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Abstract

Waste generated in German nuclear facilities is exhaustively and selectively managed
through a system adapted to the waste's characteristics. The management of the waste
ensures that the impact on the workers, population and the environment is acceptable. This
is done through a detailed documentation and quality assurance program which applies not
only to radioactive waste but also to clearable material used within a licensed practice.

In Germany the producer is responsible for the waste generated in a licensed facility
and is therefore responsible for the correct disposal, which depends on the waste's
characteristics. Since the waste producer requires a license for all activities involving
radioactive substances, the atomic authority is continuously informed and can therefore
monitor the producer for compliance with the regulations. The use and disposal of all material
in a licensed practice is documented and can therefore be traced by the authorities.

Clearance is seen in Germany as the best way of managing non-radioactive material in
a licensed practice. Germany has developed clearance procedures which guarantee that
after clearance the radiological impact is negligible. Emphasis has been put on recycling
valuable materials like metals instead of using final disposal capacity for this material which
contains practically no activity. Since clearance requires a license the atomic authorities are
fully informed and can monitor for compliance. The licenses contain documentation
requirements and measures to ensure quality control of the clearance procedure.

Waste management in the nuclear sector has been successfully implemented in
Germany for over two decades now. The management strategy relies on a two fold system.
All radioactive waste must be delivered to a deep geological repository for final disposal. For
waste occurring within a licensed practice a highly developed system, which relies heavily on
measurements, defines whether the waste is non-radioactive according to the atomic
legislation, in which case it can be exempted from the requirement of'final"dlsposaTTri
defining non-nuclear material or zones within a licensed facility the Germans use extensive
measurements and rely to a lesser extent on plant history.

1. INTRODUCTION

In Germany the peaceful use of radioactive substances is regulated by the German
Atomic Energy Act (AtG) and its ordinances.

It is an internationally agreed principle that radioactive waste (radwas) generated in
licensed facilities must be under complete control from its origin to its final disposal. As a
member state of the European Union, Germany must ensure that its national provisions are
in line with the regulations of the European Union (EU). The provisions of the EU have been
implemented in Germany through the Radiation Protection Ordinance
(Strahlenschutzverordnung). On May 13, 1996 The Council of the European Union passed
the Directive 96/29/EURATOM referred to in short as the EU "Basic Safety Standards". This
directive has direct consequences for atomic legislation in Germany. At present amendments
to the Atomic Energy Act which will form the necessary legal basis for implementing the new
directive are being drafted. The directive itself will be implemented in a completely revised
Radiation Protection Ordinance.

In Germany material belonging to a licensed facility must in principle be delivered to a
federal facility for final disposal or to a land-run collection center. Under certain conditions the
waste can be considered as not radioactive, in particular if it is waste with negligible activity.
For this waste the delivery requirement can be lifted.

These legal restraints have led to a waste management strategy in Germany which
relies on final disposal in deep geological formations and clearance. A small amount of
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recyclable radioactive waste material, in particular metal, is recycled in licensed facilities and
the new products are used in other licensed facilities. Such material never leaves the system
of control for practices involving radioactive substances.

2. REGULATORY CONTROL

All material used in a licensed practice is subject to control by the atomic authorities.
This includes radioactive material and waste as well as non-radioactive substances and
material. All uses of material within a licensed practice are subject to inspection by the atomic
authorities and the uses must be documented.

2.1 Disposal of radioactive waste

The principles of international cooperation for enhancing safe management of
radioactive waste, of promoting an effective safety culture and of "institutional control" by a
regulatory body have been laid down at an international level in the draft of the "Convention
on the Safety of Radioactive Waste Management." The draft convention reiterates the
principle that the ultimate responsibility for ensuring safe management of radioactive waste
rests with the State.

In order to ensure that the principles laid down in the draft convention are
implemented, a waste control system has been developed and implemented in Germany [1].
It pursues the aforementioned goal, namely the control of radioactive waste from its origin to
its final disposal or its release from the regulations of Atomic Energy Act. This system does
not apply to all radioactive waste produced in Germany. However, it covers an important part
of it namely all radioactive waste with negligible heat generation resulting from the operation
of nuclear power plants. This amounts to a share of about 40 %.

Once a radioactive waste package is registered in the Control System, each individual
step taken from this point can be followed up exactly and easily. For each waste package the
data documented in the system include identification number, mass, volume, type of
conditioning, dose rate, surface contamination, and relevant radionuclides. These data and
procedures also ensure adequate quality assurance and the fulfillment of acceptance
requirements for the respective disposal facilities. This information is not only available to the
waste producers but also to the competent authorities and their experts.

