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1. Introduction

Evaluation and judgement of potential radiation exposures in the vicinity
of nuclear installations due to the release of radioactive material to-
gether with exhaust air and waste water has always been an integral part
of the nuclear licensing procedure in Federal Germany.

Fundamental investigations had demonstrated that a radiation exposure was
primarily to be expected via the exposure pathway "external radiation".
Since approximately 1970, the exposure pathway "pasture-cow-milk" has been
paid increased attention by introducing a respective dose limit for thyroid
exposure. With the rapid expansion of electricity generation by nuclear
power plants, the detailed analysis of the possibly resulting environmental
impact originating from these plants has generally been introduced into the
nuclear licensing procedures.

After radio-ecological investigations at older installations had bean
performed for the waste water pathway only, in 1975 a first comprehensive
"Expertise on Radiation Exposures of the Population in the Vicinity of the
Site for the Planned Nuclear Power Plant Brokdorf (Gutachten iiber die Strah-
lenexpositionen der Bsvblkerung in der Umgebung des Standortes fiir das
geplante Kernkraftwerk Brokdorf)" was presented by the Gesellschaft fiir
Reaktorsicherheit. In this expertise, detailed investigations were performed
and comprehensive evidence given on such issues as
- ecological situation at the site and its vicinity,
- amounts of annually released radioactive material, its nuclidic composition,
and release conditions,

- dispersion conditions in the atmosphere and the water body,
- deposition of radioactive material and its enrichment via food pathways,
- relevant exposure pathways,
- critical population groups and their eating habits, and
- resulting radiation exposures.

The selection of the appropriate parameters is frequently causing difficul-
-., • •< since site specific values are rarely available. Therefore, a site
independent model was developed in order to evaluate potential radiation
exposures in Federal Germany and incorporated in the nuclear licensing
procedure.



These investigations gain increased importance by the new Radiation
Protection Ordinance which for the Federal Germany is in force as of
April 1, 1977. According to section 45 of this ordinance, the potential
radiation exposures due to the release of radioactive material during all
operational states has to be calculated for the most unfavorable spots in
the vicinity of the installation for all relevant exposure pathways. The
dose limits for the individual organs as given in Table I shall not be
exceeded.

2. Release of radioactive material into the vicinity

2.1 Release sources

In Federal Germany, there are release limits for radioactive material
released with the exhaust air and the waste water established within the
frame of the nuclear licensing procedure. For reasons of the radiological
effectiveness and the available instrumentation, the airborne releases are
distinguished according to noble gases, aerosols, and iodine. The release
limits for liquid releases apply to nuclidic mixtures without radium and
tritium and to tritium.

Starting point for the establishment of release limits are the values applied
for including the release conditions as incorporated in the individual
safety reports. Therefore, these values have to be used for evaluating the
potential radiation exposures in the radio-ecological expertise for planned
nuclear power plants. The values applied for are today generally in the
range of 40.000 to 100.000 Ci/a for noble gases, 1,0 to 10 Ci/a for aerosols
and ̂. 0.8 Ci/a for Iodine 131. The values for liquid releases vary between
1.0 and 10 Ci/a for the nuclidic mixture without radium and tritium and
between 500 and 1600 Ci/a for tritium.

The potential radiation exposure due to installations in operation are
judged based on the licensed values for radioactive releases.

2.2 Nuclidic composition

The amount of the radiation exposure is not only determined by the integral
source strength, but also influenced by the nuclidic composition. For
evaluating the radiation exposures, the above mentioned nuclidic groups



do not suffice. In this case, the nuclidic compositions have to be known.
In order to obtain them, experimental values from nuclear power plants
being operated in Federal Germany are used.

Noble gases

Experimental values in regard to the nuclidic composition of released noble
gaies are available to a limited extent only. Therefore, theoretical
considerations have to be applied for calculating the potential radiation
exposures. For releases during operational states without larger fuel
element defects and with low leakage rates, the investigations reported
in /1/ can be utilized. The discussions, however, on the spectrum to be
used for the evaluation of the radiation exposures at planned nuclear
power plants are presently still not concluded.

