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VTT has been hosting the Finnish national hot laboratory infrastructure since the first nuclear power
plants were constructed in Finland in the 1970’s. Historically the principle radioactive materials
handling has been for the testing of reactor pressure vessel steels, but over time the activities have
broadened to outgrow both the capacity and capabilities of the existing facilities. As such, a decision
was made in 2011 to build a whole new facility, with the additional goal of gathering most of the VTT
Nuclear Safety research personnel currently scattered around the Otaniemi campus, into a single,
compact facility called the VTT Centre for Nuclear Safety (CNS). The CNS is comprised of an office
wing and a laboratory wing, and the laboratory wing is comprised of C-, B- and A-class radiological
laboratories. Although the site is atop an underground parking garage, special attention was paid to
optimizing the basement space, to exploit the natural gamma shielding offered by the granite. The
VTT research staff has been integral in the design process, in order to assure that the laboratories
meet the current and foreseen future needs. The C-class laboratories include radiochemistry
laboratories, cleanroom facilities for trace element analysis, nuclear waste management research,
and C-laboratory support facilities like an electronics shop and utensil cleaning and storage. The Bclass radiological laboratories contain the controlled entrance area (also used for accessing the Alaboratory), an iodine filter laboratory, radiochemistry laboratory with nuclear material handling
allocation, and a mechanicals workshop. Microscopy facilities include a TEM on the B-laboratory
side, and a SEM and light microscopy facilities in the A-class laboratory. The A-laboratory spans a
part of the main floor shared with the B-laboratory, as well as the basement facilities. On the main
floor it includes the hot cell high bay and the pilot hall, equipped with a 10 ton capacity bridge crane.
The basement facilities are mainly for storage and handling of radioactive sources, specimens and
waste, but include a liquid waste handling room, autoclave room and double hot cell. Transportation
of radioactive materials into and out of the laboratory occurs by way of a separate, covered truck
park, through an airlock into the basement. Transfer of radioactive materials within the laboratory is
possible with a dedicated facility cask handled by the bridge crane and/or a cart. Overall the design
process carried out over the last two years has yielded very satisfactory results and the facilities can
be expected to serve the purposes well.

1. Introduction

VTT Technical Research Centre of Finland is the biggest multi-technological applied research
organisation in Northern Europe, and is a part of the Finnish innovation system under the domain of
the Ministry of Employment and the Economy. The headquarters and most of VTT’s facilities are
located on the Otaniemi campus in Espoo, just west of Helsinki, but there are numerous sites scattered
around Finland as well, and there are even some offices or facilities located globally, as illustrated in
Figure 1. VTT is a not-for-profit organisation that employs around 3,200 people, out of which about
200 are active in nuclear energy R&D. VTT performs comprehensive contracted research in industry
driven programmes on nuclear waste management, plant life management, operational and structural
safety as well as on nuclear fuel performance. VTT is the major technical support organisation for the
nuclear safety authority STUK as well as for the power companies. VTT has participated in numerous

Figure 1: VTT facilities are mainly located on the Otaniemi campus west of Helsinki, but sites
also exist around Finland as well as globally.
European projects on various aspects of nuclear power plant safety. The Nuclear Reactor Materials
group in particular has been involved in the European projects PERFECT, LONGLIFE and PERFORM60,
where we have brought to bear our long track record in studying the fundamentals of reactor pressure
vessel and reactor internals materials degradation through carefully executed tests and experiments.
VTT has been hosting the Finnish national hot laboratory infrastructure since the first nuclear power
plants were constructed in Finland in the 1970’s. Historically the principle radioactive materials
handling has been for the testing of reactor pressure vessel steels, but over time the activities have
broadened to outgrow both the capacity and capabilities of the existing facilities. As such, a decision
was made in 2011 to build a whole new facility, with the additional goal of gathering most of the VTT
Nuclear Safety research personnel currently scattered around the Otaniemi campus, into a single,
compact facility called the VTT Centre for Nuclear Safety (CNS).
The design of the VTT Centre for Nuclear Safety (CNS) in its current rendition has been on-going since
2012, but the process was initiated in 2008 with preliminary assessment of the needs and options. The
facility is to be owned by the Finnish State real-estate company, with VTT renting the building from
them. As such, the facility design process involves close cooperation between VTT researchers (the end
users) and the design team employed by the State real-estate company. That design team includes
numerous engineering consultants, which involves over 100 people in total. Regulation and oversight
by the authorities involves the local municipal government, building department and emergency
services, as well as Radiation and Nuclear Safety Authority, Finland-STUK.
In 2013 the draft plans of the laboratory facility and the activities it is foreseen to contain, as well as
the practices that will be employed, were presented to STUK’s radioactive handling facilities
evaluators for review. A preliminary, non-binding assessment was received with some specific
recommendations for improvement, which were subsequently implemented into the design.
Over the 2013 period the floor plans of the facility were also subjected to some further
modifications, and then the detailed design process was carried out to generate the detailed layouts

of furnishings and building systems on a room-by-room basis. A significant milestone that same year
was the execution of a hot-cell conceptual design and preliminary cost estimate, which was made on
a contract with Merrick & Company. Another key facility, designed in conjunction with an external
consultant, was a clean room for the high resolution, inductively coupled plasma mass spectrometer
(HR-ICP-MS) instrument, used for analysing elements and elemental isotopes to high levels of accuracy
based only on a very small amount of test material.

