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The European Spallation Source Active Cells Facility is a unique facility for processing highly radioactive
waste produced by the experiment. Due to the levels of radiation produced by the waste components combined
with the scale of operations, the facility was designed to be operated without windows, using robotic manip-
ulation systems and cameras for visual feedback. This article presents the challenges faced in delivering the
processes required for size reduction and packing of the waste components along with the resulting design of
the facility including key equipment and infrastructure developed to support the facility. Key subsystems are de-
scribed in detail along with the considerations for maintenance and upgrades and the overall approach to safety.
Finally, lessons learned and useful experiences are shared in the hope of informing the successful delivery of
other similar facilities in the future.
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I. INTRODUCTION1

The European Spallation Source (ESS) is a high-2

performance, multi-disciplinary research facility centred on3

the worlds most powerful neutron source [1]. At full capac-4

ity, a 5 MW proton accelerator delivers 2 GeV protons onto5

a rotating tungsten Target Wheel. The resulting spallation re-6

action produces free neutrons, which are moderated and re-7

flected using water, hydrogen, and beryllium before being di-8

rected via beamlines to experimental stations.9

Although the principles and technology behind spallation10

sources are well established [2], the ESS surpasses all previ-11

ous facilities in scale and beam power, introducing a range of12

new engineering challenges and complexities.13

The Target Wheel assembly, including its central shaft, has14

a total mass of 10 tonnes, a height of 5.6 m, and a wheel di-15

ameter of 2.7 m. During operation, the wheel and adjacent16

components become highly radioactive, precluding direct hu-17

man access. As such, these activated components must be18

removed and processed using remote handling systems.19

The extraction from the target is carried out by the Cask20

Assembly a set of shielded casks with an internal hoisting21

system. The casks are then used to deliver the components22

to the Active Cells, the facility designated for processing and23

packaging the waste components.24

This paper provides an holistic overview of core remote25

system design enabling safe, long-term operations of Active26

Cells Facility at the European Spallation Source.27
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A. The Active Cells facility28

The Active Cells Facility (ACF) is a large, shielded hot cell29

complex designed for the remote processing and packaging of30

activated waste materials generated by the spallation source.31

An overview of the facility layout and cell contents is shown32

in Figure 1.33

Given the scale of the ACF and the high radiation levels34

involved, conventional through-wall operations using lead-35

glass windows for direct viewing is not feasible. Instead,36

the facility is operated entirely remotely, employing a com-37

bination of camera-based viewing systems and electrically38

and digitally controlled manipulators, hoists, and associated39

tooling. This approach enables safe and effective handling of40

high-activity components while maintaining operational flex-41

ibility and precision.42

A wide variety of activated components are expected to43

be transferred to the Active Cells during the scheduled six-44

monthly shutdowns of the neutron source. Component life-45

times vary from approximately six months to five years, ne-46

cessitating a processing throughput that can match the main-47

tenance schedule to avoid delays in restarting operations,48

while maintaining strict safety standards for personnel.49

The primary components identified for remote handling50

and processing include the Target Wheel assemblya large51

structure comprising a 2.6 m diameter tungsten wheel [3]52

mounted on a 5 m vertical shaft [4]and the Moderator Re-53

flector assembly, which incorporates beryllium and steel ele-54

ments. In addition, a number of smaller but still highly acti-55

vated components will require processing. These include, but56

are not limited to, instrumentation plugs and the proton beam57

window.58

All components entering the Active Cells will be pre-59

drained of process fluids, and will therefore consist exclu-60

sively of solid waste. The bulk of the structural material61

is stainless steel (grades 304 and 316), with component-62

specific materials included depending on functional require-63

ments. Notably, tungsten and beryllium are present in the tar-64

get and moderator assemblies respectively, while other com-65
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Fig. 1. Overview of the ESS Active Cells Facility with Process Cell shown on the right and maintenance cell shown on the left, separated
by intrabay doors. The intrabay doors allow the transit of cranes between the process cell and maintenance cell whilst providing shielding
protection for the maintenance cell. Key equipment within the facility is labelled.

