High level waste (HLW]

consists of spent or damaged
fuel rods. This type of waste
generates significant amounts
of heat for many centuries and
contains large amounts of long
lived radionuclides. It is gene-
rally considered that this type
of waste requires very long-
term deep geological disposal.

Intermediate level waste
[ILW] contains long lived ra-
dionuclides in quantities that
require shielding, containment
and isolation for long periods
of time but requires limited

Activity content

or no provisions for heat dis-
sipation. Examples are ion-ex-
change resins, used to clean
contaminated water from the
reactor and certain parts of a
decommissioned reactor. It iIs
generally considered that this
type of waste requires long-
term underground disposal.

contains limited amounts of
long-lived radionuclides, but
may contain high activity levels
of short lived radionuclides. It
usually does not require sig-
nificant shielding, but robust

Very short-
lived waste

High level waste

Intermediate level waste

Very low level waste

isolation and containment for
hundreds of years. This Is usu-
ally contaminated equipment
from the nuclear plant, such
as protective shoe covers and
clothing, rags, mops, filters,
sheeting, maintenance equip-
ment, pipes, etc.

It is generally considered that
this type of waste requires
long-term near-surface or un-
derground disposal. There is
no clear line between ILW and
LLW, which is why they are of-
ten referred to together.

Half life
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Very low level waste

(VLLW] usually consists of
contaminated construction ma-
terials such as steel, concrete
or plastic and does not need
high levels of containment or
isolation due to its very limi-
ted concentration of longer li-
ved radionuclides. It is gene-
rally considered that this type
of waste requires disposal in
special surface landfills.

Very short-lived waste
(VSLW] contains only radio-
nuclides with short half lives
(< 100 days). This is usually
material from research or me-
dical facilities. It is generally
considered that this type of
waste can be stored for a few
years and then cleared from
regulatory control.

Exempt waste (EW)
refers to materials that meets
politically defined criteria for
clearance, exemption or ex-
clusion from regulatory control
from the perspective of radia-
tion protection. It is general-
ly considered that this type of
waste can be disposed of in con-
ventional landfills or recycled,
as long as the effective dose to
Individuals in the general pu-
blic does not exceed 10 mSv
per year.
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Why should doctors

worry about nuclear waste?

RADIUM HILL
RESERVE

PERSONS ENTERING THIS AREA
' ' ARE ADVISED OF THE PRESENCE

L e | OF LOW LEVEL RADIATION FROM
' NATURAL OUTCROPS AND &
FORMER MINE WORKINGS
’

Photo: Fouth Australian Community History / CC by-nc-nd/2.0

POTENTIAL
suBSIDENCE
AND

AIIAETQ

IN RADIUM HILL, AUSTRALIA

Photo: Dierk Schafer / CC BY 2.0

w, Kaatsep V .
THE CLEARING OF LOW-LEVEL Sl —met®™
WASTE POSES SIGNIFICANT HEALTH RISKS.=

ALY

et

Photo: Michaela Miigge / CC BY NC 3.0

- - " -

FUTURE GENERATIONS WILL BE REQUIRED =
TO PAY FOR THE DISPOSAL OF NUCLEAR WASTE.!

Uranium mines

Around the globe, the-
re are hundreds of ura-
nium mines, most of
them decommissioned,
some still in operation.
At all these sites, radio-
active waste accumu-
lated In form of tailings
and waste rock, in most
cases under the open
sky, in landfills, rivers or
lakes. This radioactive
waste needs to be safely
deposited in permanent
storage sites, the coun-
tryside decontaminated
and proper health and
safety regulations imple-
mented. This is already
challenging for indu-
strialized countries like
Germany or the US, but
poses an almost insur-
mountable problem for
developing countries like
South Africa or India.

Decommissioning
nuclear plants

Of the approximately
440 nuclear power
plants operating world-
wide, over 160 will be de-
commissioned by 2030.
This will lead to large
amounts of high, inter-
mediate and low level
nuclear waste that need
to be safely stored for
thousands of years. In
addition, demolition of
nuclear power plants
will result in millions
of tons of radioactively
contaminated construc-

tion material that have
to be dealt with. Clea-
rance of this “very low
level nuclear waste”
could lead to radioac-
tive materials accumu-
lating in household ap-
pliances, construction
materials or on normal
landfills without any re-
gulations or radiation
protection = measures.
Even low levels of ad-
ditional exposure to ra-
diation cause increased
risks to public health.

Enrichment and
reprocessing sites

At enrichment and re-
processing facilities like
La Hague in France or
Tokaimura in Japan,
high level radioactive
waste poses not only a
safety problem, but also
a proliferation risk. Hun-
dreds of tons of pluto-
nium are accumulating
In above-surface storage
facilities, ill-equipped to
handle natural catastro-
phes, attacks by terro-
rists or regular armies or
acts of cyber warfare. In
addition, this material
could be used to produ-
ce nuclear warheads or
dirty bombs.

