m of
the shaft was built in Veolia Nuclear Solutions facility in
Abingdon, UK as part of long-term ftrials.

Figure 2: Dounreay Shaft schematic Figure 3: Mock-up of the horizontal tunnel section at the
bottom of the shaft, demonstrating remote clean-up trials.
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Another recent example is the groundbreaking mock-up used to validate the installation, maintenance
and operation of a remote handling structure in one of the world’s most hazardous storage ponds, located
at the Sellafield facility in Cumbria. Now operational within the pond, it signifies the commencement of a
20+ year program focused on sorting, segregating, and transferring materials stored within hundreds of
metal baskets.

Figure 5 The built structure in the | Figure 6 A view of the installed unit
mock-up

Figure 4 Visualisation of the solution

The 3 figures above show:

e Figure 4 A visualisation of the proposed solution.

e Figure 5 The structure being tested in 5 metres of water. Critical aspects of rapid installation
and assembly (taking into consideration radiation levels at the operating location and 8
modular sections to suit the site cranage limits, maintenance capabilities and a wide range
of operations were evaluated in this unique underwater facility.

e Figure 6 An image showcasing the installed unit.

Mock-ups Today

Today, the integration of modern CAD, BIM, and other systems with physical mock-ups continues to
play a crucial role in major projects worldwide, including across the NDA fleet, EDF’'s CHINON A2 in
France, and Fukushima in Japan.

A significant advancement involves merging physical mock-ups with cutting-edge technology like virtual
reality, digital twins, and interacting with operational sequence descriptions. These tools can be utilised
at every stage of the design process, during testing in a full-scale mock-up, and continue to be used in
operations, providing operators with camera views and full VR positioning within the operating environ-
ment.

One such system, perhaps better identified as using ‘real-time simulation technology,” has been pio-
neered by the Dutch company Tree C Technology. This system delivers interactive visualisation of de-
signs and ideas in the early project phases, supporting equipment design, task development, operator
training, and eventually operation.

The Tree C system was enhanced by VNS UK specifically for use with robotic machinery. This ‘inte-
grated design, testing, training & operating real-time simulation technology’ proved highly effective dur-
ing the maintenance and upgrade program of the JET Fusion Reactor in the early 2000s. It facilitated
the remote entry of a twin boom and a dexterous, two-armed manipulator called ‘Mascot’ into the reactor,
eliminating the need for human entry into this hazardous environment. The system played a key role in
developing protocols, sequencing, and operator training within a large-scale mock-up, providing real-
time positional awareness and feedback, especially in environments with limited visibility.
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Figure 7 Testing Mascot in the virtual environment (left), Mascot in the physical environment (right).

Today, Tree C Technology, in partnership with Veolia Nuclear Solutions UK, continues to advance their
approach for various projects, including ITER and the decommissioning of Daiichi Fukushima reactor’s
Unit 2. They extensively employ real-time simulation and digital mock-up testing in the design and de-
velopment of remote handling systems. This approach is utilised throughout the design process, includ-
ing full mock-ups in the assembly facility in the UK and currently at the Naraha testing facility adjacent
to the Fukushima site.

This approach proves invaluable, not only in designing and validating the systems but also in demon-
strating operational effectiveness, operator training, and spatial awareness assessment for the 21-meter
boom system within the damaged environment.

The same approach is embraced by the Graphitech joint venture (a partnership between EDF and Ve-
olia) for the Chinon A2 UNGG reactor decommissioning project. It has been suggested that this tech-
nology is poised to become the standard approach for complex decommissioning projects in the future.

Examples highlighting the integration of real-time simulation with physical and digital mock-ups are pro-
vided below:

Figure 8 displays a virtual mock-up of the VNS boom system and Dexter remote manipulator in the containment cell, to be
connected to Unit 2 at Fukushima.
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Figure 10 Physical boom system mock-up model Figure 11 Physical mock-up of areactor ped-
estal
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ontrol Desk Floor

Figure 13 Physical mock-up used for boom testing at VNS UK assembly site, (pedestal access).



DEM 2024 - International Conference on Decommissioning Challenges

Avignon, France - 2024, May 27| 29

Figure 14 Physical mock-up of
the Fukushima Unit 2 environ-
ment at the VNS UK assembly
site.

Figure 15 Physical mock-up of
the Boom entering the Fuku-
shima Unit 2 at the VNS as-
sembly site.

S Figure 16 The VNS Boom

system at the Naraha test
facility in Japan. |
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Conclusion

In the introduction to this paper, the fundamental question asked was, “What real value does a mock-
up bring to a decommissioning program?”

In conclusion, it's evident that allocating time and funds to incorporate mock-ups can significantly reduce
the risks associated with errors in design, manufacturing, assembly, operational capability, and operator
training. The consequences of such errors include increased time, cost, reputational damage, and a
loss of confidence from clients and regulators.

Throughout the paper, the benefits of mock-ups have been highlighted:

e Tangible Validation: Mock-ups provide a physical representation that can validate design con-
cepts and operational procedures in a real-world context, especially valuable for complex or
high-stakes projects.

e Operational Realism: They allow for the testing of operational scenarios that may be difficult to
simulate entirely in virtual environments, ensuring that real-world challenges can be addressed.

e Human Interaction: Mock-ups offer a hands-on experience, allowing operators and project
stakeholders to physically interact with the design, crucial for training and increasing operational
efficiency.

e Safety Assurance: In hazardous or critical environments, physical mock-ups can serve as a
crucial tool for safety validation, ensuring that protocols and procedures are effective.

e Client and Regulator Confidence: All the work during the mock-up period helps increase client
and regulator confidence that the proposed solution will work.

While not everyone may be fully convinced or able to afford the time and expense of a mock-up, the
consequences of neglecting this crucial step can be severe. Time and again, when testing and validation
have been restricted to the most basic actions, the impact of a simple failure, a minor omission, or an
untested assumption can result in significant added time, cost, and reputational damage that far out-
weigh the initial investment required for a mock-up. The importance of doing it right in the first place
cannot be overstated.

The successes and effective use of mock-ups in this series have highlighted their benefits and demon-
strated their value. Numerous conference papers in the UK and internationally have further validated
the significance of mock-ups in various industries.

In conclusion, let us continue to embrace the benefits of mock-ups and strive for excellence in our work,
ensuring that we prioritise safety, efficiency, and successful outcomes through the effective utilisation
of mock-up methodologies. By doing so, we can collectively contribute to the continued advancement,
improvement, and reputation of decommissioning programs and other complex projects.

"Image reproduced from Nippon News website https://news.ntv.co.jp/category/society/e2134a46b02544a1924a75f3be1b3269



https://news.ntv.co.jp/category/society/e2134a46b02544a1924a75f3be1b3269

	Introduction
	In the Early Days
	Modern Day Mock-ups
	Mock-ups Today
	Conclusion