ponents may include copper, silicon wafers, and various types66

of embedded instrumentation, such as thermocouples.67

The processing operations within the Active Cells are fo-68

cused on three core objectives that define the current handling69

strategy for activated components. First, large components70

must be reduced in size to meet the dimensional and mass71

constraints of standardised waste packages, enabling compli-72

ant storage, transport, and disposal.73

Second, material segregation is essential for both radiolog-74

ical and waste classification purposes. The tungsten used in75

the Target Wheel must be separated from the structure of the76

Target Wheel to allow for appropriate treatment and disposal77

pathways (including size reduction of the wheel itself for78

transportation and storage). Likewise, the beryllium incorpo-79

rated in the Moderator Reflector assembly must be carefully80

isolated from its stainless steel housing. This is necessary due81

to berylliums unique radiological, chemical, and regulatory82

handling requirements.83

Third, sample retrieval allows for post irradiation samples84

to be extracted from a defined location within the Moderator85

Reflector assembly. This requires precise cutting operations86

and delicate handling to extract the samples without damage87

or contamination.88

These processing tasks drive the specification of remote89

handling equipment, including cutting tools, gripping sys-90

tems, and inspection technologies, as well as influencing the91

spatial layout and shielding requirements of the Active Cells92

Facility.93

The tungsten within the Target Wheel is distributed across94

thirty-six radial cassettes, while the beryllium is housed95

within the body of the Moderator Reflector. To accommo-96

date the differing geometries and material configurations, cut-97

ting operations are categorised into two primary types: single-98

directional cuts for large, roughly uniform structures such as99

shafts and instrumentation plugs, and more complex multi-100

directional cutting for smaller, irregular components. As a101

result, two dedicated size-reduction stations are incorporated102

within the Active Cells to address these distinct processing103

needs.104

Carrying out these cutting operations presents several sig-105

nificant challenges. Neutron irradiation causes substantial106

hardening and embrittlement of the component materials, par-107

ticularly the steels [5], presenting challenges for mechanical108

cutting. These effects directly impact the choice and design of109

cutting technologies. Reference data used to inform process-110

ing strategies are drawn from established nuclear engineer-111

ing codes, including the French RCC-MRx for the design and112

construction of nuclear installations [6], and the ITER struc-113

tural design criteria for in-vessel components [7]. The use114

of cutting fluids is prohibited due to radiological safety and115

waste handling constraints, necessitating dry cutting meth-116

ods. Additionally, strict limits are imposed on the generation117

of airborne radioactive particulates, requiring close control of118

the dust generation and management within the Active Cells.119
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Fig. 2. Dose to silicon for a 4 year cooled Target Wheel placed
within the process cell.

