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ARTICLE INFO ABSTRACT

Keywords: An investigation was conducted into minimising effective dose to members of the public in the unlikely event of
Saf‘fty an accident by optimising design parameters and site locations of future fusion power plants. This is part of the
Tritium defence in depth approach for tritium safety that also includes significant work on the prevention of accidents.
PDII;SIIS Calculations were performed using Atmospheric Dispersion Modelling System (ADMS 5), a validated software
ADMS 5 package that models plume dispersion with inputs including buildings, stack height, terrain topography and
Inventories meteorological data. To decrease the effective dose to on-site workers and the public, stack height, release

duration and site boundary should be maximised. The minimum recommended stack height and site boundary
distance are 60 m and 250 m, respectively. It was also found that very unstable weather conditions that cause
enhanced vertical mixing, Pasquill-Gifford Stability Class A, minimise effective dose to members of the public.
The impact of these changes on effective doses are demonstrated quantitatively. Analysis of tritium dispersion
and dose rates provides upper bounds on releasable tritium inventories that can be stored on site. It is envisaged
that future fusion power plants such as DEMO can use this information when designing and choosing a location
for their site.

1. Introduction effects of the following design and location parameters have been
investigated:
Fusion energy is seen as a contender to provide baseload power to the
grid in the future. A large part of enabling the viable use of fusion energy e Tritium source term
is the public perception of fusion energy as a safe alternative to nuclear e Stack height
fission and other fossil fuel powered methods of electricity generation. e Site boundary distance
As a result of this DEMO, a European DEMOnstration power plant for e Release duration/Emission rate of tritium
fusion energy, has a requirement to minimise effective dose to members e Weather
of the public to as low as reasonably achievable (ALARA). e Terrain
Very few studies have been conducted on the effective dose due to an e Building locations.
accident at a fusion power plant. Some studies have been conducted for

ITER; however, the results are not publicly available. It is therefore
important for the public perception of fusion energy to increase the
awareness of the layers of safety utilised in a fusion power plant design
and have published work demonstrating its effectiveness.

For the work in this paper, it was assumed that the public dose must
be kept below 50 mSv however, this limit is continually being assessed.
In any case the results discussed in this paper can be used to design
fusion power plants in way that minimises effective dose to members of
the public. To confirm that DEMO can meet these requirements, the
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The implications for the design of the fuel cycle were also deter-
mined. Note that tritium source term in the context of this paper refers to
the amount of tritium lost to the environment and not the total DEMO
plant inventory.

Analysis was carried out using a dispersion modelling software
developed by Cambridge Environmental Research Consultants (CERC)
called Atmospheric Dispersion Modelling Software version 5 (ADMS 5)
to provide estimates for effective dose and to suggest stack heights and
site boundary distances.

Received 11 October 2022; Received in revised form 15 March 2023; Accepted 20 March 2023

Available online 6 April 2023

0920-3796/Crown Copyright © 2023 Published by Elsevier B.V. This is an open access article under the Open Government License (OGL)

(http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/).


mailto:gowri.karajgikar@ukaea.uk
www.sciencedirect.com/science/journal/09203796
https://www.elsevier.com/locate/fusengdes
https://doi.org/10.1016/j.fusengdes.2023.113685
https://doi.org/10.1016/j.fusengdes.2023.113685
https://doi.org/10.1016/j.fusengdes.2023.113685
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fusengdes.2023.113685&domain=pdf
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/

G. Karajgikar et al.

The accident was assumed to be a beyond design basis accident
(BDBA) which specified a 50 mSv total predicted early dose from
exposure over a 7-day period. BDBAs or beyond design basis events
(BDBEs) are defined as “hypothetical accidents” that have a frequency of
occurring of less than 107° per year. They are studied to determine the
ultimate safety margins against accidents that have an extremely low
probability of occurring. Typically, sequences of failure based on design
basis accidents and probabilistic safety analysis are specified, known as
a Fault Sequence. These are used to produce figures of estimated source
terms, reduced due to the safety measures in place, which are used to
calculate the potential dose to on-site workers (OSWs) and to members
of the public [1]. However, in this case, as the fuel cycle and tritium
building design are not finalised and the full safety functionality of the
plant is unknown, this report studies an accident with no safety mea-
sures in place in order to determine the ultimate safety margins. The aim
of this study is to optimise variables such as stack height, site boundary
distance and site layout in order to minimise effective dosage to mem-
bers of the public.

