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... ERRATA

on the basis of invest agations carried out since the preparation
of this assessment, the following substantial corrections to the data
employed for the computation of dosage seem appropriate:

The transport factor of 15 (15 pCi/kg plant, fresh /pci soil, dry)
for potatoes specified in Table 7.1.3.-2 was taken from the data of
(Herbst, W., 1976). A check showed that although this value was indeed
given in the data of (Herbst, W. ,1976) for potatoes, the cited source
(Schaeffer, R., IAEA-AEA-SM-184/22, 1974) was incorrectly reproduced
there, ,

In accordance with the present state of our knowledge the transfer
factor is to be assumed to be in the range from 0.023 to 0.16 (IFEU,
1978). The results of computations for exposure by consumption of pota-
toes are reduced by this fact.

In addition, new aspects have come out in the evaluation of cobalt
emissions. As explained in (Bruland, W. et al. , 1979) , in radioecological
investigations the incorporation of cobalt isotopes in vitamin B must
be taken into consideration, which leads to radiation loading seNral
orders of magnitude higher in the consumption of contaminated animal
foodstuffs.

Similarly, the Co transport factor of 0.0094 (pci/kg plant, fresh /
pCi/kg soil, dry) no longer corresponds with the state of our knowledge.
Without site-specific studies one must conservatively assume a value
higher by about two orders cf magnitude. Thus, for example, Kirchmann
et al. have determined transport factors of up to 1.9 for various Belgian
soils (Kirchmann, R. et al. ,1969) .

After an initial assessment the result is that the corrections
to be made overall would change the overall result of the dosage calcula-
tions only unessentially.
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1. Mathematical Basis of the Assessment

To calculate the radiation exposure levels that are to be ex-

pected, the Department of Environmental Protection used a mathematical
model whose principles are described in USNRC Guide 1.109, 1976 and
Baker, D.A. et al., 1976. Most assessments of radiation levels in
normal operation that have been made in the last few years for nuclear
reactors in West Germany have been based on this mathematical model,
e.g., the exhaust gas evaluation of the Institute for Reactor Safety
(GRS, October 1976) and the waste water evaluation of the Bavarian
Biological Testing Institute (BBV, 1976) for the planned nuclear power
plant Kernkraftwerk Sud. In the ecological model the radiation dose
by a nuclide that passes into food via the exhaust gas of a nuclear
power plant is determined by simple multiplication of five quantities, j

namely, the strength of the emission source, the average long-term
dispersion factor (meteorological dilution), the transfer factor
(passage from air into food), the food consumption rate, and the dose
ecmmit:nent factor (biological activity of the radionuclides in the

|body). The organ dose obtained in this way represents the radiation
load by a nuclide through the consumption of a food. If we wish to I
determine the total organ dose for all nuclides and all pathways of |
radiation exposure (foods), we must add the individual organ doses of ;

all nuclides for all pathways of exposure. The equation for deter- |
mining the radiation load via the waste water is the same, except that
the dilution by the river water must be taken into account instead of
meteorological dilution. The formulas on which the ecological mathe- )
matical model are based and the assumptions that were made are des- |
cribed in detail in the sections which follow. The varicus routes of
exposure are shown in Fig. 1-1.
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2. Emissions

2.1. Planned Radioactivity Emission of the Kernkraftwerk Sud GmbH
Nuclear Power Plant (Wyhl) with the Exhaust Air

1
i

l

IIn the safety report of Kernkraftwerk Sud (Kernkraftwerk Sud
!GmbH, 1973) and in correspondence of Kernkraftwerk Sud GmbH to the

Institute for Reactor Safety (KKS, 9/13/1976), Kernkraftwerk Sud .

GmbH proposed the following values per block for leakage of radiotoxic
substances with the exhaust air of the planned Wyh1 nuclear power plant:

|

noble gases 80,000 Ci/yr

aerosols (half-lives greater than 8 days) 1 Ci/yr |
|

iodine-131 0.3 ci/yr !
1

Additional itaiting conditions were that the daily radioactivity
emissions must be less than 1% of the yearly emission values and the )

quarterly emissions must be less than 25% of these values. Double i

emission values would be used for two blocks. I

.

2.2. Planned Radioactivity anission of the Wyhl Nuclear Power Plant

With the Waste Water |
|

-The following maximum emission values per block were proposed
for the planned Kernkraftwerk Sud nuclear power plant (according to the
BBV assessment, 1976):

1,600 ci tritium per year

10 Ci other radioactive decay products

our calculations were based on these values. |
1

)

3. Preexisting Emission Loads at the Site of the Plant

3.1. Preexisting Leads from Radioactive Emissions in the Air

.

( .) }p 'p sting load from radioactive emissions in the air

90018246-2-
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(mostly from the Fessenheim nuclear power plant) could not be taken
into account due to lack of adequate meteorological data and would
have to be added to the values determined in this study.

As measurements in the upper Rhine region have shown, these
emissions are not negligible (see the discussion in section 5.1.4) .

3.2. Preexisting Loads from Radioactive Emissions in the Water
of the Rhine

.

In order to calculate the radiation load, it is also necessary
to know the preexisting load of the Rhine with radioactive substances. ,

Several different emission sources must be distinguished:

1. nuclear plants

2. hospitals (I-131, Tc-99 etc.)

3. scientific institutes and industry (P-32, S-35 etc.)

Regarding 1: The preexisting loads due to plants located on the
Rhine upstream frem the site of the Wyh1 plant are given in Table
3.1.

Table 3.1. Preexisting loads from nuclear power plants located
on the Rhine upstream frem the site of the Wyhl plant
(BBV assessment, 1976)

Plant Type Nuclides without Tritium
tritium (Ci/yr) (Ci/a)

Fessenheim I+II PWR 80 4,000

Kaiseraugst KWK BWR 5 500

Leibstadt KKL BWR 5 500

Beznau KK3 I+II PWR 30 5,000

Wurenlingen EIR PWR 30 500

G5sgen KKG PWR 5 5,000

Muhleberg KKM BWR 10 500

Graben KKW BWR 5 500

900182A7
4 00V3 Ai1 -a-
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Regarding 2: The values from the individual hospitals, most of
which are on the French and Swiss side, are not available.
According to information obtained from the National Bureau
of Health in Berlin, the quantities of I-131 used in nuclear
medicine under the conditions in that area average about

2.25 uci per inhabitant per year. The Department of Envir-
onmental Protection therefore assumed a preexisting load of
I-131 of 6.75 ci/yr at Wyhl as a conservative estimate on the
basis of the population of about 3 million in the Rhine
drainage area above Wyhl) . (According to model study
Radioecology Biblis 3rd Colloquium Water Pathway 2).

Regarding 3: Additional preexisting loads by radioactive waste
water from scientific institutes and industry could not be

determined and would have to be added to the emissions
specified above.

90018268
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4. Nuclide Spectra

4.1. Composition of the Aerosol Emissions with the Exhaust Air

Previous experience with nuclear power plants shows that a large-

number of nuclides can escape as aerosols with the exhaust gas, namely,
C-14, Cr-51, Mn-54, Fe-59, Co-57, Co-58, Co-60, Sr-89, Sr-90, Zr-95,

.

Nb-95, Ru-103, Ru-106, Ag-110 m, Sb-124, Sb-125, I-131, Cs-134, Cs-137,
Ba-140, La-140, Co-141, Ce-144, and traces of alpha emitters such as

' Pu-239, Pu-240, Am-241 and On-242 (GRS, October 1976) .
,

Isotopes that are particularly dangerous to human beings are those
which pass readily through the food chain and at the same time ex-
hibit a high level of radiotoxicity. This is especially the case with
strontium-89 and 90, iodine-131, cesium-134, cesium-137, and to some
extent with plutonium, so that these isotopes are generally very im-
portant.

normally lessj t'hant10%,* !is(' emitted as a solid aerosol.I-131 is emittgd;;nainly in gaseous formr only a small percentage,The com-
position of the emitted aerosols, which, according to what has just
been said, are relatively less dangerous for human beings, varies
from reactor to reactor and can show strong variation with respect
to time for an individual reactor. In West Germany measurements
of the aerosol composition in the exhaust air of nuclear power plants
have been available for only a few years (see, for example, M. I.
Endrulat, I. Wihkelmann, STH Reports) .

For the calculations of radiation exposure via exhaust air, we
used the nuclide compositions indicated in Table 4.1-1.

900182A9
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Table 4.1-1. Composition of radioactive aerosol mixtures in the
exhaust air of nuclear power plants with light-water

reactors.

Nuclide- Proportion Half-life

Co 58 0.10 70,78 d

Co 60 0.15 5,27 a

Zn 65 0.10 244 d

Sr 89 0.01 50.5 d

Sr 90 0.01 28.5 a

Cs 134 0.15 2.06 a

Cs 137 0.40 30.1 a

Ce 144 0.08 284.8 d

Pu 239 2 10~ 24,400 a

The assumed nuclide composition differs from the composition
assumed by GRS (October 1976) and GRJ (1977) by a higher proportion
of Cs-137. The following tables give the measured proportions of the
Cs-137 nuclide in the nuclide ecmposition of various nuclear power
plants for various periods of time. It is apparent from the values
compiled in these tables that the proportion of Cs-137 in the nue-
Itde composition varies tremendously, so that the nuclide composition
assumed in the calculations is necessarily somewhat arbitrary.

. . An important Ibnitation that should be mentioned is that
West'Ge'many has had operational experience with large pressurizedr
water reactors of the 1300-MW class only since 1974, while operating
lives of 40 years are planned. It remains to be seen what effect
the increasing wear of reactor components will have on the composition
of the radioactive emissions.

90018270
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Table 4.1-2. Proportions of the Cs-137 nuclide in the exhaust gas
of various nuclear power plants (after Winkelmann,
I. et al., 1975)

Stade nuclear power plant 1974
,

First quarter 52.1 %

Second quarter 20.0 *

Third quarter' O.4 %

Fourth quarter 0.0 %

Annual mean 38.6 % +

Lingen nuclear power plant 1974

Third quarter. 78.3 %

Tourth quarter 78.3 %

Annual mean 78.3 % +

Gundrammingen nuclear power plant 1974

First quarter 6.95 %

Second quarter 30 39 %

-Third quarter 2.9 %

Fourth quarter 23.42 %

Annual mean 23.2 % + (relative to*

annual
emissions)

Table 4.1-3. Proportions of the Cs-137 nuclide in 1974 at various
nuclear power plants (after Winkelmann, I. et 31.,
1975)

Gundrammingen nuclear power plant 23,2 %

Stadeinucl, earl. p,'cker plant 38.63 %
v - ;; J. <

Obrigheim nuclear power plant 0.17 %

Wurgassen nuclear power plant 0 035 %

Siblis A nuclear power plant 2.4 %

Lingen nuclear pcwer plant 78.3 %

900182.71
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4.2. Spectrum of Nuclides in the Waste Water

The relative proportions of the various nuclides is
critical in calculations of the radiation dose that is to be expected.
Previous experience with nuclear power plants indicates that a large
number of nuclides can escape with the waste water, namely, H-3,
C-14, P-32, S-35, Ca-45, Cr-51, Mn-54, Fe-55, co-57, Co-58, Fe-59,
Co-60, Ni-63, 2n-65, Sr-89, Sr-90, Y-90, Y-91, Zr-95, Nb-95, Ru-103,
Ru-106, Rh-106, Ag-110 m, Sb-124, Sb-125, Te-125 m, I-131, Cs-134,
Cs-137, Ba-140, La-140, Ce-141, Ce-144, Pr-144, Pm-147, Eu-154
(after ceamission of the European Communities, 1975).

The proportions of the individual nuclides are subject to
tremendous variation in some cases. For example, in 1974 the pro-
portion of strontium isotopes in the waste water of the KRB (Gundre-
mmingen, BWR) was more than 57% (Commission of the European Communi- a

ties, 1975). It is impossible to predict what changes will occur
in the composition of the waste water emissions in the course of
the expected operating lives of 40 years.

The isotopes which pass readily through the food chain and
at the time time exhibit a high level of radiotoxicity are particul-
arly dangerous to man. This is expecially the case for co-58, Co-60,
Zn-65, Sr-89, Sr-90, I-131, Cs-134 and Cs-137 in waste water, so
that these radionuclides may be regarded as very important in the
determination of radiation exposure.

We therefore selected a nuclide mixture that could be con-
sidered conservative on the basis of past experience. No distinction
was made between the emissions from pressurized water reactors and
boiling water reactors since more than 85% of the preexisting load of
nuclides without tritium comes from or will come from pressurized
water reactors.

90018272
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Table 4.2-1. Nuclide Composition in Waste Water

Nuclide Proportion

!

Co 58 0,05

Co 60 0,15' .
,

Zn 65 0.05

Sr 89 0,10 ,

Sr 90 0.05

I 131 0,10

Cs 134 0,15

Cs 137 0,35

Sources:- Commission of the European Communities, 1975

- BBV Assessment (1976)

- Radiation Protection Commission (1977)
- Model Study Radioecology Biblis 3rd Colloquium Water

Pathway 2

of course, it is impossible to know whether the above ,

assumptions are safe for the entire operating time of the reactor
since it is possible that there will be changes in the compositions
in the future.

4.3. Nuclide Composition of the Noble Gases

Even in trouble-free operatien of a nuclear pcwer plant,
it is. impossible to retain all radioactive substances in the reactor.
Quantitatively g) the radioactive ncble gases are the most important
atmosph'ridiamissions because they are produced in unavoidably largee
mmounts in the fission process, are very volatile, and cannot be
bound by any chemical reaction.

Since the radioactive noble gases escaping from a nuclear
power plant endanger the human organism to varying degrees (e.g. ,
krypton-88 is about 1000 times more dangerous than krypten-85) , the
radiation load depends critically on the compositien of the emitted
noble gas mixture. The noble gas nuclide spectrum has never been

90018273
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measured for high emission rates, e.g., those which occurred in
1973 in Gundremmingen or in 1975 in Lingen (model study). We must

therefore rely on a theoretical calculation.

Noble gases are formed in the reactor core during the
Since the processes involved in the production offission process.

noble gases during fission are not known exactly enough, an exact
quantitative calculation of their production in the reactor core
cannot be made. Consequently, it is necessary for us to rely on
the liberation rates given in the KWS Safety Report (1973), which
are based on measurements performed on the Gundremmingen boiling-
water reactor (Holm, 1978; Schrufer, 1974). According to these
measurements, noble gases are produced in highly variable quantities.
For example, Kr-85 is produced at a rate of 750 Ci/yr, while Kr-89
is produced at a rate of 2500 Ci/hr (in each case it is assumed that
the reactor is operated at full load). Since noble gases decay after
a certain amount of time, which depends on the half-life, the en-
vironmental hazard depends to a critical extent on how long the

.

noble gases remain in the reactor plants.

If the noble gases are conveyed to the chimney through
I

extraction systems (paths 2 - 5) , the dwell times in the reactor
plants depend on the particular space volume and on the exhaust rate.
It was assumed that the noble gases become uniformly distributed
in the space immediately after entrance. Of course, if the point
of leakage is near the exhaust system, the dwell time is consid-
erably reduced. Since the exact construction plans were not avail-
able to us, this case, which might result in elevation of the
radiation load, could not be considered. It must be expected,
therefore, that a large proportion of the gases escapes by leakage
rather than by the prescribed path, namely, via the degassing
system. It can be assumed that with increasing operating time the
leakage or the activity emissions on the liberation paths become

,

greater. l

In accordance with Holm (GRS-8, 1978), the Department
of Environmental Protection considered the following liberation
paths in particular in its calculations:

1. Primary water purification plant -- exhaust system --
|

chimney

2. Steam generator heating pipe leakage -- condenser --
,

chimney
|
1

Leakage from the primary circulation -- plant buildings3.
|-- exhaust air -- chimney
|

4. Leakage from the primary water purification plants --
annular space air -- chimney

} .Qy%k
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5. Leakage from the primary water purification plants --
auxiliary plant buildings -- chimney

Kausz and Spang (1973) show that about 50% of the noble
gas amissions reach the outside through leakages while avoiding
the exhaust gas system. Measurements of the National Bureau of
Health (National Bureau of Health, FTH-2/76) have found rates
of even 45% to 98.5%. .

In the calculation of the nuclide spectra performed here,
the experts worked on the basis of the proposed activity emission ,

of 80,000 Ci/yr, an annual power availability of the nuclear power
plant of 80%, time delays of 40 days for xenon and 40 hours for
krypton in the exhaust gas system, and estimated, free volumes
and exhaust gas rates of the system parts of the Biblis type
pressurized water reactor (from D. Holm, GRS-8, 1978). In regard
to the percent variation of the proportions of noble gas that are
released to the environment via the leakage, it is mainly

the proportions that do not pass through the exhaust gas system
that determine the radiation load because of the short time delays.
Four leakage combinations calculated by us are given in Table 4.3-1,
whereby, in accordance with experience (STH-2/76), the amount of
noble gas released through the delay system was varied between
1.5% and 50% of the total amount of noble gas activity emitted.
The nuclide spectra resulting from this distribution are given in
Table 4.3-2. It is seen that there are practically no differences
among spectra A to D despite the large variation in the percentage
released through the exhaust gas system. There is no great change
in the spectrum until all of the noble gas is released through the
exhaust gas system (case E) . However, a physically unrealistically
high source strength would be necessary for this if 80,000 Ci/yr
were to be released through the chinney.

The four noble gas nuclide spectra given in Table 4.3-2
are based on 0.8% (A), 2.7% (B), 0.9% (C) and 0.45% (D) of the noble
gas activity produced in the fuel rods (source strengths) . On the
other hand, these values could also be regarded as leakage rates
of the fuel element cladding, which, with complete (100%) continuous
degassing of the reactor coolant in the degassing system and with
the amounts of leakage in the other systems (leakage combinations
A to D), result in a release rate of 30,000 Ci/yr. When it is
considered that the empirical value for fuel element failure is 1%
and is conservatively estimated at 104, and that the primary coolant
is actually degassed to as much as 99% (Kausza Spang, 1973), then
a release rate of 80,000 Ci/yr is perfectly realistic and probable
and may even be exceeded in very unfavorable cases, especially
with increasing fatigue of the material.

m 00v 90018275
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The hazard to man by noble gases is usually given by the
mean dose factor, which depends essentially on the nuclide spectrum
that is used. The bottom row of Table 4.3-2 shows the mean dose
factor for gamma submersion for the calculated spectra. In cases
A to D it is always about 13 x 10-5,

The last spectrum (labeled SSK) was recommended by the
Radiation Protection Commission (SSK, 1977) for ecological cal-
culations.

It most closely resembles spectrum E, in which it was
assumed that all noble gases escape via the exhaust gas system.
A quick conversion shows that for a yearly release of 80,000 Ci
both spectra are not merely optimistic or unrealistic, but rather
patently absurd. Kr-89, which represents a serious radioecological
danger and which has a high liberation rate, is not even re-
presented in the SSK spectrum, while Kr-85, which is relatively un-
dangerous due to its low dose factor, is present in a quantity of
2% or 1600 Ci/yr. But this is impossible, for a total of only about
750 Ci/yr Kr-85 is produced in the plant. The SSK is able to arrive
at the indicated low mean dose factor of 2.6 x 10-5 only by making i

absurd assumptions such as this. The origin of the even lower
value of 1.6 x 10-5 that is used in the study by the GRS could not
be determined because no nuclide spectrum was given. In our further
calculations we used the calculated mean dose factor of 13 x 10-5
rem x m2/Ci x sec.
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5. Abiotic Dispersion
'|

|

5.1.- Meteorological Dispersion and settling via the F.xhaust Air
)
15.1.1. Validity of Calculations on Meteorological. Dispersion i
1

The purpose of an assessment of this type is not to debate con-
,

troversial scientific questions, but rather to give guarratees. In Jregard to atmospheric processes, the number of necessary parameters
is large, and their reliability is indifferent in some cases. We
therefore consider ourselves obliged, not only to give the values
for the meteorological attenuation that are obtained from our com-

putations, but also to estimate the corresponding ranges of error.
This is always good practice in science and technology.

We are interested in calculating the radiation load that may
be expected frexn the nuclear power plant during normal operation. In
regard to the atmospheric dispersion of noxious substances, this
means that we are interested only in long-term data, i.e , the
planned nuclear power plant is rsgarded as a continuous emitter. How-
ever, since the output of emissions is subject to great fluctuation
(frca year to year and in the course of each year) (National Bureau
of Health and other sources, e.g. , Wiechen states that in the weeks
following a reactor shutdown the release of I-131 into the atmos-

*
phare increases sharply), the weather data must be known for short

intervals of time in order to allow accurate attenuation calcul-
ations,-i.e., it is not sufficient to have mean values for 1cng per-
iods of time. However, this is impossible with the data presently
available. It must be noted, therefore, that the elevation of the
doses which is obtained by calculating with correctly superimposed
values, ccapared to dispersion calculations with long-term averages,
cannot be even approximately estimated.

Our experts give a realistic account of the meteorological
attenuation rather than a cautious ene. The conservatism that is
necessary in judgments of this sort is guaranteed by furnishing all
results with an error estimate.

5.1.2. Dispersion Class statistics

he required four-dimensional dispersion class statistics
(wind speed, wind direction, dispersion categoz/, precipitation) for
the planned site of the nuclear power plant (Wyhl) have not been pre-
pared. In the opinion of the German Weather Service, statistics of
this sort c.annot be prepared. Our experts therefore have no choice
but to tely on less suitable data. The applicability of this data
to the proposed site of,Wyh1 is checked in each individual case.

B\s8'UOV 90018279
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The most accurate two-dimensional statistics from the southern
upper Rhine region are those recorded by Weather Station No. 803
in Freiburg (Manier) . These statistics were prepared in 1962 to
1966 and contain the wind speed in knots classified in 31 steps

.and the dispersion classes according to Klug's six categories.
Statistics fr a other nearby stations had to be discarded because
the data that was of interest to us was classified on too coarse
a scale, so that the corresponding matrices are smaller in order
than (31 x 6). Karlsruhe was used only for purposes of comparison
because it is too distsnt. The distributions of the dispersion
types are compiled in Table 5.1.2-1 for the three weather obser-
vation stations Freiburg Weather Bureau, Karlsruhe Nuclear Research
Center and Breisach. The mean variation of the diffusion categories |
is determined fr a these values to be 254. There is no reason to i

suppose that the proposed site of Wyh1 deviates from the wind I

stability conditions in the Rhine Valley by more than this amount.
The error inherent in the use of two-dimensional statistics that
include the wind direction can be estimated at if4. *his deter-
mination was the result of a comparison of the three-dimensional
sectoral calculation for Julich (Vogt, Geiss) anc the corresponding
two-dimensional, integral values. !

!

Table 5.1.2-1. Distribution of the diffusion categories in the
upper Rhine Valley (relative proportions at each !

'

station)

Diffusion Vary Slightly Indiff. Indiff. Very
Type unstable unstable Unstable stable stable stable Total

i

After
Pasquill A B C D E F

After !

