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ABSTRACT

The doses to individuals and populations from
water-borne nuclides leaked from a repository
have been calculated earlier using the compu-
ter program BIOPATH. The turnover of nuclides
in the biosphere is thereby simulated by

the application of compartment theory. For the
dominant nuclides in the disposal an analysis
of the importance of varying parameters has
been done, to decide how strongly uncertain-
ties in data will affect resulting doses. The
essential part has been the transfer coeffi-
cients but also the uptake in the food-chains
has been studied. The purpose of the study

has also been to make proposals for forthcoming
efforts to improve the basis for such calcula~
tions. The study shows the great importance

of the surface water-soil-groundwater-drinking
water system for the dose. Thereby the most
important guestion is the solubility of the
nuclides in the different water reservoirs.

Performed within a joint research program in
co-operation with SKBF/KBS.
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1. BACKGROUND

within the KBS project "Final disposal of high
level waste" calculations of the dose to man
have been made using the computer program
BIOPATH (1). In the program a simulation is
included of the dynamic exchange of radionuc-
lides in the biosphere. That is done by the

application of compartment theory.

The reliability of the calculated doses depends
on the structure of the model, exposure pathways,
approximations and uncertainties in the data used.
when there has been a range in the data used,

the policy has been to use those values which

give a higher dose burden.

To decide how strongly uncertainties in data
will affect resulting doses, a variation ana-
lysis concerning important parameters in BIOPATH
has been performed. This has been done for
dominant nuclides from the point of view of the

dose burden, and as a complement to earlier

analyses.
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2. PURPOSE OF THIS STUDY

The aim of this study has been first of all to
study what influence variations in important
parameters will have on the results of the dose
calculations for dominant nuclides in the disp-
osal of high level waste according to the KBS
concept (4).The project also aims to make pro-
posals for forthcoming efforts and developments

to improve the basis for such calculations.
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3. ASSUMPTIONS
3.1 Nuclides and source strengths

The study has been restricted to dominant
nuclides as indicated by earlier calculations.
However, new data have become available for the
uptake of certain nuclides, such as neptunium
and protactinium, in the human body. This has
resulted increased interest in these nuclides.
The following nuclides and decay chains are

therefore supposed significant:

I-129

Cs=135

Ra-226

Pa-231

Np=-237
Th-230/Ra=-226
U-234/Ra-226
U-235/Pa=-231

The inflow of activity to the recipient area is

taken to be 10°°
longlived nuclides with low mobility in soil the

Ci annum for 106 years. For

maximum radiation doses will occur very late, or
equilibrium will perhaps not quite be reached in
soil. The doses might then be a little higher
than the radiation doses from the calculated
release pattern, if the actual releases last for

a shorter time.

3.2 Dose factors

In this study the most recent values published
by ICRP for weighted committed dose equivalent
per unit activity intake have been used (5). For

those nuclides not listed in ICRP-30 values have
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been taken from NRPRB (6). In Table 1 the dose
factors used previously are compared with those

used in this study.

3.3 Release alternative

The inland alternative has been studied, that
means that the rscipient for the groundwater
borne nuclides is a lake. The study has been
concentrated to the regional doses, as they are
directly dependent on the ecological processes
that are described by the transfer coefficients
used. The doses to the critical group via a well
are mainlvy dependent on the initial dilution
volume and the amount of water used for irri-
gation. In that case only the change of irri-

gation rate has been studied.

3.4 Reference values

In Figure 1 the model system which has been used
is shown. The variation analysis and the compari-
song in this report are based on reference
values. These reference values have been obtai-
ned from the set of transfer, concentration and
distribution coefficients used in (3) and cont-
inuous leakage rates of 10n6 Ci annum for 106
vears. The diet and living habits are the same

as in (3).
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4. VARIATION OF TRANSFER COEFFICIENTS

The transfer coefficients which are of the
greatest importance for the dose calculation,
and therefore are of interest to study, are

those related to the following processes:

- surface water » Baltic Sea

- surface water » soil

- turnover of soil and ground water
- soil » surface water

- water » sediment

- soil » ground water

These have been chosen as they are important for
the exposure pathways which dominate the intake
of activity to man. Previous discussion of the
models (3) accuracy has also been used as a tool

to estimate the important process.

4.1 Turnover of water in the lake

The time for the turnover of water in the lake

is taken to be 0.25 - 0.3 and 1 ~ 2 years for the
simulation of lower and higher residence times
respectively for the nuclides in the reservoir.
The reference value is 0.5 vear. In (7) a more
careful analysis of the turnover of water in
Finnsjén has resulted in a residence time of

0.6 year.

4.2 Irrigation

Use of irrigation in farming depends on a number
of factors such as type of harvest, species of
soil and climate. Garden products, pasture and
potatoes are considered to be sufficiently
lucrative to irrigate. The mean value which
necessitates a contribution by irrigation, if
the year is dry, has been estimated to be about
100 - 150 mm (10). At present about 5 percent
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of farming land in Sweden is irrigated but an
increase to about 10 % has been considered be
lucrative {10). The vaference value for transfer
from the lake to the adjacent farming land is
0.02 vear ~ based upcn 10 % of the land within
the drainage avea of the lake being irrigated once

a y=ar with 35 mm of water,

If the Finnsid area iz concernad, the value used
in the calculations is considered to be too high

consists mainly of nonarable

because the

land.

However, 1if the vecipient is situated in typical
farming land with the pregent intensity of
irrigation in sSweden the reference valus could
be considered to be relevant. Increased irri-
gation {to 10 % of farming land) in the future
would result in a three times higher transfer
from the lake to the adijacent farming land. That
means & probable range for the transfer of

~1

0.01 -~ C.06 year 7,

4.3 Turnover of soil and ground water
and infiltration

Ags the turnover of ground water and the in-
filtration in the soil are connectad processes,
they are discussed together in this section. To
investigate the importance of the residence time
in the ground water reservolr the transfers
from thare hava besn altered by a factor five
up and down Lo simulate higher and lower
turnover times regpectively for the different

A

nuclides,
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Infiltration of water from the soil reservoir to
the water reservoir has in the reference calcu-
lations been supposed to be 0.1 year. Multipli-
cation with the kdfactors for the different

nuclides gives the total transfer rates.