2. VTT Centre for Nuclear Safety location and facilities layout

The location of the new VTT Centre for Nuclear Safety will be Kivimiehentie 3 in Otaniemi. The
location and position is shown in Figure 2. The location was chosen to enable gathering much of the
VTT Nuclear Safety research personnel currently scattered in Otaniemi, into a single, compact
location. The proximity to Aalto University was also considered desirable to maintain the symbiotic
relationship that exists between the two institutes. Since in some cases shipment of radioactive
materials involves large trucks, the location also enables driving and turning access for large tractor
and trailer combinations. The site is, however, atop an underground parking garage (faint dotted
lines in the figure), which limited somewhat the extent to which the building could include basement
facilities.

Figure 2: Site and position of the VTT CNS in Otaniemi.

Figure 3: Architect's rendition of the facade of the office wing of the building.
As visible in the site layout, the facility includes an office wing and a laboratory wing. The office wing
is 3,300 m2 and includes a ground-level conference centre, above which are three floors of modern,
flexible office space for 150 people. It features an architecturally striking, angular facade on the
Kivimiehentie street side, intended to produce the distinct, yet complementary appearance shown in
Figure 3. The office wing is planned to serve nuclear sector researchers in areas such as
computerized fluid dynamics, process modelling (APROS), fusion plasma computations, severe
accidents, core-computations, nuclear waste-management and safety assessments, as well as the
staff working in the laboratory wing. The laboratory wing is a more conventional, rectantangular
wing and includes a basement level and two floors of laboratory space. The laboratory activities
include research involving radiochemistry, nuclear waste management, dosimetry, failure analysis as
well as mechanical and microstructural characterisation of structural materials. Shipping radioactive
materials into and out of the facilities occurs through a gated courtyard and covered loading dock at
the basement level, at the rear of the building. The corridor connecting the office wing and
laboratory wing also contains an entrance restricted for personnel only.
In 2012 the general layout of the VTT CNS was dramatically shifted as compared to the first
conceptual design made in 2011. One of the fundamental improvements over the earlier concept
was the incorporation of a substantial basement facility for the laboratory, which enables
exploitation of the natural granite for gamma shielding. This was achieved despite the parking
garage below, by shifting the exact building site and changing its orientation, in order to benefit from
the most structurally sound granite formation and depth compared to the exact layout of the parking
garage facilities themselves. With this compromise an overall better result was achieved. The
original layout was retained, however, whereby the C- and B-class radiological laboratory space is
arranged around the main high-bay, which houses the hot-cells proper. Since in the new rendition
the basement was also possible, it is primarily intended for storage, packing and transport activities
of the radioactive materials and waste. Since the building is being designed according to KATAKRI

Level III security requirements, the passive and active safety requirements for radiological facilities
are also fulfilled. For example, the laboratory wing has very few windows, and in fact no windows
are located near ground level.

2.1

General laboratory facility systems

The laboratory wing includes several general features that arise from the need to assure radiation
safety both to the workers and to the outside public. Firstly, the basement containing the A-class
facilities has extra-thick concrete walls both at the exterior and interior walls. This offers shielding
from gamma irradiation in the event of unplanned uncovering of radioactive sources, and in some
cases will be exploited as part of the shielding for particular facilities. Likewise, although the
basement roof is mainly extra thick for adequate structural integrity for the hot cells installed on the
main floor, it also offers significant gamma shielding.
The ventilation system of the laboratory wing has also been designed for robustness. The Alaboratory and the B- and C-laboratory ventilators are redundant and also connected to back-up
diesel generators to ensure that the under-pressures in the laboratory are retained even in the event
of maintenance or failure of one of the ventilators, or loss of electricity from the grid. The electrical
supply to the laboratory facilities is available as normal electricity, backed-up electricity, and even in
some cases as centralized uninterrupted power supply (UPS). Several different laboratory gases are
supplied to the rooms, but the source bottles are stored in a dedicated gas storage facility in the
basement that is accessed directly from the gated courtyard for replacement delivery, which
eliminates the need to wheel bottles into the radiological controlled area. Centralized cooling is also
available for connection by individual pieces of equipment as needed.

