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Absorbed dose 

The absorbed dose D is the quotient of the average energy transferred to the matter in a volume element by 
ionizing radiation and the mass of the matter in this volume element:  

_
d εD = 
dm

. 

The unit of the absorbed dose is joule divided by kilogram (J·kg-1) and its special unit name is gray (Gy). The 
former unit name was rad (symbol: rd or rad).1 Gy = 100 rd; 1 rd = 1/100 Gy.  

 

Absorbed dose rate 

Quotient of absorbed dose per unit of time. Unit: Gy/h.  

 

Absorber 

Any material "stopping" ionizing radiation. Alpha radiation can already be totally absorbed by a sheet of 
paper; beta radiation is absorbed by a few centimetres of plastic material or 1 cm of aluminium. Materials 
with a high →atomic number and high density are used for gamma radiation absorbers (lead, steel, concrete, 
partially with special additions). Neutron absorbers such as boron, hafnium and cadmium are used in control 
rods for reactors.  

 

Absorber rod 

→control rod  

 

Accelerator 

Device to accelerate electrically charged particles to high energies. Accelerators include e.g.: →betatron, 
→linear accelerator, →synchrotron, →synchro-cyclotron, →Van de Graaff generator and →cyclotron.  

 

Accident 

Sequence of events which may result in an effective dose of more than 50 millisievert for at least one 
person.  

 

Accounting 

Most important method of →nuclear material control in a nuclear facility. Its goal is the quantitative 
determination of the nuclear material to detect inventory deficiencies (unauthorised diversions). The 
accounting relates to a defined, limited, walled-in space the contents of which results from the difference of 
all continuously measured nuclear material additions and withdrawals. At the end of the accounting period 
the plant inventory is determined by an independent direct measurement. →MUF 

 

Activation 

Process to make a material radioactive by bombardment with neutrons, protons or other particles.  
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Activation of iron 

 

Activation analysis 

Procedure for the quantitative and qualitative determination of chemical elements in a sample to be 
analysed. The sample becomes radioactive through bombardment with neutrons or charged particles. The 
resulting radioactive atoms of the sample emit characteristic rays by which the type of atoms can be 

entified and the quantity measured. The activation analysis is frequently more sensitive than a chemical 
 and is used increasingly in research, industry, archaeology and criminology.  

n surface units. Neutron cross 
ections are frequently measured in the unit of barn, symbol: b. 1 barn is equal to 10-28 m2.  

he bundle of rays emitted by a radiation source, e.g. an x-ray tube. Normally, it is limited to the required 
m arrangement.  

ctivity is the term used to characterise the number of nuclei which disintegrate in a radioactive substance 
ally measured in Becquerels (Bq); a Bq is 1 disintegration per second. Replaces the former 
bol: Ci. 1 Ci is equal to 37 000 000 000 Bq. Note: "Activity" is a quantitative term whereas 

ntration 

nit: Bq/m3.  

y intake 

, specific 

r-power 

wer of a reactor resulting from the →residual heat in the shut-down reactor.  

 

id
analysis

 

Activation cross section 

Measure of the probability of the occurrence of a reaction. The cross section is the apparent surface which a 
target nucleus exposes to an arriving particle. The cross section is indicated i
s

 

Active beam 

T
size by a diaphrag

 

Activity 

A
per unit time usu
unit →curie, sym
'radioactivity' is a qualitative term used to describe atoms that decay.  

 

Activity conce

Quotient of the activity 'A' of a material and the volume 'V' of this material, Aconc = A / V. U

 

Activit

The quantity of radioactive substances inhaled or ingested through mouth or nose or which penetrates the 
intact or injured skin.  

 

Activity

Quotient of the activity 'A' of a material and the mass 'm' of this material, Asp = A / m. Unit: Bq/kg. 

 

Afte

Thermal po
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AGR 

Advanced Gas-Cooled Reactor. A total of 14 reactor units of this type are in operation in England and 
Scotland. AGR reactors use enriched uranium as fuel, graphite as moderator and CO2 as cooling gas.  
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t where air is used as a carrier for liquids, e.g. to transport 
ighly active liquids. An air lift has no moving parts and requires twice to five times as much carrier air 

rted liquid volume.  

al 
rotection for dose limitation, described in detail and substantiated in the recommendation of the 

International Commission on Radiological Protection of 1990, published in 1991 as →ICRP Publication 60.  

 

ALI  

Annual Limit on Intake →annual limit on intake 

 

Alpha decay 

Radioactive conversion emitting an alpha particle. During alpha decay the →atomic number is reduced by 
two units and the →mass number by four units. For example, alpha decay generates Rn-222 with the atomic 
number 86 and the mass number 222 from Ra-226 with the atomic number 88 and the mass number 226. 
 

Air lift

Process-based transport and dosing equipmen
h
volume as the transpo

 

ALARA 

cronym for As Low As Reasonably Achievable. Concept of the International Commission on RadiologicA
P

 
Alpha decay; the figure shows the decay of radium-226 into radon-222 

 helium with 4 nucleons (2 protons and 2 neutrons = 1 alpha 

 various radioactive materials during decay. It consists of two neutrons 
nd two protons, and is thus identical to the nucleus of a helium atom. The rest mass of the alpha particle 

amounts to 6.64424·10-27 kg, or 3.7273·109 eV. Alpha radiation is the radiation with the lowest penetration 
potential of the three radiation pha radiation can already be 
stopped by a sheet of paper and bstance emitting alpha rays is 
inhaled or ingested with food or 

emitting
particle, α-particle) 

 

Alpha particle 

Positively charged particle emitted by
a

types (alpha, →beta, →gamma radiation). Al
 is only dangerous for living creatures if the su
enters wounds. 
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alent 

irection of incident radiation. An oriented 
nd expanded radiation field is an idealized radiation field which is expanded and in which the radiation is 
dditionally oriented in one direction. 

Ambient dose equiv

The ambient dose equivalent H*(10) at the point of interest in the actual radiation field is the dose equivalent 
which would be generated in the associated oriented and expanded radiation field at a depth of 10 mm on 
the radius of the ICRU sphere which is oriented opposite to the d
a
a
 

 
Schematic representation of an oriented and 
expanded radiation field 

 

Amplitude analysis 

Process to obtain the energy spectrum of a radiation. The pulses of a detector supplying output pulses 
proportional to energy are sorted and counted according to their amplitude. The energy spectrum can be 
derived from the pulse amplitude distribution obtained in this way.  

 

Amplitude analyzer 

Device taking adv   

ch is together equal to an energy of 1.02 MeV. Upon the „annihilation“ of both particles, two gamma 
uanta of 0.511 MeV each are generated.  

antage of amplitude analysis to represent the energy spectrum of a radiation.

 

Annihilation radiation 

Upon the collision of a particle and an anti-particle, e.g. electron and positron, these are „annihilated“ as 
particles and the mass of these particles converted into energy. Electron and positron have a rest mass 
whi
q

 

 
Occurrence of annihilation radiation upon collision of electron and 
positron. Two gamma quanta of 0.511 MeV each result. 

n intake (ALI) 

 

Annual limit o
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Annular gap 

Clearance bet oubl pt under ne se of leaks 
in the inner co tive substances  the annular gap are d and either repumped 
or filtered and  vent stack in a d way.  

 

Anticoincidenc

Electronic circ pplies an output pulse when a pulse occurs at one - mostly predetermined - 
input. No outp  if pulses oc ly at other layed by a certain 
period. 

 

r in which the core particles (neutrons, protons, electrons) are replaced by the corresponding 
trons).  

 as the corresponding particles, 
ut opposite and equal baryon and lepton numbers. Antiparticles and particles are either both electrically 
eutral or they have an equal electric charge, but opposite signs.  

Antiparticle:Antiproton 

The intake in the body by inhalation, ingestion or through the skin of a given radionuclide in a year which 
would result in a committed dose equal to the relevant dose limit. 

 

ween the two parts of a d e containment ke gative pressure. In the ca
ntainment, radioac
discharged via the

 entering
controlle

 aspirate

e circuit 

uit which only su
ut pulse is sent cur simultaneous inputs or are de

Antimatter 

Matte
antiparticles (antineutrons, antiprotons, posi

 

Antiparticles 

Antiparticles have the same mass, the same average life and the same spin
b
n

 Particle: Proton 

Mass 1.6726·10  kg 1.6726·10-27 kg -27

Average life time Stable Stable 

Spin 1/2 ħ 1/2 ħ 

Baryon number +1 -1 

Lepton number 0 0 

Electric charge +1.6022·10-19 C -1.6022·10-19 C 

Key data for the proton/antiproton particle/antiparticle pair 

PP 

ic power plant, →nuclear power plant 

rgonaut 

Nuclear Assembly for University Training; type of training reactor.  

SME 

an Society of Mechanical Engineers, New York, N.Y., USA.  

The storage licence for radioactive waste expired in 1978.  

 

A

Atom

 

A

Argonne 

 

A

Americ

 

Asse 

Former rock-salt mine 10 km to the south-east of Wolfenbüttel built for the trial ultimate waste disposal of low 
and medium active waste. More than 120 000 barrels equal to around 24 000 m3 of low active waste have 
been stored here. A special storage chamber for medium active waste holds 1289 barrels of 200 l capacity. 



 

AtDeckV 
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Acronym for Atomrechtliche Deckungsvorsorge-Verordnung, i.e. →Nuclear Financial Security Ordinance.  

 

tG 

tomgesetz, i.e. →Atomic Energy Act.  

(a 6 with 21 zeros) atoms. The diameter of an atom consisting of a orbiting electrons amounts to 
approx. one hund etre (10-8 cm). Th ade up of positively charged 
→protons and ele ns. It the a positive ameter amounts to 
some ten trillionths of a centimetre (1 to 5 · 10-13 cm). The nucleus is therefore es smaller than 
the surroundin negatively charged → trons which are a any as the protons in the 
nucleus. Atoms lectrically neutral to the outside. →nuclide  

A

Acronym for A

 

AtKostV 

Acronym for Kostenverordnung zum Atomgesetz, i.e. →Cost Ordinance under the Atomic Energy Act.  

 

Atom 

Smallest particle of an →element which cannot be chemically divided any further. The elements differ by 
their atomic structure. Atoms are inconceivably small. A normal drop of water contains about 6 000 quintillion 

 nucleus and 
e nucleus is mred millionth of a centim

ctrically neutral →neutro refore has charge. Its di
 100 000 tim

g sheath of orbiting elec s m
 therefore behave e

 
Atom model 

 

Atomic bomb 

ing the energy released during the fission of U-235 or Pu-239. The explosive force of a 
nuclear weapon is indicated in kilotonnes (kt) or megatonnes (Mt) of TNT equivalents (TNT (trinitrotoluol) is a 
Nuclear weapon us
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ssion material is required for a nuclear blasting charge, e.g. 52 kg 
technology in the nuclear weapon countries partly enables lower 
U-235. An ignition device is also required to shoot these fission 

mat
Exp  a multiple of this impact 
velo

chemical explosive). The bombs dropped on Hiroshima (U-235 bomb) and Nagasaki (Pu-239 bomb) had an 
explosive energy equal to 13 and 22 kt TNT. In each case about 1 kg fission material was fissioned in one 
millionth of a second. A minimum mass of fi
of U-235. The highly developed weapon 
values, e.g. 15 kg and less for metallic 

erials together to a →critical configuration within a very short period so as to initiate the chain reaction. 
erts quote a velocity of some kilometres per second for weapon plutonium and
city is necessary for reactor plutonium with its high share of other plutonium isotopes. →hydrogen bomb  

Quantity in kg 
Type of fission material 

as a metal as an oxide 

Weapon plutonium 10 30 

Reactor plutonium >13 40 

93% enriched U-235 52 100 

4 % enriched U-235 not possible not possible (LWR fuel) 

U-233 16 40 

Estimated minimum quantity of fission material for nuclear blasting charges 

CEAR 504 atmospheric explosion (plus 39 safety tests) and 1877 underground explosions 
t till end of 2006. 

According to UNS
were carried ou

  

Nuclear explosions by year and country 

tomic clock 

ure time intervals using nucleus or molecular oscillations. These oscillations are extremely 

tomic Energy Act 

 Peaceful Utilisation of Atomic Energy and the Protection against its Hazards" - the Atomic 

he purpose of the Atomic Energy Act is 

ut the use of nuclear energy for the commercial generation of electricity in a structured 
re on-going operation up until the date of discontinuation,  

or ionizing radiation,  

 

A

Device to meas
constant in time.  

 

A

The "Act on the
Energy Act - became effective on 1st January 1960. It has since been amended and supplemented several 
times. Last amendment 12th August 2005.  

T

1. to phase o
manner, and to ensu

2. to protect life, health and material goods against the risks of nuclear energy and the harmful effects 
of ionizing radiation and to compensate for damage caused by nuclear energy 



 8

 
app

e that the Federal Republic of Germany meets its international liabilities in the field of 

tomic number 

er of protons in an atomic nucleus. Each chemical element is determined by its atomic number. The 

Relative number for the mass of an atom. The atomic weight scale is based on the carbon atom with a 
nucleus made up of six protons and six neutrons. It was allocated the atomic weight 12. Thus, the atomic 
weight unit is 1/12 of the weight of carbon-12. The atomic mass unit u is equal to 1.66053873·10-27 kg.  

 

AtSMV 

Acronym for Atomrechtliche Sicherheitsbeauftragten- and Meldeverordnung, i.e. →Nuclear Safety Officer 
and Reporting Ordinance.  

 

AtVfV 

Acronym for Atomrechtliche Verfahrensverordnung, i.e. →Nuclear Licensing Procedures Ordinance.  

 

ATWS 

Anticipated Transients Without Scram.  

 

Autoradiolysis 

Dissociation of molecules through ionized radiation from radioactive materials contained in the substance or 
the substance mixture itself. Example: autoradiolytical dissociation in liquid high active waste.  

 

Autoradiogram 

Photographic record of the distribution of a radioactive material in a substance due to the radiation emitted 
by this material.  

 

Availability factor 

Measure of the ability of power plants, a unit or a plant section to perform its operational function. A 
distinction is to be made between equipment availability and energy availability:  

- Equipment availability is the ratio of available time (operating and standby time) to the calendar 
period. Equipment availability characterizes the reliability of a plant.  

- Energy availability is the ratio of available energy to theoretically possible energy in the period under 
report. Characterizes the reliability of a plant in general considering all complete and partial outages.  

AVM procedure 

French vitrification procedure for liquid high active waste. A plant has been operating in Marcoule/France 
since July 1978. This method is used on an industrial scale in the La Hague reprocessing plant. →vitrification  

 

AVR 

3. to avoid a risk to the internal or external security of the Federal Republic of Germany through the 
lication or release of nuclear energy, 

4. to ensur
nuclear energy and radiation protection.  

 

A

Numb
arrangement of elements according to increasing atomic numbers forms the basis of the classification of 
elements.  

 

Atomic weight 
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rimental nuclear power plant, Jülich; high-temperature reactor with a gross electrical output of 15 MW. 
lear commissioning on 26th Aug. 1966, final shutdown on 1st Dec. 1988. The cumulated power generation 

mounted to 1.7 TWh. The reactor was built according to the concept of a pebble-bed reactor developed by 
chulten. The AVR was primarily used to gain operating experience for the development of high-

rature reactors. The AVR was the first power reactor completely developed in Germany. 

Expe
Nuc
a
Prof. S
tempe
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rüfung), 
erlin. The BAM is a state-run technical-scientific institute for safety and reliability in chemistry and material 

eering in Germany. It is a Superior Federal Authority of the Federal Ministry of Economics. The task 
f the BAM is characterized by the main tasks: material / chemistry / environment / safety: - sovereign 

s national and international organizations in the field of 
aterial engineering and chemistry, - development and provision of reference material and procedures, in 

r analytical chemistry and test technology, - standardisation support for the evaluation of 
materials, designs and procedures regarding failure avoidance and early detection of failures, 

nit used in nuclear physics to indicate →activation cross-sections of particles for a certain reaction. Symbol: 
-28 m²; this is approx. the cross-section area of a nucleus of an atom.  

The safe enclosure of the radioactive inventory of a nuclear plant is structured according to the multiple 
barrier principle, i.e. radioactive substances must pass these multiple different barriers connected in series 
before they are released. Barriers of a nuclear reactor:  

- Retention of the fission products in the nuclear fuel itself,  

- Enclosure of the nuclear fuel in cladding tubes,  

- Enclosure of the fuel elements in the reactor pressure vessel and primary coolant system,  

- Gas-tight containment around the reactor pressure vessel.  

 

Baryon 

Elementary particle with the baryon number 1, this means: neutron, proton, hyperon. The name (βαρύς 
(barys), Greek for "heavy") is derived from the relatively large mass of these particles compared to other 
elementary particles (→leptons, →mesons). →elementary particle  

 

Base load power pl

Power plants for e omic properties are used to cover 
e base load and are operated at high capacity operating hours. Base load power plants are run-of-river, 

gnite-fired and nuclear power plants. →load ranges  

ed after Henri Becquerel who first discovered radioactivity. Symbol: Bq. 
he activity is equal to 1 becquerel if 1 nucleus decays per second in the present quantity of a radionuclide. 

places the former unit curie. →curie 

Committee on the Biological Effects of lonizing Radiati n; a committee of the National Research Council of 
the USA which pub ionizing radiation. 
The BEIR Committ

B 
 

BAM 

Federal Institute for Material Research and Testing (Bundesanstalt für Materialforschung und -p
B
engin
profile o
functions of technical safety, in particular in the hazardous materials legal sector, - co-operation in the 
development of corresponding legal regulations, e.g. stipulating safety standards and limit values, - advising 
the Federal Government, the economy as well a
m
particular fo
substances, 
for the preservation of the environment and of national economic values.  

 

Barn 

U
b. One barn is equal to 10

 

Barrier 

ants 

lectricity supply which due to their operational and econ
th
li

 

Becquerel 

Unit of activity of a radionuclide nam
T
The unit re

 

BEIR 

o
lishes a series of reports informing the US government on the effects of 
ee published the following reports:  
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EIR III 1980: "The Effects on Populations of Exposure to Low Levels of Ionizing Radiation";  
Health Effects of Radon and Other Internally Deposited Alpha-Emitters"; 

Health Effects of Exposure to Low Levels of Ionizing Radiation"; 

diation, Phase 2. 

 

BER II 

Research reactor of the Hahn-Meitner-Institut, Berlin. BER II is a pool reactor with a thermal output of 15 
MW, commissioned on 9th Dec. 1973.  

 

Beta decay 

Radioactive conversion emitting a →beta particle. During beta decay the mass number of the parent nuclide 
is equal to the newly created nuclide, the atomic number changes by one unit; namely the atomic number 
during beta decay emitting a positron - →beta-plus decay - becomes by one unit smaller and during beta 
decay emitting a negative electron - →beta-minus decay - by one unit greater.  

 

Beta-minus decay 

Radioactive conversion emitting a negative electron (ß- particle), e.g. decay of P-32 into S-32 or Cs-137 into 
Ba-137.  

B
BEIR IV 1988: "
BEIR V 1990: "
BEIR VI 1999: “The Health Effects of Exposure to Indoor Radon", 
BEIR VII, Phase 1 1998: “Health Risks from Exposure to Low Levels of Ionizing Radiation, Phase 1“, 
BEIR VII, Phase 2 2006: “Health Risks from Exposure to Low Levels of Ionizing Ra

 
Beta-minus decay (beta- decay, β- decay). Decay of Cs-137 into 
Ba-137 emitting an electron (beta- particle, β- particle)  

ucleus or elementary particle during beta decay. 
epending on the charge of the emitted electron this is also called beta-plus radiation (ß+ radiation) and 

s radiation (ß- radiation).  

plus decay 

emitting a positron (ß+ particle), e.g. decay of  Na-22 into Ne-22.  

 

Beta particle 

Electron with positive or negative charge emitted by a n
D
beta-minu

 

Beta-

Radioactive conversion 



 
Beta-plus decay (beta+ decay, β+ decay); decay of Na-22 into Ne-22 
emitting a positron (beta+ particle, β+ particle)  

eta radiation 

diation is the emission of electrons or positrons during the radioactive decay process. Beta radiation 
 1.7 MeV. 

eta radiation is already absorbed by thin layers (e.g. plastic or 1 cm aluminium).  

 

B

Beta ra
has an energy continuum. The maximum energy Eßmax  is always quoted, e.g. for P-32 decay this is
B

 
Energy distribution of the electrons (β- particles) emitted during the β- 
decay of P-32  

Betatron 

Device to accelerate electrons to energies of some ten MeV. The electrons run in an annular vacuum tube 
and are kept on this orbit by a magnetic field array. They are accelerated by electromagnetic induction 
(transformer principle).  

 

BfS 

Bundesamt für Strahlenschutz, i.e. →Federal Office for Radiation Protection.  

 

 

 12
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Biblis A 

Nuclear power plant Biblis/Rhine, unit A, pressurized water reactor with a gross electrical output of 
1 225 MW, nuclear commissioning on 16th April 1974.  

 

Biblis B 

Nuclear power plant Biblis/Rhine, unit B, pressurized water reactor with a gross electrical output of 
1 300 MW, nuclear commissioning on 25th March 1976.  

 

BimSchG 

Bundes-Immissionsschutz-Gesetz, i.e. Federal Immission Control Act.  

 

Binding energy 

The energy required to separate connected particles (infinitely far apart). In the case of the nucleus of an 
atom, these particles are protons and neutrons held together by the nuclear binding energy. The neutron and 
proton binding energies are the energies necessary to release a neutron or proton from the nucleus. Electron 
binding energy is the energy required to completely remove an electron from an atom or a molecule. The 
binding energy of nucleons in the nucleus of an atom amounts for most nuclei to around 8 MeV per nucleon. 
In the case of the heaviest nuclei of an atom, such as uranium, the binding energy per nucleon is clearly 
lower than for nuclei with medium mass numbers. Therefore, the fission of an uranium nucleus into two 
nuclei of medium mass number results in a total higher binding energy leading to energy being released to 
the outside (→nuclear fission). The binding energy of the light nuclei of the hydrogen isotopes deuterium and 
tritium is significantly lower than that of the helium nucleus He-4. Thus, energy is released during the fusion 
of deuterium and tritium to helium (→fusion).  

 
Nucleus binding energy per nucleon as a function of the mass 
number 

 

Biosphere 

phere of life for all organisms on earth; it reaches only a few meters down into the ground, except for 
ral kilometres up in the air and down to the deepest point in water.  

S
bacteria, seve



 

Blanket 
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eactor zone containing →fertile material for breeding.  

Bundesministerium für Bildung und Forschung, i.e. Federal Ministry for Education and Research.  

 

BMU 

Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit, i.e. Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety.  

 

BNFL 

British Nuclear Fuels plc. BNFL’s activities cover nuclear site decommissioning and clean-up as well as 
technology services and solutions across the nuclear fuel cycle. In the UK British Nuclear Group’s activities 
cover specialist nuclear site management, remediation, electricity generation, reprocessing and clean-up. It 
role is to work with the Nuclear Decommissioning Authority to achieve its clean-up programme safely, quickly 
and cost-effectively. Spent Fuel Services provides the interface between utility customers and reprocessing 
activity in British Nuclear Group, as well as sea transport services.  

 

Body burden 

The body burden is the activity of a certain radionuclide in a human or animal body.  

 

Body counter 

evice to measure activity and identify incorporated radionuclides in the human body.  

R

 

BMBF 

D
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Body counter of the Research Centre Karlsruhe to determine the 
gamma-radiating radionuclides in the human body 

 

Body dose 

Body dose is the general term for effective →dose and →organ dose. The body dose for a reference period 
(e.g. calendar year, month) is the sum of the body dose received by external radiation exposure during this 
period of time and the →committed dose which is conditional on an activity intake occurring during this 
period.  

 

Boiling water reactor 

Nuclear reactor with water as a coolant and as a moderator, boiling in the core. The resulting steam is 
generally used directly to drive a turbine. Example: Nuclear Power Plant Krümmel, 1 316 MWe. The fuel 
elements containing the uranium dioxide are located in the pressure vessel, two thirds of which are filled with 
water. The water flows through the core from bottom to top and removes the heat developed in the fuel 
elements. Part of the water evaporates. Following steam-water separation in the upper part of the pressure 
vessel, the saturated steam at a temperature of about 290 °C and a pressure of approx. 70 bar (7 MPa) is 
fed to the turbine. This amounts to up to 4 500 t steam per hour. The turbine is coupled to a three-phase 
generator. The steam exiting the turbine is liquefied in the condenser. For this purpose about 120 000 m3 
cooling water per hour is required and is taken from a river, or in the case of closed-circuit cooling operation, 
is derived from the cooling tower circuit. The feed water is heated to a temperature of about 215°C by means 
of a heating system and refed into the reactor. The control rods containing the neutron-absorbing material 
are inserted in the core from below by means of an electromotor (normal drive) or hydraulically (trip). The 
piping leads out of the containment into the engine house. A number of safety devices are installed to 
achieve immediate isolation of the reactor from the engine house in case of a malfunction.  

 
Principle of a nuclear power plant with boiling water reactor 

 neutrons where the 
lpha particle generated in the chain reaction of the neutron with B  10 serves as proof of neutrons.  

 

Bone seeker 

A substance preferably deposited in bones in the human and animal body. In the case of radioactive 
substances e.g. Sr-90 or Ra.  

 

Boron counter 

Detector, e.g. proportional counter tube, containing gaseous BF3, used to detect slow
.a



 
The alpha particle generated at B-10 during the nuclear reaction is 

 

q 

cquerel, the name of the unit for activity.  

reeding 

ion of non-fissionable into fissionable material, e.g. uranium-238 into plutonium-239 or thorium-232 

used as proof of the neutrons 

 

Borosilicate glass

Type of glass with high →resistance to leaching, suitable to solidify liquid high active waste from nuclear fuel 
reprocessing. →vitrification  

 

B

Symbol for →be

 

B

Convers
into uranium-233. Neutron radiation in a reactor produces uranium-239 from uranium-238 by neutron 
capture; uranium-239 converts into plutonium-239 following two subsequent beta decays.  
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Breeding process: generation of  Breeding process: generation of  

U-233 from Th-232 

 

 

reeding factor 

tio 

Breedin

The con -fissionable material into fissionable material. →fertile material.  

Breeding ratio 

Pu-239 from U-238  

B

→breeding ra

 

Breeding gain 

Excess fissile material produced in a reactor compared to the fissile material quantity spent, relative to the 
used quantity. The breeding gain is equal to the →breeding ratio minus 1.  

 

g process 

version of non
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The ratio of →fissile material obtained to spent fissile material after the use of a fuel mixture of fissile and 
fertile material in a reactor.  
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g reactor Breedin

A reactor generating more fissile material than it uses. →converter reactor, →fast breeder  

 

Bremsstrahlung 

Electromagnetic radiation generated when electrically charged particles are accelerated or decelerated. The 
spectrum of emitted radiation reaches from a maximum energy given by the kinetic energy of the generating 
particle down to zero energy. Bremsstrahlung only becomes easily noticeable when the energy of the 
particle is very high compared to its self-energy. This is mostly only valid for electrons (self-energy of the 
electron: 511 keV).  

 
Generation of bremsstahlung when decelerating an electron which 

teracts with an atom 

chamber 

in

 

BTU 

British Thermal Unit; 1 BTU ≅ 252 cal ≅ 1055 J.  

 

Bubble 

Device to proof and measure nuclear radiation. In an overheated liquid (mostly liquid hydrogen) charged 
particles generate a trail of tiny steam bubbles along their orbit which can be photographed and then 
evaluated.  

 

Build-up factor 

→dose build-up factor  

 

Burnup 
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ssing the removed fuel 
elements. Light water reactors have a burnup of 45 000 to 50 000 MWd/t of uranium. This means that about 
45 to 50 kg of fissionable material per tonne of nuclear fuel used have been fissioned and 360 to 
400 million kWh of electricity have been generated at a nuclear power plant efficiency of 34%. 

 

BWR 

→boiling water reactor 

In contrast to fossil fuel the fuel in nuclear reactors cannot be converted "in one go" since the fuel undergoes 
changes during its use in the reactor which require the →fuel elements to be exchanged. The fuel which has 
not been spent and the generated plutonium may be recovered by →reproce
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The world's first commercial nuclear power plant in Seascale, England. The Cal ear Power Plant 
consists of four gas-graphite reactors, each with an ele powe W tion to the grid on 
August 27, 1956. Fi ue to cial reasons March 31, 2003. 

 

CANDU 

Canadian heavy-water-moderated pres  na . T e up of: "CAN“ 
for Canada, "D" for the technical term de  oxid  "  fuel.  

 

Canister  

In nuclear technology  block - including its gas-tight welded metal casing made 

y operating hours of a nuclear power plant are equal to the quotient from the total capacity in a 
eriod of time and the maximum capacity

C 
 

C-14 

→Carbon-14 

 

Calder Hall 

der Hall Nucl
. First connecctrical r of 55 M

nal shutdown d commer

sure tube tural uranium reactor he name is mad
uterium e i.e. heavy water and U" for the uranium

 the designation for the glass
of corrosion-resistant steel - of vitrified high active waste. A canister contains about 400 kg of glass product 
with 16% radioactive waste.  

 

Capacity factor 

Ratio of available capacity to theoretically possible capacity in the period under report. Characterises the 
reliability of the plant. →availability factor 

 

Capacity operating hours 

The capacit
p  of the plant. The capacity operating hours of various power plants 

r public supply in Germany in 2004 amounted to:  
lants 1,600 h/a 

• Hard coal-fired power plants 4,460 h/a  
• Lignite-fired power plants 7,230 h/a  

ower plants 7,670 h/a  

carbon-14 (C-14) is generated by a (n,p)-reaction of neutrons of cosmic radiation with nitrogen -14 in 
e upper atmosphere. Measurements of wood from the 19th century resulted in about 230 becquerel C-14 

er kilogram carbon. This natural (pre-industrial) ratio between the radioactive carbon-14 and the stable 
bon-12 in the atmosphere is today influenced by two opposed effects:  

eration of CO2 by burning fossil C-14-free energy carriers leads to an increase in 
the proportion of C-12. Thus the pre-industrial ratio of C-14 to C-12 is reduced. In the mid-50s, this 
so-called Suess effect resulted in a five percent reduction of C-14 activity per kg carbon in the 

osphere.  

fo
• Wind power p
• Pumped storage power plants 1,070 h/a  
• Natural gas power plants 2,730 h/a  
• Run-of-river power plants 4,430 h/a  

• Nuclear p

 

Carbon-14 

Natural 
th
p
car

- The massive gen

atm

- Nuclear weapon tests in the atmosphere and disposal from nuclear facilities cause the proportion of 
C-14 in the atmosphere to increase.  
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of C-14 leads in the human body to a C-14-activity of about 3 kBq. The resulting 

ask for storage and transport of radioactive material. Type of container for the transport and interim 
 and vitrified high active waste. All CASTOR® types have the same basic 

bottom and cover also have such inserts. The fuel elements are held in a rack of boron steel, a 
eutron absorbing material. The container is closed by a multiple cover system. This consists of an approx. 

er and an approx. 130 mm thick secondary cover made of special steel. The two 
ed firmly to the container body. The sealing effect of the covers is ensured by 

is against 
anical impacts and humidity. Lifting lugs are attached to the top and bottom of the container. The safety 

f the fuel element containers of the CASTOR® type was verified by the following tests:  

 a height of 9 m onto a practically inflexible foundation (concrete base of 1 000 t, covered 

ly during actual transport. Therefore, the tests are representative for a crash from far higher 
altitudes onto a real base, e.g. a street or ground and for loads occurring in the most serious traffic 
accidents.  

 a temperature of more than 800 °C for half an hour,  

CEA 

Comm e Atomique thority.  

 

Centri

→gas

 

Čeren

Light f intensity n, created when charged particles move in a 
translu dium at a speed v,  speed of light in this medium (v > c0/n, c0 = 

33) amounts to 260 keV.  

 the forces that hold them together. Today CERN is the world's largest particle 
hysics centre. It sits astride the Franco-Swiss border near Geneva. CERN is run by 20 European Member 
tates, but many non-European countries are also involved in different ways. The current Member States 

lgium, Bulgaria, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, 

The natural concentration 
effective dose amounts to 12 µSv/year.  

 

Castor 

C
storage of spent fuel elements
concept. The transport container is a thick-walled (approx. 450 mm) body of cast iron with spheroidal 
graphite. This material is characterized by its extremely high strength and toughness. The cast body wall is 
provided with through axial boreholes filled with plastic rods. These plastic inserts are used as a neutron 
shield. The 
n
340 mm thick primary cov
overlying covers are bolt
special metallic packings. A protective steel plate screwed over the cover system protects th
mech
o

- A drop from
with a 35 t heavy steel plate). These crash tests were partly carried out with containers cooled to minus 
40 °C. The material is less resistant at this low temperature. During the crash tests from 9 m height onto 
the practically inflexible concrete-steel base the containers are subjected to loads which are extremely 
unlike

- Fire tests at

- Simulation of an aircraft crash by bombardment with a missile weighing approx. 1 t at almost sonic 
speed.  

 

issariat à l'En , French atomic energy auergi

fuge 

 centrifuge process 

kov radiation 

with a m  in the blue spectral regio
cent me  this being greater than the

aximum o

speed of light in a vacuum, n = refractive index). The threshold energy for the occurrence of Čerenkov 
radiation for electron radiation in water  (n =  1.

 

CERN 

"Conseil Européen pour la Recherche Nucléaire" (CERN), officially called the "Organisation européenne 
pour la recherche nucléaire" or "European Organization for Nuclear Research". Founded in 1954 to study the 
building blocks of matter and
p
S
are: Austria, Be
Italy, The Netherlands, Norway, Poland, Portugal, the Slovak Republic, Spain, Sweden, Switzerland and the 
United Kingdom.  

 

Chain reaction 
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ting reaction. In a fission chain reaction, a fissile nucleus absorbs a neutron, splits and Self-perpetua
simultaneously releases several neutrons (in the case of U-235 an average of 2.46). These neutrons can be 
absorbed in turn by other fissile nuclei, initiate fissions and release other neutrons.  

 
Principle of a chain reaction 

 

byl Cherno

en
clear
es o t reactor 

hich were ultimately 
spons

substan
power p mber of operating mistakes including the bridging of shutdown signals entailed a major 

ower increase - up to 100 times the nominal power. The overheating of fuel caused the rupture of fuel rod 
dings, resulting in a heavy fuel/water reaction with shock-like pressure build-up and destruction of the 

 the building 
nd the environment. Thanks to the immediately initiated fire fighting, it was possible to extinguish the fires 

e the reactor building and in the engine house within four hours. To smother the moderator graphite 
and limit the consequences of the accident, unit 4 was filled in by air with a total of 5 000 

ts such as 
dine and caesium, took place up to considerable altitudes (1 500 m and more). This led to dispersion of the 
ctivity of 4 .1018 Bq released into the atmosphere over broad areas of Europe. The radioactive substances 

 in the air was the first indication of the accident in the west. Because of the 
eather conditions, the activity emission of the 27th April reached Poland and that of the 29th and 30th April 
ached Central Europe via the Balkans. On 29th April the radioactive cloud reached the territory of the 

Federal Republic of Germany.  

The power plant personnel and in particular the fire-fighting staff were eriously affected by radiation. The 
dose values amounted up to 16 Gy. 203 persons with acute radiation syndrome were treated in hospitals. 31 
persons died as a result of burns and radiation overexposure. The radiation exposure in the town of Pripyat 

 km to the west of the location with 45 000 inhabitants amounted to up to 6 mSv/h on the day after the 
 population was subsequently evacuated. In the following days, a further 90 000 persons were 

ted from the 30-km zone around the location. A resettlement of the 10-km zone is not intended; the 

At the Chernobyl location, 130 km north-west of Kiev, four reactor units of type RBMK-1000 entered service 
 1977 and 1983. On 26th April 1986, the most serious accident to date in the peaceful use betwe of 

nu  energy occurred in unit 4. Although the accident at the Chernobyl Nuclear Power Plant was due to a 
f wrong decisions and forbidden interventions by the operating staff, it was the inefficienseri

safety concept and the lack of a pressure-tight containment enclosing the reactor plant w
re ible for the occurrence of the accident and the release of such large quantities of radioactive 

ces. The reactor accident developed during an experiment with the turbine generator set of the 
lant. A nu

p
clad
reactor building. Considerable sections of the graphite moderator and the plant were set on fire. During the 
destruction phase, approximately eight tonnes of radioactive fuel from the core were hurled into
a
outsid
fire in the reactor 
tonnes of lead, sand and clay in the following days. By November 1986, the Chernobyl reactor unit 4 stayed 
„buried“ under a structure of metres of concrete - called sarcophagus.  

The massive release of radioactive fission products from the destroyed reactor continued for more than ten 
days. Due to the thermal lifting effects the release, in particular that of the volatile fission produc
io
a
released on 26th April reached Sweden on 28th April due to the prevailing north-west wind. The activity 
increase measured there
w
re

 s

4
accident. The
evacua
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agricultural use of the 10- to 30-km zone depends upon the success of decontamination programmes and 
the res t of rad

ue to meteorological influences, the activity quantities from the radioactive cloud deposited in the regions of 
ral Republi

erefore, no u
considerably on
aerial activity b y 1986. The ingestion dose results almost exclusively from I-131, 

s-134 and Cs-137. The radiation exposure in the following years was remarkably lower than in the first year 
dent. 

ul iological examinations.  

D
the Fede c are quite different - in the north and west clearly less than in the south and south-east. 
Th niform values for the resulting radiation dose in Germany are possible, which also depends 

 the individual dietary habits. The inhalation dose was almost exclusively determined by the 
etween 1st and 5th Ma

C
after the acci

North South foothills of 
the Alps person group period 

effective dose, mSv 

1986  0.12  0.35  0.6 
infants 

lifetime  0.4  1.3  2.4 

1986  0.1  0.3  0.5 
adults 

lifetime  0.4  1.1  2.1 
Average radiation exposure due to the Chernobyl accident in 
different areas of Germany 

For individual persons with extreme living and eating habits, maximum dose values of up to twice or three 
times of these values may result.  

 the areas of the Ukraine and Belarus affected by the accident, children and young adults showed a 
rease in thyroid gland cancer in the following years, which is to be explained by the radiation 
 all the intake of iodine-131, a radioactive isotope with a half-life of about 8 days, via the 

cted.  

Unit 2 of the four reactor units at the Chernobyl location was finally shutdown in October 1991. Unit 1 
followed in Novem obyl, was finally 
shutdown.  

ched 
om the fuel element cladding tubes using nitric acid in a dissolving tank.  

ladding 

irectly surrounding the nuclear fuel which protects it against a chemically active ambience 
d prevents the escape of fission products into the cooling water.  

In
considerable inc
exposure. Above
nutrition chain and its storage in the thyroid gland led to high radiation doses in this organ. In the countries 
concerned, more than one thousand thyroid gland cancer cases have occurred to date in children and young 
people. Based on the risk observations, a total of up to 4 000 thyroid gland cancer cases are expe

ber 1996. On 15th December 2000 unit 3, the last reactor in Chern

 

Chop and Ieach 

Procedure in reprocessing plants to break up the fuel rods. The irradiated fuel rods are cut into pieces a few 
centimetres in size using a mechanical device and the nuclear fuel and fission products are then lea
fr

 

Chromatography 

Procedure to separate substances from substance mixtures where the distribution processes occurring 
between a stationary and a mobile phase (mobile solvent) have a separating effect. One differentiates 
between column, paper and thin-layer chromatography depending on the arrangement of the stationary 
phase. 

 

Ci 

Unit symbol for →curie.  

 

C

Tight cladding d
(cooling water) an
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lassification of elements 

lements according to rising atomic number. Classification in „periods“ in accordance with the 

oling systems 

s dissipated via a cooling tower.  

oal equivalent 

 evaluation of various energy carriers. 1 kg coal equivalent corresponds to a 
ries (7 000 kcal ≈ 29.3 MJ ≈ 8.141 kWh) and thus approximately the calorific 

g (anthracite).  

1 kg gasoline 1.59 kg coal equivalent,  
1.52 kg coal equivalent,  

s 1.35 kg coal equivalent,  

1 kg lignite briquette 0.72 kg coal equivalent,  
1 m3 town gas 0.60 kg coal equivalent,  

ewood 0.57 kg coal equivalent,  

uring the complete fission of 1kg U-235, 19 billion kilocalories are released, i.e. 1 kg uranium-235 
n kg coal equivalent.  

uel grains consisting of highly enriched UO2 or mixtures of UO2 and ThO2, surrounded by a practically 
f pyrolytically precipitated carbon. They are used as fuel elements in a graphite matrix in 

imultaneous generation of electricity and process or district heat in a power plant. Cogeneration achieves a 
erall thermal efficiency than power generation alone. The prerequisite for cogeneration is a high 

 

C

System of e
electron configuration of the atomic shell. The chosen classification system shows chemically similar 
elements in „groups“ (main groups and sub-groups) below one another.  

 

Closed-circuit co

Cooling tower (wet; dry; forced-air ventilation; natural draught) or cooling pond to cool the heated cooling 
water of a power plant prior to feedback into the cooling circuit to reduce fresh-water consumption for cooling 
purposes.  

 

Closed-circuit ventilation 

Coolant (water) circulating in a circuit for heat removal. The heat i

 

Cloud chamber 

Device making the path of electrically charged particles visible. It consists of a chamber filled with 
oversaturated steam. If charged particles pass through the chamber they leave a cloud track. The track 
makes an analysis of the movements and interactions of the particles possible. →bubble chamber, →spark 
chamber 

 

C

Reference unit for the energetic
value specified as 7 000 kilocalo
value of hard coal which, depending on the type, amounts to between 29.3 MJ/kg (gas-flame coal) and 
33.5 MJ/k

1 kg fuel oil 
1 m3 natural ga
1 kg anthracite 1.14 kg coal equivalent,  
1 kg hard coal 1.00 kg coal equivalent,  
1 kg hard coal coke 0.97 kg coal equivalent,  

1 kg fir
1 kg fire peat 0.56 kg coal equivalent,  
1 kg crude lignite 0.34 kg coal equivalent,  
1 kWh 0.123 kg coal equivalent.  

D
corresponds to 2.7 millio

 

Coated particles 

F
gastight envelope o
high-temperature reactors.  

 

Cogeneration 

S
higher ov
demand of heat in the vicinity of the power plant. The Nuclear Power Plant Stade supplies process steam to 
a chemical factory in the immediate vicinity.  
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oincidence 

 two events at the same time. Coincidence does not mean that two events occur absolutely 

ollective dose 

number of persons of the exposed population group and the average dose per person. The 

ission on Radiological Protection 

(SSK - Strahlenschutzkommission) 
nistry for the Environment, Nature 

onservation and Nuclear Safety in matters relating to the protection of hazards resulting from ionizing and 
diation. In detail, the SSK's task comprises the following subjects:  

to the evaluation of biological radiation effects and to 

 Elaboration of proposals for dose limit values and dose limit values derived from them,  
tion of the development of radiation exposure with regard to the whole population, special 
f population and persons exposed to radiation in their work,  

ty for the 
evaluation of recommendations for radiation protection developed by international bodies,  

rnment for their participation in international bodies,  
inistry for the Environment, Nature Conservation and Nuclear Safety for the 

statutes the SSK can form committees and working groups for special task and 
etermine their missions in agreement with the competent federal ministry or upon its request.  

s equal to the time integral of the dose rate in a tissue or organ over the time. The integration period 
r calculation of the committed dose amounts to 50 years for adults and to 70 years for children.  

. 

C

Occurrence of
simultaneously, but that both events occur within a period given by the temporal resolution capacity of the 
detection device.  

 

C

Product of the 
„man-sievert“ is the usual unit for the collective dose.  

 

Comm

Pursuant to the statutes of the Commission on Radiological Protection 
dated 9th January 1999, the SSK's task is to advise the Federal Mi
C
non-ionizing ra

• Comments and recommendations relating 
dose-effect relations,  

•
• Observa

groups o
• Incentives and advice for the preparation of guidelines and special measures to protect against the 

hazards of ionizing and non-ionizing radiation,  
• Advice for the elaboration of recommendations for emergency measures and for the planning of 

measures to reduce radiation exposure in nuclear emergencies and disasters,  
• Preparation of general dispersion models for the radionuclides released by nuclear facilities and by 

the technical and medical application of radioactive substances with exhaust air and waste water,  
• Advice of the Federal Ministry for the Environment, Nature Conservation and Nuclear Safe

• Advice of the Federal Gove
• Advice of the Federal M

establishment of research programmes relating to issues of radiation protection and their scientific 
support.  

