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Abstract
The FISPACT-II code is used to compute the levels of activation and transmutation of tungsten
borides for shielding the central high temperature superconductor core of a spherical tokamak
fusion power plant during operations at 200 MW fusion power for 30 years and after shutting
down for 10 years. The materials considered were W2B, WB, W2B5 and WB4 along with a
sintered borocarbide B0.329C0.074Cr0.024Fe0.274W0.299, monolithic W and WC. Calculations
were made within shields composed of each material, for five reactor major radii from 1400 to
2200 mm, and for six 10B isotope concentrations and at five positions across the shield. The
isotopic production and decay in each shield is detailed. The activation of boride materials is
lower than for either W or WC and is lowest of all for W2B5. While isotopes from tungsten
largely decay within 3 years of shut-down, those from boron have a much longer decay life.
An acceptable 70% of the absorbing 10B isotope will remain after 30 years of operations
behind the first wall for a 1400 mm radius tokamak. Gaseous production is problematic in
boride shields, where 4He in particular is produced in quantities 3 orders of magnitude higher
than in W or WC shields. The FISPACT-II displacements per atom (dpa) tend to increase with
boron content, although they decrease with increased 10B isotopic content. The dpa ranges of
boride shields tend to lie between those of W and WC. Overall, the results confirm that the
favourable fusion reaction shielding properties of W2B5 are not seriously challenged by its
irradiation and transmutation properties, although helium gas production could be a challenge
to its thermal and mechanical properties.
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1. Introduction

The shielding of the high temperature superconductor (HTS)
core remains a key component in any possible spherical
tokamak fusion power plant. An optimal shielding material
needs to reduce the incoming heat load to the HTS core, and
to reduce its neutron and gamma radiation damage. It must
also be itself resistant to radiation damage, be able to with-
stand high temperatures, retain adequate isotopic content and
remain stable over many years of operation. It must be capa-
ble of manufacture in the tonnage quantities necessary for a
fusion power plant. In an earlier paper [1] candidate shielding
materials containing tungsten and boron were evaluated using
the Monte Carlo modelling code MCNP [2]. It confirmed that
the inclusion of boron within a tungsten-based shield is advan-
tageous, because of its high neutron absorption cross section
at lower energies. It found W2B5 to be particularly effective,
with its favourable structure, density, and high atomic num-
ber densities. Hydride shields have been shown to be highly
effective. ZrH2 and the borohydride Zr(BH4)4 gave neutron
half-attenuation distances of order 50 mm [3] comparable
with those reported for tungsten borides [1], although greater
than the 40 mm reported for W2B5. Gamma shielding of the
heavy metal hydrides BaH2 and ZrH2 have been examined [4].
Their gamma half-attenuation distances suggested them as
highly effective gamma shielding materials.

Activation and transmutation product formation under
fusion neutron irradiation has been reported for several candi-
date fusion engineering materials [5], particularly in the case
of W and W alloys [6]. The activation behaviour of tungsten
under neutron irradiation is complex. H and He production is
relatively minor, however significant quantities of Re, Ta, and
Os will be produced. These elements cause Re and Os-rich
clusters and precipitates, leading to material embrittlement [7].

Quantitative assessment of activation product data for the
tungsten carbides and borides is yet to be reported. Oliver
et al [8] proposed that in WC, Re, Ta, and Os production
would likely lead to the precipitation of secondary carbides,
particularly TaC. Neutron irradiation studies of slightly porous
coarse-grained W2B5 have led to swelling, embrittlement,
and eventual fracture due to helium production [9]. Although
the material performed well compared to the other candidate
borides based on metals in groups IV–VI (Ti, Zr, Hf, V, Nb,
Cr and Mo). Activation product release of He and Li and 10B
burn-up have been characterised in neutron irradiated group
IV–V metal borides [10], although this study excluded any
tungsten borides. Isotopic tailoring of 11B may be necessary if
borides are to be used as structural materials [11]. The activa-
tion of the core materials including the HTS tapes, their insu-
lation, copper matrix and inconel structure will be discussed
in a later paper.

In this study the code FISPACT-II v4.0 [12, 13] is used to
study the activation, decay cooling, gas production, and dis-
placements per atom (dpa) of these materials over 30 years
operations at 200 MW fusion power, followed by a 10 years
cooling-off period. Section 2 describes details of the FISPACT-
II calculations used. Section 3 details the shield material
activation during operations and radioactive decay during a

10 years cooling-off period. The gamma-ray energy spec-
trum from the irradiated materials is discussed in section 4.
Gaseous transmutation products are concerning because of
possible swelling and bubble formation and are considered in
section 5. The 10B isotope is necessarily depleted during neu-
tron absorption through the shield and these effects are detailed
in section 6. The results of FISPACT-II estimates of radiation
damage in terms of dpa are examined in section 7.