Quality assurance of radioactive waste has two main objectives: to allow safe interim
storage and later on safe final disposal. That means that the authorities responsible for
conditioning and storage and those for final disposal must cooperate closely. The waste
producer or the waste conditioner has to get approval from both authorities. He can apply
either for permanent qualification of a conditioning procedure or for qualification of a
conditioning campaign. The next step is for the supervisory authority responsible for the
nuclear facility to check that the application fulfills the relevant requirements and to inform the
Federal Office for Radiation Protection. The Federal Office for Radiation Protection for its part
checks that the conditioned waste meets the waste acceptance requirements for the
repository in question. Only if both authorities consent, will the applicant be allowed to
condition and deliver the waste package.

Radioactive waste conditioned in the past needs special consideration. Experience
shows that today's requirements for interim storage or final disposal are not met. In these
cases non-destructive and destructive tests have to be performed in addition to
documentation review. After these investigations there will be sufficient information about the
waste properties so that it can be qualified for storage or disposal. The investigations may
lead to the decision that theradwas has to be conditioned again.

German waste produced in foreign facilities is also subject to the same quality
assurance and documentation requirements as waste produced in Germany.
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2.2 Control of non-radioactive material from licensed practices

All radioactive waste high, intermediate, low and very low level (HLW, ILW, LLW and
VLLW) must be disposed of in a deep geological repository which is licensed and is therefore
subject to the above described documentation and quality assurance procedures. Cleared
waste is legally considered non-radioactive and therefore does not require disposal in a deep
geological repository. Nevertheless waste which is cleared from a licensed facility is also
subject to quality assurance and documentation measures.

The clearance of material from a licensed site is based on case-by-case decisions and
requires a license [2]. After clearance substances are no longer considered radioactive and
therefore do not fall under the Atomic Energy Act. This does not mean that cleared material
is exempted from all legal requirements. However another and different authority now
assumes responsibfffty. After clearance the material formally falls under the Closed
Substance Cycle and Waste Management Act (KrW-AbfG) and the producer must fulfill the
requirements laid down in this Act. These requirements have been reviewed by the atomic
authorities and were taken into consideration in deriving clearance criteria. Therefore no
further control by the atomic authorities is necessary after clearance. In the following only the
requirements of the atomic legislation will be addressed.

Each clearance license prescribes the quality assurance and documentation
requirements which must be met by the waste producer. In general the requirements are
based on published standards [3] which are described briefly in the following.

Material arising within the operation or dismantling of nuclear installations is
characterized according to the type of material, its origin, its quantity, its activity content (or
estimated content) and its history. On the basis of this characterization it is decided whether
the material is potentially clearable and the measuring efforts for clearance are determined.
A number of documented steps are taken to ensure that the activity measurements are
reliable and typically include the following:

1 Documented preliminary characterization
1.1 description of the material and its origin
1.2 pre dismantling investigation
1.3 clear identification of samples taken from the intact object
1.4 description of the measurement procedure (e.g. wipe test)
1.5 documentation of measurement results
1.6 description of any treatment procedures like decontamination
1.7 summary including

1.7.1 radionuclide spectrum and key nuclides
1.7.2 scaling factors
1.7.3 activity distribution
1.7.4 foreseen clearance measurement technique

2 Documented clearance measurements
2.1 material to be cleared

2.1.1 origin of material within the facility
2.1.2 type of material
2.1.3 mass
2.1.4 surface area
2.1.5 materials preliminary characterization

2.2 measurement equipment
2.2.1 type of detector
2.2.2 electronic devices used for interpreting the detection
2.2.3 data processing equipment
2.2.4 data processing software

2.3 calibration
2.3.1 geometry
2.3.2 radionuclide(s)
2.3.3 calibration factor(s)

2.4 clearance measurement
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2.4.1 geometry
2.4.2 background effect
2.4.3 total counts
2.4.4 measurement period

2.5 clearance measurement results
2.5.1 scaling factor(s)
2.5.2 mass specific activity (can be derived from surface measurements)
2.5.3 surface activity (can be derived from mass specific measurements)

2.6 clearance
2.6.1 mass of material
2.6.2 total activity
2.6.3 responsible person
2.6.4 date
2.6.5 foreseen first recipient of material

If the material comply with the licensed definition of non-radioactive it can be cleared.
The act of clearance involves sending the documentation to the atomic authorities for
inspection. The atomic authorities have the right to make their own measurements or let an
expert carry out independent measurements. After review the authority can reject the
clearance application. Only if the authorities have no objections the material may leave the
licensed site.

