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Abstract

As far back as in the seventies a fully developed, integrated concept for closing the nuclear fuel cycle was
agreed upon in Germany between the Federal Government of that time and the electricity utilities. In the twenty
years elapsed since then it was further developed as necessary to permanently fit the state of the art of science
and technology. For management of spent fuel, the concept currently considers two equivalent alternatives: direct
disposal of the spent fuel or reprocessing the fuel and recycling in thermal reactors. Interim storage of spent fuel
and vitrified high level waste (HLW) to allow for decay heat generation to decrease to a convenient level is
carried out in centralized installations. Radioactive waste disposal in pursuant to German regulations for all kinds
of waste is to be carried out exclusively in deep geologic repositories. At present, there are in the country three
centralized interim storage facilities for spent fuel, one of them can also accept vitrified HLW. Several facilities
are in use for low level waste (LLW) and intermediate level waste (ILW) storage at power plants and other
locations. A pilot conditioning facility for encapsulating spent fuel and/or HLW for final disposal is now ready to
be commissioned. Substantial progress has been achieved in realization of HLW disposal, including
demonstration of all the needed technology and fabrication of a significant part of the equipment. With regard to
deep geologic disposal of LLW and ILW, Germany has worldwide unique experience. The Asse salt mine was
used as experimental repository for some 10 years in the late sixties and seventies. After serving since then as an
underground research facility it is now being backfilled and sealed. The Morsleben deep geologic repository was
in operation for more than 25 years, until September 1998.

1. WASTE DISPOSAL CONCEPT

The basis of spent fuel management and waste disposal in Germany was laid down by a
decision of the Council of heads of the Federal Government and the Governments of the Federal
States adopted on September 28, 1979. In implementing this direction, the operators of nuclear power
plants were commanded to provide assurance for a period of six years in advance as to where the
spent fuel will be stored and/or processed and as to how the radioactive waste will be later disposed
of.

In Germany, radioactive waste disposal has been, from the very beginning of nuclear power
use, considered as belonging to the state's sphere of responsibility. In the sixties and the early
seventies waste disposal was carried out in trial operations at the earlier mentioned Asse mine by state
owned nuclear research centers. Later, the administration of Chancellor Helmut Schmidt with the
fourth amendment to the Atomic Energy Act of August 30, 1976 explicitly assigned this task to the
Federal Government.

The costs of waste disposal, as all other waste management costs, must be borne by the waste
producers according to the "polluter pays" principle. To this aim, the Atomic Energy Act includes two
repository financing mechanisms ensuring that sufficient funding is available as needed. The
Ordinance on Advanced Payments on the one hand, rules how waste producers pay for site
characterization and repository construction, on account of the total expenditure for waste disposal. In
addition, the Atomic Energy Act allows for disposal fees covering repository operational costs to be
charged in the future to producers upon waste delivery. The utilities, on their part, make financial
provisions in their accounts to cover future disposal costs from today's electricity sales revenues.
These provisions are free of corporate taxation.



The knowledge basis and the technology for deep geologic disposal are currently considered to
be basically available in Germany. Besides the know-how obtained with the Asse experimental
repository and the operation of the Morsleben site provided long, worldwide unique industrial
experience in deep geologic disposal of LLW and ILW. In addition, in the framework of a long-
lasting technology development demonstration program most of the systems and components needed
for disposal of spent fuel and vitrified HLW have been developed, fabricated, and extensively tested,
mainly in 1:1 scale and under repository conditions. The facilities already available or under
construction as part of the German disposal concept include:

- The Morsleben repository for low and intermediate level waste,
- The Gorleben exploration mine,
- The planned Konrad repository for non-heat generating waste.

The German radioactive waste management and disposal concept is currently being revised.
Final decisions have not yet been taken.

The present paper focuses on the operational experience gained while operating the Morsleben
repository. Morsleben, which is the second deep geologic repository in the world after the Asse salt
mine, has been in routine operation longer than any other underground disposal facility.