2. Computational details

Monolithic shields were chosen along with shields consist-
ing of six layers with water cooling between each layer. For
each material the tokamak major radius was varied in 5 steps
from 1400 to 2200 mm. For each boride material, the 10B iso-
topic concentration was varied in 6 steps from 0% to 100%.
Five positions across the shield from the plasma-facing side
to the HTS-facing side were considered. This gave a total of
(5 × 6 + 2) × 5 × 2 × 5 = 1600 FISPACT-II runs which are
summarised in the supplementary material (https://stacks.iop.
org/NF/62/036009/mmedia). Activation computations were
made for a constant plasma fusion power of 200 MW, detailed
each year up to 30 years. A period of 10 years after shut-
down was considered with FISPACT-II solver outputs at 1 h,
1 day, 1 week, 1 month, 6 months, 1, 2, 3, 4, 5 and 10 years.
Fluxes were calculated in cells extending vertically ±200 mm
from the reactor mid-plane, where neutron production is con-
centrated. From the resulting FISPACT-II outputs the follow-
ing were extracted:

(a) The major isotopes causing activation with health and
decommissioning consequences

(b) The gaseous isotopes 1H, 2H, 3H, 3He and 4He which
might affect thermal and mechanical properties

(c) The 10B isotope concentration for examining the opera-
tional loss of this neutron absorbing isotope

(d) FISPACT-II dpa estimates of damage
(e) The gamma energy spectrum of the activation at 13 ener-

gies from 0.01 to 10 MeV.

The presence of water channels made only a minor differ-
ence to many properties in many cases. Full data for all 84
configurations and 5 positions within the shield are given in
the supplementary material.

3. Activation of the shield material

It is helpful to start with a monolithic tungsten shield in order
to separate its activation from those of the borides. Figure 1
shows the rise in activation of monolithic tungsten over the
30 years of operating on a linear time scale, followed by its
cooling off for 10 years on a logarithmic scale. Activation is
plotted only for isotopes with an activity within 10−4 of that of
the most active isotope. The decay results are qualitatively con-
sistent with reported activation decay data for all the elements
under ITER fusion spectra reported by Gilbert et al [14].

After the first year of operation the isotopes of most impor-
tance for tungsten are 185W, 181W, 187W, 183mW and 185mW.
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Figure 1. The midplane activation (left) of a monolithic tungsten shield over a 30 years operational period followed by a 10 years
cooling-off period (right) for major radius R0 = 1400 mm and for the outer layer of shield where activation will be a maximum. The green
dotted horizontal line at 0.4 MBq/0.1 m3 gives an indication of the ‘very low-level waste’ classification [15].

During operations the isotopes 186Re, 188Re and 182Ta are cre-
ated by transmutation in significant quantities. 186Re rises to
become the isotope with the second strongest activity. During
the 10 years cooling period 185W and 181W are dominant for
the first year while the initially important 186Re decays within
the first month of cooling. After 2 years there is little activ-
ity. The limits for disposal as very low-level radioactive waste
are dealt with in the Government Department for Environment,
Food and Rural Affairs guidance document [15]. Strictly each
isotope must be considered individually but for the present
purpose the low quantity guidance of 0.4 MBq per 0.1 m3

‘dustbin’ volume will be used, as indicated by the leaf-green
horizontal dotted lines in figures 1–4.

Figure 2 shows that the boron included in the monolithic
W2B5 shield gives generally only around half the activa-
tion, caused largely by the lower tungsten atomic density in
W2B5 compared to W. It does introduce 8Li as a significant
immediate activation product, while tritium 3H is important in
the cooling period, where it becomes dominant after about a
year. It is noticeable that the actual activation for the W2B5

after 30 years of operations is 4005 MBq/tonne, which is
appreciably less than the 10 120 MBq/tonne for monolithic
tungsten, despite it being a much better shield. This could
be a considerable advantage in the case of a loss-of-coolant
event.