Klug V IV ::* 2 III 1 I:

Freiburg 0.021 0.150 0.166 0.290 0.191 0.182 1.000

Karlsruhe 1.022 0 074 0.139 0.397 0.218 0.150 1,000

Breisach 0.075 0,588 0.337 1,000

\ h, I
'
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The wind direction analysis was undertaken at the airport in
Bremgarten (southwest of Freiburg), whose location in the Rhine
valley is similar to that of Wyhl. Breisach is less representative
for Wyh1 because the Itaiserstuhl (highlande), which is nearby, lies
in the principal w .nd direction (SSW) and thus deflects the wind.d

Bremgarten, on the other hand, like Wyhl, is located on the open
plain. Table 5.1.2-2 compares the wind rose data of the two
stations.

Due to the Breisgau, the Kaiserstuhl and the indentation of
the Black Forest (mountainous region) at Freiburg, the wind direction
conditions in Freiburg, unlike the general weather situation, are
not applicable to Wyhl.

The distribution of the two wind rosas in Table 5.1.2-2 shows
a margin of error of 25%, which also covers the site of the planned
nuclear power plant.

16.29% calms and 0.64% variable winds were measured in Brem-
garten. They were distributed isotropically on the wind rose.

In the fourth dimension the precipitation distribution shows
how the washout (or wet deposition) is distributed. Wet deposition
causes values four timss greater than dry fallout (von Rudloff).
Table 5.1.2-3 shows the directions of dispersion for fallout and

washout.

We disregarded the di1# @.-7orrelated washout in our com-
putation of the long-term dispo :;f ? actor, but we did draw
qualitative conclusions from Taal . 1-3 in our treatment of
wet attling (section 5.1.7) .

| 5.1.3. Wind Speed, weak Wind

The modern method of wind speed measurement with the revolving-
,

cup anemometer permits measurement of wind speeds of less than
| 0.5 m/s. Due to the especially high levels of radiation in the

immediate vicinity of a radioacuive emitter under weather conditions
with light wfnds, we consider it absolutely essential that light

|
winds be acet n cely determined. Gradation of wind speed in knots

| (=0.5 m/s) is absolutely necessary. In a computer study we de-
|

monstrated that a gradual incrasse in the size of the gradations
|

of the wind speed scale results in underestimation of the radiation
| load from exhaust air by as much as 200% (1) (Department of Envir-

or: mental Protection,1978) . After examining the meteorological
i data from the Kaiserstuhl region, we felt that this was another

i reason that the Breisach weather data should be discarded.e
U h', .i U Ud*
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Table 5.1.2-2. Cosparison of the wind roses of Breisach and
Bremgarten in 4

i

[korthWind West
ast Soud

Dir.ect-u

30 60 90 120 150 180 210 240 270 300 330 360
sector

9,35 2,97 2,84 1,09 3,94 12,19 25,98 6,22 2,85 1,52 5,50 8,62Brem-
garten

'Srei" 20,1 4,4 6,3 30,6 14,2 .1,5 5,7 14,0
sach

Table 5.1.2-3. Bremgarten wind rose as a function of the type of
weather

20 | 60 90 1 20 150 180 210 240 |270 300 330 360 va: e.1, |
directien

9.4l3.0 2.9 1.1 3.9 '17.2 25,0 6.2|2.9 1,5 5,5 6,6 6 16,3
,,,. .e.

f, fair'g g 8,0 2,4 2,2 0,9 3,5 14,8 33,4 9,2 3,6 1,6 5,1 2,5 ,7 6,4

fog | 1C ,913,3 | 3,0 li,3 1. 9 3,5 4,6 1,9 .1, 8 1,3 i 0,0 8,9' C 48,6

$ 5,6 1,6|2,3|0,7 3.4' 17,1 36,9 7,2 2,9.1,7 7,2 6,6 0 7.0
rain

1,9 6,5 16,5 3,1 1,7 1.4 ,14,7 11,5 0 23,0I''22'7|''3|I'2 .snow

90018282

E858 'ogf ~00p
_1,_

9



*
.

In order to develop an idea of the variance of the wind speed
foa the Wyh1 site, we compared the frayency distributions of the
wind speed at the Freiburg and Bremgarten stations (Table 5.1.3-1).

Table 5.1.3-1. Comparison of the wind speeds according to the
Beaufort wind scale. Frequency of occurrence per
Beaufort force in t.

wind in Beaufort 0, 1 2 3 4 5 6

speed
in m/sec up 1,5 1,6-3,3 3,4-5,4 5,5-7,9 8,0-10,7 >10,7

to
~

Brengarten 41,7 21,2 17,9 12,8 5,1 1,3

,

_

1,0 |Freiburg 41,2 30,3 14,7 9,5 3,3

A mean error of 12% between these stations can be calculated
from these values.

The mean annual wind speeds at Bremgarten (3.0 m/s) and
Freiburg Weather Station (2.3 m/s) approximately agree with this range
of error. The percentage of weak-wind weather conditions for our dis-
persion calculations was by no means overestimated. On the centrary,
it m&y be assumed that it is still too low since the data was re-
corded in the form of hourly means. In other words, light winds that
last for less than one hour are averaged out.- However, since there
is visible drift (e.g., of a cloud of smoke) starting st Beaufort 1,
and the maximum receiving point is reached in about 20 minutes at
a wind speed of 0.5 m/s and in only 10 minutes at a wind speed of
1 m/s, recording wind data at one hour intervals is inadequate for
calculation of the radiation load in the vicinity of a nuclear power
plant. Tha wind speed measured at ground level (the measurements
are generally made at a height of 10 m, although at Freiburg they
are made at a height of 22 m above the ground) must be calculated
high to about twice the emission height. The entire wind profile
obtained in this way must be averaged in order to obtain an app-
repriate dispersion rate. Various formulas are possible for this
integration over the wind profile. They differ in result by as much

as 20%.,,According to vogt (1977), previous experimental studies ,

proyideTno'information about the suitability of the integration
models, our experts proceed on the basis of a physical argument
and regard the lower half-cone as relevant for the reflection of the
exhaust gas plume on the ground and ter the concentration near the
ground according to the principle of superposition. They therefers
integrate the wind speed from the ground (> 10 m) to the height of
emissien.

9001@ N
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5.1.4. Vertical Dispersion

The vertical dispersion of the cloud of exhaust gas is limited ,

not only below by the ground, but also above when temperature inver-
sions are present. Surface inversions were investigated in the Rhine
Valley at Karlsruhe and Strasbourg. The frequency of occurrence of
surface inversions was obtained frcza Kleiss (Table 5.1.4-1.

Table 5.1.4-1. Inversion frecuency in the Rhine Valley in %.

inversion frequency- $55$$**i"#*#~ ENk!**i""*#~ '
,

total per year d 200 m 6 400 'n
,

'

Xarlsruhe 31,8 % 42,5 :

Stra6 burg 14,6 % 42,9 :

Allowance for inversion conditions in determining the dis-
persion of noxious substances is handled in various ways. While a
general factor of 2 was originally used (BMBW, 1972), this factor
is now rejected as too conserrative. Therefore, our calculations

i

need to be more realistic. Stable or very stable weather conditions '

occur in 37.3% of all cases at the site (Table 5.1.2-1). Surfsce
inversions under a 400-m upper limit occur with similar frequency
in the upper Rhine Valley, and a large percentage of these inver-

*

siens have an upper limit of 200 m (Table 5.1.4-1) . This suggests
that the occurrence of the stable diffusion categories I and II
(after Klug) and the occurrence of surface inversions should be

equated. Therefore, in accordance with Lindackers et al. (1965),
we assume a barrier layer correction factor of 2 only for weather
classes I and II. This assumption is very optimistic and probably
results in a serious underestimate of the radiation load via the
air. In reality, simulation tests (Dunst, 1977) have shown that
during an inversion the entire exhaust gas output can settle on the
ground a few kilometers from the emission source within only a
few hours, i.e., before changes in the stability conditions of the

i

atmosphere can effect further attenuation. In t.his case no mete- |

orological attenuatien occurs for short periods of time, and when !

the inversion frequency is high (as is the case in the upper Rhine !

region), this can cause considerable change in the long-term dis-
persion factor.

d858 00V
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Experimental-studies conducted during the prolonged Rhine
~

. Valley' inversion that occurred in the last week of October in 1975

(monthly weather report) revealed large quantities of Kr-85 emissions !

in Freiburg (Sittkus, Stockburger,1976) .. The closest nuclear plant
free which this Kr-85 can originate is the reprocessing plant in
Karlsruhe 140 km away. .A meteorological investigation of this in-

,

cident is now being conducted by our department. -

There is an urgent need for further studies on the long-term
effects of the barrier layer intensification. In addition, in the
wine-growing region around Wyh1 the short-term radiation loads due |

to the frequent inversions in the fall, during the ripening of the
grapes, must be investigated. These radiation loads can be con-
siderable and may amount to as much as 100% of the emission source

,

( strength (see above); and this is true not only at the maximum re- '

ceiving point, but also anywhere within a radius of 20 km, depending
on the wind conditions.

1

5.1.5. Effects on the Meteorological Attenuation That Are not
considered

?

The following additional effects on the atmospheric diffusion
cannot be reliably quantified at the present time. .They are merely '

estimated as sources of' error.

When light winds prevail, the gas is discharged with a greater
effective stack height. For relatively cool sources, such as those

,

in question here (about 10*C warmer than the ambient air), hewever,
decreases in the effective stack height have also been observed.
At greater wind speeds the exhaust gas plume may be drawn downward
on the lee side of the chimney due to the sheltering effect of
the chimney or of, other buildings (downdraft effect) . If we
roughly estimate the uncertainty in the effective stack height as i

only about. 10 m, the error in the dispersion calculation would
be about 20%.

The initial attenuation of the exhaust air that occurs while
the exhaust air is still inside the chimney is quite negligible at

,

emission heights greater than 50 m.

The roughness of the topography is universally included in '-

the empirically determined dispersion parameters and thus, strictly
( speaking, is applicable enly at the location at which the parameters

"were' measured (i.e. , Jt111ch) . Nester (1975) classifies the topo-'

i graphy in four roughness categories and rearranges the diffusion
classes according to roughness. At the Wyh1 site we must consider
a mixed topography with highly variable rcughness, as is shown in
Fig. 5.1.5-1.

90018285
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Table 5.1.5-1. Topographical roughness in the region around
Wyh1 (10-km radius, inside West Germany)

roughness o g II III Iy

category

roughness
length in 0 0-3 3 - 30 30 - 150 > 150*

cm

vegetation up to up to up to greater than

height 0 .1m .3m g,~

10 m

water, trass, bushes, orchards, timberland,
topography asphalt pasture g ds, woods cities

land k. ,, a ,

approximate
percentage in 3% 10 % 50 % 30 5%
area Around
t+ w'

.

The sectoral distribution of the topography around the site
according to roughness is not isotropic. As far as the distribution
of the radioactivity is concerned, this also results in weightings
per sector, depending on the roughness, due to the variable wind
profiles. This factor cannot be taken into account at the present
time. Therefore, without more extensive studies in this area we are
unable to assess the error resulting from disregarding this factor.
The height above ground level at which wind shear occurs also depends
on the surface roughness. At low wind speed, even at heights less
than 100 m (emission height!), there is a shift in the mean wind
direction, which is determined from wind rose measurements near the

grcund, toward the right in the direction of the geostrophic wind.
This effect causes a shift in the sectors of maximum radiation lead
since the wind shear is not taken into consideration in the calcul-
ation of the wind profile. Present knowledge does not permit
quantitative evaluation of this problem either. Furthermore, we
have not considered any emissions except emissions frem the exnaust
air chimney. The ever-present leakage frem the coolant circulation
causes radioactive emissions through the machine house roof (low
emission height) and threugh the cooling tower (large emission height,
maxi =um receiving point more distant frem the pcwer plant) .

dpa. .

i...

v :"s u
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The preexisting radiation load of the evaporated Rhine River,

' water contributes to the emission of radioactivity into the air from,

the cooling tower. Aside from the radioactive emissions, the cooling
towers have an adverse effect on the diepersion of the exhaust air
frem the chimney due to their great height (1 1/2 times the height of
the chimneys) and large surface. The deviations caused by this are ,

totally unknown. The clouds of steam disturb the diffusion of the
plume of exhaust gas and alter air flow in general since thermo-
dynamic processes are now at work as well. The entire spectrum of
effects of a cooling tower on the dispersion due to

e

a) the design features themselves (wind-shielding, down-
draft etc.)

b) the thermodynamic effects caused by mixing of the steam
clouds with the exhaust air

c) cooling tower emissions from leakage and preexisting
radiation load of the water

e

cannot be estimated closely enough at this time despite careful
analysis of the work that has been started in this area.

Iong-range changes in climate and their effects on meteorological
factors should also be mentioned, although this is not one of our con-
corns in this assessment. The nuclear power plant would generate as
much wasta heat as a large city. At the same time, the amount of
water that would be vaporized would be equal to about two thirds of
the amount of water vapor released to the atmosphere by Lake Constance.
The cooling' towers would release this heat and water to the atmosphere
at a point compared to the large surface area of a city or a large lake
such as Lake Constance. This would certainly result in long-term
changes in the local climate of the Wyh1 - Weiswell area, which in
turn would affect the continuous meteorological data. Therefore,
the validity of long-range dispersion calculations for the planned
operation of the nuclear power plant over a period of many years on the
basis of data gathered before the plant is placed in operation is
rather doubtful (see also section 5.1.1) .

5.1.6. Determination and Error Analysis of the Long-Term Dispersien
Factors

The data used in the dispersion calculation was subjected to
critical examination in regard to its reliability in several places.
It is now necessary to evaluate the reliability of the mathematical

I model itsel'
,

'
!

i

)
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The calculations were performed in strict accordance with then |

'SSK's principles of calculation (DMI, 1977). The mathematical modal |described there is based on studies performed at the Julich nuclea: ;

power plant. Since we have adopted these principles in their en-. i
tirety, we see no need to describe the procedure of the calculatior.s '
again. We have rejected the roccamendations of the ssK only in re-
gard t= our treatment of. inversions our reasons for this are dis-

,

cussed above (section 5.1.4). |

The mathematical model makes several fundamental assumptions -

,

that are incorrect. The question of whether or not the model even
i

gives meaningful results will not be known until many years of ex- i

perimental observation. In particular, the calculations are based 1

on the following erroneous assumptions:
1

|
1. The model assumes a Gaussian distribution without justi- |

fication.

2. The parameters are treated as mathematically indeper. dent,
which is not true. Wind speed, wind profile, wind direction
and weather class are interdependent parameters which also
depend on gther'parametep , namely, pressure, temperature
and humidity U Mesevl N the latter parameters are not even j

.,

included in the calculations. )
1

3. The .athematical model must be able to deal with turbulent !

atmospheric conditions. However, a mathematical description 1

of turbulence lor at least a physical-phenomenological I

description) has not yet been found (Institute for Applied
jMathematics, Heidelberg, 1978)

Consequently, the mathematical model of the SSK and other com-

parable models can only be regarded as rather unsatisfactory expedi-
ents that make it possible to obtain rough estimates.

1

For the purposes of our dispersion calculations we divided |
the horizon into 12 secters of 30*C each. This is an appropriate I

division since the lateral width of the plume of exhaust air at the
maximum receiving point is 15' to 38*, depending en the stability
category.

|

The computation was performed by electronic data processing
and had the fellowing results:

1

A) Maximum Receivine Point

The maximum receiving point is located 500 m frean the source
in the 210' sector. The exact result is

(500 t 50) m in sector (210 : 15)*.

90018288 i.mm, ,

. n s u. . 25
i
<

a



*
,

.

This gives a surface area of the receiving " point" of 2.6 ha
in the direction NNE fra the plant. The values for the critical re-
ceiving " point" are applicable in this area.

B) Concentration of Nexious Substances in' the Air

The concentration of noxious substances at this point of maximum
radiation load is

1.41 x 10-6 ,j,3
.

in units of the source strength dose. This is the long-term dispersion ,

factor. The behavior of the long-term dispersion factor in the prin-
cipal wind direction is shown in Fig. 5-1. as an example of the re-
suits of our calculations.
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C) Radiation Load in the Rest of the Surrounding Area

The subsequent calculations in this assessment of the radiation ;

load via the various routes of exposure were performed with this value.
In order to facilitate conversions to other areas of interest in the
region around the emission source, we prepared a map (Fig. 5-2)
showing the distribution of the radioactive exhaust air by relative
isodose curves around the maximum receiving point (= 1004). Since
the long-term dispersion factor enters linearly into the final dose,
each individual result can be converted in this way to locations
of special interest. -

For flat terrain, in which the vertical distance to the emission
source (mouth of the chimney) is the same at each point, there is only
one maximum in the distribution of the radioactivity. For uneven
terrain, such as the terrain in questien, secondary maxima may occur.
In the present case there is a second critical receiving point in
Limberg, where the radioactivity is 50 to 100% of the maximum re-
ceiving point (see Fig. 5-2).

D) Gamma submersion
,

We did not perform any calculations of our own for gamma sub-
mersion because our preliminary studies on allowance for the long-
ran'ge gamma radiathn frcan the neighboring sectors of the sector
under consideration are still in progress. For the time being, there-
fore, we will adopt the data is the GRS assessment, in which the maxi-
mum gamma subnersion 100 m from the source in a 30' sector in the
principal wind direction NNE is

~

7.5 x 10 s/m .

For the maximum receiving point defined in A) at a distance
of 500 m from the chimney, the following value is given:

~3
3 x 10 s/m .

The GRS assessment includes no information at all about the
mathematical models and assumptions that led to these results. There-
fore, they must be considered very vague.

Until we are able to take into acccunt the effect of the
neighboring sectors on the gamma submersien, the error arising frem
failure to include it in our calculations can only be estimated.
According to Hubschmann, Paoadopoulos (1975) , failure to allow for
the neighbcring sectors results in underestimation of the gamma dose
by a factor of five at a distance of 100 m and by a factor of two
at a distance of 500 m.

90018291
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E)- Calculation of Error Adiustment

The quantifiable errors contained in the calculations are
'

compiled in Tabic 5.1.6-1.

Table 5.1.6-1. List of the quantitatively determinable errors in
the dispersion calculation

.

Source of error Discussed Error range (re-
in: lative to the final i

result, relative '

error)

Annual variations of the
meteorological data, long-
term means 5.1.1 1.00

variations of the weather
stability classes in the
upper Rhine Valley, un-
certainty in their de-
termination 5.1.2 0.25

Variations of the wind rose
in the region in question 5.1.2 0.25

Wind speed at ground level,
anemometer measuring error 5.1.3 0.12

Type of wind profile to
be ascumed (power law),
averaging of the wind
profile 5.1.3 0.20

Error due to use of integral
instead of sectoral diffusion
class statistics 5.1.2 0.15

Error due to uncertain
effective stack height 5.1.5 0.20

only for gamma sukmersions
error due to failure to account
for the radiation from
neighboring sectors at the
maximum receiving point 5.1.6 1.00

90018293
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We assume these errors to be mathematically independent.
Since it is statistically improbable that all parameters subject to
error will assume the extreme values within the error range, we ob-
tain a relative error of 1.2 for the long-term dispersion factor and
of 1.6 for the gamma submersion at the maximum receiving point (500 m)
in accordance with the rules for error adjustment (both values are
relative to the final result) .

F. Conservative Values

No conservative assumptions were made in our meteorological
dispersion computations: we tried, rather, to come as close as possible
to reality. We shall now discuss the conservative approach in order
to compara our realistically calculated results with the corres-
ponding conservative values. However, only the realistic values are
used in the remainder of our calculations in this assessment.

Conservative values may also be regarded as realistic values
in the sense that they are the values at the error limit determined
by the error adjustment computation. This quantitative definition I

of " conservative" follows from our interpretation of the purpose of
this type of assessment (which was discussed in section 5.1.1), for |

'

when we give an error range we are merely stating that the actual
values vary around the theoretically computed values and sometimes
reach the unfavorable error limit. |

|
Table 5,1.6-2 is an overview of the final results of the '

meteorological dispersion ecmputations.

Table 5.1.6-2. Overview of the results of the meteorological dis-
persion computations.

Conservative
Realistic value Relative error Value

1
1

long-term dispersion
factor (ground-level
concentra ion of -6 ~-

noxious substances 1.4 *10 1.2 3.1 10 s/m
at the max hum re- s/m3
ceiving point in
units of the source .

strength dese)
.

|

|

maximum gamma sub- -3 -2 '

mersion (100 m) 7.5*10 s/m 4.2 3.9 10 s/m"

ga:ma submersion at
-3 2 -3 2the maxi =um receiving 3 10 s/m 1.6 7.5 10 s/m

I
t 31

,

|
90018294
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G. Explanation of the'Discrepancv with the GRS Assessment

The relatively low values that are given for the long-term
dispersion factor in the GRS assessment cannot be considered useful
because the meteorological data used in the calculations was too
coarsely graduated. We were able to reproduce the results of the

*

GRS by dividing the wind speed scale in larger intervals. However,
a coarse classification of the wind speed could be avoided with our

; data material. The values given in the GRS assessment may therefore
l be considered outdated. Since the calculation of the gamma submersion

| (which we have tentatively accepted) was based on the same inadequate
meteorological statistics, it is probable that the gassa sulmiersion;

was also underestimated.

!

5.1.7. Deposition of Radioactive Substances

The noxious substances contained in the air descend to the'

earth by gravitation and adsorption during dry weather (fallout);
during wet weather (rain, snow, fog) they are washed out. The rate
of settling multiplied by the emission source strength and the long-
term dispersion factor gives the amount of activity that is deposited
per unit time for a smooth ground surface (in C1/s m2)

We prefer to use the term " wet deposition" instead of " wash-
;

i out" because it indicates that settling processes that cannot be

| characterized by the dry settling rate occur not only during rain, but
also during snow and fog.

4

( Since the number of water droplets per unit volume is about
| 16 times greater in foq than in rain, the probability that aerosols

will be picked up and subsequently deposited is greater in fog. The
fog droplets also act as nuclei and cause rapid growth of the size
of the aerosol particles, thereby increasing the falling speed (I.ilje-
quist). The two effects together increase the rate at which the radio-
active particles settle out to such a great extent that the rates of
deposition are about the same for fog and rain, despite the fact that
the sinking velocity of the fog droplets is roughly 10 times slower
than that of rain droplets. More precise information cannot be given
without further investigatien in this area.

The same is true for gases (I ) because the larger total sur-
2

face of all fog droplets results in greater solubility in water.
The situation with snow is about the same as that with fogs however,
even less is known about snow washout. Gensequently, rain, fog and
snow are treated together as " wet deposition".

Table 5.1.2-3 shows that vet deposition of the radioactive*

emissions of the nuclear power plant will be heavy in the principal wind

900i8295_u-
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direction (fr a the SSW),' i.e., the area to the NNE will have a high
radiation load from wet deposition. However, other areas will also
receive large amounts of radiation in this way, notably the areas to
the S and SSW of the plant.