2. Methodology
2.1. Assumptions

All assumptions made for this study are conservative.

For this study 100% of the released tritium source term was assumed
to spontaneously convert from HT (hydrogen-tritium) to HTO (tritiated
water) vapour due to oxidation with air. This decision was made as the
percentage of HT that converts to HTO will depend on the temperature,
external conditions and exposure distance; but lack of data means
holding a conservative view is more appropriate. The 100% conversion
to HTO is also typically assumed in the event of a fire or explosion which
also come under a BDBE. This allowed for a conservative estimate of the
estimated effective dose as the dosage due to HTO is approximately
10,000 times worse than a dosage due to HT, as demonstrated by the
inhalation committed dose coefficient values [2]. This is similar to safety
calculations carried out for the International Thermonuclear Experi-
mental Reactor (ITER) in its Preliminary Safety Report summarised in
[3,4] with further details in [5].

Some initial assumptions were made when using the modelling
software. In an accident scenario the worst-case pathway is assumed to
be a release of tritium from the DEMO Tritium Building stack. In certain
accident scenarios the tritium source term may not be released from the
stack and could be released from ground level. For example, an aero-
plane crash into the tritium plant could result in a ground level release.
This has been modelled and would result in a high on-site dose but a low
off-site dose, reducing the risk to members of the public. For the purpose
of this investigation, a member of public is defined as a person posi-
tioned at the site boundary. On-site worker dosage has not been
considered in this paper. As a site location for DEMO has not been
confirmed Culham terrain and meteorological data was used to carry out
this investigation.

2.2. Atmospheric dispersion modelling system (ADMS 5)

The software used to model the plume dispersion was developed by
Cambridge Environmental Research Consultants (CERC) in collabora-
tion with the UK Meteorological Office, National Power plc and the
University of Surrey. The software uses inputs of terrain, meteorological
and surface roughness data to determine where the highest concentra-
tion of tritium will be. The software allows a maximum of 25 buildings
surrounding the stack (i.e. site buildings) to be included in the model in
order to determine their effects on the plume dispersion. A summary of
the technical specification is included in the ADMS 5 User Guide and
further details are on the CERC website [6,7].
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2.2.1. Puff model

The puff model is used to model short duration releases. It is used
when a fixed quantity of contaminant is released over a specified time.
In general, it can be used to model a release at the end of a batch process
or blowdowns, the venting of gas accumulated in equipment. However,
in this paper it is used to model accidental discharges as it provides a
good bounding case and allows assessment of the worst case scenario.
The output of this model calculates the time-integrated concentration or
dose. This equates to the total quantity of discharge a person would be
exposed to at a particular location as the plume passes over that point. It
is therefore ideal for determining the effective dose due to an accidental
tritium release.

The puff model has very simple input data. No buildings, surface
roughness or terrain data are included in the simulation. More detail on
these data inputs is provided in Section 2.2.2. The meteorological data
used in this model are called the Pasquill-Gifford stability categories
which characterise the boundary layer, the region within the tropo-
sphere that is affected by the Earth’s surface and which extends about
2.5 km above it. They are traditionally used to model plume dispersion.
The Pasquill-Gifford stability categories, described in Table 1, is a seven
class scheme used to characterise the atmospheric stability and potential
for vertical mixing [8]. As the stability categories model does not take
into account any variations over time this is a very simple way of looking
at the effect of initial weather conditions on the effective dose. However,
it has been the standard method used to calculate public doses for the
nuclear licensing process since its inception in the NRPB-R91 report
purely because it is simple and conservative to use [9].

2.2.2. Long term concentration model

The Long Term Concentration Model calculates the concentration for
every hour of meteorological data and displays the average for every
specified mesh point. This model is typically used for annual releases
and is useful for comparing predicted concentrations with Air Quality
Standards. This model does not tend to be used to model emergency
releases as it assumes a static output grid rather than one that moves
with the plume trajectory.

The Long Term Concentration model requires location specific
meteorological and terrain data. It also has added inputs, that the puff
model does not provide, of building layouts and surface roughness. The
meteorological data was taken from Benson weather station as it is the
closest station to Culham, roughly 11 km away from the site. The
meteorological data contained hourly weather parameters that ADMS 5
uses to model plume dispersion, such as the wind speed and direction,
ambient temperature and cloud cover.