2.2

C-class radiological laboratories

The entire second floor of the laboratory wing is dedicated to C-class radiological laboratories. The
C-class laboratory is intended for handling radioactive isotopes with such a low level of activity that a
separate radiological control point is not required. As such, the structures, furnishings and
equipment in the laboratory are similar to those of a typical chemistry laboratory, featuring
cupboards, work tables, sinks, fume hoods and glove boxes. Because of the radiological nature
though, there are additional features such as signs indicating a danger of radiation, and lockable
doors. Additional requirements have also been specified for the surface materials and fabrication
techniques employed, to make them impermeable to moisture, resistant to ordinary chemicals, and
easy to clean. The similarities between the different rooms enabled the design to be carried out on a
semi-modular basis, i.e. there are, in general, only a couple of different kinds of rooms that were
then multiplied through the overall available space.
Most of the laboratory rooms contain either fume hoods, or fully enclosed glove boxes. The
ventilation of these furnishings is connected to the system supporting the entire laboratory wing,
which features redundant ventilators that are also supported by emergency diesel back-up
generators to ensure continuous maintenance of under-pressure in the exhaust ducts. The exhaust
of some of the fume hoods and glove boxes includes an integrated HEPA filter to ensure that
contamination does not enter the ventilation ducts. A supply of compressed air and some specific
gases are also available for each room as necessary, since trunk-lines are brought along the corridors.

As a principle there are no effluent pipes in the rooms intended to carry water or other liquids
containing radioactive substances. Instead, the intended practice is that contaminated liquids will be
processed by evaporation, enabling the residues to be disposed of as a solid. Nonetheless, each
room contains a washbasin for washing hands, equipped with faucets that are operable either by the
elbow, or by motion sensor.
2.2.1

Radiochemistry laboratories

Most of the rooms of the C-laboratory facilities are devoted to radiochemistry, and were designed
with a basic portfolio of work tables with drawers and cupboards, fume hoods and sinks. Many of
the rooms also include ultrapure water production facilities, which are then shared with
neighbouring rooms. Overall there is about 130 square meters of basic radiochemistry lab space in
the C-laboratory. Additionally, two different rooms were also designed for radioactivity
measurements, one specifically for alpha- and beta-measurement, and the other for gamma
measurements. In both cases the locations were selected to minimize the potential for background
interference from nearby rooms.
2.2.2

Cleanroom facilities for trace element analysis

A special facility included in the C-laboratory is a high resolution inductively coupled plasma mass
spectrometer (HR-ICP-MS), which is a type of mass spectrometer that is capable of detecting metals
and several non-metals in solution at concentrations as low as one part in 1012 (part per trillion),
even separating elemental isotopes. This is achieved by ionizing the atoms in the sample with
inductively coupled plasma and then using a mass spectrometer to separate and quantify those ions.
Compared to atomic absorption techniques, ICP-MS has greater speed, precision, and sensitivity, but
it is also more susceptible to trace contaminants from laboratory ware and reagents. For that reason
the room designed to house the instrument is embedded in a cleanroom facility. The facilities are
shown in Figure 4.

Figure 4: Cleanroom facilities of the C-laboratory.
In the weighing room standards and samples for HR-ICP-MS are prepared and stored in two
refrigerators. The clean room serves for special sample handling and sample preparation e.g.

safeguard particle swipes. That room is equipped with a light microscope, analytical scale, two
laminar flow hoods and a cabinet for storing chemicals.
By definition a cleanroom is designed to have an environment with less than some specific maximum
number of particulate impurities, according to levels specified in e.g. ISO 14644-1. Therefore the HRICP-MS facility was designed to minimize the amount of particles that can enter the room or collect
in the room. This was achieved by the room layout, selection of appropriate construction materials,
as well as ventilation design. As is evident in the layout, only one door leads into the collection of
rooms, and it leads into what is merely a changing room that also serves as an airlock. In that room
protective cleanroom clothing are put on before accessing the weighing room, which has only a
moderate cleanliness requirement of ISO 8. To access the room containing the HR-ICP-MS
instrument, on the other hand, a second changing room is required to add further outer garments
before entering that facility, on account of its higher cleanliness requirement of ISO 7. Finally, the
cleanroom (ISO 6) is accessed by passing through an additional airlock, which helps to maintain the
requirements there. Transfer hatches between the three clean rooms allow transfer of necessary
wares and samples.
2.2.3

Nuclear waste management research

The other significant portion of the C-laboratory facilities features rooms and equipment devoted to
nuclear waste repository research. As with radiochemistry, the rooms are generally equipped with a
basic selection of work tables with drawers and cupboards, fume hoods and sinks, including access to
ultrapure water production facilities and laboratory gases as needed. Some specific equipping of
some rooms was done for specific purposes. One room is dedicated to trace element analyses. Four
rooms have atmosphere glove boxes operating with a slight overpressure for e.g. bentonite and
colloid experiments with controlled atmosphere. One of these glove boxes is equipped with an
uninterrupted power supply (UPS) connection to assure stability for long-term measurements of
experiments. Another room in the nuclear waste repository research suite has a glove box for alphaemitter handling, which makes research on very small quantities of simulated and unused nuclear
fuel possible. In total the nuclear waste management research is comprised of about 140 square
meters of the C-laboratory space.
2.2.4