Aerosols

Aerosol and iodine filter samples from the exhaust air control stations of
various nuclear power plants in Federal Germany are investigated for indivi-
dual nuclides since the beginning of 1972 as reported in /2, 3/. The
composition of long-lived aerosol nuclides in the exhaust air of light water
reactors consists accordingly primarily of chromium 51, manganese 54, cobalt
58 and 50, zinc 65, niobium .95, ruthenium 103, silver 110 m, antimon 124,
iodine 131, cesium 134 and 137, barium 140 / lanthanum 140 and cer 144.
Further nuclides comprise a fraction of£.4 % of the released aerosol
nuclides. Traces of alpha emitters have also been found in the exhaust air.
These are plutonium 239/240, americium 241 / plutonium 238, curium 242 and
244 /4/.

The percentage composition of aerosol activity in the exhaust air is, how-
ever, subject to considerable variations. This is valid not only for the
values for the composition of the nuclidic mixture of an individual nuclear
power plant. Therefore, the nuclidic compositions for nuclear power plants
with pressurized and boiling water reactors as compiled in Table II have been
calculated by using the data of /2, 3/ and simple averaging.

In addition, comprehensive parametric studies on the effect of the nuclidic
composition on the amount of radiation exposure have been performed. The
following nuclides can accordingly contribute significantly to the radiation
exposure via inhalation and food pathways: cobalt 58 and 60, zinc 65,



strontium 90, cesium 134 and 137, cer 144 and plutonium 239/240. In order
to evaluate the potential radiation exposures of planned installations,
in most cases the nuclidic composition of table 2, columne 4 - called
standardized spectrum •• is being used,. Utilization of this composition
results in larger values of the exposures than the averaged compositions
for plants with pressurized or boiling water reactors.

Liquid releases

Investigations of the nuclidic composition of liquid waste have been
performed similarly to the studies of the airborne releases. Averaged
spectra and standardized spectrum can be taken from Table III.

3. Dispersion of radioactive material

3.1 Atmospheric dispersion

For the quantitative evaluation of the concentration distribution within
short distances from the release source, the generalized statistical model
(Gaussian approach) is being utilized. The effect of surface roughness -
buildings, vegetation - and orographie situation on the turbulence condi-
tions of the near-ground air layers is in Federal Germany generally so
large that the application of the Pasquill/Gifford dispersion parameters
is not appropriate. Comprehensive experimental investigations have, there-
fore, been performed at Karlsruhe /6/ and JUMch /7/ in order to determine
dispersion parameters. As a result, the dispersion parameters of the
categories A to F were given as a function of the source distance. Compar-
ative calculations using the dispersion parameters of Pasquill/Gifford,
Hubschmann (Karlsruhe) /6/ and Vogt (JuIich) /7/ have shown that primarily
for the long-term dispersion factor considerable differences as regards
location and height of the maximum of the near-ground concentration result
from the various data sets. Fig. 1 demonstrates the maximum of the near-
ground concentration as calculated with the data of Vogt /7/ and Hubschmann
/6/ for a site in a flat terrain to be higher by a factor 3 to 4 as compared
to the results obtained with the data of Pasquill/'Gifford. ïn addition,
the location of the maxima differs by as much as 700 in.



3.2 Dispersion of liquid effluents

For liquid effluents, however, no general approach is available allowing
the calculation of the radionuclide concentration in a body of water with
sufficient accuracy /8/. This reflects the fact that diffusion and mixing
of a pollutant in water is a highly complex mechanism depending on a variety
of parameters. In order to estimate the radionuclide movement near the site
in a realistic manner, the characteristics of the injected stream, the
quality of the ambient water, shoreline and bottom geometry and the atmos-
pheric conditions have to be considered. In general, no theoretical solu-
tion of the specific problem is possible. Therefore, instead of theore-
tical calculations experimental studies on a scale model are used to simu-
late the behaviour of the radionuclides in the natural body of water.

4. Exposure pathways

There are numerous pathways in the environment, which may lead to radiation
exposure of man. Fortunately, not all pathways contribute equally to the
radiation received by man. Among these exposure pathways, ecological
reconcentration processes are only predominant following deposition of
radioactive materials on vegetation or following the uptake of radioactive
materials by aquatic organisms which are of importance as a source of food
for man. In the evaluation as part of the nuclear licensing procedure
the following exposure pathways are taken into consideration as a consequence
of airborne releases:

1) external gamma and beta radiation exposure resulting from
submersion in the discharge plume

2) inhalation of airborne radionuclides
3) ingestion of contaminated fresh leafy table vegetation
4) ingestion of milk produced by dairy cows grazing on pastures

contaminated by direct deposition of radionuclides and the
subsequent uptake of radionuclides deposited on soil.