1. MORSLEBEN REPOSITORY

The Morsleben deep geologic repository is located in the federal state of Saxony-Anhalt. At the site,
potassium was mined until the early twenties. Thereafter rock salt mining went on until 1969, leaving
open cavities with a volume of approximately 8 million m3. In 1970 the nuclear power plant operator of
the former German Democratic Republic (GDR) bought the mine to convert it into a low level and
intermediate level waste repository. A first, a short waste disposal campaign was carried out in a trial
operation in 1971. After receiving a further license, waste disposal continued in 1978 in rock cavities
below the 500 m horizon. In the wake of German reunification in 1990, Morsleben became a Federal
Facility under the authority of the Bundesamt fur Strahlenschutz (BfS, the Federal Office for Radiation
Protection). Site operation was assigned to the Deutsche Gesellschaft zum Bau und Betrieb von
Endlagern fur Abfallstoffe mbH (DBE, the German Company for the Construction and Operation of
Repositories for Wastes).

In this worldwide pioneer deep geologic repository, different categories of solid LLW and ILW as
well as sealed radiation sources were routinely disposed of until a stop on governmental and court
decisions in September 1998. The most used technology was stacking of LLW packed in drums in
chambers. Waste with higher activity content, delivered to the repository in shielded overpacks, was
discharged into closed chambers below a drift through shielding lock systems. Waste was disposed of on
the basis of contracts between waste producers and the Federal Government. Ownership of the waste
passed over to the Federal Government upon delivery, the producers paid a fee to settle all costs.

2.1. Waste acceptance criteria

The Morsleben deep geologic repository was licensed and entered into operation in a stepwise
procedure lasting several years. First disposal of radioactive waste took place on December 7, 1971, on
the basis of a provisional site authorization and a license to deal with radioactive waste as ruled by the
radiation protection regulations then in force in the German Democratic Republic. In a short campaign
approximately 500 m3 of waste with a total activity of 1.85 TBq, (mainly from the production and use of
radionuclides), were disposed of. With this, enough capacity became available at interim storage
facilities to cover the period until start of trial operation at industrial scale in 1978.

After collecting operational experience for three years a first operation license for a period of five
years was granted in 1981. As of April 22, 1986 a permanent operation license was granted for unlimited



time. Following German reunification on October 3, 1990 an amendment to the Atomic Energy Act of
the Federal Republic of Germany declared the continuing validity of the operation license of the former
GDR under the new legal context until June 30, 2000. The operation license was later extended for five
more years but without enlarging the volume or the activity of the waste to be accepted at the site.

Also after German reunification waste disposal at Morsleben was basically carried out under the
rules and limits defined by the original license. Therefore, the original waste classification into four
waste classes and six radiation protection groups was maintained. The permanent operation license of
April 1986 allowed for disposal of three classes of wastes in six radiation protection SI to S6 groups into
which the waste had been subdivided. The three classes are:

- Class Al: solid waste,
- Class A2: liquid waste,
- Class A3: sealed radiation sources.

The activity limits of the waste classes and of the radiation protection groups are included in Table 1
below.

TABLE 1. SUBDIVISION OF THE RADIOACTIVE WASTE INTO RADIATION PROTECTION
GROUPS

Radiation. Protection

Group

SI

S2

S3

S4

S5

S6

Solid Waste
Waste Class Al
Radiation Dose*

mSv/h
<2

>2 ... 10

>10 ... 100

> 100 ... 500

>500 ... 1,000

> 1,000

Liquid Waste
Waste Class A2

Activity Concentration
GBq/m3

<4

>4 ... 40

>40 ... 400

>400 ... 4,000

> 4,000 ... 40,000

> 40,000

Sealed Sources
Waste Class A3
Source Activity

GBq.
<0.2

>0.2 ... 2

>2 ... 20

>20 ... 200

>200 ... 106

>106

*At 0.1 m distance of the unshielded surface

Based on this waste classification, there are a series of restrictions for waste disposal at Morsleben
that entered into force partly with the original license and partly after German reunification. According
to the latest set of valid requirement, only waste of the class Al (solid waste) of the radiation protection
groups SI to S5 as well as class A3 (sealed sources) of the groups SI to S4 are acceptable for disposal.
Waste of the class A2 and of a further waste class A4 (special waste) had to be transformed into solid
waste of class Al prior to disposal. Liquid wastes, before 1990 disposed of by in situ solidification with
a hydraulic binder, were no longer accepted after a decision by BfS of November 16, 1990. The same
applied to liquid ion exchange resins, Pu/Be radiation sources, and further Co sources.