Long-term storage
of nuclear waste

Storage and disposal
sites for nuclear waste
pose a significant pu-
blic health risk. Surface

facilities could be a tar-
get for conventional or
cyber terrorists as well
as parties in armed con-
flicts, essentially turn-
Ing such a facility into
a dirty bomb. Natural
catastrophes or human
error could cause leaks,
spills and radioactive
contamination of the
environment. The most
sensible option would
therefore be deep geo-
logical repositories in
formations with a high
probability of remai-
ning stable for tens of
thousands of years. En-
gaging in a transparent
and inclusive process
to find such locations,
preparing the sites for
storage, transferring
the waste and sealing
the sites for good would
most likely confront any
state with serious chal-
lenges, take many deca-
des, cost billions of US
dollars and bring with it
a host of political con-
flicts. At the same time,
the Issue raises que-
stions pertaining to ge-
nerational justice, as
future societies will be
required to pay for the
disposal of waste from
a technology they never
experienced — or face its
environmental and pub-
lic health hazards.
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Radioactivity is distributed
very unevenly in a nuclear
power plant. When a plant is
decommissioned, almost all of
the total radioactive inventory
Is contained in 1% of the to-
tal waste: the reactor pressure
vessel, parts of the biological
shield, sluices and contami-
nated pipelines. Meanwhile,
99% of the total waste con-
tain no or very low levels of ra-
diation.

The concept of
“Clearance”

In order to reduce the amount
of waste slated for long-term
disposal, companies try to “cle-
ar’” the vast majority of this very
low-level waste from regulatory
control. For this purpose, poli-
ticians are asked to define an
acceptable dose level for pub-
lic exposure and waste with ra-
dioactivity below this dose level
can then be stored on general
domestic waste dumps, burnt
up in waste incinerators or re-
cycled without further monito-
ring or restrictions. This waste
IS by no means free of radioacti-
vity. It is simply no longer legal-
ly considered radioactive waste
and therefore does not fall un-

der regulatory control or sur-
velllance of radiation protec-
tion agencies. Through these
measures, a lot of money could
be saved, as long-term storage
of radioactive waste is very ex-
pensive. At the same time, ir-
radiated material would appe-
ar in our daily life, undetected
and without our knowledge —in
pots and pans, heaters, ortho-
dontic brackets, play-grounds,
pavements or gravel.

International clearance levels
for demolition material were
established with the aim of not
exceeding a maximum indivi-
dual dose of 10 pSv per per-
son per year. Considering the
background radiation of 2-4
mSv per year, as well as expo-
sure to other risks and noxious
agents in a modern society, an
additional radiation dose of
10 pSv per year iIs supposed
to be irrelevant, according to
the nuclear industry. Howe-
ver, numerous epidemiologi-
cal studies have shown that
background radiation causes
measurable adverse health ef-
fects and that every additional
radiation exposure can lead to
the development of cancer and
other diseases.

lonizing radiation
is always harmful

There i1s no threshold below
which radiation is not harmful.
If many people are exposed to
low levels of radiation, there
will be a noticeable increase In
the absolute incidence of cer-
tain diseases. In addition, the
10 pSv concept Is based on
outdated and systematically
flawed ICRP risk estimations
from 1977. Even the publicly
accessible calculations unde-
restimate the radiation risk by
a factor of 13, when compared
to more recent publications
such as the BEIR VII report
of the US National Academy
of Sciences. Newer scientific
research even suggests an un-
derestimation of the health ef-
fects of lonizing radiation by a
factor of up to 24.

At the same time, there is con-
cern about the health risks of
the decontamination procedu-
res required for clearance mea-
surements. Besides activities
like disassembly and transpor-
tation of contaminated mate-
rials, additional materials like
water or cleaning agents have
to be brought into the plant.

These materials become liquid
radioactive waste themselves,
which have to be properly dis-
posed of as well.

There would be no need
for disassembly of
nuclear plants

There Is an alternative to clea-
rance of contaminated mate-
rials from a decommissioned
nuclear power plant: First,
nuclear fuel assemblies and
all highly contaminated mate-
rial Is removed from the plant.
After this “core removal”, the
nuclear power plant is not to
be dismantled, but instead
“sealed” and guarded per-
manently — provided the local
geologic conditions can gua-
rantee an appropriate stabi-
lity. There would be no need
for disassembly, no danger of
radioactive materials reaching
the public and the danger of
a terrorist attack or theft is ex-
tremely low, as the structure
would only contain very low le-
vel radioactive waste.
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