The terrain data is used by ADMS 5 to localise the weather data even
further by calculating the changes in the wind flow field due to the
surface elevation. Surface roughness from the Culham site was also used
to model the turbulence caused by the surface features such as trees and
houses. This could be used as a more generic approach to terrain in
future work, as it models the typical features of a power plant site, i.e. a
built-up site location with lots of fields and country surrounding it with
some towns nearby.

Table 1
Summary of the Pasquill-Gifford stability classes.
Stability Definition Description
Class
A Very unstable Hot, sunny, clear skies and still weather cause
B Unstable enhanced vertical mixing
C Slightly
unstable
D Neutral Cloudy, windy conditions
E Slightly stable ~ Night time or winter conditions and clear skies
F Stable suppress vertical mixing
G Very stable
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An image of the meteorological data is shown in Fig. 1. The 2010
data represented wind direction that was more spread out and was
selected for use in the model as it had the most extreme wind rose out of
the 5 years of data.

Due to the use of local data this paper provides indicative results for
the distance to the site boundaries and neighbouring villages. These
deposition analyses should be repeated when DEMO site information is
narrowed down or confirmed.

Fig. 2 shows the building layout that was used as a reference for the
buildings included in the simulation [10]. The dimensions of the
buildings were provided in the ITER Preliminary Safety Report [5].
ADMS 5 allows a maximum of 25 buildings to be included in the sim-
ulations, therefore, the buildings thought to have the highest effect on
the dispersion of the tritium plume were included. The Preliminary
Safety Report also referenced a requirement for the Tritium Building to
have a minimum of two air changes per hour. Using this information
along with the building dimensions a minimum emission rate was
calculated.

2.2.3. Model comparison
A summary of the positive and negative aspects of the ADMS 5
models used is described in Table 2.

2.3. Dosage calculations

For both methods the output data needs to be converted into a
dosage. In order to do that an inhalation committed effective dose co-
efficient must be used. It is the committed effective dose over 50 years or
from the age at intake (if less than 20 years) to age 70 of an individual
arising from the inhalation of a unit of activity (1 Bq). It depends on the
type and form of radionuclide inhaled and the age group of the indi-
vidual [2].

The inhalation committed effective dose coefficient is 1.8 x 10715 Sy
Bq ! for HT and 1.8 x 101! Sv Bq~! for HTO, showing that the effective
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Fig. 1. A years’ worth of meteorological data, from 2010 at the Benson site 11
km from Culham, shown in the form of a wind rose. The wind rose shows the
wind direction and speed over 2010. The spokes are every 10° and the legend
represents the windspeed. The length of each sector shows the number of oc-
currences of wind in each direction.
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dose due to HTO is 10,000 times worse. This value was chosen because it
was assumed that all of the HT was converted into HTO when released
into the environment. The coefficient for HTO was increased by 50% to
2.7 x 107! Sv Bq}, before being used to provide conservative esti-
mates for effective dose. The coefficient was increased by 50% because
when a person is immersed in the HTO vapour the coefficient needs to
account for the absorption of tritium through the skin [2,11-13]. The
HTO dose coefficient also assumes that all inhaled HTO is absorbed by
the body and that none of it is released when exhaling.

The breathing rate used in all calculations was 3.3 x 10~% m3 s7},
this is the best practice value for design basis accidents and probabilistic
risk assessments [14].

The total dose, shown in Eq. (2-1), is given by multiplying the output
of the puff model by the breathing rate and inhalation committed
effective dose coefficient.

Total Dose = B x e; X Cp. 2.1)

Where:

B = breathing rate (rn3 s’l),

e; = inhalation committed effective dose coefficient (Sv Bq’l),

Cp = output of the puff model (Bq s m’3).

The dose rate, shown in Eq. (2-2), is given by multiplying the output
of the long term concentration model by the breathing rate and inha-
lation committed effective dose coefficient.

Dose Rate = B x e¢; X Cyr. 2.2)

Where:

Cir = output of the long term concentration model (Bq m™>).

The total dose can be calculated in the case of the puff model as the
exposure time to the plume is known and calculated by ADMS 5 which is
not the case for the long term concentration model.

3. Results

The stack height and release duration variables were studied as they
can be modified during the design phase and operational phases of
DEMO respectively. For each variable the results from both the puff
model and the long term concentration model will be considered.

