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REGULATIONS AND CONTROL OF FUEL REPROCESSING PLANTS 

IN THE FEDERAL REPUBLIC OF GERMANY 

WITH REGARD TO ENVIRONMENTAL EFFECTS 

1. Main Principles of Environmental Radiological Protection 

The principles of radiation protection in the Federal 

Republic of Germany are based on ICRP recommendations 

(/1/»/2/) and have been laid down mainly in the Atomge-

setz (Atomic Energy Act, 1959) and in the Strahlenschutz-

verordnung (Radiological Protection Ordinance/ 1976). 

These principles are in accordance with the Radiological 

Protection standards of the European Nuclear Community 

(1976). The main paragraphs relating to environmental 

protection are summarized below. 

1.1. Atomgesetz 

One main purpose of this law for the peaceful use 

of nuclear energy is to protect life, health and 

property against the potential hazard of nuclear 

energy and the harmful effects of ionizing radiation, 

and to provide compensation for the damage*caused 

by nuclear energy or ionizing radiation. 

The construction and operation of nuclear installations 

require a licence, which may be granted only if 

- every necessary precaution has been taken in the 

light of the state of the art to prevent damage 

resulting from construction and operation of the 

installation, 



- all necessary protection has been provided against 

disturbance or other interference by third parties, 

- the choice of the site of the installation, in parti-

cular with respect to non-contamination of water, air 

and soil, is not contrary to overriding public in

terests . 

The protection against damage by ionizing radiation is 

ruled by the Strahlenschutzverordnung. 

The principles of radiological protections as stated by 

the Strahlenschutzverordnung are 

- to prevent any unnecessary radiation exposure or 

contamination of persons, property or the environment, 

- to keep as low as possible" all types of radiation 

exposure or contamination of persons, property or the 

environment taking due account of the state of the 

art and paying attention to the merits of each indi

vidual case, even where the values are below the li

mits specified in the Strahlenschutzverordnung. 

The radiological protection of the population and the 

environment is warranted as follows: 

For persons in the monitored off-plant area the whole 

body dose shall not exceed 150 mrem/a. The responsible 

authority may permit that the annual whole body dose 

can be increased in individual cases up to 500 mrem/a. 

The radiation exposure of humans resulting from the 

discharge of radioactive material in air or water from 

nuclear facilities is to be kept as "low as possible" 



and in each case must not exceed the values s p e c i f i e d 
in Table-1 . This radiat ion exposure must be c a l c u l a t e d 
for the most unfavourable points of exposure considering 
a l l re levant exposure pathways including food chains; 
the individual assumptions and procedures to be appl ied 
i n the determination of the radiat ion exposure i s e s t a b 
l i s h e d by the Federal Ministry in charge of reac tor 
sa fe ty and rad io log ica l protect ion by way of ordinance 
with the consent of the Bundesrat. Insofar as 
other i n s t a l l a t i o n s or f a c i l i t i e s a t these or other 
s i t e s contribute t o the radiat ion exposure a t the de
s ignated p o i n t s , the responsible authori ty must ensure 
that the t o t a l of the values spec i f i ed in Table 1 i s not 
exceeded. 

Table 1 - Annual dose rates limits of radiation exposure caused 
""""~~~~""""" by discharges into the environment 

Whole body, bone marrow, gonads, 
uterus 3o mrem/a 
Hands, forearms, feet, lower legs, 
ankles, including the skin 36o mrem/a 
Bones; skin, if this i s the only part 

exposed to radiation, excl. the 
skin on hands, forearms, feet, 
lower legs and ankles 18o mrem/a 
Ihyroid, other organs 9o mrem/a 

The pr inc ip l e s of environmental dose rate c a l c u l a t i o n are 
described in chap. 4 . 2 . 

Furthermore, i t i s s ta ted by the Strahlenschutzver-
ordnung t h a t , j i f there i s a p o s s i b i l i t y tha t radio-
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act ive substances may be released into the a i r , water 
or s o i l , 

any uncontrolled discharge has to be avoided, 

- the discharge ac t iv i ty must be as low as "possible", 

- the discharge i s monitored and reported to the 
responsible authority at l eas t once a year, spec i 
fying i t s kind and a c t i v i t y . 

The responsible authority may rule that, where the oper
ation of instal lat ions or f a c i l i t i e s requires a l i cence , 
appropriate measurements of the act iv i ty of samples from 
the environment be taken, as well as measurements of loca l 
doses according to a s e t procedure, and that the resul t s 
of these measurements be recorded and submitted on request 
to the responsible authority and made available to the 
public. 