Besides containing the results of the clearance measurements and the
characterization of the material the documentation also contains the first recipient. If the
clearance license prescribes a first use of the material (conditional clearance) the waste
producer is responsible for documenting that the intended initial use is actually realized. The
Closed Substance Cycle and Waste Management Act provides for the possibility of
documenting the destination of the material which can be used in a contractual agreement
between the waste producer and the waste receiver. In such a case a copy of this
documentation must then be given to the atomic authority as proof of the initial use. Of
course the material must fulfill all requirements of the Closed Substance Cycle and Waste
Management Act before such an agreement can be realized. In particular it is not possible
for the waste producer or the atomic authority to determine per decree whether the material
is waste for disposal or waste for recycling. What happens to the waste is laid down in the
Closed Substance Cycle and Waste Management Act and the decision, control and
enforcement are solely the responsibility of the waste authorities. Depending on the license,
the documentation must be kept for a period of 3 to 30 years during which the atomic
authority can demand to see the documentation.

2.3 Alternative licensed options

Waste material can be recycled or reused in another licensed application. Up to now
this option has been practiced extensively in Germany only for metal scrap. The scrap is
recycled in a licensed facility to produce products for other licensed facilities. Most of the
scrap has been recycled into waste containers or shielding elements. The need for such
products is not great. So the capacity of this option is limited.

The German Atomic Law also provides for the possibility of "other disposal or delivery"
that is licensed or decreed by the atomic authority. This type of disposal or delivery does not
imply the (formal) act of clearance; the circumstances and conditions are determined by the
atomic authority. This option is applied, however, quite infrequently.

3. CLEARANCE

German legislation requires that the activity content of material to be cleared is
negligible. The trivial dose concept from the IAEA has been used to define negligible activity
in Germany [4]. The European Union has recently adopted the trivial dose concept for
clearance in their "Basic Safety Standards" which are presently being implemented in
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German legislation. Therefore the 10 uSv-concept will replace in future the negligible activity
concept as the basis for clearance in Germany.

Clearance of material for recycling and reuse outside the nuclear field or disposal in
municipal facilities has been performed for almost two decades in Germany [5]. However,
large scale clearance commenced with progress in major decommissioning projects, mainly
nuclear power plants. Clearance can be performed on a conditional or an unconditional
basis. In accordance with IAEA terminology [6], unconditional clearance implies that
irrespective of the material's pathway, reuse, recycling or disposal, the resulting doses will be
trivial. Conditional clearance means that trivial doses can only be guaranteed if the material
is restricted to a particular pathway.

In Germany studies have been carried out in which clearance levels for a wide variety
of materials have been developed. The clearance level calculations are based on complex,
stochastic models and realistic radiological scenarios using the 10 uSv/a criterion according
to IAEA and EU Basic Safety Standards. These studies form the basis for various clearance
recommendations from the German Commission on Radiological Protection (SSK). These
recommendations also contain mass and surface specific clearance levels. Clearance
recommendations from the SSK exist for metal scrap and components as well as for
buildings and building rubble. Recommendations for unconditional clearance and for disposal
are presently only in draft form but it is expected that they will be finalized this year (1997) or
early next year. These SSK recommendations have only a guiding function and are not
binding for the competent authorities in the licensing process. Nevertheless nearly all large
decommissioning projects in Germany have implemented these clearance levels in their
licenses.

The German clearance practice for metal scrap and components has been extensively
discussed at international conferences and meetings over the last decade and is therefore
not dealt with in detail here [7] [8] [9] [10]. The recommendation for buildings and building
rubble is based on surface measurements on the standing building. It is recommended that
the building be cleared before being demolished This recommendation is generally available
[11] and is therefore not addressed in detail here.