 

In accordance with its 
d

 

Committed dose 

The irradiation of tissue or organs with incorporated radionuclides is distributed over the incorporation period. 
This period depends on the physical half-life and the biokinetic behaviour of the radionuclide. The committed 
dose i
fo

 

The organ committed dose HT(τ) for an incorporation at the time t0 is the time integral of the organ dose rate 
in the tissue or organ T:  

 

τ
τ

i+
= ∫

0

0

t   

T T
t

H ( )   H (t)dt

 

where 



(t)H T
⋅

 is the average organ dose rate in the tissue or organ T at the time t 
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τ period in years over which the integration is effected. If no value is indicated for τ, a period of 
50 years for adults and the period from the respective age to the age of 70 years for children 
are taken as a basis.  

 

Compact storage basins 

Facility to store irradiated fuel elements in the reactor building placing more elements in the storage basins - 
compared to normal storage - applying technical measures to maintain criticality safety.  

 

Company for Industrial Plants and Nuclear Safety  

The GRS - Gesellschaft für Anlagen- and Reaktorsicherheit mbH - is a scientific non-profit-making company 
financed by public means. Its task involves the evaluation and development of technical safety, primarily in 
the field of nuclear engineering: assessment of technical and operational safety, research and development 
as well as scientific consulting in safety-related issues. The GRS executes its tasks  the basis of 
knowledge and ex tional assessments. 
The GRS has mor om various areas of 
engineering, physi hemistry, geophysics, mathematics, informatics, biology, legal science 
nd meteorology. The GRS is situated in Cologne and has further offices in Garching near Munich, in 

ck and in Berlin.  

teractive effect of x-ray and gamma radiation with matter. The Compton effect is the elastic scattering of a 
 or quasi-free electron from the electron sheath of an atom. Part of the energy and the 
 is transferred to the electron, the rest remains with the scattered quantum.  

on
periences from research and development, safety analyses and opera
e than 500 employees including about 350 engineers or scientists fr
cs, chemistry, geoc

a
Brunswi

 

Compton effect 

In
quantum with a free
pulse of the quantum

 
Compton effect, interaction of a gamma quantum with a sheath electron 

 

Condensing basin 

n the case of 

Gastight case around a reactor and the circuit and auxiliary systems so that - even after an incident - no 
radioactive substances may escape into the atmosphere and environment. The containment is one of the 

Water pool within the containment of a boiling water reactor to condense the escaping steam i
rupture of live steam piping. Condensing the steam reduces the high pressure within the containment.  

 

Containment 
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ntainment of a pressurized water reactor 
is e.g. a steel ball ckness of 30 mm. It includes rapidly closing 
valves in the pipin rs sed 
by an up to 2 m thick tect ag f the 
dome  with a gas-tight s tive pressure exists nment 
and steel skin. The substan contain  norma r the 
negative pressure zo h the vent stack via filters. Duri nt, the gative 
pressure zone is pumped back into the containment.  

 

Contami n 

Unw ollution of orking surfaces, devices, rooms, water, air, etc. by radioactive substances. 
→d nation 

 

Control ro

A ro te-shaped arrangement to contro  reactivity variations clear reactor. The control rod 
con utron-abs ing material (cadmium, boron, etc.).  

 

Controlled a ea 

Con eas are ar which persons may receive an effective dose of more than 6 isievert or 
high  doses th rt for the eye lens or 150 millisievert for the skin, the hands, the 
fore  feet and a n a calendar ye is context, the ex l and internal radiation exposure 
is to idered. A p f 40 hours per w d 50 weeks per ca ar year for remaining in a certain 
area ve for the det ation of the limit for controlled area or nitoring area, if no r reliable 
data  of staying i ble. Controlled must be fenced off  identified. Access ermissible 
only with obs

n Third Party Liability in the Field of Nuclear Energy 

zette, Part II, p. 963. International convention to ensure that persons who suffer 
amage from a nuclear incident receive adequate and fair compensation and simultaneously to take the 

res necessary to ensure an unhindered development of the generation and use of nuclear energy for 
ful purposes.  

uotient of the number of emitted conversion electrons and the number of unconverted gamma quanta 
.  

n  the atomic shell by transferring the energy of a gamma quantum emitted from the 
ame nucleus to this electron. The kinetic energy of the conversion electron is equal to the energy of the 

antum reduced by the binding energy of the electron.  

 

barriers in a nuclear power plant that make it difficult for radioactive substances to escape into the 
environment. It surrounds the nuclear part of the plant and is designed so that in case of serious 
malfunctions it collects the exiting steam without failing itself. The co

with a diameter of approx. 50 m and a wall thi
gs leading out of the containment and pe

 reinforced concrete dome to pro
teel skin. Nega

onal and material locks. The case is enclo
ainst external impacts. The inner wall o

in the annular gap between contaiis lined
 radioactive 
ne and reac

ces exiting the ment during
ng an incide

l operation ente
air from the ne

natio

anted p
econtami

 w

d 

d- or pla
sists of ne

l the  of a nu
orb

r

trolled ar
er organ

eas in 
an 45 millisieve

 mill

arms, the nkles i ar. In th terna
 be cons eriod o eek an lend
 is decisi
 on time

ermin
s availa

 mo
 and

 othe
 is p areas 

ervation of special radiation protection regulations.  

 

Convention o

Convention of 29th July 1960 on the third party liability in the field of nuclear energy (Paris Convention on 
Third Party Liability in the Field of Nuclear Energy), announcement of the amended version dated 15th July 
1985 in the Federal Law Ga
d
measu
peace

 

Conversion coefficient, internal 

Q
emitted

 

Conversion electron 

Electro  released from
s
gamma qu

 

Conversion 

In nuclear technology the conversion of a substance in a fissile substance, e.g. uranium-238 ⇒ 
plutonium-239 or thorium-232 ⇒ uranium-233. →fertile material 
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version, radioactive 

 spontaneous nuclear conversion where particles are emitted or a sheath electron is captured, or 
pontaneous fission of the nucleus occurs.  

uclear reactor which generates fissile material, but less than it uses. This term is also used for a reactor 
le material which differs from the spent fuel. In both meanings the process is called 

ny substance used to remove the heat in a nuclear reactor. Usual coolants are light and heavy water, 
odium.  

r lakes to recool the water. A power plant with an electric output of 
1 300 MW needs a pond with a cooling surface of about 10 km2 to be able to maintain a cooling water 
temperature of 21 °C at humid air temperatures of 8 °C 2 °C dry, relative humidity 57%). 

 

ooling tower 

ke concrete construction for →closed-circuit cooling. →wet cooling tower, →dry cooling tower 

art of the nuclear reactor where the fission chain reaction takes place.  

n 

eously, the residual heat in the fuel created by the radioactive decay of the 
ssion products heats up the reactor core - possibly until the fuel melts. During the meltdown, the core 

 fail so that the whole molten mass drops into the lower hemispherical area of the 
l. It can be assumed that the heat released by the molten mass melts through the 

generated during a core meltdown accident and guided by gravity to a lower-level 
area made of refractory material over which the molten mass spreads and the energy contained in it can be 
removed by cooling and the molten mass solidifies.  

 

Cosmic radiation 

Radiation originating directly or indirectly from extraterrestrial sources. Cosmic radiation is part of natural 
radiation and its dose depends on the altitude above sea level. At sea level it amounts to 0.3 mSv per year, 
in 3 000 m altitude about 1.2 mSv per year. In the case of air travel, passengers receive an additional dose 
of cosmic radiation; for a flight Frankfurt - New York - Frankfurt about 0.1 mSv. →radiation exposure, cosmic 

Con

A
s

 

Converter reactor 

N
that generates fissi
conversion. →breeding reactor 

 

Coolant 

A
carbon dioxide, helium and liquid s

 

Cooling pond 

Use of artificial or natural ponds o

 (1

C

Tower-li

 

Core 

P

 

Core catcher 

Core meltdown retention device, →core meltdown.  

 

Core meltdow

If the reactor core cooling fails, e.g. due to a major leakage in the reactor cooling circuit, and the emergency 
core cooling system fails simultan
fi
support structures also
reactor pressure vesse
bottom of the reactor pressure vessel. The density of the containment is important for the extent of 
radioactive substances released to the environment in the case of such a core meltdown accident.  

 

Core meltdown retention basin 

Construction in a reactor to collect and cool the molten reactor core. The reactor pit is designed to collect the 
liquid molten metal mass 
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Cost Ordinance 

The Cost Ordinance under the Atomic Energy Act (AtKostV - Atomrechtliche Kostenverordnung) dated 17th 
December 1981, last amended 20th July 2001,, governs the imposition of fees and expenses by the 
competent authorities pursuant to §§ 23 and 24 of the Atomic Energy Act for their decisions on applications 
in accordance with the Atomic Energy Act and the measures of state supervision. 

 

Counter tube 

→Geiger-Müller counter, →proportional counter.  

 

CP-1 

Chicago Pile No. 1, first nuclear reactor (→Oklo). A group of scientists headed by Enrico Fermi succeeded 
with the first self-sustaining chain reaction on 2nd December 1942 in Chicago, IL, USA. Natural uranium was 
used as a fuel and graphite as moderator. Due to the low power of the reactor a special cooling was not 
necessary.  

 
CP-1 during the critical test of the first self-sustaining chain reaction 
on 2nd Dec. 1942 

any neutron n in 
the fuel, structure material and discharge. The  the normal operating condition of a reactor.  

riment 

he condition of a nuclear reactor where a reaction initiates its own repetition.  

 

Critical 

A reactor is critical when due to nuclear fission as m s are generated as are lost by absorptio
 critical condition is

 

Critical expe

Experiment to confirm calculations with regard to the →critical size and mass and other physical data 
influencing the reactor design.  

 

Criticality 

T

 

Criticality accident 

Accident resulting from the undesired creation of a critical arrangement. A criticality accident entails short-
term high gamma and neutron radiation and energy release from nuclear fissions in the plant area 
concerned.  
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riticality safety 

ible generation of critical or supercritical arrangements or conditions.  

ritical mass 

rial mass which under fixed conditions (type of fissile material, geometry, 
 system, etc.) initiates a self-perpetuating chain reaction. The table contains the 

ome nuclides under certain conditions.  

Smallest critical mass in spherical shape 
for aqueous solution at optimum 

moderation 

Smallest critical mass in spherical shape 
for metal (fast immoderate systems) 

 

Criticality, prompt 

The condition of a reactor in which the chain reaction is maintained only due to prompt neutrons, i.e. without 
the aid of delayed neutrons. →neutrons, prompt; →neutrons, delayed  

 

C

Safety against impermiss

 

C

Smallest fissile mate
moderated/immoderate
minimum critical mass for s

Isotop 
Unreflected Water-reflected Unreflected Steel-reflected 

(kg) (kg) (kg) (kg) 

U-233 1.080 0.568 15.8 6.1 
U-235 1.420 0.784 46.7 16.8 
Np-237 - - 63.6 38.6 
Pu-238 - - 9.5 4.7 
Pu-239 0.877 0.494 10.0 4.5 
Pu-240 - - 35.7 19.8 
Pu-241 0.511 0.246 12.3 5.1 
Am-241 - - 57.6 33.8 
Am-242m 0.042 0.020 8.8 3.0 
Cm-243 0.280 0.127 8.4 3.1 
Cm-244 - - 26.6 13.2 
Cm-245 0.116 0.054 9.1 3.5 
Cm-247 4.060 2.180 6.9 2.8 
Cf-249 0.129 0.060 5.9 2.4 
Cf-251 0.048 0.025 5.5 2.3 

Smallest critical masses for some fissile material under certain boundary conditions 

mes →critical at a certain geometrical arrangement 
nd material composition.  

r at the phase interfaces between 
uclear fuel dissolution and extracting agent and disturb the quantitative extraction.  

 

Critical size 

Minimum dimensions of a fuel arrangement which beco
a

 

Crud 

Term for precipitation in reprocessing processes generated from fission products, mainly zirconium together 
with radiolysis products of the solvent. These precipitations mainly gathe
n

 

Curie 
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ame for the former unit of activity. The activity of 1 curie, symbol: Ci, is equal to the decay of 3.7·1010 (37 
f a radionuclide per second. The activity unit curie was replaced by →Becquerel. 1 curie = 
rels.  

harged particles repeatedly pass an electrical acceleration field while they move 
elically from their source in the centre of the machine to the outside. The particles are held in the helical 

cyclotron is not suitable to accelerate electrons. Due to the relativistic mass 
the maximum energy achievable with a cyclotron is limited to about 400 MeV 

N
billion) atoms o
3.7·1010 becque

 

Cyclotron 

Particle accelerator where c
h
level by a strong magnet. A 
increase with growing speed 
for protons. 



D 
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DAtF 

Deutsches Atomforum e. V., i.e. German Atomic Forum 

aughter and grandchild nuclides 

ive substances, the daughter nuclide followed by the grandchild nuclide are the 
de. Example: iodine-137 (parent nuclide) decays via xenon-137 (daughter), 

→

 

Dating, radioactive 

Method of measuring the age of an object by determining the ratio of various radionuclides to stable nuclides 
contained therein. It is therefore possible to determine e.g. from the ratio of carbon -14 to carbon-12 the age 
of bones, wood and other archaeological samples.  

 

D

In a decay chain of radioact
decay products of a parent nucli
caesium-137 (grandchild), barium-137m (great-grandchild) into the stable barium-137 (great-great-
grandchild). →decay chain, natural  

 
Parent / daughter / grandchild nuclides in the 
decay chain of iodine-137 to barium-137 

 

DBE 

Deutsche Gesellschaft zum Bau und Betrieb von Endlagern für Abfallstoffe mbH, Peine, i.e. German 
ompany for the Construction and Operation of Repositories for Waste.  

 

C



Decay 
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sired value.  

ds via 18 intermediate states at the stable 
ad-206. Uranium-235 is at the beginning of the uranium-actinium decay chain leading via 15 radionuclides 

 intermediate states, the thorium decay chain starting with thorium-232 and ending at 
st.  

The spontaneous conversion of a nuclide into another nuclide or into another energy state of the same 
nuclide. Every decay process has a certain →half-life.  

 

Decay basin 

Basin filled with water to store fuel elements after use in the reactor until activity and heat generation have 
decreased to the de

 

Decay chains, natural 

The nuclides generated during the decay of the very long-lived natural radionuclides U-238 (half-life 4.5 bn 
years), U-235 (half-life 0.7 bn years) and Th-232 (half-life 14 bn years) are in turn radioactive, and therefore 
decay again. Thus, the so-called decay chains are created which end only when a non-radioactive nuclide is 
formed. The uranium-radium decay chain starts from U-238 and en
le
to lead-207. With ten
lead-208 is the shorte

       
Uranium-radium-chain   Uranium-actinium chain  Thorium chain 

 

Decay constant 
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he decay constant of radioactive decay is equal to the reciprocal value of the average →life time τ. 
cay constant λ, the medium life time τ and the →half-life T the following relations exists:  

n of the fuel after its use in the reactor. Heat rate and activity of the 
radiated fuel initially decrease rapidly due to the large share of short-lived radionuclides. The activity 

ned in irradiated fuel decreases to approx. 1/100 of the original value within one year of removal from 
ctor.  

ostly 

 chemical or physical procedures, e.g. by 
ntaminated by filtering or evaporation and 

precip tion

 

Decon

atio of activity prior to and after the decontamination of radioactively contaminated objects, waste water, 

 

Degre

Enrich

 

Delayed critical 

The same as →critical. The term is used to emphasise that the →delayed neutrons are necessary to achieve 
the critical condition.  

 

Demineralized water 

Obtained by distillation or ion exchange processes for medical or technical purposes.  

 

Depleted uranium 

Uranium with a lower percenta  0.7205% co d in natural uranium. It is produced 
during uranium isotope separati e normal residual U-235 content in depleted uranium is 0.2%. 

 

Depletion 

Reduction of the relative freque de or several nuclide g a process.  

 

Depth dose 

T
Between the de

λ = τ-1 = T-1 · ln 2. 

 

Decay time 

The radioactive fission products in the fuel resulting from nuclear fission are the reason for the high initial 
radiation intensity and the heat generatio
ir
contai
the rea

 

Decommissioning of nuclear power plants 

A prerequisite for the start of decommissioning work is that the nuclear fuel, coolant and the radioactive 
process waste are removed from the plant. Thus, the original activity inventory is reduced to a great extent to 
the activity contained in the activated and contaminated components. This residual activity is then m
present in solid form and amounts after one year to less than one percent of the activity inventory of a plant 
in operation. Depending on the individual circumstances, three main decommissioning variants exist: safe 
enclosure, partial removal with safe enclosure and complete removal.  

 

Decontamination 

Elimination or reduction of radioactive →contamination using
rinsing or cleaning with chemicals. Air and water are deco

ita .  

tamination factor 

R
air, etc.  

e of enrichment 

ment factor minus 1 

ge of U
on. Th

-235 than the ntaine

ncy of a nucli s durin
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→dose equivalent in 10 mm depth in the body at the point of application of the personal dosimeter, symbol: 
Hp(10). →dose 

 

Depth dose, relative 

Term from radiology. Ratio of a t in the body to an absorbed dose at a 
reference point of the body at t -rad r gamma radiation, the localization 
of the reference point depends . For low energies it is at the surface, for high energies 
at the point of the highest value of the absorbed dose.  

 

Desig

Desig afety facilities in such 
a way that effects on the environment are kept below the specified planning values of the Radiological 
Protection Ordinance, i.e. the effective dose is less than 50 mSv. →MCA 

 

DESY 

Deuts

 

Detec  lim

Param
radiati
contrib
with g

 

Determini

Effect of ionizing radiation leading to a functional loss of the irradiated organ or tissue, if sufficient cells are 
killed or prevented from reproducing or functioning due to radiation. The seriousness of this loss of organ 
function is directly proportional to the number of cells affected. Since the function of many organs and tissue 
is not impaired by a limited reduction in the number of functional cells, a threshold dose for deterministic 
radiati  effe which must be exceeded for an effect to occur. In the case of radiation doses above 
this th
radiati
10 Gra  (dose threshold 2.5 to 6 Gray).  

Deute m 

Hydro
nucleu ore known as “heavy“ hydrogen. 
Deuterium occurs naturally. There is one deuterium atom per 6 500 “normal“ hydrogen atoms. →heavy water 

 

Deute

Nucleus of the deuterium consisting of a proton and a neutron.  

 

Deutsches Atomforum (German Atomic Forum)  

The Deutsches Atomforum sociation in w inistration, 
economy and science are repre m promotes the ent and peaceful 
utilization of nuclear energy in Germany on the basis of voluntary co-operation. One of the main tasks of the 
German Atomic Forum is to inform the public about the peaceful utilization of nuclear rgy. The office of 
the Deutsches  4. 10115 Berlin, answers questions a  informs about the 
peaceful utilization of nucl

n absorbed dose in a certain dep
he central ray. In the case of x
on the radiation energy

h with
iation o

n basis accident 

n basis accidents - pipe ruptures, component failure - must be controlled by the s

ches Elektronen-Synchrotron, Hamburg, i.e. →German electron synchroton.  

tion it 

eter determined on the basis of statistical procedures to evaluate the detection possibility for nuclear 
on measurements. The value of the detection limit allows a decision to be taken as to whether a 
ution of the sample is contained in the registered pulses. →traceability limit for each measurement 

iven error probability. 

stic radiation effect 

on cts exists, 
reshold the degree of pathological severity increases rapidly. The deterministic effects of ionizing 
on include skin reddening (dose threshold 3 to 5 Gray), opacity of the eye lens (dose threshold 2 to 
y) and permanent sterility

 

riu

gen isotope with a nucleus containing a neutron and a proton resulting in double the weight of the 
s of normal hydrogen, which contains only one proton. It is theref

ron 

 e. V. is a private, non-profit as
sented. The German Atomic Foru

hich politics, the adm
 developm

ene
 Atomforum e.V., Robert-Koch-Platz

ear energy.  
nd
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Deutsches Kre arch Centre)  

The Deutsche  (DKF ead office in Heidelberg was ded in 1964. The 
scientific work a s to clarify the causes and development process 
of malignant dise

 

DIDO 

Heavy-water-moderated and -cooled research rea rom D2O, the chemical formula 
for heavy water. A DIDO-type reactor is opera ntre under the designation FRJ-2.  

 

Diffus  sep ess 

lsotop
throug
throug
separa
proces  in 
cascade form multiplies the separation effect. A uranium isotope separation plant according to this procedure 
is operated in Pierrelatte, north of Avignon.  

bsforschungszentrum (German Cancer Rese

 Krebsforschungszentrum Z) with its h  foun
 of the German Cancer Rese rch Centre aim

ases.  

ctor. The name is derived f
ted in the Jülich research ce

ion aration proc

e separation procedure using the different diffusion speeds of atoms or molecules of different weight 
h a porous wall for separation. The →degree of enrichment of the lighter component after flowing 
h the separation wall is determined by the root of the mass ratio of the particles. The diffusion 
tion process is employed on an industrial scale for uranium isotope separation where UF6 is used as a 
s medium. The →separation factor per stage amounts to about 1.002. Connection in series

 
Principle of a diffusion separation process 

 

Direct

Coolin
water apest cooling method regarding the required investment when sufficient river water is 
vailable. To avoid too high a thermal load of the river water, maximum values for the inlet temperature of 

. 30 °C), for the heating of the entire river water following mixing (25 °C or 28 °C) and 
 °C) were fixed. As a result of the preload, a further thermal load is impossible for many 

quivalent 

 cooling 

g of the turbine condenser in a power plant with non-recirculated river water. Direct cooling with fresh 
is the che

a
the heated water (e.g
the heating margin (3
rivers in Germany. Therefore, closed-circuit cooling is increasingly used.  

 

Directional dose e

The directional dose equivalent H'(0.07, Ω) at the point of interest in the actual radiation field is the dose 
equivalent which would be generated in the associated expanded radiation field at a depth of 0.07 mm on 
the radius of the →ICRU sphere which is oriented in the fixed direction Ω. An expanded radiation field is an 
idealized radiation field in which the particle flux density and the energy and direction distribution of the 



radiation show the same values at all points of a sufficient volume as the actual radiation field at the point of 
interest. 

 
Diagram of an expanded radiation field 

 

irect radiation 

 emitted by a radiation source which reaches the observed receiving point via the shortest 
weakened by existing shielding walls. The direct radiation is distinguished from scattered 

isaster control plans 

bliged to carry out hazard defence planning and prepare a disaster control plan for 

with a proposal of the 
Commission on Radiological Protection.  

 

Discussion date 

Pursuant to the provisions in th nsing procedure ordinance, the licensing authority is required to 
fix a discussion date during the  which generate, treat, process or fission nuclear fuel or 
reprocess irradiated fuel. The li scuss the objections raised against 
the project in good time with th d the objections. The discussion date 
erves to deal with the objections insofar as they are relevant for examination of the licensing prerequisites. 

 objections should be given the opportunity of explaining their objections. The discussion 
  

Dispersion calculations 

alid since 1974) for the disposal precaution of nuclear reactors regarding spent fuel 
elements according to the source-related principle by the operator  a nuclear power plant.  

D

Portion of radiation
distance, possibly 
radiation which may reach the receiving point indirectly due to scattering on other media.  

 

D

The authorities are o
nuclear power plants and for other large-scale facilities such as chemical factories, refineries, tank farms and 
also for natural disasters. Depending on the local circumstances, such a plan may provide evacuation 
measures for the population living in the immediate vicinity. The Conference of the Minister for the Interior 
and the Federal state committee for nuclear energy have therefore jointly passed „General recommendations 
for the disaster control in the vicinity of nuclear installations“ in accordance 

e nuclear lice
 licensing for plants
censing authority is required to verbally di
e applicant and those who have raise

s
Those who raised
date is not public.

 

Calculation method to determine the effects caused by the release of radioactivity with the exhaust air from 
nuclear power plants. These calculations take account of the meteorological conditions in the site region. 
The dispersion calculations are used to calculate the radiation exposure of human beings from the emission 
of radioactive substances with the exhaust air. →exhaust air path 

 

Disposal precaution 

A legal constraint (v
 of

 37
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 device 

Technical equipment in a reprocessing plant for the dissolution of n ar fuel in acid. →PUREX process.  

 

istrict heating power plant 

 in which the steam is used not only for electricity generation, but also for heating 
ed only for 

lectricity generation.  

→Deutsches Krebsforschungszentrum, Heid

 

Dodecane 

n-dodecane, ting point -9.6 °C, boiling point 216.3 °C, density 0.7493 g/ m³. Dodecane is a 
hydrocarbon itable as solvent to dilute →TBP in the extraction of U and Pu from irradiated 
nuclear fuel. →PUREX proc

 

Dollar 

Used in reactor phy asure for the reactivity of a reactor 
related to the portion

 

Doppler effect 

Change in measured o the movement of the ave source. 
The moved receiver cuts mor  whether the receiver moves 
towards the wave source or the uranium atoms in a fuel 

lement within a reactor lead to a Doppler effect due to the increasing operating temperature, since the 

Measure re precisely. The absorb tes the total radiation 
energy ab atter in Gray (Gy). Central dose v  protection are 
„organ do dose“ is used as a collective term for organ dose and 
effective d radiation protection, including risk assessment. They 
form a ba ation effects for absorbed doses far below 
the thresh age. The unit of these dose rt, symbol: Sv.  

The Radio  requires measurement of the pe  the determination of 
the body dose which cannot be measured directly. Personal dose is the dose equivalent measured in the 
measuring variables of depth dose and skin dose at an area of the body surface representative of radiation 

 

Dissolution

ucle

Dissolver 

Container for the dissolution of nuclear fuel in acid during reprocessing.  

 

D

A steam power plant
purposes. The overall efficiency of the power plant is greater in this case than for power plants us
e

 

Diversity 

Design principle for safety systems of nuclear plants. To increase fail-safeness, the safety devices are not 
only designed in multiple numbers - i.e. redundantly - but also on physically or technically different principles 
- diverse. →redundancy 

 

DKFZ 

elberg.  

 C12H26, mel
 (alkane), su

c

ess  

sics to indicate →reactivity. Dollar is the unit of me
 of delayed neutrons.  

 frequency of a wave structure due t receiver or the w
e or fewer waves per time unit, depending on
away from it. Analogously, the oscillations of 

e
fission cross-section depends on the relative velocity of the neutrons and uranium atoms. This Doppler effect 
may modify the reactivity of the reactor.  

 

Dose 

of a radiation effect to be indicated mo ed dose indica
sorbed by the irradiated m ariables in radiation
se“ and „effective dose“. The term „body 
ose. The latter two are protective variables in 

sis for the assessment of the probability of stochastic radi
olds for deterministic radiation dam  values is Sieve

logical Protection Ordinance rsonal dose for



exposure. The depth dose Hp(10) in this case is an estimated value for the effective dose for whole body 
exposure with penetrating radiation and the organ doses of deep organs and the skin dose Hp(0,07) are an 
estimated value for the skin dose.  

 39

he dose variables used in radiation protection in more detail:  

Dose equivalent 

eral radiation types and radiation energies the total dose equivalent is the 
sum of its determined individual amounts. The unit of the dose equivalent is sievert.  

 indicate a uniform dose value in case of different 
exposure of various body parts in order to evaluate the risk of late radiation injuries. The effective dose 
E is the sum of the average →organ doses HT in the individual organs and tissues of the body due to 

nal or internal radiation exposure multiplied by the tissue weighting factors wT. 

T

• 

The dose equivalent is the product of the absorbed dose in ICRU →soft tissue and the →quality 
factor. In the case of sev

 

• Effective dose 

The effective dose is the suitable variable to

exter

T T 
T

E  = w  H .∑  

 

Tissue weighting 
factor, wT

Organ 

Gonads 0.20 
Colon 0.12 
Bone marrow (red) 0.12 
Lung 0.12 
Stomach 0.12 
Bladder 0.05 
Chest 0.05 
Liver 0.05 
Thyroid gland 0.05 
Oesophagus 0.05 
Skin 0.01 
Bone surface 0.01 
Pancreas, small intestine, 
uterus, brain, spleen, 
muscle, suprarenal gland, 
kidney, thymus gland 

0.05 

 

• Absorbed dose 

The absorbed dose D is the quotient from the average energy transferred to the matter in a volume 
element by ionizing radiation and the mass of the matter in this volume element: 

dm
d  D

_
ε= . 

The unit of the absorbed dose is joule divided by kilogram (J·kg-1) and its special unit name is gray 
(Gy). The former unit name was rad (symbol: rd or rad).1 Gy = 100 rd; 1 rd = 1/100 Gy.  
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• Committed dose 

The irradiation of tissue or organs by incorporated radionuclides is distributed over the incorporation 
period. This period depends upon the physical half-life and the biokinetic behaviour of the 

dionuclide. The committed dose is the time integral of the dose rate in a tissue or organ over time. 
) for incorporation at time t0 is the time integral of the organ dose rate 
tegration period τ is indicated, a period of 50 years for adults and the 

period from the respective age to the age of 70 years for children are used as a basis: 

i+0

0

t   

t

• Skin dose 

kin dose H (0.07) is the dose equivalent in 0.07 mm depth in the body at the application point of 

• Organ dose 

ose H  is the product of the organ absorbed dose D  averaged over the tissue/organ T 

s and energies with different wR values, the individual values are added. 

T,R

ra
The organ committed dose HT(τ
in the tissue or organ T. If no in

τ
τ = ∫T TH ( )   H (t)dt : 

The s p
the personal dosimeter.  

 

The organ d T,R T,R
generated by the radiation R  and the radiation weighting factor wR.  

T,R R T,RH  = w   D  

If the radiation consists of type
The following applies for the organ dose in this case:  

T R
R

H  = w   D∑  

Radiation type and energy range Radiation weighting 
factor wR

Photons, all energies 1 
Electrons and muons, all energies 1 
Neutrons  
< 10 keV 5 
 10 keV to 100 keV 10 
> 100 keV to 2 MeV 20 
> 2 MeV to 20 MeV 10 
> 20 MeV 5 
Protons, except for recoil protons, > 2 MeV 5 
Alpha particles, fission fragments, heavy nuclei 20 

Radiation weighting factor 

 

• Local dose 

The local dose is the dose equivalent for soft tissue measured at a certain point. The local dose in the 
case of penetrating radiation is the ambient dose equivalent; the local dose for radiation with low 
penetration depth is the directional dose equivalent. The local dose in the case of penetrating radiation 
is an estimated value for the effective dose and the organ doses of deep organs for radiation with low 
penetration depth is an estimated value for the skin dose of a person at the place of measurement. 

 

• Personal dose 
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The Radiological Protection Ordinance requires measurement of the personal dose for determination 
of the body dose. The personal dose is the dose equivalent measured in the measuring variables of 
depth dose and skin dose at a spot representative of radiation exposure at the body surface. The 
depth personal dose in the case of whole body exposure to penetrating radiation is an estimated value 
for the effective dose and the organ doses of deep organs and the skin dose an estimated value for 
the skin dose. 

 

• Directional dose equivalent 

The directional dose equivalent H'(0.07, Ω) at the point of interest in the actual radiation field is the 
dose equivalent which would be generated in the associated expanded radiation field at a depth of 
0.07 mm on the radius of the →ICRU sphere which is oriented in the fixed direction Ω. 

 

• Depth dose 

The depth dose Hp(10) is the dose equivalent at a body depth of 10 mm at the point of application of 
the personal dosimeter.  

 

• Ambient dose equivalent 

The ambient dose equivalent H*(10) at the point of interest in the actual radiation field is the dose 
equivalent which would be generated in the associated oriented and expanded radiation field at a 
depth of 10 mm on the radius of the ICRU sphere which is oriented opposite to the direction of incident 
radiation.  

 

Dose build-up factor 

ce of scattered radiation on the dose during shielding calculations.  

actor determining the radiation exposure of individual organs and the whole body by an incorporated 
stance. Dose coefficients depend on the radionuclide, the incorporation type 

n), the chemical compound of the radionuclide and on the age of the person. In the 

Dose coefficients in Sv/Bq 

Considers the influen

 

Dose coefficient 

F
radioactive sub
(inhalation/ingestio
Federal Gazette No. 160a and b dated 28th August 2001, the dose coefficients are listed in detail for 
members of the public and for occupationally exposed persons. They indicate the dose in 24 organs or 
tissues and the effective dose for inhaled or ingested activity of 1 becquerel.  

Nuclide Organ 
< 1 year 7 - 12 years > 17 years 

H-3 effective dose 6.4·10-11 2.3·10-11 1.8·10-11

C-14 effective dose 1.4·10-9 8.0·10-10 5.8·10-10

Sr-90 bone surface 
effective dose 

2.3·10-6 

2.3·10-7
4.1·10-6 

6.0·10-8
4.1·10-7 

2.8·10-8

I-131 thyroid 
effective dose 

3.7·10-6 

1.8·10-7
1.0·10-6 

5.2·10-8
4.3·10-7 

2.2·10-8

Cs-137 effective dose 2.1·10-8 1.0·10-8 1.3·10-8

Ra-226 bone surface 
effective dose 

1.6·10-4 

4.7·10-6
3.9·10-5 

8.0·10-7
1.2·10-5 

2.8·10-7

Pu-239 bone surface 
effective dose 

7.4·10-5 

4.2·10-6
6.8·10-6 

2.7·10-7
8.2·10-6 

2.5·10-7

Examples of dose coefficients for members of the public for the calculation of the organ dose or 
the effective dose due to ingestion of radionuclides 
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ct curve 

ose-effect relation 

se of an organ, part of the body or the whole body and the resulting biological 
arious expolation possibilities derived from knowledge gained with high doses are 

Dose effe

Term from radiation biology denoting the relationship between the percentage occurrence of an examined 
effect as a function of the irradiated dose.  

 

D

Relation between the do
radiation effect. V
conceivable for a few millisieverts - the area of interest for radiation protection purposes. The International 
Commission on Radiological Protection assumes for the purposes of radiation protection a linear relation 
between the level of the effective dose and the frequency of late radiation damage.  

 
Dose-effect relationship;  

e of extrapolation ibilities: 

uadratic 
adratic with thresh alue 

 

Dose equivalent 

According to ICRU Report 51 H, is the product of  D at a point in tissue, where D 
is the →absorbed dose and  factor at tha t, thus 

H = Q D. 

The unit  is J kg-1, the s e unit of dose quivalent is sievert (Sv). The quantity dose 
equivalent is defined for r tection applications. It s  not be used in the numerical 
assessment of high-level exposure, for example in ra

 the International Commission on Radiological Protection introduced for dose limitation proposes a 
uantity called organ dose equivalent, based on the radiation weighting factor wR  and DT,R the mean 

tissue or organ. Accordingly, the organ equivalent dose HT,R in a tissue or organ T by the 

 a mixed radiation field the following equation applies for the overall organ equivalent dose HT in a tissue or 

Cours  poss

A: linear 
B: linear-q
C: qu old v

the dose equivalent, 
 Q is the quality

Q and
t poin

pecial name for th e
outine radiation-pro hould

diation accidents. 

In 1991
q
absorbed dose in a 
radiation type R is:  

T,R R T,RH  = w   D⋅ . 

In
organ T:  



T R T,R
R

H  = w   D⋅∑ . 

The unit is j kg). The sp l name for 
Occasionally the former unit is used. 1 to 100
equivalent is only used in radiati tection. These quantity offer a basis 
radiat  for radiation do s far below the threshold values for →deterministic radiation effects. 

 

Dose  rate 

Quotient from e dose equival d o nd this time, e.g. millisievert/hour (mSv/h).  

 

Dose limit value 

Dose value of  ionizing  by the um to erson may b sed 
based on recommendat ntific co dose li es are fixed for different 
groups of pe ns. Whe adioacti s and ionizing iation the pri that any 
unnecessary radiation exposure is to be avoided must be observed and if unavoidable it is to b pt as low 
as possible, even when within the legal limit values. The German Radiation Protection Ordinance and the X-
Ray Ordinanc ixes the s for occup osed persons as listed in the table  values 
apply for occupationally exposed pregnant wom p rentices.  

Tissue or organ Limit 

oule/kg (J/ ecia
name rem 

on pro

the unit of the organ 
 sievert is equal 

dose is sievert, symbol: Sv. 
 rem. The quantity organ dose 

for the estimation of →stochastic 
ion effects se

equivalent

 th ent in a perio f time a

 an  radiation fixed
ions from scie

 legislator as a maxim
mmittees. Different 

 which a p
mit valu

e expo

rso n handling r ve substance  rad nciple 
e ke

e f limit value ationally exp
en and a p

. Lower

E tive do 20 mSv/yeffec se ar 

Organ dose  

Bone marrow (red), gonads, uterus 50mSv/year 

Adrenals, bladder, brain, breast, lens of the eye, 
sma e, upper la e intestine, kidney, 
liver, lung, muscle, oesophagus, pancreas, 
spleen, stomach, thymus 

0 mSv/yea
ll intestin rg

15 r 

Bon  thyroid r e surface, 300 mSv/yea

Ankles, feet, forearms, hands, skin 500 mSv/year 

Dose limits for occupationally exposed perso

 

The effective dose for members of the public must not exceed 1 mSv/year. or the len e eye is 
15 mSv/year and for the skin 50 mSv/year. The party responsible for radiation protection is required to plan 
the technical rating and operation of nuclear plants such that the following limit values are not exceeded by 
radioactive em ions wit  air or waste

Effective dose and dose for gonads,  
uterus, red bone marrow  0.3 mSv/year 

Dose for adrenals, bladder, brain, breast,  
small intestine, upper large intestine, kidney,  
liver, lung, muscle, oesophagus, pancreas,  
spleen, stomach, thyroid, thymus 0.9 mSv/year 

Dose for bone surface, skin 1.8 mSv/year 

These dose l rved at the most un rable point of effect, taking account of all relevant 
load paths, the dietary style habits rence person in addition to any possible prior 
contamination by ther p  facilities. 

 

ns 

The limit f s of th

iss h exhaust  water:  

imits shall be obse favo
and life

lants and
of the refe

 o
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Dose rate 

The dose rate is the quotient of dose and time; e.g. the dose rate in radiation protection is often indicated in 
microsievert per hour (µS

 

Dosimeter 

An instrumen measur rsonal or loca nization chamber, →film dosimeter, → sphate 
glass dosimet →thermol scence dosimete

 

Dosimetry 

Meas dure to determine the dose equivalent generated by ionizin  radiation in matter.  

 

Doubling time 

The time duri which th terial inpu breeding reactor dou De ending on the breeding 
reactor concept, doubling times of 8 to 20 years result.  

 

Dry cooling tower 

Cooling tower for the closed-circuit cooling of water with no direct contact between the wate e cooled 
and the coola air. The ater - simila tor radiator - is c  by air and r
condenser.  

 

Dry storage 

Storage of spent fuel elements without using water as a coolant.  

 

DTPA 

Diethylenetriamine pentaacetate; chelators. Chelators are organic compounds capable of integrating metal 
ions in the organic mole ch a way th l ion loses its ch ial for its 
biological beh  e excrete re rapidly from the body. T rporation 
agents in the form of Ca-DTPA and Zn-DTPA  - in particular for plutonium - are available. 
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E 
 

ECCS 

→Emergency Core Cooling System.  

 

Ecology 

Science of the relations between the organisms and their environment. In particular, it investigates the 
adaptation of living things to their living conditions.  

 

Ecosystem 

Spatial fabric of interaction composed of living creatures and environmental conditions, which is capable of 
self-regulation.  

 

Efficiency 

Ratio of machine output a certain operating point, e.g. full-load 
peration.  

adiation from synchro systems and magnetic waves travelling at the speed of light. Examples: light, radio 
-rays, →gamma rays. Electronic radiation also propagates in a vacuum.  

lementary particle with a negative electrical elementary charge and a rest mass of 9.1094 · 10-31 kg 
 a self-energy of 511 keV). This is 1/1836 of the proton mass. Electrons surround the 
 nucleus of an atom and determine the chemical behaviour of the atom. Occasionally, the 

xample: K-40 + e  → 
r-40.  

and input. The efficiency is related to 
o

 

Electromagnetic isotope separation 

Separation of different isotopes by means of electrical and magnetic fields.  

 

Electromagnetic radiation 

R
waves, →x

 

Electron 

E
(corresponding to
positively charged
negative electron is also called negatron and the electron used as a general term for negatron and 
→positron.  

 

Electron capture 

Disintegration type of some radionuclides, e.g. K-40, Mn-54, Fe-55. The nucleus of an atom captures an 
electron of the atomic shell, whereby a proton in the nucleus converts into a neutron. The formed nuclide has 
an atomic number which is smaller by one unit; the mass number remains the same. E -

A



 
Electron capture; capture of an electron from the nuclear shell of the 
electron sheath during the disintegration of potassium-40 into 
argon-40 

ugh a voltage difference of 1 Volt in vacuum. 
 eV is equal to the energy of 1.602 · 10-19 J. Deviated greater units:  

eV) = 1 000 eV,  

 

Electron equilibrium 

Dosimetry term. Electron equilibrium is present when, due to ionization events within and outside this volume 
element, the same number of electrons with the same energy distribution enter and exit this volume element.  

 

Electron volt 

Commonly used unit of energy in atomic and nuclear physics. An electron volt is the kinetic energy gained by 
ctron or other simply charged particles when passing throan ele

1

Kiloelectron volt (k

Megaelectron volt (MeV) = 1 000 000 eV,  
Gigaelectron volt (GeV) = 1 000 000 000 eV.  

 
Illustration of the electron volt energy unit 
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n today. In the 70’s, it could be verified 
at very low traces of plutonium occur in nature resulting from natural nuclear fissions (about 1 plutonium 

12 ium atoms).  

Element 

Chemical base material which cannot be chemically converted into simpler substances. Examples: oxygen, 
aluminium, iron, mercury, lead, uranium. At present 114 different elements are known, some of which do not 
occur in nature and were artificially generated: technetium, promethium and all elements with a higher 
atomic number than that of uranium.  

 

Element, artificial 

Element not or no longer occurring on earth, but artificially generated by nuclear reaction. The artificial 
elements include the elements technetium (atomic number Z = 43), promethium (Z = 61) and the 
transuraniums (Z > 92). A total of 114 elements are therefore know
th
atom per 10  uran

Element name Symbol Atomic number
Technetium Tc 43 
Promethium Pm 61 
Neptunium Np 93 
Plutonium Pu 94 
Americium Am 95 
Curium Cm 96 
Berkelium Bk 97 
Californium Cf 98 
Einsteinium Es 99 
Fermium Fm 100 
Mendelevium Md 101 
Nobelium No 102 
Lawrencium Lw 103 
Rutherfordium Rf 104 
Dubnium Db 105 
Seaborgium Sb 106 
Bohrium Bh 107 
Hassium Hs 108 
Meitnerium Mt 109 
Darmstadtium Ds 110 
Roentgenium Rg 111 
Still without name  112 
Still without name  114 
Still without name  115 

List of artificial elements 

lementary charge 

it (1.6021·10-19 Coulomb). The electric charge occurs only in integral multiples of 

 

E

Smallest electric charge un
this unit. An electron has a negative, a proton a positive elementary charge.  

 

Elementary particles 



 48

ntary particles refer to particles that cannot be easily recognized as a compound - in contrast to the Eleme
nuclei of atoms. Within certain limits determined by the conservation rates, elementary particles can be 
converted.  