C-laboratory support facilities

Besides the laboratory rooms, there are five rooms in the C-laboratory for supporting the
experiments. Two rooms are specifically for the cleaning, storing and maintaining of the research
utensils, one is equipped with a laboratory-grade dishwasher and the other is dedicated to acid wash
of the laboratory ware needed in trace-element studies and analysis. The latter room also has a
transfer hatch to the weighing room for transferring the ultrapure laboratory ware needed in the
clean room activities. Another room is devoted to the storage of chemicals, and is equipped with
ventilated, refrigerated chemical storage cabinets, refrigerators, and freezers. Another room is
reserved for storing equipment and supplies in a collection of normal free-standing full-height metal
shelves. Finally, one room on the C-laboratory floor is an electronics workshop that serves the entire
laboratory wing, where various instrumentation and control devices for experiments can be
developed, assembled, maintained, and repaired.

2.3

B-class radiological laboratories

The B-class radiological laboratories are all on the main floor of the laboratory wing, served by the
same entrance as the A-class facilities. The B-class laboratories include several different kinds of
activities, each with their own dedicated facilities. They include an iodine laboratory, radiochemistry
laboratory, gamma measurement room, transmission electron microscopy (TEM), nuclear materials
storage and handling, and a mechanical support workshop.
The B-class laboratories are also similar to typical laboratory facilities, but with the addition of
specific features to enhance the radiation safety of the facilities. These include similar features as
the C-laboratory with regards to signage, locking doors, hand-washing basins, and quality of the
surface finishing, but for example the floor coating is designed to be unbroken and extend at least 10
cm up the walls. Likewise, pass-throughs are insulated, and where appropriate the furnishings are of
a robust enough design to enable the use of localized gamma shielding like lead bricks. Like the Claboratory, in the B-laboratory the ventilation system is designed with under-pressure selected to
assure that air flows from the cleanest areas towards the areas where radioactive materials are
handled. In practice this means that the laboratory rooms are maintained at a lower pressure than
the corridors, and fume hoods draw air towards them from the room. Also, floor drains have been
excluded from the rooms, and there are no waste-water pipes intended to be used for disposing of
liquids containing radioactivity. Wash basins are present in each room, but mainly only for handwashing and washing of non-contaminated items.
With the exception of TEM, the different B-class facilities are each described in turn in the following
sections. The TEM is described in the separate section on the microscopy facilities.
2.3.1

Controlled entrance area

In accordance with the radiation safety requirements, the entrance to the B-laboratory forms a
radiation control point where workers are required to change to lab clothing, including shoes (or
shoe coverings) and at least a long lab coat. It is
also the entrance to the A-laboratory. The
layout of the controlled entrance is shown in
Figure 5, where people enter the “street” side
from the corridor at the upper left corner, and
enter the B-laboratory through the door at the
bottom right.
The shoe changing bench serves as the official
boundary between the potentially contaminated
area and the uncontrolled area, but in practice
there should be no contamination beyond the
control point. The control point also serves as
the airlock between the B-laboratory and the
non-radiological area. Before leaving the
radiological facilities, at least the hands must be
washed and the hands and shoes then measured
for contamination before exiting to remove the
protective clothing. This is done at the control

Figure 5: Controlled access point of A- and Blaboratories.

point, so that room is designed to accommodate the measuring instrument as well as a one-way gate
to remind the workers to exit by way of the contamination meter. Only when cleanliness has been
confirmed should the worker exit that room to remove the lab clothes and shoes or shoe coverings.
In the event that contamination is discovered on clothing or elsewhere than the hands, the facilities
include a small decontamination room off of the main control point room, which contains a shower
and a place for clean clothes. The size of the control point room is such that it also allows space for
additional protective clothing to be donned in preparation for work in which there is a known
elevated contamination risk, such as in-cell maintenance or clean-up. It also allows groups (e.g.
visitors) to be handled more easily. Groups are also considered by including two toilets in the
“street” side of the entrance.
2.3.2

Iodine laboratory

The iodine facilities are designed to support the nuclear power plant iodine filter laboratory operated
by VTT Expert Services Ltd. The main service is testing the efficiency of exhaust air filters of nuclear
power plants and the activated charcoal used in them. The facilities are located in a secure series of
windowless rooms over 85 square meters, the layout of which is shown in Figure 6. The main
activities take place in the iodine laboratory room, which includes facilities for laboratory testing of
activated carbon and preparing radioactive methyl iodide both for laboratory and field tests, and the
iodine measurement room where the activated charcoal samples are handled and radioactivity
measurements are made. Because methyl iodide is gaseous, it is very important that the handling is
carried out in properly ventilated facilities, and the exhaust air must be filtered through active
charcoal before release. For that reason there is a separate airlock at the entrance to the laboratory
rooms.
Likewise, to ensure adequate ventilation and filtering, a separate room is located adjacent to the
laboratory that contains a dedicated ventilation system and a number of activated charcoal filters.
The ventilation system must continuously maintain the under-pressure, and therefore it has also
been designated for connection to the back-up power assured by the diesel generators, and includes
measurement of the air cleanliness prior to exhausting directly outside. Finally, another room is