Due to the increased rate of deposition in fog, rain and
snow,.and due to the fact that fog and snow are very closely corre-
lated with light winds, the area insnediately around the nuclear power
plant would be affected by greater radioactive contamination under
these conditions (1 - 3 km from the plants for a light wind of 0.5
m/s measured at a height of 10 m, any wind profile, and duration of
the fog, rainfall or snowfall of 1 hour). In this case all directions
would be affected to about the same extent.

Published values for deposition rates still vary by as much
as 50% (see, for example, Vogt, 1970, or Voilleque, Pelletier). In
regard to German conditions, the most appropriate value is that given
by Ludwieg, who determined a mean annual deposition rate of about
1.3 cm/s. This value represents an overall value that takes into
account both dry fallout and rain washout. We allow for fog and
snow, not by correcting the above value, but rather by including an
additional, independent error of 20% (73 days of fog per year in the
Weiswell- 3reisach area). Therefore, for aerosols (solid centamin-
ants) we use the following values

i

(1.3 + 0.7) m/s.
'

The direct deposition of I-131, which is emitted mainly in
gaseous form, is described by GRS (1976) and Vogt, K.J. et al (1973)

3in m /kg s. This reflects the rate of de-by a deposition factor fg
position with respect to a vegetation density of 1 kg dry weight /m*,
According to Vogt, K.J. et al. (1974), almost twice as much iodine
settlee on clover as on grass. In our calculations we therefore used

3the mean value for grass and clover, which is 0.12 m /kg.s according
to Heinemann, K. and Vogt, K.J. (1975). For leafy vegetables

3(lettuce) we adepted the value f - 0.04 m /kg's.

'

Everything we have discussed so far in regard to deposition
is appli:able for a ground surface with a low level of reuchness,
namely, a roughness parameter of z - 3.33 m (after Baumgartner et al.) .
This is equivalent to a vegetation, height of 10 cm and thus applies to
grass, elever, certain vegetables etc. (See table 5.1.5-1. ) .

In regard to the deccsition of radioactive material in vine-
M , which is an important consideration in the area around Wyhl,4

the deposition constants given above can only be used for the ground
of the vineyards. The roughness parameter for the foliage and grapes
(vegetation heigh: 1 m) is : = 0.3 m (Baumga m er et al.) According
to Gudiksen et al. , this cau,ses an increase in the rate of dry de-

90018296
- 3-

kh h
.



*
,

position by.a factor of 3 to 4. The same is true for wet deposition.

Therefore, the following deposition rate applies to grapevine foliage
and fruit and to othar shrublike plants:

(4.0 + 3.3) em/s.

Table 5.1.7 is an overview of the results. The realistic
values are used in our further computations; the conservative values
are given only for comparison. Values greater than the conservative
values can be ruled out on the basis of present knowledge.

Table 5.1.7. Deposition rates used in this study

Disposition Deposition mean value mean error in maximum value
of on (realistic) em/s (conservative)

in em/s in em/s

Aerosol grass,
soil 1.3 0.7 2.0

Aerosol grapevine .

foliace,

grapes 4.0 3.3 7.3

5.2. Dispersion via the Waste Water

In regard to the attenuation of the radioactive waste sub-
stances, we assumed that the emissions mix immediately with 25% of
the river water, and that it is this water of which further use is
made. According to information of Mundschenk (BfG) (Model Study
Radioecology Biblis, 3rd Colloquium, p. 37), this is a perfectly
realistic assumption.

Measurements at the Biblis nuclear power plant showed mixture
with about 20% of the water 1 km below the point of entry with fresh-
water cooling and mixture with about 10% of the water with recycle
cooling. 6 km below the point of entry the mixture was about 50%
for fresh-water cooling and 33% for recycle cooling. The emissions
introduced inte the river thus remain in a small part of the river

.

for a long time. As far as the Wyh1 site is concerned, a more pre-
cise experimental study would be required before anything definite
could be said about possible effects of the barrage downstream from
Wyh1 on the mixing processas.

The calculations consider only the emissions of ene bicek.
For two blocks (as calculated in the 33V assessment, for example)

. .p ()MWu _u.
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the values would have to be increased accordingly.

In regard to the exposure pathway of fish consumption, we ,

also considered the contamination of fish which zwin chiefly at the
cooling water outlet of the nuclear power plant. Experience at nuc- i

clear plants already in existance shows that increased numbers of fish )
are attracted to this area (and caught there) because of the oxygen '

enrichment of the cooling water. Therefore, this pathway represents
a realistic source of contamination.

1

Exposure via consumption of fish was calculated for both |

possibilities (fish from the Rhine and fish from the cooling water !
outlet). |

!
As in the BBV assessment (1976), our calculations were based I

3on a cooling water discharge rate of 60 m /s (per block) . We did not
analyze the use of the cooling water for irrigation purposes or com-
pute the higher radiation loads that one would expect from such use.
The BBV assessment includes a conservative ecmputation; if we wished
to include this point in our assessment, we would expect a higher
radiation load.

Volume Flow of the Rhine

According to the German Hydrology Yearbook (1971), the
3average volume flew c' the Rhine at Rheinfelden is 1030 m /s (mean

value for 1931 - 1970). The additional volume contributed by the
Wiece and the Birse (small tributaries below Rheinfelden) justifies

Jthe assumption of a mean volume flow of 1050 m /s at Wyhl (the BBV
assessment, 1976, uses the same assumption) .

On the basis of these assumptiens, the following values are
obtained for the radienuclide concentration in the river water:

6.35 pC1/1 emissions excluding H-3

692.4 pCi/l tritium

0.2 pCi/l I-131 (medicine)

These values include the preexisting concentrations listed
below:

5.15 pC1/1 emissions excluding H-3

499 pCL/1 tritium

0.2 pCi/l I-131 (medicine)

90018298
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For our calculations of the contamination of fish that are
caught in the cooling water outlet, the radionuclide concentrations

i ares
J

10.4 pci/1 emissions excluding H-3 ,

4

1,344 pci/1 tritium

0.2 pCi/1 I-131 (medicine)

This nuclide concentration was used as the basis of cal-
culation for the various exposure pathways. Naturally, the conced-
tration can change significantly at low water' level. According to
the German Hydrology Yearbook, the average low-water volume flow of

3 3
the Rhine at Rheinfsiden is 464 m /s in the winter and 610 m /s in
the suunnert in the dry summer of 1976 the lowest monthly mean volume

3flow rate was 385 m /s.

Furthermore, waste water discharce is not constant,'but
rather reaches a maximum at the time of the fuel element change, which
is usually done in the summer months. According to GANS (BGA)
(Model Study Radioecology Biblis, 3rd Colloquium, Water Pathway,
p._27), 40% of the year's activity was emitted during the 3 to 4
weeks of the fuel element change at the nuclear power pl' ants in Stade
and Chrigheim, and in 1976 in Stade 60% of the year's activity was
discharged during the 4-week changing period. If the river water is
used for irrigation or other purposes during tris period, the radiat-
ion lead is many times greater than the load determined in this assess-
ment.

Low-water levels can also result in higher nuclide concen-
trations in the river water.

6. Passage of Radienuclides into Agricultural Products
L r

|

6.1. Transport Factors for the Passage of Radionuclides from Soil
|
l into Plants

The transport f actors for the passage of individual nuclides
fran the soil into plants are ancng the most important factors in the
determination of radiation exposure by ingestion of foods. The
following exposure pathways must be considered

- ingestion of vegetable foodstuffs-exhaust air pathway
intake of other vegetable matter (e.g., tobacco, tea,-

coffee) - exhaust air pathway

|
' O k,4 ,a d k).-[d'hrage plants - ingestion of animal products - exhaust
c.|.

L air pathway
- irrigation - censumption of vegetable products
- irrigation - forage plants - ingestien of milk and meat

-36-

9001d99

.
. .



. .-.

*
,

f

The unit of the transport factors is pCi/kg fresh plant per
pCi/kg soil. In order to obtain a realistic estimate of the transport
factors that should be used, we performed an extensive literature
search. Pertinent information from the following journals (from about
1950 to the present) was analyzed: Nature, Science, Health Physics,
Plant and Soil, Soil Science, Radiation Botany, Journal of Agricultur-
al and Food Chemistry, various USAEC reports and conference reports of
the International Atomic Energy Agency.

The analysis of this information revealed that the transport
factors used and recommended by the TDV, GRS, BBV and SSK are far too
small in the most important cases, and that many of the experiments in
which low transport factors were determined were performed under un-
realistic conditions.

There are many natural factors that affect the magnitude of the
transport factor, e.g., plant species, soil type, mineral content and
water content of the soil, pH of the soil, biological activity of the
soil, and the level of radioactive contamination of the soil.

The values that are recommended by the Radiatien Protection Com-
mission (SSK) are based for the most p . not on experimental investiga-
tion, but rather are derived from a chain of references to the literature,

at the end of which soil and plant concentrations are employed that have
no relationship to each other (Boikat, U., 1977).

By division of these concentrations for stable isotopes from
(Univ. of Calif., 1968) .the USNRC obtained " transport factors" (USNRC,
1976) that were accepted by the SSK, the BBV, and in part by the GRS.
The GRS supports its values with the incorrect and biased interpretatien
of the literature in (Fletcher, I.F. et al. ,1971) , in which recourse is
sometimes had again to the same sources as in (USNRC, 1976). A more exact
representation is to be found in (ITEU, 1978).

"

6.2. Comparison of the Transport Factors Used by the CRS and SSK
with Published values

In this secticn we shall compare the transpcrt factors for the
individual elements of the soil in plants as used by the ORS and recem-
mended by the SSK with experimentally determined transport facters found
in the literature. The only elements for which there is an extensive lit-
erature are strontium and cesiums very little has been published about the
other elements. The elements will be discussed in alphabetical order.

6.2.1 Cerium

The fission products Ce-141 and Ce-144 are the principal represent-
acives of the element cerium in the emissions of nuclear power plants (GRS,
1976). Their half-lives are 32.5 and 295 days, respectively (Seelmann-

EggpoortpN.hhV43al.,1974).U J
The transport factor recommended by the SSK is 0.00:5. The GRS

uses values between 0.0005 and 0.0068 in its assessments.
v p (' v " [-}!! t

i t t fs' ,a v
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The literature contained two papers on the determination of
transport factors for cerium (Remney, E.M. et al. ,1954; Romney, E.M.,

et al., 1957). These experiments yielded the following ranges of values,
depending on the soils that were used:

for bean leaves between 0.012 and 0.144

for bean seeds between 0.003 and 0.028

for oats (grains) around 0.015

for radishes (root) between 0.014 and 0.032

(Romney, E.M. et al., 1954
Romney, E.M. et al., 1957)

The value recommended by the SSK and the largest value used by the
GRS are at the lower end of the range of enrichment factors determined in
these experiments. The even lower transport factors of 0.0005 and 0.00075
that were used in some cases by the CRS for pasture vegetation and leafy
vegetables are many times smaller than the experimentally determined values.

6.2.2. . cobalt i

The fiscion products co-57, Co-58 and Co-60 are the prtncipal rep-

|
resentatives of the element cobalt in the amissions of nuclear power plants
(GRS, 1976). They have half-lives of 270 days, 71 days and 5.3 years,
respectively. (Seelmann-Eggebert, 1974).

Again there were only two published papers that gave transport fac-
tors for the absorption of cobalt from soil. The GRS and the SSK use a
value of 0.00094.

Grummit, W.E., 1975, gives the following values as cobalt transport
factors for the edible parts of plants:

cats 0.015

rye 0.003

radishes 0.032

carrots 0.011

turnips 0.043

beans 0.010

potatoes 0.020 -

tematoes 3.011

(Grummit, W.E., 1975)

Menzel, R.G., 1967, gives values between 0.02 and 2 as the range
of variation of cobalt transport factors from the soil into plants. The
transport factor for cobalt that is used by the SSK and ORS is thus at
the lower end of the rance of variation.~

90018,01
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6.2.3 Cesium

In the case of the element cesium it is primarily the fissien
products Cs-134 and Cs-137 that appear in the emissions of nuclear power
plants (GRS, 1976). They have half-lives of 2.1 and 30.1 years, respec-
tively (Se11mann-Eggebert, W. et al., 1974).

For cesium the literature contains a fairly large number of works
in which experimentally-determined transport factors are given for this
element. The results of these investigations are given below.

Barber found transport factors of between 0.015 and 0.6 in pot
experiments with ryegrass and various soils.

He observed a strong dependence of the Cs-transfer on the propor-
tion of the organic material in the soil and its cation-exchange capacity
(Barber, D.H., 1964).

1
Sergamini found a large temporal variation of the transfer factor '

of clover according to the stage of vegetation (Bergamini, P.G., 1970).
In addition, the concentration factor was highest in the plants growing
in soils with the lowest concentrations of Cs-137 The author specifies ;

the range of variation of the concentration as 0.004 to 33 in the case '

of contamination of the soil before sowing. The extremely high value
was found with low concentration of the Cs-137 solution added to the
soil. If Cs-137 was added to the soil in later stages in the growth of
the plants, lower transfer factors resulted, namely

- in the case of contamination of the soil
in the young growth stage: 0.008-5.2

- in the case of contamination of the soil

at the beginning of efficiescence: 0.014-2.8.

This is to be expected, for the cesium content of the plant increases with
the time that is available to the plant for absorption.

Fredriksson and Eriksson investigated the dependence of Cs-137
transfer in clever en the addition of stable cesium and on potassium
fertili:ation (Fredriksson, L., 1958). Without fertilisation and with-
out carrier additien, trsnsfer factors of 0.013 to 0.2 were determined
(according to the type of soil) . The addition of stable Os-133 caused
an enormous increase in plant abscrptien.

The variation of the transfer facters were, for the addition.

of ca. 0.8 mg stable Cs/kg soil: 3.032 - 0.34

/ ta. ( 4",,, : 0.088 - 1.2" "" "

, y e c#20ebj f .i
. 4 -

'ca. Ji : 0.019 - 3.4" "" "

ca. W" 8 ' 00 Y " ' ' '' ~''"

90018.302
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Thus there seems to be only a very small absorptive capacity of the soil
for cesium.

This finding of these two authors, however, is contradictory to
the cbservations of other authors who established an increase in trans-
fer with decreasing soil concentrations (Bergamini, P.G., 1970; Dahlman,
R.C., 1976 Shartiz, R.R., 1975).

On the other hand, cesium absorption is severely limited by fer-
tilization with potassium. With ca. 4 mg stable Cs/kg soil the following
transfer factors were founds

without K-fertilization: 0.088-1.22

with ca. 20 mg K/kg soil: 0.042-1.0

" " 100 mg K/kg soil: 0.016-0.7

" 500 mg K/kg soil: 0.008-0.096"

$00 mg K/kg soil corresponds to a potassium fertilization of about 1100
kg/ha. This quantity thus reduces the Cs-absorption by a factor of about
10. This finding is interesting because several other authors carried
out Cs-transfer tests at comparably high fertilisation levels. The val-
ues thus determined are of course considerably below possible outdoor.
values.

Garrett et al. determined the cause of the surprisingly high
Cs-137 concentrations in milk frem various regions of Florida (Garrett,
A.R., 1971)2 In the control experiment with the soil from this region
they found very high transfer factors

various grasses: 4.8 - 7.4

white elever: 8.6

Secause of these high concentration effects the Cs-137 concentration in
the milk of the region was far above the national average. Computation
with average soil / plant transfer factors would have given a much too low
Cs-137 centent in milk due to bcmb fall-out and would not have been en
the safs side.

Grueter reports on transfer facters of 16.5 in mushreems (based
on fresh weight) (Grueter, H. 1971).

Gu11 akin et al. determined transfer factors for various plants
in pot experiments. The scil concentration of Cs-137 was very high,
vi:. 30 microcuries/kg (Gullakin, I.W., 1974).

The following transfer factors are given for three different
soils:

9 001 B <> q }
wheat straw 0.019 - 0.38

, -- se nnu u
| 7 y h wh9at' grains 3.0085- 0.65
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potatoes 0.023 - 0.16

carrots 0.0025- 0.03

legumes (vegetative 0.012 - 0.3
portions)

The-highest values in each case apply to a sandy-loamy podsol with a
relativnly small' humus component, and the low values apply to a leached,
high-humus charnozem soil. The transfer factors given are relatively low.
This is presumably due to the extraordinarily high soil concentration
of Cs-137 and the high fertilization.

In Marckwordt and Lehr we read: "In a study under realistic con-
ditions we found that transfer factors of Cs-137 from the soil into plants
varied considerably, either because of the various soil types or because
of envircnmental conditions (climatic conditions, seasonal effects, type
of soil treatment), which it was not possible to test in most cases. If
we make allowance for the fact that effects of this last type can only
be taken into consideration by making estimates under favorable and
unfavorable conditions, then this calls for an adequate margin of safety
in the establishment of critical limits." (Marckwordt, U., 1971).

Starting with measured concentratiens of Cs-137 in toto and as
available to the plants in various soils, the authors therefore estimate
upper and lower limits for the contamination of agricultural plants with
Cs-137. So-called soil factors are specified these are the concentratiens
in PCi/kg dry weight of the agricultural plant referred to the total 1

deposit in nC1/m2 of ground surface. If one also takes into consideration ;

the mass of the soil at plowshare depth as 240 kg dry weight of soil per
2 (general basis of computation of the BMI), then we obtain the followingm

transfer factors:

Cs-137 Transfer Facter ,

plant lower limit upper limit

1

Cultivated lands wheat 0.0026 0.61 ;

lucerne 0.038 0.45
lettuce 0.0062 0.75

Pasture lands grass 0.0034 1.1
1

In the case of grass, if one bases the transfer factors on the soil mass I

Of 50 kg/m2 that is realistic for pasture land, then one obtains values i

between 0.003 and 0.35. These values reproduce the actual ratio of :he |

concentratiens cf Cs-137 in the grass and in pasture soils (in pasture
soils the deposited radienuclides are distributed to a soil dep h of only
ahout 5 cm because there is no plewing; for the same deposition, then, the :

seil concentration is three times as high as for cultivated land).

The transfer facters given in the above table can of course be used
directly in model computations, for the General Bases for Ccmputation
of the EMI determine the soil concentrations of deposited radienuclides
in principle on a soil mass of 240 kg/m , without censideration of the

actual,circqsgances in the case of pasture lands,
t..- ( O bdY
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Marckwordt and Lehr compare the estimated maximal concentrations
of Cs-137 in plants with the greatest concentrations they measured. In
accordance therewith, the estimated values for the upper limits are higher'

than the maximal measured values by a factor of 2. The authors therefore
conclude that their upper estimates are suxtable for conservative con-
siderations because they are on the safe side.

Nishita et al. investigated the absorption of Cs-137 from a loam
soil in clover (Nishita, H. 1958). In their pot experiments they found a
time-dependent increase in the absorption of Cs-137.

Transfer factors

lat harvest 0.014
6th harvest 0.03
9th harvest 0.062

average 0.03

The ninth harvest was not n'de until 516 days. The Cs-137 was of course
dried-up into a fine fraction of the soil. Due to this a smaller propor-
tion of the Cs-137 employed was available to the plant than could be
expected under realistic conditions. The evidence of the Nishita ex-
periments hence cannot be taken as representative of Cs-137 transfer
under field conditions.

Sharit: et al. investigated cesium concentrations in plants frem
the envirens of the American Savannah River Nuclear Power Plant in soils
with low and with high cesium contamination (Sharitz, R.R., 1975). They
. found that the transfer factors depended on the concentration of cesium
in the soil.

Sagittaria PolygonumPlant Type
.latifolia punctatum

Transfer factor with
low soil concentration

4 ,3
"**of Cs-137 (23.8-27.2

PCi/g)

Transfer factor with
high soil concentration 0.14 0.12
of Cs-137 (541-548 pCi/g)

At icw soil concentrations there was an 13- to 30-fold increase in the
transfer factor, as can be seen fr:m the table.

D'Scuza et al. determined the transfer of Cs-134 in pasture grass
in a field experiment extending over 19 months (D'Sousa, T.J. , 1972).
After the grass had been cut quite clese to the ground a Cs-134 solution
was sprayed On the pasture. The Cs-134 cencentration in the pasture
grass was then determined for four harvests, with the first harvest taking
place after five months and the last after 18 months. Since in the ori-
ginal work only the original contamination of the gr:und surfact is given

-42-
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2in microceries per m , for the computation of transfer factors one must
take into consider & tion the 240 kg/m2 mass covering of the ground; see
" General Bases of Computation" of the BMI of 1977 The transfer factors
thus calculated can then be used in computations of radioecological
models (after conversion to fresh' weight of plants).

Transfer Factors
Soil type Harvest No.

1 2 3 4

sandy
1,4 1.4 0.66 0.68

acid brown earth
alluvial 2.3 1.6 0.062 0.04

slatey 2.5 3.0 0.094 0.04

acid brown earth 1.4 1.4 0.66 0.7

Under these conditions the absorption of radiocesium in the grass
decreases with time. The effect was particularly pronounced in soils with
a medium clay content and low humus content, but was not pronounced in soils
with low clay content and high humus contents here the cesium contents of
the grass actually increased again after the third harvest. In each case,
however, the transfer factors were higher than the value in the SSK Bases
of Computation for the exhaust pathway by a factor of at least 20. This
is all the more remarkable inasmuch as the experiments were carried out
under very realistic conditions.

Wiechen investigated why ellk produced on marshy soil always centains
substantially more Cs-137 than milk from normal soils (Wiechen, A., 1972).
He found that in the low-potassium marshy soils Cs-137 is absorbed by the
plants to a much greater extent than on other lands used for agriculture.

Soil Transfer factor

marshy 0.17
,

1

dry sandy coastal 0.12 ;

region of N. Germany

The above data take into consideration that the water content in |

marshy soils is ca. 754, whereas in soils of the dry, sandy coastal
region of Northern Germany it is ca. 20% (Wiechen, A., personal communica-
tion, 1978) . The author points out the significance of his findings in
case of emergency: "If for any reason fall-out nuclides repeatedly
drop on these areas (marshy lands, author's notel, then there will cer-
tainly be a drastic increase in the cesium concentration in the milk
so that it might become unusable for human sustanance. These marshy
regions would then be ruled out for decades for milk production, which
could have severe economic consequences fer the rural population."

'
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Polikarpov (1971) gives the following transport factors for grass
in dependence on the various soils

loamy sod-podzolic soils: charnozems 1,62

sandy-loamy sods podzolic soils; sod-peat

soils silty-boggy soils 7.95

sandy sod podzolic soils 23.6

(Polikarpov, 1971)

In contrast, the GRS uses cesium-transport factors of between
0.00064 and 0.019. The SSK recommends a value of 0.01.

The following figure contrasts the experimentally determined
transport factors for cesium in grass, clover, and leafy vegetables
with the values recommended by the SSK.

# "#* * " **
Transport Facters for Cesium concentration (soil,' dry)
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~

N .'.' .':. . .
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, la.sl'''
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6.2.4. Iodine

The GRS and SSK use an iodine transport factor of 0.02*for

all plants.