The occupational exposure rate l imits are l i s t e d in Table 2, 

Wide body, bone marrow, 
gonads, uterus 5 ran/a 
Kinds, forearms, feet, lower 
legs and ankles including the 
relevant skin 6o rem/a 
Skin if fhis i s the only part 
exposed to radiation, excluding 
the skin on hands, forearms, feet, 
lower legs and ankles 3o rem/a 
Bones, thyroid 3o ran/a 
Other organs 15 rem/a 

« 

Tab. 2 - Annual dose rate limits for occupationally exposed 
persons* 
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2. Outline of the Licencing Procedure in the Federal Republic 

of Germany 

The Federal Ministry of the Interior, the licencing 

authority of the Land concerned and the public are parties 

who play a decisive part in the licencing procedure for the 

construction and operation of any nuclear facility (see Fig. 1), 

2.1 The_Federal_51inistry_gf _the_Interior 

The Federal Ministry of the Interior represents the supreme 

supervisory authority with the responsability for nuclear 

safety and radiological protection. 

It is assisted by two advisory bodies of independent 

experts, the Commission on Reactor Safety (RSK) and the 

Commission on Radiological Protection (SSK). RSK and SSK 

submit recommendations in the course of the licencing 

procedure for any nuclear installation. 

2.2 The^Licencing^Authority, 

The licencing authority of the respective Land to which 

a licence application for a nuclear facility has been 

submitted will receive together with the application: 

- a' safety analysis report, which has to delineate all 

potential hazards associated with the facility and 

the appropriate safety measures provided, 

- an outline of measures provided for the protection of 

the facility and its operation against disruptive 

action and other interference by third parties, 

- an easily understandable description of the facility 

and the presumable consequences resulting from its 

construction and operation to the environment and the 

public. 



- 6 -

The licencing authority entrusts experts and specialists 

with the safety assessment of the facility by scrutinizung 

the documents submitted by the applicant. These experts 

are e.g. on the staff of the Technische Uberwachungs-

vereine (Technical Inspection Agencies) and of other 

institutions such as the German Meteological Service, 

university institutes and certain Federal and Land 

institutions. The licencing authority is obliged to 

consult other Land authorities on specific questions 

falling under their responsability (e.g. land and water 

use). The licencing authority also has to submit the 

application documents/ its findings and decisions to the 

Federal Minister of the Interior. 

2» 3 The_Public 

Participation of the public is an essential element of the 

licencing procedure. The licencing authority is obliged to 

announce the project in publications accessible to the 

public. 

This announcement has 

- to give information that the application for licencing 

and the pertinent documents have been laid out for 

inspection by the public, indicating che place, 

- to request possible objections to be raised within two 

months after the publication has been laid out, 

- to fix a date for public hearing, which provides an 

opportunity for those who have raised objections to the 

planned facility to elucidate these. 

After experts and specialists involved have presented 

their expertise, the licencing authority decides on the 

granting of a licence, giving due consideration to all ob

jections raised. Every citizen whose objections were re

jected may file a suit against the decision of the li

cencing authority before the competent Administrative Court. 
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Fig. 1 - Scheme of the licencincr nmrofiura i 
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3. Evidence of Environmental Protection 

The applicant for a licence has to furnish evidence as to how 

effects on the environment are reduced to a minimum and obser

vance of legal regulations on environmental protection is en

sured. This applies to conditions of routine operation of the 

nuclear facility projected as well as to the effects of possible 

non-routine events. This evidence comprises a detailed site 

analysis, the protection of the plant against external and 

internal impacts, radiological protection '..ithin the facility 

proper and its environment, and environmental protection in 

case of non-routine events. Besides the radiological 

impacts also effects of non-nuclear emissions, e.g. chemical 

releases, have to be assessed. 

3.1 Site 

The site analysis has to comprise the following details: 

- topographical description, 

- distribution of the population within a radius of 50 km, 

- use of land and water within an 10 km radius with special 

regard to agriculture (main produce, particularly dairy 

fariming), forestry and fishery (commercial fishery and 

sport fishing), 

- natural and wildlife preserves, 

- recreational areas, 

- commercial and industrial enterprises (type of products, 

• number of employees, location relative to the site), 

- oil and gas pipelines, oil storage tanks in a radius of 

approx. 10 km, 

- military facilities, 

- traffic (roads, railway lines, waterways, airports and air 

traffic routes, volume of traffic), 
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- meteorological conditions (three-dimensional s t a t i s t i c 
of wind speed, wind direction, and diffusion categories , 
precipitation data, atmospheric data associated with the 
e f fec t s of cooling tower operation), 

- geological and tectonic conditions, 

- su i tab i l i ty of the subsoil for construction, 

- hydrological conditions (surface waters, groundwater 
conditions, drinking water supply areas and f a c i l i t i e s 
with the respective water consumption within a lo km 
radius), 

- seismic conditions and seismic parameters, 

- radiological exposure of the s i t e caused by emissions of 
other nuclear f a c i l i t i e s already operating or being 
planned to operate. 