A stack height of 60 m was chosen for the simulations in which the
stack height is a constant as this is an initial estimate for the stack height
to be used in future UK nuclear power plant designs. These power plants
were designed knowing that there is a possibility of tritium leaks
occurring which will then pass through the HVAC and HEPA filtration
systems to then be discharged from the stack [15].

A 700 g tritium source term was used in the simulations as the dosage
due to this amount released in 60 s with a stack height of 60 m kept the
dosage below 50 mSv under the worst case weather scenario.

3.1. Effect of release duration on dosage

3.1.1. Puff model

Release duration does not seem to have a significant effect on the
maximum dosage assuming the other variables remain constant. See
Figs. 3 and 4. The maximum dose is very similar — 49.07 mSv for the 1
hour case and 50.42 mSv for the 15 min case both at 111.08 m due to
Category A stability conditions. Although the release duration reduces,
from 1 hour to 15 min, the dosage is similar and the distance at which
the maximum effective dose occurs is the same.

This lack of significant effect may be due to the duration of release
not having much effect on the mixing of the tritium with the air when it
comes out of the stack. This suggests that no matter how long the plume
takes to pass over the person the same amount of tritium is inhaled,
therefore resulting in a similar dosage. Another, more significant, reason
as to why the release duration does not have a large impact on the
dosage is that this model only uses one specific wind direction and speed
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Fig. 2. The DEMO building layout [10]. The black circle highlights where the stack would be. Buildings 11 and 14 are the Tokamak and the Tritium Buildings with

heights of 59 m and 34 m respectively.

Table 2
The positive and negative features of the model types with respect to the purpose
of this investigation.

Model Type Positives Negatives

Puff Calculates total dosage Does not allow building or terrain
Used to model accidental ~ data to be used
releases Limited amount of meteorological
Calculates time data can be used
evolution of the plume

Long Term Can use building, surface ~ Calculates average dosage rate

Concentration roughness and terrain during first hour of release, so is

data
Can use real
meteorological data

not useful for calculating total
dose received
Primarily used to model

continuous releases during
normal operations

Slightly pessimistic as assumes
person is in static plume

over the whole release time. As these are short release durations this
may not have a significant effect overall, however, as the weather is
modelled from the Pasquill-Gifford stability categories there is no spread
in the data over time. Real meteorological data would shift directions
over time, therefore causing the plume to disperse further, reducing the
concentration of tritium in the air. This would result in the amount of
tritium inhaled by a person to decrease, therefore they would receive a
lower dosage. Whereas the Pasquill-Gifford stability categories repeat
themselves hour to hour, with no change in direction, and therefore the
plume does not disperse as much as it would in a real-life scenario.

3.1.2. Long term concentration model

The release duration has an inversely proportional impact on dosage
using this model as can be seen in Table 3 and Fig. 5. When halving the
release duration, the dose rate roughly doubles in the areas where

significant deposition is occurring. This can be seen in Table 3 where the
distance from the stack to the maximum dose rate remains unchanged
with decreasing release duration. This occurs when all other variables
remain unchanged, such as the amount of tritium being released, the
meteorological data used and the stack height.

This seems contradictory to the results produced by the puff model,
however, it can be explained due to the way this model is run. The long
term concentration model shows the average possible dosage over the
first hour after the initial release of tritium. Whereas, the puff model
shows the effective dose if a person is static as the plume passes over
them, potentially hours after the tritium is released from the stack. A
possible way to check that this is due to the limitations of the model
rather than a limitation on the data is to buy meteorological data that is
measured more than once an hour. As the release duration is shorter
than an hour the way it spreads in this simulation is not modelled
completely. Additionally, the difference in results between the puff and
long term concentration model show that the total dose may not change
with release duration, but the rate at which the dose is received is
dramatically altered.

3.2. Effect of stack height on dosage

3.2.1. Puff model

The effect of stack height on dosage was studied using the puff model
to demonstrate the increased dispersion of the tritium plume with
increasing stack height. These results are independent of the effects of
the site buildings, terrain and surface roughness data. These simulations
model the release of 700 g of tritium from the stack with a release
duration of 1 hour. The meteorological data used was the Pasquill-
Gifford stability categories in a fixed direction. The results in Figs. 6
and 7 show that increasing the stack height significantly decreases the
dosage to OSWs and members of the public. Table 4 summarises the
main results.