Cline, J. and Klepper, B. (1974) give values between 0.01
(barleyl and 0.2 (radishes) for the iodine transport factor.

Menzel (1967) gives a range of variation of 0.02 to 2 for the
transport factor of iodine.

Newton, H. and Toth, S. (1952) investigated enrichment factors
for tomatoes and buckwheat as a function of the potassium chloride

and potassium nitrate fertilization of the soil. They report the
astonishing effect that the transport factor for iodine increases
by about one power of ten when the concentration of potassium chloride
and potassium nitrate in the soil increases (frem 0.5 to 5 ppm) .
The values determined in the whole study ranged frem 0.02 to 3.5.

Experiments performed by Cline, J. and Klepper, B. (1975)
showed a similar effect of increase in the iodine transport factor,
in this case with increasing soil concentration of stable iodine.
These authors found transport factors between 0.01 and 120 (the
higher values were obtained when the iodine concentration in the soil
was increased to 10 - 15 ppm).

The iodine transport factor is especially important where
the long-lived isotope I-129 is cencerned (half-life 17 million years) .
This isotope is emitted mainly by fuel reprocessing elants. I-129
becomes enriched, in the soil in the course of the time and can result in
considerable radiatien exposure by ingestion following uptake by the
roots of the plants. The short-lived isotope I-131 (half-life 8 days),
on the other hand, which is amitted mainly by nuclear power plants,
does not become enriched in the soil because its half-life is too
sho rt.

Ccmparison of the experimentally determined transport fact:rs
with the value used by the GRS and SSX shows that the latter falls at
the lower end of the range of variation of possible iodine transport
factors, which covers four pcwers of ten.

6.2.5. Mancanese

The radioactive corrosion product Kn-54, which has a half-
life of 312 days, is a relevant emissien of nuclear power plants
(GRS, 1976: Seelmann-Eggebert, W., 1974).

Jones, C.H.p. (1957) gives values between 0.125 and 0.675 j

for the manganese transport factor in cat grain. The higher values
are obtained with low manganese concentrations in the soil.

e(). B '()C)?
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Menzel . (1967) gives values between 0.2 and 20 for the man-
ganese transport factor in plants.

w
Prabhakaran Nair, K. and Prabhat, G. (1977)' determined trans-

port factors between 0.13 and 0.19 fr r corn. '

|

.

. The GRS and SSK use transport factors of 0.03 and 0.029, res- !.

pectively, for manganese (GRS,1976, and SSK,1977) . J

l

6.2.6. Plutonium
*

.
+

Pu-238 and Pu-239 are the most relevant plutonium emissions
of nuclear power plants and reprocessing plants (GRS, 1976). They

~

have half-lives of 88 and 24,000 years, respectively . (Seelmann-
Eggebert, W., 1974).

The ra ye_of 31utonium transport factors given in the liter-
at J.re is very large. .The reason for this is that the plutonium
emitted fr a nuclear power plants is usually present in a poorly
soluble chamical form at first, so that it is not readily available
to plants. WV.h the passage of time, however, this poorly soluble
fem of plutonits r:an be converted to more easily dissolved fctms
that can be absorbad by plants: this conversion is probalby due to
the activi;:y of soil life. Lipton and Goldin (1976), for example,
found that chelating agents, whether aNed to the soil with fertill:er

g or naturally occurring, cause a drastic increase in the uptake of
plutonium by pea plants, namely, by more than three powers of ten.

The GRS and SSK use a universal value of 0.00025 as the trans-
port factor of plutonium for all plants.. As the following published
values show, this value is unrealistically low. t

Larsson, K.E. (1951) found values between 0.0084 and 0.101
for plutonium transport factors. The mean value of various measure- i

ments was 0.025.
e

Larsson, K.H. et al. (1957) determined values between 0.00043 |

and 0.086.

Hakonson, T. E. and Johnson, L.M. (1973 Il studied various
types of grass in the open country around a nucleaz testing site 20
years after the last nuclear bombs had been detonated. They found
transport factors between 0.03 and 4.7

In an area of open country near Los Alamos where plutonium-
containing waste had been dumped, Hakonson, T.E. et.al. (1973 II)
found values between 0.01 and 0.05 for grass and various meadow
plants.

90018509
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Whicker - (1974) measured plutonium transport factors between-

0.001 and 0.15 in the open country around the Rocky Flats Nuclear*

Research Center. These measurements also revealed that the transport
' ' factors depend on the concentrations the lower the plutonium cencen-

tration in the ground, the higher the relative transport factor for
plutonium from the soil to plants and small animals. It follows from'

this that the higher value is probably more realistic for the region
surrounding nuclear power plants and reprocessing plants than the |

lower value.
'

.

Hakonson, T.E. (1975) determined transport factors between
0.004 and 0.14 in field experiments. The author states that higher
transport factors are obtained under field conditions than in lab-
oratory experiments. This may be related to the biological activity
of the soil.

Lipton, W.V. and Goldin, A.S. (1976) determined transport
factors between 0.05 and 0.25 in laboratory experiments on peas with
addition of chelating agents as described above. Values around 0.00035
were determined when chelating agents were not added. Since the trans-
port factors determined under field conditions are closer to the values
deter:nined in the laboratory experiment involving addition of chelating
agents, it may be concluded that in nature plutonium is affected by ,

processes (such as chelation) that facilitate uptake by plants in the *

course of time.
'

The preceding graph compares the measured transport factors .

for plutonium and the value used for computation by the GRS and SSK. ;

.

6.2.7. Strontium

The radioactive isotopes strontium-89 and strontium-90 are i
discharged into the atmosphere in the emissions of nuclear power plants |
_(GRS, 1976). Their half-lives are 50.5 days and 28.5 years, respectively T

(Se11mann-Eggebert W. , 1974). !
>

t

A large number of papers have been published that deal with
itransport factors of strontium from soil to plants.

90018 $11 .
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There are several works on strontium transfer in plants by
Andersen.

In a work published in 1963 the absorption of strontium by ryegrass
(Lolium perenne), clover (Trifolium pratense), and cats (Avena sativa)
from various soils is studied (Andersen, A.J., 1963). The concentration
experiments were carried out in pots using 20 different soils. There the
following transfer factors were founds

ryegrass 0.16 - 0.17

clover 0.36 - 2.9

cat grains 0.026- 0.1

The author also investigated the influence of various fertilizers
on the transfer of strontium into the plant. The addition of calcium
increases or lowers the transfer factor according to the chemical form of
the fertill:er. Nitrogen fertilization increases the transfer factor
somewhat, and the addition of potassium reduces it slightly. Another
important finding of this work was that the Sr-content of the plants
is negatively correlated with the exchangeable Ca-content of the soil.
Andersen thus found clearly higher transfer facters in sandy soils with
a low pH and Ca-content than in Acamy soils with a high pH and Ca-content.

Evans and Diller determined transfer factors for a series of plants
in a loamy soil (Evans, E.J. , 1962). The soil concentratien in pot exper-
iments was ca. 20 microcuries Sr-90 per kg.

leafy vegetables 0.24 1.1-

grasses 0.15 0.36-

wheat grains 0.022 - 0.6
,

potatoes 0.057

clever and legumes 0.68 1.1-

leguminous seeds 0.19 0.7-

other vegetables 0.12 0.38-

tobacco 0.79
- carrot 0.28 0.38-

Che intensive NpK fertilizatien in the experiments might have led
to a reduction in the transfer f actors (v. Collins, H. A. , 1969). Also it
cannot be ruled out that the very high Sr-90 concentrations in the soil
contributed cc the low transfer factors.

Carrett et al. determined the following transfer factors in hot-
house expe,riments on sandy soils of Florida

'ghass I/lf ! 0.78 - 2.2

: lover 3.0 (Garrett, A.R., 1971)
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How we'are dealing with soils with a very low cation-exchange capacity I
and low pH-values. .The soil concentration in this experiment was very
low, at 0.4 microcuries Sr/kg.

For leaf <, vegetables McIntyre gives transfer factors of 0.8 - 3.6
for stable strontium (McIntyre , D.R. , 1977).

.

Menzel, R.G. (1967) gives the range of variation of strontium
transport factors as 0.2 to 20. l

i

Polikarpov (1971) gives values of between 0.7 and 2.3 for the
transport factor for strontium in grass.

A work by Nishita et al. is concerned with the transfer of Sr-90
from a loamy soil into clover (Nishita, H., 1958). In the pot-experi-
ments the transfer factors were between 0.96 and 1.2. The authors indi-
cate that earlier experiments with soil concentrations 15 times as high

;

with the same soil had shown a much lower Sr-90 absorption in elever.

Romney et al. investigated the concentration of Sr-90 in plants
in pot experiments in three different soils (Romney, E.M., 1954). At
a soil concentration of 2.7 microcuries/kg the transfer factors were as
followss,

beans (leaves) 1.6 - 6.6

beans (fruit) 0.35- 3.5

barley (fodder) 0.54- 4.6

barley (grain) 1.6

radish (tip) 1.8 - 14

radish (root) 0.38- 21

The Sr-absorption in the plants was highest in the soil with the
.

lowest pH and the lowest content of exchangeable calcium and vice versa. !

The Sr-90 content in barley was lower in the grains than in the fodder.

In 1959 Romney et al. concerned themselves with the question of
how the addition of stable strontium affects the transfer of Sr-90.
Three soils were used at a concentration of 2.7 microcuries/kg. The
transfer faciers in clover were between 3.9 (first harvest after 250
days) and 2.6 (fif th harvest af ter 550 days) . In beans values between
0.1 and 4 were found. These data are with reference to the above-ground
parts of the plants (Romney, E.M. ,1959) . The Sr-90 content of the plants
was correlated with the inverse of the content of exchangeable calcium in
the soils. The addition of stable strontium at up to 5 meq/100g increased
the 3r-90 transfer only slightly. r

..

In a very realistic field experiment D'Souca et al. determined the

behavior of Sr-89 in fcur different pasture soils. After they,had cut the .

grass very close to the ground they sprayed 10 mci Sr-49 per m en the

L sh8'00?
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ground (D' Sours, T.J., 1972). Two different series of tests were run
in parallel all pasture soils were covered with a transparent sheet
of polyethylene to prevent the penetration of rain water into the
ground.- Alongside of this, tests were run without this covering, under-
completely natural conditions. The grass was harvested twice and the-
Sr-89 activity was measured. If one standardizes the specified contamina-
tion of the soils to a soil-mass cover of 240 kg/m , one obtains the2

following transfer factors:

without cover covered by sheeting

ist harvest 2.2 - 10 2.2 - 18

2nd harvest 1.1 - 4.2 2.2 - 10

The tests showed that especially in sandy soils with a low clay content
one must take into account considerable elutriation of the strontium by
rain.

In'the case of soils with clay contents of 6 to 16% the plant
concentrations were reduced little by elutriation of Sr-89 from the ground,
on an average by some 20 to 30%. The transfer of Sr-89 was higher in
soils with a high humus content and a low clay concent than in soils with
average contents of humus and clay.

The transfer factors in the above table are relatively high
presumably because the running time of the tests was only about three
months, which is not specified exactly in the text, so that the major
part of the Sr-89 was still in the matting of grass. There, hewever, *

it is available to the plant to a greater extent than in the ground.

In pot-experiments Teufel investigated the transfer of Sr in
various agricultural plants (Teufel, D., 1977). Because of the short
vegetation period only the values for grass and clover are usable for
a comparative study. Transfer factors were determined in various soils:

for grass 1.2 - 1.5

for clover 2.6 - 7.4

In contrast to this, the GRS uses the following transport factors
for strontium:

,

:.aize 0.064

pasture growth 0.2

leafy vegetables 0.32
and fruit (GRS, 1976)

d /2 8 ggy ~, b ,vyr. 90018.44
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The SSK recomends a transport value of 0.017 (in SSK,1977 I).

and of 0.2 (in SSK, 1977 II) for strontium for all plants.

The figure on this page gives a graphic summary of the results
of concentration experiments on strontium.

tood

TRANSPORT F74: TORS N3R STRONTILW *

Concentration (plant, fresh) -

Concentration (soil, dry)
,,

m ,.

b '
-to - io u i

Y h.;
, - ,. . -

3.8 ' .

'** *
3.2 2.s !

,

b,* I i.:

'
-- ,s . : ,* , , .v "; c: 5 . s. .'. . l

,, ! j - Computa-en.s

[ ff '
**'

* c' ) tionali ,2 >A i
,

i. ., .< :

. ; e valu. or;g 1 9
.

4 8
e4 4, ,'' g ' ssg

(s . f .h .

= -

It '

Q% - .

, , h
' ,a c ;., ".- n .., .a

2* " k'
| W

* ' i[* $ [h h _i ,.i $ N [!A h, $
, o.s.t.ss S.es 3.5.e:s o.s. ige 4.ils s.tes vs.aos S.S.50s 1. wion t,s.tosatimes as high
soWCe s g, mi g , ,ettnery.e ameeseen servest netnerve a ney sees e noneef eme.ey gg 33g

199438 (191s t 199711 199431 (19111 ittfil (19191 1 t 9131 (194? (19948

|

CO.'@ARISCN CF TRANSPCRT FAC'"CRS TCR STRCN"LH IN PASTURE GROW"H A!C
VIC,ETABLES . ::ATA TRCM VARICUS PUBI.ICATIONS AND COMPUTATICNAI. VALCE

OF THE SSK.

(logarithmic scale) (*= specified range of variation)

hI y \_

|

|

' t 's -. . .



.. - .. . . . -- - . - -

. -.
* s

'
.

The graph shows that'the values used by the GRS and re-
conunended by the SSK are also too small for this important radio-
nuclide.

'
6.2.8. Technetium

The emissions of Tc-99 have never been considered in cal- !

culations of the radiation load in the environs of nuclear plants, l

even though the fission yield of Tc-99 is 6.1% (i.e., Tc-99 is
produced in about as much quantity as Sr-90 and Cs-137, it behaves
much like iodine in the human body (and thus becomes concentrated >

in the thyroid gland), has a high transport factor from soil to
plants, and has a half-life of 215,000 years (Wildung, R.E. et al.,
1977).

Wildung, R.E. et al. (1977) determined transpert factors of
22 to 130 for the uptake of Tc-99 by soybean plants and of 85 to 170
for the uptake of T=-99 by wheat. The experiments revealed that the

_

enrichment factor is clearly dependent on the concentration. . The-

highest enrichment factors were found at the lowest radionuclide
concentrations in the soil.

The SSK recommends a transport factor of 0.25 for Tc-99 from
soil to all plants (SSK, 1977).

It i::ad be7said Os] summary that the transport factors for the
passage of ra'dionu'elid$dJ! rom soil to crop plants that are recommended
by the GRS, TUV and SSK and that have been used in assessments (on
which the licensing of the Wyh1 nuclear power plant (Kernkraftwerk Sud)
is based) by the Institute for Reactor Safety (Octcher 1976, r.xhaust
Air) and by the Bavarian Biological Testing Institute (october 1976,
Waste Water) (GRS, 1976 Bayr., 1976) in almost all investigated
cases are either at the very lower end of the range of values given
in the literature or are far below the values that may be regarded
as realistic (in some cases they are too low by several powers of
ten). It follows that the results of these assessments are unrealis- ,

tically low and that the claim that the calculations are conservative
(i.e., pessimistic) is not true. It also follows that any licensing
granted on the basis of these assessments violates the Radiation
Protection Law, especially secticn 45.

6.3. Transport Factors for Meat and Milk

The transfer factor is also important in determining ex-
pected levels of radiation exposure by ingestion of meat or milk.
The transfer factor indicates the percentage of the daily intake of
a given radionuclide that is found in 1 kg of meat or in 1 liter

., . ,,,,.of milk. The magnitude of this value depends to a great extent on
' {, d I,i @ h' ether or not the radienuclide is in a state of equilibrium in

the body; the type of forage and the age and species of the animals

90018316
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also affect this value.

The- transfer coefficients that are recomunended by the
Radiation Protection Connaission '(SSK, 1977) for calculating radio-
nuclide transport front the fodder to the meat and milk and that are
used, for. example, in assessments by the savarian Biological Test-
ing Institute for the Wyh1 plant (BBV, 1976) were compared by the
Department of Envirormental Protection with published values.
The following graph shows the results of this study for the example
of the radionuclide cesium and for the transport to meat.

The graph shows that the value recommended by the SSK is
smaller than realistic values by a few powers of ten for this ex-
tremely important route of exposure as well.

For 3trontium Baker et al. (1976) gave a value of 0.003 for
cattle and a value of 0.0073 for hogs. The SSK reconsoends a value
of 0.0006, which is lower than daker's values _by about one power of

ten.
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7. ' Analyzed Routes of Exposure '

7.1. Exposure via Exhaust Air
1

1

7.1.1. Gamma Submersion by Noble Cases

Since noble gases are unable to enter the food chain to any
significant extent due to their chemical nature, most of the radio-
ecological load takes the form of direct gamma radiation from the radio-
active cloud issuing fra the chimney. The effect of this radiation
on human tissue depends on the distance from the radioactive cloud,
on the absorption of the radioactivity by the air, and on the dose
factor of the nuclide in question, which gives the effect (in rem /s)
of one curie on a unit area of human tissue.

We have the following:

sd = qu ch de

where sd = radiation load

qu = source strength

ch = meteorological dispersion factor

dc = dose facter
.

If we accept the dose factors given in SSK (1977) for the
individual noble gases and use the dispersion factors for gamma sub-
mersion calculated in section 5.1, we obtain the followine doses

(in mrem /yr) for one block:

Distance 100 m 500 m (maximum receiving point)

realistic value 77 31

conservative value 403 80 .

These values must be doubled for two power plant blocks.

'

It is well known that calculations of this sort are partly

a matter of knowledge and fact and partly a matter of assumptiens and
estimates. As was shown above and discussed in greater detail else-

where (5.1.6), merely the uncertainty in the dispersion factors re-

' { (17

-56-

_ . _ _ . . _ _ - _ - - ._



*
.

,.

suits in a considerable difference between the realistic and the con-
servation value of dosage. Other uncertainties that can lead to an
increase in dosage and that we were unable to examine further and
make allowance for are therefore discussed briefly below:

a) the rates of liberation in the core of the reactor are
not scientifically certain values, but rather were de-
rived from a limited number of measurements and infer-
farences. The diffusion processes that occur in the
reactor core are largely unknown. A change in the lib-
eration rates can cause a considerable increase in dosage,

b) The possible effects of small disturbances, such as a
problem in the exhaust gas systam, were not considered.

c) Other routes of liberation, e.g., through the machine
house roof, were not considered.

d) The dose factors taken from the literature (SSK, 1977),
which are used as multiplicative factors in the calcul-,

ation, were not checked.

e) The value of the dispersion factor, which is computed en
the basis of simplified models and presents only an un-
satisfactory picture of the real conditions, is also un-
certain and questionable. For example, in the calcula-
tion of the gama submersion the absorption coefficient
is considered independent of the wavelength of the rad-
iatien, which is certainly incorrect.

f) The emitted noble gases disintegrate according to the
following radioactive series:*

4 -- * 4 ; c:- m --. n - m - u- 4%,
A , ~A .s V 2% h ;S~ 4 3, 5 m ?~ .5,95 h

C; .- dH -*> h- &''''

>- 31;Id d '<- stable

kd - DC b -490 3 3' M ""-* l 3 - 490 --9---*----9'

<t1 S s V '' 4 5 f~ 4 2 , 7 9 of i' ~ 40, L M.

(2-dtCm,_ .

8 stable
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38 - 439 * L::- d39Cs -459Xe - us -*---*
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3a -458)(e - 44e --? C4- 43:5 --*
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,i t, 4 52, l.m
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l g
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y 46- 89ke - 29 y _ gg--, S . eg -,

ds,2 a so,e a . .
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Ke - 27 p R',- fe e G - ee
2,20 k na o+'

8 stable

4. - e: 7 se-o - s, yy
F,, s m % s v so#c.

stable

::n the calculation of the radtation load, only the noble gases
were considered. As the radioactive series show, hewever, most of the
noble gases disintegrate into some highly radioactive nuclides of the
elements cesium, strontium, rubidium, barium and cerium. None of
these radioactive decay products were considered even thcugh they cause
an increase in the calculated radiation load.

.

7.1.2. Ground Radiation bv Decosited Radionuclides

A portion of the radionuclides discharged into the atmosphere
by the nuclear power plant is deposited on the ground in the immediate
and distant area around the plant by the processes of fa11 cut and

(dryjandwatdeposition). This produces an external radiationwashout
,

Vb\Uh $
'

'
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source for human beings in this area by the gamma emission of the
nuclides. Since the contaminatien of the ground and thus the radia-
tion load increase in the course of time, the SSK calculated the
radiation load for the 50th year of reactor operation (SSK,1977) .

The gamma subnersion dose from radionuclides that have
settled onto the ground is determined by the following formula:

'~ ~

D,=Q*f X v S- (1 - eg g

A1
|
|

where D = gamma submersion dose in nrem/yr by nuclide i Ig

Q = emission source strength in C1/yr-
P

f = nuclide fraction of the nuclide in questier

X = meteorological long-term dispersion factor
1

g = rate of deposition by dry and Wet deposition |
v

|"~ j
#*"- S = dose factor for gamma submersion (ground) in

|

!
A = decay constant of the nuclide ig

,

rem * L'Table 7.1.2-1 : Gamma submersien dose factors (ground) in
ci s

*
Nuclide Dose factor (cround)

Co-90 (sic] 2.20 E - 03

CO-60 6.00 E - 03

n-65 1.90 E - 03

3r-90 0.00 E + 00

cs-134 3.90 E - 03

Cs-137 1.40 E - 03

e-g4p 7.30 E - 05
hl Ut

Pu-239 6.10 E - C6

I-131 1.10 E - 03
(after SSK, '977).

' ,(n yco
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For an individual staying in this area for an entire year,
we obtain a radiation lead by this route of exposure of 14.6 mram/yr
as the sum of the investigated radionuclides. This radiation dose
is applicable for a height of one meter above the ground according to
the SSK (1977) .

The exhaust gas assessment of the Association for Reactor
Safety for the Wyh1 plant (Kernkraftwerk Stad) (CRS, 1976) did not
consider the radiation dose to be expected by this route of exposure,
although the statement " external y-radiation = 12.6 mrom/yr" in
Table 7.5 (p.13-22) gave the impression that this route of exposure
had been taken into account. Anexamination will show that the 12.6
mrem /yr refers only to the ganana radiation dose from the cloud of
noble gas.

7.1.3. Ingestion of Vegetable Foodstuffs

The land of the planned nuclear power plant is located within
a wooded zone that is about 1000 to 1500 meters wide at the proposed
site. Outside of this wooded zone, both sides of the Rhine Valley
are used mainly for farming. Wine, fruit and tobacco are the main
agricultural products in the Rhine plain, in the Kaiserstuhl (mount-
ainous region south of Wyhl) and in the foothills, while grain crops,
root crops, forage crops and timber are important in the remaining
areas.