Another way of treating the important transfer
to the ground water from the soil is the
following: a so-called sponge model is used

for the water blance, which means that the zone
of soil water must be saturated before any
addition to the ground water can be expected;
nor is there surface water run-off. Then if

a water blance is made for the system the

following relationship is valid

Q=P ~E
where
Q = runoff
P = precipitation
E = evapotranspiration

In this case the potential formation of ground-
water in a year is about the same as the runoff
during the year. By "potential ground water
formation" is meant the maximal part of the
precipitation that can possibly form ground-

water.

In the following table the mean values (in mm)
of the above mentioned parameters (9) are summa-

rized for different areas in Sweden.
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Area Q E P
Halland 440G 545 985
Gotland 175 485 660
So6dermanland 205 475 680
Vastmanland 305 485 790
Uppland 215 470 690
Norther Jamtland 750 170 a20
Noxrther Lappland,
except the moun-
tain region 350 245 595
Norther Lappland,
including the
mountain region 685 120 825

Different types of soils have different field

capacities, that is the capacity to retain

water after drainage.

rent soills are shown in the table below.

Type of goil

Field capacity

mm

Moraine 65 - 140
Sand 40

Sand with gravel 15 - 25
Fine sand 120 -~ 130
Sandy fine gravel 10 = 20
Fine gravel 2 - 4
Cravel 2

Peat 200

10

Typical values for diffe-
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The variations are considerable. Farming land is
the main part of clay soils, such as moraine
clay. That should in Uppland, for example (where
Finnsjén is situated) imply a transfer rate

of 2 - 3 year-l. On the other hand the derived
value 2 - 3 year-l, is valid for the superficial
ground water, and our reference value is a mean
value including both the superficial and the
deeper ground water. The behavior of water in
soil and ground is a very complicated process
and strongly dependen on the conditions in the
area. That change can also be seen as a varia-

tion in the volume of water in the ground.

4.4 Sedimentation

If there were intervals in the transfer to
sediment from the water represented in (3), the
upper and/or the lower value have been consid-

ered in the variation analysis.

Otherwise the reference values have been altered
by a factor of five or for some nuclides they
have been completely changed in order to inves-

tigate the importance of their variation.
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5. RESULTS OF THE VARIATION OF TRANSFER
COEFFICIENTS

The resulting doses when the transfer coeffi-
cients are varied are shown in Tables 4 - 11.
Figure 2 is a graphic summary in a lin-log plot
of almost all the variations of transfer coeffi-
cients considered in thig study. The relative
changes of the doses compared to the reference
case for the nuclides studied are graphicly
presented in detail below, where short expla-

nations over the results are given as well.

5.1 Iodine-129

In the reference case the exposure to man is
dominated by the consumption of meat (57 %),
milk (22 %), and fish (20 %).
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The turnover of water in the lake

J&i ] | 1 -

1 2 3 4 transfer rate (year_l)

Figure 3

The relative changes of the dose from iodine-129
when the turnover rate of water in thgllake is
varied. The reference value is 2 year .

The doses from the terrestrial pathways, which
are the dominating ones, are received by cattle
consuming water. Therefore the doses are in-
versely proportional to the turnover time of

water in the lake.
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irrigation
relative
change
]
l sy
A i l ] o
0.004 0.02 0.1 transfer rate (year—l)
Figure 4
The relative changes of the dose from iodine-129
when the irrigatioglrate is varied. The reference
value is 0.02 vear
Changing the rate of irrigation does not affect
the results at all as the contamination level of
the nuclide in the lake water is the dominant
factor for the doses.
Soil and groundwater turnover
relative
change |
1
; | s -

A 5-A transfer rate (year 1)

(%2l D;t

Figure 5

The relative changes of the dose from iodine~129
when the turnover time of the nuclide in the soil
and groundwater is varied. The reference values

A are _
groundwater -» surface water 0.2 year_;
groundwater » goil 0.1 year
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As for the case of varying transfer based upon
irrigation, the influence of the resulting dose

is totally negligible

5.2 Cesium-135

The radiation dose from cesium is strongly
dominated by fish consumption. In the reference
case that exposure pathway constitutes up to
about 91 % of the total dose, followed by the

exposure from drinking water.

The turnover of water in the lake

relative
change |

A | | | -—
1 3 3 transfer rate (year_l)

Figure 6

The relative changes of the dose from cesium-135
when the turnover rate of water in thgllake is
varied. The reference value is 2 year .

As the exposure pathway due to fish consumption
is so dominating, the doses are almost inversely
proportional to the change of turnover time of
the water in the lake. The turnover time deter-
mines the concentration of the activity in the

lake, and accordingly the uptake in fish.
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relative
change

JV | i ] -

0,004 0,02 0,1 transfer rate (year—l)
Figure 7

The relative changes of the dose from cesium-135
when different intensities of irrigation from

the lake to the surrounding farmifg land are used.
The reference value is 0.02 year

Increased irrigation causes higher concentration
levels in the soil and ground water reservoirs.
That implies that the exposure by drinking water
will increase correspondingly. But as the expo-
sure due to the consumption of fish is so dominant

the total radiation dose is only slightly affected.

Sedimentation

- e o e e oms o T WD SRS AR K

relative
change 4

LA, | | | -

0.15 transfer rate (year_l)

-’
o
o]
[N
[
(-
[

The relative changes of the dose from cesium=-135
when different sedimentation rates in the like
are used. The reference wvalue is 0.03 year .
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The importance of the transfer of cesium to the
sediments from the water reservoir was studied
by decreasing and increasing the reference value
by a factor five. These variations do not affect
the results because the turnover of water in the
lake determines the activity level in the water
for cesium, which is known to be fairly soluble.
Here can be mentioned that a special study of
the cesium-137 turnover in a lake (13) indicated
that a fraction of 0.37 was sedimenting. But for
that particular lake the turnover of the water
was low. Naturally the concentration levels in
the sediment will change according to different
sedimentation rates, and that has significance
if the food chain over bottom living worms to
fish is considered. Further it is of importance
for the possible drying up of the lake in the
future and the use of the sediments as farming

land.