Table 4 shows that increasing the stack height decreases the effective
dose to members of the public. However, as the ADMS 5 model does not
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Fig. 3. Effective dose against distance from the stack for a release duration of 1 hour with a source term of 700 g and a stack height of 60 m.
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Fig. 4. Effective dose against distance from the stack for a release duration of 15 min with a source term of 700 g and a stack height of 60 m.

Table 3
The effect of release duration on dosage rates.

Release Duration Maximum Dose Rate  Distance from Stack to Location

(minutes) (mSvh~—1) of Maximum Dose Rate (m)
60 8.3 57
30 17.0 57
15 33.0 57

show the effective dose caused past 600 m, we cannot be certain
whether the more stable weather categories, F and G, cause doses above
50 mSv at large distances from the site. This is because these weather
categories do not encourage dispersion of the plume and therefore high
concentrations of tritium could be deposited far away from site. Further
research should be done into the dosages caused by the stable weather
categories. They were not carried out in this investigation due to
computational limitations.

Figs. 6 and 7 show that as you move away from the stack location, for
the more unstable weather categories A — C, the dosage is minimised.
The turning points for weather categories A and B can be seen at less
than 300 m from the stack.

3.2.2. Long term concentration model
Stack heights of 0, 40, 60, 80 and 100 m were modelled to show their

effects on the dispersion of tritium. The effect of buildings surrounding
the stack were also displayed through these contours. 700 g of tritium
was modelled to be released over an hour under the 2010 meteorological
conditions which was consistent throughout the runs. As shown in Fig. 8
and Table 5, even a stack height of 40 m, just above the height of the
tritium building (34 m), makes a significant change in the distribution of
the tritium and ultimately the dose received. As the stack height in-
creases, the dosage decreases significantly and the distance from the
stack to the location of the maximum dose rate increases as shown in
Table 5.

A stack height of zero, i.e. a ground level release, was simulated as
shown in Fig. 8 and Table 5. This shows the potential outcome of a
tritium release in circumstances such as an aeroplane crash at the tritium
building, although, the increase in temperature, velocity of the plume
and effective stack height due to an explosion or crash is not included in
the model. The increase in these characteristics of the plume are likely to
increase its dispersion and therefore decrease the tritium concentration
and dosage received. The contour shows that a release below the height
of the surrounding buildings contains the tritium plume to the site. This
would reduce the dosage to members of the public as the plume is un-
likely to spread as it gets caught in the wake of the buildings. However,
the dosage to OSWss is significant with a maximum of 280 mSv h™! at a
distance of 7 m from the stack.

The stack height was increased to 40 m, in between the height of the
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Fig. 5. Contours showing the deposition of tritium over a release duration of 1 hour and 15 min on the left and right hand respectively. The legend uses units of
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Fig. 6. Dosage as a function of distance from the stack for a stack height of 60 m for a 700 g source term.
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Fig. 7. Dosage as a function of distance from the stack for a stack height of 80 m for a 700 g source term.

tritium building and the tokamak building, at 34 m and 59 m respec-
tively, as shown in Fig. 8. This contour shows that increasing the stack
height increases the dispersion of the plume, thereby decreasing the
dosage received. However, as the stack is still below the tokamak

building, which is beside the tritium building, the plume cannot disperse
well enough to leave the perimeter of the site, minimising the dosage to
members of the public. This is confirmed by increasing the stack height
to above 59 m, as shown in Fig. 9, where the effective dose is
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Table 4
The effect of stack height on dosage.

Stack Height (m) Maximum Dose (mSv)
0 530

40 78

60 49

80 34

100 25

significantly reduced.

The effect of the buildings can be studied further by modelling the
plume spread in a fixed wind direction. This would enable the effect of
each building surrounding the stack to be analysed. The building layout
could be modified to enhance the dispersion of the plume to reduce the
concentration of tritium, overall leading to a reduction in dosage to
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OSWs and members of the public.

Note that the dose rates produced by this model are the worst-case
scenario as ADMS only calculates the concentration deposition over
the first hour of release. As the long term model does not provide the
time evolution of the plume, we assume that the plume remains static.
Therefore, the overall effective dose is much larger than estimated using
the puff model.

3.2.3. Model verification

The validity of ADMS has been studied and confirmed in previous
work at UKAEA using historical JET discharge, weather data and
recorded activity concentrations [16]. It has also been verified
comprehensively, further details can be found at [17].