3.2 £l§B£_Saf ety^Agatost^^ternal^and^Internal^Imgacts 

A safe project design i s required for the protection of the 
environment against possible e f fects of the operation of a 
nuclear f a c i l i t y . This encompasses safety measures against 
earthquake, aircraft crash , shock waves and floods. Evi
dence of safety measures taken requires descriptions of the 
buildings, parts of buildings and systems to be protected, 
the s tress caused by the events mentioned and 
the resulting requirements to be met by the f a c i l i t i e s . 
This also holds true for the protection against internal 
events such as rcechanical impact /explos ions , f i r e , and 
damage caused by water. Radiological protection of occu
pational^ exposed persons ca l l s for a f a c i l i t y designed for 
easy checking, maintenance and repair work. 
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3.3 5§£i2i22i£§i-?£2£§££i22 

Radiological protection applies to the operating personnel 

within the plant as 'dl as to the areas outside the nuclear 

facility. In the Federal Republic of Germany the strahlen-

schutzverordnung is authoritative with regard to -

tho limitation of activity release and radiation doses. The 

licencing procedure requires evidence that the observance 

of the regulations and the limit-values laid down in the ^fe . 

Strahlenschutzverordnung is ensured. 

3.3.1 Protection..of QccupationallyJBx.pQ.sed..Persona 

Evidence has to be given to the effect that by shielding and 

other measures the whole-body radiation dose received by a 

person during routine operation does not exceed a fifth of 

the limit values quoted in 'fable 2 (e.g. whole-body radiation 

dose 1 rem/a). Details about the surveillance have 

to be supplied; the systems for measuring the local dose, 

for monitoring room air and for locating leakages have to b e ^ 

elucidated. Measures taken for the monitoring of personnel ^ 

have to be described. 

3.3.2 Control of_HadioactiveJSasepus and Liguid_Effluents 

The projected measuring methods, measuring points, measuring de

vices have to he described, and the redundancies of the mea

suring devices, _,the detection limits and the calibration of 

the detectors have to be stated. The concept of environmental 

monitoring has to be explained; type and measuring equipment 

of the stations for monitoring and the measuring of meteoro

logical parameters have to be outlined. Prior to start-up 
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of the plant activity the natural background radio

activity in the surroundings has to be determined and 

documented (see chap. 4.1). 

3.3.3 Enyironmental_Dose_Liinits 

Evidence has to be furnished that the activity emissions 

will not exceed the limit values laid down in the Strahlen-

schutzverordnung. Therefore the quantities of radionuclides 

to be released, must be specified. Likewise factors 

of atmospheric dissemination, which depend on the 

local meterorological conditions, the effective height 

of emission sources and the effects of cooling towers 

and their operation, have to be supplied. Data of the 

radiation exposure of the population in the vicinity 

of the plant have to be provided, delineating the cal

culation methods used and the input data. The exposure 

to radiation caused by other already existing and further 

planned nuclear facilities has to be taken into account. 

In accordance with the Strahlenschutzverordnung the 

radiation exposure has to be calculated for the most 

unfavourable points of exposure considering all relevant 

exposure pathways including food chains (see chap. 4.2). 

3.4. Effgcts^of^Non^routincfe_Events 

The Strahlenschutzverordnung rules that even in the, 

most unfavourable incident the limits (e.g. whole-body 

dose 5 rem/a) are not exceeded in the surroundings of 

the facility. The applicant has to furnish evidence that 

satisfactory precautions are inherent in the design of 

the projected plant so that observance of the limit 

values is ensured. 
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Type of measurement Measurement or sampling 
point 

Frequency 

1. Air 

- Measurement of gamma 
radiation from the air 

Collection of the aerosol 
radioactivity of the air 
on fiber filters 

Collection of radioactive 
iodine on an activated 
charcoal cartridge 
Gamma dose from the air, 
integral measurement with 
solid state dosimeters 

Measuring stations: main 
deposit areas (first and 
second main wind direction), 
where appropriate at 
elevated level 
Likewise 

Likewise 

Continuously 

Every 7 days, beta and 
alpha radioactivity; 
every 3-months, ganma 
spectrometry 
Every 2 weeks iodine 129 
and iodine 131 

Approx. 100 selected points Annually 
in the area, above all near
by villages, and 10 points 
on the site of the centre 

- Periodical measurement of 
gamma radiation, aerosol 
radioactivity and radio
active iodine 

Measuring points in accord
ance with the incident 
measuring programme in the 
respective wind sector. 