B. Key challenges120

The operations carried out within the Active Cells Facility121

are not only complex from a mechanical and logistical stand-122

point but are further complicated by the extreme radiological123

environment. The primary radiological hazard arises from in-124

tense gamma radiation emitted by the activated components,125

particularly along direct shine paths and in close proximity to126

the waste materials. In addition to gamma emissions, there127

is some off-gassing of radioactive isotopessuch as tritium or128

activated noble gases depending on the component and its op-129

erational history. Furthermore, a low-level of secondary neu-130

tron flux is expected due to photodisintegration reactions, par-131

ticularly involving the beryllium in the moderator assembly.132

The gamma dose rate in the vicinity of activated com-133

ponents has been assessed through a multi-stage simulation134

workflow [8].135

In the first stage, the neutron flux induced in components136

during service in the spallation source was modelled using137

MCNP6 [9]. These simulations provided spatially resolved,138

energy-dependent neutron flux distributions, predominantly139

generated by spallation reactions in the tungsten target.140

In the second stage, the neutron-induced activation and141

subsequent radioactive decay of structural and functional ma-142

terials at the end of their service life were evaluated using143

MCR2S [10] and FISPACT-II [11]. This allowed for the gen-144

eration of gamma source terms and the production of un-145

shielded gamma radiation intensity maps, which represent the146

raw emission profile from the activated components.147

A final set of simulations was performed using MCNP6 to148

assess the dose distribution within the fully modelled Active149

Cells Facility. These simulations incorporated the physical150

geometry and shielding characteristics of the cell infrastruc-151

ture, yielding detailed maps of gamma dose rates throughout152

the facility. An example dose map within the process cell153

volume is shown in Figure 2.154

The components processed in the Active Cells are expected155

to accumulate radiation damage levels of up to 4.5 displace-156

ments per atom (dpa) over their operational lifetime. This ra-157

diation damage will result in source terms including gamma158

emitters such as Tungsten-187 and Hafnium-172, beta emit-159

ters like Tritium and Tantalum-182 and pure alpha emitters160

such as Gadolinium-148 [12]. Following shutdown and cool-161

ing, some components (such as the Target Wheel) can exhibit162

surface gamma dose rates as high as 700 Gy/hr.163

The primary challenge relates to the radiation levels present164

in the facility, however in tackling the radiation challenge, a165

number of knock-on secondary challenges are seen. These in-166

clude the need to incorporate features to allow for remote op-167

erations and maintainance of the equipment in the cell using168

a robotic handling system, and impacts related to the need for169

significantly limiting the range of technology based on radia-170

tion tolerance. Additionally, the levels of hazardous contam-171

ination that will be present complicates and limits the use of172

liquids due to the risk of spreading contamination and produc-173

ing additional hazardous waste, creating complications and174

limitations on systems such as cutting and fire suppression175

systems where liquids would normally be used.176

In typical cutting scenarios, cutting fluid is used to remove177

heat and reduce friction, however the use of cutting fluid is178

prohibited by the ESS facility owner due to concerns that it179

would spread contamination and prove difficult to decontami-180

nate and dispose of. Without it, tool life becomes significantly181

reduced and the cutting significantly more challenging.182

Early in the project, a survey was conducted to identify po-183

tential cutting methods, and a series of trials conducted using184

bandsaws and milling machines to establish feasibility of the185

identified methods including whether bandsaw blades could186

be changed remotely using remote-handling compatible tech-187

nology. The feasibility trials established that, although chal-188

lenging the dry cutting was achievable on material samples189

that presented similar challenges.190

The trials also measured the volume of airborne dust pro-191

duced during bandsaw cutting. By scaling this to account for192

the full cross section of the largest waste component, it was193

established that a typical density of airborne dust 0.3m from194

the cut was 0.058mg/m3. By taking measurements at various195

distances from the cut, the total airborne dust produced dur-196

ing the trial was estimated to be around 33mg. The limit for197

airborne dust in the cell had been set at 4000 DAC (Derived198

Air Concentration) to ensure the safety of personnel in areas199

surrounding the Active Cells if a leak were to occur. By as-200

sessing the radioactive content of the material being cut, this201

was calculated to correspond to total of 22g of cutting dust,202

significantly higher than what was measured in the trial.203

The result of the preliminary work indicates the need for a204

fully remotely operated facility with capability for large-scale205

size reduction and segregation tasks. All equipment installed206

into the cell would require remote operation as well as fully207

remote maintenance through the lifetime of the equipment.208
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C. Translating experience from fusion remote maintenance at209