Figure 3 compares the activation of all candidate
materials after 30 years of operation. The borocarbide
B0.329C0.074Cr0.024Fe0.274W0.299 shield contains a considerable
fraction of iron and chromium and soon builds up 55Fe and
54Mn isotopes which give the material higher activation at
1400 mm radius than all the other materials considered. Since
tungsten itself activates strongly, it is not surprising that the
activation generally decreases with boron atomic fraction, but
the decrease is not large at the plasma-facing side, because
the neutron fluences there are similar. However further into

the shield at lower (and more varied) fluences, the activation
depends more strongly on the boron content. The fluence was
shown in figure 6 of [1] to depend on boron atomic fraction
very much like the activation dependence seen here.

The dashed lines in figure 3 refer to shields containing lay-
ers of water for moderation and for cooling, as illustrated in
figure 3 of [1]. It is seen that the differences are rather marginal
in this case as might be expected from the minor changes in
neutron fluence across the shield illustrated in figure 13 of [1].
For the remainder of this paper the effects of water channels
will be mentioned only when the differences are noteworthy.

Of importance for decommissioning costs is the activation
remaining after a cooling-off period of for example 1 year as
shown in figure 4. Except for being an order of magnitude
lower, the 1 year cooling activation is remarkably similar to the
30 years operations activation of figure 3, depending mainly
on the medium lifetime tungsten isotopes. The dependence on
boron fraction is much weaker as the activation is dominated
by tungsten. After cooling for periods greater than 5 years
the situation is different. The tungsten activity is very much
reduced, and as shown in figure 2 for W2B5, the boron frac-
tion introduces 3H as an additional longer-lived isotope and
the activity after 5 years in only modestly reduced further.

In figure 4 the activation is plotted as a function of distance
into the shield. For the boride materials the decay is close to
exponential except near the HTS-facing surface. For W and
WC shields there is more curvature in these plots. Exponential
fits to this region are shown dashed with the half attenuation
distances listed for each material in the legend.

While the activation on the plasma-facing surface is similar
for all materials with the exception of the borocarbide, the rate
of attenuation through the shield varies considerably. W2B5

gives the best attenuation with a half-distance attenuation of
36 mm. The other materials have the attenuation half-distances
shown in the caption of figure 4.
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Figure 2. The activation per tonne of W2B5 over 30 years operations and cooling times up to 10 years from a monolithic W2B5 shield. Note
the dominant activity of 3H (tritium: violet colour) in the later stages of cooling. The leaf-green dotted line again represents very low-level
waste.

Figure 3. The total midplane activation at various thicknesses T into the shield as a function of the boron atomic fraction of monolithic
shields after 30 years of operation. The coloured indents represent the activation for WC shields.
Dashed lines and open symbols refer to shields with layers of water. The dotted line again represents very low-level waste.

4. The gamma energy spectrum from the
irradiation products

FISPACT-II calculates the energy spectrum of the gamma rays
created per unit volume and unit time from the irradiation
products. In the present computations the spectrum covered
energies between 0.01 and 10 MeV. Figure 5 (left) shows
the gamma energy spectrum from activated isotopes for the
different materials considered after irradiation for 30 years.
The dependence on material can be seen most notably by the
marked increase in the spectrum above 2.5 MeV for boride

materials, which increases steadily with boron content. In con-
trast the spectrum in the range 0.05–1 MeV decreases slightly
with boron content, suggesting that emission processes in this
range are dominated by tungsten. The spectrum from all the
shield materials differs little during the 30 years of irradiation
and is therefore not shown.

The centre section of figure 5 shows for a W2B5 shield the
marked decrease of around two orders of magnitude in acti-
vation with distance T into the shield from the plasma-facing
to the HTS-facing side. The right section shows the decrease
during the 10 years cooling-off period after the 30 years
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Figure 4. The total activation at various thicknesses T into the shield after 1 year cooling off period following 30 years operation for a major
radius of 1400 mm (left) and 2200 mm (right). Dashed lines show an exponential fit to the activation decay with the half distance
attenuations t shown in the captions. The green dotted line represents very low-level waste.

Figure 5. The number of gamma rays created per energy bin, per unit volume, per unit time from irradiated shield materials on the
plasma-facing side after irradiation for 30 years in a tokamak of major radius 1400 mm (left). In the centre for a W2B5 shield the decrease in
irradiation with depth T into the shield is shown. On the right the decrease is shown as a function of the cooling time t in years.

irradiation. There is a drop in activation of at least four orders
of magnitude by 10 years, depending on the gamma ray
energy. In the first half year there is a drop of around 10
over energies 0.1–2 MeV, but the boron-related activity
in the energy range from 2 to 10 MeV drops largely away in
this time.