Figure 6: Iodine laboratory facilities.

allocated for storing of the field test carts. Those carts carry the measuring devices and an A-class
transport container containing the fresh radioactive methyl iodide in a steel vessel. The carts can be
wheeled down the B-class corridor to the elevator, which lowers them to the basement level, from
which they can then be wheeled out to the field measurement vehicle by way of the A-laboratory
transport bay airlock. Likewise, the active charcoal samples that have absorbed radioactive iodine
are wheeled down to a room in the basement for decaying of their radioactivity. The reduction of
activity is monitored, and when a conservative level of residual activity has been achieved, active
charcoal is disposed of as part of the normal waste stream.
2.3.3

B-class radiochemistry laboratory and nuclear material handling

A principle distinction between B-class laboratories and C-class laboratories is the amount of specific
radioactive isotopes that can be handled at one time in the facilities. As such, an almost 70 square
meter radiochemistry laboratory has also been included as part of the B-class facilities. As with the
C-laboratory facilities, it includes a basic portfolio of work tables with drawers and cupboards, fume
hoods, a sink, an ultrapure water production device, and a glove-box operating with small underpressure and equipped with necessary filters to allow working with small amounts of alfa-emitters.
An additional 60 square meters of lab space have been included in the B-class facilities for securely
storing and handling nuclear materials, including building system capacity for installing a glove-box.
The design includes space allocation for possible security screening facilities and specific security
related systems and infrastructures necessary to fulfil the safeguard requirements. Access to these
rooms is designed to go through a common airlock, but the facilities will be constructed to enable
conversion to implement the safeguards at some future date if it is deemed necessary. The B-class
radiochemistry laboratory space is completed by a gamma-measurement room, for measuring
materials of higher activity than possible in the C-laboratory gamma-measurement room.
2.3.4

Mechanical support

To support the whole A- and B-class facilities, one room in the B-laboratory has been designed as a
workshop. The room has space and connections allocated for a circular cut-off saw, a milling
machine, a lathe and a band saw. It also includes workbench space and tool cabinets, as well as a
specific facility for carrying out welding, brazing, soldering and other high-temperature procedures.
The workshop is essential for maintaining equipment, modifying equipment for deployment in the
hot cells, fabricating jigs and other tools for use in the hot cells, and carrying out other metal
machining and fabrication required as facilities are adapted and modified.
2.3.5

Microscopy facilities

For the purpose of examining radioactive materials, a suite of microscopes will be installed on the
main floor of the laboratory wing. The layout of this “microscope island” is shown in Figure 7. The
whole island is designed to reside on an isolated concrete slab atop gravel, such that vibrations from
adjacent rooms and surrounding corridors will be minimized. Likewise, the electron microscope
rooms will include static electricity discharge floor surface material.
The room containing the transmission electron microscope (TEM) is accessed from the B-class
laboratory corridor, since the specimens for TEM are so small that their radioactivity will never
exceed the limits allowed for a B-class laboratory. The ventilation for the room containing the TEM

Figure 7: Microscopy facilities
will also be arranged to maintain stable room temperature and moisture level. The location of the
TEM room and the routing of the electrical cables in the building were selected to minimize the
potential for electromagnetic interference to affect the TEM. The room was designed to
accommodate a modern work-horse analytical scanning TEM with a field-emission gun source, such
as the JOEL JEM 2100F or Hitachi HD 2300.
The room containing the scanning electron microscope (SEM) is accessed from the A-class high-bay’s
airlock, not limiting the radioactivity of the specimen to be examined, and facilitating transfer of
specimens from the high-bay facilities without having to use the corridor shared with the B-class
facilities. The room was designed according to the installation specifications for a modern analytical
FEG-SEM like a Zeiss Merlin or ULTRA plus, with space allocation also for localized shielding and a
remote specimen insertion device.
Located between the TEM room and the SEM room is a room accessed from the B-class laboratory,
but intended to house the microscope support equipment, such as local chillers, UPS and vacuum
backing pumps, connected to the microscopes by shielded feed-throughs in the walls.
Another room in the microscopy island is designed to accommodate light optical microscopy (LOM)
activities and other activities supporting microscopy. The principle feature is of course space for a
light microscope and the associated auxiliary devices like a light source, remote control, etc. The
table for the microscope is specified to handle local shielding by lead blocks. The room is also
equipped with fume hoods and a collection of work tables, cabinets, chemical storage and a sink to
assist preparation of specimens, etching, polishing, etc. for microscopy, either in the same room
when the level of radioactivity of the material is low, or to support the activities in the shielded glove
box or hot cells in the adjacent high-bay. Special TEM specimen preparation equipment like ionbeam polisher and dimpler are foreseen to be installed in this room as well.