The following pathways are taken into consideration as a concequence of
liquid releases:

1) the consumption of contaminated water
2) the ingestion of contaminated fish and other edible aquatic

organisms



3) the ingestion of milk from cows drinking contaminated water
4) the ingestion of milk from cows grazing on pastures irrigated

with contaminated water
5) the consumption of fresh leafy table vegetation irrigated

with contaminated water
6) the external exposure to contaminated sediments
7) the external exposure resulting from swimming and boating

in or on contaminated water.

These are the principal pathways of concern, especially considering the
fact that all exposures will be assumed to occur at the most unfavorable
location in the vicinity of the site. In this case, the term "unfavorable"
refers to the location where the annual average air or water concentration
is at a maximum. Furthermore, some other exposure pathways (e.g. wine
or tobacco) depending on local characteristics are taken into account.

In general, no surveys are available about the life and dietary habits
of actual people in the vicinity of the site. Therefore, all exposure
pathways will be considered to affect a single hypothetical individual
postulated in such a way that it would be highly unlikely for any real
individual living in or using the surrounding of the installation to be
exposed to larger concentrations of radioactive material. The consumption
rates and exposure times for the relevant exposure pathways are given
in Table IV.

5. Choice and Relevance of Parameters

Extensive studies have shown that the greatest radiation exposures may be
expected from ingestion of leafy vegetables and milk. On the chance
that the uptake of "adionuclides from the soil by roots pays a larger
contribution to the total amount of radionuclides in the vegetation
Sr and Cs play an important role in the potential radiation exposure.

The extent of uptake from strontium and cesium from the soil varies widely
/9, 10, 11, 12/. This is due to some environmental factors such as concen-
tration of calcium respectively potassium in the soil, the soil type, content
of clay and organic components, the agricultural practices and the climate.



Hitherto we iiave used the values of 0.2 for the uptake of strontium into
forage and 0.32 into leafy vegetables, and for cesium 0.002 resp. 0.019.
These are the values recommended by /13/. By usinq these factors and the
composition of aerosols given in Table II, 84 % of the total dose the whole
the whole body is exposed to by ingestion of leafy vegetables comes from
9 0Sr, 6 I from 134Cs and 10 % from 1 3 7Cs. 90Sr contributes 19 % to the

134
potential radiation exposure by ingestion of milk. The rates for Cs

H 7are 33 % and of Cs 38 %. These numbers are valid for adults.
6. Calculation of potential radiation doses

Under the assumptions discussed in the chapters, the potential radiation
exposures to the critical individual are being evaluated. Dose calculations
are performed by computer codes using the equations described in /13/.
The dose commitment factors for internal radiatior are based on the ICRP
model where the activity is located at the centre of the spherical organ.
As an examples typical values of potential radiation doses from an 1200 MW
LWR are given in Table V and VI.

7. Concluding remarks

In the preceding sections, the assumptions and models utilized for radio-
ecological analyses in Federal Germany have been elaborated. Comprehensive
standardized approaches as given e.g. in the United States within the frame
of the Regulatory Guides are presently being developed by the German Strah-
lenschutzkommission. Its recommendations for the evaluation of radiation
exposures via releases of radioactive material into flowing waters are
already available /14/.

The detailed investigations on potential radiation exposures which were per-
formed within th- frame of radio-ecological expertises indicated that effects,
if any, are only to be expected via the exposure pathways "pasture-cow-milk",
"eating of leafy table vegetation", and "eating of fish". Comparisons of
theoretically calculated data and the respective results from environmental
surveillance programs in the vicinity of nuclear installations have shown
up to now that these values coincide only a few cases. In general, the
experimental values are lower by a factor 0.1 to 0.01 than the results of
the calculations. Therefore, especially better site-specific data on the
biological enrichment processes are required to facilitate more realistic



prognoses. This statement applies primarily for the uptake of cesium and
strontium via the roots and the transport of radioiodine via the pasture-
cow-milk-pathway.
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TABLE I Dose Limits

Whole Body, Bone Marrow, Gonads,
Uterus

Hands, Forearms, Feet, Limbs, Ankles

Skin

Cone

Thyroid

Other Organs

1
I

mrem/a

iii
30

!