5.3 Radium-226

In the reference case the maximum regional dose
is dominated by the exposure through drinking
water 64 %. The exposure from the consumption of
fish and milk contribute 33 % and 2 % respecti-
vely.
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The turnover of water in the lake
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relative
change §

LA, ! L1 -

1 ) 3 transfer rate (year_l)
Figure 9

The relative changes of the dose from radium-226
when different turnover rates of water in the

, . =1
lake are used. The reference value is 2 year

As the activity level in the lake is decisive
for the radiation dose from radium-226, change
in the turnover time for the water in the lake

gives corresponding changes in the dose.

relative
change “
C
2 b
N
i } .
L4
Figure 10

The relative changes of the dose from radium-226
when different irrvigation intensities from the
lake to the surrounding farming lind are used.
The reference value is 0.02 vyear
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As the changes of the irrigation only influence
that fraction of the total dose which is received
by the activity in the groundwater, the changes
in the dose is not directly proportional to the

change in irrigation.

relative

change

=t

| | |
% A 5°'A transfer rate (year—l)

Figure 11

The relative changes of the dose from radium-226
when different rates for the turnover of the
nuclide in the groundwater are used. The refe-
rence values (A) are:

ground water » soil = 2.107% year_l_ _
ground water » surface water = 4-10 year

The change of turnover time for soil and ground-
water gives changes in the fraction of the dose
received through the consumption of ground
water. However, the physical half-life of radium
compensates the build-up of activity which
otherwise would be expected when the residence

time gets longer.
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Figure 12

The relative changes of the dose from radium-226

when different infiltration rates in the regional

soil regervoir are used. The reference value is
=35 =1

1.5-10 yvear

When the rate of infiltration to the soil reser-
voir is decreased by using a lower transfer
coefficient, and the physical half-life is
relatively short, a smaller amount of activity
is brought to the groundwater reservoir. The
activity level in the soil reservoir will be
increased, but as the dominant terrestrial ex-
posure pathways (milk, meat) depend on the
cattle intake of activity wvia drinking water,
taken from the lake that does not affect the
dose. More rapid transport to the ground water
reservolr will give an increment of the fraction

of the dose received via groundwater.
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Ground water

relative
change‘

LA~ ] ] | | -

10 4Jﬂ_4 transfer rate (year_l)

Figure 13

The relatice change of the dose from radium-226

when the transfer from the groundwater to the

6 1
. The reference

surfacewater is 1.0-10 year-

value is 4-107% year_l.

The transfer rate from the ground water to the
lake, has in the reference case been taken to be
4-107% -1
is quoted in (7). When the lower value is used

the dose will increase by a factor 1.5, depending

year_l. A much lower value 1-10'"6 year

on the exposure via drinking water. The change
is relatively small compared to the difference
in transfer rates, and that depends on the
physical half-life, that is relatively short and

compensates the build-up in the reservoir.

5.4 Protactinium-231

In the reference case for protactinium the
regional dose is almost completely dominated by
the drinking water (96 %), followed by exposure

from the consumption of fish (4 %).
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change )
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0.5 1 2 3 4 transfer rate (year )

Figure 14

The relative changes of the dose from protac-
tinium~231 when the turnover rates of water in_
lake are varied. The reference value is 2 year

Changes in the turnover time give corresponding

changes in the dose.
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change
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0,004 0,02 0,1 transfer rate (year_l)
Figure 15

The relative changes of the dose from protac-
tinium-231 when different intensities of irri-
gation from the lake are used. The reference
value is 0.02 year .

As the dose is so strongly dominated by the
exposure via drinking water, the changes are

almost directly proportional.
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Soil and ground water turnover
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change }
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AX 5-A transfer rate (year 7)
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Figure 16

The relative changes of the dose from protac-
tinium-231 when different rates for the turnover
of the nuclide in so0il and groundwater are used.
The reference values (A) are: -1
ground water -+ sgoil = 6-10 yvear

ground water » surface water = 1.2-10 1

5 year

The increment and decrement of the turnover time
for ground water by a factor five from the
reference value has rather little influence on
the dose. The reference value based upon the
retention factor is so low that in the actual
range the physical half-life 1s of major impor-
tance for determining the activity level in the

groundwater reservolir.
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Figure 17

The relative changes of the dose from protac-
tinium-231 when different infiltration rates in

the soi}6reseryQir are used. The reference wvalue
is 6-10 year .

with increased retention in soil the doses will
decrease as, less of the activity before decay
will be brought to the groundwater reservoir
which is dominant from the point of wiew of
exposure. If the infiltration is faster than in
the reference case the dose will increase but
not be directly proportional, dependent on the

physical half-life.
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Figure 18

The relative changes of the dose from protac-
tinium-231 when the sedimentation rate in the
lakeu}s varied. The reference value is 0.03
vear

The importance of the sedimentation has been
studied by varying the reference value by a
factor five and also by using the high transfer
coefficient which is applicable in the model for
the different sedimentation rates of the parti-
cles. That value is 5§ yearml. As can be seen
from figure 18 the influence on the doses is very
small. As mentioned earlier, with low sedimen-
tation rates the concentration of activity in

the lake is determined by the turnover of water
in the lake. When the transfer to the sediment

is high there is another important parameter,
namely the leakage from the sediment back to

the water. For protactinium this transfer is
assumed to he 1077 year™ . when using the higher
sedimentation rate there will be a considerable
leakage back, and the eguilibrium will be reached
later, but at a level not much lower than in the
reference case. Therefore the doses will be sli-

ghtly changed.
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5.5 Neptunium-237

Exposure from neptunium is dominated by drinking
water (56 %) and the consumption of fish (43 %)

in the reference case.

The turnover time of the water in the lake

relative
change
2
l jmass
L«l | | |1 - L
1 2 3 4 transfer rate (year )
Figure 19
The relative changes of the dose from neptunium-237
when different turnover rates of the water in 1

the lake are used. The reference value is 2 year

The dose is inversely proportional to the turn-
over time as the drinking water and the consum-

ption of fish dominate the exposure.
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Figure 20

The relative changes of the dose from neptu~-
nium=237 when different irrigation intensities
from the lake are used. The reference value is
0.02 year

As the changes of the irrigation rates only

influence that fraction of the total dose which
is received by the activity in the groundwater,
the changes in the dose is not directly propor-

tional to the change in irrigation.
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Figure 21

The relative changes of the dose from neptu-
nium-237 when the turnover time of the nuclide
in soil and groundwater is varied. The reference
values (A) are: -3 -1
ground water > soil = 1-10 year 3

ground water -» surface water = 2:10 1

year

As the turnover of the water in the ground only
affects that part of the dose which is received
through the consumption of drinking water the

changes of dose will be as in Fig 21.
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5.6 Thorium=230/Radium=-226

This decay chain has been studied by contempor-
aneous changes of the different transfer coeffi-
cients. In the reference case the exposure from
thorium is dominated almost entirely by drinking

water (99 %).

The consumption of fish contributes with 1 %.
For radium the dose is dominated by drinking
water {67 %), consumption of fish (30 %) and
milk (2 %).