In the area of 10-km radius around the site there were farmLng
and forestry operations on the German side of the river with a total
area of 18,222 ha in 1975. The land-use data is given below:

- pasture land (meadows, fields etc.) 10%

- tilled land 341

- forest 29%

- vineyards 9%;

- crchards 2)

The following table shews the exact distribution of land use
in the nnmendingen district.

90018323
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[ total area used for tilled pasture forest eineyards orchards
comunercial ly agricielture land land areaC# exploited

v;_;
__

area

Emmeti$5Syen
,

distri2t
cr.

total:- 65 496 28 710 13 025 12 156 2d 240 2 425 679
.

'

Endingen 2 735 1 907 839 283 360 681 172

forchheim 1 437 1 124 948 121 331 46 7

g lierbolzheim 3 377 1 760 893 446 805 323 66g
' Kenzingen 4 030 1 150 672 165 2 336 264 22

Riegel 870 652 471 124 113 51 1
t

Leiselheim 261 197 86 12 40 78 19

Jechtingen 803 437 177 32 190 179 44

Weisweil 1 040 677 531 135 122 2 3
Wyhl

, 1 545 851 622 207 322 3 4

Riseinhausen 2 054 1 209 875 317 512 0,2 3ggy
C3
CP
-

f Table 7.1.3-1. Iond use in 1975 in the Emmendingen district (areas in ha) (GRS, 1976)
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Even in normal operation the planned nuclear power plant would
release radioactive substances to the environment which would be
dispersed by meteorological processes and deposited on agriculturally
exploited land in the immediata and more distant areas around the
plant. In this case radioactive substances would reach human crop
plants by two routes:

- by settling directly onto crop plants
- by settling onto the ground, physical enrichment of the

- deposited nuclides as deposition continues over a period
of years, and trsnsport of the radionuclides from the soil
to the edible parts of the plants via the root system.

The assessment therefore calculates the radiation exposures

to be expected from ingestion of the following vegetable foods:

- leafy vegetables

- root vegetables

- potatoes

- grains

- grass and

- clover as forage plants for animals

- wine (section 7.1.5.)
.

*he transfer factor describing the transfer of a radio-
nuclide frcan the air at ground level to the edible part of a crop
plant is calculated with the folicwing formula:

. .

" * ' ' " ~ ' "'' "' *e-Ai thV 86 400 - +fi =
A *IA *Y tg4 y

. .,

The transfer factor for the deposition of I-131 frem ground-
level air onto plants is calculated with the following equations

90018.525fm.
E1 (I-131)

bs 8'000
.
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where f = transfer factor for nuclide i in pci/kg fresh plant :

pci/m3 air

V = total rate of deposition of the radionuclides by fallout'

and washout

r = rotention factor, dimensionless

The retention factor indicates the fraction of the de-
posited radioactivity which is initially retained on the
part of the vegetation that is above ground.

T = translocation f actor, dimensionless, indicates the fraction
of activity deposited on the leaves which enters they

edible part of the plant in the course of time.

F = factor describing the loss of externally deposited activity
during preparatien of the plants in the kitchen, dimen-
sionless.

A = effective decay constant for isotope i in 1/d. A is ag
g measure of the rate at which superficially adsor5ed radio-

nuclides disappear frem the surface of the plant by
weathering processes and physical decay.

Y = vegetation density of the plants in kg fresh weight /m
y

t = exposure time in d
* t, is the time from sprouting of the plants until harvest.

S = transport factor for a nuclide i in pCi/kg fresh plant :
gy pci/kg soil by root uptake frem the soil.

P = 224 kg/m = ass of the earth in the plowed layer under
one square meter of ground surface

A = physical decay constant of a nuclide i in 1/d
g

i ",1" , where t is the half-lif e of the nuclide
1/2 i

'1/2 i
t = reactor operat6q the

3

t is also the period of time in which radionuclides can
3accumulate in the soil

g = storage time of the products*

f = see section 5.1.7.3
(after: IISNRC , 1976, and 3aker,y ,. . f; g j g).

.s 2.3., teve>,t o.
..

E 8'00V
90018326-u-
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The first term inside the brackets of the equations for com-
putation of the transfer factor gives the direct deposition of radio-
activity on the surface of the plant, and the second term inside
thebracketsgivestheenrichmento{radgenuclidesfromthesoil
into the plants. The expression e h takes isto account the
decay of the radionuclides during storage.

The following values are used in the calculation of the '

transfer factors for vegetable foods:

Retention factor for deposition on clants

The value of r = 0.33 was adopted frcm the GRS assessment
for use in this calculation.

Toss factor during kitchen ereparation

The loss factor F gives the loss of ex*.arnally deposited
radioactivity during harvesting and kitchen praparation. A loss
factor of 0.28 is used in the GRS assessment.

The literature centained only one paper in which this
question was explored in detail. Rohleder employed various de-
contamination measures in an effort to rete the amount of arti-

. ficial fission products concained in kale from normal atomic bomb
fallout. After washing kale in cold water for 1 hour, this author
still found 91% of the cesium-137 and 87% of the circenium-95
an,d niobium-95 that were originally contained in the kale. After
treating the kale for three hours in warm water (35'C), he still

found 62% of the cesium-135 and 74% of the zirconium / niobium-95~
(Rohleder) .

A less factor of 0.4 is used in the calculation for leafy
vegetables and grains, and a factor of 1 is used for potatoes and
root vegetables. The factor of 1 takes into account the fact that
for these vegetables the radioactivity is not the result of external
contamination, but rather of root and leaf uptake and subsequent

~

transport to the edible part of the plants (potatoes and root veg-
etables).

Vegetation Density -

The following values (in kg fresh weight per square meter)
are taken fr:m Fletcher, I.y. et al. (1971) as the vegetation density
of the plants:

leafy vegetables 1.5 kg/m

root vegetables 4.0 kg/m
,

90018,27
3g 8 009 _e4-
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potatoes 1.8 kg/m

grains- 0.34 kg/m

Exposure time of the plants

An exposure time of three months is used for leafy veg-
etables, root vegetables, potatoes and grains (after Fletcher,
I.F., 1971). An' exposure time of 30 days is used for pasture
vegetation. According to Baker, D. A. et al. (1976), this is the

i
typical amount of time that passou before cows return to graze i

in the same part of the pasture. In the assessment by the GRS
and the recommendations of the Radiation Protection Commission,
the value fe,r pasture plants is also 30 days. However, an exposure
time of only 2 months is applial t.o all other crop plants.

Translocation factor

This factor indicates the fraction of activity deposited.on
ithe leaves which enters the edible part of the plant in the course !

of time.

0.1 for potatoes and root vegetablesT =
y

1 for pasture vegecation and leafy vegetablesT =
y

(after Baker, D.A. et al., 1976) |
|

|According to the GRS (1976), the product r T is 0.05
for cereal grains. This means that 5% of the deposited radionuclides
are directly adsorbed on the grains of the cereal plants.

We used the same values as in the GRS assessment for the
mass of the ear.j:h in the plowed layer under one square meter of

2ground surface (224 kg/m ), for the wash-off half-life, i.e., the
time required for 1/2 of deposited radioactive substances to be
removed frca the surface of the plant by meteorological processes
(14 days), and for the storage time of potatoes, grains and stall
fodder (1/2 year).

We used the reactar cperating time reccmmanded by the SSK |
(1977) for this type of calculatien (50 years = 13,250 days) .

.

90018328
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Table 7.1.3-2. Transport factors for plants in pCi/kg fresh plant _

over pCi/kg soil,

nuclid,s grass clover leafy veg, potatoes |
,

Co 0,0094 0,02 0,02 0,02

Zn 0,4 0,4 0,4 0,4

Sr 3,2 7,2 2,5 0,75

I 0,2 0,2 0,2 0,2

Cs 5,9 8,5 0,75 15

||
Ce 0,0005 0,0005 0.00075 -

Pu 0,1 0,1 0,1 0,1

1
,

nuclide root vegetables cereal grains

Co 0,032 0,015

In 0,4 0,4
1

Sr 15 1,67

2 0,2 0,2

Cs 0,07 0,48

Ca 0,032 0,015

| Pu 0,1 0,1
\

|

)
(Baker, D. A. et al. , Food, 1976 Bergamini et al., 1970; .

Fletcher, I.F., 1971; Garett, A.R. et al., 1971 GRS, 1976: Gru:::mit , 4

'

1975: Guijakin, J.W. et al., 1974: Hakonson Th. E. et al., 1973, 1974
Herbst, W., 1976: Lipton, W.V., Goldin, A. S., 1976: Marckwordt, U.,

'Q'L.1971) Reeriey, E.M. et al., 1954, 1957 and 1959 Souza, T.J. et al.,1972i Teuf'el, D., 1977; Vese, P.B., Koontz, E.V., 1959; Whicker,

1974 UCRL, 1968; USNRC, Guide 1.109, 1976). 1

90018.>29 :
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The transfer factors (f ) determined by the method described
f

above are ecmpiled in Table 7.1.3-3.
3Table 7.1.3-3. Transfer factors in pCi/kg fresh plant : pC1/m air

i

l

nuclide leafy vegetable potatoes root vegetabius cereal grains

61 30 472
Co 58 1 669 ,

643 588 3 233 j
Co 60 2 237

Zn 65 2 577 557 529 2 280

Sr 89 2 471 51 476 259

Sr 90 134 325 39 638 784 836 90 580

: 131 2 037 0 0 0

'

Cs 134 6 019 69 468 477 A 929

0
Cs 137 42 806 883 3 946 29 031

Ca 144 1 387 254 157 2 033

Pu 239 11 118 9 556 9 329 12 409

Y .'. t. d ' f)[j u
90018330
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The following rates of consumption were used:

Table 7.1.3-4. Annual consumption of vegettble foodstuffs.

|
|

sdults
_

leafy vegetables
50 y

root vegetables 50 kg <

potatoes y
grains 90 kg

The radiation doses to be expected from the ingestion of
vegetable foodstuffs are given in section 9.

7.1.4. Ingestion of Animal Foodstuffs

Table 7.1.4-1 lists the numbers of different types of
animals raised in the various faming communities in the namendingen
district. Quantitatively, the most important animals are cattle and
hogs, which we shall discuss below in regard to their contribution
to the possible radiation dose received by human beings from the
planned nuclear power plant.

90018;31
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CC

C

|C i
lusroes cattle includ- liog s chick- ducks geese turkeys 12ee stieeg > <toats

. ing esis swanns
- milk

.
cous

.

tintal for E' ,

c.mm.iu.u nyen

764 26 144 9 247 33 368 146 400 947 974 21 2 047 2 288 230.tistrict

Endingen 52 776 106 1 472 4 625 20 - 2 23 - 2

forchheim 13 737 231 2 307 - - - 2 - -

80 21 14
Herbolzheim 62 1 030 290 1 650 5 443 - 16 -

g
i Kenzingen 47 306 103 1 054 4 258 145 34 6 - 43 5

Riegel 9 541 229 747 1 772 17 4 - 20 807 2

1.eiselhei . 2 26 11 195 497 - - - - 1 2

dechtingen - 208 21 122 825 8 4' - - - 1

Weisweil 22 346 109 2 705 3 830 30 3 6 - 12 -

Wyhl 16 437 129 1 203 1 233 26 - - - - -

63 -

! Rheinhausen 44 674 184 1 548 2 473 67 4 9 -

w
O
O --- .-

-

Q3
v
W *
f\)

Table 7.1.4-1. Anianal raising in the Ermuendingen district (nmnber of head) (after GRS, 10/1976)
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It has been known for many years that radioactive substances
reach the human body by the pathway pasture - cow - milk. Since I

babies drink relatively large quantities of milk and are thus an
especially endangered group, this exposure pathway is extremely im- |

portant.

The quantity of short-lived radionuclides, such as I-131,
which is absorbed by the body from milk in one year depends on the
length of the grazing season. The grazing season in Germany is
variable, but according to Hoffman, F.O. (1973), it is up to 200

,

days for pasture land located at low altitudes. According to measure-
ments on American reactors, 30 to 70% of I-131 is emitted in gasecus
form. However, since no measurem %ts of this sort have been made

for German pressurized water reactors, the Department of Environmental I-

protection,- in agreement with IPS-W-13 (IV, 1975) , based its calcul-
ations on the conservative assumption that 100% of the iodine emissions
consists of elemental gaseous iodine. The transfer cf radioisotepes |
from the air to grass and clever was discussed in the preceding section. |
Clover generally absorbs larger percentages of radionuclides than does !

grass. The enrichment factors for clover and grass are compiled in
Table 7.1.3-2. The forage consumption of the cows must also be known
before we can compute the percentages of the radioisotopes that find
their way into 1 litar of milk. For this parameter we assumed (after
Baker, D.A. et al., 1976) a daily consumption of 75 kg of fresh pasture
vegetation during the grazing season and a daily consumption of 10 kg
of silo fodder (consisting of 5 kg of hay and 5 kg of cloverl during
the stall- feeding period. Five kg of stall fodder is equivalent to
an initial fresh weight of 18 kg. Our calculations were based on
an average storage time of 1/2 year for the stall fodder. Another
parameter that enters into the calculation is the transfer coefficient,
which indicates what fraction of the radioactivity ingested by the
cows each day with their fodder reappears in one liter of milk. The
values used in our computations are compiled in Table 7.1.4-2. It
should be mentioned that the especially critical isotope I-131 is
contained in sheep's milk and goat's milk in significantly higher
concentrations than in cow's milk. Therefore, babies who drink
fresh sheer's milk or goat's milk are exposed to significantly higher

' radiation doses than babies who drink cow's milk. We therefore cal-
culated the expected radiation dose for babies from ingestion of
sheep's milk and goat's milk on the basis of the assumption that
daily milk consumption is 0.5 liters during the grazing season of
these animals (0.75 yr) . We further assumed that the daily con-
sumption of fresh forage is 3 kg for sheep and 6 kg for goats.

The Department of Environmental Protection also considered
the radiation doses that could be expected from ingestion cf meat.
We performed complete computations for the radiation exposure to be
expected from ingestion of beef and pork.

90018a33
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The transfer factor for the transfer of radionuclides from
the fodder to beef and milk is given by the following formulas

f =f .V.Sg gy d

where f = transfer factor for grass or stall forage (see section
7.1.3).

V = t,orage consumption in kg fresh weight / day (see above) .

S = transfer coef icient in ci/1 milk and pci/kg meat
d pC1/d intake pCi/d intake

S gives the percentage of activity absorbed per day which
dis receovered in onc liter of milk or in one kilogram of beef (Table

7.1. 4-2. )

In regard to the hog forage, the possible contamination was
calculated as follows:

It was assumed that young pigs weighing 20-25 kg are ob-
tained frem a breeding farm with no radionuclide e.xposure. An
average quantity of feed per day of

10 1 whey

3 kg potatoes and

1 kg cereal grain

was assumed for the five-month fattening period until slaughter maturity
was reached (af ter Kirchgaessner,1973) . .

According to Karavaer et al. (1973), about 85% of the radio-
nuclides contained in whole milk remain in the whey. The radio-
nuclide load of the fcdder was calculated as described above.

Therefore, the transfer factor for pork is given by the

following formulas

^
f " (fiv whey * Ywhey iv potatoes ' potatoes iv grain grain)

^

i

.S
d

E 8~00e
%.g ggg 90018.534
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where ft = transport f actors of the fodder ingredients

V = fodder consumption per day
1

|S = transfer oefficient for pork
d

The transfer coefficients for the transport of radio-
nuclides into beef, pork and milk are compiled in Table 7.1.4-2.

Table 7.1.4-2. Transfer coefficients for the transport of
radionuclides into beef, pork and milk

-

au;Alse beef pork milk
pCi/kg meat pCi/kg mest pCi/1 mi".k
PCi/d intake pCi/d -intake pCi/d Titake

~

;

I
__

i

Co 0,013 0,013 0,001

In 0,05 0,14 0,039

f ir 0,003 0,0073 0,0029
'

: 0,02 0,09 0,01

Cs 0,1 0,26 0,012

Ca 0,0012. 0,005 0,0006 .

Mn 0,005 0,02 0,00025

Pu 0,005 0,01 0,000002

Transfer facter for I in sheep's milk = 0.40 and in goat's milk =
0.47

After: Buldakov, L.A. et al., 196a: Ward, G.M., Johnson, J.E., 1965;

Baker, D.A. et al. ,1976; Strahlenschut:kennission,1977;
Annekov, 3.M., 1971; Hoffman, F.C., 1975)

,

i

90018335m 81009
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The transfer factors determined in this way are compiled
in Table 7.1.4-3.

Table 7.1.4-3. Transfer factors in pCi/kg meat (or PC1/1 milk) :
PCi/m3 air

.

l

|

nuclide Beef Milk Park
1

Co 53 3 479 268 38 I
l

l

Co 60 5 049 388 110

Zn 65 18 477 14 412 17 745

T

Sr 89 896 866 57

I
^

Sr 90 35 055 33 886 3 632
!
-

I131 12 600 6 300 4 820

Cs 134 221 462 26 575 114 197
-

Cs 137 1 973 473 236 817 1 160 222

i

Ca 144 408 204 - 23

Pu 239 4 548 2 411

'

90018.;36
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The following values were used as consumption rates ;

Table 7.1.4-4. Annual food onsumption.

Adults Babies |

- _ _ _

Milk 360 Jites 320 liters

Beef 100 k+

Pork 40 kg

The radiation doses to be expected frem the ingestion of
animal foodstuffs are given in section 9.

7.1.5. Expost_re Pathwv Grapevines - Wine

Wine was taken ;.nto account as a relevant foodstuff in the

197G assessment of the Association for Reactor Safety (GRS); however,
reesiculation with the individual parameters that were given showed

t

i the following disparity between the result of the multiplication

and the final " slues in(Table 11.2 of the GRS sssessmente

liver kidnevehole body
t7ne__

GRS (Tab. 11.2.) 0,08 mrem 0,4 2. rem b,1 mrem 0,04 mrem

resq1ts of the
recniculation 1,93 mem 5,8S ..srem 0,9 mrem 0,27 mrsm

i

'the radiation dosas
given in the GRS

I asseasment (Table 24 x 14,7 x 9x 6,7 x

11.21 wire too
',small.by the fc110 wing

| e r vus
9 0.01.8 '> 37

-

.

.
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We therefore falt that it was necessary to reexamine the
' individual parameters, especially the t?. ansfer factors of the
grapevins - wine e.xposure pat'way.

In this case three transfer factors must be determined:

(f ) : air - leaf surface - grapes - wine ig
1

(f ) 8 air - grape surface - grapes - wine
2

(f ) : ah - soil - plan ~ de
3

The determination was based on the following ::Lathematical I
model:

, , , <

-A. t' *1 i' t
'

"

rt'(1-e ei) ^ h.' (1-e et ) ,
,

4

(f ) : Vg x B6 400 x Tyg x |
*

-

t
^i*YVI )e

i

kg Leaf *kj * t h
* X8

!1 wine

|

|
i

1-A, * te '

r2 fl~' )
'

(f ) Y2 x 36 .t00 x TV2 * x e' I' h2
.v .

1ei '/2

-A :3-

IV
(f ) . V3 x 86 400 x x 0,72 x e3 '

Aai

90018338.. n J, o ,s.,..
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A value of 0.04 m/s.is used for the rates of. deposition
V .and V r this value takes into account the greater surface roughness ;

1 2.

and the tilter effect caused by the shrublike nature of.the grape-
'

'

vines ..(see 5.1.7) .
'

j

!- The retention factors r and r take into account both the !

distanceseparatingtheindividukigrapvinesandt!.aproportionof'

nuclides deposited'on.the surface of ths leaves and grapes. Two
retention factors r ' and r "'were determined for (f ); this is
necessarybecausetkevinesonlyhaveleavesatthebeginningcf1

; the growing season, and later in the season they have both leaves ,

and grapes on which nuclides are deposited. The separation of-
the grapevines is taken into account with a factor of 0.4 since
about 44' vines grow on 100 m2 of vineyard area. (National Vini-~

culture Institute in Freiburg, 1977).
9

The' grapevines begin to sprout at about'the beginning of
2Mays within three months the leaf surface area reaches 320 m2/100 m .

| The first pruning is performed at the end of July: this reduces tho'
2

| leaf surface area to 250 m2/100 m . Before the second pruning in
! the second half of August, the leaf surface area increases to

2 2 2 and it| 280 m /100 m ; the second pruning reduces it to 250 m2/100 m
remains at this value for the rest of the season (National Vini-

|.
|. culture Institute, Freiburg, 1978). Since the leaves are very
'. small at the beginning of the season, the first month of exposure
! time was disregarded.

surface area of the grapes is considere8g' =ligible; the nuclides
During the following months (t 60 days) the total

neg
are distributed over the available leaf surface. This is taken.

into account in r '.y

Once the grapes have become so.large that it is necessary '

to include'their surface area in the calculation, this is expressed
"in terms of its ratio to the leaf surface area r t* #

2 1*

The grape surface area is 60 m /100 m (CRS, 1976). Accord-

ingly, in the months of August and September (t 60 days) the
nuclides are distributed on the grapes and leavN =in a ratio of
0.2 to 0.8.

p ..

In regard to the exposure time of the grapes (te,), we
disregard the first six weeks of the 100-day period from flowering -

to harvesting during which the grapes are ha.nging on the vine
(National Viniculture Institute, Freiburg, 1978).

'QI(0'The|f0\' " ~ meteorological half-lif e of the nuclides on the, leaves
and grapes is assumed to be J0 days because the surfaces are' covered ,

with adhering spray agents.

90018 69
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|The translocation factor Tv indicates the percentage of
the nuclides which passes from the a face of the leaves into the

l

plant and then into the grapes. This factor is nuclide-specific ^ !and was obtained from the following sources: Aarkrog, A., 1975:
|Rohleder, U., 1972; Middleton, L.J., Squire, H.M., 1963. j
1

The translocation factor Tv indicates the percentage of |2the nuclides remaining on the grapes despite wind and rain which
eventually passes into the wine. This factor is 0.5 (GRS,1975) .

1The leaf mass Yv is subject to the same variation as '

theleafsurfaceareaaskresultofthepruningsandhasamean
value of 0.5 kg/m2 In this case the low weight of the younger
leaves is taken into consideration (National Viniculture Institute,
Freiburg, 1977).

2With an average grape yield of 1.1 kg/m , the wine yield
Yv is 0.825 1/m2 (assuming that 0.71 1 of wine is produced from !1kgofgrapes) (GRS, 1976). It is assumed that 100% of the nuc-

)lides present inside the grapes passes into the wine.

Since the literature contains no values for enrichment
factors (Biv) of wine, we adopted the values that were available
for the most closely related plants.

P gives the mass of the earth in the plewed layer under one
square meter of ground surface area. Its value is 224 kg/m ,2

The reactor operating time * is 50 years (Basis of Cal-
culationoftheRadiationProtectionlommission,1977).

The expression e' gives the deca.i of the radio-
*

nuclides during storage of the wine.

The decay time *
wine, which is 120 days bgives the minimum storage time of the,1976); however, this value does not
take into consideration the fact that a small portion is consumed
as grape must before the end of the 120-day stcrage period.