Particle Rest mass 
MeV 

Average lifetime 
s 

Most frequent type of 
decay % 

Photon     

γ 0 (< 2·10-22) stable stable  

Leptons     

νe 0 (< 3·10-6) stable stable  

νµ 0 (< 0.19) stable stable  

ντ 0 (< 18.2) stable stable  

e 0.510999890 stable (> 4.2·1024 a) stable  

.658357 2.19703·10-6
e- µ 105

eν  νµ 

e  - eν  νµ γ 
1.4 

98.6 

τ 1777.03 2.906·10-13
e-  eν  ντ 

µ-
 µν  ντ 

17.83 
17.37 

Mesons     

π° 134.9766 8.4·10 γ γ 
γ e+ e-

98.8 
1.2 

-17

π± 139.57018 2.6033·10-8 (for π+)  
µ+ νµ 
e+ νe 
µ+ νµ γ 

99.98 
0.01 
0.01 

η 547.305  γ γ 
π° π° π° 

389.3 
312.2 

π+ π- π° 
π+ π- γ 

23.0 
4.9 

K± 493.677 1.2386·10-8 (for K+) 
+

e+ νe π° 

µ+ νµ π° 

π+ π° π° 

 

4.82 
3.18 
1.73 

µ  νµ 
π+ π° 
π+ π+ π- 

63.51 
21.16 
5.59 

K° 497.672 Ks   8.935·10-11

 

KL   5.17·10-8

π+ π- 

π° π° 
π± e∓ νe 

π± µ∓ νµ 

π° π° π° 
π+ π- π° 

68.61 
31.39 
38.78 
27.18 
21.13 
12.55 
0.36 

π± e∓ νe γ 

D° 1864.6 0.4126·10-12   

sD±  
1968.6 0.496·10-12   



Particle Rest mass 
MeV 

Average lifetime 
s 

Most frequent type of 
decay % 

D± 1869.3 1.051·10-12   

B± 5279.0 1.653·10-12   

B° 5279.4 1.548·10-12   

D
sB  5369.6 1.493·10-12   

Baryons     

p 938.27200 stable (> 1.6 1025 a) stable  

n 939.56533 886.7 p e- eν  100 

Λ° 1115.683 2.632·10-10
p π- 
n π° 

63.9 
35.8 

∑+ 1189.37 8.018·10-11
π° 

n π+
51.6 
48.3 

p 

∑° 1192.642 7.4·10-20 Λ° γ 100 

∑- 1197.449 1.479·10-10 n π- 99.9 

Ξ° 1314.83 2.90·10-10 Λ° π° 99.5 

Ξ- 1321.31 1.639·10-10 Λ° π- 99.9 

Ω- 1672.45 8.21·10-11 Λ° K- 
Ξ° π- 

-

67.8 
23.6 

Ξ  π° 8.6 

Prope

ement

rties of some elementa

 in addi
 the d

ry 

The multitude of such „el ary particles“ – tion to those li ble, a further 200 were 
found - led to the „invention“ and eventually to iscovery of the „qu nd subsequently to today's 
„standard model“ of ele  particles. This ard model consists ve parts - see figure - and the 
same number of antiparti he proto nsists of two „up-qua e „down-quark“, the 
neutron of one „up“ an downs“, where the up-quark has a charge of -2/3 and the down-quark +1/3 
electric elementary cha meet the electric rge conditions.  

particles 

sted in the ta
arks“ a

mentary
cles. Thus, t

stand
n co

of twel
rks“ and on

d two „
rges to  cha

 49



 
Standard model of elementary particles 

 

Emergency core cooling system 

Reactor cooling sy  the heat transfer 
between reactor a ency cooling systems are designed so that even in the case of 

actor coolant loss - e.g. when both ends of a live-steam pipe are broken - the reactor is cooled and the 
oved over weeks. By means of redundant design a very high degree of functional 

d. Thus, emergency cooling is guaranteed even if a subsystem fails.  

mission 

rge (e.g. solid, liquid or gaseous substances, sound) originating from a source, e.g. industrial 

mission height 

 emission source above ground. It is a parameter in dispersion calculation. Due to the 

dioac hell or which are continuously 
bedd ational load, the release of 

dioac

ergy 

Ability to do wor rgy is the joule (J).  

 

 a survey of the sourcing, transformation and use of all forms of energy within a 
pecified economic area (borough, company, country, state) during a defined period (e. g. month, year).  

stem for safe removal of residual heat in the case of an interruption of
nd heat sink. The emerg

re
decay heat can be rem
safety is achieve

 

E

The discha
plant, household, traffic.  

 

E

The height of an
thermal lift in the air, the effective emission height may be above the stack height (thermal amplified region).  

 

Enclosed radioactive substances 

Ra tive substances continuously enclosed by a tight, firm, inactive s
em ed in firm inactive substances so that in the case of normal oper
ra tive substances is safely avoided; a dimension must at least amount to 0.2 cm.  

 

En

k or diffuse heat. The unit of ene

Energy balance record 

An energy balance record is
s
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m of a balance sheet. 
hey are a major basis for decisions on energy policy and the energy industry as well a for predictions on the 
evelopment of the energy demand. The energy balance sheets provide relevant information about   

cture of energy consumption,  

sformation of energy carriers and  
• the distribution of the energy consumed over the different consumption sectors.  

energy balance records are compiled e. g. by "AG Energiebilanzen", an organisation 

Energy balance records show the quantitative flow of the energy from different sources, starting from its 
origin and continuing with its transformation and consumption by the user, in the for
T
d

• the extent and stru
• changes in energy consumption,  
• the contributions of the different domestic and imported enrgy sources,  
• the tran

For Germany, 
supported by energy industry associations and economic research institutes.  

 
Simplified energy flow ny for the year 2000 

rrier 

rriers. They 

 

Energy conversion 

Conversion of one energy form into another - e.g. mechanical into electric energy in the generator - or of one 
energy carrier into another - e.g. coal into coke and gas. The starting energy can never be completely 
converted into the target energy. The difference is called conversion loss and mostly occurs as heat.  

 diagram for Germa

 

Energy ca

Oil, coal, gas, uranium, but also dammed or flowing water, sunlight and wind are energy ca
contain energy in different forms, which can be converted into a usable energy form if required.  
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nergy requirement 

ns in the United Nations show that the world population will increase to about 10 billion people by 
l to the population growth, the global energy requirement will rise considerable despite all 

Council 
EC), the world-wide primary energy consumption of currently about 12 billion t →coal equivalent per year 

ill grow to a level of between 16 and 24 billion t coal equivalent per year depending on the economic, social 
developments by the year 2020. This growth will mainly be based on fossil energy carriers 

ium and coal world-wide amount to the following quantities:  

Natural gas  180 billion t coal equivalent,  

227 billion t coal equivalent,  

he unit of mass for energy is joule, symbol: J. The former unit kilocalorie (kcal) was replaced by joule on 
rnational system of units in Germany from 1st Jan. 1978. In nuclear physics the energy 

indicated in →electron volt (eV). 1 eV = 1.602·10-19 J. The indication of energy values in 

upply: 1 tonne coal equivalent is equal to 1 tonne coal with a calorific value of 
9.3 billion joule = 7 million kcal.  

ible, 
rther treatment or transport to a repository can be effected later.  

ranium in which the percentage of the fissionable isotope U-235 is increased beyond the content of 
.7205% in naturally occurring uranium. Various enrichment methods are possible: →diffusion separation 

edure, →gas centrifuge procedure, →nozzle process.  

nrichment 

 →isotope in an element is increased.  

 

E

Calculatio
2050. Paralle
further efforts concerning the rational use of energy. According to calculations by the World Energy 
(W
w
and political 
which presently cover hardly 90% of the requirement. Hydrodynamic power and nuclear power cover at 
present about five percent each of the remaining 10 percent.  

 

Energy reserves 

Reserves of energy carriers are clearly identifiable stock which can be technically and economically mined 
under today’s conditions or those to be expected in future. Resources are stock exceeding the reserves. 
They have been verified or are probable, but cannot be obtained at present for technical and/or economical 
reasons. The resources also include deposits that are not yet verified, but geologically possible. Thus, it is 
assumed that oil is bound in oil sands and oil shales, the mining of which is however uneconomical in view of 
the present price structure. The guaranteed and economically minable energy reserves of natural gas, 
mineral oil, uran

Mineral oil  

Natural uranium 45 billion t coal equivalent,  

Coal  558 billion t coal equivalent.  

The world total annual energy consumptions amounts to 14 billion coal equivalent.  

 

Energy units 

T
adoption of the inte
values are mainly 
kilowatt hours (kWh) is widely used: 1 kWh = 3.6·106 J. Related to the energy content of coal also the coal 
equivalent is usual in energy s
2

 

Engineered storage 

English designation for a certain type of storage, e.g. for waste. The material to be stored is still access
fu

 

Enriched uranium 

U
0
proc

 

E

Process by which the share of a certain

 

Enrichment chains 

Radioactive isotopes of an element behave chemically in the same way as its non-radioactive isotopes. They 
can thus deplete or enrich in plants, animals and in the human body. Such an enrichment chain exists e.g. in 
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nrichment factor 

tive frequency of a certain isotope in an isotope mixture to the relative frequency of this 

En

→i

Disturbance in ecological systems caused by humans, resulting in deviations from normal behaviour.  

 

Environmental monitoring 

Monitoring of the vicinity of a plant for harmful substances, noise and other aspects considering defined 
measuring points, e.g. plant border, settlement zones and similar. Monitoring can also be performed by 
automatic recording and warning measuring stations. Operators of nuclear facilities are obliged to monitor 
the environment.  

 

EPR 

European Pressurized Reactor. The EPR is characterized by further improved safety and economic 
efficiency. Compared to the existing pressurized water reactor lines of both countries, the EPR is designed to 
control extremely improbable serious incidents involving core melt-down itself in such a way as to limit the 
radiological effects on the environment of the plant in order to avoid evacuation of the population and 
permanent impairment of agriculture in the region around the plant. The EPR is designed for an electric 
power of 1 600 MW. A nuclear power plant with an EPR is under construction in Finland. 

 

Equilibrium, radioactive 

adioactive equilibrium denotes a condition which occurs during a radioactive decay chain for which the half-
rting nuclide is greater than the half-lives of the decay products when a period has passed 
t ten times as long in relation to the longest half-life of the decay products. The activity ratios of 

quipment availability factor 

 time) of a power plant to the calendar period. The equipment 
lant without considering rating deficiency during the operating 

 

the case of iodine. Iodine is finally enriched in the human thyroid gland via air - grass - cow - milk. These 
enrichment processes are known and can be calculated. To avoid higher radiation exposure in the 
corresponding organs due to the enrichment chains, the admissible release values for such radioactive 
substances are fixed correspondingly low. The →dose limit values prescribed by laws and regulations must 
not be exceeded - not even by enrichment effects.  

 

E

Ratio of the rela
isotope in the natural isotope mixture. 

 

richment method 

sotope separation 

 

ENS 

European Nuclear Society  

 

Environmental load 

R
life of the sta
which is abou
the members of the decay chain are time-constant in this case.  

 

E

Ratio of available time (operating and standby
availability characterizes the reliability of a p
time. →energy availability factor 

 

ERAM 

Endlager für radioaktive Abfälle Morsleben, i.e. repository for radioactive waste Morsleben 
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uratom basic standards 

uncil of the European Union dated 13th May 1996 to stipulate the basic safety standards 

urochemic 

ant near Mol/Belgium, large-scale experimental plant established by the OECD states in 

uropean Pressurized Water Reactor  

V 

or →electron volt.  

VA 

ngen von außen, i.e. external impacts. Within the scope of the nuclear licensing procedure for 
nts and nuclear facilities, proof must be provided that the facility withstands specified 
such as earthquakes, aircraft crash and blast waves.  

stitute only the extreme borderline case in a large number of protective measures 
rovided in disaster control plans.  

INES, →incident/accident levels.  

alue of the body dose or activity intake if, when exceeded, examinations on the effects of radiation 
ures are required. The value depends on the respective operation mode or type of 
ervention threshold  

Excess reactivity 

Higher reactivity value than required to achieve criticality of a reactor. Provision is made for excess reactivity 
in the loading of a reactor with fuel elements to balance →burnup and the accumulation of →fission product 
poisons during operation. The excess reactivity existing in a freshly loaded reactor is balanced by the 
position of shim and control rods or by adding boron to the reactor coolant.  

 

Excitation energy for nuclear fission 

The fission of a nucleus basically requires the supply of a minimum energy. If a neutron is attached to a 
nucleus an energy is released consisting of the kinetic energy of the neutron and the binding energy of this 

E

Guideline of the Co
for the protection of labour and the population against the hazards of ionizing radiation; published in the 
Federal Gazette of the EC No. L 159 dated 29th June 1996. The basic standards of 13th May 1996 are 
geared to the new scientific findings in radiological protection contained in the →ICRP Publication 60. The 
member states of the EU are obliged to enact the required national legal and administrative regulations to 
implement the Euratom basic standard by 13th May 2000.  

 

E

Reprocessing pl
1957. Operation from 1968 to 1979 for the reprocessing of spent fuel elements from material test reactors.  

 

E

→EPR  

 

e

Symbol f

 

E

Einwirku
nuclear power pla
service conditions 

 

Evacuation plans 

Disaster control plans for the environment of nuclear power plants and large nuclear facilities also comprise 
plans for the evacuation of the population in the case of catastrophic accidents in the plant pursuant to the 
general recommendations for disaster control in the environment of nuclear facilities. However, the measures 
for evacuation con
p

 

Evaluation graduation 

→

 

Examination threshold 

V
protection meas
application. →int
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neutron to the nucleus. If this energy is greater than the excitation energy for a fission of this nucleus, the 
nucleus may fission. For U-235 the excitation energy for fission amounts to 5.7 MeV, the binding energy of 
the attached neutron is 6.5 MeV, so that even neutrons with very low kinetic energies (e.g. thermal neutrons 
with a kinetic energy of only 0.025 eV) may trigger the fission. The ratios of excitation energy and binding 
energy are similar for the nuclei of U-233, Pu-239 and Pu-241. For U-238 and Th-232, on the other hand, the 
excitation energy required for fission is 6.5 MeV and thus much higher than the binding energy of the 
attached neutron of 4.8 MeV, so that fission of the nucleus is possible only if the neutron has a kinetic energy 
of at least 1.7 MeV. Spontaneous fission is also possible in the case of some very heavy nuclei. →fission, 
spontaneous  

Nucleus of an 
atom 

Excitation energy for 
fission 
MeV 

Binding energy of the 
last neutron 

MeV 

Th-232 6.5 4.8 

U-233 6.2 6.8 

U-235 5.7 6.5 

U-238 6.5 4.8 

Pu-239 5.8 6.5 

Pu-240 6.2 5.2 

Pu-241 5.6 6.3 

Excitation energy for fission 

 

xcited state 

 nucleus with a higher energy than that of its normal energetic state. The excessive 
te 

E

State of an atom or a
energy is generally emitted as photons (gamma quantum). Example: Ba-137m changes into the normal sta
of Ba-137 emitting a gamma quantum with the energy of 662 keV.  

 
Emission of a gamma quantum (gamma radiation, γ-radiation) from an 
excited atomic nucleus 
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Exclusion area 

Area of the →controlled area in which the local dose rate may be higher than 3 mSv per hour.  

 

Excursion 

Fast power increase in a reactor due to a high supercriticality. Excursions are generally quickly suppressed 
by the negative →temperature coefficient of reactivity or by →control rods.  

 

Exhaust air path 

Assumption models to calculate the →radiation exposure through radioactive waste disposal in the exhaust 
air of a nuclear plant. The result of such a dispersion calculation supplies local concentration values for 
radionuclides. The radiation generated during the decay of these radionuclides may in principle lead to a 
radiation exposure for human beings via the following paths:  

• External irradiation through beta radiation within the effluent flume,  
• External irradiation through gamma radiation within the effluent flume,  
• External irradiation through gamma radiation from radioactive substances deposited on the ground,  
• Internal irradiation through inhalation of radioactive substances in the air,  
• Internal irradiation through ingestion of radioactive substances with food via 

• air – plant,  
• air – forage plant – cow – milk,  
• air – forage plant – animal – meat,  
• mother's milk.  

Models and calculation assumptions for radiation exposure via the exhaust air path are included in the 
administrative instruction "Determination of radiation exposure through radioactive waste disposal from 
nuclear plants or facilities". 

 

Experimental reactor 

Nuclear reactor specially designed for the testing of material and reactor components under neutron and 
gamma fluxes and temperature conditions of a normal power plant reactor operation.  

 

Experimentation channel 

Opening in the shield of an experimental reactor through which radiation may exit for experiments outside 
the reactor.  

 

Exposure path 

Path of radioactive substances, ranging from discharge from a nuclear plant or facility via a propagation or 
transport process to radiation exposure of human beings.  

 

Extraction 

Process principle for the separation of fission products from the fuels uranium and plutonium according to 
the PUREX process. The aqueous solution of fuel and fission products is placed in homogenous contact with 
an organic solution that cannot be mixed. The organic solvent in the →PUREX process consists of a mixture 
of tributylphosphate (TBP) and kerosene. In extraction according to the PUREX process, advantage is taken 
of the fact that the substances uranyl nitrate and plutonium nitrate included in the aqueous solution are 
readily soluble in the mixture of TBP and kerosene whereas the fission products in this organic phase are 
practically insoluble. The separation is effected in extractors, i.e. apparatuses in which the two phases are 
collided in countercurrents, intensively mixed and separated again in settling chambers.  



 
Extraction principle 

 

Extractor 

Extraction device, e.g. mixer-settler, pulse column in which multi-stage extraction is carried out. 
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allout 

material which falls back to the earth after the release into the atmosphere (e.g. by nuclear 

cles eventually come down to the ground, mainly with 
recipitations, over periods of between months and several years. In the 60s, the radiation exposure in 

used by the fallout of nuclear weapon tests amounted  to 0.1 to 0.4 mSv per year. At present it is 
1 mSv per year; the overall dose in the period from 1960 to 2010 is estimated to be 2 mSv. The 

d in the rest of Germany about 0.6 mSv in the period from 
986 to 2030.  

 a coolant due to its decelerating effect. For technical reasons, sodium, which is liquid above 

better tha

ber 
erate

→fast breeder reactor 

 

FE 

→fuel element  

 

Federal Office for Radi n 

The Federal Office for ction is an in olio of the Federal 
Ministry for the En t, Nature Conservation  Federal Office for Radiation 
Protection is responsible for administrative tasks t in the fields of radiation 
protection including radiation protection precaut the transport of radioactive 
substances and the ve waste, i eration of facilities of the 

F 
 

Fail safe 

A system designed in a way that if a subsystem fails, the entire system changes to a safe condition.  

 

F

Radioactive 
weapon tests, accidents). The fallout occurs in two forms: the close fallout consists of heavy particles which 
fall to the ground within some days near the place of release and in an area which, depending on the 
weather conditions, may reach up to several hundred kilometres in the wind direction. The world-wide fallout 
consists of lighter particles reaching higher atmospheric layers and distributed over a wide part of the earth 
because of atmospheric currents. These parti
p
Germany ca
less than 0.0
radiation exposure by the fallout due to the reactor accident in Chernobyl amounted to about 2 mSv for 
persons in Germany living south the Danube an
1

 

Fast breeding reactor 

Nuclear reactor with a chain reaction maintained by fast neutrons and generating more fissile material than it 
consumes. The fertile material U-238 is converted into the fissile material Pu-239 by neutron capture and two 
subsequent beta decays. The nuclear fission is effected to obtain a high breeding effect, practically 
exclusively with fast neutrons. Since the neutrons should be decelerated as little as possible, water is 
excluded as
temperatures of 97.8 °C, is particularly well suited. The fast breeder can utilize the uranium up to 60 times 

n the light water reactors.  

 

Fast fission factor 

Num of fast neutrons generated in a nuclear reactor by all fissions to the number of fast neutrons 
gen d by thermal fission.  

 

Fast reactor 

Reactor in which the fission chain reaction is maintained mainly by fast neutrons. Fast reactors have no 
moderator since deceleration of the fast fission neutrons generated during the fission must be avoided.  

 

FBR 

ation Protectio

Radiation Prote
vironmen

dependent federal authority in the portf
 and Nuclear Safety. The

 of the Federal Governmen
ion and nuclear safety, 
ncluding the construction and op disposal of radioacti



 59

ederal Government for the safe storage and ultimate waste disposal of radioactive waste. The Federal 
pports the Federal Minister for the Environment, Nature Conservation and 

ical and scientific aspects in the aforementioned fields, in particular in 

rotection is engaged in scientific research to perform 
its tas

 

Fertile

ble material is generated by neutron absorption and subsequent 
rium-232 which can be converted into fissionable uranium-233, 

and u nium-239.  

Th

U-  Pu-239.  

 

easuring device to determine the dose. The blackening of a photographic film due to radiation is the 
re of the dose received. The film cartridge holds various „filters“ made of different materials to 
ine the type and intensity of rays and other factors important to determine the dose.  

F
Office for Radiation Protection su
Nuclear Safety regarding techn
exercising the federal supervision, the elaboration of legal and administrative regulations and co-operation 
between the Länder. The Federal Office for Radiation P

ks.  

 material 

Non-fissionable material from which fissiona
nuclei conversions. Fertile materials are tho

ranium-238 which can be converted into fissionable pluto

-232 + n ⇒ Th-233 ⇒ Pa-233 ⇒ U-233 

238 + n ⇒ U-239 ⇒ Np-239 ⇒

Film dosimeter 

M
measu
determ

 

inal energy 

f energy available to the user following the conversion from primary energy carriers - crude oil, natural 

rage Advance Payments Ordinance 

Film dosimeter, front view and cross-section 

 

F

Form o
gas, nuclear energy, coal, regenerative energies. Final forms of energy include, among others, heating oil, 
fuels, gas, current, district heat.  

 

Final Sto

The Ordinance on Advance Payments for the Establishment of Federal Facilities for Safe Custody and Final 
Storage for Radioactive Wastes (Endlagervorausleistungsverordnung - EndlagerVlV) dated 28th April 1982, 
last amended by the ordinance dated 6th July 2004trVG, governs the amounts to be paid in advance 
required to cover the expenses for planning and erection of a repository. The holder of a nuclear permit is 
liable for advance payment if, based on the permit, the obligation to deliver radioactive waste to a repository 
is to be expected.  
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l security 

l damage obligations which the applicant is required to assume. The financial security may be met by 
n insurance or by an indemnity or warranty obligation of a third party. The financial security sum amounts to 
pprox. Euro 2,500 million for reactors with an electrical output of 1 300 MW. Without prejudice to the 

rmination of this financial security the liability of the owner of the plant is, however, unlimited.  

ny substance which can be fissioned by neutrons, during which further neutrons are released, e.g. U-235, 
u-239.  

 flow control 

nuclear material monitoring 

 

Fission chamber 

Neutron detector with good discrimination towards other radiation types. In fissile material located within a 
gas ionization detector, e.g. an ionization chamber, neutrons initiate fissions. The energy-rich fission 
products create voltage pulses due to their high ionization density which can be well distinguished from the 
background.  

 

Fission gas 

Gaseous fission products generated in nuclear fission, e.g. Kr-85.  

 

Fission gas plenum

Clearance in the up generated during nuclear burnup.  

tron 

m the fission process having retained their original energy.  

 

Financia

The administrative authority is required to fix the amount of the financial security for plants and operations 
where a nuclear liability pursuant to international obligations or the Atomic Energy Act is considered to meet 
the lega
a
a
dete

 

Fissile material 

A
P

 

Fissile material

→

 

Fissility 

Property of a nuclide to be fissioned by a nuclear process.  

 

Fission 

→nuclear fission  

 

per part of each →fuel rod to gather the fission gas 

 

Fission neu

Neutrons resulting fro



 
Energy distribution of the neutrons generated during the fission of 
U-235 

 

Fission neutron yield 

Ratio of average number of fission neutrons to the total number of neutrons absorbed in the fuel.  

 

Fission product poison 

→nuclear poison which is a fission product; e.g. Xe-135.  

 

Fission products 

Nuclides generated by fission or subsequent radioactive decay of nuclides directly generated by fission; e.g.: 
Kr-85, Sr-90, Cs-137.  
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Decay chain of the primary fission product Sn-131 

 

Fission yield 



 63

sion yields.  
Percentage of a nuclide of the fission products occurring in a nuclear fission. Fission products with mass 
numbers around 90 and 140 have particularly high fis

 
Fission yield, frequency distribution of the fission products generated 
in the fission of U-235 

 

Fission, spontaneous 

Property of very heavy atomic nuclei to fission without external excitation; mostly superimposed by other 
decay types. The half-life for spontaneous fission in the case of U-238 amounts to 8·1015 years, i.e. one 
nucleus per gram U-238 converts by spontaneous fission about every 2.5 minutes . (The half-life of U-238 for 
alpha decay, in comparison, amounts to „only“ 4.5·109 years, therefore about 750 000 uranium atoms per 
gram U-238 convert by alpha decay per minute.) Cf-254 and Fm-256 convert almost exclusively by 
spontaneous fission.  

 

Fission, thermal 
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ear fission by thermal neutrons. →neutrons, thermal  

 

ements which result as radioactive fission 
y out investigations of the chemical and physical 

ehaviour of this mixture without radiation protection measures.  

 

rgy technology“.  The aim of these 
focuses is,  
-  to understand the structure and properties of our matter and provide materials based on this 

knowledge for many technical sectors,  
-  to pursue new developments in information technology used to process and exchange the 

continuously increasing quantity of knowledge and information,  
-  to extend the knowledge of biological processes in the human body on a molecular level,  
-  to avoid or detect at an early stage and eliminate threats to the environment,  
-  to develop options for a long-term and environment-friendly energy supply to the constantly 

growing world population.  

 

Forschungszentrum Karlsruhe 

Forschungszentrum Karlsruhe is one of the biggest science and engineering research institutions in Europe 
and funded jointly by the Federal Republic of Germany and the State of Baden-Wuerttemberg. Its research 
and development program is embedded in the superordinate program structure of the Hermann von 
Helmholtz Association of National Research Centers and concentrates on the five research areas of 
Structure of Matter, Earth and Environment, Health, Energy, and Key Technologies. 

Research Area Programme 

Nucl

 

Fissium, simulated

Mixture of substances made up of non-radioactive isotopes of el
products during nuclear fission in order to be able to carr
b

 

FMRB 

Forschungs- und Meßreaktor Braunschweig, research and measuring reactor in Brunswick of the 
Physikalisch-Technische Bundesanstalt (national metrology institute which performs scientific and technical 
services); pool reactor with a thermal output of 1 MW. Commissioning on 3rd Dec. 1967. Shutdown to 
prepare decommissioning in December 1995.  

 

FORATOM 

European Atomic Forum with its head office in Brussels, the parent organization of atomic forums of 13 
European countries founded on 12th July1960.  

 

Forschungszentrum Jülich

The Research Centre Jülich is one of the 16 Helmholtz research centres in the Federal Republic of Germany 
employing 4500 persons – including about 1100 scientists/university graduates, 480 doctoral candidates, 
250 students taking their diploma examination and 300 trainees - in a wide spectrum of research tasks. The 
research programme focuses on the subjects „structure of matter and material research“, „information 
technology“, „life sciences“, „preventive environmental research“ and „ene

Structure of Matter Structure of Matter 

Earth and Environment Atmosphere and Climate 
Sustainability and Technology 

Health Biomedical Research 
Regenerative Medicine 

Energy 
Nuclear Fusion 
Nuclear Safety Research 
Efficient Energy Conversion 

Key Technologies Nano- and Microsystems 
Program Scientific Computing 
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orschungszentrum Rossendorf 

orschungszentrum Rossendorf (FRZ), focusing on basic and application oriented 
 problems of our time: 

Materials Research  
Biomedicine-Chemistry  

t and Safety Research  

tutes: 

Institute for Ion Beam Physics and Materials Research  
r Bioinorganics and Radiopharmaceutical Chemistry  
r Nuclear and Hadron Physics  

esearch  
Institut for Radiochemistry 

enschaftsgemeinschaft Gottfried Wilhelm Leibniz" 

irst reactor in the Federal Republic of Germany built on the basis of a national concept and independently 
 the Research Centre Karlsruhe. The FR 2 was a D2O-moderated and cooled research reactor using UO2 

a fuel and with a power of 44 MW. The reactor entered operation on 7th March 1961. 
st

esearch reactor of the Research Centre Jülich; heavy-water-moderated and cooled tank reactor with a 
al output of 23 MW. Commissioning on 14th Nov. 1962. Final shutdown on 2nd May 2006 

RM 

ngsreaktor München; light-water-moderated pool-type research reactor put into operation on 31st 
7 as the first reactor in Germany. Final shutdown to prepare decommissioning on 28th July 2000.  

RM II 

h-flux neutron source FRM-II is constructed as a reactor to replace the Munich Research 
FRM which has been in operation since 1957. First criticality on 2nd March 2004, full power on 24th 

 the FRM. A large-scale heavy-water-
oderator tank is used to establish this high flux in a considerably greater usable volume and practically only 
y slow neutrons which are particularly well suited for utilization.  

 

F

The research topics of the F
research, are covering essential

Environmen
Nuclear Physics 

The scientific work is done in five insti

Institute fo
Institute fo
Institute for Safety R

FZR is member of "Wiss

 

FR 2 

F
in
enriched to 2% as 
Following 20 years of operation without considerable malfunctions the FR 2 was finally shutdown on 21  
Dec. 1981. The aim of the decommissioning measure - the safe inclusion of the reactor unit - and the 
disassembly of all residual systems was reached in November 1996.  

 

FRG-1 

Forschungsreaktor Geesthacht, research reactor of the →GKSS Research Centre Geesthacht; pool reactor 
with a thermal output of 5 MW. Commissioning on 23rd Oct. 1958.  

 

FRH 

Forschungsreaktor Hannover, research reactor of the TRIGA-Mark 1 type of the Medical University in 
Hanover with a thermal output of 250 kW. Commissioning on 31st Jan. 1973. Shutdown to prepare 
decommissioning in January 1997.  

 

FRJ-2 

R
therm

 

F

Forschu
Oct. 195

 

F

The new hig
Reactor 
August 2004. Based on its sophisticated technical concept, the FRM-II will achieve a useable neutron flux 50 
times higher at a reactor power (20 MW) five times higher than that of
m
b



 

FRMZ 

Forschungsreaktor Mainz, TRIGA-MARK II research reactor of the Institut für Kernchemie (Institute for 
Nuclear Chemistry) of the university of Mayence with a thermal output of 100 kW. Commissioning on 3rd Aug. 
1965.  

 

FS 

Fachverband für Strahlenschutz e. V., Association of German and Swiss radiation protection experts. 
Address of the secretariat: Fachverband für Strahlenschutz e. V., Postfach 66 02 20, 10267 Berlin, Tel.: +49 
(0) 3303 / 2103 26, Fax : +49 (0) 3303 / 2103 27, e-mail: FS-sek@web.de, internet: www.fs-ev.de 

 

Fuel 

→nuclear fuel 
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uel comparison 

plete combustion or fission, approx. 8 kWh of heat can be generated from 1 kg of coal, approx. 

he illustration 
shows how much coal, oil or natural uranium is require for a certain quantity of electricity. Thus, 1 kg natural 
uranium - following a corresponding enrichment and used for power generation in light water reactors - 
corresponds to ne ration of 45 000 
Wh of electricity.  

F

With a com
12 kWh from 1 kg of mineral oil and around 24 000 000 kWh from 1 kg or uranium-235. Related to one 
kilogram, uranium-235 contains two to three million times the energy equivalent of oil or coal. T

d 

arly 10 000 kg of mineral oil or 14 000 kg of coal and enables the gene
k

 
Comparison of the input volumes of various primary energy carriers 
for the generation of a certain quantity of electricity 

nuclear fuel cycle  

o which the nuclear fuel is inserted in the reactor. A fuel element 
f a pressurized water reactor contains about 530 kg, that of a boiling water reactor about 190 kg of uranium. 

ssurized water reactor of the Emsland nuclear power plant uses 193 fuel elements and the Krümmel 
 water reactor 840. 

uel element, irradiated 

 

Fuel cycle 

→

 

Fuel element 

Arrangement of a number of →fuel rods int
o
The pre
boiling

 

F

→fuel element, spent  



 

Fuel element, spent 

Fuel element after its use in the reactor; also called irradiated fuel element.  

 

Fuel reprocessing 

The chemical treatment of nuclear fuel after its use in a reactor to remove the fission products and to recover 
the unused uranium and the new fissile material plutonium generated during the fission. →reprocessing  
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uel rod 

etrical form in which nuclear fuel surrounded by cladding material is inserted into a reactor. Several 
 fuel element. In the Krümmel Nuclear Power Plant with a boiling water 
ent, in the pressurized water reactor of the Emsland Nuclear Power 

lant a fuel element contains 300 fuel rods.  

F

Geom
fuel rods are normally compiled into a
reactor, 72 fuel rods form a fuel elem
P

 
Fuel rod 
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uel, ceramic 

erature resistant nuclear fuel in ceramic form, e.g. oxides, carbides, nitrides.  

s from lighter nuclei releasing energy - the binding energy. Possible fusion 
actions:  

4 + 17.58 MeV,  
 + 3.27 MeV,  

Li + n → He + T + 4.78 MeV.  

F

High-temp

 

Fusion 

Formation of a heavy nucleu
re

D + T → He + n 
D + D → 3He + n
D + D → T + p + 4.03 MeV,  
D + 3He → 4He + p + 18.35 MeV,  
p + 11B → 3 4He + 8.7 MeV.  

The deuterium-tritium reaction is the easiest to realize among all possible fusion reactions. Deuterium is 
available in sufficient quantity in the oceans of the world; tritium can be "bred" from the lithium element - 
which is also available in abundance - by means of the neutrons generated during the fusion process.  

Breeding reactors for the generation of tritium from lithium: 
7Li + n → 4He + T + n - 2.47 MeV,  
6 4

 
Fusion principle 

During fusion, two atomic nuclei - e.g. nuclei of the hydrogen isotopes deuterium and tritium - must be 
brought so close together that they fuse in spite of the repellent electric power of their positive nucleus 
charges. Two nuclei must fly against each other with high speed to overcome their mutual repulsion. The 
required speeds of the particles are achieved at high temperatures of about 100 million degrees. The atoms 
of a gas subsequently disintegrate into electrons and nuclei and the gas is ionized. A completely ionized gas 
is called plasma. Plasma is electrically conductive and its motion can therefore be influenced by electric and 
magnetic fields. Advantage is taken of this fact in fusion facilities where the hot plasma is enclosed by a 
magnetic field cage. In a magnetic field, the Lorentz force acts on the charge carriers. As a result of this 
force, the charge carriers perform a spiral movement along the magnetic field lines. Ideally, a contact with 
the container wall and thus heat transport to the wall can be prevented. As arrangements to magnetically 
enclose the plasmas within a ring the systems of the type →Tokamak and →stellarator are usual. →JET, 
→ITER. The main resear  procedure allowing a controlled 
fusion reaction in the form energy. During the fusion of 

ch target in plasma physics is to find a suitable
 of a chain reaction that enables use of the released 
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euterium and tritium to form 1 kg helium, an energy of about 120 million kWh is released corresponding to a 
 of 12 million kilograms of coal.  

d
gross calorific value

 
Fusion experimental facilities and the plasma conditions reached by them 
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tum of short-wave electromagnetic radiation.  

a radiation 

ort-wave electromagnetic radiation emitted from the nucleus of an atom. Gamma 
diation energies usually range between 0.01 and 10 MeV. X-rays also occur within this energy range; they 

ate, however, not from the nucleus, but are generated by electron transfers in the electron sheath or by 
n deceleration in matter (bremsstrahlung). In general, alpha and beta decays and always the fission 

crease in the number of charge carriers caused by impact ionization in a proportional and Geiger-Müller 
ounter.  

G 
 

Gamma quantum 

Energy quan

 

Gamm

Highly-energetic, sh
ra
origin
electro
process are accompanied by gamma radiation. Gamma rays are extremely penetrative and may best be 
weakened by material of high density (lead) and high atomic number.  

 

Gas amplification 

In
c

 

Gas centrifuge process 

Process to separate isotopes in which heavy atoms are split from the lighter atoms by centrifugal forces. The 
→separation factor depends on the mass difference of the isotopes to be separated. The process is suitable 
for the separation of uranium isotopes, the achievable separation factor amounts to 1.25. A uranium 
enrichment plant applying this process is operated in Gronau/Wesphalia.  

 
enrichment Principle of a gas centrifuge process for uranium 

 

Gas-cooled reactor 
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A pro usly replaced by new gas. Thus, the ingress of air 
is avoide

 

Geiger 

→ eige

 

Geiger-M

Radiatio  discharge takes 
place whe measure for the 
radiatio

 

Geomet

T  fr ifies a system containing fissile material in which no 
elf-perpetuating chain reaction may take place due to its geometric arrangement.  

tron DESY (Deutsches Elektronen-Synchrotron) in Hamburg is a centre for 
search into the structure of matter. DESY offers a powerful high-energy accelerator, the hadron electron 

ng facility HERA (Hadron-Elektron-Ring-Anlage) The underground HERA tunnel has a circumference of 
metres and accommodates two superimposed storage rings. At two points, the particles accelerated to 

h
lektron-Tandem-Ring-Anlage) as intense synchrotron radiation sources for a broad 

pectrum of tests with electromagnetic radiation. The experiments are co-ordinated, prepared and carried 
synchrotron radiation laboratory in Hamburg HASYLAB (Hamburger Synchrotronstrahlungslabor). 

international co-operation, DESY is planning the future project TESLA, a 33 kilometre long 
35 nations are involved in the DESY 

ents.  

Nuclear reactor cooled with gas (helium, carbon dioxide).  

 

Gaseous diffusion process 

→diffusion separation process  

 

G  flowas  counter 

→ portional counter with its flowing filling gas continuo
d or ingressed air expelled.  

counter 

G r-Müller counter  

üller counter 

n detection and measuring device. It consists of a gas-filled tube in which an electric
s are counted and signify a n it is penetrated by ionizing radiation. The discharge

n intensity.  

rically safe 

erm om reactor engineering; geometrically safe sign
s

 

German electron synchrotron 

The German electron synchro
re
ri
6336 
high energies are directed towards each other. During these collisions, new particles are generated allowing 
statements on the structure of matter. DESY uses the double ring storage DORIS and t e accelerator 
PETRA (Positron-E
s
out by the 
With 
supraconducting electron-positron linear collider. 3400 scientists from 
experim

 

GeV 

Gigaelectron volt; 1 GeV = 1 billion eV; →electron volt.  

 

GKN-1 

Gemeinschaftskernkraftwerk in Neckarwestheim/Neckar, unit 1, pressurized water reactor with an electric 
gross output of 840 MW (including 157 MW for railway current), nuclear commissioning on 26th May 1976.  

 

GKN-2 

Gemeinschaftskernkraftwerk in Neckarwestheim/Neckar, unit 2, pressurized water reactor with an electric 
gross output of 1365 MW, nuclear commissioning on 29th Dec. 1988.  
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search are the three 
ain focal points of research of the GKSS-Forschungszentrums Geesthacht GmbH. In the field of material 

rch, the GKSS Research Centre concentrates mainly on new high-temperature materials based on 
etal compounds and materials and components of marine technology. An important aid to analysis is 

esthacht (FRG 1). The separation and environmental technologies work with 
rocesses to separate harmful or valuable substances from liquid or gaseous mixtures using membranes. 
he work in the field of membrane technology ranges from modelling and development of new polymer 

ufacture and testing of membrane foils, the fabrication of membrane modules to the 

h, the 
stuaries, the mud-flats, the bodden coast and the Baltic Sea.  

phosphate glass dosimeter  

stances, e.g. 
tritium or plutonium, can be handled without danger by means of gloves reaching into the box.  

GKSS Research Centre Geesthacht 

Material research, separation and environmental technologies and environmental re
m
resea
interm
the research reactor Ge
p
T
materials, including man
construction of pilot plants in co-operation with industry. Environmental research is of particular interest for 
investigating ecological and climatic developments and thus contributes to the determination of specific 
precautionary measures. The geographical emphasis is here on the German coastal region in the nort
e

 

Glass dosimeter 

→

 

Glove Box 

Gas-tight box mostly made of transparent synthetic material in which certain radioactive sub

 
ng of gaseous tritium in a row of glove boxes 

n location, an interim storage facility for 
pent fuel elements and a storage facility for low active waste from nuclear power plants are operated. A 

ditioning plant for the preparation and packaging of spent fuel elements for direct ultimate waste disposal 
epository of the Federal Government for radioactive waste, including high active 

ray 

Laboratory for the handli

 

Gonad dose 

Radiation dose at the gonads (testicles and ovaries).  

 

Gorleben 

Location of several nuclear facilities in Lower Saxony. At the Gorlebe
s
con
is largely complete. For the r
heat-generating waste - glass canisters with waste from reprocessing, conditioned irradiated fuel elements 
for direct ultimate waste disposal - underground reconnaissance for the suitability of the salt dome has been 
carried out. This reconnaissance has currently been suspended by the Federal Government.  

 

G
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in memory of Louis Harold Gray (1905 to 1965) who contributed to the fundamental findings in 
radiation dosimetry.  

 

Ground radiation 

→terrestrial radiation, also gamma radiation emitted by radioactive deposits on the ground due to disposal 
with the exhaust air from nuclear facilities.  

 

GRS 

→Company for Industrial Plants and Nuclear Safety.  

 

GSF Research Centre for Health and the Environment 

The aim of the research work at the GSF in Neuherberg near Munich is protection of human beings and their 
environment against harmful influences as well as the improvement of health care based on findings in 
natural science and technology. The research programme comprises the three points of emphasis: research 
into effects, the environment and health. The research into effects is designed to explain mechanisms on 
which the harmful effect of chemicals and rays are based. The main emphasis is placed on work in molecular 
biology and cellular biology. In toxicology, the aim is to establish bases for limit values to be determined in 
writing by legislation. A further area of research into effects involves recording genetic damage caused by 
ionizing rays and chemicals. In the field of environmental research, the recording and evaluation of harmful 
substances contaminating the overall material cycle of the ecological system is particularly stressed. The 
scientific activities in health research range from clinical-experimental fundamental research to research 
relating to the whole health system.  

 

GSI 

→Society for Heavy Ions Research  

 

GW 

Gigawatt, one billion times the power unit of watt; 1 GW = 1 000 MW = 1 000 000 kW = 1 000 000 000 W.  

 

Gwe 

Gigawatt electric; 1 GWe = 1 000 MWe = 1 000 000 kWe.  

 

Gy 

Symbol for the absobed dose unit →gray. 

Name for the unit of absobed dose, symbol: Gy. 1 Gray = 1 joule divided by kilogram. The name has been 
chosen 
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m 

ctive in the thermal and epithermal neutron energy range. 
afnium is preferably used as a heterogeneous neutron poison to avoid criticality incidents; high radiation 
nd corrosion resistance.  

he Hahn-Meitner-Institut (HMI) GmbH in Berlin concentrates on the scientific issues „Structure and 
ed matter“ and „Solar energy research“. The HMI operates the research reactor BER II 

elop efficient, cheap, stable and ecologically safe solar cells.  

e variations 

H
 

Hafniu

Metal; neutron absorber which is mainly effe
H
a

 

Hahn-Meitner Institute 

T
dynamics of condens
(Berliner Experimentier-Reaktor II) for structural research. About two thirds of the experimental facilities are 
used by guest groups. The subjects include atomic and magnetic structures of solid bodies, inner dynamics 
and phase conversion in condensed matter as well as thermomechanic stress of materials. Neutron 
activation methods used for issues of trace element analysis supplement the work at the research reactor. In 
solar energy research, particular emphasis is placed on the development of pattern solar cells with new 
photovoltaic materials. In addition, the fundamental atomic-structural and electronic properties of 
photovoltaic materials, special thin-film systems and tiny cluster particles form part of the research subjects. 
The target is to dev

 

Half-life 

The period during which half of the nuclei decay in a quantity of radionuclides. There are extrem
in the half-lives of the various radionuclides, e.g. from 7.2·1024 years for tellurium-128 down to 2·10-16 
seconds for beryllium-8. The following relations exist between the half-life T, the →decay constant λ and the 
average →lifetime:  

T = λ-1 · ln2 ≈ 0.693 / λ 
λ = T-1 · ln2 ≈ 0.693 / T 
τ = λ-1 ≈ 1.44 T 

 
Decay curve of tritium (H-3), Half-life 12.3 years 
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eing or animal, naturally excretes half of 
e ab

biologi
• 
• 
• 
• 

 

The p
of rad

Half-life, biological 

The period during which a biological system, for instance a human b
th sorbed quantity of a certain substance from the body or a specific organ. For adults the following 

cal half-lives apply:  
Tritium (whole body):  10 days,  
Caesium (whole body):  110 days,  
Iodine (thyroid gland):  80 days,  
Plutonium:  20 years (liver), 50 years (skeleton).  

Half-life, effective 

eriod during which the quantity of a radionuclide in a biological system is reduced by half by interaction 
ioactive decay and excretion due to biological processes.  

biolphys
eff T  T

  T
+

=  biolphys T  T ⋅

 

Tbiol: biological half-life 

 

e physical, biological and resulting determined effective half-life of some radionuclides 

Tphys: physical half-life 

The table indicates th
for adults.  