5. The production of gaseous irradiation products

The mechanical and thermal properties of any shield material
are likely to be adversely affected by any insoluble gaseous
products, which might diffuse to form gas bubbles. This can
occur whether the gaseous isotopes produced by irradiation

5
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Figure 6. The number of gaseous nuclei produced over an irradiation time of 30 years and a cooling time of 10 years. The results are for the
plasma-facing shield layer for a major radius of 1400 mm.

Figure 7. The number of gaseous nuclei produced at an irradiation time of 30 years for the various shield materials for the plasma-facing
(left) and HTS-facing sides (right). The WC values are indicated by the coloured indents. The figures have identical scales.

are active or not. The FISPACT-II code was used to iden-
tify any such isotopes. For all the shield materials consid-
ered, the gaseous isotopes detected in significant quantities
included: ordinary hydrogen 1H, deuterium 2H, tritium 3H,
helium-3 3He, and the alpha particle helium-4 4He.

Figure 6 illustrates the production of gaseous nuclei for
monolithic W, WC and W2B5, and their decay during the 10
years cool-down. It is seen that with monolithic tungsten the
only significant gaseous isotopes are the stable hydrogen, 4He
and deuterium. For WC there is appreciable production of
alpha particles 4He, while the production of hydrogen 1H and
deuterium 2H is similar.

When boron is present, as with W2B5, the production of
gaseous 4He is increased by another order of magnitude, and
the production of 1H and 2H is considerably larger, along
with the introduction of 3H and 3He in appreciable quantities.
Looking at years 30 to 40, during the 10 years cooling-off
period, there is no change in the stable gaseous isotopes,
apart from the decay of tritium producing a small increase
in 3He.

The production of gaseous nuclei as a function of material
boron content is summarised in figure 7 for the plasma-facing
shields (left) and for the inner HTS-facing shields (right). Note
that the two figures are on the same scale. For tungsten shields
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Figure 8. The retained fraction of 10B nuclei within a W2B5 shield as a function of irradiation time for different layers within the shield. The
data are plotted on a logarithmic scale and the dashed lines correspond to exponential decay with the half time t in years shown in the legend.

Figure 9. The retention fraction of 10B nuclei after 30 years irradiation within natural tungsten boride shields as a function of distance into
the shield for major radii of 1400 mm (left) and 2200 mm (right). The dashed lines are for materials with water channels.

the production of gaseous nuclei is around a factor
100 lower on the HTS-facing side than on the plasma-
facing side. Regarding the boride shields, the reduction factor
is around 10. For the boride shields, the gaseous production
is seen to be dominated by 4He with the production of other
particles being around two orders of magnitude lower. The
plasma-facing production of 4He, 1H, 2H, 3H and 3He are
all seen to increase slightly with boron content, while the
HTS-facing production of 4He decreases up to W2B5 where is
forms a local minimum, presumably due to W2B5’s superior
shielding efficiency. Overall, the gaseous production rate
throughout all the boride shields is significantly greater than
for tungsten. In this case W2B5 has no substantial advantage
over other borides.

6. The depletion of the 10B isotope during fusion
operations

In the boron-containing shield materials considered in this
study, the desirable neutron capture by the 10B isotope means
that the amount of 10B within the shield material gradually
diminishes during operations. The degree of retention has been
evaluated using the FISPACT-II code for all relevant materials
as a function of time at 5 positions within the shield. Figure 8
illustrates the retention in the concentration of 10B isotope
within a W2B5 shield at the 5 positions within the shield on
a logarithmic plot. The constant slope shows that the retention
is close to exponential with the half-intensity decrease time
shown inset.
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Figure 10. The retention fraction of 10B nuclei over 30 years against the manufactured 10B isotopic fraction for several layers within a W2B5
shield of major radii 1400 mm (left) and 2200 mm (right). The dashed lines and open symbols indicate shields with water layers.

It follows that the 10B retention may be well characterized
by the 30 years retention fraction. In figure 9 this fraction is
plotted as a function of distance into the shield for all the
boride shield materials. The results for R0 = 1400 mm (left of
figure 9) on the plasma-facing side show the W2B5 shield to
have an acceptable 70% of the isotope retained after 30 years,
with other materials appreciably worse. The retention fraction
increases into the shield so that it is over 88% for all materials
at the HTS-facing side.