the Joint European Torus210

Robotic technology in support of remote handling has been211

a central part of fusion energy research for decades. A key212

example of this is the remote handling system at the Joint Eu-213

ropean Torus (JET) experiment [13], a capability developed214

at UKAEA over a long period of maintaining and upgrad-215

ing the JET system with robotic systems including long-reach216

booms for deployment into the vessel as well as haptic tele-217

manipulator technologies such as MASCOT [14].218

More recently, the potential for translating capability de-219

veloped through remote maintenance of the JET experiment220

has been explored in other areas including maintenance of fu-221

ture fusion plants [15], the decommissioning of legacy nu-222

clear facilities in the UK such as gloveboxes [16], and in223

support of decommissioning operations following the nuclear224

disaster at Fukushima Daiichi [17].225

It has been recognised that there is significant opportu-226

nity to apply remote handling technology, operational expe-227

rience, and know-how developed within the fusion domain228

more widely [18]. This includes other challenging environ-229

ments including high-energy physics experiments like the Eu-230

ropean Spallation Source and beyond.231

In particular, operational expertise developed during232

decades of remote operations at JET was utilised in analysing233

tasks to be undertaken within the Active Cells Facility as well234

as equipment to be used. This allowed for translating prac-235

tical experience from a similar remote handling domain in236

order to influence the equipment selection and design as well237

as the ways in which the operations would take place towards238

a practical and robust solution.239

D. Overview240

This paper presents an overview of the overall design and241

intended operation concept for the Active Cells Facility, the242

waste processing cell at the European Spallation Source. The243

specific challenges of carrying out the necessary processes244

and environmental conditions will be explored along with an245

exploration of how knowledge gained from other facilities246

can be translated to the Active Cells Facility.247

An overview of high-level subsystems is then provided,248

followed by descriptions of each of the key subsystems. Ad-249

ditionally, specific detail on some of the key subsystems, and250

more challenging subsystems is provided. A discussion of251

future needs and planned upgrades - the future of the ACF252

is then laid out, exploring how the facility is anticipated to253

evolve, and what accommodations have been made for poten-254

tial future changes.255

Finally, lessons learned and implications for other future256

hot cell and similar facilities is presented, with the aim257

of sharing useful experiences relevant to other high energy258

physics experiments and environments that stand to benefit259

from remote or robotic operation and maintenance.260

II. OVERALL FACILITY DESIGN AND APPROACH261

Requirements for the facility were initially developed from262

the ESS facility needs. This captured the necessity for tran-263

sitioning large, activated waste components into boxed waste264

suitable for road transportation. Development of the Active265

Cells was constrained by the existing civil design of the build-266

ing which included the division of the facility into defined267

areas, including the Process Cell and Maintenance Cell.268

The complexity of the facility development necessitated a269

systems engineering approach. A systems requirements doc-270

ument was developed in conjunction with the ESS organi-271

sation to ensure that the requirements for the facility were272

fully understood and well defined. These requirements were273

then further developed by breaking them down into functional274

subsystem groups, then further into requirements for specific275

equipment which could relate to hardware or purely software.276

This structure ensured that every functional requirement277

identified at a system level was addressed by the lower-level278

conceptual subsystems and equipment. The management of279

interfaces was of vital importance, with interfaces carefully280

defined to ensure that concurrent development could proceed281

successfully.282

Feasibility studies were undertaken by assessing existing283

products and technologies, as well as similar use cases, to as-284

sess technological risk and maturity. The constraints of the285

facility dictated that some non-standard or challenging un-286

conventional approaches were required, steering the overall287

approach and determining the necessity for further practical288

trials. Requirements and concept designs were provided to289

suppliers, while allowing for alternative concepts to be pro-290

vided, encouraging innovative solutions. Over the course of291

the project over £30 million has been spent in the UK and292

European supply chain, with over 345 companies directly in-293

volved.294

In the resulting design, the Process Cell includes equip-295

ment for receiving, temporarily storing, cutting, and packing296

the waste components. The nature of the operations carried297

out mean that the area will become highly contaminated, and298

as such, the entire Process Cell is designed to be operated and299

maintained without requiring access for operators: all activi-300

ties will be conducted by remote control. The volume of the301

cell is too large for effective use of viewing windows, so the302

facility will be operated using cameras.303

The Maintenance Cell is designated for maintenance of304

equipment. Access between the Process Cell and Mainte-305

nance Cell is controlled by two steel shielding doors, allowing306

operators to access the Maintenance Cell whilst waste com-307

ponents are present in the Process Cell. When open, these308

doors allow the cranes of the Remote Handling System to309

pass between the two cells. With the doors closed, opera-310

tors in protective suits will be able to access the Maintenance311

Cell to maintain the cranes and other critical systems.312

Beneath the floor of the Maintenance Cell are six storage313

pits for the temporary storage of waste prior to shipment off314

site. When a shipment is ready, it is lowered from the Main-315

tenance Cell into the Waste Transfer Area, where it is then316

removed from the Active Cells using the waste transfer trol-317