 

Nuclide Physical half-life Biological half-life Effective half-life 

Tritium 12.3 a 10 d 10 d 

Iodine-131 8 d 80 d 7.2 d 

Caesium-134 2.1 a 110 d 96 d 

Caesium-137 30.2 a 110 d 109 d 

Plutonium-239 24100 a 50 a 49.9 a 

Half-lives for some radionuclides 

 

Half-value thickness 

ess of a material reducing the intensity of radiation by absoLayer thickn rption and scattering by half.  

Geiger-Müller counter in which a few percent of a halogen, Cl2 or Br2, have been added to the argon or 
eon counting gas, to achieve self-quenching of the gas discharge.  

dling of radioactive substances comprises: obtaining, production, storage, treatment, processing, other 
pplication and elimination of radioactive substances in the sense of the Atomic Energy Act, and the 

of irradiation facilities. Handling also involves prospecting, mining and conditioning of radioactive 
sources in the sense of the Federal Mining Act.  

 

Halogen-quench Geiger tube 

→
n

 

Handling of radioactive substances 

Han
a
operation 
mineral re

 

Harrisburg 
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he Three Mile Island Nuclear Power Plant with two pressurized water reactors is located near Harrisburg, 
ylvania, USA. On 28th March 1979, a serious accident with partial core meltdown occurred in unit 2. 
sion products were almost completely retained in the reactor pressure vessel and in the containment. 

Hig

 

HD

he head-end comprises all 
process stages of mechanical sectioning of fuel elements up to chemical dissolution of the spent fuel in order 
to prepare extraction. The individual steps are: the fuel elements are fed into a sectioning machine which 
cuts the fuel element bundles, or the individual fuel rods after singularization into approx. 5 cm long pieces. 
To dissolve the  irradiated fuel, the fuel rod pieces fall into a dissolution device where uranium, plutonium 
and fission products are dissolved in concentrated nitric acid. Once the dissolution process is finished, the 
fuel solution is purified of solid particles by filtering or centrifuging and passed to a buffer container for 
assessment of the uranium and plutonium content. Zircaloy, the cladding material of the fuel rods resistant to 
nitric acid remains in the dissolution device. →tail-end 

 

Heavy hydrogen 

→deuterium 

 

Heavy water 

Deuterium oxide, D2O; water containing two deuterium atoms instead of the two light hydrogen atoms. 
Natural water contains one deuterium atom per 6500 molecules H2O. D2O has a low neutron absorption 
cross-section. It is therefore applicable as a moderator in natural-uranium-fuelled reactors.  

 

Heavy-water reactor 

Reactor cooled and/or moderated with heavy water (D2O). Example: →CANDU reactors; D2O pressurized 
water reactor Atucha, Argentina.  

 

HEPA filter  

High-efficiency particu spended matter filter of special 
class S, frequently cal

ation of National Research Centres  

T
Penns
The fis
Since the retention function of the containment functioned as designed, only xenon-133 and very small 
proportions of I-131 were released into the environment, resulting in a calculatory maximum dose of 
0.85 mSv.  

 

HAW 

h Active Waste  

R 

Heißdampfreaktor (superheated steam reactor) Großwelzheim/Main, boiling water reactor with integrated 
nuclear superheating with an electric gross output of 25 MW, nuclear commissioning on 14th Oct. 1969. Shut 
down since April 1971. The plant was used for many years following the shutdown for research projects 
relating to reactor safety. The dismantling of the plant has been completed and the „green meadow“ 
condition restored.  

 

Head-end 

Term from reprocessing technology; the first process step of reprocessing. T

late air filter to separate dry aerosols; in Germany su
led „absolute membrane filter“. 

 

Hermann von Helmholtz Associ

The „Hermann von Helmholtz-Gemeinschaft Deutscher Forschungszentren“ (HGF) is the umbrella 
organization of 15 German large-scale research centres. As a scientific organisation, the HGF promotes the 
exchange of experience and information between its members as well as the co-ordination of research and 
development work, assumes tasks of common concern and represents the interests of the HGF to the 
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e 
eld of energy research and energy engineering, fundamental physical research, transport and traffic 
ystems, aviation and space travel research, marine technology and geosciences, environmental protection 

, biology and medicine as well as polar research. The Helmholtz centres receive 90 percent of 
ective host Federal State. The centres 

4 000 persons are employed in the 15 
entres. These are:  

I, Alfred-Wegener Institute for Polar and Marine Research (Bremerhaven),  
  

rg),  
- DLR, German Aerospace Research Centre (Cologne),  

search Centre Jülich,  

- GSF, Research Centre for Health and the Environment (Neuherberg near Munich)  
GSI, Society for Heavy Ions Research ( Darmstadt),  

- IPP, Max-Planck Institute for Plasma Physics (Garching),  
MDC, Max-Delbrück Centre for Molecular Medicine (Berlin-Buch),  
UFZ, Environment Research Centre (Leipzig).  

eterogeneous reactor 

r reactor in which the fuel is separated from the moderator. Opposite: →homogenous reactor. Most 
rogeneous.  

igh-temperature reactor 

emperature Reactor (HTR) has been developed in Germany as a →pebble bed reactor. The 

n products. The reactor is fed continuously with the fuel element during power 
peration. Helium as a noble gas is used to cool the reactor core. Depending on the application purpose, the 

ugh the pebble bed is heated to 700 to 950 °C. All components of the primary helium 
n a reactor pressure vessel designed as a prestressed concrete vessel for a power of 

mperatures for chemical 
processes, in particular coal gasification. T l Nuclear Reactor in Jülich was the first 
German HTR in operation between 1966 a c he technology of the pebble bed reactor 
nd its suitability for power plant operation. Long-term operation at a helium temperature of 950 °C proved 

outside world. The Helmholtz centres are engaged in research and development in natural science, 
technology and biological medicine. They contribute considerably to the state-subsidized programmes in th
fi
s
and health
their funds from the Federal Government and 10 percent from the resp
have a total budget of about Euro 2 billion at their disposal. About 2
c

- AW
- DESY, German Electron-Synchrotron (Hamburg),
- DKFZ, German Cancer Research Centre (Heidelbe

- FZJ, Re
- FZK, Research Centre Karlsruhe,  
- GBF, Biotechnology Research Society (Brunswick),  
- GFZ, Geographical Science Research Centre (Potsdam),  
- GKSS, Research Centre Geesthacht,  

- 
- HMI, Hahn-Meitner Institute (Berlin),  

- 
- 

 

H

Nuclea
reactors are hete

 

HFR 

High-Flux Reactor; research reactor in ILL in Grenoble. Maximum neutron flux density: 1.5·1015 neutrons/cm2 
s, power: 57 MW.  

 

HGF 

→Hermann von Helmholtz Association of National Research Centres.  

 

H

The High-T
pebble bed core consists of spherical fuel elements surrounded by a cylindrical graphite vessel used as a 
neutron reflector. The fuel elements with a diameter of 60 mm are made of graphite in which the fuel is 
embedded in the form of many small coated particles. The pyrocarbon and silicon carbide coating of the fuel 
particles retains the fissio
o
helium flowing thro
circuit are enclosed i
more than 200 MW. The high-temperature reactor is a universally usable energy source providing heat at 
high temperatures up to 950 °C for the electricity and overall heat market. A further target of HTR 
development is direct use of the heat generated by nuclear reaction at high te

he AVR Experimenta
nd 1988. It onfirmed t

a
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m-
entrop was the second German project in power operation between 1985 and 1988.  

 term used in nuclear technology for „highly active“. 

the suitability of the HTR as a process heat reactor. The THTR 300 Prototype Nuclear Power Plant in Ham
U

 

HMI 

→Hahn-Meitner Institute  

 

Homogeneous reactor 

Reactor in which the fuel is a mixture with the moderator or coolant. Liquid homogenous reactor: e.g. 
uranium sulphate in water; solid homogeneous reactor: e.g. mixture of uranium (UO2) in polyethylene.  

 

Hot 

A

 

Hot cell 

Highly shielded tight casing in which highly radioactive substances can be remotely handled by manipulators 
observing the processes through lead-glass windows so that there is no hazard to personnel.  

 
Hot cells, operator side with manipulators for remote-controlled work 

 

Hot laboratory 

Laboratory designed for the safe handling of highly radioactive substances. It generally contains several hot 
cells.  

 

Hot workshop 

air of radioactively contaminated components from controlled areas. Conventional Workshop for the rep
equipment, however, working areas graduated according to radiation protection aspects in compliance with 
the allocation of radiation protection zones.  
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ydrogen bomb 

pon using the energy release of nuclear fusion reactions. Probably, the reactions 6Li (n,α) 3H + 

ired on the Bikini Atoll on 1st March 1954.  

ogen sulphide process 

at high temperature 
leases part of the deuterium at low temperature to the water. In the countercurrent process between a hot 

nd a cold column, deuterium enrichment results between the columns.  

 

HTR 

→high-temperature reactor  

 

H

Nuclear wea
4.8 MeV and 3H (d,n) 4He + 17.6 MeV are involved. An atomic bomb is used to fire the hydrogen bomb, i.e. 
to reach the temperature required for fusion. The explosion force achievable far surpasses that of atomic 
bombs, the destruction equivalent is that of several megatonnes trinitrotoluene, a chemical explosive. The 
first hydrogen bomb was f

 

Hydr

Process to obtain heavy water utilizing the negative temperature dependence of the equilibrium constants of 
the reaction H2S + HDO ⇔ HDS + H2O. The hydrogen sulphide enriched with deuterium 
re
a

 

Hyperons 

Group of short-lived elementary particles, the mass of which is greater than that of a neutron. →elementary 
particle 
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EA 

ic Energy Agency, Vienna.  

RP 

ernational Commission on Radiological Protection  

RP Publication 60 

ternational Commission on Radiological Protection published its initially general recommendation for 
cal protection in 1928. Further recommendations adapted to the latest information followed in 1959 

to take account of new biological findings and development for the specification of safety standards,  

improve the representation of the recommendations,  

nal level by explaining the essential principles on which adequate radiation protection 
an be based. Due to the different situations in the various countries, the commission did not intend to 

w. The authorities are to develop their own structures for legislation, ordinances, permits and 
dition the ICRP hopes that the report will assist operators with responsibility in 

are required to decide about the 
pplication of ionizing radiation themselves. The essential contents of this ICRP recommendation had been 
dopted in the →Euratom basic standards recommendation on radiological protection passed in May 1996 

e adopted in the coming amendment of the German Radiological Protection Ordinance.  

ternational Commission on Radiological Units and Measurements 

nergie  

ffects of air pollution, noise and vibration on human beings, animals and vegetation.  

tion or activity cannot be continued for safety 
asons. A plant must be designed taking account of the incident or provide safety precautions against the 

 

I 
 

IA

International Atom

 

IC

→Int

 

IC

The In
radiologi
and 1966. Since 1977, when the ICRP published its fundamental recommendations as ICRP Publication 26, 
the ICRP has checked these recommendations annually and published supplementary comments from time 
to time in the annals of the ICRP. The development in recent years required publication of a completely new 
version of the recommendations in the form of ICRP Publication 60 of 1991. The ICRP therefore pursues the 
following targets:  

- 

- to 

- to maintain consistency in the recommendations, as far as compatible with new findings.  

The ICRP intends the ICRP Publication 60 to be an aid for legislators, authorities and consultants on a 
national and internatio
c
submit a draft la
binding regulations. In ad
radiological protection, and also for individual persons, e.g. radiologists who 
a
a
and will b

 

ICRU 

In

 

IK 

→Informationskreis Kerne

 

ILL 

Institut Max von Laue - Paul Langevin, Grenoble.  

 

Imission 

E

 

Incident 

Sequence of events, on occurrence of which plant opera
re
incident.  
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portance with respect to safety.  

Level S: This level comprises such events which must be reported immediately to the damage 
ficials so that they can initiate examinations at short notice or cause measures to be 

lity and operation of the plant).  

Level V: This level comprises all events in a nuclear power plant prior to the loading with nuclear fuel 
he damage inspection officials must be notified with regard to subsequent safe operation 

r important events in nuclear installations which is also applied in Germany in addition to the 
forementioned reporting levels.  

he nuclear licensing of nuclear facilities commits the operator to take precautions against incidents and 
rotective measures. Together with the governmental disaster control plan, the incident precautions 

uce the effects of incidents and accidents on the environment.  

is 

ionuclides released during the incident. The possible conclusions on the 
uality of the examined technical system based on the incident sequence analysis generally result in 
easures designed to increase system safety and reliability.  

ssive fire protection 
mea r

Incident/accident levels 

The notifiable events in nuclear facilities in Germany are classified on different levels in accordance with 
→AtSMV corresponding to their im

- 
inspection of
taken. These events also include those presenting acute safety-related defects.  

- Level E: This level comprises such events in which - although they do not require immediate 
measures to be taken by the damage inspection officials - the cause must be clarified and remedied in 
adequate time. These include for example events that are potentially significant - but not immediately 
so - from the point of view of safety.  

- Level N: This level comprises events of general relevance to safety about which the damage 
inspection officials must be notified. These generally include events beyond routine operational events 
which are important regarding safety criteria (assurance of optimally incident-free and environmentally 
compatible operation of the plant; sufficiently reliable avoidance of incidents by adequate design, 
qua

- 
about which t
of the plant.  

The International Atomic Energy Organisation has prepared an International Nuclear Event Scale (→INES) 
fo
a

 

Incident precautions 

T
p
comprise all measures to red

 

Incident probability analysis 

Methodical analysis to examine the possibility and probability of the occurrence of incidents and accidents 
based on event and fault trees.  

 

Incident sequence analys

Methodical examination of the sequence of an incident. The incident sequence analysis is used to determine 
physical, chemical and technical processes during the course of an incident as well as to establish its effect 
regarding type and quantity of rad
q
m

 

Incorporation 

General: intake in the body. Specific: intake of radioactive substances into the human body.  

 

Indicator 

Element or compound made radioactive for easy tracing in biological, chemical and industrial processes. The 
radiation emitted by the radionuclide subsequently shows its position and distribution.  

 

Inert gas 

Non-flammable gas, e.g. CO2, nitrogen, noble gases. Inert gas is used in manufacturing facilities with 
flammable substances for inerting unmanned process rooms as an active and pa

su e.  
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INE

Inte at ent Scale; a scale with seve osed by the IAEO to evaluate the events 
occurrin  according t rm criteria, in particular with regard to the 
asp  population. The upper clude accidents, the lower levels (1 to 3) 
anomali . Notifiable events of n r radiological significance according to the 
inte t ted as „belo 0“. The events are evaluated according to 
thre ov   

„Radiological effects outside the installation“, 

„Radiological effects inside the installation“ and 

„Impairment of safeguards“. 

The first aspect comprises events which lead to release of radioactive substances into the environment of 
the installation. The highest level corresponds to a catastrophic accident in which health and environmental 
consequences over a wide area are to be expected. The lowest level of this aspect - Level 3 - corresponds 
to a very low level of radioactivity release resulting in radiation exposure that amounts to about one tenth of 
natural radiation for the most severely affected persons outside the installation. The second aspect 
comprises Levels 2 to 5 and concerns the radiological effects inside the installation, i.e. ranging from serious 
damage at the reactor core to greater contaminations within the installation and impermissible high radiation 
exposure of the staff. The third aspect - assigned to Levels 0 to 3 - comprises events in which safeguards 
designed to prevent the release of radioactive substances have been impaired.  

S 

rn ional Nuclear Ev n levels prop
g in nuclear installations o international unifo

ect of hazards to the  levels (4 to 7) in
es and incidents o safety-related o

rna ional scale are designa w the scale“ or „Level 
e erriding aspects:

 
INES scale to classify events in nuclear installations 

 

Informationskreis KernEnergie 

Founded in 1975 by operators and manufacturers of nuclear power plants, the organization is made up of 
representatives from different institutions and bodies, including scientists from independent institutions for 
environmental and safety research, in addition to representatives of electric utilities. The Informationskreis 
KernEnergie (IK) objectifies the discussion about the peaceful use of nuclear energy by providing facts and 
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cates prospects of a reliable energy supply, holds continuous discussions with the general public and 
otes public acceptance. Address: Informationskreis KernEnergie, Robert-Koch-Platz 4, 10115 Berlin.  

tion 

tech  is called inhe tions safely by its own means, i.e. without auxiliary 
nd active s. For example, a cooling-water system provides inherently 

 is removed via at exchangers with gravity circulation of the cooling 
n), since gravity is always available.  

INIS 

International Nuclear Information System of IAEO  

 

In-pile 

Term to denote experiments or devices within a reactor.  

 

Intake 

→activity intake 

 

Integrity under aircraft crash 

Nuclear facilities such as nuclear power plants must be constructed safe for aircraft crashes pursuant to the 
valid safety regulations. Examinations have showed that the risk to the facilities depends on fast flying 
military aircraft. To ensure that the aircraft does not penetrate walls and ceilings, wall thicknesses of about 
1.5 m reinforced concrete are required. The calculations are based on the crash of a Phantom RF-4E. It has 
been checked that this wall thickness is also sufficient for Jumbo jet crashes involving for example a 
Boeing 747 where even less thick walls would be sufficient due to the lower crash speed and the larger 
impact surface. The safety precautions also consider the consequences of an aircraft crash such as fuel fire 
and fuel explosion or missile effects.  

 

Interaction 

Influence of a physical body on another body or the coupling between a field and its source. Interactions can 
be of the most diverse types, e.g. gravitational interaction, electromagnetic interaction, weak interaction, 
strong interaction.  

 

Interaction, strong 

It results in the binding forces of the nucleons in the atomic nucleus. In addition to the electromagnetic and 
the weak interaction, it is the third known interaction between elementary particles. The strong interaction 
behaves towards the electromagnetic, the weak and the gravitational interaction as 

1 : 10-3 : 10-15 : 10-40. 

 

Interaction, weak 

indi
prom

 

Inges

Intake of - radioactive - substances through food and drinking water.  

 

Inhalation 

Intake of - radioactive - substances with breathed in air.  

 

In ntly safe here

A nical system rently safe if it func
media, auxiliary energy a  component
safe cooling if heat  sufficiently large he
water (natural convectio
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action between elementary particles where the parity is not maintained, e.g. beta decay.  

 storage facilities for fuel elements 

r in so-called Castor® containers which meet all safety functions 
uch as radiation shield, retention of radioactive substances, mechanical integrity even in the event of 

s and aircraft crashes. These containers are stored in conventional warehouses. The containers 
 during interim storage by the natural convection of air. Interim storage facilities for spent fuel 

 3960 t spent 
nuclear fuel and in Gorleben (Lower Saxony) with a capacity of 3800 t. A further modified interim storage 
facility has been established in Lubmin (Mecklenburg-Western Pommerania), in particular for the storage of 
dismantled reactor unit components from the former Greifswald Nuclear Power Plant. Further interim storage 
facilities are to be built at the sites of the nuclear power plants.  

 

Interim storage of spent fuel elements 

In accordance with the disposal concept for nuclear power plants, waste from nuclear facilities is to be safely 
enclosed in repositories with no time limitation. These repositories are not yet available today. Until then the 
spent fuel elements are either transported to the two central interim storage facilities at Ahaus (North-Rhine 
Westphalia) and Gorleben (Lower Saxony) or to reprocessing plants abroad. To minimize these transports, 
the Federal Government requests the additional possibility to place spent fuel elements in interim storage 
facilities at the power plant site. For this purpose, site interim storage facilities are to be erected which can 
hold the fuel elements until their ultimate disposal in repositories in 30 to 40 years. The operators of nuclear 
power plants have filed licensing applications with the Federal Office for Radiation Protection for the erection 
of site interim storage facilities. For interim storage the fuel elements are packaged in special 
transport/storage containers (→Castor® containers) which are used both for the transport from the nuclear 
power plant to the interim storage facility and as a storage container. The 40 cm thick wall shields the 
radiation off, cooling fins at the outside of the container ensure safe heat dissipation of the heat generated by 
the decay of the fission products to the ambient air.  

 

Intermediate load power plant 

Power plant for electricity supply which, due to its operational and economic propertie , is used to cover the 
intermediate load. Interme →load range 

al Commission on Radiological Protection 

Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 
nd the United Nations Environment Programme (UNEP) as well as the Commission of the European 

unities, the Nuclear Energy Agency of the Organisation for Economic Co-operation and Development 
ndard Organisation (ISO), the International Electrotechnical Commission (IEC) 

physics, biology, genetics, 
iochemistry and biophysics.  

se-related values for which, 
hen exceeded, intervention in the normal operating or irradiation sequence is considered necessary.  

Inter

 

Interim

Storage buildings for the temporary storage of spent fuel elements for the period between removal from the 
nuclear power plant and reprocessing or direct ultimate waste disposal. The elements are stored in specially 
designed cast-iron containers, in particula
s
earthquake
are cooled
elements in Germany are located in Ahaus (North Rhine-Westphalia) with a storage capacity of

s
. diate load power plants are coal- and gas-fired power plants

 

Internation

The „International Commission on Radiological Protection“, was founded under the name „International X-ray 
and Radium Protection Committee“ upon the resolution of the 2nd International Congress for Radiology in 
1928. In 1950 the commission was restructured and renamed. It co-operates closely with the International 
Commission for Radiological units and measurements (ICRU) and has official links to the World Health 
Organisation (WHO), to the International Labour Organisation (ILO) and other corporations of the United 
Nations, including the United Nations 
a
Comm
(NEA), the International Sta
and the International Radiation Protection Association (IRPA). The International Commission on Radiological 
Protection consists of a chairman, twelve further members and a secretary. The members are voted based 
on nominations by the ICRP submitted by the national delegations of the International Congress for 
Radiology and by its own members. The ICRP members are selected on the basis of their recognized 
performances in medical radiology, radiation protection, physics, medical 
b

 

Intervention threshold 

Values of the body dose, activity intake, contamination or other activity or do
w



 

Intervention 
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peration in order to carry out maintenance work in plant sections with increased radiation. The intervention 
n with radiation protection personnel and monitored during the process.  

e off-gas containing iodine from 
uclear facilities passes adsorbers (silver nitrate impregnated silica gel carriers or molecular sieve zeolites), 

 convert the iodine to iodic silver adhering to the carrier material by chemisorption, thereby filtering the 
 out of the off-gas.  

n 

cally charged atomic or molecular particle which can be generated from a neutral atom or molecule by 

rme ion dose is coulomb 
e generated during the 

ner ss of 1 kg caused by 
nizin  roentgen (symbol: R) 
s a

hemical substances (insoluble, mostly high-molecular polyelctrolytes) with functional anchor groups, the 
ns of which can be exchanged for other ions. Application: separation of substance mixtures.  

evice for detection of ionizing radiation by measuring the electric current generated when radiation ionizes 
ber and therefore makes it electrically conductive.  

O
is prepared in consultatio

 

Iodine filter 

Following precleaning by gas washing and/or wet aerosol separators, th
n
which
iodine

 

Io

Electri
electron separation or caption, or by electrolytical dissociation of molecules in solutions.  

 

Ion dose 

Fo r measuring variable used in dosimetry for ionizing radiation. The unit of the 
divided by kilogram (C/kg). 1 coulomb divided by kilogram is equal to the ion dos
ge ation of ions of a preceding sign with an electric charge of 1 C in air with a ma
io g radiation of energy flux density constant in space. By the end of 1985 the unit
wa ccepted. 1 roentgen is equal to 258 µC/kg.  

 

Ion exchanger 

C
io

 

Ionization chamber 

D
the gas in the cham

 
Principle of an ionization chamber 
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nization 

r emission of electrons by atoms or molecules, which are thereby converted to ions. High 

nizing radiation 

iation which directly or indirectly ionizes, e.g. alpha, beta, gamma, neutron radiation.  

Max-Planck Institute for Plasma Physics 

ternational Radiation Protection Association; combination of national and regional radiation protection 
ompanies. Founded in 1966 to promote international contacts, co-operation and discussion of scientific and 

cal aspects in the fields of protection of people and environment against ionizing radiation. The IRPA 

eometric place for all points where the dose variable has the same value.  

ers, however with different energetic conditions; e.g. the 
arium nuclides Ba-137 and Ba-137m.  

S-36, Cl-37, Ar-38, K-39, Ca- 40. These nuclei 
ontain 20 neutrons each, but a different number of protons: sulphur 16, chlorine 17, argon 18, potassium 19 
nd calcium 20 protons.  

 same chemical element neon (symbol: Ne) and 
erefore both have 10 protons each. The nucleon number is different since Ne-20 has ten neutrons and 
e-22 twelve neutrons.  

rocess by which the relative frequency of an isotope in an element is increased. Example: enrichment of 
ranium at the uranium-235 isotope; →enriched uranium.  

Io

Absorption o
temperatures, electric discharges and energy-rich radiation may lead to ionization.  

 

Io

Any rad

 

IPP 

→

 

IRPA 

In
c
practi
has more than 16 000 members in 42 states. The German experts are represented by the German-Swiss 
Technical Association for Radiological Protection (→FS - Fachverband für Strahlenschutz).  

 

Isobars 

In nuclear physics, nuclei with the same number of nucleons. Example: N-17, 0-17, F-17. All three nuclei 
have 17 nucleons, the nitrogen nucleus (n) however 7, the oxygen nucleus (O) 8 and the fluorine nucleus (F) 
9 protons.  

 

Isodose curve 

G

 

Isomers 

Nuclides of the same neutron and proton numb
b

 

Isotones 

Nuclei of atoms with the same neutron number. Example: 
c
a

 

Isotope 

Atoms of the same atomic number (i.e. the same chemical element), however with a different nucleon 
number, e.g. Ne-20 and Ne-22. Both nuclei belong to the
th
N

 

Isotope enrichment 

P
u

 

Isotope exchange 
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rocesses leading to the alteration of isotope composition in a substance, e.g.: H2S + HDO → HDS + H2O 
l“ hydrogen, D = deuterium, „heavy“ hydrogen, S = sulphur). The equilibrium is influenced by the 
tive atomic masses.  

otope laboratory 

s where the spatial and instrumental equipment enables safe handling of open radioactive 
tories are classified in three types according 

 the activity which they are allowed to handle: A, B and C. In this context, measurement of activity is a 
ultiple of the free limit in accordance with the Radiological Protection Ordinance. Laboratory type C thus 

ponds to a handling quantity of up to 102 times, laboratory type B up to 105 times and laboratory type A 
5

 required. Details are contained in DIN 
5 425.  

otopic abundance 

 of a number of atoms of a certain isotope in an isotope mixture of an element and the number of all 

ntly predominates and the others are present 
nly in traces in this case, e.g. for oxygen: 99.759% O-16; 0.0374% O-17; 0.2039% O-18.  

he change in specific activity of 
e added radioactive substance.  

technically possible to simulate on earth the energy 
eneration of the sun and to obtain energy by nuclear fusion. ITER is intended to create long-term energy-
elivering plasma for the first time. The currently unique scientific co-operation was initiated in 1985. The 

 work commenced in spring 1988 with the Max-Planck Institute for Plasma Physics as the host 

 scientific and technical point of view to decide on 
onstruction of the plant. In 1998 the USA withdrew from the project. The remaining partners decided to 

e ITER draft with a view to cost saving. The cost-reduced draft was approved in January 2000. The 
 work based on the preliminary draft was completed in July 2001. Approximately ten years after the 

; its data are (as of 2002):  

- Total radius:  10.7 metres,  

P
(H = „norma
different rela

 

Is

Work room
substances. Pursuant to IAEO recommendations, isotope labora
to
m
corres
beyond 10  times the free limit. In type C laboratories, fume cupboards are to be installed when there is a 
risk of impermissible ambient air contamination. In general, exhaust air filtering is not required. In type B and 
A laboratories, provision is to be made for glove boxes or other working cells, in addition to fume cupboards, 
for the handling of open radioactive substances. Exhaust air filtering is
2

 

Isotope separation 

Process to separate individual isotopes from isotope mixtures; →electromagnetic isotope separation, 
→diffusion separation process, →nozzle separation process, →gas centrifuge process, →isotope exchange.  

 

Is

Quotient
atoms of this element.  

 

Isotopic abundance, natural 

Isotope frequency in a naturally occurring isotope mixture. In nature, elements for which several isotopes 
exist occur in an isotope mixture that - apart from a few specifically justified exceptions - is the same 
everywhere on earth. Several isotopes may occur in about the same ratio, e.g. Cu-63 with 69% and Cu-65 
with 31% in the case of copper. However, one isotope freque
o

 

Isotopic dilution analysis 

Method for the quantitative determination of a substance in a mixture by adding the same, but radioactive 
substance. The quantity of the test substance can be calculated based on t
th

 

ITER 

The major international fusion programmes - Europe, Japan, Russian Federation - co-operate in the ITER 
project for the planning of an International Thermonuclear Experimental Reactor (ITER). The ITER is 
intended to demonstrate that it is physically and 
g
d
planning
laboratory. About 240 persons from all over the world were involved in the detailed planning which begun in 
July 1992. In 1998, the final report was passed to the four ITER partners. Following the approval of the 
report, a sufficient planning base was available from a
c
review th
planning
construction licence ITER would be able to generate the first plasma. The ITER is planned to be build at 
Cadarache, France, as a fusion plant of the →Tokamak type
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- Height:  15 metres,  
Plasma radius:  6.2 metres,  
Plasma volume:  837 cubic metres,  

- Fusion output:  500 megawatts,  
- Medium temperature:  100 million degrees,  
- Burning period: > 400 seconds.  

- 
- 
- Magnetic field:  5.3 teslas,  
- Maximum plasma flow:  15 megaamperes,  
- Heating output: 73 megawatts,  
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uclear fusion using the JET. For a period of two seconds, the facility generated a fusion power of 1.8 
egawatt. In 1997 the JET generated a fusion energy of 14 megajoules at a record fusion power of 13 

atts with a fuel mixture consisting of equal parts of deuterium and tritium. An important measure of 

ssential JET data:  
Large plasma radius 2.96 metres,  
Small radii 1.25/2.10 metres,  

Plasma heating 50 megawatts,  
Plasma temperature 250 million °C. 

J 
 

JET 

Joint European Torus; large-scale experiment for controlled nuclear fusion; Culham, England. In 1991, it was 
possible for the first time in the history of fusion research to release considerable energy by controlled 
n
m
megaw
this success is also the ratio of fusion power output to heating input, which with 65 percent was more than 
twice the value achieved until that time.  

E
- 
- 
- Magnetic field 3.4 teslas,  
- Plasma flow 3-7 megaamperes,  
- 
- 
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clear power plant Brokdorf/Elbe, pressurized water reactor with an electric gross output of 1 440 MW, 
h Oct. 1986.  

K
 

KBR 

Nu
nuclear commissioning on 7t

 

K-capture 

Capture of an orbiting electron from the nuclear shell by an atomic nucleus. →electron capture 

 
K-capture, conversion of potassium-40 electron capture in argon-40 

 

KERMA 

Ki etic Energy Released per Unit Mass. Kerma is a dose variable. Kerma K is the quotient of dEn
whe
indi
this  reference material (i.e. the material dm). 

 

y the operators 

tran lified personnel and the required special auxiliary means are 

 

Kerosene 

Mixture of various hydrocarbon compounds, main component is dodecane; is used to dilute tributyl 
phosphate in the PUREX process for the reprocessing of nuclear fuel.  

 

tr and dm; 
reby dEtr is the sum of the starting values of kinetic energies of all charged particles released by 
rectly ionizing radiation from the material in a volume element dV, and dm is the mass of the material in 
 volume element. All indications for a Kerma must mention the

The SI unit of the kerma is gray (Gy).  

Kerntechnischer Hilfsdienst 

The Kerntechnische Hilfsdienst GmbH in Eggenstein-Leopoldshafen is a company founded b
of nuclear facilities to combat damage in the case of accidents or incidents in nuclear facilities and during 

sport of radioactive substances. Qua
available to limit and eliminate the danger caused by the accidents or incidents.  
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keV 

Kiloelectron volt; 1 keV = 1 000 eV; →electron volt.  

 

Key measurement point 

Term from nuclear material monitoring. Place where nuclear material is present in a form enabling its 
measurement to determine the material flow or the inventory. Key measurement points record among others 
the input and output and the storage facilities in →material balance areas.  

 

KFÜ 

→nuclear reactor telemonitoring system 

 

KGR 

At the location of the Nuclear Power Plant Greifswald near Lubmin, five pressurized water reactors of Soviet 
design with an electric power of 440 MW each were in operation from 1973 to mid-1990:  

- KGR-1: 3rd Dec. 1973 to 18th Dec. 1990, generated electrical energy: 41 TWh,  

- KGR-2: 2nd Dec. 1974 to 14th Feb. 1990, generated electrical energy: 40 TWh,  

- KGR-3: 6th Oct. 1977 to 8th Feb. 1990, generated electrical energy: 36 TWh,  

- KGR-4: 22nd Jul. 1979 to 2nd Jun. 1990, generated electrical energy: 32 TWh,  

- KGR-5: 26th Mar.1989 to 29th Nov. 1989, trial operation.  

In 1990 three further units of the same power were in operation. Due to the safety deficit compared to 
western standards the reactors 1 to 5 were shut down in 1990 and the construction of the units 6 to 8 was 
suspended. The decommissioning work for the plant has started and shall be completed by 2012.  

 

KHG 

Kerntechnische Hilfsdienst GmbH 

ation of safety measures regarding nuclear material. The quantity in 
orresponds: 

for plutonium to its weight in kilograms,  

ith an enrichment of 1% and more to its weight in kilograms multiplied by the square of 
t,  

ngen/Ems, pressurized water reactor with an electric gross output of 
 400 MW, nuclear commissioning on 14th April 1988.  

→

 

Kilogram, effective 

A special unit used for the applic
effective kilograms c

- 

- for uranium w
its enrichmen

- for uranium with an enrichment below 1% and more than 0.5% to its weight in kilograms multiplied by 
0.0001,  

- for depleted uranium (0.5% and below) and for thorium to its weight in kilograms multiplied by 
0.00005.  

 

KKB 

Nuclear Power Plant Brunsbüttel/Elbe, boiling water reactor with an electric gross output of 806 MW, nuclear 
ssioning on 23rd June 1976.  commi

 

KKE 

Nuclear Power Plant Emsland in Li
1
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uclear Power Plant Grafenrheinfeld/Main, pressurized water reactor with an electric gross output of 
commissioning on 9th December 1981.  

uclear Power Plant Isar-1 in Essenbach/Isar, unit 1, boiling water reactor with an electric gross output of 
 commissioning on 20th November 1977.  

KI-2 

ar-2 in Essenbach/Isar, unit 2, pressurized water reactor with an electric gross output 
ommissioning on 15th January 1988.  

KKK 

Nuclear Power Plant Krümmel/Elbe, boiling water reactor with an electric gross output of 1,402 MW, nuclear 
commissioning on 14th September 1983.  

 

2 2O-moderated pressure tube reactor with an electric 
gross output of ber 1972. The s shut down a short 
time later for eco ccessful deve nt and introduction of the 
pressurized and boiling water reactor lines. The plant was initially transferred into safe enclosure. On 6th 
June 1986, the licence for the total was granted. On 17th August 1 disassembly work was 
completed and thus the „green mea n restored for the first nuclear p wer plant in Germany.  

 

KKP-1 

Nuclear Power Plant Philippsburg/Rhine, unit 1, boiling water reactor with an electric gross output of 926 
MW, nuclear commiss

 

 13th December 1984.  

 on 
ne 1990. The total gross output amounted to 9 TWh. The disassembly work has commenced and is to 

e completed with the „green meadow“ condition in 2009.  

uclear Power Plant Stade/Elbe, pressurized water reactor with an electric gross output of 672 MW, nuclear 
 1972. Final shut down on 14th November 2003. 

 

KKG 

N
1 345 MW, nuclear 

 

KKI-1 

N
912 MW, nuclear

 

K

Nuclear Power Plant Is
of 1 475 MW, nuclear c

 

KKN 

Nuclear Power Plant Niederaichbach/Isar, CO -cooled, D
106 MW, nuclear commissioning on 17th Decem

nomic reasons resulting from the fast and su
plant wa

lopme

elimination 
dow“ conditio

995, all 
o

ioning on 9th March 1979.  

KKP-2 

Nuclear Power Plant Philippsburg/Rhine, unit 2, pressurized water reactor with an electric gross output of 1 
458 MW, nuclear commissioning on

 

KKR 

Nuclear Power Plant Rheinsberg, pressurized water reactor with an electric gross output of 70 MW, was 
commissioned as the first nuclear power plant of the former GDR on 6th May 1966 and finally shut down
1st Ju
b

 

KKS 

N
commissioning on 8th January

 

KKU 

Nuclear Power Plant Unterweser in Rodenkirchen-Stadland/Weser, pressurized water reactor with an electric 
gross output of 1 410 MW, nuclear commissioning on 16th September 1978.  
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KGR 

lementary particle of the meson group. →elementary particle  

ctor was put into operation as a thermal reactor under the 
ame KNK-I. Following the conversion to a fast reactor, it was operated under the name KNK-II from 10th 
ct. 1977 onwards. On 23rd Aug. 1991 it was definitely shut down. The decommissioning work commenced 

d with the „green meadow“ condition by 2010.  

ible heat 
eneration and for large-scale components from nuclear facilities. On 31  Aug. 1982, application for initiation 
f the procedure for official approval of the plan for ultimate waste disposal was filed. On June 5, 2002, the 

 for the emplacement of a waste package volume of 300.000 m3 of radioactive waste with negligible 

aste before a final decision of the court has been issued. 

ion; the released energy is then transferred to an 
lectron on a shell further outward leaving the atomic sheath (Auger effect).  

uclear power plant RWE-Bayernwerk in Gundremmingen/Danube, boiling water reactor with an electric 
r commissioning on 14th August 1966, final shutdown in January 1977; 

n 15 TWh. Decommissioning was approved on 26th May 1983. The 

RB-B 

ar Power Plant Gundremmingen/Danube, unit B, boiling water reactor with an electric gross output of 

RB-C 

r Power Plant Gundremmingen/Danube, unit C, boiling water reactor with an electric gross output of 
mmissioning on 26th October 1984.  

 

KKW-Nord 

→

 

K-meson 

E

 

KMK 

Nuclear Power Plant Mülheim-Kärlich/Rhine, pressurized water reactor with an electric gross output of 1 308 
MW, nuclear commissioning on 1st March 1986; since 1988 out of operation due to the proceedings on the 
validity of the 1st partial permit. License for decommissioning applied. 

 

KNK-II 

Compact sodium-cooled nuclear reactor plant in the Research Centre Karlsruhe, fast sodium-cooled reactor 
with an electric gross output of 21 MW. The rea
n
O
in 1993 and is to be complete

 

Konrad 

Iron pit in Salzgitter shut down in 1976 and intended as a repository for radioactive waste with neglig
stg

o
licence
heat generation was issued. Since the application for immediate execution was withdrawn by the applicant 
(the Federal Office for Radiation Protection) in July 2000, claims against this licence have a prolonging 
effect. For that reason it will not be possible to convert the present mine into a repository and emplace any 
w

 

K-radiation 

K-radiation is the characteristic X-radiation emitted during the refilling of a K-shell, e.g. after →K-capture. The 
refilling of an inner shell can also occur without radiat
e

 

KRB-A 

N
gross output of 250 MW, nuclea
cumulative power generatio
decommissioning work is to be completed in 2005.  

 

K

Nucle
1 344 MW, nuclear commissioning on 9th March 1984.  

 

K

Nuclea
1 344 MW, nuclear co
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TA 

r Ausschuß; Nuclear Standards Committee. The KTA has the task of preparing safety-related 
oting their application in fields of nuclear technology where a uniform opinion of specialists, 

t-making association made up of scientists, engineers, technicians and other 
ersons with the aim of promoting science and technology in the field of peaceful use of nuclear energy and 
lated disciplines.  

uclear Power Plant Grohnde/Weser, pressurized water reactor with an electric gross output of 1 430 MW, 
uclear commissioning on 1st September 1984.  

r Plant Lingen/Ems, boiling water reactor with fossil superheater with an electric gross output 
2 MW of which from the fossil superheater). Nuclear commissioning on 31st January 1968; final 

hutdown on 5th January 1977; cumulative power generation: 11 TWh. Decommissioning was approved on 
ovember 1985. Since the 30th March 1988 the plant is in the „safe enclosure“ condition which, 

WW 

er Plant Würgassen/Weser, boiling water reactor with fossil superheater with an electric gross 

iod of 128 333 h and a cumulative output of about 73 TWh on 26th August 1994 and 
ssioning preparations have commenced. 

 

K

Kerntechnische
rules and prom
manufacturers, builders and operators of nuclear facilities, experts and authorities has formed.  

 

KTG 

Kerntechnische Gesellschaft; Nuclear Society, Robert-Koch-Platz 4, 10115 Berlin. The Kerntechnische 
Gesellschaft e. V. is a non-profi
p
re

 

KWG 

N
n

 

KWL 

Nuclear Powe
of 240 MW (8
s
21st N
according to the approval, continues for 25 years.  

 

KWO 

Nuclear Power Plant Obrigheim/Neckar, pressurized water reactor with an electric gross output of 357 MW. 
Nuclear commissioning took place on 22nd September 1968. Final shutdown after 37 years of operation on 
11.05.2005. Total electricity production 86 TWh. 

 

K

Nuclear Pow
output of 670 MW, nuclear commissioning on 20th October 1971. The plant was shut down after an 
operating per
decommi
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5 German large-scale research facilities joined to form the →Hermann von Helmholtz Association of 
ational Research Centres (HGF - „Hermann von Helmholtz-Gemeinschaft Deutscher Forschungszentren“). 

acility for the storage of high active liquid radioactive waste from reprocessing in the reprocessing plant 
arlsruhe.  

han 1010 Bq/m3.  

ified 
dioactive waste in boiling distilled water:  

-2 to 10-3 g/cm² · day,  

eader nuclide 

ielding calculations, dispersion calculations or to determine local dose rates, it is often sufficient to 
chemical similarity and/or 

radi nuclides. The fact that 
ey are disregarded in calculation therefore does not entail an error in the radiation protection calculations. 

te the quantity of other nuclides in the case of known history of the 

nergy transfer 

L
 

Large-scale research facilities 

1
N

 

LAVA 

F
K

 

LAW 

Low active waste; usually with an activity concentration of less t

 

LD50

→lethal dose 

 

Leach rate 

Measure for the leaching behaviour of solids in liquids. For instance the following is valid for solid
ra

Cemented waste 10

Vitrified waste 10-5 to 10-7 g/cm²  · day.  

 

L

For sh
consider only a few special radionuclides, the leader nuclides. The latter have a 
such a high specific decay energy that they override the effects of lower ating radio
th
Leader nuclides are also used to calcula
material containing the nuclide(s).  

 

Lepton 

„Light“ →elementary particle. Leptons include elementary particles which are subject only to low and 
electromagnetic interaction: neutrinos, the electron, the myon and the τ-particle.  

 

LET 

→linear e

 

Lethal dose 

Ionizing radiation dose leading to the death of the irradiated individual due to acute radiation injuries. The 
average lethal dose (LD50) is the dose where half of the individuals with similar irradiation quantities die. LD1 
is the dose leading to a mortality of 1% of the irradiated persons; consequently, LD99 is lethal for all (99%) 
persons irradiated. Taking account of an increased radiation sensitivity of certain population groups on the 
one hand and the progress of medical care on the other hand, mainly homogeneous irradiation of the whole 
human body - the bone marrow dose is particularly important in this case - an LD1 of 2.5 Gy, LD50 of 5 Gy 
and LD99 of 8 Gy results.  