The rate of censumption was assumed to be 400 1 of wine per
year (after GRS, 1976).

1In our determinatien of the radiation dose to be expected I( h( h, y k sh athway, we considered the fact that the nearest wine-
growing area is not located at the maximum radia:!cn receiving point,
but rather at Limberg. Consequently, the long-:ar dispersion
factor for the maximum receiving point was not used. We adopted
a more realistic value for Limberg (according to sect en 5.1.6) .

m 8'u0e
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The transfer factors for wine are compiled in Table 7.1.5-1.
~Due to a lack of utilizable translocation factors for Zn, Ce and Pu,
exposure via the leaves (f ) was calculated only for Co, Sr and
Cs.

Table 7.1.5-1. Transfer factors in pCi/1 wine : pCi/m air.

NucTihe Transfer factor '

Co 58 3 015

Co 60 11 678

Zn 65 3 986

Sr 89 1 027 ;

Sr 90 44 559 |

,I 131 0
i

!Cs134 71 24,2
l

!Cs137 150 344

Ca 144 3 875

Pu 239 12 023 i

,

90018541.
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The radiation doses to be expected from consumption of
wine are given in section 9.

7.2 Exposure via Waste Water

As in the . SSK Recceanendations ' (SSK, 1977), it is necessary

to make a basic distinction between internal and external exposure |

in our discussion of the radiation doses to be expected by the waste
i

water pathway. J

The pathways of internal exposure include the following: -

- drinking water

- ingestion of fish

- irrigation - ingestion of vegetable foodstuffs

- irrigation - forage plants - ingestion of milk (ingestion of meat)

- livestock watering - ingestion of milk / ingestion of meat

The above pathways of exposure were computed with respect
to their significance for the radiation dose of the most unfavorable
location. They are discussed in detail below. We did not consider
external exposure fr:xn direct radiation while swinning and boating
and from sediment radirdon (recreational outings on the banks of
the Rhine etc.). The radiation doses resulting from these activities
would have to .ke added to the dose fresa internal exposure.

7.2.1. Exeosure by Incestion of Fish

The radiation dose from ingestion of contaminated fish
was determined with the following formula:

D,=Qg . l_ . fg.dg.Vf
.

W

where Dg = radiation dess for an organ o caused by isotope 1 (in
'

mrem /yr)
,

V = rate of consumption (in kg/yr)

'" ' d = dose commitment factor for organ o and nuclide i,

~ (in mram/pci)
,

Q = source strength of the nuclide (in pci/s)g

A t 8 ' 0 09* - vot== rio = =r es =iv = <ta t'ai

fg = transfer factor for nuclide 1 (in pci/ke fish meat)
pci/1 water

90018.>n.
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The transfer factors in Table 7.2.1-1 were obtained from
the recent technical literature. There were large variations in the
factors given in the literature for the critical nuclides.

,

In the case of strontium values of up to 370 were given
(Etibel, Ruf and Herrmann,1973) . Kohlemainen et al. (1966) and

Hakonson and Whicker (1975) determined maximum transfer factors for
cesium of 6840/(K) and 13,000/(K) respectively. ((K), gives the
content of stable , potassium in mg/Y, water.)

In the case of cesium it is necessary ,to consider the
dependence of the enrichment on the potassium concentration of the
water because cesium and potassium behave similarly in the organism
of the fish and relatively :6ere cesium is absorbed when the potassium
concentration of the water is low.

Table 7.2.1-1. Transfer factors for fish in pci/kg fish meat
pC1/1 water

Nuclide Factor

i
i

H3 1

Co 58 400

Co 60 400

In 65 1 000

Sr 89 40

Sr 90 40

: 131 520 -

Cs 134 4 000/K(w)
Cs 137 4 000/W(w)

after BBV, 1976: Blanchard, R.I,. & Kalm, B. jun., 1971
Hermann, H. et al., 1975: Hakenson & Whicker, 1970-
Kohlemainen et al., 1966: Vanderploequ et al., 1975

90018543
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*he assessment of the Bavarian Biological Testing Institute
(1976) uses a potassium concentration of 6 mg/l as the annual average
of the Rhine at Weiswell. In the opinion of our experts, this is an

,

unacceptable value for a conservative estimate of the radiation dose
that is to be expected. Since the estimation of the radiation dose
to be expected is performed on the assumption of an operating time
of 50 years, and since we can assume that the level of potassium
pollution of the Rhine (especially from the Alsatian potash mines)
will drop off sharply in the years to come as a result of increasing
environmental protection measures, a value of 6 mg/l is clearly too
high.

Measurements by Egger (1887) at Mainz showed a concentration
of 1.? mg K/1, and measurements by Pagenstecher (1837) at Basel
showed a concentration of 1.2 mg K + Na/1 (cited by Livingstone,
1963). The Department of Environmental Protection therefore assumed
a potassium cencontration in the Rhine of 1 mg/l for the purpose of
making a conservative estimate of radiation doses that can be ex-
pected.

However, due to the uncertainties in regard to the transfer
factors, it is debatable whether our assumptions put us on the safe
side.

The chosen consumption rate of 50 kg/yr can be regarded
as realistic for a critical population group (see the survey by
Schaefer, BCA, of sport fishermen and professional fishermen, Model
Study dadioecology Biblis, 3/17/1977), especially since we must
expect increasingly large catches as a result of the possible im-
provement of the water quality of the Paine.

i

7.2.2. Irrication - Incestion of 'lecetable Foodstuffs j

|
Oue to the steady lowering of the water table in the upper !

Rhine region as a result of the canali:ation of the Rhine, and due
to the relatively dry climate, the irrigation of farmland in the
Rhine p'ain below the planned nuclear power plant is a realistic
source of centamination.

Since it is very likely that the water quality of the Rhine
will be improved by intensification of environmental protection
measures, it must be assumed that Rhine water will be used to an
increasing axtent for irrigation of agricultural land.

Irrigatien is performed mostly in the summer months. As
was mentioned in section 5.2, a large percentage cf yearly nuclear
power elant emissions is also discharged in the summer months (during
the chancing of the fuel elements). Consequently, calculations of
expected radiation dose that are based on uniform discharge of ;

emissi:ns would result in underestimation of the dese. A mere exact '

stuft''is0 nel;'e/'sary.

& 8'000
0018344-31-
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The followir.g formula is used to compute the radiation
exposure due to ingestion of crop plants grown in irrigated soils

.

g.h.fg.V.d,D =Qg g

where V = consumption rate in kg/yr
.

f = transfer factor for the nuclide ig

The transfer factor f is determined by the following
formula;thisformulaissimilkrtotheequationinsection7.1.3
for the transfer of radionuclides from ground-level air to plants,
the difference being that the rate and duration of irrigation must
be considered instead of the rate of deposition of aerosols.

See section 7.1.3 for explanation of the meaninas of the
symbols.

-d
rT F . (1 - e Ei . t,)

fi y
R. +.

l- 2 Ei * Yv

-dj t,)* -di th
t,. 8% - (1-e e

12.dj.P
..

where R = irrigation rate for garden vegetables 3 1/m d

pasture land 1 1/m d

potatoes 1.25 1/m d

(after: Ruhr-Stickstoff-AG, 1978; Perrot, 1949)

r = retention factor = 0.33

T = translocation factor for pasture vegetation andy
leafy vegetables =1

for potatoes and root
vegetables = 0.1

.

F = loss factor for leafy vegetables = 0.4

for all other plants = 1
*

( = effective decay constant for isotope i in d = i w

t = exposure time in d for pasture vegetation = 30 days
'

90018!45u . 6 00\,
n .
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for vegetables and potatoes = 90 days

^ 2 ,

Y, = vegetation density in kg fresh weight /m
- t

for pasture plants = 0.85

leafy vegetables = 1.5 -

root vegetables = 4.0

potatoes = 1.8 |

3,,= enrichment factor from the soil to the plant for nuclide is
* (Table 7.1.3-2)

p = mass of che earth in the plowed layer (224 kg/m )

t, = duration of irrigation = 4 months for vegetables and potatoes

= 5 months for pasture land

t = 18,250 days
B

g = 180 days (for potatoes and stall forage)

( = physical decay constant

Leafy ,vegetableg,g oot vegetables and potatoes were re-r

garded as possible(exp|gsIWrt pathways. The assumed rates of consump-
tion are given in Table 7.1.3-3.

In our determination of the transfer factors, we departed

from the' recommendations of the Radiation Protection Commission (SSK)
in several points. ,

|

For example, the SSK's determination of the amount of add-
itional water that must be supplied by irrigatien, which is based
on mean precipitation values (SSK, 1977 II, p. 41), is scientifically
unsatisfactory.

It must be realited that during irrigation part of the

water 1:nmediately evaporates. Also, according to Ruhr-Stickstoff-AG
2(1978),_significantly higher irrigation rates than 1 1/m d are

advisable for vegetable cultivation. 600 1/m2 per year is given for
intensive outdoor vegetable cultivation, and 150 1/m2 per year is
given for field vegetable cultivation (Ruhr-Stickstoff-AG p. 506) .

. ' L f fj * i; Q (1 Cn the basis of the vegetation period of 4 months for
~ vegetable growing and the recommendations for agricultural practice |

(Ruhr-Stickstoff), we detsrmined mean values of 1.25 to 5 1/m' per -|

day. For the purpose of obtaining realistic estimates, we based our )
!

-33-

90018;46 1
.

..



*
.

'
.

1

calculations on a mean value of 3 1/m per day.
.

Our calculation of the nuclide concentration that accumulates
in the soil in the course of the operating life of the reactor was
based on the irrigation time of 4 months per year. This fact is not

the SSK assumestakenintoconsiderationintheSSKrgcommendations;
a continuous irrigation rate of 1 1/m per day over the entire year.

Consequently, the calculations of the SSK and Department
of Environmental Protection give equivalent results in regard to the
radionuclides accumulated in the soil at the end of the reactor
operating time from irrigation with river water. The difference is
that in the first part of the formula, for the portion of radio-
activity that reaches the plants directly with the irrigation, we
obtain higher values as a result of our more realistic approach
(irrigation only in the sumner) .

Naturally, we cannot rule out the possibility that in
especially dry years, when irrigatien rates are higher, or during
fuel element changes, when emission rates are. higher, irrigated
crop plants may cause higher radiation doses than are calculated
in this study.

The transfer factors determined in this way are compiled
in Table 7.2.2-1.

90018A7
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Table 7.2.2-1. Transfer factors in pC1/kg fresh plants : pC1/1
7

irrigation water.

.

leafy rootnuclide
erecetsbien vece*=bles _ eetatoes

H3 1 1 1
_.

Co 58 4,4 0,1 0,1
i

Co 60 5,5 0,8 0,5

In 65 5,6 0,7 0,4

Sr 89 f.. ] ;5, . 0,4 0

Sr 90 121,3 591,4 14,8

fI 131 Di le 2 0 0t ;

t* s u

Cs 134 8,3 0,7 25,7

Cs 137 41,2 3,3 296,3
\

90018548
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7.2.3. Irrigation - Forage Plants - Ingestion of Milk and Meat

This exposure pathway concerns the possibil.'.ty of con-
-

'

tamination by ingestion of milk and beef from catt'.* which have
grazed in pastures irrigated with Rhine water or which have been
fed in the winter with stall f ,dder from irrigated pastures..

The following formula was used in our calculations:

.h.f sD =Q gy d* io .
.

g

= transfer factor for grass or stall fodder for the passage.

where f gy
of

radioactivity from the irrigation water to the plant in

pci/kg plant

PC1/1 water

(calculation analogous to sections 7.2.2 and 7.1.4)
,

,

= transfer coefficient for the passage of daily ingestedsd radioactivity frem the forage into the milk or meat

( Table 7.1.4-2)

The transfer factors determined in this way are compiled
in Table 7.2.3-1.

900)8'a49
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Table 7.2.3-1. Transfer factors in pCi/kg beef or pCi/1 milk :
pC1/1 irrigation water

-

nuclide beef milk
_

H3 1 1

_

Co 58 3,1 0,2
_

Co 60 4,4 0,3
.

In 65 15,4 12,0
.

Sr 89 0,7 0,7
..

Sr 90 11,0 10,6

,i 131 2,3 1,1
t

Cs 134 86,9 10,4
-.

Cs 137 602,2 72,3,
,

7 2.4. Livestock Watering - Milk (Meat)

,\ $. Y, M '
This pathway concerns the possibility of contamination by'

ingestion of milk and beef fr:m cattle which have been watered with
radicactively centaminated vatar. The cal:ulations were performed
in accordance with 53K recommendations.

Jf0
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'1he following formula was used:
4 _

t g, = Qg.h.L.Sd* io

.where L = daily water consumption of the cow (75 1/d)
|

S = transfer coefficient for the passage of daily ingested
d

radioactivity into the milk or meat

(see Table 7.1.4-2)

The transfer factors datermined in this way are compiled

in Table 7.2.4-1.

Table 7.2.4-1. Transfer factors in pCi/kg beef or pCi/1 milk :
pC1/1 water.

!

|

nuclide beef milk

H3 1 1

Co 58 1 0,1

Co 60 1 0,1

'

Zn 65 2,9 3,8
.

| Sr 39 0,2 0,2

|

Sr 90 0,2 0,2
t

l
i

: 131 1,5 0,3 )
-.

\-

g;i ;; O( 24134 7.5 o.s j
,

Cs 137 7,5 0,9 |

90018>51 |
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7.2.5. Annual Consumption Rates 04aste Water Pathway)
.

The following consumption rates were assumed for the
waste water pathway.

The annual consumption rates were used for the exposure
pathways irrigation - forage plants - milk / meat and livestock
watering - milk / meat.

Table 7.2.5-1. Annual consumption of foodstuffs used in the waste
water pathway calculations

Adults

cow's milk 360 1

leafy vegetables 50 kg

root vegetables 50 kg

potatoes 90 kg

beef 100 kg

fish 50 kg

The radiations doses to be expected from exposure by the
waste water pathway are given in section 9.

.
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8. Examination of the Dose Factors
. -

8.1. Dose Factors - Mathematical Basis

The dose factor or dose et:enitment factor gives the radia- |
tien dose in mram/yr which is produced per quantity of radioactivity ;
in pC1/a absorbed by man.

1

The radiation exposure in an organ depends on tht. following
factors:

quantity of nuclide absorbed

|

- type of radiation emitted

- energy of the radiation

1

- relative biological activity of the radiation

- effective half-life of the nuclide in the organ

- selection or enrichment factor of the organ

- mass and form of the organ

- micredistribution of the activity in the organ

These factors depend in turn on the following factors
(among others)i

- chemical. composition of the incorporated substance
h.,2 - [i UU\,

- quantity of the stable element in the diet

- age and state of healty of the individual

- genetic constitution

The dose commitment factor is calculated by the following
for:nula:

-d off . 50 a
0,05115 m~ff

fE. a
(1 - e }

7,,
do ~

3T = a
A eff

.

90018>53
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where E,gg = effective energy in MeV
_

f = fraction of the absorbed activity which reaches
the organ

m = mass of the organ in g

A*f', = effective decay constant, takes into account the
physical and biological half-life

For very long-lived nuclides the dose commitment factor
gives the dose which is active in the fiftieth year of continuous
radionuclide absorption (dese commitment) . For nuclides with short
and medium effective half-life the yearly dose and the dose commit- '

ment are the same.

The dese commitment factors used by the Association for
Reactor Safety (GRS) and recommended by the Radiation Protection
Commission (SSK) have a number of deficiencies. These deficiencies
are set forth below, and, when possible, more realistic dose
ccmmitment factors are calculated.

90018,54
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8.2. State of Health and Genetic constitution
-

The dose commitment factor applies to the so-called average
human being, who weighs 70 kg, is healthy, and has a " normal"
genetic constitution. Diseases or environmental influences which
might lead to an increase in the rate of absorption of radionuclides
or to a higher biological half-life of radionuclides are not taken
into consideration. Lack of time prevented us from investigating
this area in greater detail. However, it may be expectad that these
factors would have a considerable effect on the dose cemit:nent

' factor. The content of the stable element in the diet is an example
of such a factors the dose commitment factor would be strongly

*

affected by iodine deficiency, for example.

A paper on the measurement of plutonium in cows in the
vicinity of an American nuclear research center seems very 1:nportant
in this connection. In this study plutenium values of 0.5 to 10
pCi/kg were found in beef. However, a concentration of 100 - 200
pCi/kg pu-239 was found in one of the cows, although the cew was
subject to the same environmental conditions as the other cows.
The author of this report states that this cow had a genetic ab-
normality, and although this abnormality did not adversely affect
the cow's viability, it did represent a possible explanation for
the high plutonium concentration. (Smith, D.D., 1973)

Since man does not have a uniform genotype, and since not
, all individuals,are healthy, seme individuals may be exposed to
psienific'antly higher radiation doses than those calculated here

for a normal, healthy persons this will depend on an individual's
genetic constitution and state of health.

B.3. Chemical Form of the Radionuclide

Depending on the chemical form in which the radionuclide
is present in the diet, the dose ccmmitment factor (and thus the
radiation dose resulting from absorption of the radienuclide) may
vary by several powers of ten.

*
,

This will be discussed with the example of cobalt-60 (half-
life 5.2 years), which is emitted as a corrosion product by nuclear
power plants.

The dose factor used by the ORS and, recommended by the 53K
for Co-60, e.g., in the liver, is 2.1L x lo-o mrem /pci. Although*

'chis dose factor is valid only when the co-60 is present in ir
crganic form (as a salt), it is used for all ex;oaure routen.

*

90018 .-
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the Co-60 is present as vitamin B , for example, the dose factor
would be between 3000 x 10-6 andk$00x10-6 mrem /pci (ICRP,1969) .
The dose factor for this organic form of Co-60 is thus 1400 te

.

3800 times greater than the dose factor used by the GRS and SSK.
This aspect was not investigated either. .However, we are
afraid that the exclusive use of dose factors that are valid only
for the inorganic form of the radionuclide will result in significant
underestimation of the radiation dose since animal and vegetable
foodstuffs are the source of the radionuclide.

3.4. Transferability of Animal Experiments to Man

In the great majority of cases the values used to determine
* the dose factors are results of animal experiments that are applied

to man. The most consnonly used experimental animals are rats, mice
and guinea pigs, that is to say, animal species whose organisms
are much smaller than the human organism. As a rule, the smaller
an organism is, the faster is the rate at which physiological pro-
cesses occur in it. A readily apparent example of this is the
higher respiratory rate and heart rate in the smaller organism.
Furthermore, due to the smallness of the organs, the metabolic
exchange processes occur more rapidly, so that the biological half-
lives of elements in a given organ are shorter than they are in
larger organisms. In regard to the application to human beings
of radionuclide biological half-lives determined in animal experi-
ments, as has been done in many cases, e.g., by the International
Cornission on Radiological Protection, there is a definite danger
that the dose factors, and thus the radiation exposure, will be
systematically and significantly underestimated.

3.5. Transfer Factors Gastrointestinal Tract - Organ

The investigation of the transfer factors fer the passage
of radionuclides from the gastrointestinal tract to the various
organs resulted in an incorrect calculation of the dose factors for
the most important radienuclides by the International Commission on
Radiological Protection and the Association for Reacter Safety.

The transfer factor f consists of two parts: f describesg t

the passage of radionuclides from the gastrointestinal tract into the
blood, and f., describes the passage of the radionuclides frem the
blood into tSe individual organs (f =f f)'.

2

90018556
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Examples Strontium
i

The International Comunission on Radiological Protection ,

*

gives the values necessary for calculation of the dose factors in
"Reconunendations - Permissible Dose in Incorporation of Radio- ,

!nuclides" (ICRP, 1966). On p. 96 a value of 0.21 is given as the
transfer factor for the transfer of the radionuclides Sr-85 m,
Sr-85, Sr-89, Sr-91 and Sr-92 front the food into the bones. These - '

strontium isotopes are short-lived and thus relaH.vely.undangerous
~nuclides. Although the individual isotopes of an eierent show ,

exactly the same chemical behavior, a significantly smaller value
(0.09) is assigned to Sr-90, which has a half-life of 28.5 years
and is thus by far the most dangerous isotope of strontium.

The value of 0.21 is based on a scientific paper (Jowsey,
J. et al., 1953) and can therefore be regarded as scientifically
acceptable. The low value of 0.09, on the other hand, is taken from
a personal communication (Durbin to Morgan, 9/7/1958) which cannot
be checked and which apparently is unpublishable. Consequently,
there is no reason to pay further' attention to this value.

Examples Plutonium

Depending on the chemical form in which it is present,
plutonium is absorbed in highly variable quantities in the gastro-
intestinal tract. While only about one millionth of the plutonium
present in the food in the form of the f.nsoluble, inorganic com-
pound plutonium dioxide is absorbed in the gastrointestinal tract,
the absorption rate increases by a factor of about 10,000 for
soluble or organic plutonium compounds. As the operating time of-

a reactor increases, an increasingly large percentage of the
plutonium deposited on the ground is made available to plants by
the action of microorganisms and is able to reach man via the
metabolism of food plants. Therefore, it is totally unrealistic
to base calculations of plutenium dose factors on insoluble
plutonium dioxide (as has been done by the GRS and SSK) . In a
basic study in which plutonium dose factors are calculated, the
GRS writes the following en p. 13: "For poorly soluble material
like Puo we assume a blood-absorbed fraction of f = 10~4% in man.
Forsolubleplutoniumcompounds,particularlyplut$niumcitrates
and nitrates, transfer factors of up to about 2% have been measured.
The present model computation assumes poorly soluble material for

= 10-4. " (GRS-I,
all actinide,s and uses an absorption value of f,,h the fact that theAlthough the GRS is acquainted witp. 19, 1977) .
absorption of organic and soluble plutonium compounds is significantly
greater than that of inorganic and insoluble plutonium ecmpcunds,

d[2
'it'basessits calculation of plutonium dose factors on a transfer

' ' I facteF -hat is too low by a factor of 20,000. This transfer factor

enters linearly into the calculation of the dose factor and thus
into the calculation of the plutonium radiation exposure.

90018257
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8.6. Micredistribution of the Radionuclides

A uniform distribution of the radionuclide in the organ
is normally assumed in calculations of dose factors. However,
this can result in considerable underestimation of the radiation
exposure.