One measuring tour per 
month with fixed 
itinerary 

2. Soil and Plants 
- Measurement of radioactive 

deposits on soil and plants 
Measuring points in accord
ance with the incident 
measuring programme in the 
respective wind sector 

One measuring tour per 
month 

Food chains in the country 
Random samples of cow's 
milk (gamma spectometry) 
iodine 129/131) 
Mixed samples of cow's 
milk (beta radioactivity, 
gamma spectrometry, 
iodine 129/131) 
Random samples of locally 
important agricultural 
produce (beta radioactivi-
ty, gamma spectrometry) 

Measurement at.the nearest Monthly 
producer's preferably in the 
main deposit area 
At local dairy Every 6 months (once 

during the open air 
feeding season) 

At the producer's, prefer
ably in the main deposit 
area 

Annually 

Waters and groundwater 
Mixed water samples (beta 
radioactivity, gamma 
spectrometry) 
Random water samples (beta 
radioactivity, gamma 
spectrometry) 
Food chains in the water 
Taking of random samples 
of: 
Water with mud, plankton 
and suspended matters 
(beta radioactivity, gamna 
spectrometry) 
Edible fish random samples 
(beta radioactivity, gamma 
spectrometry) 

In the effluent drainage Monthly 
pipe of the facility or centre 

Well, waterworks or lake Annually 
in the groundwater area 

Receiving water Every 6 months 

Receiving water Annually 

Table 3. Proposed programme for environmental routine tnonitoring 
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4. Methods of Radiological Environmental Protection 

4.1 Environmental_Monitoring_and_Contrgl 

The environmental monitoring programme for power reactors 

is governed by /3/ and is applied to reprocessing and 

refabrication plants, too. A monitoring programme is 

initiated prior to - normally years before - start up 

of the plant to check the background radiation as well 

as the meteorological and hydrological conditions. It 

is continued after start up in order to control any 

detectable increase of radiation levels in the environ

ment. Therefore the monitoring programme is concentrated 

on the locations of expectei maximum activity con

centration in the environment (in air, water, plants and 

soil). 

An excerpt of the programme for environmental routine 

monitoring proposed for the German "Entsorgungszentrum"* 

is shown in Table 3. 

4.2 Basic_Princigles_f2E.the_Assessment_gf.Environmental 

§2£25!£§..S§£§§ 

Continous examination and updating of basic principles, 

calculation methods and parameters to be applied in the 

assessment of exposure rates are conducted by SSK which 

submits the results in the form of recommendations to 

the Federal Minister of Interior /4/. In this assess

ment the principle of the maximum dose rate is applied: 

In order to avoid any restriction of the land use for 

housing or for food production, the calculated dose 

rates in the vicinity of a nuclear plant must not 

exceed the limits specified in the Strahlenschutz-

verordnung (see chap. 1.2) at any point irrespective 

of the present land use. This means e.g. that the 

* Backend fuel cycle centre for spent fuel reprocessing, 

fuel refabrication, waste treatment and waste disposal 
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potential ingestion dose rates at the place of maximum 

activity concentration have to be taken into account 

even if this place is not used for food production. 

The dose rates are to be assessed for the critical 

population group, characterized by age, occupation, 

consumption habits etc. But as the minimum size of 

this group is not specified, it can be represented by 

a single person. The dose rates calculated for the 

relevant exposure pathways have to be superimposed. 

The contribution of other nuclear installations has 

to be taken into account. 

This "conservative" calculation ensures that the actual 

dose rate of an average person living in the vicinity 

of a nuclear installation remains far below the cal

culated one. 
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5. Data and Experience Gained at the Karlsruhe Reprocessing 

Plant (WAK) 

In this chapter some data on the KAK reprocessing pilot plant 

will be given, which is in operation since 1971. These 

data indicate that actual operation meets the requirements. 