 96

acilities 

 2,500 million per claim. 
he financial security can be provided by a liability insurance or an indemnity or warranty obligation by a 
ird party.  

g procedure 

he license for the construction and operation of a nuclear facility is to be applied for in writing before the 
ng authority of the Federal State in the Federal Republic of Germany where the facility is to be 

required to examine the licensing prerequisites, in particular a safety report allowing 
hether their rights might be affected by the effects resulting from the facility and its 

peration must be included with the application. The safety report shows the fundamental design features, 
fety-related design principles and the function of the facility including its operating and safety systems. 
documents required for the design are complete, the licensing authority is required to announce the 

od, the application, safety report and a brief description of the facility are to be made 
r public inspection at the licensing authority and at the site of the project. Objections may be 

ised in writing at the licensing authority during the term for public inspection. Upon expiry of the term of 
c inspection, all objections that are not based on special private titles are excluded. The licensing 

tions with the applicant and the persons raising the 
ss the objections as far as this is important for the 

xamination of the licensing prerequisites. The discussion date provides the opportunity for the persons 
ng objections to explain their objections. In examining the application the authority is assisted by 

dependent experts. As a rule, these are the Technical Inspection Agencies, the Company for Industrial 
s and Nuclear Safety and other institutions such as the German Meteorological Service and experts 

n receipt of a licensing application, the licensing 
istry for the Environment, Nature Conservation and 

uclear Safety. This ministry supervises the licensing activity of the Federal state authority, requests 
ry documents and obtains, if necessary, further opinions. The Reactor Safety Commission and the 

rotection assist the ministry as consultants. The competent Federal state 

erection, management and supervision of the operation of the facility and whether the 
persons responsible for the erection, management and supervision of the operation of the facility have 
the required expert knowledge for this purpose,  

red precautions against damage resulting from the erection and the operation of the facilities 
technology,  

the required financial security has been undertaken to meet legal liability for damages,  

required protection against fault measures or other third party influences is ensured,  

 

Liability convention 

→Convention on Third Party Liability in the Field of Nuclear Energy  

 

Liability for nuclear f

Pursuant to the Atomic Energy Act, owners of nuclear facilities are subject to financially unlimited liability for 
personal injuries and property damage; irrespective of whether the injury or damage was caused by culpable 
action or not. The owner of the facility must furnish proof of the required financial security to meet the legal 
liability for damages. For nuclear power plants, the financial security amounts to Euro
T
th

 

Licensin

T
licensi
erected. The documents 
third parties to evaluate w
o
the sa
If the 
project in its official gazette and in addition in the local papers published in the region of the facility site. 
During a two-month peri
available fo
ra
publi
authority is required to verbally discuss the objec
objections. The discussion date is used to discu
e
raisi
in
Plant
from university institutes and research facilities. Upo
authority of a Federal State informs the Federal Min
N
necessa
Commission on Radiological P
authority takes a decision assessing the overall result of the procedure. The license may be granted only if 

- there are no facts giving rise to reservations about the reliability of the applicant and the persons 
responsible for the 

- the requi
have been taken in compliance with current scientific knowledge and state-of-the-art 

- 

- the 

- essentially public interests, in particular regarding the cleanliness of water, air and ground, do not 
oppose the chosen site of the facility.  

The persons concerned may appeal against the licenses granted before the Administrative Courts.  



 
Course of a licensing procedure for nuclear facilities 

ife time, mean 

me also called short life during which the number of radionuclide nuclei reduces to 1/e (e = 

 

L

A period of ti
2.718..., base of natural logarithms). The life is equal to the reciprocal of the →decay constant λ. Life and 
→half-life T are related as follows:  

τ= T/ln 2 � 1.44·T.  

 

Light water reactor 

he heat generated by the fission heats the water which evaporates in the 
ssure vessel in a light water reactor; in the pressurized water reactor, the steam evaporates in a steam 

enerator of a secondary circuit. The steam energy is converted into rotary motion of the turbine to which a 
or the generation of electricity is connected. After flowing through the turbine, the steam 

 

Linac 

Acronym for →linear accelerator.  

 

Collective term for all H2O moderated and cooled reactors; →boiling water reactor, →pressurized water 
reactor (H2O = "light" water, in contrast to D2O = "heavy" water). The light water reactor produces heat by 
controlled nuclear fission. The reactor core consisting of fuel and control elements is enclosed by a water-
filled steel pressure vessel. T
pre
g
generator f
condenses into water in the condenser and is recirculated to the pressure vessel or steam generator. The 
water required to cool the condenser is taken from a river and refed into the river in warmed condition or the 
heat is dissipated via a cooling tower into the atmosphere.  
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Line losses 

Energy losses caused by the transport of the energy carriers to the consumption locations.  

 

Linear accelerator 

A long straight tube in which particles (mostly electrons or protons) are accelerated by electrostatic fields or 
electromagnetic waves and thus achieve very high energies (Stanford 2-miles Linac: 40 GeV electrons).  

 

Linear amplifier 

ulse amplifier with an output amplitude proportional to the input pulse amplitude.  

 ionizing rays; energy transfer of an ionizing particle to the matter penetrated by 
diation. The linear energy transfer is equal to the energy dE which a charged particle loses at a distance dl.  

P

 

Linear energy transfer 

Term in dosimetry of
ra

dl
dE  L =∞  

The linear energy transfer is indicated in keV/µm. The following relation has been fixed between the →quality 
(L) and the unlimited linear energy transfer L∞: factor Q 

Unlimited linear energy transfer L∞ in water,  
(keV µm-1) Q (L) 

<10 1 

10 - 100 0.32 L - 2.2 

>100 300 / √L 

Relation between the linear energy transfer and the quality factor 

 

Linear heat generation rate 

ume of achievable heat per linear unit of the fuel rod. It is indicated in W/cm rod 

e). 
referred detection and measuring device for the low-energetic beta radiation of tritium and carbon -14.  

iquid Metal Fast Breeder Reactor cooled with liquid metal.  

lants 

he mains load resulting from the power requirements of the consumers must be covered by power plant 
on adjusted in terms of time. Base load, intermediate load and peak load are distinguished in this 

The power plants are used in these ranges according to their operational and economic properties. 
nuclear power plants run base load, coal-fired and gas-fired power plants run 

termediate load, and storage and pumped storage power plants as well as gas turbine facilities cover peak 

Measurement of the vol
length (e. g. Biblis-A: 563 W/cm).  

 

Liquid scintillation counter 

Scintillation counter in which the scintillator is an organic liquid (e.g. diphenyl oxazole, dissolved in toluen
P

 

LMFBR 

L

 

Load ranges of power p

T
operati
context. 
Run-of-river, lignite-fired and 
in
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 Optimum operation is ensured under today's and future circumstances if the ratio of the power plant 
diate and peak load on the other hand is 1:1.  

 

ocal dose 

for soft tissue measured at a certain point. The local dose in the case of penetrating 

he place of measurement.  

 

ical Protection Ordinance defines radioactive substances with a half-live of more than 100 days 
s long-lived radionuclides.  

d vertical dispersion of the pollutant cloud as well as the effective emission 
eight (stack height and thermal amplified region). The long-time dispersion factor is replaced by the short-

r in the dispersion calculation if the emission does not last more than an hour.  

losed tube circuit which can accommodate materials and individual parts for testing under various 
s. If part of the loop and its contents is located within the reactor, it is called an in-pile-loop.  

ost concrete shielding 

te waste package for medium active waste are provided with a sheathing layer of cement mortar for 
n shielding. This shielding is practically connected permanently to the waste package and is also 

ost energy 

ntity of energy lost during conversion, transport and final consumption for utilization.  

ow-temperature rectification 

s to segregate gases by liquefying a gas mixture at very low temperatures (approx. minus 120 to 
200 °C) and subsequent separation taking advantage of the different boiling points (rectification).  

iquid scintillation counter. Radiation measuring device preferably used to measure radionuclide emitting 
rgetic beta radiation such as tritium, carbon-14.  

WR 

 water reactor 

loads.
output in the base load on the one hand and in the interme

 

LOCA

Loss-of-Coolant Accident.  

 

L

Dose equivalent 
radiation is the →ambient dose equivalent H*(10), local dose for radiation with low penetration depth is the 
→directional dose equivalent H'(0.07, Ω). The local dose in the case of penetrating radiation is an estimated 
value for the effective dose and the organ doses of deep organs for radiation with low penetration depth is an 
estimated value for the skin dose of a person at t

 

Long-lived radionuclides

The Radiolog
a

 

Long-time dispersion factor 

Calculation factor in the dispersion calculation for the emission of pollutants into the atmosphere taking 
account of the horizontal an
h
time dispersion facto

 

Loop 

C
condition

 

L

Ultima
radiatio
stored in the repository. It is therefore considered „lost“. 

 

L

The qua

 

L

Proces
minus 

 

LSC 

L
low-ene

 

L

→light
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agnetic lens 

ic field arrangement exercising a focussing or defocusing effect on a ray of charged particles.  

 non oxidizing) is 
an alloy of Al, Be, Ca and Mg.  

 

Magnox reactor 

Graphite-moderated, CO2-cooled reactor type with natural uranium fuel elements covered by a magnox 
sheath. Reactor type mainly built in Great Britain; e.g. Calder Hall, Chapelcross, Wylfa.  

 

Maintenance 

Maintenance and repair measures for apparatuses, machines and plant components. Maintenance can be 
preventive as a routine measure or be carried out after occurrence of a technical failure of a plant 
component.  

 

MAK 

Threshold limit value. This value is the highest permissible concentration of a working material as a gas, 
steam or suspended matter in the air at the working place. According to the present state of knowledge, this 
concentration generally does not affect the health of the workers or cause undue nuisance even with 
repeated and long-term, as a rule eight-hour daily effect when observing average weekly working hours. 
Apart from practical circumstances of the working processes, the fixing of threshold limit values above all 
takes effect characteristics of the material concerned into account. The decisive elements are scientifically 
sound criteria for health protection and not the technical and economic implementation possibilities in 
practice.  

 

Manipulator 

Mechanical and electromechanical devices for the safe remote-controlled handling of radioactive 
substances.  

 

Marking 

Identification of a substance by adding mostly radioactive atoms which can be easily traced in the course of 
chemical or biological processes. →tracer  

 

Mass, critical 

→critical mass  

 

Mass defect 

Mass defect describes the fact that the nuclei made up of protons and neutrons have a smaller rest mass 
than the sum of the rest masses of the protons and neutrons forming the nucleus. The mass difference is 
equal to the released →binding energy. For the alpha particle with a mass of 4.00151 atomic mass units, the 
structure of two protons (1.00728 atomic mass units each) and two neutrons (1.00866 atomic mass units 
each), a mass defect of 0.03037 atomic mass units results. This corresponds to an energy (binding energy) 
of about 28 MeV.  

M 
 

M

Magnet

 

Magnox 

Cladding tube material in graphite-moderated, gas-cooled reactors. Magnox (magnesium
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ass number 

ass units. Number of protons and neutrons - the nucleons - in an atomic 
-238 is 238 (92 protons and 146 neutrons).  

evices for isotope analyses and determination of isotope mass by the electric and magnetic separation of 

erm of nuclear material monitoring describing a space where the nuclear material quantity in the case of 
y transfer and the inventory of nuclear material in every material balance area can be determined with 
 procedures so that material balance can be established.  

aterial, depleted 

ial with a concentration of an isotope or several isotopes of a component below its natural value.  

aterial, enriched 

ith a concentration of an isotope or several isotopes of a component above its natural value.  

aterial, unaccounted for 

uclear material monitoring. Difference between real inventory and the stock of nuclear material in 

AW 

ctivity concentration of 1010 to 1014 Bq/m3.  

ax Planck Institute for Plasma Physics 

Institut für Plasmaphysik (IPP) is concerned with investigating the physical fundamentals 
ergy from the fusion of light 

clei. The two concepts for the magnetic confinement of fusion plasma - →Tokamak arrangement 
nd →stellarator principle - are examined for their power plant suitability at the IPP. In Garching, the ASDEX-

mak and the WENDELSTEIN 7-AS stellarator are operated. The successor WENDELSTEIN 7-
in Greifswald. The work of the IPP is integrated in 

rld-wide co-operation. On the European level, the IPP 
resently involved in the largest fusion experiment in the world →JET (Joint European Torus). At the same 

he world-wide project for the International Thermonuclear Experimental Reactor 

 Advancement of the Sciences (Max-Planck-Gesellschaft zur Förderung der 
s an independent non-profit-making research organisation. It was established on 26th 

atural science, biological science, and the arts. In particular 
e Max Planck Society takes up new and promising directions in research that the universities are not able 

te sufficiently, if at all. Reasons for this are either due to the fact that the interdisciplinary 
rch cannot fit into the university's organisational framework because the costs for 

 

M

Mass of an atom in nuclear m
nucleus. The mass number of U

 

Mass spectrograph, mass spectrometer 

D
an ion ray.  

 

Material balance area 

T
ever
fixed

 

M

Mater

 

M

Material w

 

M

Term of n
the account books. →MUF  

 

M

Medium active waste; usually with an a

 

M

The Max-Planck-
underlying a fusion power plant which - like the sun - is designed to gain en
atomic nu
a
Upgrade Toka
X is under preparation at the branch institute of IPP 
national and European programmes as well as in wo
p
time, IPP co-operates in t
→ITER.  

 

Max Planck Society 

The Max Planck Society for the
Wissenschaften e.V.) i
February 1948 as a successor organisation to the Kaiser Wilhelm Society, itself founded in 1911. The Max 
Planck Society promotes research in its own institutes. Max-Planck Institutes carry on fundamental research 

 the general public in the fields of nin service to
th
to accommoda
character of resea
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ent the work of the universities in important fields of research. At this time some 95% of the financial 
upport received by the Max Planck Society is from public funds provided by the Federal Government and 
e states. The remaining 5% stem from member contributions, donations and from its own earnings.  

he maximum capacity of a power plant limited by the weakest plant section in terms of power. Depending 
e during which the maximum power can be operated, a distinction is drawn between a 

aximum credible accident 

BA 

 area 

aximum credible accident. Term from reactor safety, now replaced by the more comprehensive term of 
esign basis accident.  

er 

riginally, name for elementary particles with a mass between the myon mass and the nucleon mass. The 
ch, like the →baryons are subject to both strong 

ro. For 

MeV 

 

personnel and facilities that it demands are beyond the universities' means. Max Planck Institutes therefore 
complem
s
th

 

Maximum capacity 

T
on the period of tim
maximum capacity of one-hour or of 15 hours and more. The net maximum power of all power plants of 
general supply in Germany amounted to a total of 101 400 MW in November 1999.  

 

M

→MCA 

 

M

→material balance

 

MCA 

M
d

 

µCi 

Microcurie, symbol: µCi; one millionth curie. →curie 

 

 

MCI 

Millicurie, symbol: mCi; one thousandth curie. →curie 

 

Mechanical-draft cooling tow

Cooling tower with ventilator to remove the cooling air. Compared to the →natural-draft cooling tower, the 
mechanical-draft cooling tower has an advantageous lower height but higher operating costs. →closed-
circuit cooling 

 

Megawatt 

Million times the power unit of watt (W), symbol: MW. 1 MW = 1000 kW = 1 000 000 W.  

 

Meson 

O
group of mesons now include the elementary particles whi
and weak and electromagnetic interaction, but in contrast to the baryons, with a spin equal to ze
example pions and K-mesons belong to the mesons. →elementary particles  

 

Megaelectron volt, 1 000 000 eV. 
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urie 

/1 000 000 Ci. →curie 

rie 

i. →curie 

 

0-millirem concept 

iation exposure of the human being due to the discharge of radioactive substances into the air or 
 radioactive substances is governed by the 

adiological Protection Ordinance by means of strictly limiting values. The Section of the Radiological 
rotection Ordinance governing the protection of the population specifies the following dose limit values 

active substance disposal in air or water:  

d bone marrow 0.3 mSv/ year,  

0.9 mSv/ year,  

Oxidic nuclear fuel from a mixture of uranium and plutonium (MOX).  

 

Mixer settler 

Extraction apparatus. Two liquids of different weight which cannot be mixed with one another (e.g. aqueous 
and organic phase) are mixed using stirrers, whereby certain chemical compounds pass from one liquid 
phase into the other. The two liquids subsequently settle due to natural gravity.  

 

Moderation 

Process during which the kinetic energy of the neutrons is reduced by impacts without perceptible absorption 
losses. The energy-rich neutrons generated in nuclear fission with energies around 1 MeV are reduced to 
lower energies in the energy range of →thermal neutrons (0.025 eV), since they probably initiate new 
fissions in this energy range.  

 

Moderator 

Material used to „decelerate“ fast neutrons to low energies, since the fission of t e U-235 nuclei results in a 
better yield at low neu raphite are used as 
moderators.  

Microc

1 Microcurie (µCi) = 1

 

Millicu

1 millicurie (mCi)= 1/1 000 C

 

Millirem

1 millirem (mrem) = 1/1 000 rem = 0.01 millisievert (mSv). →rem 

 

3

The rad
water during the operation of nuclear facilities and while handling
R
P
resulting from radio

effective dose 0.3 mSv/year,  

gonads, uterus, 
re

all other organs 

bone surface, skin 1.8 mSv/ year.  

This radiation protection concept is named after the former dose unit millirem - 0.3 mSv is equal to 
30 millirem.  

 

Mixed oxide 

h
tron energies. Among others, light water, heavy water and g



 
the

 

Molecule 

An atomic group held together by chemical forces. The atoms of a molecule may be identical (H2, N2, S2) or 
different (H2O, CO2).  

 

Monazite 

Yellow to reddish-brown m s cerium phosphate; ntains additional noble earths 
such as thorium.  

 

Monitor 

Device to monitor ionizing r tivity concentration o ctive substances (e.g. in the air or 
water) signalling a warning ain adjustable limit values eded. A monitor is also used for 
quantitative measurements.

 

Monitoring area 

A monitoring area is a rad a for which fixed it values are valid and which is 
subject to monitoring accor gulations. In ada  the Euratom basic standards, a 
monitoring area is a radiat tion area that does not be  controlled area and in which 
persons in a calendar year may receive an effective dose of mor  millisievert or higher organ doses 
than 15 millisievert for the e 0 millisievert for the skin, h earms, feet and ankles.  

 

Monte-Carlo Method 

Statistical calculation procedure, e.g. to calculate the neutron tribution in burnup and shielding 
calculations. In this context, the history of individual, statistically selected neutrons is calculated until 
sufficient individual ev alues for the neutron 
flux at the points cons umerous calculations, since 
a ig

 

MOX

→

 

MPG

→

 

mrem

Model representation of  moderator effect 

ineral. Monazite i  it often co

adiation or the ac f radioa
 when cert
  

are exce

iation protection are
ding to stipulated re

 dose lim
ptation to

ion protec long to the
e than 1

ye lens or 5 ands, for

 flux dis

olutions (individual destinies) again result in numerical average v
idered. The calculation, which is simple in itself, requires n

 h h degree of accuracy is achieved only with a large number of individual destiny calculations.  

 

mixed oxide 

 

Max Planck Society 

 

millirem, 1/1 000 rem. →rem 
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UF 

ounted for. Term of nuclear material monitoring. Difference between real inventory and the 

uclear Power Plant Mülheim-Kärlich/Rhine, pressurized water reactor with an electric gross output of 1 308 
W, nuclear commissioning on 1st March 1986; out of operation since 1988 due to the proceedings 

alidity of the 1st partial permit.  

spa

ultiple-channel analyser 

ulses of energy-proportional detectors according to the amplitude and 
them in the corresponding channel. Multiple-channel analysers have 

n immediately 
receding that generation. →Criticality of a reactor occurs when this ratio is equal. 

MWd 

Megawatt day; 1 MWd = 24 000 kW g U-235, about 1 MWd energy 

ermal energy output for one tonne of nuclear ce 

We 

megawatt. The electric output of a power plant is equal 
 the thermal overall power multiplied by the efficiency of the plant. The power plant efficiency of light water 

reactors amounts to 33 to 35% compared to up to 40% for modern coal-, oil- or gas-fired power plants.  

 

MWth 

Megawatt thermal; overall power of a nuclear reactor in megawatt. →MWe 

 

Myon 

MTR 

Materials Testing Reactor with high neutron flux density.  

 

M

material unacc
stock of nuclear material in the account books.  

 

Mülheim-Kärlich 

N
M
concerning the v

 

Multiple disaggregation 

→ llation 

 

M

Pulse amplitude analyser sorting the p
thus the radiation energy and recording 
more than 8 000 channels.  

 

Multiplication factor 

Ratio of neutron number in a neutron generation to the neutron number in the generatio
p

 

MW 

Megawatt, million times the power unit of watt (W). 1 MW = 1 000 kW = 1 000 000 W.  

 

h. In the case of the complete fission of 1 
is released.  

 

MWd/t 

Megawatt day per tonne; unit for the th  fuel during the servi
time in the reactor. →burnup  

 

M

Megawatt elec
to

tric; electric output of a power plant in 
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Electrically charged instable →elementary particle with a rest energy of 105.658 MeV corresponding to 
206.786 times the rest energy of an electron. The myon has an average half-life of 2.2·10-6 s. The myon 
belongs to the elementary particle group of the leptons.  

 

MZFR 

Multipurpose research reactor in the Research Centre, pressurized water reactor (moderated and cooled 
with D2O) with an electric gross output of 58 MW, nuclear commissioning on 29th September 1965; on 3rd 
May 1984 it was finally shut down; cumulative power generation: 5 TWh. The decommissioning work 
commenced in 1995 and is to be completed with the „green meadow“ condition by 2009. 
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N 
 

Nat

→W
rem
abo

 

Nat

Ura
(99

 

nCi 

Nan

 

NEA 

Nuclear Energy Agency of the OECD.  

 

Neutrino 

Group of electrically neutral →elementary particles with a mass of almost zero.  

 

Neutron 

→Uncharged elementary particle with a mass of 1.67492716 ·10-27 kg and thus a slightly greater mass than 
that of the proton. The free neutron is instable and decays with a half-life of 11.5 minutes.  

 

Neutron activation analysis 

→activation analysis  

 

Neutron density 

Number of free neutrons in a volume element divided by this volume element.  

 

Neutron, fast 

Neutron with a kinetic energy of more than 0.1 MeV.  

 

Neutron flux density 

Product of neutron density and neutron velocity integrated over all directions of pa icle movement. Unit: 
cm-2·s-1.  

ediate 

an energy beyond that of a slow neutron, however lower than that of a fast neutron; generally 
 range of 10 and 100 000 eV.  

ural draught cooling tower 

et cooling tower or →dry cooling tower utilizing the natural draught (stack effect) of the cooling tower to 
ove the cooling air. Natural draught wet cooling towers for a cooling power of some thousand MW are 
ut 150 m high and 120 m in diameter at the base.  

ural uranium 

nium in the isotope composition occurring in nature, Natural uranium is a mixture of uranium-238 
.2739%), uranium-235 (0.7205%) and a very low percentage of uranium-234 (0.0056%). 

ocurie, symbol: nCi; one billionth curie. →curie 

rt

 

Neutron, interm

Neutron with 
within the

 

Neutron, slow 
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acility to generate free neutrons.  

Neutrons, delayed 

than 1% of the neutrons involved in nuclear fission are delayed. 
→n tr

 

Neutron

Neutron  which exceeds that of the thermal movement. →neutrons, thermal  

 

Neutron

Neutron
which a ore 
than 9

 

Neutron

Neutron
velocity
nuclear  with the atoms of the moderator material (usually water, heavy 
water o

 

Non-de

Testing l using methods which do not damage or destroy the test pieces. 
Fre

 

Non-en

The qu from oil, coal, gas not used for energy generation - heat among 
thers - but for products, mostly synthetics and chemicals.  

uclear 
aterial monitoring is the timely detection of nuclear material diversion for the manufacture of nuclear 

pons or deterrence of such deviation through the risk of detection. Corresponding monitoring in Germany 
ratom and the International Atomic Energy Agency.  

nce with its design approved by the competent authority comprising:  
eration: operations for which the facility is designed and suitable while in an operable state.  

s do not preclude the continuation of operations.  

Maintenance procedures.  

Neutron, the kinetic energy of which falls below a certain value - frequently 10 eV is selected. →neutrons, 
thermal 

 

Neutron source 

F

 

Neutrons not generated directly during the nuclear fission, but delayed as a consequence of a radioactive 
conversion of fission products. Less 

eu ons, prompt  

s, epithermal 

s the kinetic energy distribution of

s, prompt 

 emitted immediately during nuclear fission (within about 10-14 s); in contrast to delayed neutrons 
re sent out seconds to minutes after the fission of fission products. Prompt neutrons make up m

 9 % of the neutrons.  

s, thermal 

s in thermal equilibrium with the ambient medium. Thermal neutrons most probably have a neutron 
 of 2200 m/s at 293.6 K corresponding to an energy of 0.0253 eV. Fast neutrons as generated during 
 fission are decelerated by collisions
r graphite) to thermal energy, they are 'thermalized'.  

structive testing 

 for hidden defects in materia
quently x-rays, gamma radiation or ultrasound are used.  

ergetic consumption 

antities of hydrocarbons gained 
o

 

Non-proliferation Treaty 

The aim of the international Treaty on the Non-proliferation of Nuclear Weapons and the resulting n
m
wea
is performed by Eu

 

eration and anticipated operational occurrences Normal op

Operation of a facility in complia
- Normal op

- Abnormal condition: operations which run in the event of malfunctions of plant parts or systems 
provided safety reason

- 

 



NPP 

Nuclear power plant 
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PT 

eaty  

uclear Regulatory Commission, Rockville, Maryland; licensing and regulatory authority for nuclear facilities 
 the USA.  

clear chemistry 

th the study of nuclei of atoms and nuclear reactions applying chemical 

Nuclear energy 

Inner binding energy of atomic nuclei. The nuclear ks sho us de ual binding 
from one atom type to another. The  binding y per nu ing blo ithin the range 
of the mas s of nu s conversi y can ther re be obtain on 
of heavy n  as uranium or by fusion of lighter ch as hy gen. The fis 1 kg U-235 
supplies a illion kWh, during the fusion of deuterium and tritium (DT-reactio  kg helium, 
energy of a kWh is relea . In contrast mbustion of 1 kg coal supplies only about 10 
kWh. →fus clear fission  

N

→Non-proliferation Tr

 

NRC 

N
in

 

NSSS 

Nuclear steam supply system; nuclear steam generator system.  

 

Nu

Branch of chemistry dealing wi
methods. →radio chemistry 

 

 building bloc
 energ
o

w vario
clear build

grees of mut
ck is w

ed either by fissi
maximum

s number 60. By mean cleu n, energ efo
uclei such
bout 23 m

nuclei su dro sion of 
n) to 1

bout 120 million sed , the co
ion, →nu

 
Nuclear binding energy depending on the mass number of the 
nucleus of the atom 

The Federal Government has agreed on official termination of the use of nuclear energy for electricity 
generation with the e  entail claims for 

 

Nuclear energy consensus 

lectricity industry. Both sides understand that this agreement will not
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ompensation between the parties concerned. Pursuant to the „Agreement between the Federal 
pply companies dated 14th June 2000“ the future use of the existing 
time. New permits will not be granted. Research in the field of nuclear 

 from one nuclear power plant to another. A total of 2623.3 billion kilowatt 
hours may still be generated. As soon as a nuclea  plant has reached it tricity, it 
must  grid. T clear h s g as 
they operate.  

Nuclear p lant 
sidual electricity 

quan
Wh

c
Government and the electricity su
nuclear power plants is limited in 
technology is not impaired by this fact. The major cornerstones of the agreement are the following:  

• Residual terms: Each nuclear power plant is allowed to generate a fixed quantity of electricity and these 
quantities may be transferred

r power
power plants a

s volume of elec
afety level for as lonbe withdrawn from the he nu re run at a hig

ower p
Re

tity  
from 1st Jan. 2000 in T

Obrigheim 8.70 
Stade 23.18 
Biblis A 62.00 
Neckarwesth 57.35 eim I 
Biblis B 81.46 
Brunsbüttel 47.67 
Isar1 78.35 
Unterweser 117.98 
Philippsburg1 87.14 
Grafenrheinfeld 150.03 
Krümmel 158.22 
Gundremmi 160.92 ngen B 
Philippsburg2 198.61 
Grohnde 200.90 
Gundremmi 168.35 ngen C 
Brokdorf 217.88 
Isar2 231.21 
Emsland 230.07 
Neckarwestheim 2 236.04 
Mülheim-Kärlich 107.25 
Total 2623.31 

Residual electricity generation of the individual nuclear power 
plants in accordance with the nuclear energy consensus  

• Disposal: To reduce the volume of nuclear transport, interim storage facilities for spent fuel elements 
are erected as soon as possible at the locations of the nuclear power plants. Direct ultimate disposal of 
radioactive waste will become the rule for disposal. Spent fuel elements can still be transported to 
reprocessing plants until 30th June 2005.  

• Gorleben: The reconnaissance work of the salt dome near Gorleben (repository) has been suspended 
for at least three and a maximum of ten years. In the meantime, the Federal Republic is taking 
measures to safeguard the site. The pilot conditioning plant will be used only to repair defective 
containers.  

• Konrad pit: The procedure for official approval of the plan for the Konrad pit as a planned repository for 
low and medium active waste is completed, but no claim is made for immediate enforcement of the 
official plan approval decision.  

Firstly, the agreements undertaken by the legislator are to be implemented. Above all, the Atomic Energy Act 
must be amended. Following completion of the legislation procedure, the Federal Chancellor, the Federal 
Minister of Economics and the Federal Minster of the Environment for the Federal Government and the 



 111

chairmen of the energy group  the con d 1 g group 
consisting of three re om the Federal Government and the energy supply companies 
respectively will accom ation of the cons sults and settle any disputes that may arise 
between the contr

 

Nuclear event 

In accordance with th ergy Act, any event causin e when the event or 
damage is due to es or a connection of radioactive p h toxic, explosive or 
other hazardous p f nuclear fuels or radioactive p ucts or waste ing radiation emitted 
from another radia ithin the nuclear plant.  

 

Nuclear facility 

For the applicatio  Energy Act defines a nu s follows:  
- Reactors, e are part of a m ransport;  
- Factories fo atment of nucl ial,  
- Factories fo topes in nuclear fue
- Factories fo f irradiated nuclear f
- Facilities for the storage of nuclear materials, except for such material sport.  

 

Nuclear Financial Se

rdinance Concerning the Financial Security Pursuant to the Atomic Energy Act (Atomrechtliche 
eckungsvorsorge-Verordnung - AtDeckV) dated 25th January 1977, last amended by article 3 of the act 

nd activities where there is a possibility of a 

ission of an atomic nucleus into two parts of the same size caused by the collision of a particle. Nuclear 
fission may also occur spontaneously in the ucle eous. The capture 
of a neutron induce s o g th ore rarely 
three - →fission pro tro ner

s will sign
presentatives fr

sensus document date

ensu

4th June 2000. A monitorin

pany implement
acting parties.  

s re

e definition of the Atomic En
 the radioactive properti

g damag
roperties wit

roperties o rod , or to ioniz
tion source w

n of liability regulations, the Atomic clear plant a
xcept for those which 
r the generation or tre

eans of t
ear mater

r the separation of iso l,  
r the reprocessing o uel;  

s during tran

curity Ordinance 

The O
D
dated 12th August 2005, governs the financial security for plants a
liability according to international treaties or according to the Atomic Energy Act. The financial security can 
be provided by a liability insurance or an indemnity or warranty obligation by a third party.  

 

Nuclear fission 

F
case of very heavy n
f uranium-235. Durin
ns and energy are ge

i; →fission, spontan
e fission, in general two - m

ated.  
s fission of the nucleu
ducts, two to three neu

 
Example for nucl n of U-235 

In the uranium nuc ns are bound with an average energy of about 7.6 MeV per nucleon. In 
the fission produc e medium binding e cleon am rox. 8.5 MeV. This 
difference in bindin V per nucleo sed in the nu nce the uranium 
nucleus has 235 nu  energy of a eV is release . It is made up of the 
following partial am
- kinetic energ  products 5 MeV, 
- kinetic energ  neutrons 5 MeV,  
- energy of the ng the 7 MeV,  
- energy of β/γ  during the decay of th ive fission pro 3 MeV,  
- energy of the neutrin 0 MeV.  

 

ear fissio

leus the →nucleo
t nuclei, th nergy per nu ounts to app
g energy of 0.9 Me
cleons, a quantity of

n is relea
bout 210 M

clear fission. Si
d per fission

ounts:  
y of fission
y of fission

17

 γ-radiation occurring duri fission 
 -radiation

os 
e radioact ducts 1

1



 
Course of nuclear binding energy 

D
w
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ue to the neutrons released during the nuclear fission a →chain reaction is possible in principle. Facilities 
here fission chain reactions are initiated in a controlled manner are called nuclear reactors.  

lear fuel consists of special fissile substances 

reaction can be upheld in a suitable plant 

supply and waste management of nuclear fuel for reactors.  

• Supply:  

The point of  of nuclear tilizati ply of eac ium. The 
uranium contents of mined ores amount typically to  The uranium is concentr atment 
proc mmercial article „Yell  Cake“ results,  contains about 70 to 75 anium. The 
urani ined in the Yellow Cak has a natural isotope composit and 99.3% 
U-23 r power plants need ur with a pro  of 3  to 5% of the fissile is ope U-235. 
Therefore, th nium must be enric  to U-235. Fo urpose the uranium is conv ted into the 
chem d UF6, which can  transfe  the gas p se, since enri ent is only 
easil e gas phase. E nt proces gas cent ge or →d  separation 
proc e the low mass differen f the U-235 and U-238 molecul of UF6 to separate these two 
comp . The product of the enri ent plant is U a U-235 s re of appr  5%. In the 
fuel element factory, the UF6 is conve  into UO2. Th d to press s which are 
sinte es of more than 700 °C, filled into seamlessly d n claddin e of a 
zirco nd sealed gas-tight. Th al fue are obtain which are ed into fuel 
elem e fuel elements of a pressurized water ontain ab 40 kg uraniu  those of a 
boilin ctor about 190 kg ura .  

• W agement:  

The  period of fuel elements e reactor is th our years. clear ene onverted to 
elect by nuclear fission. During t  process the perc tage of fissile U-235 de s, and the 
partl ctive fission products a considerable quantities of the w, partly fis ear fuel 
pluto tivities lating to treatment, reprocessing and disposal of fuel elements 
are s e term wast ement. T s of disposal are possib processing 
by re e plutonium and ur ions o irect ultimate waste disposal 
wher t fuel elements are dis ed of altogeth aste. The fuel elements are red initially 
in an interim storage facility where th ctivity decrea ring the following reprocessing, reusable 
uranium and plutonium are separated from the radioactive fission products. For reuse in the nuclear 

 

Nuclear fuel 

In accordance with the definition of the Atomic Energy Act, nuc
in the form of 
- plutonium-239 and plutonium-241,  
- with the isotopes 235 or 233 enriched uranium,  
- substances containing one or several of the aforementioned substances,  
- substances with the aid of which a self-perpetuating chain 

(reactor) and which are determined in an ordinance having the force of law.  

 

Nuclear fuel cycle 

A number of process stages in the 

departure  energy u on is the sup
 0.2%.
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power plant plutonium and uranium - poss hment - must b nts. 
With their us ear power plant the fue . In the case of th te waste 
disposal, the ment in e valu ces u d pl osed of 
as ra llowing an inte  storage pe low the sh -lived radion s to decay 
and lopment condi n the decay ecline. For this purpose th l elements 
are s n a conditioning plant, ked in containe table for f orage be eing stored 
in a . Both methods - rep essing and direct ultimate storage - have  thoroughly 
exam d the requi cesses an nents have been deve Radioactive 
wast fely for a long period an pt away iosphere. der certain 
circu edium activ liquid radioact s fixed in cement follo g previous 
volum on by evaporation. So radioactive was urnt or compacted for volu  reduction. 
For u se products a acked in spec els or containers. The highly active, heat-
gene ission product solutions f  reprocessin itrified in a -tested procedure adding 
glass ubstances and filled in tainless steel containers. Stable geological forma ns are used 
as re  Switzerland and in eden granite rovided fo his purpose an in Germany 
salt investigated for ultimate waste dispo ck salt off  excellent pro ies for the 
ultim  of heat-generating ioactive waste it remove e heat w has plastic 
beha  cavities gradually clos d the waste is safely embedded

ibly after enric e processed into fuel eleme
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entire fuel ele

l cycle closes
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Nuclear fuel cycle 

 

Nuclear fusion 

→fusion 

 

Nuclear Licensing Procedures Ordinance 
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The ordinance on the Procedure for Licensing Facilities pursuant to Section 7 of the Atomic Energy Act 
(Atomrechtliche Verfahrensverordnung - AtVfV) of 28th February 1977, last amended 23rd March 2003, 
governs the procedure for granting a permit, partial permit or a provisional decision for the facilities referred 
to in Section 7 Para. 1 and 5 of the Atomic Energy Act. The AtVfV governs above all the participation of third 
parties and the →discussion date.  

 

Nuclear materials 

The term 'nuclear materials' has different deifinitions in the German Atomic Energy Act (Atomgesetz) and in 
the Euratom Safeguards Regulation.  

• German Atomic Energy Act  

- For the application of the provisions relating to liability and financial security, the term "nuclear 
materials" shall have the meaning of nuclear fuel (other than natural and depleted uranium) and 
rad

• Euratom Safeguards Regulations  
'Nuclear materials' means any ore, source and special fissile material:  

- 'Ores' means any ore containing, in such average concentration as shall be specified by the Council 
acti n, substances from which the source 
materials defined above may be obtained by the appropriate chemical and physical processing.  

- 'Source materials' means uranium containing the mixture of isotopes occurring in nature; uranium 
whose content in uranium-235 is less than the normal; thorium; any of the foregoing in the form of 
metal, alloy; chemical compound or concentrate; any other substance containing one or more of the 
foregoing in such a concentration as shall be specified by the Council, acting by a qualified majority 
on a proposal from the Commission, and any other material which the Council may determine, acting 
by a qualified majority on a proposal from the Commission. The words 'source materials' shall not be 
taken to include ores or ore waste.  

- 'Uranium enriched in uranium-235 or uranium-233' means uranium containing uranium-235 or 
uranium-233 or both in an amount such that the abundance ratio of the sum of these isotopes to 
isotope 238 is greater than the ratio of isotope 235 to isotope 238 occurring in nature. 'Enrichment' 
means the ratio of the combined weight of uranium-233 and uranium-235 to the total weight of the 
uranium under consideration.  

- 'Special fissile materials' means plutonium-239; uranium-233; uranium enriched in uranium-235 or 
uranium-233, and any substance containing one or more of the foregoing isotopes and such other 
fissile materials as may be specified by the Council, acting by a qualified majority on a roposal from 
the Commission; the expression 'special fissile materials' does not; however, include source 
mat

Nuclear medicine 

Application of open or enclosed radioactive substances in medicine for diagnostic or therapeutic purposes. In 
nuclear medicine functional diagnostics and localization diagnostics is distinguished. →radiology 

 

Nuclear parent 

Radioactive nuclide from which a nuclide (daughter product) results, e.g. Po-218 (nuclear parent) decays to 
Pb-214 (daughter product).  

 

Nuclear poison 

ioactive products and waste.  

ng by a qualified majority on a proposal from the Commissio

 p

erials nor ores or ore waste. 

 

Nuclear material monitoring 

Organisational and physical test methods enabling the monitoring of fissile material and detection of any 
impermissible removal. In Germany, nuclear material monitoring is performed by Euratom and lAEO.  
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Substances with a large neutro sorption cro ing ne rable effect. Some 
of the fission products g  during fiss on ab ch as xenon-135 
and samarium-14 oning of a re  fission products may be o serious that the chain 
reaction comes to a standstill.  

 

Nuclear power pla

Thermal power pl ily used for ele ion, in which the n binding energy released 
during the →nuclear fissio ctor is  to heat and subseque o electrical energy via a 
water-steam circu  turbine and gen

 

Nuclear power pla

The ranking order of the largest nuclear p plexes in operatio  world (as of 4/2004) is 
headed by the loc shima, Japan,  electric gros t of 9 116 MW, followed 
by Kashiwaza ix units and 
6 000 MW.  

Nuclear power plants in Europe 

As of May 5, 20 et capacity of 
170,045 MWe i ction in five 
countries.  

in operation under construction 

n ab
enerated

ss-section absorb
ion have a high neutr

utrons, an undesi
sorption capacity, su

9. The pois actor by come s

nt 

ant, primar
n in a rea

ctricity generat
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it using a erator.  

nt complexes 

ower plant com n in the
ation Fuku with ten units and an s outpu

ki, Japan, with seven units and 8 212 MW and Saporoschje, Ukraine, with s

 

07 there were a total of 196 nuclear power plant units with an installed electric n
n operation in Europe and 11 units with 10,586 MWe were under constru

Land 
Number net capacity Number net capacity 

MWe MWe 
Belgium 7 5,801 - - 
Bulgaria 2 1,906 2 1,906 
Czech Republic 6 3,52 - - 3 
Finland 4 2,696 1 1,600 
France 59 - 63,363 - 
Germany 17 20,425 - - 
Hungary 4  - 1,755 - 
Lithuania 1 1,185 - - 
The Netherlands  - 1 482 - 
Romania 1 655 651 1 
Russian Federatio  21,743 4,525 n 31 5 
Slovakian Republi 5 2,034 - c - 
Slovenia 1 666 - - 
Spain 8   7,450 - 
Sweden 10  - 9,056 - 
Switzerland -  5 3,220 - 
Ukraine 15 13,107 2 1,900 
United Kingdom 19 10,982 - - 

Summe 196 170,045 11 10,586 

 Nuclear power plants in Europe, in operation and under construction, as of May 2007 

 
In the countries of the European Union 35% of electricity are generated by nuclear energy in 2005. France 
holds the top position with a share of 78.5 % followed by Lithuania with 70 %, Belgium and Slovakian 
Republic with 56 % and Sweden with 46.7 %. 



 
Nuclear Power Plants in Operation in Europe, May 2007 

clear power plants in Germany 

ny (as of May 2007), 17 nuclear power plants with an electric gross output of 21,452 MW are in 
. In 2006 they generated 167 billion kWh of electricity. The equipment and energy availability 

 

Nu

In Germa
operation
amounted to 91.1 % and 90.8 %.  

nuclear power plant  type gross 
capacity MWe 

net  
capacity MWe

gross electricity 
generation 2006 

MWh 
GKN-1 Neckar DWR 840 785 6,676,649 
GKN-2 Neckar DWR 1,395 1,305 11,620,800 
KBR Brokdorf DWR 1,440 1,370 11,784,443 
KKB Brunsbüttel SWR 806 771 6,231,298 
KKE Emsland DWR 1,400 1,329 11,764,056 
KKG Grafenrheinfeld DWR 1,345 1,275 9,960,284 
KKI-1 Isar SWR 912 878 7,087,156 
KKI-2 Isar DWR 1,475 1,400 12,407,933 
KKK Krümmel SWR 1,402 1,346 10,593,451 
KKP-1 Philippsburg SWR 926 890 7,206,360 
KKP-2 Philippsburg DWR 1,458 1,392 11,548,400 
KKU Unterweser DWR 1,410 1,345 10,928,596 
KRB B Gundremmingen SWR 1,344 1,284 10,614,038 
KRB C Gundremmingen SWR 1,344 1,288 11,052,134 
KWB A Biblis DWR 1,225 1,167 7,428,690 
KWB B Biblis DWR 1,300 1,240 8,806,851 
KWG Grohnde DWR 1,430 1,360 11,645,046 

PWR: Pressurized water reactor; BWR: Boiling water reactor 

Nuclear power plants in operation in Germany, as of May 2007 and their power generation in 2006 
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19 nuclear power plants - in particular experimental, prototype and demonstration facilities built in the 60s 
and 70s – have been decommissioned to date, including the five units of the Nuclear Power Plant Greifswald 
for general safety reasons.  

 

Name, location Electric gross output 
MW Operating period 

HDR, Großwelzheim 25 1969-1971 
KKN, Niederaichbach 107 1972-1974 
KWL, Lingen 267 1968-1977 
KRB-A, Gundremmingen 250 1966-1977 
MZFR, Leopoldshafen 58 1965-1984 
VAK, Kahl 16 1960-1985 
AVR, Jülich 15 1966-1988 
THTR, Hamm-Uentrop 307 1983-1988 
KKR, Rheinsberg 70 1966-1990 
KMK, Mülheim-Kärlich 1 308 1986-1988 
KGR 1-5, Greifswa 3-1990 ld 5 x 440 197
KNK, Leopoldshafen 21 1977-1991 
KWW, Würgassen 670 1971-1994 
KKS, Stade 672 1972-2003 
KWO, Obrigheim 357 1968-2005 

Decommissioned nuclear power plants in Germany, as of May 2007 

 

Nuclear power plants in Germany, residual electricity generation 

According to the Atomic Energy Ac(revision as of April 22, 2002) each nuclear power plant is allowed to 
generate a fixed quantity of electricity and these quantities may be transferred under special conditions from 
one nuclear power plant to another. As soon as a nuclear power plant has reached its volume of electricity, it 
must be withdrawn from the grid. 