2.4

A-laboratory main floor facilities

The A-laboratory on the main floor is comprised of the aforementioned microscope rooms, as well as
a high bay containing the hot cells proper, and a high pilot hall located on one end of the hot cell high
bay. These two areas are the same airspace, but a partition wall separates the operations in the two
areas. The layout is shown in Figure 8, in which one of the long walls is the exterior wall of the
facility and the other is against the access corridor of the B-laboratory. According to the
requirements for radiological safety, the A-laboratory is entered through an airlock to ensure that
the A-laboratory stays at an under-pressure with respect to the surroundings (in this case the Blaboratory corridor.) There are three such airlocks in the high bays; one long one on the end which
also serves the LOM and SEM microscopy rooms, one at the partition wall, and one at the spiral
stairway leading from the high bays down to the basement. Large doors in the exterior wall of the
pilot hall have been included to facilitate delivery of large equipment to the high bays. The principle
use in the beginning is the installation of the hot cells, which will be carried out before the partition
wall between the bays is completed.
2.4.1

Hot cell high bay

The core of the hot laboratory is the hot cell facilities that enable safe handling of materials
containing strongly gamma-emitting isotopes. A main activity is mechanical testing of radioactive
materials, but there are also associated process such as electric discharge machine cutting, electronbeam welding and specimen preparation that need to be carried out in a shielded fashion. These
shielding facilities will be installed in the high bay, which was designed to accommodate them. The
high bay is a large, rectangular room 16 m wide by 25 m long, having a ceiling height of 8.6 m. Much
of the design of the hot cell high bay has been done in conjunction with the hot cell conceptual
design carried out by Merrick & Company in 2013. Nonetheless, some further design choices have
been made by building on the conceptual design and to achieve some possible cost savings. As
shown in the layout, the hot cells will be positioned as two rows of three cells in the middle of the
high bay, but close to the long exterior wall, allowing traffic around the other end. The working faces
of the hot cell are on the outside, with the rear area between the two cell rows enclosed as a
secondary airspace from which the rear of each cell can be accessed if necessary. At one end of the
hot cell high bay is a large hatch that leads to the basement. At the other end is space for a shielded
glove box intended primarily for metallography and small specimen handling, TEM specimen
production, and other activities involving relatively low levels of radioactivity, but requiring hand
dexterity not easily achievable with manipulators. Around the walls of the high bay is space for
other, similar small constructions, and even test devices that can be shielded locally and enclosed in
light glove-box containments.
The hot cell suite is oriented perpendicular to the high bay for three reasons. The principle reason
was the need to allow adequate space for withdrawal of the manipulators for maintenance or during
in-cell equipment change-out. To remove the manipulators from the cells they must first be
straightened, and then carefully withdrawn from their port in the cell wall. Since their entire length
must clear the front of the cell wall, there must be adequate clearance in the high bay at the front
face of each hot cell row. The orientation was also found to enable co-location of the cell suite with
a double cell in the basement on one end, and a liquid waste handling facility in the basement at the
other end. In the case of co-location with the double cell in the basement, a shielded transport
method can then be incorporated, which enables specimens to be transferred directly between the
basement double cell and the main cell suites. Likewise, co-location of the other end of the cell suite

with the basement liquid waste handling facility enables the water circuit of the electro-discharge
machine (EDM) to be located in the basement while the EDM itself is in the main floor cell suite.
The hot cell suite will be connected to the building electrical and ventilation systems at the end of
the hot cell suite by the exterior wall. The ventilation for the high bay is designed such that the hot
cells will operate at an under-pressure with respect to the surrounding air, and thereby a portion of
the high bay air is exhausted by way of the hot cells, which are designed to include HEPA filters. This
ensures that any radioactive contamination can be contained within the hot cells, which in turn
minimizes the likelihood for contamination in the workspace around the hot cells. As conceptualized
by Merrick & Company, the space between the hot cell rows can be enclosed as a secondary
containment barrier. In this configuration the air exhausted from the hot cell interior is replaced by
drawing air from the rear secondary containment, which in turn is replaced by air drawn from the
high bay room itself, forming a cascade of under-pressures towards the interior of the hot cells.
Likewise, since the hot cells in each row are connected with shielded portals between them, a further
gradient in under-pressure is technically feasible along the cell row from “cleanest” to “dirtiest”
based on the particular operations in the cell.
To accommodate the expected load from the shielding cells, the floor of the high bay is a total of 75
cm thick pre-tensioned, reinforced concrete. The calculated load bearing capacity of the floor is
130kN/m2 (~13 tons/m2). The thickness of the slab also offers gamma radiation protection from the
main-floor cells towards the basement, as well as from the basement towards the main floor.
A bridge crane runs the length of the high bay. It is designed to have 6 m of clearance below the
hook, and a range covering the entire high bay, even into the pilot hall. The specified design capacity
of the bridge crane is 10 tonnes. The crane will be used during assembly of the hot cells during
installation, and will also be useful for any partial disassembly when changing out equipment in the
cells, removing manipulators for maintenance, etc. Another important use of the crane is for
manipulating heavy casks in the high bay, as well as lifting casks from the basement through the
hatch, and also manipulating large casks containing surveillance capsules into position at the
basement double cell.
2.4.2