5.1 Qccuj3ational_Exgosure 

The radiation exposure of an individual worker in a 

reprocessing plant depends - among other factors - on 

the type of the plant. In a large production plant with 

partially remote maintenance smaller dose rates may 

be expected than in a pilot plant with a large amount of 

direct maintenance. At WAK the average individual 

exposure decreased from 1,34 rem/a during a short 

start-up to 0,43 rem/a in 1977. The maximum individual 

exposure was 3,95 rem/a. The collective exposure 

decreased from 390 to 140 man-rem/a. The relation of 

collective exposure to electric energy generated by tiie 

reprocessed fuel was 400 and 450 man-rem/GW .a in 1976 

and 1977, respectively. 

The collective exposure was distributed among the workers 

as follows: 

Operations: 33% 

Laboratory: 22% 

Maintenance: 37% 

Others 8% 

During a typical reprocessing campaign the collective 

exposure amounted to 14 man-rem/month, during an inter-
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vention period t o 25 man-rem/month; the share of maintenance 
workers was 45%. 

5 . 2. Act iv i t^Release^^to^tte^Enyironment 

The quantity of a c t i v i t y re leased depends on the s i z e of the 
reprocessing p lant and the loca l cond i t ions . The permiss ible 
r e l e a s e ra te s of WAK, being part of the Karlsruhe Nucle^ 

Research Centre,-ace e s tab l i shed annually in the framework of the 
research centre o f f -gas plan in order t o observe the standards 
given in the Strahlenschutzverordnung. For WAK — 

the permiss ible and the actual r e l e a s e r a t e s are summarized in 
Table 4 . Liquid e f f l u e n t s of WAK are treated before 
being re leased . 

Nuclide or nuclide 

tt-3 
0-14 
Kr-85 
J-129 
Sr-9o 

j? -aerosol 

U -aerosol 

group Permitted release 
in Ci/a 

1.000 

lo 
35O.OD0 

o,ol 

0,1 

2 

6,ol 

Measured release in % 
of the permitted release 

19 
8o* i 
33* 
24 
2o 
14 

29 

* without retention 
Tab. 4 - Activity release rates of WAK 
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5.3 ^ d i o l o g i c ^ l Jgroggare.of ,^e_gnvironmgnt 

The rad io log ica l exposure of the environment due t o both 
the acuta l and the expected saxisiunr a c t i v i t y r e l e a s e s 
i s estimated annually. The fo l lowing exposure pathways 
are taken in to account: 

- whole body exposure due t o H-3 i n h a l a t i o n , 
C-14 i n h a l a t i o n , 
C-14 i n g e s t i o n , 

Sr-9o i n g e s t i o n , 

- bone exposure due t o o c - a c t i v i t y i n h a l a t i o n , 
Sr-9o i n g e s t i o n , 

- lung exposure due to 
oc "act ive aerosol i n h a l a t i o n , 
fi - a c t i v e aeroso l inha la t ion , . 

- thyroid exposure due t o iodine inges t i on 
(mainly by milk i n g e s t i o n ) . 

Dose ra tes in exces s of the dose ra te l i m i t s l a i d down 
in the Strahlenschutzverordnung have not occurrea. 

In addition.;, the a c t i v i t y of water and b i o l o g i c a l mater ia l 
i s measured p e r i o d i c a l l y in the environment of MAK. These 
measurements have confirmed t h a t the dose ra te l i m i t s 

have never been exceeded and that the actual dose r a t e s are 
far below the rate l i m i t s . 
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PRESENT AND PBOjfCTED STOCKS AND USE OF SEPARATED Pu; 1977 - 2000 

Pu STOCKS 

(te) 

BBING USED IN 
RESEARCH 

(te) 

BEING RECYCLED 
IN 

THERMAL REACTORS 
(te) 

BEING RECYCLED 
IN 

FAST REACTORS 

(te) 

USE 
UNCERTAIN 

(te) 

TOTAL Pu 
SEPARATED, 
CUMULATIVE 

(te) 

Col. 

•* * t ' > • r ' • 

6 

1977 

1 9 8 5 

1 9 9 0 

2 0 0 0 

> 2 1 * 

>22 

>36 

>70 

>10 

>10 

> 4 . 5 

? 

>1.0 

>4.7 

>2.0 

>2,9 

> 4 . 1 

> 12 

> 17 

> 48 

? 

> 4 1 . 3 

> 1 0 2 . 5 

>C176) 

> 3 6 . 1 t 

> 90 

>162 

>297 

* Including 6 te as fabricated fuel elements 

t Total based on sua of cols. 1 to 4. 
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