 

Nuclear power plant  
Residual electricity 

quantity (GWh) 
from 1st Jan. 2000  

Residual electricity 
quantity (GWh) 

from 1st June 2005 
Obrigheim1+3 8 700 0.12 

Biblis A 62 000 25 894.12 

Neckarwestheim 1 57 350 24 509.09 

Biblis B 81 460 34 704.44 

Brunsbüttel 47 670 22 701.27 

Isar 1 78 350 42 190.58 

Unterweser 117 980 67 449.34 

Philippsburg 11 87 140 45 905.02 

Grafenrheinfeld 150 030 95 763.90 

Krümmel 158 220 108 880.78 

Gundremmingen B 160 920 106 682.28 

Philippsburg 2 198 610 141 542.54 

Grohnde 200 900 142 301.81 
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Nuclear power plant  
Residual electricity 

quantity (GWh) 
from 1st Jan. 2000  

Residual electricity 
quantity (GWh) 

from 1st June 2005 
Gundremmingen C 168 350 114 930.95 

Brokdorf 217 880 157 447.61 

Isar 2 231 210 168 279.99 

Emsland 230 070 170 159.70 

Neckarwestheim 2 236 040 179 584.48 

total 2 492 880 1 648 928.02 

Stade2 23 180 4 785.52 

Mülheim-Kärlich 107 250 107 250.00 

grand total 2 623 310 1 760 963.54 
1 Transfer of 5 500 GWh from Philippsburg 1 to Obrigheim 
2

n December 20, 1951, at the Experimental Breeder Reactor EBR-I in Arco, Idaho, USA, for the first time 
bulbs - was produced by nuclear energy. EBR-I was not designed to 

te the breeder reactor concept. 

ial use. On August 27, 1956 the first commercial nuclear power plant, Calder Hall 1, England, with a 
et electrical output of 50 MW was connected to the national grid. 

an installed electric net capacity of about 371 GW were 

rs by the end of 2004.  

In operation Under construction 

 final shut down 14 November 2003  
3 final shutdown 11 May 2005 

Residual electricity generation of the individual nuclear power plants in accordance 
with the Atomic Energy Act and status as of June 2005 

 

Nuclear power plants, world-wide  

O
electricity - illuminating four light 
produce electricity but to valida

On June 26, 1954, at Obninsk, Russia, the nuclear power plant APS-1 with a net electrical output of 5 MW 
was connected to the power grid, the world's first nuclear power plant that generated electricity for 
commerc
n

On 30 May 2007 437 nuclear power plant units with 
in operation world-wide. 

The global net electricity generation from nuclear energy amounted to about 2 738 billion kWh in 2004, the 
total production since 1951 amounts to 48 637 billion kWh The cumulative operating experience amounted to 
11 500 yea

Country net capacity net capacity Number MWe Number MWe 
Argentina 2 935 1 692 
Armenia 1 376 - - 
Belgium 7 5,824 - - 
Brazil 2 1,795 - - 
Bulgaria 2 1,906 2 1,906 
Canada 18 12,589 - - 
China 11 8,572 4 3,220 
Czech Republic 6 3,523 - - 
Finland 4 2,696 1 1,600 
France 59 63,260 - - 
Germany 17 20,425 - - 
Hungary 4 1,755 - - 
India 17 3,779 6 2,910 
Iran - - 1 915 
Japan 55 47,587 1 866 
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In operation Under construction 
Country 

Number net capacity 
MWe Number net capacity 

MWe 
Korea, Peoples Republic - - 1 1,040 
Korea, Republic 20 17,454 4 3,840 
Lithua - - nia 1 1,185 
Mexico 2 1,360 - - 
The Netherlands 1 482 - - 
Pakistan 2 425 1 300 
Romania 1 655 1 655 
Russian Federation 31 21,743 7 4,585 
Slovakian Republic 5 2,034 - - 
Slovenia 1 666 - - 
South Africa 2 1,800 - - 
Spain 8 7,450 - - 
Sweden 10 9,056 - - 
Switzerland 5 3,220 - - 
Taiwan 6 4,921 2 2,600 
Ukraine 15 13,107 2 1,900 
United Kingdom 19 10,982 - - 
USA 103 98,446 - - 
Total 437 370,794 34 27,029 

Nuclear power plants world-wide, in operation and under construction, as of May 2007 

 

 

 
Number of reactors in operation, worldwide, May 2007 (IAEA, modified) 
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Nuclear share in electricity generation, 2006 (IAEA 2007)  

 

 
Number of nuclear reactors worldwide by age (IAEA 2007) 

 

 
Nuclear Power Plants, energy availability factor 1991 - 2005 (IAEA 2007) 
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among the top ten for world-wide electricity generation in 2006. 
hese operating results are an impressive demonstration of the technical maturity of German nuclear power 

igh qualification of their staff.  

Nuclear power plants, world-wide, in order of importance 

Seven German nuclear power plants were 
T
plants and the h

Country Nuclear power plant Gross electricity 
generation, bn kWh 

Germany Isar-2 12.40 
Germany Brokdorf 11.78 
USA South Texas-2 11.76 
Germany Emsland 11.76 
Germany Grohnde 11.64 
France Civaux-2 11.63 
Germany Neckar-2 11.62 
Germany Philippsburg-2 11.54 
USA Grand Gulf-1 11.24 
Germany Gundremmingen-C 11.05 

Order of importance of nuclea world-wide according to their 
electricity generation in 2006 

r power plants 

 

 
World-wide importance of German nuclear power plants in annual power 
generation between 1980 and 2006 
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operational 

Nuclear power plants, world-wide, reactor types 

Mainly pressurized water reactors (PWR) are used in the nuclear power plants world-wide – 61 % according 
to the number, 66% according to the output - followed by boiling water reactors (BWR) – 21 % according to 
the number, 23 % according to the output.  

reactor type 
number electr. net output 

MW 

PWR 265 243,226 

BWR 93 83,993 

CANDU/D2O-PWR 43 21,712 

GGR/AGR 18 9,769 

RBMK 16 11,404 

FBR 2 690 

Total 437 370,794 

Nuclear Power Plants, world-wide, reactor types, 30 May 2007 

 

Nuclear reactor 

→reactor 

 

Nuclear reactor telemonitoring system 

Measuring system to record emission and radiation dose values as well as operating parameters of nuclear 
power plants and remote data transmission for processing and evaluation of the data by the central 
monitoring authority.  

 

Nuclear Safety Officer and Reporting Ordinance 

he Ordinance on the Nuclear Safety Officer and on the Reporting of Accidents and Other Events 
htliche Sicherheitsbeauftragten- and Meldeverordnung – AtSMV) dated 14th October 1992, last 

article 5 of the ordinance dated 18th June 2002, governs the appointment and scope of tasks of 

rting safety-relevant events to the supervisory authorities. 

his ordinance (Atomrechtliche Zuverlässigkeitsüberprüfungsverordnung) of 1st July 1999, amended 11th 
and competences for examining the required thrustworthiness of 

derable release of radioactive substances pursuant to the Atomic 

cle

T
(Atomrec
amended by 
the nuclear safety officer in facilities for the fission of nuclear fuels exceeding a thermal maximum output of 
50 kW and comprises the regulations on repo

 

 

Nuclear Thrustworthiness Examination Ordinance 

T
October 2003, governs the procedure 
persons to protect against the theft or consi
Energy Act.  

 

Nuclear Waste Movement Ordinance  

This ordinance (Atomrechtliche Abfallverbringungsverordnung) of 27th July 1998, amended 20th July 2001, 
governs the movement of radioactive waste to or from the Federal territory.  

 

Nu on 

Joint name for proton and neutron.  



 

Nucleus 

 124

e. 
round 1/100 000 of the atom's diameter. It contains almost the total mass of the atom. The nucleus of an 
tom, apart from the nucleus of normal hydrogen, is made up of →protons and →neutrons. The number of 

rmines the nucleus charge or atomic number Z, the number of protons plus neutrons - the 

rt 

s indicating the essential data of decay type, half-life, energies of emitted 
ctangular system of coordinates with the atomic number as ordinate and the 

eutron number as abscissa.  

Positively charged nucleus of an atom. Its diameter amounts to some 10-13 (ten trillionths) of a cm, i.
a
a
protons dete
nucleons - the nucleon or mass number M of the nucleus.  

 

Nuclide cha

Graphic representation of nuclide
radiation; normally shown in a re
n

 
Extract from the „Karlsruhe nuclide chart“ 

 

Nuclide 

A nuclide is a type of atom characterized by its proton number, neutron number and its energy condition. 
Conditions with a life of less than 10-10 s are called excited conditions of a nuclide. At present, more than 
2 770 different nuclides are known, distributed over the 113 currently known elements. More than 2 510 
nuclides of these are radioactive. →radionuclides 
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Dry gases: prefiltering, absolute filtering through aerosol filter of special class S, off-gas blower,  

ases from the combustion of radioactive waste: post-burning and dust retention in sinter ceramic 
perature up to 1000 °C), post-filtering with sintered ceramic or sintered metal filters at 

temperatures up to 700 °C, further purification as for dry gases. Iodine and ruthenium require special 
measures.  

place due to the reduced U-235 content in the natural 
ranium. For the Oklo II location, it can be calculated from the depletion of uranium-235 entailed by fission 

um of 4 t U-235 must have been fissioned, 1 t Pu-239 formed, and a volume of heat of about 
kWh generated. As a comparison: in the reactor of a nuclear power plant of the 1 300 MWe category, 

999 the total operating period amounted to 
414 years. →nuclear power plants, world-wide  

n and instructions for the behaviour of the 
lant personnel during operational malfunctions, incidents and other events.  

O 
 

Off-gas treatment 

Off-gases from nuclear plants are basically treated in the following sequence: 

- Wet gases: washing in columns and/or Venturi washers, wet filtering, drying, absolute filtering through 
aerosol filter of special class S, off-gas blower,  

- 

- Hot g
candles (tem

 

Oklo 

A prehistoric natural „nuclear reactor“, which was in operation about 2 bn years ago, was discovered in the 
uranium deposit Oklo/Gabon in 1972. In past years, six further locations in this deposit were found where a 
self-perpetuating chain reaction must have taken 
u
that a minim
100 bn 
about 30 bn kWh heat is generated by fission annually.  

 

Open radioactive substances 

Radioactive substances which are not enclosed, i.e. surrounded by a firm inactive shell or embedded in solid 
inactive substances so that the release of radioactive substances is prevented in the case of usual normal 
stress.  

 

Operating experience with nuclear power plants 

According to the IAEO, 433 nuclear power plant units with a total electrical net output of 348 908 MW were in 
31 countries in April 2000. By the end of 1operation in 

9

 

Operating hours  

The operating hours (utilization period) are equal to the gross energy generated in a period of time divided 
s period.  by the maximum load in thi

 

Operating manual 

An operating manual comprises all instructions necessary for the operation and maintenance of a process-
ant. It contains notes for the organization of the operatiorelated pl

p

 

Organ committed dose 

The organ committed dose HT(τ) for an incorporation at the time t0 is the time integral of the organ dose rate 
in the tissue or organ T:  
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T

 

0t

τ

n dose rate in r organ T at the time t 

τ riod in years over which gration is effecte o value is indicated fo a period of 
adults and th d from the respe e to the age of 70 ye or children 

e taken as a basis.  

The unit mmitted dose is s ymbol: Sv).  

 

Organ do

The orga R is the product of the organ absorbed dose  averaged over the tissue/organ T 
generate diation R and the →radiation weighting factor w

D   w ⋅=  

If the rad nerg ith different wR values, the individual values are added. The 
following r the organ dose in this  

  )(H

 0t +

∫=τT dt)t(
⋅

 H 

(t)H T
⋅

 average orga  tissue o

pe  the inte d. If n r τ, 
50 years for 
ar

e perio ctive ag ars f

of the organ co ievert (s

se 

n dose HT,
d by the ra

 DT,R

R.  

RT,RRT,H

iation consists of types and e ies w
 applies fo case: 

∑ ⋅= H
R

RT,R D  w  

 

„Otto Hah

German n. A pressurized water 
reactor  on 11th Oct. 1968. By 

e end of 1978, the ship travelled 642 000 nautical miles and transported 776 000 t freight. The „Otto Hahn“ 
reactor system and all radioactive parts were disassembled and removed. 

red service following incorporation of conventional propulsion.  

r fuel generated in the reactor core and removed 
from the core (e. g. Nuclear Power Plant Emsland: 37.4 kW/kg uranium).  

 

verheating 

am. In power plants, this process is applied to improve 

T

n“ 

 merchant ship with 16 870 GRT built for the trial of nuclear marine propulsio
with a thermal power of 38 MW was used for propulsion. First nuclear voyage

th
was shut down in 1979 and the 
The ship subsequently re-ente

 

Output, specific 

Measure for the heat output per mass unit of the nuclea

O

The heating of →saturated steam to superheated ste
the efficiency and to reduce condensation in the turbines. 
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P 
 

Pair generation 

Interaction of energy-rich elec  radiation is greater than 
1.02 MeV and thus greater th he →rest mass of an electron (me,0 = 0.511 MeV), it is possible to 

enerate an electron-positron pair (materialisation of energy).  

tromagnetic radiation with matter. If the energy of a
an double t

g

 
Pair generatio ation of an electro pair from a gamma 
quantum rich in energy 

 

PAMELA 

Pilotanlage Mol zur Erzeugung l higer Abfälle; pilot ol for the generation of disposable waste. 
vitrification plant PAMELA 

artial body dose 

ge value of the dose equivalent over the volume of a body section or an organ; in the case of the skin, 

article accelerator 

elerator 

process 

tion protection start immediately with the assumption of the activity.  

n; form n-positron 

agerfä  plant m
→

 

Paris Convention 

→Convention on Third Party Liability in the Field of Nuclear Energy.  

 

P

Avera
over the critical range (1 cm2 in the range of the maximum dose equivalent in 70 micrometer depth).  

 

P

→acc

 

Partition wall 

→diffusion separation process 

 

Party responsible for radiation protection 

A party responsible for radiation protection involves anyone who carries out activities which in accordance 
with the Atomic Energy Act, the Radiological Protection Ordinance or the X-ray Ordinance require a permit or 
require notification or who searches, mines or conditions radioactive minerals. The duties imposed on a party 
responsible for radia
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ebble bed reactor 

temperature reactor with a core of spherical fuel and moderator (graphite) elements. The 

Peak load power plants

Power plants for electricity generation which, due to their operational and economic properties, are used to 
cover the peak load. Gas turbines and storage and pumped storage power plants are used as peak load 
power plants.  

 

P

Gas-cooled high-
decommissioned nuclear power plants AVR in Jülich and THTR-300 in Uentrop had a pebble bed reactor. 
The THTR-300 contained about 600 000 spherical fuel and moderator elements. The fuel elements consist 
of a kernel of U-235 and thorium surrounded by a graphite matrix of a diameter of 6 cm.  

 
Schematic representation of the spherical fuel element of a pebble bed 
reactor 

 
power plant with pebble bed reactor Nuclear 

 

Pellet 
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Sintered nuclear fuel tablets of a diameter of 8 to 15 mm and a length of 10 to 15 mm. Many such pellets are 
filled into the 4 m long fuel cladding 

 

Pen dosimeter 

Pen-shaped measuring device to d e dose of ioniz tion. The discharge of a charged 
condenser is a measure of the dose received by the carrier of a dosimeter.  

tubes.  

etermine th ing radia

 
Pen dosimeter 

 

Personal dose 

The Radiologica tion Ordinan quires m uremen erso rmination of the 
body dose. The l dose is the quivale  measured the me able →depth dose 
and →skin dose representative of radiation exposure at the body surface. The depth personal dose 
in the case of w sure netrating diation is stimated fective dose and 
the organ doses  and skin dose an estimated value for the skin dose. se 

 

Persons exposed to radiation in the

According to the provisio the X-ray Ordinance of 
2002 these are persons who may receive an effective dose (→ dose, effective) of more than 1 mSv per year. 
The group of persons exposed to radiation in their work is classified into category A persons, who may 

 than 6 mSv per year, and category B persons, who may receive between one and six 
 

were monitored in 2002 using official person 
eters in Germany amounted to a total of 314 000, 77 % of these persons working in the medical 

ector.. The average annual personal dose of all persons monitored amounted to 0.15 mSv. When 
e value it must be noted that the value measured was below the lower measuring limit 

ermany amounts to an annual average 
f 2.1 mSv). The sum total of the annual dose values of all persons monitored (collective dose) amounted to 

-sievert in2000. All of these dose values relate to photon radiation, since this determines the dose 
control areas. Dose contributions by neutron and beta emitters are only significant in a few 

 

Period  

→reactor period 

l Protec ce re eas t of the p nal dose for dete
 persona  dose e nt in asuring vari s of 
at a spot 

hole body expo
 of deep organs

to pe
the 

 ra  an e  value for the ef
→do

ir work  

ns of the Radiological Protection Ordinance of 2001 and 

receive more
Millisieverts per year. The frequency of examinations within the scope of medical monitoring depends on the
respective classification.  

The number of persons exposed to radiation in their work who 
dosim
s
evaluating this averag
of the personal dosimeter of 0.05 mSv for the majority of all persons monitored (85 %) during the whole year. 
In these cases the measuring points for the personal dose determined the value zero. Averaging the annual 
personal dose values which differ from zero for the persons monitored results in a mean annual personal 
dose of 1.0 mSv (by comparison: the natural radiation exposure in G
o
47.4 man
in almost all 
cases. 

 

Phosphate glass dosimeter 
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easuring device to determine the dose. The radio-photoluminescence effect which is the property of certain 
ces to emit fluorescent light of greater wave length upon irradiation with ultraviolet light when 

usly exposed to ionizing radiation, is used to determine the dose. Silver-activated metaphosphate 
d alkaline earth phosphates with some percent of silver 

etaphosphate - show this photoluminescence effect for example. The intensity of the fluorescent light is 
roportional over wide areas of the irradiated dose.  

 where electrons are released by the photoelectric effect.  

M
substan
previo
glasses - glasses made of alkaline an
m
p

 

Photo-cathode 

Cathode

 

Photo-effect 

Interaction of roentgen and gamma radiation with matter. The roentgen or gamma quantum transfers its 
energy to the shell electron of the atom. The electron receives kinetic energy which is equal to the energy of 
the quantum reduced by the binding energy of the electron.  

 
Photo-effect 

 

Photon 

Energy quantum of electromagnetic radiation. The rest mass of the photon is equal to zero. It has no 
electrical charge. →elementary particle  

 

PHWR 

Pressurized Heavy Water Reactor; example: Atucha, Argentina, 367 MWe.  

 

Physikalisch-Technische Bundesanstalt 

The Physikalisch-Technische Bundesanstalt (PTB), Brunswick and Berlin, is a national institute for science 
and technology and the highest technical authority of the Federal Republic of Germany for the field of 
metrology and physical safety engineering. It is the successor to the Physikalisch-Technische Reichsanstalt 
founded in Berlin in 1887 and comes under the auspices of the Federal Ministry of Economics and 
Technology. The PTB has about 1 650 regular staff members, 1 300 of whom work in Brunswick. PTB's task 
and activities may be divided into four areas:  

- Elementary metrology 
- Measuring engineering for the legally governed sector  
- Measuring e
- International

ngineering for industry 
 co-operatio 
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unter 

 detecting the radiation of a radioactive source over a solid angle of 2π. 

 

4 pi-counter 

Radiation detector capable of detecting the radiation of a radioactive source over the full solid angle of 4π. 

 

Pi meson 

→pion, →elementary particle.  

 

Pinch effect 

Effect in controlled fusion experiments in which electric current flowing through a plasma column constricts, 
compresses and thereby heats the plasma.  

 

Pion 

Short-lived elementary particle; short for pi meson. The mass of a charged pion is about 273 times that of an 
electron. An electrically neutral pion has a mass which is 264 times that of the electron. →elementary particle 

 

Plasma 

Electrically neutral gas mixture of ions, electrons and neutral particles. High-temperature hydrogen plasmas 
are used as fuel in experiments of controlled →fusion.  

 

Plateau 

Part of the counter tube characteristic curve in which the counting rate changes only slightly in the case of 
voltage fluctuations.  

 

Plutonium bomb 

The first test bomb fired on 16th July 1945 in the desert of New Mexico about 100 km north-west of 
Alamogordo and the Nagasaki bomb were plutonium bombs. Weapon plutonium is metallically pure Pu-239 
which is obtained when the fuel elements remain only for a short time (days, some weeks) in the reactor and 
therefore achieve only very low →burnup. For a burnup of 20 000 MWd/t and more, as occurs in commercial 
reactors, such high amounts of other plutonium isotopes are generated that the use for weapons is 
considerably restricted and technical difficulties increase. A bomb requires a minimum quantity of fissile 
material, which in the case of weapon plutonium in metallic form is about 10 kg. Even smaller quantities are 
possible utilizing the sophisticated weapon technology of nuclear weapon countries.  

 

Plutonium 

Plutonium - the 94th element in the classification of elements - was discovered in 1940 by the American 
researchers Seaborg, McMillan, Wahl and Kennedy as second transuranium element of the plutonium-238 
isotope upon bombardment of uranium-238 with deuterons. Today 15 Pu-isotopes are known. Due to its 
property as fissile material, the isotope Pu-239 (half-life 24 110 years) is of specific importance. The 
elements 93 and 94 following the 92nd element - uranium - in the classification of elements have been 
named analogously to uranium, which is named after the planet Uranus, 'neptunium' and 'plutonium', the 
planets Neptune and Pluto following Uranus. Plutonium is generated by neutron capture in uranium-238 and 
two subsequent beta decays according to the following scheme:  

U-238 + n ⇒ U-239 ⇒ ß-decay ⇒ Np-239 ⇒ ß-decay ⇒ Pu-239.  

 

2 pi-co

Radiation detector capable of
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ture, plutonium-239 occurs in tiny quantities in minerals containing uranium (pitchblende, carnotite) - 
Pu atom per 1 trillion and more uranium atoms. It is formed from U-238 by neutron capture released 

pon the spontaneous fission of U-238. In above-ground nuclear weapon tests, approx. six tonnes Pu-239 
the atmosphere and distributed all over the world, so that in Central Europe for example, 
9 pro m2 have been deposited. Plutonium is a radiotoxic substance and its chemical 

 immediately.  

 be adjusted to compensate for the reactivity equivalent 
of the reactor poi Reactor poisons (e.g. boron acid solution) are 
injected into w wn. Boric acid solution is used to compensate 
for excess reactivity in pressuriz r ctors.  

 

Pollux 

Container for direct ultimate waste di of spent fuel elements. Namin →Castor® (transport 
and interim storage container for spent fuel elements) after the twin brothe and Pollux of the Greek 
legend. The concept of direct u aste disposal provides that spe ements be compacted, 
packaged solated from the biosphere. For 
reference loped which can hold up to eight 
pressurized water reactor fuel elements. It has a diameter of about 1.5 m, a length of approx. 5.5 m and a 

en loaded. The container is equipped with a double shell and ensures the safe 
s. An internal container to accommodate the compacted fuel elements - separated 

Pool reactor 

Reactor in which fuel elements are su  an open water pool. The r serves as a moderator, 
reflector and coola ning pu oses. The FRG-1 research 
reactor of the GKSS

 

Positron 

Elementary particle  electron, but positively charged. It is the „anti-electron“ generated 
during pair creation an g beta plus decay.  

Power generation from nuclear plants in Europe 

Around 924 billion kWh of electricity were generated from nuclear power in the European Union in the year 
2005. This was around 38% of the electricity produced in EU countries with nuclear power plants and 30.6% 
of the entire net electricity produced on the EU-25 electricity market. Among the 13 EU countries with 
nuclear power plants, France and Lithuania were the top nuclear electricity producer in 2005, reaching a 
figure of 78.3% and 72%.  
 
 

In na
one 
u
were released into 
about 60 Bq Pu-23
toxicity as a heavy metal is therefore negligible. The radiotoxic effect of plutonium is very serious in the case 
of inhalation of the finest Pu aerosols; ingestion of plutonium is about 10 000 times less dangerous, since 
only 1/100 percent of plutonium is absorbed by the intestinal mucosa, 99.99% is excreted

 

Poison 

→nuclear poison 

 

Poisoning 

Some of the fission products generated during the operation of a reactor have a large capture cross-section 
for neutrons (e.g. Xe-135). The control device must

sons to keep the reactor at its power level. 
ater-moderated reactors for emergency shutdo

ed water ea

sposal g relates to 
rs Castor 
nt fuel elltimate w

 in tightly closed containers and safely stored in repositories i
 test, a container with a design of the „Pollux“ type has been deve

weight of 64 tonnes wh
inclusion of radionuclide
by a neutron moderator - is surrounded and protected by an external shield container made of spheroidal 
iron. The Pollux container system is designed in compliance with the traffic law regulations for type B(U) 
packings and the atomic energy law for interim storage of nuclear fuel. The containers can therefore be used 
as transport, interim storage and ultimate waste containers.  

 

bmerged in wate
nt. This reactor type is used for research and trai
 in Geesthacht is a pool reactor.  

rp

 with the mass of an
d emitted durin
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Country Total net electricity 
production in bn. kWh 

Production from nuclear 
power in bn. kWh 

Nuclear power 
share (%) 

Belgium 82.8 45.3 55 
Bulgaria 39.7 17.3 44 
Czech Republic 75.6 23.3 31 
Germany 580.1 154.6 28 
Finland 67.9 22.3 33 
France 549.4 430.0 78 
Great Britain 381.4 75.2 20 
Hungary 32.6 13.0 40 
Lithuania 13.2 9.5 72 
Netherlands 96.0 3.7 4 
Romania 53.7 5.1 9 
Russian Federation 898.3 137.3 15 
Sweden 154.8 69.5 45 
Switzerland 62.9 22.1 35 
Slovakia 29.3 16.4 56 
Slovenia 14.1 5.6 40 
Spain 265.2 54.9 21 
Ukraine 164.2 83.3 51 
Total 3561.2 1188.4  
Total EU 2435.8 923.8 38 

Electricity production in European countries with nuclear power plants, 2005  

 

Power generation, Germany 

%, 
iomass 4 %, photo voltaic 0.3 %) and all others for 5 %. 

In 2006 the gross electric power generation in Germany totalled 596 billion kWh. A major proportion of the 
electricity supply is based on nuclear energy (27 %), lignite (23 %) and hard coal (21 %). Natural gas has a 

re of 12 %. Renewables account for 12 % (wind 5 %, water - without pumped storage plants - 4 sha
b

 
Electricity production by energy sources, Germany 2006 
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Power generation, nuclear power plants in Germany 

In 2005, a total of 167.1 bn kWh were converted from nuclear energy into electrical energy in German 
nuclear power plants, corresponding to a share of 26 % of the electricity supply in Germany. Ranking highest 
was the Nuclear Power Plant Brokdorf with 11.98 bn kWh, roughly half of the electricity production of all wind 
power stations in 2005. 

In Germany, electricity has been generated from nuclear power since 1961. 

Year electricity production 
109 kWh 

1961 0.024 
1970 6.0 
1980 42.6 
1990 146.1 
2000 168.5 
2002 164.8 
2004 167.1 
2005 163.0 

Electricity production from nuclear power plants in 
Germany  

 

Power generation, nuclear power pla

n November 1, 2006, according to the International Atomic Energy Organization, 442 nuclear power plants 
ic capacity of 369.573 GW were in operation world-wide. The global electricity 
gy amounted to about 2.626 billion kWh in 2005. The cumulative operating 

public of Germany 

typ GW 

nts world-wide 

O
with a total net installed electr
generation from nuclear ener
experience amounted to about 11,900 years by the end of 2005. 

 

Power plant output in the Federal Re

By the end of 2005 the following outputs were available for the entire electric power supply in Germany:  

power output, gross 

hard coal  26.7 

nuclear 21.7 

natural gas 20.2 

lignite 20.0 

wind 18.4 

water 8.8 

others  6.5 

total 122.3 
 

Power reactor 

r use in a nuclear power plant, in contrast to reactors which are mainly used for 
Power reactors have a thermal output of up to 5 000 MW 

. →boiling water reactor, →pressurized water reactor 

A nuclear reactor suitable fo
research purposes or to generate fissile material. 
corresponding an electric output of 1 500 MW
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ppm 

parts per million, 1 part per 1 million pa s in solid bodies, liquids and 
gases.  

 

Protection Act governs the responsibilities of government and states to carry out 
measurements, evaluate the measured data and order restrictions an  sale of food and 
other substances.  

 

Pressure tube reac

Nuclear reactor contained within m ich the coolant is 
circulated. This nt is surrounded by the moderato NDU reactor type, 
heavy water (D2O) is use olant and moderator; in the Russian RBMK reacto 2O) 
is used as coola

 

Pressure vessel 

Thick-walled cy re in a nuclear power plant. The vessel is made 
f a special fine-grained steel well suited for welding and with a high toughness while showing low porosity 

with austenitic cladding to protect against corrosion. For a 1 300 
ssure vessel is about 12 m high, the inner diameter is 5 m, and the 

ppb 

parts per billion, 1 part per 1 billion parts. Measure of the degree of impurities in solid bodies, liquids and 
gases.  

 

rts. Measure of the degree of impuritie

 

Precautionary Radiation Protection Act

The effects of the reactor accident in Chernobyl showed that the acts and ordinances currently valid in the 
Federal Republic of Germany in the field of radiation protection comprised only insufficient administrative 
regulations for a nuclear accident abroad which affects the territory of the Federal Republic. The 
Precautionary Radiation 

d prohibitions for the

tor 

in which the fuel elements are any tubes through wh
tube arrangeme

d as a co
r. In the Canadian CA

r type, light water (H
nt and graphite as a moderator.  

lindrical steel vessel enclosing the reactor co
o
under neutron irradiation. The inside is lined 
MWe pressurized water reactor, the pre
wall of the cylindrical shell is about 250 mm thick. The overall weight amounts to approx. 530 t without 
internals. The vessel is designed for a pressure of 17.5 MPa (175 bar) and a temperature of 350 °C.  

 

Pressurized water reactor 

Power reactor in which the heat is dissipated from the core using highly pressurized water (about 160 bar) to 
achieve a high temperature and avoid boiling within the core. The cooling water transfers its heat to the 
secondary system in a steam generator. Example: Grohnde Nuclear Power Plant with an electrical output of 
1 430 MW.  



 

nergy raw materials in their natural form prior to any technical conversion, e.g. coal, lignite, mineral oil, 
atural gas, uranium, water, solar radiation.  

Nuclear power plant with pressurized water reactor 

 

Primary energy 

E
n

 

Primary energy consumption, Germany 

Primary energy refers to the energy carriers at the beginning of the energy conversion chains. The total 
primary energy consumption in Germany amounted to 485.8 million t of coal equivalents in 2005. The 
consumption is divided up as follows: 

Mineral oils 36.0 %

Natural gas 22.7 %

Hard Coal 12.9 %

Nuclear energy 12.5 %

Lignite 11.2 %

Water + wind 1.2 %

Other (garbage etc) 3.5 %
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Primary energy consumption, Germany, 2005 

Reserves nergy stock. The presently non-economically usable part is 
known as s total more than 1 20 coal equivalents. 
The table gy carriers and global regio

 Coal Crude oil Oil shale,  
ds 

 

Primary energy reserves 

 are the economically usable part of e
 resources. The global energy reserve 0 billion tonnes of 

ns.   shows the distribution over the various ener

 Gas Uranium 
(80 $/kg) oil san

OECD 19 19  15 261 69 

OPEC 77 - - 153  

Eastern 
Europe, China 76 6 260 16 11 

Others 13 7 164 12 46 

World 185 28 685 200 126 

Global energy reserves in billion tonnes of coal equivalent 

 

Proliferation 

Distribution (of nuclear weapons). All measures of international nuclear material monitoring serve the non-
proliferation of nuclear weapons stipulated in the Treaty on the Non-proliferation of Nuclear Weapons. This 
treaty has been in force for Germany since the 2nd May 1975.  

 

Proportional counter 
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Detection device for ionizing ra counte ses for primary 
ionization so that alpha and beta rays due to their different specific ionization can be traced separately. The 
proportional counter allows de the energy of radiatio

 

Proton 

Elementary particle with a positive electrical elementary charge and a mass of 1.67262158·10-24 g, which is 
equal to about 1836 times the n mass. Protons and neutro together form the atomic nucleus. The 
number of protons in the ato  determined by the mical element allocated to this atom. 
→elementary particle 

 

PTB 

→Physikalisch-Technische Bu

 

Pulsed column 

Column-shaped extraction wise in a countercurrent 
(„pulse plates“ or „sieve bottoms“) during which certai s change over from one liquid phase to the 
other.  

 

ctor 

ed to produce short, intensive power and radiation impacts. The neutron flux 
uch higher than could be achieved in the stationary state. Example: FRMZ, 

 

PUREX 

Plutonium and Uranium Recovery by Extraction. → rocess 

 

PUREX pro

Process fo ocessing of spent nuclear  separate uranium and plutonium from the fission 
product other. Following the dissol ion of the irradiated fuel in nitric acid, uranium and 
plutonium  organic phase by organic solvent extraction - 30 p phosphate 
(TBP) in ke used as organic solvent - wh  fission products remain in the aqueous nitric phase. 
Further equent separation of uranium lutonium from o ther.  

ys.  The proportional r supplies proportional output pul

termination of n.  

 electro ns 
mic nucleus is che

ndesanstalt  

 apparatus pressing two liquids through sieves pulse
n element

Pulsed rea

Type of research reactor us
density in such a pulse is m
research reactor of the university of Mayence, type TRIGA-Mark-II; pulse power 250 MW, permanent power 
0.1 MW.  

 

Pure element 

Chemical element consisting of only one stable isotope; e.g. fluorine, aluminium, gold.  

PUREX p

cess 

r the repr fuel to
s and from one an ut

are maintained in the ercent tributyl 
rosene is ile the

process steps enable the subs  and p ne ano



 
Principle of the PUREX process for the separation of uranium and 
plutonium from fission products 

 

PWR 

→pressurized water reactor 
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Q 
 

Quality assurance 

Assurance of the quality of materials, apparatuses, containers, pipings, etc. is a vital prerequisite for the 
licensing of nuclear facilities. The measures required by the licensor are covered in a quality programme. 
Preliminary, construction and acceptance tests are carried out by independent experts.  

 

Quality factor 

Term of radiation dosimetry. The quality factor was introduced to define the dose equivalent based on the 
fact that the probability of stochastic radiation effects not only depends on the absorbed dose but also on the 
radiation type. The quality factor considers the influence of the different energy distribution - which varies 
according to the different types of rays - in the cellular area in the irradiated body. Quality factor Q is a 
function of the unrestricted linear energy transfer L. The following relation has been fixed between the quality 
factor and the unrestricted linear energy transfer L:  

Unrestricted l
(keV µm-1) Q (L) inear energy transfer L in water, 

L ≤ 10 1 

10 < L < 100 0.32 L - 2.2 

L ≥ 100 300 / √L 

Relation between the linear energy transfer and the quality factor 

 

Quality factor, effective 

The Radiological Protection Ordinance of 1989 uses the quality factor Q or the effective quality factor Qeff 
instead of the →radiation weighting factor. The effective quality factor considers the probability of stochastic 
radiation effects, depending on the resp he values of the effective quality factor Qeff 
depend on th nd f inc ase of external 
whole-body irr lso fo conditio  used for 
the effective quality factor Qeff.  

Radiatio

ective radiation type. T
 the type and energy o

r other exposure 
e exposure conditions a
adiation and generally a

ident radiation. In the c
ns the following values may be

n Qeff

Roentgen and gamma radiation, beta radiation,
sitrons 

 1 
electrons, po

Neutrons of unknown energy 10 

Alpha radiation 20 

Effective quality factor, Radiological Protection Ordinance of 1989 



 141

R 
 

R 

Symbol 

 

rad 

Former unit of absorbe One rad is equal to the 
absorption of a radiation  of the absorbed dose is 

ule/kilogram with the special unit name gray, symbol: Gy. 1 rd = 1/100 Gy.  

 biological systems, i.e. on subcellular and cellular levels as well as on the levels of cell systems 
nd organisms. Tasks:  

f radiation to investigate biological phenomena,  

mentals,  

Elaboration and improvement of fundamentals for the assessment of somatic and genetic risks and 
 of results,  

lectromagnetic radiation emitted during the transfer of an electron of the sheath to a further internally 
ituated shell of an atom. The wavelength depends upon the respective element and type of transfer.  

 

Radiatio

Radiatio
themse ic 
radiatio ion is drawn between →stochastic and →deterministic radiation effects.  

for →roentgen.  

d dose (rad: radiation absorbed dose); symbol: rd or rad. 
 energy of 1/100 joule per kilogram matter. The new unit

jo

 

Radiation 

Energy dispersion through matter or space. In atomic physics this term is also extended to fast moving 
particles (alpha and beta radiation, free neutrons, etc.).  

 

Radiation biology 

Branch of radiology dealing with the mechanisms of action and effects of radiation, in particular ionizing 
radiation, on
a

- Application o

- Application of radiation to clarify tumour growth and radiation treatment funda

- 
implementation

- Elaboration and improvement of fundamentals to identify and modify radiation-related diseases.  

 

Radiation, characteristic 

E
s

 

Radiation chemistry 

Branch of chemistry dealing with the effect of energy-rich radiation (e.g. gamma or neutron radiation) on 
chemical systems.  

n damage in human beings 

n exposure may entail somatic and inheritable effects. Somatic effects occur in the persons exposed 
lves, inheritable effects can only manifest themselves in descendants. In the case of somat
n effects, a distinct



 
Classification of radiation damage 

 

Radiation damage, 

Disadvantageous ch  properties due to ionizing radia   

 

Radiation damag  

Acute radiation dam after irradiation with very high doses. The time 
sequence of the  dose. →radiation effect in the case of very high whole-
body irradiation  

 

adiation damage, physical-chemical 

hange in the physical and chemical properties of a material due to ionizing radiation.  

adiation detector 

terial in which radiation initiates processes suitable for demonstrating or measuring the 
r-Müller counter, →proportional counter, →scintillation counter 

hastic 

ns 

Radiation exposure, average in Germany 

biological 

ange in the biological tion.

e, early symptoms

age to human beings is observed only 
 disease symptoms depends on the

R

Disadvantageous c

 

R

Device or ma
radiation. →dosimeter, →Geige

 

Radiation effect, stoc

→stochastic radiation effect 

 

Radiation-exposed perso

→persons exposed to radiation in their work 
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The effe radiation sources amounts for inhabitants in Germany to an 
average sure and medical exposure, particularly x-ray 
diagnosti   nature and 
medicine an
contributions

ctive dose from all natural and artificial 
 of 3.9 millisievert per year. Natural radiation expo
cs, contribute each nearly half of the total dose. Compared to the radiation dose from

d above all considering the considerable variation of these dose values, all other dose 
 are actually negligible.  

 

Average radiation exposure in Germany, 2005 

ilding material 

he radiation dose of human beings due to natural 
dioactive substances. The radiation within buildings made of bricks or concrete is higher than in buildings 

type of pre-assembled units since this building material contains less natural 
.  

 

Radiation exposure, bu

The building material used for house building influences t
ra
made of wood or some 
radioactive substances

Building material Additional radiation 
exposure (mSv/year) 

Wood  0.2*  to 0 

Chalky sandstone, sandstone  0 to  0.1 

Brick, concrete  0.1  to 0.2 

Natural stone, technically produced gypsum  0.2  to 0.4 

Slag brick, granite  0.4 to 2 

Radiation exposure due to building material 

 

Radiation exposure, civilization-related 

The majority of civilization-related radiation exposure is caused by medical x-ray applications for diagnostic 
purposes. Including the dose from nuclear medicine the resulting average effective dose of the population 
amounts in Germany to 1.8 mSv per year. A further contribution to the radiation dose entails the still existing 
effects of above-ground nuclear weapon tests. The radiation dose resulting from global fallout in the 
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atmosphere is decreasing since the su  of the nuclear weapon te -sixties, it amounted 
to up to 0.2 mSv/year, presently the  is less than 0.01 mSv/year. Air traffic, industrial radiation 
applications, TV and luminous dials of watches contribute about 0.02 mSv per year to the annual effective 
dose. The additional radiation dose on a nkfurt - New York - Frankfurt am pprox. 0.1 mSv. 
The average dose due to the peaceful u uclear energy for the inhabitants in the vicinity of 3 km around 
a nuclear power plant due to the disc dioactive substances with the exhaust air is less than 
0.0003 mSv/year. The mean value of the total civilization-related radiation expo  Germany amounts to 
about 1.9 mSv annually.  

fective dose in mSv/ye

spension
exposure

sts. In the mid

 flight Fra
se of n

ounts to a

harge of ra
sure in

Ef ar 
Cause for radiation d Mean value for the 

population 
Range of values for 
individual persons 

ose 

Medicine 8 0.01 to 30  1.
Increase of nat
industrial activity 0.01 0.1 to 2 ural dose due to  

Chernobyl 0.005 to 0.04  accident  0.01 
Nuclear w 005 0.002 to 0.01 eapon tests  0.
F 0.01 to 5 lights  0.005 
Industrial products  0.001 0.1 to 2 
Fossil energy carriers  0.001 0.001 to 0.01 
Nuclear power plants  0.001 0.001 to 0.01 
occupational exposed persons  0.3 0.1 to 15 
Total  1.8 - 

Civilization-related radiation exposure in Germany, 2005 

adiation exposure, comparability, natural/civilization-related 

izing rays cause the same primary physical processes of ionization or excitement of atoms or 
e irradiated material. This is independent of whether they are of natural or artificial origin. If 

adiation exposure, cosmic 

aching the earth from space is mostly of galactic and only partly of solar origin. It is very rich 
rocesses in 

e outer layers of the atmosphere new radiation groups are generated - photons, electrons, positrons, 
eutrons and myons. The first radiation types form the „soft“ secondary cosmic ray component, the myons 

ing „hard" secondary cosmic ray component which can even be detected in deep mines. The 

ince part of the radiation is absorbed by the atmosphere. Taking 
ll components of cosmic radiation into account, this results in an annual radiation exposure of 0.3 mSv at 

the Zugspitze and 2 mSv in La Paz situated at an altitude of 4 000 m.  

 

R

All types of ion
molecules in th
the radiation exposures are indicated in sievert, they are directly comparable, irrespective whether natural or 
artificial, internal or external radiation exposure is involved.  

 

R

The radiation re
in energy. This primary cosmic radiation mainly consists of protons. Due to different interaction p
th
n
the penetrat
influence of the magnetic field of the earth on the primary cosmic radiation results in a dependence of the 
secondary cosmic radiation on the geomagnetic width. The intensity of the cosmic radiation depends 
extensively on the altitude above sea level, s
a
sea level, 1.2 mSv at 



 
Cosmic radiation exposure as a function of altitude 

 fixed by the legislator as a maximum to which a person may be exposed 
ased on recommendations from scientific committees. Different dose limit values are fixed for different 

ersons. When handling radioactive substances and ionizing radiation the principle that any 
radiation exposure is to be avoided must be observed and if unavoidable it is to be kept as low 

nce fixes the limit values for occupationally exposed persons as listed in the table. Lower values 
pply for occupationally exposed pregnant women and apprentices.  

Tissue or organ Limit 

 

Radiation exposure, dose limits 

se value of an ionizing radiationDo
b
groups of p
unnecessary 
as possible, even when within the legal limit values. The German Radiation Protection Ordinance and the X-
Ray Ordina
a

Effective dose 20 mSv/year 

Organ dose  

Bone marrow (red), gonads, uterus 50mSv/year 

Adrenals, bladder, brain, breast, lens of the eye, small 
in pper large in idney, liver,  
oe creas, mach, thym

Sv/year testine, u
sophagus, pan

testine, k
spleen, sto

lung, muscle,
us 

150 m

Bone surface, thyroid 300 mSv/year 

A eet, forenkles, f arms, hands, skin 500 mSv/year 

Dose limits for occupationally exposed pers

 

The effective mbe v/year is 
15 mSv/year and for the skin 

Nuclear powe ust no mis  ex
Effe ose and
uterus, red bone marrow  0.3 mSv/year 
Dose for adrenals, bladder, brain, breast,  
small intestine, upper large intestine, kidney,  

le, oesophagus, pancreas,  
spleen, stomach, thyroid, thymus 0.9 mSv/year 
Dose for bone surface, skin 1.8 mSv/year 

ons 

dose for me rs of the public must not exceed 1 mS . The limit for the lens of the eye 
50 mSv/year.  

r plants m
ctive d

t exceeded by radioactive e sions with haust air or waste water:  
 dose for gonads,  

liver, lung, musc
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. 