The turnover of water in the lake
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Figure 22

The relative changes of the doses from tho-
rium=230 and its daughter nuclide radium-226
when different turnover rates of the water in
the 1ag$ are used. The reference value is

2 year

There is no change in the dose from thorium when
relatively high or low turnover times are used
for the water in the lake. This depends on the
large transfer to the sediment and the very low

leakage back to the water reservoir, which
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determine the level of activity in the lake for
thorium. The concentration of radium in the lake
is, however, determined by the residence time of
the water in the lake and correspondingly the
doses are almost proportional to the changes in

the turnover of the water.

0,004 0,02 0,1 transfer rate (year_l)

Figure 23

The relative changes of the doses from tho-

rium-230 and its daughter nuclide radium-226
when the rate of irrigation from the lake to
the surrounding farming land_is varied. The

reference value is 0.02 year

As almost the entire dose from thorium ori-
ginates from drinking water, the doses are
directly proportional to the rate of irrigation.
For radium only the dose received from drinking
water is influenced which is why the dose changes

are smaller for that nuclide.
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Figure 24

The relative changes of the doses from tho-
rium=-230 and its daughter nuclide radium-226
when the turnover rate of the the nuclides in
the soil and groundwater_}s varied. The refe-

rence values {A) in year are:

Th-230 Ra-226
ground water » soil 2-107° 2.107%
ground water -» surface -6 -4
water 4-10 4-10

For both nuclides the doses will be halved if
the turnover time is increased by a factor five.
The relatively small influence depends on the
physical half-life which is fairly short comp-
ared to the turnover times in the reservoir for

the nuclides.
For longer residence times the doses will in-
crease a little. The small change depends again

on the physical half-iife of the nuclides.

5.7 Uranium=-234/Radium=226

The decay chain U-234 » Th=230 » Ra-226 has been
studied by the simplified decay chain U-234 > Ra-
226,
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Contemporaneous changes of the different transfers
have been carried out. Uranium causes doses,
mainly through the drinking water, (62 %), and
consumption of fish (38 %). For the daughter
product radium the dominating exposure pathway

is drinking water (100 %).

The turnover of water in the lake

relative
change |}

o

1 2 3 transfer rate (year—l)

Figure 25

The relative changes of the dose from uran-
ium-234 and its daughter nuclide radium-226 when
the turnover rate of the water in the_}ake is
varied. The reference value is 2 year

For both nuclides the curve in figure 24
describes the changes in dose when the outflow
from the lake is altered. The proportionality
depends on the dominating exposure paths: the
consumption of water and fish. These are direc-
tly proportional to the concentration in the
lake, which for these nuclides is determined by

the turnover of the water in the lake.
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[ERpUE =~ r————

transfer rate (year

Figure 26

The relative changes of the dose from uran-
ium=234 and its daughter nuclide radium-226 when
the rate of irrigation in the regiong} zone is
varied. Reference value is 0.02 year .

As the irrigation influences the contamination
of the groundwater directly, the fraction of the
dose which is received from drinking water is
increased proportionally. For radium it is the
dominating exposure path, so the doses are
directly proportional to the turnover of the

water in the lake.

)
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Figure 27

The relative changes of the dose from uran-
ium-234 and its daughter product radium-226 when
the turnover of the nuclides in soil and ground-
water is.,varied. The reference values (A) are,
in year

U-234 Ra=226
ground water > soil 1-107%  2.107%
ground water » surface -3 -4
water 1-10 4-10

The dose originating from the groundwater for
uranium will increase proportionally with the
change of the turnover time. For radium the
importance is quite clear as 100 % of the dose
is obtained from the groundwater and the decrea-
ment of the turnover time for uranium-234 gives
corresponding increament of the activity level
in the ground water reservoir. That implies an
increased dose up to about 5.4 times the refe-

rence value for radium-226.
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Figure 28

The relative changes of the doses from uran-
ium-234 and its daughter product radium-226 when
the rate of the infiltration in the soil reser-
voir_%s variid, The refe£§nce vg}ues (A} are
1-10 vear and 4.5-10 year for uranium
and radium respectively.

When the infiltration rate in the soil is in-
creased the doses will be higher. The change is
however relatively small. The doses will dec-
rease correspondingly if a lower mobility of the

nuclides in the soil is assumed.
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Figure 29

The relative changes of the doses from uran-
ium-234 and its daughter product radium-226
when the transfer rate from the water to the
sediment in the lake is. varied. ng refegfnce

values (A) are 56 year ~ and 5-10 year for
uranium and radium respectively.

These changes do not affect the dose at all as
the turnover of the water in the lake determines

the level of the concentration for the nuclides.
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Figure 30

The relative changes of the doses for uranium-234
and radium-2256 when the transfer rate from the
groundwater to the gurfgg& watgf is changgg. The
ref&gince values are 10 7 year and 4-10

vear for uranium-234 and radium-226 respect-
ively.

A studv of uranium and radium in soil and water

6 6

has given the values 3-10° yearul and 10~

s L
vear

{7y. 1If those values are used the dose
from uranium will increase by a factor of 11,
and for radium this implies as much as an in=-
crease of 19 times the dose. This is because of
the much higher concentration which can be built
up in the groundwater reservoir if the transfer

rates Lo the laks are so low.

tance of pyotactinium for the total dose, in
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particular as new information become available
concerning the biological uptake to man has
indicated the significance of studying that
chain. In the reference case the dose for uran-
ium-235 is dominated by drinking water (63 %)
and the consumption of fish (38 %). For protac-
tinium the dose is dominated by drinking water
(100 %). As for the other decay chains contem-
peraneous change of the different transfer

coefficients have been made.

The turnover of water in the lake

relative
change |
4 e
2
1
_N | | | -—
0.5 2 4 transfer rate (year—l)
Figure 31

The relative changes of the doses from uran-
ium-235 and its daughter nuclide protacti-
nium-231 when the turnover rate of the water in
the lake is varied. The reference value is

2 year
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The doses for both nuclides are proportional to
the turnover time of the lake as the dominatant

exposure pathways are drinking water and fish.