An emample is plutonium

It was formerly assumed that plutonium distributes itself
uniformly in bone. However, recent studies show that plutonium
becomes concentrated entirely in the organic pa-ts of bone, especially
in the osteogenetic cells, and is not incorporated in the mineral
phase of the bone (Priest, 1977). Consequently, the radiosensitive

;part of the bone is exposed to significantly higher radiation doses '

than would be expected by assuming homogeneous distribution. i

|

8.7. Organs Investigated

only a few organs are considered in the assessments of
the GRS and in the mathematical models of the SSK (whole body,
thyroid, liver, kidney, gastrointestinal tract and bene). How-
ever, it is precisely these organs which are either only moderately
radiosensitive (bone and thyroidl or actually relatively radio-
resistant (liver, kidney, lung, muscle) (Pabst et al., 1976:
Barth, G. et al., 1968). The radiosensitive organs (Pabst, 1976;

jBarth, 1968) are systematically disregarded: |

- embryonal tissue

- Aymphati,e 3 isue

Ydi U k
- thymic tissue

- bone marrow

- testis

- ovary

3.8. Radiatien Exposure of Embryos

one of the most serious radiobielegical problems is the
accumulation of radioactive substances during pregnancy and the
irradiation of the human embryo, which is by far the most radio-
sensitive stage of human life due to the rapid rate of cell divisien
and the determinant develcpment of all organs. Various studies

90018358-*-
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show that human embryos are 100 to 1000 times more radiosensitive
than human adults (e.g., Stewart, A. ,1973) . I

The formation and destruction of cells in the adult
| human body are in a state of transient equilibrium. Therefore, the

biological half-life of absorbed radionuclides is shorter in the-
adult than in the embryo. anbryonal and fatal tissue are formed
at a relatively fast rate, while the occurrence of destructive
processes is very limited. This high rate of formation results
in a high rate of assimilation. Radionuclides are also assimilated
at a fast rates they are incorporated with a high biological half-
life in the body of the embryo and later the child. It follows,
therefore, that the embryo receives the highest radiation dose at
a given concentration of radionuclides in the environment.

Although this.has been known for a long time, the embryonal
radiation exposure has never been considered in any assessment for
nuclear power plants in West Germany. Even the mathematical models
of the Radiation Protection Commission (SSK), which will be included

in the legal regulations in the future, do not consider the embryonal j

stage in any way. As in many other cases, therefore, we are con-
fronted with an intolerable discrepancy between the actual licensing
procedure for nuclear power plants and the explicit recuirement
stated in section 45 of the Radiation Protection Law that radiation
exposure be considered at the "most unfavorable points of exposure" i
and that "all relevant exposure pathways" he taken into account.

The following table gives the dose factors used for
children and adults.

.,
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Talele ti- l . lAsse comunitsuent tactors, i nngestiosi (in suresa/pCl)

11 3 Co 58 Co 60
'

In 65 Sr 89 Sr 90 J 131 Cs 134 Cs 137 Ce 144 Pu 239
. . . . .=

-5 -5 -4 ~2 -6 ~4 -7
1,one 0 1,12 10 3,64-1056 1,71 10 4.40-10 9,6 10 4,16-10 f 25 10~ 2,03 10 5,3 10 S.78

t,3-10~ 1,12 10 " 3,64-10 3,34-10 1,11-10-$'2,26-10-3 -6 ~4 -6 -8
3,52 10 1,47-10 9,21 10 2,62 10 1,28 10-~' -5 -5

-7 -6 -5 -5 -6 -4 ~7
liver i,3.go g,79.go 2,88 10 7.67-10 - - 5, % 10 2,2 10-4 1,36 10 2,06 10 7.12 16

~3 ~3 -7 -2
~7 ~7 -6 -5 - 1,02-10~b 1,59 10 1,44 10 1,22 10 S,45 10kidney 1,3 10 8,73-10 2,04 10 5,13 10 -

,

"I __

-7 -5 ~b -5 ~b -8
lung g,3.go 1,12 10 3,64 10 3,34-10 - - - 1,9 10 1,25 10-b 2,62 10 ,

i

_

-7 -0 -5 ~b ~4 -5 -8
tinyroid g,3 gg g,12-10 3,64 10 3,34 10 - - 1,95- 19]--. i,47 10 9,21 10 2,62 10 ,

-

4 -4 ~4 -5 -8' ~7 -5 3,64 10 ~b
- 8,86 10 , g,47 10 9,21 10 2,62 10 ,

l.9 10 1,12-10 3.34 10'

, , , , ,

. as assigned a value of 2.8 x 10~s elevant dose f actor t~or babies for time tinyroid gland (I-131') w ;
@ Tlie
O

3 ar te (Bacher 0. , M' iller W. ,1977; Bouka 11. , Brilssermann K. ,1973; Cooper H.,1972; Eisenbud DL.,1973;

oo ICRP,1%6; ICRP,1974; ICRP,1%9; Priest N.O.,1977; SSK,1977; Thorne U.C.,1976; UCRl_,1968;)
u

i.

O

'
.
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9. Results of the Radioecological Computer Program

The radiation doses to be expected from consumption of
foodstuffs frcen the area around the planned nuciaar power plant.in
Wyh1 are ecmpiled in the following tables. All values are given in
the unit millirems per year.
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6 Td!.lu 9-1. Exinected radiation exposure for adults by tlie exliaust air pathway at the

4 RedxiMttthe rddiatiOR receiVittg point (the VaIUUS giVen for wine refer to
Limbergt

O
O
m _ -. . . -

-

bone whole body liver kidney lung thyroid bone manrow

323.1530 10.66050 e.413* 58.23095 0.563607e 6.493469 6.490270

leafy
vegetald es

16 M . 26 M.62692 0.9 21% M 5.H 6096 0.05edelse 0.3575569 15.el m

niot vegetables
,

463.F037 528.7335 B at%.12 37 E925.F68 R $.952e7 125.3524 126.4571

gt3tg3

485.0981 13.83156 7.40289F T2.88867 0.7400 t 15 4.815944 8.026098
grains

| Aerk 178.4998 80.73059 119.1102 1236.I45 80.998F2 85.5e655 30.43095e

.

l>ee f 903.9614 340. 8 F26 510.75tG 5287.656 47.07425 3FS.0032 346.6206

20.96605 208.7419 154.5775
milk G36.7500 162.135t 222.1370 2295.400 |

J

"" 917.2999 509.7058 841.f'4%t 1395.262 13.90792 '95.16tte 101.8307

O
O yrand total 5s5i.u 4 s91 1932 siv5.e4r 12254.is til.iS60 ,0 .,i3. .3,.341,
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Talele 9-2. Expected radiatlun exposure f or adult s l>y Llie waste water patisway f roie
utElization of Kliine water.

.

values g i vesi f u sin ean/yr

Isosie uliole lioily liver kidney lung tinyroid lione maarrow

I t hIn roeistampt lois 176.2216 it.57874 104.0446 948.5823 10.44731 !!2.4420 70.62004

leafy vegetaliles 186.1969 4.860202 0.7329037 F.250619 0,.08275950 0.6627634 2.280464

s pent vegetalales 1054.023 24.19065 0.07801920 0.6644881 0.08215464 0.04993546 9.758193

,8 potatoes 52.7L889 6.730520 8.532829 86.62352 0.F906929 5.7F7252 6.154695o
ta
e l a r i gat lilia -

128.2620 8.652b32 8.77t429 18.84274 0.8707602 6.564141 7.004134milk

it'sigialinen -
68.6:485 14. 3 3 F F 4 20.03094 205.3853 t.867026 13.92429 13.86211meat
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C Tlie f ollowing values were olit ained for time consumpt lou of fisti f roin time cooling wat er outlet.
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10. Emission Sources, Exposure Pathways and Factors Not Considered i

10.1. Emissions from the Secondary Circulation

Complete tightness of heat exchangers cannot be guaranteed.
Therefore,:there is the danger that radioactive substances from the
primary circulation, which is under high pressure and which is radio-
actively contaminated af or even short operating times, will leak into
the secondary circulation. Heating pipe damage in the steam generators

'
- was cbserved in 22 of the water-cooled power reactors inspected in 1975
(GRS, no. 19). "It is usually the result of uniform corrosion" (GRS,s

no. 21). It can be assumed, therefore, that this type of damage will
occur more and more frequently with increasing length of operation.
According to figures given in the GRS assessment (CRS, 1976, pp. 3-6),
about 12,000 tons of steam per year are discharged to the environment
from the secondary circulation without first passing through exhaust
. gas systems or filtration systems. Since the secondary circulation
centains about 600 tons of water, this means that a quantity of water
or steam equivalent to the capacity of the secondary circulation is
discharged from the secondary circulation to the environment once
every 18 days en the average. This means that a considerable quantity
of radioactive emissions may leave the nuclear power plant in this way
without being filtered or controlled. Moreover, these emissions occur
at a low emission height, which means that there is about ten times
less meteorological attenuation of these emissions than of the smoke-
stack emissions.

Although the GRS 'is aware of this problem, the GPS assessment
(1976) does not include a determination of the radiation exposure to
be expected frczn these emissions..

The Department of Environmental Protection is preparing a
study of this p.mblem.

10.2. Fruit and Other Foodstuffs Not Considered

Considerable quantities of fruit of all types are cultivated
t. diate vicinity of Wyh1 (see Table 7.1.3-1) .

Satisfactory determinatiens of the radiation exposure that
might be expected ! rom consumption of this fruit is not pessible be-
cause no studies have been performed for determination of transfer
factors.

In this case it does not seem advisable to use any One
variety of fruit as a representative for all other varieties, as was

90019009_ u,_
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done in the 1976 assessment of the Association for Reactor Safety.

Neither does'it seem appropriate to transfer the required data from
other plants since it must be assumed that fruit, in view of its
peculiar morphology, also' exhibits physiologically specific behavior.
There is evidence in the literature that certain varieties of fruit
show characteristic enrichment with certain elements, i

Raspberries, black currants and gooseberries contain re- ,

latively large concentrations of Zn, Mn and con these concentrations
are correlated with the supply of these elements in the soil (Krupyshev, ,

P.V., 1967). It was also shown that in these types of fruit the Mn
content increases during the period of flowering and fruit growth, r

so that aside frem the leaves,.the highest concentration is found in
the carpels (Krupyshev, P.V. ,1969) . Apples contain high concen-
trations of Fe, Mn, Co and Sr (Vigorov, L.I., Sumenkova, T.N.,

Pashilov, V.A., 1972, and Shkvaruk, N.M., Moisaichenko, V.F., Shkvaruk,

R.N. , Khanchak, N.E. , Shinyan, O.I. , 1972) . Furthermore, a correlation
was found between the surface texture of fruits and their capacity for

absorption of radiostrontium (Marten, D. , Buchheim, W. , 1967).

These references strengthen our suspicion that for individual
varieties of fruit there may be both a high level of enrichment of
certain nuclides and high nuclide-specific absorption through the
surface. It therefore seems critically important that further studies.

be performed and that separate calculations be performed for the transfer
factors of the following fruits:

Apples

pears

quinces

plums

mirabelle plums

peaches, apricots

red and black currants
gooseberries

strawberries

90019010rasoorries
blackberries
bilberries

whortleberries
1

sea buckthorn
r

slees

00?'00?
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hips

elderberries

rhubarb

In addition, it is necessary to expand the list of foods
considered in the GRS assessment since most people have a somewhat
more varied diet. The expanded list should include the following

beans

peas

tomatoes

cucumbers

paprika

eggplant

succhini
I

gourd

mangel-wurzel

onions

garlic

horseradish

celery

red beats

comfrey

asparagus

:nushrocms (some mushrooms, especially boletus, are known for
their high Cs-137 content (BMI, 1974)

nuts (hazelnuts, walnuts, chestnuts, almends)

spices (parsley, chives, savery, balms seed spices:
fannel, caraway, anise, mustard)

teas peppermint, sage, chamcmile
j

lj 5 "|){'' lamb meat,

poultry |

9001901is-us
game meat I
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Important radioecological data is presently lacking for al-
most all of these previously unconsidered foods. "he universal factors,
e.g. , for all plants, that are recommended by the SSK (1977) are
scientifically unacceptable.

Consequently, nothing can be said at this time about radiation
exposure via possibly important exposure pathways due to lack of basic
knowledge.

10.3. Other Factors Not Considered

The following factors were also disregarded:

sediment radiation at the banks of the Rhine f cm radio-
nuclides that have settled out of the waste water

radiation exposure by iodine-131, tritium in the exhaust
air, carbon-14 and all radioactive decay products of the
noble gases emitted from the nuclear power plant

radiation exposure for babies (other than by I-131) and
embryos.

11. Summary

1. In its calculation of' expected radiation exposure, the De-
partment of Environmental Protection used an ecological model cf ecm-
putation on which most such assessments for nuclear power plants are
based (e.g. , exhaust air assessment of the Institute for Reactor
Safety, waste water assessment of the Bavarian Biological Testing In-
stitute for the planned nuclear power plant in Wyhl).

2. The Oepart:nont of Environmental protection made an effort to
proceed on the basis of realistic assumptions that would make it possible
to obtain a realistic estimate of the radiation exposure that might be j

expected from the planned nuclear power plant (Kernkraf twerk S'Jd,
i

Wyhl). '

1

overly consertative assumptions were avoided. For example, i
'

our expert analysts thought it unrealistic to assume an annual con-
sumption of 880 1 of Rhine water below the nuclear power plant. Such i
an assumption, the cenaarrativeness of which is emphasiced by the 3SK

tand:the BB % uld, in the estimation of the Department of Environmental
iprotection, result in a whole body dose of only about 1.3 mrem / year
anyway.

90019012
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Furthermore, the Department of Environmental Protection
considers it unrealistic to asstane that many totally unclothed per-
sons would loiter near the fonce surrounding the nuclear power plant.
This assumption would be relevant only for the beta submersion dose,
which was calculated to be 0.8 arem/ year in this unrealistic case.
As in other cases, examination of this case showed that in the re-

conunendations of the Radiation Protection Commission and in the assess-'

ments .of the GRs and BBV, overly conservative assumptions were made
mainly in regard to exposure pathways whose contribution to the total
radiation exposure is rather insignificant.

Our experts at the Department of Environmental Protection
therefore proceeded on the basis of realistic assumptions. 1

3. It was found that the uniform bases of calculation used by
the SSK, BGA, BMI, N1, GRS, BBV and the Jtilich and Karlsruhe nuclear
power plants, which produce the well-known result that the maximum
radiation dose in the vicinity of a nuclear power plant is below the'

level specified in section 45 of the Radiation Protection Law, are
incomplete and incorrect and do not meet the requirements set forth
in section 45.

In particular, we found the following errors:

The meteorological long-term dispersion factor assumed in )
the GRS assessment was about 2.5 times too low, so that |

the meteorological attenuation was about 2.5 times too high. |
This factor enters linearly into the calculation of the
radiation doses. The principal cause of this error is an ;

overly coarse gradation of the wind speed classes in the |
IGRS assessment, with the result that; weather situations

involving light winds, in which radilactive emissions are
only slightly attenuated, were averated out.

The assumed nuclide spectrum der radisactive aerosols was
not conservative. In particular, the percentage of cssium-137
that was used was too small.

The enrichment factors for the passaga of radionuclides
from the soil into crop plants were between 10 and 1000 times

,

too low in the most critical casos (see, for example, the

figures en pp. 41, 44 and 48) .
j..

The transfer coefficients for the passage of radionuclides |

from forage into beef, pork and milk were between 10 and 100
times too low in the most critical cases (see, for example,

the figure on p. 51). These transfer coefficients enter i

linearly into the calculation of the radiatien expcsure
' g'ese exposure pathways.

p OM 90019013
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The transfer factors for the passage of radionuclides from

,

foodstuffs into the bloodstream via the gastrointestinal I

tract were between 10 and 20,000 times too low (see, for j
example, plutonium on p. 91). These transfer factors enter l

linearly into the calculation of the radiation exposure. J
!

The value assigned for the biological half-lives of radio- )
nuclides in the human organism were too low for some radio- '

nuclides.

The nuclide composition of the radioactive noble gases was
totally unrealistic. Consequently, the calculated radiation

i

exposure from radioactive noble gases was about 5 cimes too i

low. '

|

The errors listed above apply to an equal or similar extent
to the bases of computation of radiation exposure that are reconstended
by the Radiation Protection Commission (SSK, 1977).

It was also found

that important exposure pathways, such as the sutunersion
radiatien exposure from radionuclides from the exhaust air
emission deposited on the ground, were not calculated in the
GRS assessment.

4. In the present assessment the Department of Environmental
Protection calculated the radiation exposure to be expected from the
following exposure pathways:

.

radiation exposure from noble gases

radiation exposure from ground radiation

radiation exposure from consumption of the following food-
stuffs: milk, beef, pork, cereal grains, potatoes, leafy
vegetables, root vegetables, wine and fish.

5. These calculations show that the permissible maximum values
specified in section 45 of the Radiation Protection Law would be clearly
and sometimes greatly exceeded.

The most important results are summarized below. The ecm-;

plate results of the computer programs are given in section 9 above.

1

90019014
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Radiation Doses from Radioactive Exhaust Air

ADULTS (All values in mrem /yr)

whole body thyroid kidney bone

ncble gas
radiation 31 31 31 31

ground
radiation 15 15 15 15

total of
various food-
stuffs 784 809 10,872 4,820

wine 110 96 1,383 937

Total 940 951 12,300 5,803

maximum value
in accordance
with section 45 -

of the Radiation
Protection Law 30 90 90 180

Babies (only iodine-131

thyroid

cow's milk 753

goat's milk 2,204

sheep's milk 2,501

maximum value in ac:erdance with section 45
, Mf,1.he;'idiation Protection Law 90R

310v 00Y
v
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Radiation Dose by Radioactive Waste Water with Utilization of
Rhine water

!

Adults

whole body thyroid kidney bone

*
fish 72 112 942 176

(117) (178) (1,543) (289)

other foodstuffs 60 28 396 1,483

Total 131 141 1,338 1,660

Maximum value in
accordance with section
45 of the Radiation
Protection Law 30 90 90 180

+The values in parentheses give the radiation doses for consumption of
fish from the cooling water outlet.

The radiation doses given above are based on only one of the l
two nuclear power plant blocks that are planned for Wyhl.

,

I6. The following factors, influences and exposure pathways, ;

all of which cause an increase in the radiation exposure, have not been
taken into consideration in the above results:

discharge of unfiltered radioactivitf through safety valves
and steam valves and from the machine house

discharge of radioactivity from the fuel element storage
tanks, in which the consumed fuel elements presumably would
have to be stored for very long periods of time due to diffi-
culties with the planned reprocessing

* { {(),,1
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emissions of the radionuclides iodine-131, tritium (exhaust
air), carbon-14 and all radioactive decay products of the
emitted noble gases

exposure pathways fruit, nuts, mushrooms, spices, game
meat etc.

sediment radiation at the banks of the Rhine from radio-
nuclides that have settled out of the waste water

radiation exposure by inhalation (inhalation of radio-
nuclides)

effects of the structure and water release of the planned
coolhg towers (reduction of the meteorological attenuation
and increase in the wet deposition)

increase in the nuclide concentration of the Rhine during
the irrigation period in the summer due to above-average
quantities of emissions while the fuel elements are being
changed

the calculation of the radiation exposure was performed
only for adults. For babies it was performed only for
radiation exposure by iodine-131. It was not performed for
the most sensitive stage of human life, i.e., the embryonal
stage, because important radiological bases of calculation
are unavailable.

preexisting radiation loads frem radioactive emissions of
other nuclear power plants and nuclear facilities with the
exhaust air.

Although none of these problems has yet been taken into
consideration (mainly because of a lack cf scientific data), it can
definitely be said on the basis of the effects calculated in this

assessment,gthat the lega31y stipulated maximum permissible valuesfwill iSn!s'ignifid&gt.ly exceeded with the design of the planned press-
urized water reactor in Wyhl, even if the plant is preperly operated
as authorized.

p c.; 90019017-
-
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Appendix'

Biological Effect of Ionizing Radiation
,

1. Basic introduction

2. Excursus: Radiation damage on the molecular level

3. Statistical studies on radiation damage in man

4. Discussion of the tolerance limit

5. Discussion of the dose factors

a) calculation, average person

b) radiosensitivity of the tissues

c) inhomogeneous micredistribution

6. Radiation damage in'the embryo and fetus

.1) . elevated organ concentration

b) dependence on the stage of development

c) threshold value, late damage

d) statistical studies on the human embryo

90019018
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1. Basic Introduction on the Effects of Radiation on Man

Due to' its ionizing effect, the radiation emitted in radio-
active d!.sintegration causes damage to or destruction of human cells,
organe a s and biological molecules. The extent of the damage de-
pends on the penetrating power of the radiation, the duration of the
irradiation, whether the whole body is irradiated or only parts of it,.
and on other factors. We can distinguish between latent and manifest
damage, i.e., early and late damage.

We shall be concerned to discuss the somatic effects of low
doses of radiation to which people are exposed from the " normal"
operation of nuclear power plants, rather than the effects of a nuclear
accident (which are death, acute radiation sickness and early damage).

Even small radiation doses (mrem range) are able to cause
impairment of vital organs and manifest and fatal disorders of the
crganism. Many results of radiobiological experiments and extensive
statistics prove this. In particular, many irradiation experiments
have been performed on animals in order to determine the risk to man l
of radiological testing and handling methods. 1

i

2. Excursus: Radiation Damage on the ''Olecular Level I
i
|

Radioactive radiation has a variety of biological consequences. !

Independent of the location of the radiation source (i.e. , inside or I
outside a esil), the following types of damage may occur

1. Damage to the cell membrane (e.g., Petkau, A., 1972;

Scott, K.G., et al., 1973)

2. Changes in the enzyme pattern (e.g. , Mintzel-Landbeck, L.
Hagen, U., 1976; Cerutti, P.A., 1974)

3. Effects on the genetic substance of DNA (deoxyribonucleic
acid) (e.g., Weish, P., Gruber, E., 1975; varterdsz, V.,

1966). |

Radiobiology is cencerned espscially with effects en the
genetic substance because changes in this molecular area and all of
the c,onsequences of these changes are passed on to the daughter cells
during cell division (e.g., mutations, transformation of a healthy cell
into a cancer cell). Although the probability that damage will be
caused is greater when large doses are involved, the disintegration of
a single radionuclide can be enough to cause the mutation of ene or
more es11s. For example, the disintegration of one tritium particle
incorporated in the ONA can cause an average of 2.1 strand breaks in
the OMA (Cleaver, J.E. , et al. , 1972) . As the discussion'of the

90019019-u -
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molecular events shows, any determination of a dose threshold value
must be considered arbitrary.

Unfortunately, only a few papers have been published on
the biological effects of natural radiation and on synergistic en-
vironmental effects. It has been experimentally demonstrated that a
decrease in the natural background radiation induces a decrease in the

-

!

cell growth rate (IAEA, 1976), which is concrete evidence that even
natural radiation affects cellular mechanisms. This conclusion is
supported by the results of epidemiological studies in Kerala (India),
where a high level of background radiation caused by thorium-containing

~

rock is associated with a high incidence of mengo 11sm (Down's syndrome)
and other mental deficiencies of genetic origin (Kochupillai, N.,1976).

The question of the reversibility of radiation damage has
been under discussion for several years. Enzymatic mechanisms are
known which are able to repair the DNA strand breaks mentioned above. ;

In in vit.ro experiments the best results that have been achieved so
far have been repair of 80% of artificially induced strand breaks !

(Mittel-Landbeck, L. et al., 1976).