 

Radiation exposure, medi

The average effective dose of the po  in Germa o medical n of ionizing rays and 
radioactive substa amounts to 1 year. X-ray diagnostics up the largest part of 
civilisation-related n exposure n in Germany. The frequency aminations in 
Germany amounts examinatio put per y he effecti amounts to 1.7 mSv/a. 
Although there is a d ing trend in amination ch can b by the growing use 
of alternative exam cedures  increa  dose v  examinations such as 
computer tomogra clear medi Germany s about v per caput per year, 
considerably less to ation exposu  population  the plication frequency 
compared to x-ray stics and the r effecti er examin

Type of examination tive dose, m

These dose limits shall be observed at the most unfavorable point of effect, taking account of all relevant 
load paths, the dietary and lifestyle habits of the reference person in addition to any possible prior 
contamination by other plants and facilities

cal 

pulation ny due t applicatio
nces 
radiatio

.8 mSv per 
of the populatio

make 
of x-ray ex

 to 1.7 ns per ca ear and t ve dose 
eclin

ination pro
some x-ray ex
, there is an

s, whi
se in modern

e explained 
-intensi e

phy. Nu cine in contribute 0.12 mS
radi

diagno
re of the

 partly lowe
 because of

ve dose p
 lower ap

ation.  

Effec Sv 

CT abd
CT thorax 
CT spinal column 
CT hea
 
Colon 
Arteriog

Stomach 
Urinary tract 
Lumbar spine 

30 
20 

9 

 
20 
20 
16 

9 
5 
2 

omen 

d 

raphy 

2.5 

Small intestine 

Pelvis 
Thorax 
Tooth 

1 
0.3 

0.01 

Average effective dose for various x-ray examinations 

 
Average effective dose of population in different countries due to x-ray 
diagnostics 

 

Ra tion exposure, natural dia
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averag
expos ive dose from all natural radiation sources. The dose due to external 

adia
orium

up of 

In Germany the natural radiation exposure for most of the inhabitants amounts to 1 to 6 mSv/year with an 
e value of 2.1 mSv/year. External radiation exposure contributes to one third, and internal radiation 

ure to two thirds of the effect
irr tion comes in equal proportions from cosmic radiation, potassium-40 and nuclides of the uranium and 
th  chain. Approximately three quarters of the effective dose due to incorporated radionuclides is made 

radon-222 and radon-220 and in particular their short-lived decay products, followed by potassium-40 
and polonium-210.  

Annual effective dose in mSv 
Exposure by External 

irradiation 
Internal 

irradiation Total 

Cosmic radi
at sea

ation 
 level 

at 1000 m altitude 
ionizing component 
neutrons 

 
 

 
0.32 
0.08 

  
 

 
 } 0.4 

ionizing component 
neutrons 

0.24 
0.03 

 }0.27 
 

Cosmogenic radionuclides  0.02 0.02 
Primordial radionuclides  
K-40 
U-238 chain 

U-238 → Ra-226 

0.18 
 
 

 
0.17 

 
0.02 

 
 0.35 
 
 

Rn-222 → Po-214 
Pb-210 → Po-210 

Th-232 chain 
Th-232 → Ra-224 
Rn-220 → Tl-208 

 }0.12 
 
 

 }0.14 

1.1 
0.05 

 
0.01 
0.07 

 } 1.3 
 
 
 } 0.2 

Total 0.7 1.4 2.1 

Contributions of various sources of natural radiation exposure in Germany 

 

Radiation exposure, nuclear power plants, Germany 

The radiation exposure in the environment of nuclear facilities is determined for the reference person defined 
in the Radiological Protection Ordinance based on the results of emission control in accordance with the 
process stipulated in the "General administrative regulation for the determination of radiation exposure by 
disposal of radioactive substances from nuclear plants or facilities". The calculation of radiation exposure of 
the population in 2005 in the vicinity of nuclear power plants by the emission of radioactive substances with 
xhaust air resulted in an effective dose for adults of 0.004 mSv as the highest value for the Nuclear Power 
lant Isar; this is 1.3 % of the limit value of the Radiological Protection Ordinance. For infants, the highest 

alculated due to the emissions of the Philippsburg and Isar plants with 0.006 mSv, 

lant Isar.  

f the effective dose for adults from emissions of radioactive substances with the waste 
water from nuclear power plants amounted to 0.0007 mSv (0.25 % of the dose limit value) at the location of 
the Nuclear Power Plant Emsland.  

he radiation exposure at the lower reaches of the rivers has been closer examined with consideration of all 
mitters. For the mouth of the Neckar, an effective dose of about 0.001 mSv for adults and of 0.0016 mSv for 

established; at the lower reaches of the Weser 0.0003 mSv for adults and 0.0005 mSv for infants 
 the 

e
P
effective dose was c
corresponding to about 2 % of the dose limit value. The highest value of the thyroid gland dose for infants 
was calculated at 0.007 mSv (less than 1 % of the corresponding dose limit value) for the Nuclear Power 
P

The highest value o

T
e
infants was 
were calculated. On the Rhine and Main, the effective doses were around 0.0001 to 0.0004 mSv and on
Danube 0.0006 mSv. 

 



    
Radiation exposure for adults 
emission of radioactive sub

at the most unfavourable point in the vicinity of nuclear power plants by 
stances with the exhaust air (left) and waste water (right), 2005 

xposure, occupational 

 to 0.14 mSv in 2005. For 83 % of the persons 
onitored, the values determined were below the smallest determinable dose (0.05 mSv/year). If an average 

calculated only for persons with an annual dose other than zero, an average annual personal dose 
Sv results for these 53 000 persons. 

 

Radiation e

In 2005 311 000 persons in Germany were monitored with personal dosimeters. 77% of them worked in the 
medical sector. The total annual dose of all persons monitored amounted to about 43 man-Sievert. The 
average annual dose of all persons monitored amounted
m
value is 
of 0.81 m

According to the German Radiation Protection Ordinance the radiation exposure of airline personnel due to 
the higher cosmic radiation exposure flying in high altitudes has to be calculated and registered. The total 
dose for these 31 709 persons amounted in 2005 to 60 Sv, the calculated  average dose is 1.96 mSv. 

In 2005 the average effective annual dose of all monitored individuals with occupational exposure to radon 
decay products amounted to 1.96 mSv.  

 
Annual dose of monitored persons, Germany, 2005 
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Average annual dose to workers in different working areas, Germany, 2005 

 

Radiation exposure, power plants 

Not only nuclear power plants emit radioactive substances with the exhaust air. Fossil fuels contain various 
concentrations of natural radioactive substa d during comb stion. Different firing 
techniques lead to extremely wide va e flue dust due to the temperature-

ependent volatility. For 1 GWa of electric energy generated, the emission of long-lived alpha-radiating 
bout 10 GBq for a hard coal and 1 GBq for a lignite-fired power plant. The effective 

or various power plants occurring at the most unfavourable point of influence is in the range 

nergy carrier 
Max. effective dose in 

the environment 
µSv per year 

Dose-relevant nuclides 

nces which are release
riations in enrichment of th

u

d
substances amounts to a
dose equivalent f
of 0.1 to 100 microsievert per year.  

Primary e

Lignite 
Hard coal 

0.5 to 2 
1 to 4 

1 

U-238, Th-232 and decay 
products, in particular 
Ra-226, Pb-210, Po-210 Oil  

Natural gas 0.2 to 1 Radon-222
Geothermal energy 100 

 and decay 
products 

Nuclear power 0.1 to 5 Fission and activation 
products 

Radiation exposure by power plants with various primary energy carriers standardized to 
the generation of 1 GWa electric energy 

he natural radioactive substances which exist in various concentrations 
verywhere on earth. The dose rate resulting from terrestrial radiation depends on the geological formations 

soil and therefore varies from one location to another. In Germany, an average external radiation 
 results due to terrestrial radiation; in some parts of Brazil and India these values 

 

Radiation exposure, terrestrial 

Terrestrial radiation comes from t
e
of the sub
dose of 0.5 mSv per year
are ten times higher.  
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 Average effective dose 
 mSv/year 

Max. absorbed dose 
outdoor Area

mGy/year 

Germany 0,4 5 

India: Kerala, Madras 4 50 

Brazil: Espirito Santo 6 800 

Iran: Ramsar 6 850 

Radiation dose due to terrestrial radiation in various areas 

with the properties and physical effects of ionizing rays.  

d the population as 
avoid deterministic 

diation effects and to limit the probability of stochastic effects to values considered acceptable. An 
 entailing radiation exposure are justified.  

Radiation protection areas are to be established in the case of activities requiring a permit pursuant to the 
Radiological Protection Ordinance and X-ra . Depending o on exposure, a 
distinction is drawn between monitoring areas, c s and exclusion ard to the 
external and internal radiation exposure. In compliance gula following values are valid:  

• Mo  areas 

Mo  areas are in-plant areas ch do n  to the controlled areas  which persons 
may receive an effective dose of m  than 1 m ert or organ ses higher than 15 millisievert 
for the eye lens or 50 millisievert for the skin, ha earms, feet and ankles in a calendar year.  

• Controlled a

In controll areas persons may re e an effective millisievert or organ doses 
hig n 45 millisievert for the len f the eye o  millisievert  the skin , forearms, feet 
an s in a calendar year.  

• Exclu

Exclusion areas are part of the controlled areas where the local dose rate may be higher than 

onitoring area limits if no other substantiated information on the 
residence time is available.  

 

Radiation hygiene 

Findings and measurements to identify and evaluate biological radiation effects in human beings, measures 
for radiation protection and related technical questions regarding medical and non-medical application of 
ionizing radiation as well as principles on the indication of ionizing radiation applications.  

 

Radiation medicine 

Branch of medicine with the specialist fields of radiation biology, x-ray diagnostics, radiation therapy, nuclear 
medicine.  

 

Radiation physics 

ch of physics dealing Bran

 

Radiation protection 

Radiation protection deals with the protection of individual persons, their descendants an
 against the effects of ionizing radiation. The aim of radiation protection is to a whole

ra
additional task is to ensure that activities

 

Radiation protection areas 

y Ordinance n the level of radiati
ontrolled area

with EU re
areas with reg

tions, the 

nitoring

nitoring  whi ot belong  and in
ore illisiev

nds, for
 do

reas 

ed ceiv  dose of more than 6 
r 150her tha s o  for , hands

d ankle

sion areas 

3 millisievert per hour.  

Controlled areas and exclusion areas are to be fenced off and marked permanently and be clearly 
visible. A residence time of 40 hours per week and 50 weeks in a calendar year is decisive for 
determination of the controlled area or m
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tion officer 

d supervision of activities. Radiation protection officers must demonstrate the 
nowledge required for radiation protection.  

equence of short-term high radiation exposure of the whole body. →radiation 
ffect in the case of very high whole-body irradiation 

value is energy-dependent and amounts to 5 
to 20.  

Radiation type and energy Radiation weighting factor 
wR

 

Radiation protec

The party responsible for radiation protection is required to appoint radiation protection officers in compliance 
with the regulation on radiation protection and the x-ray ordinance insofar as this is necessary for safe 
operation of the plant an
k

 

Radiation syndrome 

Symptoms occurring as a cons
e

 

Radiation weighting factors 

The probability of stochastic radiation effects depends not only on the absorbed dose, but also on the type 
and energy of the radiation causing the dose. This is considered by weighting the absorbed dose with a 
factor related to the radiation quality. In the past this factor was known as the quality factor . For photon and 
electron radiation, the radiation weighting factor has the value 1 independently of the energy of the radiation 
and for alpha radiation the value 20. For neutron radiation, the 

Photons, all energies 1 

Electrons, myons, all energies 1 

Neutrons 
< 10 keV 
10 keV to 100 keV 
> 100 keV to 2 MeV 
> 2 MeV to 20 MeV 
> 20 MeV 

 
5 

10 
20 
10 

5 

Protons > 2 MeV 5 

Alpha particles, fission fragments, 
heavy nuclei 20 

Radiation weighting factor wR  

 

Radio diagnostics 

Branch of radiology dealing with x-ray examinations, i.e. radiograms and radioscopy for diagnostic purposes.  

 

Radio iodine 

Radioactive isotop

 

adioactive isotope 

uclide.  

adioactive substances within the meaning of the Atomic Energy Act are:  

clear fuels, i.e.  

e of iodine.  

R

Synonym for →radion

 

Radioactive substances 

R

- nu
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 several of the substances mentioned in a) and b),  
d) substances which can be used in a suitable plant to maintain a chain reaction which initiates its 

own repetition and which are determined in an ordinance having the force of law.  

substances which - without being nuclear fuel -, 

he Radiological Protection Ordinance further distinguishes:  

enclosed radioactive substances: radioactive substances which are enclosed by a tight, firm, inactive 
shell or permanently embedded in solid inactive substances so that the release of radioactive 

closed radioactive substances;  
short-lived radionuclides: radioactive substances with a half-life of up to 100 days;  
long-lived radionuclides: radioactive substances with a half-life of more than 100 days.  

ple, radium-226 decays emitting alpha 
diation, while iodine-131 emits beta rays.  

ted →decay chain.  

a) plutonium 239 and plutonium 241,  
b) uranium enriched with the isotopes 235 or 233,  
c) any substance containing one or

- other radioactive 

a) spontaneously emit ionizing rays,  
b) contain one or several of the substances mentioned in a) or are contaminated with such 

substances.  

T

- 

substances is prevented in the case of usual normal stress; a dimension must at least amount to 0.2 
cm;  

- open radioactive substances: all radioactive substances except for en
- 
- 

 

Radioactivity 

Property of certain substances to convert without external effect, emitting a characteristic radiation. 
Radioactivity was discovered for uranium by Becquerel in 1896. If the substances, or to be more precise, the 
radionuclides occur in nature, one refers to natural radioactivity; if they are a product of nuclear conversions 
in nuclear reactors or accelerators, one refers to artificial radioactivity. More than 2 750 radionuclides are 
known today. Each radionuclide is characterized by its →half-life, the time during which half the atomic 
nuclei convert in a given quantity. Half-lives of several billion years (uranium-238; even still longer-lived is 
tellurium-128 with a half-life of 7.2·1024 years) to the millionth of a second (Po-212) are known. The radiation 
emitted during decay and its energy is also characteristic. For exam
ra

 

Radioactivity, induced 

Radioactivity generated by irradiation, e.g. with neutrons.  

 

Radioactivity, natural 

Naturally occurring nuclides which are radioactive. A distinction is drawn between natural radionuclides 
which are continuously regenerated by nuclear reactions of cosmic radiation, cosmogenic radionuclides 
(→radionuclides, cosmogenic) and primordial (initial) radionuclides (→radionuclides, primordial), which have 
existed since the earth was formed and due to their long half-life have not yet decayed and the radionuclides 
generated from the primordial radionuclides U-238, U-235 and Th-232 of the associa
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Nuclide Activity in Bq 

H-3 
Be-7 
C-14 
K-40 

Rb-87 
U-238, Th-234, Pa-234m, U-234 

Th-230 
Ra-226 

short-lived Rn-222 decay products 
Pb-210, Bi-210, Po-210 

Th-232 
Ra-228, Ac-228, Th-228, Ra-224 

short-lived Rn-220 decay products 

25 
25 

3800 
4200 

650 
4 

0.4 
1 

15 
60 
0.1 
1.5 
30 

Natural radioactive substances in the human body 

 

Radiocarbon 

→carbon-14 

 

Radiochemistry 

Branch of chemistry dealing with reactions, synthesis and analysis where the reaction partners are 
radioactive. →nuclear chemistry  

 

Radioecology 

Radioecology analyses the behaviour and the effect of radioactive substances in the biosphere. It comprises 
production and release, transport through the abiotic part of the biosphere, food chains, intake and 
distribution in humans and the effect of radiation on living organisms.  

 

Radio-element 

An element without stable isotopes. The term should not be used in the meaning „radionuclide“. 

 

Radio

epresentation of the living human or animal body or an object using x-rays to render constitution, condition 
t viewing.  

iation blackens a film arranged 
behind the material ple penet n. Th ces in st flaws and 
unevenness i erial.  

 

Radioisotope generator 

System whic irectly co eleased during radi  e enerators 
function with ermoelec converters. Applic  e.g. as ource for space 
missions far from the sun.  

 

gram 

R
or functions visible for subsequen

 

Radiography 

Application of penetrating ionizing radiation to examine materials. The rad
sam

n the mat
rated by radiatio e differen  blackening sugge

h d nverts the heat r oactive decay into lectricity. Such g
 th tric or thermionic ation an energy s
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Radiological Protectio  Ordinance 

Ordinance on the Protection against Damage and Injuries  by Ion trahlenschutz-
verordnung - StrlSchV) d last amendmen  August 2005 ther with the X-ray 
Ordinance, t Radiologi inance is intended sure that the f the Atomic Energy 
Act is achiev : to prote  property against th ards of nucle rgy and the harmful 
effect of ionizing radiation ical Protection Ordina  the code r achievement of 
the principle diation p

• any cessary xposure or contamination of persons, property or the environment is to 
be avoided,  

• any diation exp tamination of persons, prop  or the enviro  is to be kept as low 
as po even b stipulated limit values, con g the state of rt and science as 
well  circum the individual case.  

The Radiolo Protect nce of 2001 adopts the Eu  basic standa  radiation protection 
modified as sult of the endations of the Interna l Commission diological Protection 
(ICRP Public on 60).  

 

 

Radiology 

In the wider sense „the medical stu oretical radiology (radiation biology, 
diation physics) and clinical radiology. Radiology in the narrower sense comprises x-ray 

iagnostics and radiation therapy.  

adionuclide 

Instable nuclide spontaneously decaying without exter ct under radiation emission. More than 2 750 
natural and artificial radionuclides are known.  

Radionuclides, cosmogenic 

Radionuclides generated by interaction of cosmic radiation with the atomic nuclei of the atmosphere.  

Nuclide Half-life Nuclide Half-life 

n

Caused izing Radiation (S
ated 20th July 2001, t 12th . Toge
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stances of 
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a re  new recomm tiona  on Ra
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dy of radiation“, consisting of the
medical ra
d

 

Radiolysis 

Dissociation of molecules by radiation. Example: water dissociates under radiation into hydrogen and 
nitrogen.  

 

R

nal effe

 

H-3 
Be-7 
Be-10 
C-14 
Na-22 
Na-24 
Mg-28 
Si-31 
Si-32 

 12,3 a 
 53,3 d 
 1.6⋅106 a 
 5730 a 
 2.6 a 
 15 h 
 20.9 h 
 2,6 h 
 101 a 

P-32 
S-35 
S-38 
Cl-34m 
Cl-36 
Cl-38 
Cl-39 
Ar-39 
Kr-85 

 14,3 d 
 87.5 d 
 2,8 h 
 32 min 
 3⋅105 a 
 37.2 min 
 56 min 
 269 a 
 10.7 a 

Cosmogenic radionuclides 

 

Radionuclides, primordial 
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es existing since the earth was formed and which have not completely decayed due to their Initial radionuclid
long half-life in addition to the radionuclides generated from the primordial radionuclides U-238, U-235 and 
Th-232 of the associated →decay chain.  

Nuclide Half-life 
years Nuclide Half-life 

years 

K-40 1.3·109 La-138 1.1·1011

V-50 1.4·1017 Nd-144 2.3·1015

Ge-76 1.5·1021 Nd-150 1.7·1019

Se-82 1.0·1020 Sm-147 1.1·1011

Rb-87 4.8·1010 Sm-148 7.0·1015

Zr-96 3.9·1019 Gd-152 1.1·1014

Mo-100 1.2·1019 Lu-176 2.6·1010

Cd-113 9.0·1015 Hf-174 2.0·1015

Cd-119 2.6·1019 Ta-180 1.2·1015

In-115 4.4·1014 Re-187 5.0·1010

Te-123 1.2·1013 Os-186 2.0·1015

Te-128 7.2·1024 Pt-190 6.5·1011

Te-130 2.7·1021 Bi-209 1.9·1019

Primordial radionuclides outside of decay chains 

dose. 
phosphate glass dosimeter.  

1 to 1.5 Gy: for about 25% of the persons exposed, vomiting and nausea, followed by other symptoms 
of radiation syndrome; no deaths to be expected;  

to 2.5 Gy: for about 25% of the persons exposed, vomiting and nausea, followed by other 

t 3 
months convalescence for survivors;  

 

Radio-photoluminescence 

Property of certain substances to form fluorescence centres when irradiated with ionizing radiation which 
emit light in another spectral region when excited with ultraviolet light. In the case of suitable material the 
emitted light intensity is proportional to the number of luminous centres and thus to the incident 
→

 

Radioscopy 

Transillumination of the living human or animal body or an object using x-rays to render constitution, 
condition or functions visible for immediate viewing.  

 

Radiotherapy 

Radiation treatment. In a stricter sense, any treatment of human beings with ionizing radiation is meant. 
Numerous radiation treatments are carried out in the case of cancer.  

 

Radiation effect in the case of very high whole-body irradiation 

Effects to be expected for short-term whole-body irradiation:  

- up to 0.5 Gy: no verifiable effect except for slight changes in the complete blood count;  
- 0.5 to 1 Gy: for 5 to 10% of the persons exposed, vomiting, nausea and fatigue for about one day;  
- 

- 1.5 
symptoms of radiation syndrome; some deaths possible;  

- 2.5 to 3.5 Gy: for almost all persons exposed, vomiting and nausea on the first day, followed by other 
symptoms of radiation syndrome; about 20% of deaths within 2 to 6 weeks after exposure; abou



 156

3.5 to 5 Gy: for all persons exposed, vomiting and nausea on the first day, followed by other 
symptoms of radiation syndrome; about 50% of deaths within one month; about 6 months 
convalescence for survivors;  

or all persons exposed, vomiting and nausea within 4 hours after exposure, followed by 
other symptoms of radiation syndrome. Up to 100% deaths; few survivors with about 6 months 
convalescence;  
10 Gy: for all persons exposed, vomiting and nausea within 1 to 2 hours; probably no survivors;  

s illness occurring almost immediately; death of all persons exposed within 
one week.  

easure of the nocuousness to health of a radionuclide. The type and energy of rays, absorption in the 
nism, residence time in the body, etc. influence the degree of radiotoxicity of a radionuclide.  

h 
decays to radium via a chain of alpha and beta emissions.  

 

Radon 

Due to the very long half-lives, the earth's crust contains since its formation among other substances the 
radionuclides uranium-238, uranium-235 and thorium-232. These convert via a chain of radioactive 
intermediate products with quite different half-lives to stable lead as the final product. These intermediate 
products include three radon nuclides: radon-222 (half-life 3.8 days) is generated as a decay product of 
radium-226, which results from the radioactive decay of uranium-238. In the decay chain of thorium-232, 
radon-220 (half-life 54 s) occurs and in the decay chain of U-235, radon-219 (half-life 3.96 s). Radon is 
released wherever uranium and thorium are present in the ground and enters the atmosphere or houses. 
The radium concentration of the ground and its permeability for this radioactive noble gas is decisive for the 
radon concentration in the air. Apart from the regional variations, the radon concentration in the atmosphere 
close to the ground is also subject to seasonal and climatic variations. In buildings, the radon concentration 
depends essentially on the structural circumstances. In Germany, the annual average value of the radon 
concentration in the air close to the ground is 15 Bq/m3 and in buildings 60 Bq/m3. Radon concentrations 
greater than 200 Bq/m3 in ground floor living rooms are not uncommon. Regarding the radiation exposure of 
people, it is not the radon itself that is important, but the short-lived decay products. These enter the 
respiratory tract with breathed in air and may reach radiation-sensitive cells with its energy-rich alpha 
radiation. The short-lived decay products of radon, with 1.4 millisievert per year, account for more than half 
the total effective dose by natural radiation sources.  

 

Range, medium free 

The medium length of a path covered by a particle (photon, atom or molecule) between subsequent impacts.  

 

Rasmussen report 

Reactor safety study (WASH-1400) named after the leader of the working group that prepared the study in 
the USA. →risk study  

 

Ratemeter 

Device for the indication of the pulse rate of a counting apparatus present in the time average.  

 

RBMK 

Latin transcription of a Russian reactor type designation: Реактор Большой Мощности Канальный (reaktor 
balschoi moschnosti kanalnui, (reactor of high power of the channel type). RBMK is a graphite-moderated 

- 

- 5 to 7.5 Gy: f

- 
- 50 Gy: extremely seriou

 

Radiotoxicity 

M
orga

 

Radium 

Radioactive element with the atomic number 88. Radium occurs naturally together with uranium whic
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ng water pressure tube reactor in which the steam is not generated in a pressure vessel, but in up to 
0 separate pressure tubes containing the fuel elements. The use of graphite as a moderator leads to a 

rge-volume reactor core of 12 m diameter and 7 m height. Consequently, the control of the reactor is 
mplicated from the neutron physical point of view and imposes increased requirements on the 

eration concerning the control rods. In Lithuania one RBMK units with an electric output of 1 300 

BW 

B 

→reactor pressure vessel 

 

Reactivity 

Measure of the deviation of a reactor from critical condition. Corresponds to the multiplication factor reduced 
by 1 and is thus equal to zero in the critical condition. If reactivity is positive, the reactor output increases. In 
the case of negative reactivity the output level decreases.  

 

Reactor 

System used to initiate, maintain and control a fission chain reaction (chain reaction). The main part is a core 
with fissile →nuclear fuel. In general, a reactor is equipped with a →moderator, a shield and control devices. 
Reactors are built for research or power generation purposes. Reactors where the chain reaction is 
maintained by thermal neutrons (→neutrons, thermal) are called thermal reactors; if the chain reaction is 
maintained by fast neutrons, one refers to fast reactors. The first reactor was put into operation on 2nd 
December 1942 by a group of researchers headed by Fermi. →pressurized water reactor, →boiling water 
reactor 

boili
2 00
la
relatively co
mode of op
MWe and in Russia eleven RBMK units with 1 000 MWe each and four with 12 MWe each are in operation.  

 

R

→relative biological effect  

 

rd 

Symbol for energy unit. →rad 

 

RD



 
Reactor structure, principle 

 

Reactor coolant 

Coolant used to remove heat from the reactor core. →secondary coolant 

 

Reactor coolant circuit 

nt of →reactivity to reach or maintain a desired operating condition.  

r.  

). The AGR facilities in Great Britain are cooled 
ith carbon dioxide, for example.  

hick-walled cylindrical steel vessel enclosing the reactor core in a nuclear power plant. The vessel is made 
ed steel, well suited for welding and with a high toughness while showing low porosity 

unts to approx. 530 t without 
ternals. The vessel is designed for a pressure of 17.5 MPa (175 bar) and a temperature of 350 °C.  

Circulation system for the →reactor coolant.  

 

Reactor control 

Adjustme

 

Reactor, fast 

Reactor where the fissions are mostly initiated by fast neutrons. A fast reactor has no moderator in contrast 
to a thermal reacto

 

Reactor, gas-cooled 

or with gas as a coolant (carbon dioxide, heliumNuclear react
w

 

Reactor pressure vessel 

T
of special fine-grain
under neutron irradiation. The inside is lined with austenitic cladding to protect against corrosion. For a 1 300 
MWe pressurized water reactor, the pressure vessel is about 12 m high, the inner diameter is 5 m, and the 
wall of the cylindrical shell is about 250 mm thick. The overall weight amo
in
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risk study  

he Reactor Safety Commission (RSK - Reaktorsicherheitskommission) advises the Federal Ministry for the 
servation and Reactor Safety in matters of safety and related matters of safety 

ns justifiable in accordance with the 
tate of science and technology. Membership of the Reactor Safety Commission is a personal honorary 

 members of the commission are independent and not bound by instructions. As a result of its 
 the commission decides on scientific and technical recommendations or comments for the 

e constant 

eactor types, world-wide 

clear power plants were in operation and 34 under construction world-wide. Most of 
uipped with light water reactors, i.e.→pressurized water reactors and 

 

Reactor protection system 

A system receiving information from different measuring facilities which monitor the operational variables 
essential for the safety of a nuclear reactor. The system is able to automatically initiate one or several safety 
measures to keep the condition of the reactor within safe limits.  

 

Reactor risk study 

→

 

Reactor Safety Commission 

T
Environment, Nature Con
regarding nuclear facilities and disposal of radioactive waste. 1998. As a rule the Reactor Safety 
Commission is made up of twelve members representing the technical fields required for the expert 
consulting of the Federal Ministry in the mentioned subjects. The members must guarantee expert and 
objective consultancy for the Federal Ministry. To ensure a balanced consultancy, the members of the 
Reactor Safety Commission should represent the overall range of opinio
s
position. The
deliberations,
Federal Ministry. The commission does not make any legal assessments. The state authorities are informed 
of the recommendations or comments submitted to the Federal Ministry, which are also made available to 
the public upon request.  

 

Reactor tim

The time during which the neutron flux density in a reactor changes by the factor e = 2.718 (e: basis of 
natural logarithms), when the neutron flux density increases or decreases exponentially.  

 

R

In February 2007, 435 nu
the nuclear power plants were eq
→boiling water reactors.  

In operation Under construction 
Reactor type 

Number Electr. output
MW Number Electr. output 

MW 
PWR 264 241,014 22 20,661 
BWR 93 83,427 3 3,665 
AGR, GGR 18 9,794 - - 
CANDU/D2O-PWR 42 21,361 6 2,155 
RBMK 16 11,404 1 925 
SNR 2 793 2 1,220 
total 435 367,793 34 28,626 

Nuclear power plants of the world according to reactor types, February 2007 

actor where the fission chain reaction is maintained by thermal neutrons. Most of the existing 
actors are designed as thermal reactors.  

 

Reactor, thermal 

Nuclear re
re
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ding on 
meteorological data. The receiving point plays a role in the determination of radiation exposure via the 
exhaust air path.  

 

Recording threshold 

Value of dose equivalent or activity supply where the result of the measurement must be recorded and kept 
when this value is exceeded.  

 

Redundancy 

In information theory, a designation for the existence of superfluous elements in a message, which do not 
supply additional information, but only support the intended basic information. In reactor technology, all 
safety-relevant measuring values, e.g. the neutron flux density in the reactor are determined by three 
measuring systems which are independent from one another and only the value indicated by at least two 
systems is considered correct. The multiple design of important technical systems (emergency cooling 
system, emergency power devices) is also called redundancy.  

Receiving point 

The geographical point at which the effluent plume from a stack reaches the ground depen

 
Schematic diagram of redundancy for the closing function (a) and 
opening function (b) of valves in a pipe 

alue of a variable of the body dose, activity intake or contamination which, when exceeded, requires certain 
d measures.  

 

Reference threshold 

V
actions an

 

Reflector 
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d the core of a nuclear reactor. The reflector scatters neutrons, which 

lant Karlsruhe 

to 3% 
-235 equivalent. The disintegration of the fuel elements was effected in the →chop-leach process, the U/Pu 

on in the dual-cyclical →PUREX process with 30% TBP in n-dodecane. Since the commissioning of 
t in 1971, about 200 t irradiated fuel was reprocessed and more than 1 t plutonium separated until 

AK. The →Vitrification Plant Karlsruhe is presently 
cted on the premises of the WAK for the waste solidification in order to obtain a product suitable for 

ltimate disposal. The dismantling work of the WAK began in 1996.  

pplication of chemical processes to separate the valuable substances - the still existing uranium and the 
ted fissile material plutonium - from the fission products, the radioactive waste in the spent 

fission products (waste), 1% plutonium and small shares of →transuranium 
lements. The recovered uranium and the plutonium can be reused as fuel in a nuclear power plant following 

g chemical treatment. The nuclear fuel recoverable in a reprocessing plant with an annual 
 of 350 t corresponds in the case of use in the today common light water reactors to an energy 

ission products) is 
arated and by →vitrification brought into a form ensuring safe ultimate disposal.  

Material layer immediately aroun
otherwise would escape, back to the core. The reflected neutrons in turn can initiate fissions and therefore 
improve the neutron balance of the reactor.  

 

Relative biological effect 

For a specific living organism or part of an organism, the ratio of the absorbed dose of a reference radiation 
(mostly 200 kV x-rays) causing a certain biological effect to the absorbed dose of the respective radiation 
causing the same biological effect. The term should be used exclusively in radiobiology and not in radiation 
protection.  

 

rem 

Former unit of dose equivalent, symbol: rem. For radiation protection purposes, the radiation dose was 
frequently indicated in millirem (mrem). 1 rem = 1 000 mrem. The new unit of the dose equivalent is joule 
divided by kilogram with the specific unit name →sievert. 1 rem = 1/100 Sv.  

 

Reprocessing P

The Reprocessing Plant Karlsruhe (WAK - Wiederaufarbeitungsanlage Karlsruhe) was designed for a 
throughput of a maximum of 35 t uranium at 200 days of operation per year with an enrichment of up 
U
separati
the plan
the end of the operation in 1990. The total plutonium separated in this plant is equal to an energy content of 
1.5 million t hard coal at a fissile share of 70%. The high active liquid waste of 60 m3 which resulted during 
the reprocessing is stored on the premises of the W
ere
u

 

Reprocessing 

A
newly genera
nuclear fuel after its use in the reactor. The →PUREX process for reprocessing underwent several years of 
large-scale trial. A spent fuel element has, apart form the structure material, approximately the following 
composition: 96% uranium, 3% 
e
correspondin
throughput
quantity of approx. 10 million t hard coal. In the reprocessing the high active waste (f
sep



 
Scheme of the reprocessing of irradiated fuel elements 

 
Composition of nuclear fuel for light water reactors prior and after the use in a reactor 

 

Reprocessing plants, world-wide 

d. Two large-scale commercially operated plants for 
reactors with throughputs of 1600 and 1200 t 

ranium per year are situated in La Hague, France and Sellafield, England.  

 Capacity 
t U / a 

Commissioning or 
operating period 

Eleven reprocessing plants are operated all over the worl
rocessing of spent fuel elements from light water the rep

u

Country Location

B Mol 80 1966-1974 
G Karlsruhe 35 1971-1990 
F Marcoule, UP 1 1200 1958 
F La Hague, UP 2 900 1967-1974 
F La Hague, UP 2-400 400 1976-1990 
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rating period Country Location Capacity 
t U / a 

Commissioning or 
ope

F La Hague, UP 2-800 800 1990 
F La Hague, UP 3 800 1990 
GB Windscale 1000 1956-1962 
GB Sellafield, Magnox 1500 1964 
GB Dounreay 8 1980 
GB Sellafield, THORP 1200 1990 
I Rotondella 5 1968 
IND Trombay 60 1965 
IND Tarapur 100 1982 
J Tokai Mura 210 1977 
J Rokkashomura 800 2000 
RUS Tscheljabinsk 400 1978 
RUS Krasnojarsk 1500 under construction 
USA West Valley 300 1966-1972 

Reprocessing plants, world-wide 

 

Research reactor 

A nuclear reactor designed mainly for generation of high neutron intensities for research purposes. May also 
be used for training, material testing and generation of radionuclides. As of June 2004, the International 
Atomic Agency’s Research Reactor Database contains information on 672 research reactors, of which 274 
are operational in 56 countries (85 in 39 developing countries), 214 are shutdown, 168 have been 
decommissioned and 16 are planned or under construction. In September 2005, five research reactors and 
six training reactors are operational in Germany.  

 

 
Number of research reactors in industrialized and developing countries. 

 



 
Age distribution of research reactors, IAEA June 2004 

 
Distribution of thermal powers of operating reactors, IAEA June 2004 

 

Residual heat 

Heat generated by the decay of radioactive fission products in a nuclear reactor after shutdown - termination 
of the chain reaction. The residual heat in the first seconds after shutdown amounts to about 5% of the 
power prior to shutdown. The residual heat in the fuel elements is equal to approx. 2 kW per tonne nuclear 
fuel after three years of decay time, i.e. about 1 kW per fuel element of a pressurized water reactor.  

 

Residual risk 

Remaining risk which cannot be defined in more detail after elimination or inclusion of all conceivable 
quantified risks in a risk consideration.  

 

Resistance to leaching 

Resistance to leaching in liquids.  
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Rest mass 

The mass of a particle at rest. A  to the theory of relativity, the mass depends on velocity and 
increases with growing particle speed. If m0 is the rest mass, v the ocity and c the light velocity, 
the mass m depending  is calculated as follows:  

ccording
 particle vel

 on velocity

2(v/c) - 1

0m
  m =  

 

Risk 

In risk comparisons in k is frequently defined as multiplication of the extent of damage (which 
consequences?) by th ency of occurrence (how often does the nt occur?). A technology with 
frequently occurring a s, but limited consequences (e.g. car) nt higher risks than a 
technology with rare, but serious accidents (aircraft). This risk variable is the benchmark for assessment of 
possible consequences nology and for comparison of conseque f various technologies.  

 

Risk study 

In the Federal Republic any - following corresponding studies USA - an own comprehensive 
study designed to eva he risk from nuclear power plants has b ared. The study was aimed at 
determining the risk in idents in nuclear power plants, taking account of German 
conditions. The first ph ust 1979. Initial risk investigations mainly aimed at 
assessing the risk inv in accidents in nuclear power plants mparing it with other risks of 
civilization and nature. In phase B of the search into the incident behaviour 
was carried out impact involved and the intervention 
f the safety systems provided to control the accident or incident were thoroughly analysed. These 

wed the importance of in-plant accident management. The analyses demonstrated that in 
uclear power plants still have safety reserves when the safety systems do not intervene as 

RS (Company for 
dustrial Plants and Nuclear Safety) in June 1989.  

ormer unit of →ion dose, symbol: R. The ion dose of 1 roentgen is equal to the generation of an 
by gamma or x-radiation in 1 cm3 dry air under normal conditions (1.293 mg air). 

ulomb divided by kilogram (C/kg). 1 R = 258 µC/kg; 1 C/kg � 3 876 R.  

öV 

 

adio-photoluminescence  

Reactor Safety Commission 

particular, a ris
e frequ
ccident

 incide
 may prese

 of a tech nces o

 of Germ
luate t

in the 
een prep

volved in incidents and acc
ase was completed in Aug

olved and co
 German risk study, extensive re

. In this context, the time sequence of the incidents, the 
o
investigations sho
many cases n
intended and safety-related design limits are exceeded. These safety reserves can be used for in-plant 
accident management to further reduce the risk resulting from accidents. Risk analyses are suitable to 
identify in-plant accident management and to show how far they can reduce the risk involved in accidents. 
Investigations on in-plant accident management occupy a central position in the work during phase B of the 

„German Risk Study on Nuclear Power Plants Phase B“ was published by the Gstudy. The 
In

 

roentgen 

F
electrostatic charge unit 
The new unit of the ion dose is co

 

R

→X-ray Ordinance

 

RPL 

R

 

RSK 

→

 

Rupture protection 
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esign concept which was not realized to prevent the pressure vessel from bursting by surrounding the 
el with a reinforced concrete shell. The disadvantage of the rupture protection is that 

of the pressure vessel (e.g. ultrasonic measuring methods) are practically impossible. 

D
reactor pressure vess
inservice inspections 



S 
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d 

ation timely 
etection of a fissile material’s deviation from the process.  

substances, these must pass different barriers connected in 
eries. The barriers of a nuclear reactor are e.g.:  

Retention of fission products in the nuclear fuel itself,  
nclosure of the nuclear fuel in cladding tubes,  

m,  

Safeguar

Measures for nuclear material monitoring. These are essentially measures of balance accounting, enclosure, 
containment and observational monitoring. The measures must ensure individually or in combin
d

 

Safety barriers 

The safe enclosure of the radioactive inventory of a nuclear facility is effected according to the multiple 
barrier principle, i.e., to release radioactive 
s
- 
- E
- Enclosure of fuel elements in the reactor pressure vessel and reactor coolant syste
- Gastight containment.  

 
Safety barriers of a nuclear power plant to avoid release of radioactive substances and ionizing 
radiation 

 Energy Act are observed. 
his not only applies to normal operation and operational malfunctions that are insignificant from the safety 
spect, but also to incidents and damage events. Therefore, the safety report of a nuclear power plant must - 

rs dealing with the location, detailed technical plant description, radiological and climatic 

aturated steam 

rocess whereby collision with another particle or particle system causes a change of direction or energy of 

 

Safety report 

Nuclear facilities must be designed such that the protective targets in the Atomic
T
a
apart from chapte
effects on the environment - also include information on incident effects. Within the scope of the licensing 
procedure the safety report must be made available for public inspection. It serves as an essential basis for 
experts and authorities for examination concerning granting or refusing of a licence.  

 

S

→wet steam 

 

Scattering 

P
an incident particle or quantum.  
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netic energy is different before and after the collision.  

 

Scattering, inelastic 

Scattering where the sum of ki

 
Inelastic scattering of a neutron 

 

Scintillation counter 

Detection device for ionizing radiation by registering flashes of light (scintillations) generated by the radiation 
in certain materials, the scintillators.  

 

Scintillator 

Substance in which flashes of light are generated by impinging ionizing radiation (fluorescence). Nal(Tl)-
onocrystals are particularly suitable for the detection of gamma radiation and anthracene or diphenyl 

e dissolved in toluene is suitable for beta radiation. ZnS(Ag) is a favourable scintillator for detection of 
ion.  

merican usage for →trip. It is actually an acronym for "safety control rod axe man", the man assigned to 
rt the emergency rod on the first reactor (the Chicago pile) in the U.S.  

oolant to remove the heat from the reactor coolant system.  

m
oxazol
alpha radiat

 

Scram 

A
inse

 

Secondary coolant 

C

 

Secondary cooling system 

Cooling circuit removing the heat from the reactor cooling system.  

 

Secondary energy 

Form of energy generated by conversion of primary energies, e.g. electricity from gas, nuclear energy, coal, 
oil, fuel oil, and gasoline from mineral oil, coke and coke oven gas from coal.  
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nt safety-related plant sections of a nuclear facility from a technical and constructional 
oint of view so that the reactor shuts down safely, is maintained in the shutdown condition, the residual heat 

is safely removed and the impermissible release of radioactive sub can be 
prevented. The design basis earthquake is the earthquake of maximum intensity for the location which, 
according to scientific knowledge, may occu  a region of up to 200  all historical earthquakes 
which might have affect e into account. The design basis e ake is determined using data on 
the maximum accelerati e vibrations to be expect seismic conditions.  

 

Self-absorption 

Absorption of radiation in ion-emitting substance itself.  

 

Self-energy 

Based on relativity theory, it is concluded that an equivalence relation s between mass and energy. The 
energy is equal to the p  and the square of light velocity: E = mc2. The self-energy E0 is also 
the energy equivalent of mobile particle. Therefore, the self-energy of a proton for example is 
938.257 MeV. The self-e ass is about  2.5·107 kWh.  

 

Self-heating 

In the case of a high ra oduction of decay heat may exceed the 
heat removal from the s elf-heating is present in this case and is to be avoided e.g. for the storage of 
spent fuel elements and oling.  

 

Sellafield 

ocation of numerous nuclear facilities in Cumbria, England. At the Sellafield location, the reprocessing plant 
P has been in operation since 1994, and the four gas-graphite reactors of the nuclear power plant 

been operated since 1956. Part of the Sellafield location is known under the name 
red in one of the two military plutonium reactors in 1957.  

uctor counter 

e separation. →diffusion separation process, →separation nozzle process, →gas centrifuge 
process  

 

Separation factor 

The separation factor is the quotient of the ratio of the isotope frequency of a certain isotope to the sum of 
isotope frequencies of other isotopes after a separation process and this ratio prior to the separation 
process.  

 

Seismic qualification 

Design of all importa
p

stances into the environment 

 km takingr in
ed the sit arthqu
on and duration of th ed due to the local 

 the radiat

 exist
roduct of mass
 a resting, i.e. im
nergy of 1 g m

dionuclide concentration in a system, the pr
ystem. S
 high active waste solutions by means of co

L
THOR
Calder Hall have 
Windscale where an incident occur

 

Semi-cond

Detection device for ionized radiation. Advantage is taken of the effect of free charge carrier generation 
when semi-conductor material (germanium, silicon) is irradiated. Semi-conductor counters are particularly 
suitable for gamma radiation spectroscopy due to their high energy resolution ability.  

 

Sender/receiver difference 

A term from nuclear material monitoring; the difference in the quantity of nuclear material in a batch between 
the data of the sending →material balance zone and measurement of the receiving material balance zone.  

 

Separating plant 

Plant for isotop
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Separation nozzle process 

Process for isotope separation, specifically for separation of uranium isotopes. Due to the expansion of the 
gas jet in a bent nozzle, the centrifugal forces cause separation of the light and heavy components.  

 
Principle of s e process 

 

Sepa

Term echnology. The se is a measure of the input to be effected for the 
gene m.  