Irrigation
relative
change |
5 | Pa-231
4 i
31
2 1.
1t
- 4
0,004 0,02 0,1 transfer rate (year_l)
Figure 32

The relative changes of the doses from uran-
ium=235 and its daughter nuclide protact-
inium~231 when the rate of irrigation from the _
lake is varied. The reference value is 0.02 year

As irrigation only affects the fraction of the
dose received by the ground water, the changes
of dose when different irrigation rates are

simulated is smaller for uranium than for pro-

tactinium.,
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6. THE WELL ALTERNATIVE

In the earlier studies the irrigation from a
well to the local area has been set to 60 m2
water per year. Intensified irrigation has

been simulated, the local area 2.5-10% m? has
been irrigated with 100 mm water per year. In
Table 12 the relative changes of the individual
doses compared to the reference case for the
different nuclides are shown. The importance of
the irrigation varies for the different nucli-
des. Radium generated by the decay of thorium is
not affected at all as the exposure in the well
alternative is dominated completely by the
consumption of fish from the near by lake. For
all decay products except protactinium the dose
will be higher in the regional area even for an
extremely high irrigation. This is because the
present version of the model does not include
the decay of the mother nuclide in the local
area and also there is no reservoir for the
nuclides after migration in to the soil, as

is the case in the regional area. For protact-
inium the large change depends on the terres-
trial exposure pathways, vegetables, rootfruits
and grain. Even if a fairly small amount of
protactinium generated by the dacay of uran-
ium-235 in the groundwater reservoir is brought
into the local area, the nuclide is considered to
be so imobile that the concentration in the

soilreservoir will increase considerably.
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7. VARTIATION IN UPTAKE THROUGH FOOD CHAINS

The uptake and distribution of nuclides in
food-stuffs iz a very important factor in cal=-
culations of the total internal dose to critical
groups and populations. Uncertainties about
those, especially for uptake in fish have a
direct effect on the total dose-burden. There
are natural variations in the biological uptake
of nuclides in vegetation and biota. The values
used for uptake and distribution in food-stuffs
are shown in Table 3 for the reference case,
where even intervals for the factors found in

the literature are given.

If the upper limit of the values are used in the
calculations, or when there is no variation in
the values, the reference values have been in-

creased by a factor of 10.

In Tables 13 and 14 the relative changes comp-
ared to the reference case are given for the

well and for the lake cases regpectively.

The changes are smaller in the lake alternative

because of the dominance of drinking water.

If the factors are decreased to the same extent
the doses will decrease. The relative changes

are shown in Table 15,
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8. VARIATION OF ANIMAL DIETS

The reference value for animal consumption of
water has been set to 30 1 per day. This value
is probably too low, a report of analysis of
factors for dose calculations (10) has given
ranges between 60 and about 100 1 per day for
cattle. The higher value corresponds to the
grazing period. Therefore a mean value of

75 litres per day seems reasonable. The impor-
tance of that factor is, however, relatively low
as the exposure pathways via milk and meat are
often of minor importance, except for (the
nuclide) iodine. Besides, in the well case where
those pathways are of greater interest compared
to the lake case, the dominant of exposure
pathway is by the direct surface contamination

of the pasturage.
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9. CHOICE OF CRITICAL GROUP

The change of transfer coefficients influences
the doses as previously seen, but changes of
certain transfer cosfficients can also cause
other individuals to be exposed more than in the
reference cas#. That means for example that for
radium-226, generatad by the decay of thorium=230
in the biosphere, with a low irrvigation rate,
the concentration of the nuclide in the lake
will be higher than in the ground water reser-
voir, so the critical group in that case con-
sists of those who are using the lake for their
water instead of the ground water. Independent
of the model for the activity concentration
there will be changesg in the dose burden resul-
ting from the choice of critical group, diet and

living habits,
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10. DOSE FACTORS

Uncertainties in the dose factors directly
affect the resulting doses. The dose are propor-
tional to the absorption of the nuclide from the
gastrointestinal tract. This uptake can vary
with the solubility of the compounds. As example
a quotation from ICRP 30 is included below, for

the neptunium nuclide.

Experiments on rats indicate that the fractional
absorption of neptunium from the gastrointestinal
tract is about 0.01 when it is administrated as
the nitrate. However, the tractional absorption
of trace guantities of the element may be a
factor of ten lower as may be the fractional

absorption of neptunium incorporated in food.



STUDSVIK ENERGITEXNIK AR STULSVIE NW-21/20 46

1881 -03-06

14
This as indicated the great importance of

the dose to individuals

From the lake - soll -

groundwater systen. To obtain a betiter bagis
for the doze calcoulations three different areas

for further developrent can be identified.

11.1 The mo

The present wmodel does not include the decay of

a mother nuclids Lo an ive daughter in the

local ecosvstem, which is a weakness in the

program for the we

The direct contamination by retention of conta-
minated water on the vasturages ought also to be
included in the calculations of doses from the
regional zone. For the local area it is the most

important axposure from the con-

sumpticon of milk and meat.

regional area could be

The modal
increased by two oompartments namely 2 soils and

2 groundwater regervolrs.,
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as The movement of
ey complax process.
<fore be used to si-
of water.
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11.2 Transfer coefficients

There are obvious uncertainties concerning the
behaviour of nuclides in the soil reservoir. The
species of soil vary with different chemistry
and waterfield capacities. As farming land is
the most interesting receiver of released nu-
clides from dose burden point of view, it would
be very useful to study the migration of the
dominant nuclides in respresentative soils. As
this also depends on the water balance in the
area a more precise water balance and capacity
to retain water should be studied for the conta-

minated area considered.

11.3 Input data for dose calculations

As earlier shown the dominant exposure pathways
have been drinking water and consumption of
fish. But in the well alternative considered or
with a more developed model the uptake of nu-
clides to plants or to animals can be of greater
importance. New information is continously being
presented and the factors used ought to be
updated. Here it can be mentioned that the
nuclide technetium has been shown to be much
more readily taken up plants than was thought
previosly (12). The dose factor for neptunium
has been changed éonsiderably by the much higher
uptake to man. This nuclide seems to be much
more available to the biosphere and from work at
The Swedish University of Agricultural Sciences
the uptake has been shown to be about the same
as for cesium; about 2.5-10"2%-0.5 (Ci/kg plant
per Ci/kg soil) (8).

Concerning the calculation of the collective
doses; it is probably better to study the
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potential vyield of vroducts from vegional area
than a particulay population density. For exam-
ple, the amount of fizh taken up from the lake

~ calculations been oversgti-

ot

has in the earlie
mated., A lucrative yield of fish in Swedish
lakes is consideved to be about 7 kg fish per

1O4m2 lake area.

If the Finngijd is considered to this should
. - . - 3 . . .
imply about 3.5-107 kg fish used for consumption

, . G T , .
compared with the value 60-10° kg in this report.