Pilot bay

In the near term the pilot bay will house special facilities that may not directly involve radioactivity,
but which are a part of the nuclear sector experimental portfolio, and which require a high bay.
These include such things as in-core test device fabrication and testing, as with the Melodie biaxial
creep device produced for the Jules Horowitz Reactor consortium, and other large scale experimental
set-ups. The pilot bay area also includes a calibration track for calibrating detectors used in radiation
safety of the facility, a gamma-cell for irradiation purposes, and a glove-box. It is also a space for
executing larger scale experiments and is equipped accordingly. In the long term the pilot bay offers
expansion space for the shielded testing facilities, either to house hot cells proper, or at least
additional locally-shielded set-ups within containments.

Figure 8: Layout of the hot cell high bay and pilot hall.

2.5

A-class basement facilities

In order to exploit the natural gamma shielding offered by the granite bedrock on the building site, a
basement was included in the laboratory wing. As shown in Figure 8, the diagonally hatched area on
two and a half sides of the basement perimeter are at least partially below the level of the
surrounding ground. For that reason the supporting activities of the main radiological facilities are
relegated to the basement, including radioactive material transportation, waste handling, and
storage of radioactive wastes, specimens and sources.

Figure 9: Layout of basement facilities.
Besides the facilities for handling and storage of solid radioactive materials, the A-class basement
includes a room for liquid waste handling, a room for housing radioactive autoclaves, and a heavily
shielded double cell.
One noteworthy aspect of the basement is the thick walls specified not only at the perimeter of the
A-class facilities, but also for many of the interior walls as well. The thick exterior walls offer
protection towards the outside from gamma radiation in the event of an accidental uncovering of a
radioactive source. The thick interior walls offer both protection from gamma radiation, and serve as
part of the support structure for the floor of the hot cell high bay. The basement also contains much
of the building facility infrastructure, and therefore a thick partition separates them from the A-class
facilities, and access to those rooms is arranged from the outside or through a dedicated corridor
that is locked out of the A-class facilities.

Personnel access to the A-class basement is either through the airlock of the spiral stairway to the
hot cell high bay, or through a corridor that leads to an elevator that is located within the Blaboratory radiological control zone. An emergency exit is located at the foot of the spiral staircase
leading directly outside, but it is off-limits for normal access. As with all of the other A- and B-class
facilities, wash basins are located in the proximity of exits for workers to wash their hands before
exiting, to minimize spreading any possible contamination through hand contact.
2.5.1

Liquid waste handling room

The liquid waste handling room is co-located with the upstairs hot cell suite such that the cell
containing the EDM can have its water circuit located in the basement with a minimal of horizontal
piping that could accumulate radioactive debris. The water circuit has to be cleaned occasionally,
and the contaminated water must be cleaned up. Also, some other processes may produce
contaminated water, and chemicals used in pickling or etching of radioactive materials require
disposal as well. Therefore the room is designed to be equipped with a fume hood, as well as a drum
evaporator and accompanying condenser so that the waste water and chemicals amenable to
evaporation can be turned into a non-radioactive form, leaving the radioactive residue to be
disposed of as solid waste.
2.5.2

Autoclave room

Because autoclave testing of radioactive materials involves long test times (on the order of days,
weeks, or even months) it was decided to allocate a separate room for housing the autoclaves and
their associated water circuits. The principle activity in the room is merely the installation of the
radioactive specimen to the test device, and then closure of the autoclave. Once the specimen is in
the autoclave, there is no more handling of the radioactive material required, and it is beneficial for
the test device to remain undisturbed. The dedicated room enables much more constant room
temperatures to be maintained, and since there is a theoretical chance that the water circuitry could
begin to leak, the separate room also provides secondary containment for any leaking water.
2.5.3

Double hot cell

The basement includes a double hot cell of a similar structure to those planned for the high bay. On
one end of the double cell is a chamber principally designed to accommodate unloading of a reactor
pressure vessel surveillance specimen capsule from its transport cask. Because such casks are the
largest expected to be handled, that end of the cell is located in proximity of the high bay hatch,
which facilitates using the bridge crane to handle the cask. The concrete stub wall between the
hatch and the double cell has been designed to include a space through which the cask can be moved
up against the transfer port located in the double cell wall. The surveillance capsule can then be
disgorged directly into the heavily shielded cell chamber for further processing. Since surveillance
capsule processing is required only occasionally, the cell also serves as a utility cell in which other
activities can be set up as needed.
The other end of the double cell has a second chamber with an access door on the end, which can be
used as a utility cell as well, but most commonly is expected be used for unloading smaller transport
casks, which may be of various sizes and shapes. In such cases the radioactive materials from the
unique cask can be moved to the dedicated internal transfer cask in a shielded fashion.