3.1 Clearance of waste for municipal disposal

On behalf of the Environment Ministry the German Federal Office for Radiation
Protection (BfS) has recently published nudide and mass specific clearance levels which
apply to the disposal or incineration of waste containing negligible activity. BfS derived
clearance levels for approximately 800 nuclides based on the 10 uSv/a concept [4]. The
clearance levels, under the conditions set out in the BfS report [11], were recommended on a
draft basis by the German Commission on Radiological Protection in December 1994. In a
letter from Jan. 19, 1995 circulated to the land licensing authorities the German Environment
Ministry recommended a trial implementation of the clearance levels. The trial phase will
allow experience in implementing the values to be gathered, after which incorporation of the
clearance levels in legislation is foreseen.

The BfS model assumes that 100 Mg/a of slightly radioactive waste is disposed of at a
landfill or in an incinerator. It is assumed that the ash from the incineration is disposed of at a
landfill for this type of waste. The calculations consider fn detail the possible radiation
exposures due to external gamma exposure from the landfill, gamma submersion from the
incinerator's off gas as well as inhalation and ingestion of ladionuclides coming from the
waste. Selected clearance levels produced by the BfS model are shown in Table 1. Many of
the most important B- and y-emitters are similar to the values presently used in licensing
procedures. This is also true for most of the a- emitters, like Pu 239. Large deviations exist
for a number of long lived, very soluble nuclides like I 129 and for pure B-emitters or electron
capture emitters like Fe 55. Part of the trial implementation of the recommendation Includes
reviewing the models used for calculating the clearance levels which is presently being done
in a sub-committees of the SSK.
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Mass and radionuclide specific activity limits for the conditional clearance of
waste for disposal from the SSK draft recommendation

Radionuclide

H3

C14

Fe55

Co 60

Ni63

Sr90

Tc99

Clearance level
[Bq/g]

300

200

100 000

2

50 000

10

4

Radionuclide

I 129
Cs137
Ra226
U235
U238

Pu239
Pu241

Clearance level
[Bq/g]

0.04

7

0.5

3

4

1

30

3.2 Unconditional clearance

In 1991 the IAEA started work to establish unconditional clearance levels for solid
materials, which culminated in the publication of TECDOC-885 "Clearance levels for
radionuclides in solid materials" [6]. The German Commission on Radiological Protection
decided to discuss and evaluate the clearance levels recommended by the IAEA. As a result
of this work the SSK passed a draft recommendation on December 8, 1995 containing
radionuclide specific clearance levels for unconditional clearance.

It was decided to evaluate the unconditional clearance levels by creating enveloping
scenarios for recycling and reuse and use of the conditional clearance levels from the SSK
draft recommendation for disposal. The enveloping scenarios for recycling and reuse are
based on studies done on behalf of the German Ministry for Environment as well as on
international sources. In choosing the enveloping scenarios reasonable and realistic
assumptions were made. Scenarios which are possible but had proved to be very unlikely
were not evaluated. In deciding which scenarios should form the basis of the calculations
complex stochastic models of clearance were used to quantitatively evaluate which
scenarios are appropriate for deriving clearance levels.

The unconditional clearance levels for solid materials from nuclear installations were
derived by taking the most restrictive value from either the enveloping scenarios for recycling
and reuse or the disposal recommendation. A selected set of the resulting clearance levels
are shown in Table 2. In general the unconditional clearance levels are significantly more
restrictive than the conditional clearance levels for disposal (see Table 1).

Table 2: Mass and radionuclide specific unconditional clearance levels from the SSK
draft recommendation

Radionuclide

H3

C14

Fe55

Co 60

Ni63

Sr90

Tc99

Clearance level
[Bq/g]

300

200

3000

0.1

3000

10

4

Radionuclide

1129

Cs137

Ra226

U235

U238

L Pu 239

Pu241

Clearance level
[Bq/g]

0.04

0.5

0.1

0.1

0.1

0.04

1

Instead of deriving radionuclide specific surface clearance levels, the surface
contamination clearance levels for objects (GegenstSnde) prescribed by the Radiation
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Protection Ordinance are recommended (see table 3). Materials which have no defined
surface are not considered to be objects and can therefore be cleared using only mass
specific clearance levels. Usually waste can be cleared without the application of surface
contamination clearance levels. It is not considered good practice to destroy defined
surfaces merely for the purpose of avoiding the surface contamination measurements.

The surface contamination clearance levels set up by the Radiation Protection
Ordinance were not derived with reuse and recycling in mind and are therefore typically
overly restrictive. A comparison of the surface contamination levels derived for reuse by the
Commission of the European Union [13], shows that the surface clearance levels used in
Germany are more restrictive.