Furthermores an overestimation of the doses can
be discussed. The model assumes that the nuclides
in the soil and ground are delayed compared to
water but remain in solution. The adsorption to
clay particles and incorporation in onpanic
complexes is thus not considered. In rveality

however a high propovtion of the nuclides are

perhaps not dissolwy and not available in
drinking water . Studies of eguilibrium constants
for these radionuclides in representative soil-

water systems are therefore nessessary.

Alsgo the uptake of radionuclides by vegetation
from the soil is dependent on the soil proper-
ties. Field sxperiments on some of the most
typical soils used for agriculture in Sweden to
give a set of transfere coefficients instead of

only one may improve this part of the model.
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12. SUMMARY

A variation analysis of parameters in the
BIOPATH-model has been done for dominant
nuclides from the point of view of the doses.
That has been done to decide how strongly un-
certainties in data will affect the doses and

make proposals for forthcoming efforts.

The following nuclides and decay chains have

been studied.

I-129

Cs-135

Ra-226

Pa-231

Np=-237
Th-~230/Ra-226
U-234/Ra-226
U-235/Pa-231

The inflow of the nuclides is taken to be 10-6

Ci annum for lO6 yvears. The dosefactors used are
the most recent values published by ICRP for
weighted commited dose equivalent per unit
activity intake (5). When the transfer coeffici-

ents were varied the regional maximum doses were

studied.

All done variations have been compared with so
called reference values, which are the doses
received by the same set of indata as in (3).
Most varied transfer coefficients are those

related to following processes.

- surface water » Baltic sea

- surface water » soil

- turnover of soil and groundwater
- soil » surface water

- water » sediment

- soil » groundwater
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The use of extreme values for uptake in the
food-chains for the well and for the lake case
affects the doses in the well case somewhat more
than in the lake case. That is because the
dominance of the exposure from the drinking
water in the lake case. Also the change of
animal diets can affect the doses a little. The
choice of critical group is an important factor
for prognosing the exposure to man. That is the

question of primary recipients, well or lake.

This study confirms the importance of equilibrium
constants for the soil-water system because the
drinking-water is the most important exposure
pathway. Also the factors for uptake in the
food-chains ought to be updated.
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Tablie 1

Dose factors for intake with food or water

{rem/Ci)

According According

to KBS~100 to ICRP-30C
I-129 3.4E 5 2.7E 5
Cs-135 7.3 3 7.0E 3
Ra~226 Z.8E 6 1.1E 6
Th-230 3.4E 5 5.4E 5
Pa-231 &.6E 5 1.7E 8*
U=234 1.1E 5 2.6E 5
U=235 i.1E 5 2.5E 5
Np=237 2.0E 5 3.9E 7

* From NRPB 82 {6)

54
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Table 2

Reference data for the transfer coefficients (turnover/year) for the exchange of
nuclides within the regional reservoir system

I Cs Ra Th Pa U Np
Groundwater 1
- surface water 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Groundwater 2
> soil 1.0E-1 1.0E~-4 2.0E-4 2.0E-6 6.0E-6 1.0E-4 - 1.0E-3
Groundwater 2
- surface water 2.0E-1 2.0E-4 4.0E-4 4 .0E-6 1.2E-6 1.0E-3 2.0E~-3
Soil
- groundwater 2 1.0E-1 1.0E~-3 1.5E-3 3.5E-3 6.0E-6 1.0E-3 4 _0E-3
Soil
- reqg atmosphere 1.0E-2 1.1E-7 1.1E-7 1.9E-7 1.1E-7 1.1E-7 1.1E-7
Soil
-+ surface water 2.0E-1 1.2E-6 1.8E-4 3.0E-6 1.2E-6 1.2E-3 1.2E-3
Reg atmosphere .
<+ so0il 1.2E~3 4_.5E-1 4 .5E~1 4 _.5E-1 4 .5E-1 4 .5E-1 4 _.5E-1
Reg atmosphere
-+ surface water 6.7E-6 2.5E-3 2.5E-3 2.5E-3 2.5E-3 2.5E-3 2.5E-3

Reg atmosphere
- Baltic 5.0E-1 1.9E 2 1.9E 2 1.9E 2 1.9E 2 1.9E 2 1.9E 2

Reg atmosphere

- global atmos-
phere 1.5E 2 1.5E 2 1.5E 2 1.5E 2 1.5E 2 1.5E 2 1.5E 2

Surface water

»> so0il 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2
Surface water
<+ reg atmosphere 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2 2.0E-2

Surface water
> reg atmosphere 1.3E-2 0 0 0 0

Surface water

> sediment 7.0E-2 3.0E-2 5.0E-3 5.6E 1 3.0E-2 5.6E 1 5.6E 1
Surface water
> Baltic 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Sediment
> surface water 1.2E 1 1.0E-3 3.1E-4 3.0E-6 1.0E-3 1.2 1.2




Table 3

Enrichment* and distribution factors for transfer of activity from different reserveirs to food chains

ENRICHMENT FACTORS** DISTRIBUTION FACTORS

Nuclide Plant-socil Cereals~ G veg-soil R veg- Fish~lake Fish- ish- Day/1 day/kg day/pc
soil soil brackish w sea water milk-grass meat-~grass egg-feed
I-129  2xio 2% 1-225 20 20 1072 9x10~ % 3x10 4
15
Cs-135  3X10 S-7a%% 3x10:§~1 10"3:§ 3x107°_ 500—§,2x104 500 5-240 7%107> ax107% 2x107%
3x10 3x10 1x10 3.3%10 2%10 40
- - - - - - - n
Ra-226 3x10_4»8x10 4 10 4:ix10 4 1-50 50 50 8x10 “_4 9X10_4—1.5x10 2 4978
3x10 3%10 15 4.5x%10 Sx10
Th-230 4x10 > 30 40 a0-10* 5x10”8 5x10”°> 107t v
40 ©
"
Pa-231 2.5x10 ° 11 11 10 5%107° 5%10> 107 9
i
U-all 2.5x10" > 2-10 10 10 5x10” % 5x10°°> w0t 3
Np-237 2.5x10 > 10 10 10 5x10°° 1072 1074

* When enrichment factors for ceveals, green vegetables and root vegetables are not available the value for plant-soil
has been used.