 

Shield

bsorber material around the reactor to reduce the quantity of ionizing radiation to values which are 
s to people. →shield, thermal 

rotection facility around radioactive sources and nuclear installations to reduce their radiation to the outside 
 the requirements. →shield, biological; →shield, thermal  

hield of a reactor between reflector and biological shield; used to reduce radiation damages and irradiation 
eating in the pressure vessel and in the biological shield.  

eparation nozzl

rative work 

 from uranium isotope t parative work 
iched uraniuration of enr

, biological 

A
harmles

 

Shielding 

P
according to

 

Shield, thermal 

S
h

 

Shim rod 

In a nuclear reactor, shim rods are used to compensate for the excess reactivity of a freshly loaded reactor 
and to influence the neutron flux distribution.  
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erm for the determination of radiation exposure by short-time emission. The environmental exposure due to 
hort-time pollutant release for about up to one hour during which the meteorological variables of influence 

 addition to the diffusion category do not change can be included in the 

reac ral it depends on 

Shutd the reactor. For this purpose it must be possible to insert them very quickly 

896 blishment and further 
evelopment of radiation protection. 1 Sv = 100 Rem.  

Skin dose 

The skin dose Hp(0.07) is uivalent at a depth of 0.07 mm i e body at the application point of 
the personal dosimeter. →

 

Skyshine 

Scattered radiation of a pri  radiation source generated by aerial dispersion.  

 

SNR-300 

Planned fast sodium-cool Kalkar/Rhine, an electric s output of 327 MW. After being 
almost totally completed, t t enter serv r political reasons.  

 

Society for Heavy Ions Re

The GSI - Gesellschaft für enforschung - in Darmstadt is a l rch facility financed by 
the Federal Republic of G he Federal Stat Hesse. GSI operates an accelerator plant used to 
accelerate heavy ions by up to 90% of the speed of lig he plant co  of the linear accelerator UNILAC 
achieving energies of 2 to cleon, the he ion synchrotron SIS (1 to 2 GeV per nucleon) and 
the experimental storage ents are ca ed  on ferent experimental set-ups. The 
700 employees of GSI incl ntists and engineers. In addition, the GSI equipment is used by 
almost 1000 external scie tists from more than 10 itutes from over 25 countries are 
involved in the research w I research spe  ran rom fundamental research in the 

Short-lived radionuclides  

The Radiological Protection Ordinance defines radioactive substances with a half-life of up to 100 days as 
short-lived radionuclides.  

 

Short-time dispersion  

T
s
such as wind velocity and direction in
dispersion calculation by the short-time dispersion factor.  

 

Shutdown reactivity 

→ tivity of a reactor in a →subcrital state folllowing shutdown by usual means. In gene
the mode of operation of the reactor and the duration of the shutdown state and is always negative.  

 

Shutdown rod 

own rods are used to trip 
and they must have a sufficiently high negative reactivity to safely shutdown the reactor. →control rod  

 

Sievert 

Special unit name for the organ dose and the effective dose, →dose; symbol: Sv; named af
(1  to 1966), a Swedish scientist who rendered outstanding services to the esta

ter Rolf Sievert 

d

 

Single failure 

A failure caused by a single event, including the consequential failures resulting from this failure.  

 

 the dose eq n th
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field of nuclear and atomic physics to applied subjec  such as tumour therapy, material research, plasma 
ator development.  

or dosimetric purposes, soft tissue is a homogenous material with a density of 1 and a composition 
ng to the mass contents) of 10.1% hydrogen, 11.1% carbon, 2.6% nitrogen and 76.2% oxygen.  

s a rule, radioactive waste becomes suitable for ultimate disposal by embedding in a matrix. The stability of 
olidification product is adjusted to the requirements of the type of waste, for instance, radiotoxicity, 
y heat, half-life and others. Solidification criteria are:  

thermal conductivity to remove decay heat.  

t mortar is used for low and medium active waste and borosilicate glass is used for high active waste 
lidification material.  

rocess used to selectively extract substances from an aqueous medium in an organic solvent which cannot 
ded with the medium. The process of solvent extraction is applied in the →PUREX process for the 

tion of fission products from uranium and plutonium.  

ource material 

om the field of nuclear material monitoring; source materials are uranium which contains the naturally 
occurring isotope mixture, uranium where the U-235 content is below the natural content and thorium.  

 

Spallation 

Nuclear conversion during which an energy-rich bombardment particle knocks out numerous individual 
particles (protons, neutrons) from the target nucleus. Observed initially as an effect of cosmic radiation.  

 

Spark chamber 

Device to detect nuclear radiation. The spark chamber is made up for example of a number of metal plates 
arranged in parallel with a voltage of some thousand volts between each other. The spaces between the 
plates are filled with gas. The ionizing radiation leads to spark formation between the plates along the path of 
radiation through the chamber. The spark trace can be registered photographically or electronically.  

 

Spin 

Spin is a characteristic property of elementary particles.  

 

SSK 

→Commission on Radiological Protection  

 

SSVO 

Former German abbreviation for Radiological Protection Ordinance (StrlSchV).  

 

State collecting facilities 

ts
physics and acceler

 

Soft tissue 

F
(accordi

 

Solidification 

A
the s
deca
- mechanical resistance to avoid dispersion,  
- radiation protection resistance to avoid radiolysis,  
- 

Cemen
as a so

 

Solvent extraction 

P
be blen
separa

 

S

Term fr



 173

lities of the Federal States for the collection and interim storage of radioactive waste arising in their 
ective region, insofar as this does not originate from nuclear power plants.  

Steam

The →
equilib pon a number of operating parameters, in a boiling water reactor, among others, on 
the st
rate a
that th
Germa
Russia
increa
increa
reacto

Faci
resp

 

State, excited  

→excited state 

 

 bubble coefficient 

reactivity of a reactor - a measure for the deviation of the chain reaction rate from the stable state of 
rium - depends u

eam bubble contents in the coolant in the core zone. In the case of an increase in the chain reaction 
nd the resulting power and temperature increase, a negative steam bubble coefficient has the effect 
e power is automatically limited by the growing steam bubble contents and thus declines. In the 
n licensing procedure it must be verified that the steam bubble coefficient is always negative. In the 
n →RBMK reactor type the steam bubble coefficient is positive; therefore, a power and temperature 

se causes an increasingly faster chain reaction rate, entailing further power and temperature 
ses, if they are not limited by other measures. This effect was one of the physical causes for the 
r accident in Chernobyl.  

 
Evolution of reactor power under certain circum-stances at positive 
and negative steam bubble coefficients 

 

Stellarator 

tal arrangement for controlled nuclear fusion. In a stellarator, the screw-like twisting of field lines 

magnetic coils have a more complicated shape. For a fusion power plant, the stellarators could 

Experimen
around the torus centre is generated by external coils. In contrast to the →Tokamak, a stellarator does not 
need a direct-axis flow component in the plasma. The stellarator can therefore function stationarily in 
principle. In a stellarator, the magnetic field cage is formed by a single coil system. The abandonment of the 
annular plasma flow signifies, however, the abandonment of the axial symmetry existing in Tokamaks; 
plasma and 
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rovide a technically simpler solution than Tokamaks. This issue cannot be answered theoretically; it must 
iments which is the aim of the WENDELSTEIN experiments of the Max Planck Institute 

p
be decided by exper
for Plasma Physics.  

 
Principle of the stellarator 

 the dose and for which a threshold 
value exists. In the dose range relevan  prot nheritable damage, cancer and 
leukaemia belong to stochastic radia ges. The tochastic radiation damage will 
occur differs widely for the irradi  organs or ti nternational Commission on 
Radiological Protection indicat e of 5% per sievert for  irradiation. The following 
calculation is designed to illustrate this value: the natural radiation exposure of 2.4 mSv/year in Germany 
results in a total dose of 192 00 the approximately 80 million inh nts. If this value is multiplied by 
the aforementioned risk factor o rtality, 9 600 cancer deaths annually by natural 
radiation result on a calculatory e risk coefficient for serious in le damage amounts for the first 
two successor generations to 0. vert gonad dose, for all following generations 1·10-2 per sievert.  

 

Stochastic radiation effect 

Effects of ionizing radiation, whereby the probability of their occurrence, but not their severity is a function of 
the dose without the existence of a threshold value. Non-stochastic effects, today called deterministic 
radiation effects, are those in which the severity of the effect varies with

t for radiation
tion dama

ection purposes, i
probability that s

ssueated individual
es a valu

s. The I
whole-body

0 Sv for 
f 5% per sievert for cancer mo

abita

 basis. Th heritab
4·10-2 per sie



 175

Organ 
Risk coefficient for cancer 

mortality 
per sievert 

Stomach 11·10-3

C 8.5·10-3olon 

Lung 8.5·10-3

Red bone marrow 5·10-3

Bladder 3·10-3

Oesophagus 3·10-3

Chest 2·10-3

Liver 1.5·10-3

Gonads 1·10-3

Thyroid gland 0.8·10-3

Bone surface 0.5·10-3

Skin 0.2·10-3

All others organs together 5·10-3

Total 50·10-3

Risk coefficients for cancer mortality for various organs 

 

Storage ring 

ns, electrons), accelerated to high energies using a particle 
rator, are stored in groups within magnetic field arrangements in an annular vacuum tube. To achieve 

uclear reactions, these particle groups may be directed against particle groups orbiting in the reversed 
utilization of the particle energy is therefore obtained in the collisions.  

 

Subcritical arrangement 

Arrangement of fissile material and any moderator, the →multiplication factor of which is below 1 and thus a 
chain reaction cannot be maintained.  

 

Subcritical mass 

Fissile material quantity insufficient in volume or geometrically arranged in such a way that no chain reaction 
can be maintained.  

 

Suitable for ultimate waste disposal 

Waste which has been treated with the aim of reducing the volume and increasing its resistance to leaching.  

 

Supercritical arrangement 

Arrangement of nuclear fuel where the effective →multiplication factor due to fuel quantity, geometric 
arrangement, moderation and reflection is greater than 1.  

Device of high-energy physics. Particles (proto
accele
n
direction. Better 

 

StrlSchV 

→Radiological Protection Ordinance 
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upercritical reactor 

ar reactor where the effective multiplication factor is greater than 1. The reactor power increases 
uously in this case.  

 

ng für Atomenergie; Swiss Atomic Energy Association; the Atomic Forum of 
witzerland.  

cyclotron, in which the frequency of the acceleration voltage decreases after a while so that it adjusts 
exactly to the orbits of the accelerated particles. The decrease in particle acceleration results from the mass 

y. About 700 MeV for protons are achievable. 

 

ic 
fields and guidance on the orbit by magnetic fields. The orbit of the DESY synchrotron HERA in Hamburg 
has a length of 6.3 km. The larger the diameter of a synchrotron, the higher the particle energies which can 
be obtained. 

 

S

Nucle
contin

 

Superheated steam 

→wet steam 

SUR-100 

Siemens-Unterrichts-Reaktor; a reactor with a permanent power of 100 milliwatt built by Siemens for training 
purposes. The SUR-100 is a homogenous reactor; the core consist of a mixture of uranium enriched to 20% 
and polyethylene.  

 

SVA 

Schweizerische Vereinigu
S

 

Synchro-cyclotron 

→

increase with energy as described in specific relativity theor

Synchrotron 

Accelerator in which particles travel on an orbit with a fixed radius. The acceleration is effected by electr
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ail-end 

f reprocessing for the manufacture of the final products to be supplied to the fuel 

 

Temperature coefficient of reactivity 

radiation exposure, terrestrial  

 

Thermal breeding reactor 

Breeding reactor in which the fission chain reaction is maintained by thermal neutrons. Thermal breeding 
reactors convert non-fissionable Th-232 in fissionable U-233. →breeding reactor 

 

Thermal column 

Component part of some research reactors for generation of thermal neutrons for experiments. The column 
consists of a large moderator accumulation (often graphite) in addition to the core or the reflector of the 
reactor. Neutrons exiting the reactor enter the thermal column where they decelerated. The proportion of 
thermal neutrons in the overall neutron spectrum is therefore considerably increased.  

 

Thermionic conversion 

Conversion of heat in electricity by evaporation of electrons from a hot metal surface and condensation on a 
cooler surface. No mechanically movable parts are required.  

 

Thermoluminescence dosimeter 

T 
 

T

The final process section o
element manufacturers. Final products are uranyl nitrate solution and plutonium nitrate solution.  

 

Tandem accelerator 

Special design of a Van de Graaff accelerator. For instance, negative H-ions are accelerated, recharged due 
to interaction with matter (stripping off the electrons) and the protons further accelerated by passing once 
again through the same potential difference.  

 

Target 

Piece of matter on which radiation impinges, causing nuclear conversion in this matter.  

 

TBP 

→tributyl phosphate 

 

TEG 

Partial permit in the nuclear licensing procedure. 

 

Describes the reactivity changes occurring when the operating temperature of a reactor changes. The 
coefficient is negative when a temperature increase reduces the →reactivity. Negative temperature 
coefficients are desirable from the safety point of view, because they help to avoid reactor excursions.  

 

Terrestrial radiation 

Radiation emitted from the natural radioactive substances in the ground. Terrestrial radiation causes external 
radiation exposure of human beings. →
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rmoluminescence is the property of a crystal to emit light when heated when the crystal has 
ously been exposed to ionizing radiation. In wide areas, the emitted amount of light is proportional to the 

radiated dose. For instance, the radio-thermoluminescence effect of calcium or lithium fluoride is used to 
ine the dose.  

hermonuclear reaction 

r reaction in which the particles involved obtain the reaction energy necessary for the reaction from 
rmal movement. →fusion 

HORP 

de Reprocessing Plant, Sellafield, Lake District, England. Reprocessing plant for oxidic fuel 

Three Mile Island 

near Harrisburg, Pennsylvania, USA, with two pressurized water reactors. On 28th 

hreshold detector 

utron radiation above a certain energy value (threshold energy). Sulphide for example is 

HTR-300 

erature reactor in Hamm-Uentrop/Lippe, high-temperature reactor with an electrical gross 

ine the velocity distribution of particles in a ray of particles. The different time of flight for a 
e is measured. The time-of-flight analyzer is used e.g. to determine the neutron energies.  

g technology; tissue equivalent denotes a substance, with absorbing 
operties for a given radiation that sufficiently match those of a certain biological tissue.  

or the occurrence of stochastic radiation effects

Radio-the
previ
ir
determ

 

T

Nuclea
the the

 

T

Thermal Oxi
elements with a maximum annual throughput of 1 200 t uranium. Since 1964 a reprocessing plant for 
magnox and AGR fuel elements from British reactors has also been in operation at the Sellafield location 
(formerly Windscale).  

 

Nuclear power plant 
March 1979, a serious accident with partial core melt-down occurred in unit 2. The fission products were 
almost completely retained in the reactor pressure vessel and in the containment. As the retention function of 
the containment functioned as designed, only activity releases of xenon-133 and very low portions of I-131 
into the environment occurred, resulting in the calculatory maximum dose of 0.85 mSv.  

 

T

Detector to trace ne
a threshold detector. Only neutrons with an energy > 2 MeV are measured via the reaction S-32 (n, p)P-32.  

 

Threshold dose 

Smallest energy or body dose causing a certain effect.  

 

T

Thorium high-temp
output of 308 MW, nuclear commissioning on 13th Sep. 1983. Final shutdown in November 1988. The plant 
has been in safe enclosure condition since February 1997.  

 

Time-of-flight analyzer 

Device to determ
given distanc

 

Tissue equivalent 

Term from radia
 pr

tion protection measurin
and scattering

 

Tissue weighting factor 

Different probabilities exist f  in various organs and tissues. 
his different sensitivity to stochastic radiation damage is considered in the ICRP Publication 60, in the 

rds
T
Euratom basic standa  for Radiation Protection dated May 1996 and the German Radiation Protection 

001 by the tissue weighting factor in calculations of the effective dose. To calculate the Ordinance of July 2
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effective dose, the individual organ dose values are multiplied by the respective tissue weighting factor and 
the products added. 

Organ Tissue weighting 

 

factor wT

Gonads 0.20 
Bone marrow (red) 0.12 
Colon 0.12 
Lung 0.12 
Stomach 0.12 
Bladder 0.05 
Breast 0.05 
Liver 0.05 
Oesophagus  0.05 
Thyroid gland 0.05 
Skin 0.01 
Bone surface 0.01 
Adrenals, brain, small intestine, kidney, 
muscle, pancreas, spleen, thymus, 
uterus 
(the weighting factor 0.05 is applied to 

0.05 

the average dose of these organs) 

Tissue weighting factors 

D

ka

controlled nu ar fusion. In a Tokamak, two superimposed magnetic fields 
cl  toroidal nerated by external coils on the one hand and the field of a 

er hand. mbined field, the field lines run helicoidally around the torus 
nt ssary twi the field lines and the structure of the magnetic areas are 

chieved. Apart from the toroidal field generated by the external field coils and the field generated by the flow 
requires a third vertical field (poloidal field), fixing the position of the flow in the 
 in the plasma is mainly used to generate the enclosing magnetic field. In 

 

TL  

→thermoluminescence dosimeter 

 

To mak 

Experimental arrangement for cle
en ose the plasma: this is the field ge
flow in the plasma on the oth In the co
ce re. In this way, the nece sting of 
a
in the plasma, the Tokamak 
plasma container. The flow
addition, it provides effective initial heating of the plasma. The flow in the plasma is normally induced by a 
transformer coil. Owing to the transformer, the Tokamak does not work continuously, but in pulse mode. 
Since, however, a power plant should not be operated in pulse mode for technical reasons, methods are 
examined to generate a continuous flow - for example by high-frequency waves. The fusion research plant 
→JET is built according to the Tokamak principle. The fusion reactor →ITER is also planned according to 
this principle.  



 
Tokamak principle 

 

Traceability limit 

F
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ixed characteristic value based on statistical processes to evaluate the detection possibility for nuclear 
rements. The numerical value of the traceability limit indicates the smallest amount which 

ted with the measuring procedure concerned at a given error probability. This is the basis for 

ability limits to be achieved from the guideline for 
mental monitoring of nuclear power plants:  

Gamma local dose: 0.1 mSv/year,  
0.4 mBq/m3,  

 Bq/kg,  
Milk, I-131: 0.01 Bq/l.  

onuclides, determined by gamma 
etry, traceability limit related to Co-60 

racer 

dded to identify substances to allow examination of mixing, distribution and transport 

l deviation of the operating parameters of a nuclear power plant (among others power, 
emperature, coolant throughput) from the setpoint values leading to an imbalance between heat 

Transmutation 

Conversion of the long-lived nuclides of the elements plutonium, neptunium, americium and curium, 
generated during operation of nuclear reactors by neutron capture in U-238. Particularly for direct ultimate 
waste disposal of spent fuel elements, the partly very long half-lives of the nuclides Np-237, Pu-238, Pu-239, 
Pu-240, Am-241, Am-243, Cm-243 and Cm-244 emitting alpha radiation require proof of safe storage over 
very long periods. By nuclear conversions, either due to direct fission as for Pu-239 or conversion in easily 
fissionable nuclides by neutron capture relatively short-lived or stable fission products are finally produced. 

radiation measu
can be detec
the decision whether a measuring method meets certain requirements and is therefore suited for the given 
measuring purpose. →detection limit. Examples for trace
the environ

Aerosols*: 
Precipitation*: 0.05 Bq/l,  
Vegetation*: 0.5 Bq/kg,  
Vegetable food*: 0.2 Bq/kg,  
Vegetable food, Sr-90: 0.04

* activity of individual radi
spectrom

 

T

Radionuclide a
processes via the radiation emitted by the tracer.  

 

sients Tran

Any essentia
pressure, t
generation and heat removal in the reactor.  
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this purpose, it is necessary to reprocess the spent nuclear fuel, to separate these transuranium 
ents from the fission products and to convert them in suitable nuclear reactors using neutrons. In 

ddition to the reactors as neutron source for the conversion, subcritical arrangements driven by 
ssed as a possibility of „burning“ Pu and higher actinides. Since a high number of 

provided by a strong proton beam from an accelerator and the resulting spallations in a 

rt of radioactive substances 

he conveyance of radioactive substances by public transport requires a permit, in principle. Depending on 
 quantity of the transported radioactive substances, certain packaging regulations must be 

he so-called type B packaging required particularly for the transport of spent fuel elements must 

meter and a length of at least 20 cm,  
- Fire test at 800 °C for 30 minutes following the fall tests,  
- Submersion 0 m for packages 

with very hig

In the USA, Engla jected to even higher loads in special test 
eries without the containers losing their seal:  

tween the means of fuel element transport and a locomotive (relative speed 130 km/h).  

hemical element in the classification of elements, the atomic number of which is greater than 92, that of 
uranium. Except for the plutonium isotopes Pu-244 (half-life about 80 million years) and Pu-239 (continuous 
reformation in uranium by neutron capture in U-238 by neutrons from the spontaneous fission of U-238) 

Element name Symbol Atomic no. 

For 
elem
a
accelerators are discu
neutrons can be 
suitable target material, a good prerequisite exists for such transmutation machines. As no self-perpetuating 
chain reaction takes place in such facilities, advantages with regard to safety behaviour are expected.  

 

Transpo

T
the type and
observed. T
withstand the following tests in compliance with internationally agreed rules:  

- Free fall from 9 m height onto a concrete foundation reinforced with a steel plate,  
- Free fall from 1 m height onto a steel spike with 15 cm dia

 in water for 15 hours at a depth of more than 15 m or for 1 hour at 20
h activities.  

nd and Germany this type of container was sub
s

- Collision be
- Fall from 600 m height on to hard desert ground (results in a maximum impact speed of 400 km/h),  
- Impact of a missile of several tonnes at a speed of 300 m/s = 1080 km/h.  

 

Transuranium element 

C

detected in very small quantities, all transuranium elements must be produced artificially.  

Neptunium Np 93 
Plutonium Pu 94 
Americium Am 95 
Curium Cm 96 
Berkelium Bk 97 
Californium Cf 98 
Einsteinium Es 99 
Fermium Fm 100 
Mendelevium Md 101 
Nobelium No 102 
Lawrencium Lw 103 
Rutherfordium Rf 104 
Dubnium Db 105 
Seaborgium Sb 106 
Bohrium Bh 107 
Hassium Hs 108 
Meitnerium Mt 109 
Darmstadtium Ds 110 
Roentgenium Rg 111 
Still without name  112 
Still without name  114 
Still without name  115 

Transuranium elements 
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ributyl phosphate 

ocessing for the →PUREX process as an organic extraction agent for U and Pu extraction from 
solution. In the PUREX process, TBP is diluted to 15 to 40% with kerosene.  

raining, Research and Isotope Production Reactor of General Atomic. A research reactor 
of the TRIGA type is operated at the university of Mayence.  

rip 

ast shutdown of a nuclear reactor, generally by fast insertion of the shutdown rods. Emergencies or 
eviations from normal reactor operation lead to the automatic control system initiating the reactor trip.  

um 

ioactive isotope of hydrogen with two neutrons and a proton in the nucleus. Tritium is used e.g. in the 
anufacture of luminous paint, as an indicator in tracer tests and as a fuel in controlled fusion experiments. 

βmax: 18 keV) with a half-life of 12.323 years.  

us of →tritium. The nucleus consist of one proton and two neutrons.  
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 183

 

Ultimate waste disposal 

Maintenance-free, chronologically unlimited and safe elimination of radioactive waste without intended 
recuperation. In Germany the storage of radioactive waste in deep geological formations is considered the 
best solution. The following repositories are under examination or being operated in Germany:  

- Procedures and techniques for ultimate radioactive waste disposal were developed and tested in the 
disused former salt mine →Asse near Wolfenbüttel and low and medium active waste was stored 
there until 1978.  

- Suitability examinations and licensing procedures for the Konrad pit have been under way since 1975. 
Here, the ultimate disposal of waste with a negligible thermal effect on the surrounding rock is 
planned. The reconnaissance work for the Konrad pit has been completed. On June 5, 2002, the 
licence for the emplacement of a waste package volume of 300.000 m3 of radioactive waste with 
negligible heat generation was issued. Since the application for immediate execution was withdrawn 
by the applicant (the Federal Office for Radiation Protection) in July 2000, claims against this licence 
have a prolonging effect. For that reason it will not be possible to convert the present mine into a 
repository and emplace any waste before a final decision of the court has been issued. 

- The Gorleben salt dome has been investigated for its suitability as a repository for all types of solid 
radioactive waste, i.e. also heat-generating waste, since 1979. A final suitability statement for the 
Gorleben salt dome will be possible only after the underground reconnaissance. The evaluation of all 
reconnaissance results to date confirms its suitability. In the opinion of the Federal Government, there 
are doubts concerning the suitability of the salt dome. Therefore, the investigation was suspended.  

- The storage of radioactive waste in the ERAM repository near Morsleben in Saxony-Anhalt was 
terminated in 1999. At present, about 35 000 cubic meters of low and medium active waste is stored in 
the Morsleben repository. The Federal Office for Radiation Protection is initiating a procedure for 
official approval of a plan to shut down the repository.  

 

Ultimate waste disposal, direct 

Direct ultimate waste disposal means that the entire fuel element including the valuable substances uranium 
and plutonium is disposed of as radionuclide waste following interim storage to allow decay of the short-lived 
radionuclides and a related reduction in the heat generation. In a conditioning plant, the fuel elements are 
dismantled, packed in special drums suitable for ultimate disposal before being stored as radioactive waste 
in a repository. In Germany, this method of disposal has been developed supplementing disposal with 
reprocessing. The establishment of a pilot conditioning plant in Gorleben is intended to verify the technical 
feasibility of conditioning spent fuel elements. In parallel, a demonstration programme proved the safe 
handling and the safe inclusion of conditioned fuel elements in a repository. The amendment of the Atomic 
Energy Act 1994 provided the legal prerequisites for direct ultimate waste disposal in Germany. According to 
the agreement between the Federal Government and the nuclear power plant operators, the disposal of 
spent fuel elements from nuclear power plants will be limited to direct ultimate waste disposal from 1st July 
2005 onwards.  

 

UNSCEAR 

United Nations Scientific Committee on the Effects of Atomic Radiation; scientific committee of the General 
Assembly of the United Nations on the effects of ionizing radiation. UNSCEAR regularly prepares reports for 
the UN General Assembly on radiation exposure and the effects of ionizing radiation. The latest report 
„Sources and Effects of Ionizing Radiation“ with more than 1200 pages was published in 2000.  

 

Uranium  

Natural radioactive element with the atomic number 92. The naturally occurring isotopes are fissionable 
uranium-235 (0.7205% of natural uranium), uranium-238 which cannot be fissioned with thermal neutrons 
(99.2739% of natural uranium) and the uranium-234, a decay product of radioactive decay of uranium-238 
(0.0056%).  

U 
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Uranium, depleted  

Uranium with a lower percentage of U-235 than the 0.7205% occurring in natural uranium. It is produced 
during →uranium isotope separation.  

 

Uranium, enriched 

Uranium in which the percentage of fissionable isotope U-235 is increased beyond the content of 0.7205% of 
natural uranium. Various enrichment processes are possible: →diffusion separation process, →gas 
centrifuge process, →nozzle separation process.  

 

Uranium hexafluoride (UF6)  

UF6 is the process medium for all separation processes for uranium enrichment. It is essential that fluoride 
be a pure element and therefore solely the mass differences of U-235 and U-238 determine the separation 
process.  

 

Uranium mining, global  

In general, global uranium mining has decreased since 1991, but development in the individual countries 
varies considerably. Whereas Australia increased its uranium generation by 1.7 times, uranium production in 
Western Europe has been almost completely suspended. France, for instance, has markedly reduced its 
share since 1997 and now produces only about one fifth of the uranium quantity of 1991. Canada has 
occupied the leading position in global uranium mining for many years.  

Country Uranium mining  
in tonnes 

Australia 6 445 
France 465 
Gabon 350 
Canada 8 500 
Kazakhstan 2 000 
Namibia 2 905 
Niger 2 910 
Russia 2 600 
Republic of South Africa 950 
Ukraine 1 000 
USA 1 800 
Uzbekistan 2 300 
Other countries 2 069 
Global total rounded off 34 300 

Uranium mining 1999 (in t uranium) 

 

Uranium reserves  

The global uranium reserves with mining costs up to US $ 80 per kilogram amount to about 2 million tonnes. 
The uranium reserves correspond to an energy equivalent of 28 billion tonnes hard coal when used in light 
water reactors. The deposits with large uranium reserves which can be mined in a cost-effective way are 
distributed to many countries.  

 Australia: 460 000 t 
Canada: 426 000 t 
Kazakhstan: 254 000 t 
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South Africa: 186 000 t 
Brazil: 112 000 t 
Namibia: 110 000 t 
Uzbekistan: 109 000 t 
USA: 102 000 t 
Niger: 94 000 t 
Russia: 75 000 t 

These ten countries possess about 96% of the global uranium reserves. With their 2 million tonnes, all 441 
world-wide operated nuclear power plants can be supplied for several decades. If mining costs of up to 
130 $/kg are taken into consideration the global uranium reserves are increased by further 3 million tonnes. 
The uranium resources are estimated to be 15 to 20 million tonnes.  

 

Uranium separative work  

→separative work  

 

Uranyl nitrate 

Final product of reprocessing, UO2 (NO3)2, acid uranium solution; preliminary product of UF6 which is 
obtained by →conversion and after enrichment and transfer into UO2 is used as nuclear fuel in fuel elements.  

 

Useful energy 

The portion of final energy which is actually available after final conversion to the consumer for the 
respective use. In final conversion, electricity becomes for instance light, mechanical energy or heat.  

 

UTA 

Uranium separative work; →separative work.  

 

Utilization ratio 

In contrast to efficiency, which compares the energy input with the useful energy over a short period of time, 
both are related for a long period of time for the utilization ratio. Thus, an oil-fired heating system may have 
an efficiency of 90% reached at nominal load. If only partly utilized in the transitional period (e.g. summer) 
higher standstill losses occur so that a utilization ratio of only 65% annually results. 
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V 
 

VAK 

Versuchsatomkraftwerk (experimental nuclear power plant) Kahl/Main, boiling water reactor with an electric 
gross output of 16 MW. Nuclear commissioning took place on 13th Nov. 1960. VAK was the first nuclear 
power plant in the Federal Republic of Germany. End of November 1985 it was finally put out of operation. 
The cumulated power generation amounted to 2.1 TWh.  

 

Van de Graaff generator 

Machine to generate very high direct voltages used to accelerate charged particles to high energies (up to 
12 MeV). By means of a non-conductive endless strip, electrical charges are transported to an insulated 
hollow sphere which is thereby charged to very high voltages.  

 

VBA 

→lost concrete shielding 

 

VEK 

→Vitrification plant Karlsruhe 

 

Verein für Kernverfahrenstechnik und Analytik Rossendorf 

The Verein für Kernverfahrenstechnik und Analytik Rossendorf e.V. (VKTA/ Nuclear Engineering and 
Analytics Rossendorf Inc.) is charged with the decommissioning and dismantling of the old nuclear facilities 
at the Rossendorf research site (nearby Dresden, Saxony), some of which have been existing since 1957. 

VKTA is been entrusted by the Free State of Saxony with a number of further tasks covering environment, 
radiation protection and major services within the range of competence for the Research Centre Rossendorf 
(FZR) which is situated at the same site as well as for other partners. In addition VKTA participates in 
research and development projects. 

VKTA fields of business are:  

• Environment and radiation protection  
• Decommissioning of nuclear installations  
• Analytical work accompanying decommissioning and environmental analytics  
• Radioactive waste management. 

In addition to that we manage: 

• Incorporation Monitoring Facility  
• Collecting Station for Radioactive Wastes of the Free State of Saxony  
• Accredited Laboratory for Environmental and Radionuclide Analytics (with low-level underground 

laboratory for determination of lowest-level activities)  

 

Vitrification 

The highly active fission product solutions arising in reprocessing must be transferred to a product suitable 
for ultimate disposal. Vitrification has proven to be a suitable method for this purpose. In the French AVM 
process, the liquid high active waste solution is heated to high temperatures which causes the liquid to 
evaporate and the resulting granulate is molten at 1 100 °C to glass adding glass frit. This process is used in 
the French large-scale reprocessing plant La Hague. In the process developed by the Karlsruhe Research 
Centre, liquid high active waste solution is added directly to the molten glass mass at 1 150 °C. The liquid 
evaporates and the radioactive solids are homogenously embedded in the molten glass mass. In both 
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processes the molten glass mass is filled into 1.3 m high 150 l steel containers holding about 400 kg glass 
product. The heat production due to the radioactive decay of the ingredients of such a container amounts to 
1.5 to 2 kW.  

 

Vitrification plant Karlsruhe 

Plant under construction since early 1999 on the premises of the reprocessing plant Karlsruhe for the 
vitrification of the around 60 m3 liquid high active waste solution stored there. This waste comes from the 
operation of the reprocessing plant Karlsruhe where a total of 208 t spent nuclear fuel was reprocessed 
between 1971 and 1990. The 60 m3 fission product solution contain about 8 t solids, including 504 kg 
uranium and 16.5 kg plutonium. The total activity of this liquid high active waste amounts presently to about 
1018 becquerel. The glass melting furnace of the vitrification plant is electrically heated and keeps the molten 
mass bath of a special boron silicate glass at a temperature of approx. 1150 °C. The liquid waste is added to 
this bath where the liquid component evaporates and the radioactive solids are embedded in the molten 
glass mass. The latter containing radioactivity is filled into 1.3 m high 150 l steel containers. Following 
cooling, the containers are welded gas-tight. This solidification enables a volume reduction from 60 m3 to 
barely 20 m3. The plant is to be commissioned in 2007, the vitrification of the 60 m3 fission product solution is 
to be completed in 2009.  

 

Vitrification plant PAMELA 

On the premises of the reprocessing plant EUROCHEMlC in Mol/Belgium the 'Pilotanlage Mol zur 
Erzeugung lagerfähiger Abfälle' (PAMELA) (pilot plant mol for the production of waste suitable for storage) 
was put into operation in October 1985. The PAMELA process is characterized by the fact that the fission 
product solution is evaporated, denitrated, dried, calcinated and molten with glass frit to a homogenous glass 
in a ceramic melting furnace "in one operation”.  

 

Void effect 

The formation of steam or the ingress of gas bubbles in the moderator and/or the coolant influence the 
criticality of the reactor. The void effect can be decisively influenced by the design of the reactor core. Since 
e.g. in the case of a thermal reactor there is an optimum ratio of moderator to fuel volume, there is a void 
effect with positive coefficient in an excessively moderated reactor. An increase in the steam bubble portion 
increases the neutron multiplication factor and thus the reactor power. In a reactor undermoderated due to 
the core design the conditions are the other way around; here the increase of the steam bubble portion 
reduces the neutron multiplication factor and thus the reactor power. Therefore, an inherently safe reactor 
regarding steam bubbles and gas ingress must always be slightly undermoderated; it has a negative void 
coefficient. →steam bubble coefficient 
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W 
 

WAA 

→reprocessing plant 

 

WAK 

→reprocessing plant Karlsruhe  

 

Waste heat 

The efficiency of a thermal power plant is the ratio of electricity generated to the heat generated. Due to 
physical laws, the efficiency depends on the temperature of the process medium and amounts to about 34% 
for a light water reactor and 40% for a modern coal-fired power plant. The majority of the generated heat in 
these thermal power plants is discharged to the environment via the condenser cooling water.  

 

Waste management 

All facilities and process steps in nuclear engineering required for the further treatment of the spent fuel from 
a reactor: interim storage, reprocessing with return of usable fission material or conditioning of spent fuel 
elements and direct ultimate storage, treatment and ultimate radioactive waste disposal. The opposite is the 
supply of the reactor with nuclear fuel: search, mining, treatment, enrichment of uranium, manufacture of fuel 
elements. →nuclear fuel cycle 

 

Waste processing 

Solid, liquid or gaseous radioactive waste is produced in the overall →nuclear fuel cycle, in particular in the 
nuclear power plant and during →processing. This has to be processed for →ultimate waste disposal. A 
distinction is made between low, medium and high active waste. Another distinctive criterion is the heat 
generated by radioactive decay and the resulting classification into waste which generates heat and waste 
that does not generate heat. Low and medium active waste is compacted in chemical or physical processes 
and the concentrates subsequently solidified in cement. Vitrification is a suitable method to convert high 
active heat-generating waste into a product for ultimate waste disposal.  

 

Waste water path 

Assumption models to calculate the →radiation exposure through radioactive waste disposal in the waste 
water of a nuclear plant. The radiation generated during the decay of these radionuclides may in principle 
lead to a radiation exposure for human beings via the following paths:  
External irradiation through spending time on sediment,  
Internal irradiation through ingestion of radioactive substances with food via 
drinking water,  
water – fish, 
watering tank – cow – milk,  
watering tank – animal – meat,  
rainfall – forage plant – cow – milk,  
rainfall – forage plant – animal – meat,  
rainfall – plant,  
mother's milk 

Models and calculation assumptions for radiation exposure via the waste water path are included in the 
administrative instruction "Determination of radiation exposure through radioactive waste disposal from 
nuclear plants or facilities". 

 

Waste, radioactive 
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Radioactive substances which should be eliminated or must be properly eliminated in a controlled manner 
for radiation protection reasons.  

 

Waste, radioactive, classification 

Radioactive waste used to be classified in Germany according to its dose rate as low active waste (LAW), 
medium active waste (MAW) and high active waste (HAW:) This differentiation is still valid in many countries. 
This classification, however, makes no sense for safety-analytical considerations regarding ultimate waste 
disposal since the dose rate is not decisive in this context. It is the radioactive inventory and the heat 
generated during the radioactive decay process that are important. These parameters are required for the 
emplacement operation, for the technical design to control incidents and for the post-operation phase of the 
repository. For geological reasons no considerable temperature increases should occur in the planned 
"Konrad" repository. Therefore, the temperature increase in the host rock of the emplacement section has 
been limited to 3 Kelvin. The admissible heat output of a waste package results from this specification.  

 

Waste, radioactive, from nuclear power plants 

Raw radioactive waste is produced in nuclear power plants through cleaning of the cooling circuit, air and 
water from control areas and cleaning of the system. Spheroidal resin and filter cartridges are used to clean 
the cooling circuit, e.g. in pressurized water reactors. Evaporation drying systems, centrifuges and ion-
exchange filters are used to clean the waste water. The air is cleaned with filters. Combustible and 
compactable waste in particular is produced during cleaning of the system. The raw waste is either treated 
directly in the nuclear power plant or in an external waste conditioning plant. Procedures such as drying, 
compacting or burning result in a considerable volume reduction. Procedures increasing the volume such as 
cementing are rarely used today. The annual volume of radioactive waste produced through the operation of 
a 1300 MWe nuclear power plant with a pressurized water reactor amounts to:  

- Ion-exchanger resins  2 m3,  

- Evaporator condensate  25 m3,  

- Metal parts, insulating material  60 m3,  

- Paper, textiles, plastics  190 m3.  

The annual volume of radioactive waste produced through the operation of a 1300 MWe nuclear power plant 
with a boiling water reactor amounts to:  

- Ion-exchanger resins  8 m3,  

- Evaporator condensate  35 m3,  

- Filter auxiliaries, sludges  90 m3,  

- Paper, textiles, plastics  300 m3.  

 

Waste, radioactive, volume 

The inventory of radioactive waste is regularly recorded by the Federal Office for Radiation Protection. The 
conditioned waste volume with negligible heat generation amounted to approx. 63,700 m³ at the end of 1999 
and the inventory of untreated residual substances with negligible heat generation amounted to 34,600 m3. 
52% and 33%, respectively, of this waste does not come from the energy business. This corresponds to a 
volume of 33,000 m3 and 11,400 m3, respectively. According to a current prediction the waste package 
volume to be expected by the year 2030 is estimated to be approx. 264,000 m3. 18% of this waste does not 
come from the energy business.  

The annual waste volume will be further reduced in the future thanks to successful efforts to reduce the 
waste over the past years. These include both the efforts to reduce the raw waste volume and the use of 
conditioning procedures to compact radioactive waste by high-pressure, reduce this to ashes and solidify the 
waste by drying in a cast iron container. All of these procedures result in a considerable reduction in the 
volume of conditioned waste.  

 

Waste, radioactive, volume reduction 
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Typical raw wastes from a 1 300 MWe nuclear powe plant are combustible and compactable waste. The 
raw waste is presorted into combustible and non-combustible substances. The non-combustible but 
compactable waste is compacted. The volume reduction factor is about 2 to 5. The combustible waste is 
burnt. The ash volumes amount to as little as 1/50 of the raw waste volumes. The ash volumes may be 
reduced further by the factor of two using a high-pressure press.  

 

Weighting factor 

→tissue weighting factor 

 

Wet cooling tower 

Cooling tower for the closed-circuit cooling of water where the water to be cooled comes into direct contact 
with the cooling air dissipating heat by evaporation and air heating. The air draught required for cooling can 
be induced by fans or by the natural effect of the stack of the cooling tower building (natural draught cooling 
tower).  

 

Wet steam 

Mixture of liquid and steam of the same substance in which both are at saturation temperature. If additional 
heat is added to the wet steam at constant pressure, the temperature remains constant until all liquid is 
evaporated (saturated steam); it is only at this point that the temperature increases above the saturation 
temperature (superheated steam).  

 

Wet storage 

Storage of irradiated fuel elements in a water basin for cooling and removal of the residual heat generated by 
the radioactive decay in the fuel elements. →dry storage  

 

Whole-body dose 

Average value of the dose equivalent over the head, trunk, upper arms and upper thighs as a result of 
irradiation of the whole body and considered as uniform. Today this term is replaced by the more 
comprehensive term of the effective dose. →dose  

 

Wigner effect 

Change in grid structure of graphite caused by irradiation - mainly by fast neutrons.  

 

Wigner energy 

Energy stored in the irradiated graphite of a graphite reactor. The graphite atoms located at the interstitials 
cause this energy storage (→Wigner effect). At graphite temperatures of more than 250 °C these voids 
recombine releasing energy, the Wigner energy.  

 

Wipe test 

In addition to direct measurement, the wipe test is used to determine radioactive contamination on the 
surface of a solid body. In this easily performed test, part of the contamination adhering to the surface is 
wiped off e.g. with a paper fleece and can be measured.  

r 
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X 
 

Xenon poisoning 

Reduction of the →reactivity of a reactor by very high neutron capture in the fission product Xe-135. The 
increase in Xe-135 concentration after the shutdown of a reactor - Xe-135 is generated by the decay of the 
precursor nuclide I-135 with a half-life of 6.6 hours - may have the effect that the reactor cannot be restarted 
until the decay of the Xe-135 concentration - the maximum of Xe-135 concentration is reached after about 12 
hours.  

 

X-radiation 

Penetrating electromagnetic radiation. X-radiation is generated by slowing-down electrons or heavy charged 
particles. In an x-ray tube, electrons are accelerated by means of high direct voltage to bombard a metal 
electrode. The bremsstrahlung generated is called x-radiation.  

 
Simplified sectional drawing of an x-ray tube (UBH B: heater voltage, 
K: cathode, A: anode, e: electrons exiting the cathode and accelerated 
to the anode, R: x-ray shielding, F: beam hole)  

 

X-ray Ordinance 

Ordinance on the Protection against Injuries and Damage caused by X-rays (Röntgenverordnung - RöV) 
dated 8th January 1987 (Federal Gazette, part I, p. 114), becoming effective on 1st January 1988, last 
amended by the ordinance for amendment of the X-ray Ordinance dated 18th June 2002. The ordinance 
governs the handling, operation, application of and the protective regulations for x-ray installations and 
certain electron accelerators.  

 

X-ray treatment 

Irradiation of the living human or animal body or an object with x-rays to influence its constitution, condition 
or functions. 
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Y 
 

Yellow cake 

Yellowcake is obtained through the milling of uranium ore. It contains about 80% uranium oxide and is 
usually represented by the formula UB3BO B8B. The yellow cake produced by most modern mills is actually brown 
or black, not yellow; the name comes from the colour and texture of the concentrates produced by early 
mining operations. 

 

 

 

 

 

 

Z 
 

Zero effect 

Number of pulses per unit of time which occur in a radiation detector for other causes than the radiation to be 
measured. The zero effect essentially consists of cosmic radiation and the radiation of natural radionuclides 
on earth.  

 

Zero power reactor 

Experimental reactor operated at such a low power that a coolant is not required.  

 

Zircaloy 

Zirconium alloy based on zircon and tin used as material for the fuel rod cladding.  
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