360 ]
ii

180

180

90

90
i

11



TABLE II FRACTION OF INDIVIDUAL LONGLIVED NuCLIDES IN THE TOTAL

RELEASE OF RADIOACTIVE AEROSOLS (EXCEPT IUDINE)

FROM NUCLEAR POWER PLANTS WITH LWR

Nuclide

Cr 51
i

Mn 54

Co 58

Co 60

Zn 65

Sr 89

: Sr 90

• Nb 95

Zr 95

Ru 103

Ag 110m

Sh 124

Cs 134

Cs 137

Ce 141

Ce 144

Pu 239/240

i

A v é r a

BWR

0.073

0.031

0.160

0.206

0.234

-

-

-

-

0.001

-

-

0.073

0.159

-

0.003

2 x 10"5

g e

PWR

0.022

0.032

0.305

0.532

-

-

-

0.004

0.004

0.004

0.011

0.014

0.015

0.053

0.001

0.004

2 x 10"5

S t a n d a r d

-

-

0.20 (0.25)a)

0.20 (0.25)a) I

0.10 ( - ja>

0.01

0.01 j

I

-
I

-

i
I

0.15

0.25

-

0.08

2 x 10"5

I

a) in more recent studies the data in brackets for Co and Zn are

being used



TABLE III FRACTION OF INDIVIDUAL LONGLIVED NUCLIDES IN THE TOTAL

RELEASE WATER (EXCEPT TRITIUM) FROM NUCLEAR POWER PLANTS

WITH LWR

Nuclide :
a) BWR

Average Standard Average '
PWR '

Standard

Cr 51

Mn 54

Fe 59

Co 57

Co 58

Co 60

Zn 65

Sr 89

Sr 90

Zr 95

Nb 95

Ru 103

Ag 110"

Sb 124

Sb 125

J 131

Cs 134

Cs 137

La 140

Ce 141

Ce 144

0.018

0.010

0.003

0.001

0.125

0.094

0.061

0.419

0.039

0.003

0.006

0.001

0.005

0.001

0.001

0.080

0.043

0.080

0.002

O.?03

0.005

0.14

0.50

0.20

0.01

0.05

0.05

0.05

0.032

0.024

0.265

0.169

0.003

0.002

0.005

0.021

0.05

0.15

0.265

0.001

0.007

0.006

0.25

0'.Ol

0.20

0.15

0.20

0.19

a) calculated using data from /5/
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TABLE IV DIETARY AND LIFE HABITS OF ADULT

Pathway Usage, Adult

Air Submersion

j Inhalation
i
i
; Drinking Water
i
! Local Fresh Water Fish
j

Milk

i Meat

! Swimming

Boating

Shoreline Activities

8760 h/a

8400 m3/a

800 I/a

20 kg/a

180 I/a

120 kg/a

100 h/a

500 h/a

1000 h/a

14



TABLE V INDIVIDUAL DOSE COMMITMENT FROM GASEOUS EFFLUENTS.

TYPICAL VALUES FOR 1200 MWg-LWR

50 years dose commitment (mrem)

Total Body Bone GI Tract Thyroid (child)

Leafy Vegetables 2,4

! Milk 1,4

8,0

2,0

0,7

0,2 80

TABLE VI INDIVIDUAL DOSE COMMITMENT FROM LIQUID EFFLUENTS.

TYPICAL VALUES FOR 1200 MW

Pathway

Fish

Drinking Water

Leafy Vegetables

Milk

50 years dose
Total Body Bone

6 5

0,1 0,1

0,0<i 0,02

0,06 0,04

commitment (mrem)
GI Tract Thyroid

0,3 0,1

0,1 0,2

O5Ol 0,02

0,02 0,1

15
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Fig. 1 Long-term dispersion factors for 100 m release height in
f lat terrain, calculated with the dispersion coefficient
from a) Pasquill-Gifford b) Vogt and c) Hiibsciimcmn
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