The set of waste acceptance criteria for the Morsleben repository consists of generic and specific
criteria. The generic waste acceptance criteria comprise regulatory requirements as, e.g., that the waste
must have been released from IAEA fissile material control prior to disposal, and that it may not be
mixed with hazardous waste materials. Furthermore, they state that only waste that has underwent the
stipulated independent waste product control procedure is acceptable for disposal.

The specific waste acceptance criteria include:

- Basic requirements on waste products,
- Activity limits, and
- Requirements on waste packages.



Basic requirements for class Al waste are, e.g. that waste products must be in the solid phase, may
not rot or ferment, may not content liquids or gases in ampoules or bottles, may not be chemically
strongly reactive leading to self ignition and/or explosion and the like.

The activity limits include a generally valid constraint of the activity of a-emitters to 0.4 GBq/m3.
Generic activity limits for p/y total activity result from assigning the waste package to a radiation
protection group. Activity limits for single nuclides result from the operational and the long-term safety
analyses. The p/y total activity limits for the different radiation protection groups are as given in the
Table II below.

TABLE n. ACTIVITY CONCENTRATION LIMITS FOR SOLID WASTE
Radiation. Protection Activity Concentration for p/y-emitters

Groups GBq/m3

51 <4

52 >4 ... 40

53 >40 ... 400

54 >400 ... 4,000

S5 > 4,000 ... 40,000

Whenever a classification into a different radiation protection group results from applying the
surface radiation dose rate criteria given in Table 1, the waste is to be considered as belonging to the
higher group.

As mentioned, specific activity limits for single radionuclides resulted from safety analysis
considering the following:

- The long term radiological safety,
- Repository operation under normal conditions,
- Consequences of operational accidents, and
- Criticality safety.

These activity limits are given in tables that include values in Bq/m3 for 39 radionuclides, mainly
actinides and long lived fission products, resulting from the long term safety analysis. Further on, limits
for Tritium, I4C, and 226Ra resulted from the analysis of operational safety under normal conditions. And
a series of additional tables contains limits for a large number of radionuclides that result from
operational safety constraints for operation under faulty or accident conditions. For a given waste
product, containing a given mix of radionuclides, the most stringent activity limits are in each case to be
applied. Finally, the criticality safety requirement leads to additional limits for the concentration of 235U
in waste packages.

2.2. Operational experience

After receiving the permanent operation license in April 1986, waste disposal became routine
operation at Morsleben. Shortly after German reunification, and pursuant to a court decision waste
disposal was discontinued on February 25, 1991, to allow for a detailed proofing of the law ruling the
continuing validity of the GDR license under the law of the Federal Republic of Germany. This law rules
that the site's license remains valid until June 30, 2000. The validity of the license was finally confirmed
by sentence of the Federal Administration Court of June 25, 1992. Disposal was reassumed on January
13,1994.



The waste disposed of at Morsleben, until the repository became a Federal Facility as of October
3, 1990 and in the short period from October 1990 until disposal stopped in February 1991, is given in
Table m.