The results for R0 = 2200 mm (right of figure 9) show
slightly greater 10B retention on the plasma-facing side. The
big difference is that the retention fraction of this isotope
increases with depth into the shield at a similar rate, so that it
becomes almost totally retained for all materials just half-way
into the thicker shield. For thick shields, the results suggest that
only the first few layers undergo significant operational deple-
tion, particularly for W2B5. This may mean that only these
most exposed layers require replacement or reconfiguration
through life. Note that the retention fraction is generally more
favourable for the W2B5 shield than for all other materials
considered in this study.

The dashed lines in figure 9 show the corresponding val-
ues for shields containing 5 layers of water occupying roughly
1/5 of the shield total thickness as detailed in [1]. These have a
role in cooling the shield but also in moderating the neutrons.
The figure shows that including the water layers has an appre-
ciable effect on the 10B retention factor. At a 2200 mm major
radius, the plasma-facing fraction tends to decrease, consid-
erably so for W2B, but then improves more rapidly with dis-
tance into the shield soon becoming better than that for mono-
lithic shields. This effect is of practical importance in reducing
the operational time before replacement of the plasma-facing
layer of the shield due to an unacceptable reduction in the 10B
retention fraction.

An increased isotopic concentration of 10B has long been
used within the nuclear industry to improve the performance

of neutron absorbing control rods and neutron counters [16].
Because of the 10% difference in nuclear mass between the
two isotopes, and the relatively large (20%) natural abundance
of the 10B isotope, the concentration can be increased rela-
tively easily for example by gas diffusion [17]. It is available
commercially [18]. The improved retention of the 10B isotope
over 30 years of operations is shown in figure 10 for W2B5

shields with major radii of 1400 and 2200 mm. There is some
statistical uncertainty, particularly in the plasma-facing layer,
but at all depths in the shield and at both radii, there is a gen-
eral improvement in isotope retention with 10B concentration.
The majority of the possible improvement is achieved by 40%
isotopic concentration. It is judged that, because of the rapid
increase in retention fraction through the shield, its neutronic
performance is unlikely to be appreciably changed. The effects
of water-cooling layers in the retention factor are shown by
the dashed lines and open symbols. Its effect is again seen to
decrease the retention factor.

7. FISPACT-II estimates of radiation displacement
damage to the shield

It has been long known that the fast neutron fluences from
fusion give rise to extreme levels of radiation damage in mate-
rials. Plasma facing materials in a fusion power plant can
experience around 100 displacements per atom (dpa) during
the lifetime [19]. These lead to formation of point defects
and dislocation loops, eventually clustering into voids, which
degrade the material properties. Since fusion energies are
much higher than atomic displacement energies Ed ∼ 25 eV
the resulting cascade of damage centres can extend over mul-
tiple sites. These are best studied by molecular dynamics com-
putations where assumed inter-atomic potentials are used to
investigate the nature of the cascades [20]. In the absence
of these detailed computations, FISPACT-II has been used to
provide a ‘useful integral quantity that allows approximate

8
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Figure 11. The cumulative dpa values for the outer plasma-facing W2B5 shield at major radii 1400 mm (left) and 2200 mm (right). The
curves show inelastic, disappearance, elastic and total dpa values.

Figure 12. The total cumulative dpa for a monolithic W2B5 shield after 30 years of irradiation shown as a function of distance into the
shield for all the tokamak major radii. The slope, shown by the dashed line fitted to the 2200 mm radius case, corresponds to a half
attenuation thickness Thalf of 37 mm.

assessment of the respective damage doses experienced by
materials under different neutron fields. This has been shown
to correlate well with certain experimental trends’ quoting
from [21] where FISPACT-II was used to investigate dpa in
the DEMO reactor.

The definition of dpa is given in the page 125 of the
FISPACT-II manual [13] as

Dtot = ed∅
Nn∑

i=1

Nidi/2Ed.

Here ed is the dpa efficiency factor and is set to 80%,
φ is the neutron fluence as determined by MCNP, Ni is the

number of atoms of type i = 1, Nn, di is the dpa reaction cross
section and Ed is the displacement energy of each atom as
given in table 9 on page 126 of [13]. Figure 11 shows for W2B5

shields of major radii 1400 mm and 2200 mm, the FISPACT-II
cumulative dpa values for the fluxes at the plasma-facing side
of the shield. The dpa is divided into the component from elas-
tic scattering processes, from inelastic processes and from cap-
ture or disappearance processes when the particle is lost. All
the plots are seen to be very close to linear in irradiation time,
so that further discussion will be limited to the 30 years dpa
values.