Table 3: Clearance levels for surface contamination (see appendix IX column 4 of
the Radiation Protection Ordinance in the version from 1989.)

Radionuclide

tf-emitters, which have an exempt activity of
5103Bq

Q> and electron capture-emitters, which have
an exempt activity of 5106 Bq 1)

other radionuclides

Clearance level for surface contamination
2)

[Bq/cm2]

0.05

5

0.5
1) This clearance level also applies to C 14, P33, S35, Ca 45, Fe 55, Ni 63, V 48 and Pm
147
2) The total surface activity may not exceed the clearance level for each category. The
clearance levels are for total activity from the nuclides of this group and are not intended to
be used as weighting factors in a summation formula.

Radioactive material generally contains a number of radionuclides in trace quantities.
Therefore it is suggested that radionuclides which attribute less than 10% to the summation
formula be ignored. This cut-off criterion gives flexibility while guaranteeing that the
radiological goals are fully met.

For the unconditional clearance in this recommendation the clearance levels apply only
to the licensed activity and not to the naturally existing radioactivity. Therefore in most cases
difficulties, for example with thorium in the material is of no regulatory concern since the
thorium was not licensed. Uranium can pose a larger problem, especially in building material.
For enriched uranium the relationship U 235 to U 238 can often be used to determine the
radioactivity caused by the licensed practice. In all cases concerning natural radioactivity the
competent authorities must carefully consider the proposed measurement procedures to
make sure they adequately address the problem at hand.

3.3 Application of clearance criteria in Germany

A license for unconditional clearance of metallic components, scrap or items will not
specify whether the material must be melted, or can be directly reused (e.g. in the case of
tools). This option has been applied for in nearly all German installations in the operational as
well as in the decommissioning phase.

A license for unconditional clearance of building rubble from nuclear installations will
not specify whether the material must be recycled or can be disposecf of at a landfill.
Likewise, it will not specify the building purposes for which the material could be used after
recycling. This option has been applied for a number of installations, mainly during
decommissioning.
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While in the examples above, which describe cases of unconditional clearance, the
waste producer was free to choose recycling or disposal, a license for conditional clearance
for disposal implies that the waste producer or waste owner must ensure that the material is
disposed of at a landfill. This must be demonstrated to the authority. The legal framework for
non-nuclear wastes in Germany gives recycling precedence over disposal so that conditional
clearance of material only for disposal must not interfere with requirements laid down in
these regulations. Up to now, this option has been applied in quite a few instances.

Conditional clearance of metal scrap for melting and subsequent manufacture of
special items, such as rails, reinforcement steel for buildings, structural elements for bridges
etc., i.e. purposes that will lead to only a small dose commitment for individuals of the
population, are possible in Germany in principle and the relevant SSK recommendations
address these options. However, up to now no license has been granted with such a
prescribed initial use.

It is estimated that presently from the operation of 20 nuclear power plant blocks some
500 Mg/a of metal scrap and a few 1,000 Mg/a of building rubble and other waste arise for
mainly unconditional clearance. Additionally several 1,000 Mg/a of metal scrap and up to
several 10,000 Mg/a of building material can arise from decommissioning activities. These
figures correspond to the present and near future situation and depend on the number of
installations that are being decommissioned at a certain point in time. For material from
nuclear power plants clearance measurements can currently be performed at typical rates of
25 Mg (metal, concrete) per shift and measurement facility. Clearance of buildings is usually
accomplished by in situ measurements on the standing structure prior to being demolished.

4. OUTLOOK

The German land authorities are responsible for licensing nuclear facilities and the
federal authorities play a supervisory role in this process. Since clearance levels are not yet
part of the German legal framework the land authorities have significant flexibility in setting
down the clearance levels in licenses. Therefore the clearance levels can and do vary greatly
from license to license. In order to harmonize the clearance levels in Germany it is planned
to provide binding legislation at the federal level. It is envisaged to incorporate all relevant
aspects of clearance as well as the numerical values recommended by the SSK into this
legislation. The legislation shall respect international guidance to ensure that the German
clearance practice is consistent with international guidelines and recommendations. Of
foremost importance are the recommendations from the European Union. The Council
Directive passed recently advises the Member States to consult these recommendations
when setting down clearance levels.

In general, Germany sees a need to implement the concept of unconditional clearance
on an international scale in order to facilitate free trans-boundary movements. Therefore
Germany will continue to actively support the IAEA's efforts in the area of radioactive waste
management.
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