TABLE m. WASTE DISPOSAL AT MORSLEBEN UNTIL FEBRUARY 1991
Disposal Period

1971-1990

1990-1991

Total 1971-1991

Class A1 Waste
M3

5987

187

6174

Class A2 Waste
M3

8253

4.8

8258

Class A3 Waste
Pieces
6200

27

6227

After resuming operation in January 1994, it was planned to dispose of some 40 000 m3 of solid
waste until June 2000 according to contractual arrangements with the waste producers. Some 25 000 m3

were to be operational waste from nuclear power plants, 10 000 m3 operational and decommissioning
waste from the shutdown power plants Greifswald and Rheinsberg in the former GDR, as well as
5000 m3 of waste were to be delivered from the "Landessammelstellen" (LSS), the central collecting
depots of the Federal States (i.e. mainly waste from small producers).

Waste disposal continued at a slow pace during an initial period until all involved institutions
became acquainted with the administrative and operational procedures for waste acceptance, delivery of
the waste to the repository, and disposal. The mean rate of disposal increased from some 360 m3 per
month in 1995 and 450 mVmonth in 1996 to more than 500 m3 monthly in 1997 and 1998. The waste
delivered came predominantly from nuclear power plants (some 90% of the volume) and from the
collecting depots of the Federal States, the nuclear industry, and nuclear research (some

The waste coming from nuclear power plants was mainly mixed waste, cemented evaporator
concentrates and ion exchange resins, as well as highly compacted waste. Waste from the other
mentioned producers consisted of mixed waste and demolition debris, compacted waste, cemented
concentrates and solutions, as well as sealed radiation sources. Most of the wastes delivered belonged to
the radiation protection category S1 (some 89%), approximately 10 % were of the category S2, and
about 1% was classified as S3.

Since it was clear that storage volume in chambers originally used for drums disposal by drum
stacking in the so called western field was not sufficient to honor all disposal contracts, further capacity
was prepared in chambers 1, 2, and 4 of the eastern field. These three chambers provided a combined
additional capacity of approximately 25 000 m3, enough to cover disposal commitments with waste
producers until June 2000. Waste emplacement started there during the fall of 1997. Soon thereafter,
some stakeholders filed suit against the use of the new eastern field, and an administrative court ordered
to temporarily stop disposal to protect the stakeholders' rights until a final settlement is achieved before
the high court. Pursuant to this sentence, waste disposal at Morsleben was completely stopped pending
further decisions on September 25, 1998. The amount of waste disposed of at Morsleben as of end of
October 1998 is included in Table IV below.

TABLE IV. WASTE DISPOSAL AT MORSLEBEN UNTIL OCTOBER 1998
Disposal Period

1994-1998

Total 1971-1998

Class A1 Waste
m3

22,320

28,494

Class A2 Waste
m3

-

8,258

Class A3 Waste
Pieces

394

6,621



The newly elected Federal German Government has declared its intention of never reassuming
waste disposal at the Morsleben repository. With this, the waste volume and activity currently disposed
of there are the final figures. Such information is summarized in Table V which includes also the main
nuclides contributing to the site's total p/y and a activity.

TABLE V. WASTE AMOUNTS, ACTIVITIES, AND MAIN ACTIVITY CONTRIBUTORS
Disposal

Technology

In situ Solidification

Drum Stacking

Discharge into
Chambers

Total

Quantity

8,258 m3 A2 waste

26,476 m3 Al waste

2,018 m3Al waste
6,621 sealed sources

36,752 m3 waste
6,621 sealed sources

p/y-Activity
Bq

8.1-1013

9.6-1013

1.6-1014

4.3-1013

3.4-1014

4.3-1013

Nuclide
Vector

Co-60
Cs-137:
Cs-134
Mn-54
Co-58
Fe-55
Ni-63
Pm-147
H-3
CE-144
Sr-90
C-14

36%
28%
9%
7%
4%
3%
3%
2%
2%
1%
1%
1%

Bq

-

1.2-10"

1.1-10"
8.5-1010

2.3-10"
8.5-1010

a-Activity
Nuclide

Am-241
Ra-226
PU-239
Pu-240
Cm-244

Vector

70%
10%
9%
5%
4%

Table IV shows that activity disposed of at Morsleben consists mainly of radionuclides with
half-lives of about 30 years and shorter, and even the a-activity, mainly due to Am-241 sealed sources
from smoke detectors, is relatively short lived.