9
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Figure 13. The FISPACT-II estimate of dpa for monolithic shields after 30 years of irradiation shown as a function of distance into the
shield. The dashed lines are exponential fits to the data fixed at the plasma facing surface. The half-distance attenuation length is given for
each material in the legend.

Figure 14. The total cumulative dpa for monolithic shield materials after 30 years of irradiation as a function of the boron atomic fraction
for various initial fractions of the 10B isotopic content. Dotted lines and open symbols are for material shields with water layers. The graphs
apply to the plasma-facing side of the shield. The borocarbide has been omitted, being much higher up than the trend. The indented values
on the left axis are for WC.

The reduction of the total dpa at 30 years through the layers
of the shield for all the major radii is described in figure 12.
It is seen that for the 1400 mm device, the dpa values are
some 40 times higher on the outer surface than on the inner
surface, while for the 2200 mm device, the factor is about
105. The dashed line is a simple exponential of the form
exp(−loge(2)T/Thalf) where T is the distance of the FISPACT-
II point into the shield and Thalf is a half attenuation distance
of 37 mm which was close to the attenuation used in figure 7

of [1] for the attenuation of neutron fluence. The dpa reduction
half distance is largely independent of major radius.

The dependence of the dpa as a function of distance into the
shield for the various shield materials is shown in figure 13.
Except for the position nearest to the HTS core, the varia-
tion with distance into the shield is close to exponential as
shown by the dashed lines. The slope of each line enables an
average dpa to be calculated for the complete shield. On the
plasma-facing surface the dpa are naturally higher, and there

10
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is an upward trend with boron atomic content. Further into the
shield the dpa reduce and the dependence on material boron
content becomes more significant and negative, following the
neutron flux dependences on boron atomic content shown in
figure 7 of [1].

As illustrated in figure 10, there is also the opportunity to
use enhanced concentrations of the neutron absorbing isotope
10B. In figure 14 the dpa are shown for all the materials as a
function of the 10B isotopic concentration in each boride mate-
rial. The W and WC values are shown as a reference on the
left. The general increase in dpa with boron content noted in
figure 11 is matched by a strong 10B isotopic concentration
dependence. There is an almost linear increase of dpa with
boron content whose slope is greatest at 0% 10B isotopic con-
centration and decreases with increasing 10B isotopic content.
W2B5 appears anomalous in that the 100% concentration gives
a rather larger dpa than the 80%. The presence of water layers
in the shield has only a marginal effect.

8. Conclusions

The activation and damage characteristics of several tungsten
boride materials subjected to 30 years of operations at 200 MW
followed by 10 years of cooling off have been examined and
compared with conventional tungsten and tungsten carbide
shields.

The boride shields activate less than pure tungsten or tung-
sten carbide. In particular W2B5 activates least of all the
materials considered at positions in the shield away from the
plasma-facing surface. This remains true after one year of
cooling off, although after 5 years cooling the slow decay of
the tritium produced becomes the dominant activation product,
so that pure W has lower activity than W2B5 after that time.

Gaseous nuclei, particularly 4He, 3H (tritium), 3He, 2H
(deuterium) and 1H (hydrogen) are produced in appreciably
greater quantities by the boride shields, than is the case for W
or WC. This could be detrimental for thermal and mechani-
cal properties and in the case of helium could lead to swelling.
The general increase with boron content means that W2B5 has
no advantage in this respect. This highlights the importance
of future work to develop strategies to manage the helium
inventory and mitigate swelling of the material.

10B has a large absorption cross section which is clearly key
to its good neutronics performance in shields. Every neutron
absorption produces 4He and 7Li so that the fraction of 10B in
the shield decreases during operations. The retained fraction is
shown to be never less than 70% during 30 years of operations
for W2B5. The material performs better in this respect than any
of the other borides considered. The rapid increase in retained
fraction with distance into the shield from the plasma-facing
surface means that the overall depletion of 10B is very small.
The presence of water layers in the shield generally decreases
the retained fraction of 10B.

Displacements per atom (dpa totals) calculated using the
FISPACT-II code were found to be comparable to those for W
or WC and decrease rapidly into the shield with at half attenua-
tion distance of order 50 mm. The dpa generally increase with

boron atomic fraction in the plasma-facing side of the shield
but decrease with 10B isotopic content. The dpa for W2B5

shields are among the lowest of the borides because of the
lower neutron fluxes in this material; this suggests that if the
expected swelling of W2B5 can be mitigated then the longevity
of the material with enriched 10B may be increased since the
increased neutron capture macroscopic cross-section reduces
the neutron flux, which in turn reduces the dpa.
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