*k pCi/gg focdstuffs per pCi/kg in the reservoir

*% 3.10 -7 refers to the spread in values with the typical value given underneath. The typical value is the input value
for the reference case.
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STUDSVIK ENERGITEKNIK AB

Table 4

STUDSVIK NW-81/20
1981-03-06

Annual individual and collectiyg doses for I-129 at different transfer
rates. Continous leakage of 10

Ci/year

Transfer Numerical Max ind Max reg ind Max collective
value annual annual dose annual dose
dose lake case
well case
(rem/year) (rem/year) (manrem/year)
Reference 4 4E-7 4.7E-9 1.6E-1
6 > 8 4 4 . 4E-7 2.4E-9 1.6E-1
6 > 8 1 4 .8E-7 9.4E-9 1.6E-1
6 > 4 0.1 4 5E-7 4.7E-9 1.6E-1
6 > 4 4.0E-3 4 _SE-7 4.7E-9 1.6E-1
2 > 4 0.5 4 .5E-7 4.7E-9 1.6E-1
2> 6 1.0
2> 4 0.02 4 .5E-7 4.7E-9 1.6E-1
2 > 6 0.04
local
irrigation 2_.5E-6 -1.1E-5 4_.7E-9 1.6E-1
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STUDSVIK ENERGITEKNIK AR

Table 5

STUDSVIK NW-81,/20 58
1981-03=-06

Annual individual and collective doses for Cs-135 at different transfer

rates. Continous leakage of 10

Ci/year

Transfer Numerical Max ind Max reg ind Max collective
value annual annual dose annual dose
dose lake case
well case
(rem/year) (rem/year) (manrem/year)
Reference 2.1E-8 1.5E-8 5.7E~5
6 > 8 3.0 1.78-8 1.0E-8 4 .5E-5
6 > 8 1.0 3.5E-8 3.1E-8 9.5E-5
6 > 4 4.0E-3 2.2E-8 1.4E-8 5.5E-5
6 > 4 0.1 2.2E-8 2.1E-8 7.0E-5
6 > 7 6.0E-3 2.2E-8 1.5E-8 5.7E-5
6 > 7 0.15 2.2E-8 1.5E-8 6.1E-5
local
irrigation 2.5E 6 1.7E-7 1.5E-8 5.7E=5




STUDSVIK ENERGITEKNIK AB | STUDSVIK Nw-81/20
1981-03-06

Table 6

Annual individual and collective doses for Ra-226 at different transfer
rates. Continous leakage of 10 Ci/year

Transfer Numerical Max ind Max reg ind Max collective
value annual annual dose annual dose
dose lake case
well case
(rem/year) (rem/year) (manrem/year)
Reference 8.2E-7 5.1E-8 1.7E-4
6 > 8 3.0 8.2E~7 3.4E~-8 1.2E-4
6 > 8 1.0 8.2E~7 1.0E-7 3.3E-4
6 > 4 4_.0E-3 8.2E-7 1.8E-8 1.1E-4
6 > 4 0.1 8.2E-7 1.8E-7 4.7E-4
2> 4 1.0E-3 8.2E-7 2.9E~-8 1.2E-4
2 > 6 2.0E-3
2 >4 4 _0E-5 8_2E-7 7.5E-8 2.3E-4
2> 6 8.0E-5 :
4 » 2 3.0E~-4 8.1E~7 3.1E-8 1.3E~4
4 > 2 7.5E-3 8.2E~7 6.3E-8 2_.0E-4
2 >6 1.0E-6 8.2E-7 7.5E-8 2.4E-4
local
irrigation 2.5E6 2.1E-6 5.1E-8 1.7E-4




STUDSVIK ENERGITEKNIK AB STUDSVIK Nw-81/20
1981-03-06

Table 7

Annual individual and collective doses for Pa-231 at different transfer
rates. Continous leakage of 10 Ci/year

Transfer Numerical Max ind Max reg ind Max collective
value annual annual dose annual dose
dose lake case
well case
(rem/year) {rem/year) {manrem/year)
Reference 1.0E~-4 5.1E-5 1.3E~1
6 > 8 3.0 1.0E-4 3.3E-5 8.9E-2
6 > 8 1.0 1.0E~4 1.0E-4 2.5E~1
6 > 4 4 .0E-3 1.0E-4 1.2E-5 3.6E~-2
6 > 4 0.1 1.0E-4 2.48-4 5.9E-1
2> 4 1.2E-6 1.08-4 2.8E~5 7.4E-2
2>6 2.4E-7
2 4 3.0E-5 1.08-4 6.1E~-5 1.5E-1
2> 6 6.0E-6
4 > 2 3.0E-5 9.4E~5 1.4E-4 3.6E~1
4 > 2 1.2E~-6 1.1E~-4 1.4E-5 4.1E-2
6 > 7 6.0E-3 1.0E-4 5.1E-5 1.3E-1
6 > 7 1.5E-1 1.0E-4 5.1E-5 1.3E-1
6 > 7 56 1.08~4 4.1E~5 3.6E~-1
local

irrigation 2.5E 6 1.28-3 5.1E-5 1.3E-1




STUDSVIK ENERGITEKNIK AB

Table 8

STUDSVIK NwW=81/20
1981-03-06

Annual individual and collective doses for Np-237 at different transfer

rates. Continous leakage of 10~

Ci/year

Transfer Numerical Max ind Max reg ind Max collective
value annual annual dose annual dose
dose lake case
well case ‘
(rem/year) (rem/year) (manrem/year)
Reference 2.1E-5 9.5E-7 2.0E-2
6 > 8 4.0 2.2E~5 4.6E-7 1.8E-2
6 > 8 3.0 2.2E-5 6.2E-7 1.8E-2
6 > 8 1.0 2.2E~5 1.8E-6 2.2E-2
6 > 4 0.004 2.1E-5 5.1E-7 1.8E-2
6 > 4 0.1 2.1E-5 3.0E-6 2.4E-2
2> 4 5.0E-3 2.1E-5 5.1E~7 1.8E-2
2>6 1.0E-2
2 >4 2.0E-4 2.1E-5 3.0E~6 2.4E-~2
2 > 6 4 _.0E-4
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Table 9

Annual individual and cg%lective doses for Th-230 and its daughter Ra-226 st different transfer rates.