40 m
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Fig. 8. Tritium deposition contour showing a stack height of 0 m and 40 m. These were modelled for a release duration of 1 hour over a period of 1 hour. The legend

uses units of Bq m°.

Table 5
The effect of stack height on dosage rates.

Stack Height (m) Maximum Dose Rate (mSv h™')

Distance from Stack to Location of Maximum Dose Rate (m)

0 280 7
40 150 57
60 8.3 57
80 1.7 293
100 0.83 435
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Fig. 9. Tritium deposition contour showing a stack height of 60 m and 80 m. These were modelled for a release duration of 1 hour over a period of 1 hour. The legend

uses units of Bq m™°.
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3.2.4. Recommendations

The main recommendations coming out of this study are as follows.

The first recommendation following this study is to keep the mobi-
lisable tritium inventory ALARA to minimise tritium lost to the envi-
ronment in the event of an accident. Ensure tritium inventories are kept
separate such that in the event of an accident only one containment of
tritium has the potential to be lost to the environment to minimise the
effective dose to members of the public.

Secondly to maximise stack height. A location with very stable
weather conditions could build a stack that reaches above the atmo-
spheric boundary layer which would significantly increase the disper-
sion of the plume reducing the dosage received at ground level.
Typically under very stable conditions the boundary layer height ranges
between 150 and 200 m. It is feasible to create a stack that is 200 m or
419.7 m tall as evidenced by the stack heights of the now demolished
Didcot [18] and GRES-2 [19] Coal Power Stations, respectively. The
minimum stack height should be taller than the buildings surrounding it
as the higher the stack, the less the site buildings affect plume disper-
sion. In the case of DEMO, a stack height of 60 m should be used as then
it is taller than the Tokamak and Tritium Buildings it is situated next to
and on respectively.

The distance between the stack and site boundary should be maxi-
mised with no settlements down wind of the stack within a reasonable
distance. The site boundary should be a minimum of 250 m from the
stack radially but if this is not possible, ensure that the distance from the
stack to the site boundary is at its furthest in the direction of the pre-
vailing wind.

3.2.5. Proposed future work

Case studies for suggested DEMO sites across Europe should be car-
ried out in future in order to choose the optimum meteorological and
terrain conditions before deciding on a final site.

Further work could be done to analyse the effects of the building
layout on the dispersion of the tritium plume. Simulations could be run
with the wind in a fixed direction to the stack to see which buildings
affect dispersion the most. The building layout could then be altered to
increase plume dispersion to decrease dosage to OSWs and members of
the public.

The effect of humidity on the results could be studied further. This
could alter the amount of tritium deposited on to the ground and
therefore alter the amount of tritium inhaled, changing the effective
dose. Long term investigations into tritium deposition into the ground
should also be undertaken to see how agriculture and livestock would be
affected, notably because of the effect of soil on the oxidation ratio of
HT. The oxidation rate of HT in the environment should be investigated
to calculate more realistic dosages. These values can also be used to
study the potential long-term dosage caused by an accidental tritium
release. Particularly in the case of soil as a secondary source term as it
can absorb HT and reemit it later as HTO [20,21].

The effects of various terrains on the deposition of tritium could be
investigated as they could have a significant impact on the effective
dose. For example, valleys may contain the contamination to a small
area or a plant next to a hill may cause high dosages in line with the
plume height.

Once a detailed design of the tritium plant is confirmed a fault
sequence, a route of release of the tritium source term, can be defined.
This study can be repeated when further details of the tritium building
and safety systems in place at DEMO are confirmed. This will also allow
assumptions about the roles of HVAC and detritiation systems to be
made. Therefore, the percentage conversion from HT to HTO and per-
centage releases of tritium inventory can be varied depending on the
scenario.

It is also important to note that estimated values in this report are not
expected releases. They apply only to exceptionally unlikely scenarios;
these scenarios must be considered to ensure that the safety re-
quirements are met.
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4. Conclusions

The main conclusions from this study are the following:

Effective dose to the public is minimised by increasing the stack
height and increasing the distance between the stack and the site
boundary.

Effective dose to the public can be further minimised by the stack
height clearing the height of the surrounding buildings.

Effective dose to members of the public is also minimised in the event
of a ground level release, however, they cause the highest dose to
onsite workers.
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