Before reunification, the repository was operated by GDR's main waste deliverers, the operators
of the Rheinsberg and the Greifswald nuclear power plants. After 1994 there were three different groups
of waste producers delivering waste to the Morsleben repository according to the mentioned contracts,
namely:

- The NPP operators in Western Germany (contracted share 25 000 m3),
- The Energiewerke Nord (EWN), the operator of the former Greifswald and Rheinsberg NPPs,

now being decommissioned (contracted share 10 000 m3),
- The Landessammelstellen (LSS), including the nuclear research centers and the nuclear fuel cycle

industry (contracted share 5000 m3).

Data on waste disposal volumes from these sources, classified according to the waste producers
for the years 1994 to 1998 is displayed in Table VI.

TABLE VI. WASTE DISPOSAL CLASSIFIED ACCORDING TO THE WASTE PRODUCERS
1994 1995 1996 1997 1998 Total

NPPs

EWN

LSS

Total

1,056.2

190.4

117.8

1,364.4

3,464.44

518.55

343.36

4,326.35

3,085.42

1,677.0

708.6

5,471.02

3,175.82

2,024.2

881.28

6,081.3

2,826.14

1,464.6

786.56

5,077.3

13,607.82

5,874.95

2,837.60

22320.37

With a limit of 0.4 GBq/m3 the a-activity content of the waste acceptable at the Morsleben site is
rather low. The radioactive waste from the German nuclear research centers, already conditioned in the



past according to other specifications and currently in interim storage, does not comply in many cases
with this constraint. Consequently, rather limited amounts of such waste were acceptable at Morsleben
for disposal. The same applies for waste from the nuclear fuel cycle industry.

In contrast with this, the waste arising from the operation of modern PWRs is relatively free of
long lived radionuclides. Therefore, the nuclear power plants had no difficulties in delivering waste
compliant to the waste acceptance criteria in quantities corresponding to its share of the contracts
mentioned above. While operation of the Morsleben repository has substantially contributed to releasing
interim storage capacities at the power plants for further use, the nuclear research centers have had rather
limited benefit.

Moreover, it is of interest to contrast how the activity disposed of at the Morsleben repository
compares with the total activity acceptable at the site. Such information is compiled in Table VII below.
It can be clearly seen that the activity in the repository is only a small fraction of the very conservatively
determined, acceptable activity limits.

TABLE Vn. COMPARISON OF ACCEPTABLE AND DISPOSED OF ACTIVITY
p/y-Activity a-Activity

Total Acceptable Activity 1.00-10l6Bq 1.00-10l3Bq

Disposed of Activity 3.83-10l4Bq 3.15-10nBq

Percentage of Total Acceptable 3.83% 3.15%
Activity

3. LESSONS LEARNED AND PERSPECTIVES

The Morsleben repository has been in routine operation for a long period of time. The
experience gained can be summarized as follows:

- Waste disposal in a deep geologic repository is basically a logistic task, that can be
accomplished safely and without any undue burden to personnel and the environment,

- During all the operational period under responsibility of BfS and DBE since 1990 there has
been no exceeding of any operational limit,

- Discharges of airborne radionuclides with the exhaust ventilation air was steadily at least an
order of magnitude lower than authorized limits,

- There have been no discharges of radioactivity with sewage during all of the mentioned period,
- Correspondingly, the radiological impact of the facility onto the environment has been

negligible, and below the measuring range of monitoring equipment,
- The calculated impact to the most exposed individual in the repository vicinity due to releases

was approximately 1 |uSv/a, radiation exposure of the most exposed members of the staff
remained below 5 mSv/a,

- The collective dose received by the personnel remained below 15 mSv/a.

Operation of the Morsleben deep geologic repository proved to be a safe activity, fully in
compliance with all applicable regulations. The operational experience obtained will be a valuable
asset in the planning, licensing, and operation of a future German repository which is to receive also
spent fuel and HLW.