The double cell would be operated from the front face, and accessed from the utility chamber end.
The two chambers are separated by a partition containing an access door, so access to the
surveillance capsule chamber is foreseen to be from the utility chamber. Further design iterations
will still to be done as a part of the hot cell detailed design process.
2.5.4

Transportation of materials into and out of the laboratory

The Centre for Nuclear Safety has a separate shipping dock for normal deliveries located between
the laboratory and office wings. The transport bay attached to the A-class basement is a semioutdoors facility designed to be contamination-free, and used primarily only for unloading and
loading of vehicles transporting radioactive specimens and waste. It is located partially below
ground, has a roof, and the above ground portions are louvered for visual screening. A large door
closes off the vehicle entrance. At the far interior end of the transport bay some unheated storage
rooms have been allocated for storage of empty, clean transport casks and barrels, as well as for
securely and safely storing any large quantities of flammable liquids.
Materials coming into or out of the radiological facilities are transferred by way of the transport
airlock. Depending upon the size and type of transport cask or drum, an appropriate lifting device is
used to place the container on a wheeled cart located in the transport airlock. The floor of the
transport airlock is specified to be smooth and contain no thresholds, which enables even the largest
of transport casks to then be wheeled from the airlock into the basement. By this procedure there is
no need for wheeled traffic to go from the radiological control area to the transport bay. Since the
largest casks require an industrial fork-lift truck to be used to lift the container from what is a large
truck, the transport bay is allocated enough space for both vehicles to fit within it at the same time.
In some cases, such as radioactive methyl iodide transport out for field tests, it may be reasonable
for a cart to be wheeled across the controlled zone boundary, but in that case the wheels are
measured for contamination before entering the transport bay.
2.5.5

Transfer of radioactive materials within the laboratory

Transfer of radioactive materials between the basement and the hot cells is designed to be possible
either by using the customer cask, a dedicated facility transfer cask, or directly transporting the
material from the shielded double cell up into the hot cell rows in the high bay. In the latter case the
specimens can be transferred without needing the extra steps of first putting them inside a cask,
transferring the cask to the destination, and then taking them out again at their destination cell. This
is possible by using an elevator basket located in the middle of the basement double cell, connecting
to each of the two cell lines upstairs, such that the specimens are within shielding all the time. That
elevator will be designed in more detail as a part of the hot cell engineering design.
When using the customer cask or the facility transfer cask, the materials are shielded by the cask,
and the cask can be either lifted directly to the high bay through the hatch with the help of the
bridge crane, or else it can be placed on a cart that can be wheeled to the elevator located on the
controlled side of the B-laboratory. Once on the main floor, the cask is wheeled to the desired
location. For that reason the floors in both the A- and B-class laboratories is specified to be of a
durable, smooth material that can withstand heavy cart traffic.

3. Summary and Conclusion

The location of the new VTT Centre for Nuclear Safety will be Kivimiehentie 3 in Otaniemi. The
location was chosen to enable gathering much of the VTT Nuclear Safety research personnel
currently scattered in Otaniemi, into a single, compact location. Although the site is atop an
underground parking garage, special attention was paid to optimizing the extent to which basement
space could be included, to exploit the natural gamma shielding offered by the granite. The CNS is
comprised of an office wing and a laboratory wing, and the laboratory wing is comprised of C-, B- and
A-class radiological laboratories. The VTT research staff has been integral in the design process, in
order to assure that the laboratories meet the current and foreseen future needs. Considerations
are not only research requirements, but also practicalities such as installation of equipment and of
course radiation safety requirements. The C-class laboratories include radiochemistry laboratories,
cleanroom facilities for trace element analysis, nuclear waste management research, and Claboratory support facilities like an electronics shop and utensil cleaning and storage. The B-class
radiological laboratories contain the controlled entrance area (also used for accessing the Alaboratory), an iodine filter laboratory, radiochemistry laboratory with nuclear material handling
allocation, and a mechanicals workshop. Microscopy facilities include a TEM on the B-laboratory
side, and a SEM and light microscopy facilities in the A-class laboratory. The A-laboratory spans a
part of the main floor shared with the B-laboratory, as well as the basement facilities. On the main
floor it includes the hot cell high bay and the pilot hall, equipped with a 10 ton capacity bridge crane.
The basement facilities are mainly for storage and handling of radioactive sources, specimens and
waste, but include a liquid waste handling room, autoclave room and double hot cell. Transportation
of radioactive materials into and out of the laboratory occurs by way of a separate covered truck
park, through an airlock into the basement. Transfer of radioactive materials within the laboratory is
possible with a dedicated facility cask handled by the bridge crane and/or a cart. Overall the design
process carried out over the last two years has yielded very satisfactory results and the facilities can
be expected to serve the purposes well.