The efficiency of these mechanisms in vivo depends on the
type of radiation source. The strand breaks produced by UV radiation
are not repaired by the same enzymes as strand breaks caused by gamma
rays (Hariharan, P.V. , Cerutti, P.A. , 1976) . I-125 incorporated in
CNA produces strand breaks, a maximum of 50% of which can be repaired
(Painter, R.B. et al., 1974). Little is known about the consequences
of unrepaired strand breaks. In most cases they probably result in
the death of the cell. An error in the repair can have disastrous
results (mutations) .

Ionizing radiation can produce not only strand breaks, but
also chemical changes in the subunits of the ONA (Cerutti, P.A.,1974). This damage can be identical to damage produced by alkylating
agents (including such environmental poisons as ben = pyrene and nit-
rosamines) (Trosko, J.E., Chu, E.H.Y., 1975). The carcinogenic
effect of Lenicing radiation is demonstrable by the identity of damace
produced by ionicing radiation and alkylating agents (so-called radio-
mimetic substances).

3. Statistical Studies on Radiation Damage in Man
i

The most important result of these molecular biochemical
experiments and of many animal experiments is the significant increase
in cancer as a late consequence of low-level radiation (Little, J.A.
et al., 1975). There is a linear relationship between the amount ofj
time by which life is shortened and radiacion dose (2acq, ::.M. ,| Alexander, P.,.

-

1955); this linear relationship can also be cbserved|

g'4" h'.
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in the mram dose range. The shortening of life is a result of many !

kinds of late damage, e.g., loss of vitality with diminished resist-
ance to disease, early onset of aging processes, and . diminished power
of regeneration.

Statistics. from the United States and Japan confirm the re-

suits of these experiments. Some of the problems in this area which
have been sta*.istically analyzed are the following: Disease status
of workers in nuclear power plants (Mancuso, T.F. et al.,1976: .

Wagoner, J.K. et al., 1963), effects of increased natural radioactivity |
(Gentry, J.T. et al. ,1959 Kochupillai, N., 1976; Pincet, J., Marse, L.,

1975), atomic bomb victims of Hiroshima and Nagasaki (Jablon, S. et
al., 1965; Brill, A.B. et al., 1962), radiation injury in pregnant 1

women (Stewart, A., Kneale, G.W., 1970). A common finding in these |

studies was a significant increase in morbidity and mortality of the
individuals involved, pr harily in regard to cancer.

A few examples:

|Among workers in nuclear power plants the incidence of
cancer is clearly a function of radiation exposure (Mancuso, T.T.
et al., 1976). The incidence of congenital deformities is directly
dependent on the radiation dose from natural radiation (study on
1.24 millien infants in New York State) (Gentry, J.T. et al., 1959).
In a study on 19 million children in Great Dritain, Stewart at Oxford j

University determined that a doubling of the numberof radiographs
of pregnant women is associated with a doubling of the risk ef leukem-
la and other forms of cancer in.their offspring, and that irradiatien
with 90 mram in the first trimester is enough to double the incidence
of leukemia and cr.ncer in children up to 10 years old (Stewart, A.,

Kneale, G.W., 1970). In West Germany a dose of 60 mrem / year by
nuclear power plants is allowed; the thyroid dese for children may
be 90 mrom/ year. The risk of irradiation of unborn children and new-
borns is discussed in greater detail in section 6.

A canprehensive study by the National Academy of Science
in America, which was commissioned by HEW (BEIR report, 1976), con-
tains estimates of the risk for cancer, leukemia and hereditary dis-

eases from 4:ronic low doses of radiatien. Cn the basis of the data
in this report, we have determined the folicwing results of an add-
itienal radiation dose of 60 mram/ year in West Germany (the legally
permitted doce) :

al an additional 40 to 700 cases per year of serious
dominant hereditary disease in the first generation,

b) a fivefold increase in the number of cases of here-
ditary disease after a few more generations, and

-11"-
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c) an additional 500 - 1400 cancer deaths per year.

In a risk assessment performed for the AEC, Gofman, J.W.
et al. (1971) estimate even higher values (2000 to 12,000 cancer cases

,

per year at 60 mrom additional radiation exposure for West Germany). t

The BEIR report contains a critical discussion of the
validity of this type of risk assessment:

"It is clear that these estimates are subject to great un-
certainty. The range of credible values is large, and there is no
guarantee that the actual values fall within this range. We are well
aware that futuste informatien will necessitate revisions. The es-
timatas that have been given are not exact scientific values (as
scientists we would prefer to reserve judgment until reliable infor-
mation becomes available), but they are reasonable values that are
based on present scientific knowledge, and however rough and uncertain t
these estimates may be, they are better than no estimates at all since
some degree of crientation is advisable when we are dealing with
radioactivity."

,

The population that will be affected and the politicians
have to have some idea of the riskt the known qualitative effects
of radioactive radiation must be quantified. The presently available
estimates are the only quantifications that are possible at this time.
In the course of this discussion we shall elaborate on the difficulties
that prevent absolutely certain knowledge of these relationships (no
radioactive irradiation experiments on man, observation time too
short, sometimes difficult diagnosis of the diseases caused by rad-
lacion, cause-and-effect relationships difficult to survey, etc.).

.

The quantifications of the radiation risk from nuclear
power plants that are given in the large studies (e.g., BEIR report,
imSCEAR report, papers by Gofman or Tamplin) are not overestimates
since only the mean values were taken from the possible risk range.
This fact is illustrated by the BEIR report, in which various mathe-
matical models and various parameters were used to estimate the cancer
death risk in the United States if the maximum permissible radiation
levels were reached: values of 2000 to 9000 deaths per year were ob-
tained frem these calculations, but the final estimate that was given
was 3000 to 4000 deaths per year. If conservative assumptions are
desired, i.e., if we wish to consider the greatest possible damage
that could result from the use of nuclear technology, then we would
have to work with figures frem the upper range of these estimates.

4. Discussion of the Tolerance Limit

In light of present knowledge, it is no longer pessible for
any radiologist to determine a so-called threshold value, below which

{ {{ 4:0-
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genetic and somatic damage will not occur. Stokke et al. found damage
of bone marrow cells at a dose of only 8 mrem (Stokke, T. et al.,
1968).

Although radiation doses in the arem range had at one time
been demonstrated to have biolugical effects only on fungi, damage
to rat bone marrow has new been observed after doses of only a few
mram Sr-90 per week. Lung cancer has been induced in hamsters with
Po-210 doses of only a few aren (I';tle, J.B. et al., 1970). The
eminent radiation geneticist H.J. Muller stated on the basis of his
experiments with fruit flies (Dresophila) , that there is no threshold
value below which ionizing radiation is ineffectual. To a certain
degree of probability, every single ionization must be regarded as
effectual (Beck at al. ,1959) . This is especially true where the
development of cancer is concerned. It could well be that it is pre-
cisely low radiation doses that are capable of giving rise to cancer
since high doses damage the cells so severely that they die and are
than usually dissimilated by the organism, so that cancer cannot
develop. Lew doses also damage the cells, but usually not so severely
that the cells are unable to continue living and dividing. Multi-
plication of the cells results in multiplication of the cell damage,
which in turn may result in the development of a malignant tumor.
There is no minimum dose below which radioactivity can be regarded
as definitely not cancer-inducing (Oberling, C. , 1944).

In regard to carcinogenesis, it must be considered that
the disease is usually triggered by several factors (BEIR report,
1972), and that the induction of a tumor must be regarded as the
result of radiation damage to one or only a few cells. The BEIR
report therefore assumes a linear dese-effect relatien with no thres-
hold value for carcinogenesis and leukemogenesis. The threshold
value is a hypothetical quantity that is not supported by any theory
of tumer induction or empirical evidence.

There is still another difficulty. Cancer eften does not
appear until many years after the causative damage has occurred.
There may be a latent period of 5 to 30 years (Cleaver, J.I. et al.,
1972). The long dermancy of the cancer makes it much more difficult
to establish causal connections between irradiation (cause) and
cancer (effect) , i.e., many cancer patients will never knew that their
disease was caused by the action of radiatien (including, fer example,
x-ray examinations).

5. Discussion of the Dose Facters .

a) By definition, the dose factors establisn a connection
between crgan dose and the time intecral of the concentracien, i.e. ,

they express the biological radiation lead by a given quantity of
radioactivity, specifically in the crgans of the human body, in the

W,0F 90019023-m-
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form of a single numerical value. The following list of the para-
meters that have to be considered shows how many impenderables and
individual differences cannot be taken into account.

The radiation dose in an organ depends en the following
factors:

1. Quantity of the absorbed nuclide

2. Type of radiation emitted ,

3. Energy of the radiation

4. Half-life of the nuclide in the crgan, dwell time

5. Selection factor of the organ

6. Mass and ferm of the organ

7. Distribution of the activity in the organ

8. Chemical compound of the incorporated substance

These parameters dep'nd in turn en the following:e

age

sex

state of health ,

genetic constitution

food compositien

In estimating the radiation exposure from a nuclear facility,
the estimate is based en the " critical" peints, e.g., en the

" critical" population group, i.e., the group which will be affected
mest strengly by the radiation expcsure.

These risk calculations are based en the sc-called " average"
person, i.e., on a model of the adult human being in which rigid
physical and physiological parameters are used (e.g. , *0 kg body
weight, 1.2 1 fluid intake per day etc.). However, this does net

represent the critical populatien group, for there are pcpulation
groups whose physical and physiological characteristics lead to
greater radiation exposure.

" p op 90019024
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For example, liquid intake is higher in certain metabolic
diseases (e.g., diabetes mellitus). All metabolic diseases result
in changes in the ncrmal parameters due to changes in metabolic
processes, so that, for example, the dwell time of incorporated
radionuclides in the organism may be increased. The radiation dose
is thus increased. (Belcher, E.H. et al. , 1971; Barth, G. et al. ,
1968).

Furthermore, population groups in which previous damage
has been caused by other nexae must also be regarded as critical
groups. This means that the effect of the additional radiatien ex-
posure will be greater in these groups than in groups in which there
is no preexisting damage. "'ho following examples illustrate this:

Previous damage to an organ (the lungs of smokers, the
skin of photosensitive individuals) enhances the effect
of ionizing radiation and thus increases the danger of
radiation damage.

A number of chemical ecmpounds, e.g. , certain anti-
biotics, sex hozmenes and the like, increase the radio-
sensitivity of tissues, which are then more susceptible
to damage.

Metabolic changes, such as diabetes mellitus, nephrosis,
hyperthyroidism and the like, result in greater radio-
sensitivity of the organism due to previous injury of the
tissues, increased dwell time of the radionuclide, er
restriction of possible repair mechanisms. (It is pre-
cisely the metabolic changes characteristic of a metabolic

'

disease and the associated changes in the radionuclide
distributien in the organism and tissues which are utilized
in nuclear-medical diagnostics.). (Belchar, I.H. et al. ,
1971: Emrich, 0., 1971 Barth, G. et al., 1968)

These effects show that our calculatiens should not be
based en the group of average persens, but rather en the populatien
group in which deviations frem the normal parameters of the average
persen result in an increase in radiatien dese. The custemary pro-
cedure of basing these calculations en the normal population does
not conform to present knowledge in medical science, which it new
concerned mainly with cybernetic centrol systems and multifact uial
cause-effect analyses, and which for the most part new rejects
schematic-mechanical approaches to the human body.

b) Radiosensitivity of the Tissues

The dese facters that have been calculated in the past
have generally been fer the bene, lung, liver, kidney, and gasn e-
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intestinal tract; and in sesne cases for the spleen, thyroid and
muscle. The testbooks on nuclear medicine and radiation protection
judge most of these tissues to be moderately radiosensitive (bone,
thyroid) or even relatively radieresistant (liver, kidney, muscle)
(Pabst et al. ,1976: Sauter, 1971; Barth, G. et al., 1968). Only
the spleen and gastro-intestinal tract exhibit a high degram of
radiosensitivity. The other highly radiosensitive tissues are the
fellowing:

embryonal tissue .

lymphatic tissue

thysic tissue

bene marrow

testicular tissue

ovarian tissue

(Pabst et al. ,1976)

Specific dera factors are not used for these highly radio-
sensitive tissues, i.e., the moderately radiosensitive tissues and
relatively radieresistant tissues are considered in most calculatiens
of the relative biological activity of nuclear power plant emissions,
while the highly radiosensitive tissues are not included in the cal-
culations. The radiosensitivity of cells increases with their re-
productive activity and decreases with their degree of different-
iation (Barth, G. et al., 1968). The more frequently and faster
a cell multiplies and divides (the process of cell division is the
most radiosensitive), the less specialized it is and the more radio-
sensitive it is. This is true of embryonal tissue, hematopoietic
tissue (lymph nodes, spleen, thymus, bone marrow), white and red
blood cells, and gonadal tissues (testis, spematozoa, ovary, and
follicle). This prevides the pathophysiological explanation of the
fact that primarily embryonal damage, carcinoma of tha hematopoietic
tissues, especially leukemia (i.e., cancer of the white biced cells),
and genetic defects occur in individuals who are exposed to radio-
activity,

c) Inhemogeneous .Mieredistributien

Furthermore, it is necessary to distinguish not only among
the various radiosensitive tissues, but also to consider the specific
exposure within each organ. Bone is an example. It censists of
marrow, compact substance (shaft), spongy substance (epiphysis), a
layer of cartilage (covering the articular surface of the bene), and

m' '00V -*
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the endesteum (tissue lining the medullary cavity) and periosteum
(tissue covering the outside of the bons). Radionuclides are not
uniformly distributed in this bone system (Sugatara and Hug,1971):

|

Alkaline earths are deposited principally in'the epiphysis
and the calcification zones during the growth periods in

|

adults they are deposited mainly in the mineral zone under |the periosteum, in the endestium, and in newly formed com-
{pact substance and spongy substance. This applies to the )

elements calcium, radium, strontium, barium and phosphorus.
I

|

Depending on their manner of incorporation and chemical I

structure, plutonium and thorium are deposited in bone, )
especially in the periosteum, endesteum and bone marrow. |

Americium, rare earths and transuranium elements become ;

concentrated in the bone marrow and at the surface of the I
hone.

Our criticism of the dose factors can be expanded. Other
problems include the folicwings important radionuclides are dis-
regarded, there is no specific evaluation of the organic damage with
respect to effects on the total organism, undiscoverable damage, e.g., j
of the immune system, synergism, potentiating effect of damage to more

;than one organ. However, the questions that have been raised should
i

be reason enough to regard the use of the customary dose factors for !

calculations of the radiation exposure as completely unsatisfacteg. l

1

6. Radiation Damage in the Embryo and Fetus
)
i

The greatest radiological problem is without doubt the |

accumulation of radioactive substances during pregnancy and subse-
quant irradiation of the human embryo.

I

a) Elevated Organ Concentration

iThe formation and destruction of cells are in transient '

equilibrium in the adult human body. *his means that radionuclides
abscrbed by the adult human body have a shorter biological half-life
than radionuclides absorbed by the embryo. E brvenal and fetal
tissue is formed at a relatively fast rater destructive r" cesses
occur only to a limited extent. This high rate of formation results
in a high rate of substance abscrption, including radioactive sub-
stancess the abscrbed radienuclides are then incorporated in the body {of the embryo and later the child with a high biological half-life. !

It fcilows that for a given cencontration of radionuclides in the en-

vironment, the embryo has by far the greatest radiation axposure.
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. Experiments on rats'and_ dogs have shown that-38% of the
strontium and 666 of the cesium intake of the mother animal reaches

j .the-fetus transplacentally and is deposited in it (Sikov, M.R.,
Mahlun, D.D. , 1969) . In the pig (the experimental animal whose
physiology is closest to human physiology) the deposition of radio- -

strontium in the fetuses is ten times greater than in the uterus
and placenta. :Thus, radiostrontium is able to pass through the .

placental barrier (Werner, H., 1971). Long-term studies on large
and small mansnals with extremely low doses of radioactive iodine
(I-131), e.g... absorbed from atmospheric radioactive fallout, showed
absorption rates of mother to fetus of 1 : 3 (Book S.A., Golda n, M.,

.

1975; Eisenbud, M., 1968). A fatal thyroid gland contains 4 to 5
times the dose of I-131 as the thyroid of an adult.

The artificial plutonium radioisotope becomes distributed
through the entire body in the course of fetal development, but es-
pecially large amounts are deposited.in the bones and liver. Pu-239
is present'in the newborn's liver in amounts 20 times greater than in
the adult liver. Calculation of the Pu-239 radiation dose required
to induce cancer showed that the value for adults is 11 times greater
(45 times greater in the case of leukemia) than the dose that is i.

sufficient for tumor development in the newborn (Sikov, M.R. and
Mahlun, D.D., 1972).

When these high absorption rates are converted for the body
weight of a fetus (e.g., a fetus weighing 1 g compared to a woman
weighing 60 kg), we find that the child in utero is exposed to a
radiatien dose that is several pewsrs of ten greater.

b) Dependence on the Stage of Development

Comprehensive experiments performed by Wilson and Russell
on rats and mice-show that the radiosensitivity is much greater in
the early stages of embryonal develocment than in the later stages
(Braun et al.,1973; Hug, ::uppinger, -1972: Wilson, J.G., 1973). The
sygote (the foruilized ovum before implantation in the uterus) is
ex.remely radiosensitive it is destroyed by relatively low doses of'
radiation and then resorbedy if it survives, exencephaly (brain
located outside the skull) and cataract are likely to occur. Irrad-
iation durir.g' the organ-forming stage (in the human embryo in the

,

second and third weeks) causes (according to the authors cited above)
a lower resorption rate but a high incidence of deformities, e.g., t

hydrocephalus, microphthalmia (abnormal smallness of the eyes), i
anencephaly (absence of a brain), mierencephaly (abnormal smallness of {
the brain), deformities of the teeth, nose, retina and herniation.
In the fetal phase (in man, from the fifth week after conception until
birtn) the CNS (especially the cerebellum) and the eyes are highly
radiosensitiver total absence and defective development of these '

organs have been observed. *

-1 6-
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c) Thresheid value, Late Damage

In experiments with relatively low radiation doses (5 R) -
(e.g., wholabody dose allowed by the West German Radiation Protection
Law for occupationally exposed persons, 'manen in nuclear power plants),
investigators have found significant genetic damage, growth re-
tardation, accelerated aging processes el skeletal changes (Wilson,
J.G., 1973r.Jacobsen, L.', 1968 Medie morandum on the Industrial
Use of Nuclear Energy, 1976). In vr xcerimental animals (e.g. ,
rat, cow) radionuclide concentratie- :L/g body weight increase
the death rate of newborns and reduc. iight and fertility.

Another important problem must be considered in this
connection. Many types of embrfological radiation de. mage are un-
discoverable, especially after irradiation with small doses over long
periods of time. (Quote from Braun et al. ,1973: "Our knowledge about
radiation damage in the fatal stage is unsatisfactory. Developmental
anomalias induced by ionizing radiation in the late fetal period show
definite merphological/ anatomical manifestations only in a very small
number of cases and can be discovered only by histological and bio-
chemical methods. Radiation damage of this sort is no less important
than " drastic" deformities; the damage simply may not manifest itself
until the postnatal stage, by which time it has become difficult to
recognize the qualitative connections between cause and effect.")

"'he types of damage involved here are growth retardation,
losses of activity, nervous disorders and biochemical defects (Wilson,
J.G., 1973; Medical Memorandum on the Industrial Use of Nuclear

Energy, 1976).

The animal experiments prove that there is also no thres-
hold value or tolerance limit for embr/enal radiation damage (Jacobsen,
L., 1968). Genetic defects, chronic changes and cancer can be caused

by even the kanallest doses of radiation ( Wilson, J.G. , 1973).
UCU UUY

d) Statistical Studies on the Human Embryo

It is becoming increasingly apparent that the results of
animal experiments very probably are valid in man as well. *he
evaluation of data fr:xn the initial phase of radiotherapy, conse-
quences of radiography, studies en the atomic bomb victims of Hire-
shima and Nagasaki, and extensive statistics from recent years shew
significant effects of radiation en embryos and infants.

Stewart found an almost 100% increase in leukemia and other
cancers in children whose mothers had had x-rays of the abdemen
during the first trimester of pregnancy compared to children whose
mothers had not t.ad cbstetric x-rays (Stewart, A., 1973 Stewart, A.,

Hewitt, D., 1965; Stewart, A. and Kneale, G.W., 1970 Stewart, A.

et al, 1958). Studies by MacMahen and Kneale confirm this (MacMahen,
,1 C O d *;u
vaU\ U L.
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S'.,19623. Kneale, G. W. ,1971) . Even children whose parents had
.

been x-rayed 5 to 15 years before the mother's pregnancy had a
'

significantly greater chance of developing leukemia (Gibson, R.W.
et al.,~.1968; Kessler, I.I. and Lilienfeld, A.M., 1969).

'

Many other studies could be cited.. However, the results.
that have been given are sufficient to show that'the child in utero

'
represents by far the most radiosensitive stage of human life and
the stage that is most threatened by radiation. This fact has not
been considered in any way in the licensing procedure for. nuclear

'

power plants.

According to the presently lawful West German Radiation
Protection Law, the radiation exposure resulting frtzn leakage of

. '
radioactive substances into the air or water from nuclear power plants
must be kept "as low as possible" and may not exceed 30 mram/yr
for the whole body or 90 mrom/yr for the thyroid. In addition, section .

45 of the Radiation Protection Law stipulates: "This radiation ex-
posure must be computed for the most unfavorable cases and points t

of exposure, with due consideration being given to all relevant ex-
posure pathways, including the food chains."

Therefore, calculatiens of the radiatien exposure ex-i

pected for man must be submitted as part of the licensing procedure
fer nuclear power plants. However, these calculations are based on
the physiological conditions in a " healthy, average person". Un- i

favorable cases, such as sick and old persons, children, and especially
children in utero, are not taken into consideration. This procedure
does not comply with the explicit demands of the law.

.

'
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ABBREVIATIONS USED IN THE * EXT

Bavarian Biological Testing Institute.BBV =

Curie. Unit for the quantity of a radioactiveCi =
,

substance in which 37 billion disintegrations
per second occur.

Association for Reactor Safety, a private companyGRS = *

which prepares assessments for nuclear power plants.
Financed by the federal government and by the TUV.

Kernkraftwerk Sud GmbH, Karlsruhe.IC.'S =

Unit of Radiation Dese,mrem =

~

picocurie = 10 Curie.pCi =

Reactor Safety Commission. Advises the Secretary ofRSK =

the Interior. 13 members, exclusively advocates of
nuclear energy.

Radiation Protection Commission. Advises the Secre-SSK =
tary of the Interior. 13 members, exclusively advo-
cates of nuclear energy.

Radiation Protection Law.SSVC =

TSV Industrial Supervisory Association. Industrial asse-=

ciation whose members include, for example, all nu-
clem: power plants and manufacturers of nuclear
powtr planrs.
Prepares assessments en nuclear power plants by commis-
sion of the licensing authorities.

Federal Department of the Interior.BMI =

SMBW = b" Federal Department of Education and Science.i
, 14 trt, i

Federal Bureau of Health.BGA =

Institute for Reactor Safety.IRS =
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