Continous leakage of 10

Ci/vear

Transfey Wumerical Maw in Mam reqg ind Max ccll Transfer Numerical Max ind Mar reg ind
’ valune anral annual dogse annual dose value annual dose annual deosz
il lake case well case iake case
{rem/year {manremn;year) {rem/year) {rem/year)

Referen Z2.PE-7 T.3E-8 1.78-4 Basg 3.18-7 1.1E-6 3.98-3

& » & 4.0 278~ &.8E-8 1.58-4 5 > 8 4.0 1._5E-7 5.5E-7 2.4E~3

6 ~ & 6.5 2. TE-7 7.4E-8 1.78-4 E > 8 0.5 1.2E-6 3.8E~-6 1.3E~2 b
o
[0 +]

& > 4 4.0E~-3 2.7TE-7 1.5E~8 3.6E~-5 5 + 4 4 _CE-3 3.1E-7 4.7-7 2.7E~3 T
O

& > 4 0.1 2.78~7 3.6E~-7 8.5E-4 6 > 4 0.1 3.1E-7 3.8E-56 9. 4E-3 ?
o
o

2> 4 1.0E-5 2.TE~7 3.3E-8 7.8E-5 2 > 4 1.0E-3 3.1E-7 5.5E-7 2.9E-3

2> 6 2.0E-5 2 > 6 2.0E-3

2+ 4 4 .0E-7 2.7TE-7 9_.5E-8 1.7E-4 2 > 4 4.0E-5 3.1E-7 1.6E-6 5.5E-3

2 > 6 8.0E-7 2 > 6 8.0E-5

local local

irrigation 2.5E 6 1.4E~-6 7.3E-8 1.7E-4 irrigation 2.5E 6 3.2E~7 1.1E-6 3.9E-3
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Table 10

Annual individual and collective doses for U-234 and its daughter nuclide Ra-226 at different transfer rates.

Continous leakage of 10 Ci/year
Transfer Numerical Max ind Max reqg ind Max coll Transfer Numerical Max ind Max reqg ind Max coll
value annual dose annual dose annual dose value annual dose annual dose annual dose
well case lake case well case lake case
{(rem/year) (rem/year) (manrem/year) (rem/year) (rem/year) (manrem/year)

Reference 1.4E-7 7.1E-9 6.6E-5 Base 2.9E-10 1.6E-8 2_0E-4

6 > 8 3.0 1.4E-7 4 _.7E~-9 6.1E-5 6 > 8 3.0 2.3E-10 1.0E-8 1.9E-4

6 » 8 1.0 1.4E-7 1.4E-8 8.5E-5 6 > 8 1.0 5.8E-10 3.3E-8 2_.5E-4

6 > 4 4 .0E-3 1.4E-7 3.5E-9 5.9E-5 6 > 4 4 _0E-3 2.7E-10 3.3E-9 1.7E-4

6 > 4 0.1 1.4E-7 2.6E-8 1.0E-4 6 > 4 0.1 3.9E-10 8.2E-8 3.6E-4
[
O

2 > 4 5.0E-4 1.4E-7 3.6E-9 5.9E-5 2 > 4 1.0E-3 2.9E-10 3.1E-9 1.7E-4 oo

26 5.0E-3 26 2.0E-3 v
o

2> 4 2.0E-5 1.4E-7 2_4E-8 1.0E-4 2 > 4 4 _.0E-5 2.9E-10 8.6E-8 3.7E-4 I

26 2.0E-4 26 8.0E-5 >

4 > 2 5.0E~-3 1.4E-7 1.1E-8 7.5E-5 4 > 2 7.5E-3 2.8E-10 2.1E-8 2.2E-4

4 > 2 2.0E-4 1.4E-7 4 _.0E-9 5.9E-5 4 > 2 3.0E-4 3.5E-10 7.4E-9 1.8E-4

6 > 7 11.2 1.4E-7 7.1E-9 6.8E-5 6 > 7 1.0E-3 2.3E-10 1.6E-8 2.0E-4

6 > 7 280 1.4E-7 7.1 E-9 6.6E-5 6 > 7 2.5E-2 5.8E-10 1.7E-8 2.1E-4

2 > 6 3.0E-6 1.4E-7 7.1E-8 2.3E-4 2> 6 1.0E-6 2.9E-10 3.0E-7 9.0E-4

local local

irrigation 2.5E 6 8.7E-7 8_0E-9 6.6E-5 irrigation 2.5E 6 3.3E-9 1.6E-8 2_0E-4

gY JMINMALIDWEANT MIASANLS

0Z/T8-MN MIASANILS

£9



Table 11

Annual individual and collective doses for U-235 and its daughter Pa-231 at different transfer rates.

Continous leakage of 10

Ci/year

Transfer Numerical Max ind Max reqg ind Max coll Transfer Mumerical HMax ind Max reg ind Mawn co
valoe annual dose annual Jdose  annual dose walius annuali dose annual dose  annuel
well case lake case well case lake case
vem/year {rem/year) {manrem/vear {rem/year} {reajyear; {manrem/year)
Base 1487 6.8E-9 1.5E-4 Base 1.58~7 1.98-6 1.2E~3
& > & 4.0 1.4E- 3.4E~9 1.4E-4 & > 8 4.0 1.5E-7 9 .7E-7 L.2E~-1
6 + 8 g.5 1L 4E-7 2.7E-8 2.1E-4 G > 8 0.5 1.7E-7 8.0E~-& 1.4E-1
& = 4 4E~3 1. 4E-7 2 .TE~S 1.4E-4 & > 4 4E-3 1.5E-7 3.98-7 1.2E-1
i..i
e
6 > 4 0.1 1. 4E~7 2.5E-8 1.9E-4 &6 > 4 0.1 1.5E=~7 §.7E-6 1.4E-4 E
I
local local 8
irrigation 2.5E & 8.4E-7 6.8E-9 1.5E-4 irrigation 2.5E & 6.4E-6 1.%8-6 1.2E-1 é
o
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STUDSVIK ENERGITEKNIK AB

Table 12

STUDSVIK Nw-81/20
1981-03-06

65

Relative changes of the individual doses in the
well case when an intensified irrigation is
assumed

Nucli

de

Relative change

I-129
Cs=-13
Ra-22
Ra-22
Ra-22
Th-23
Pa-23
Pa-23
U-234
U-235

5

6
6%
6% %
0

1

1**%

25
8
14
1
11
6
12
40

)k

* %k %k

Refers
by the

Refers
by the

Refers
by the

to the Ra-226 which is generated
decay of Th~230 in the biosphere.

to the Ra-226 which is generated
decay of U-234 in the biosphere.

to the Pa-231 which is generated
decay of U-235 in the biosphere.



STUDSVIK ENERGITEKNIK AB

Table 13

STUDSVIK NwW-81,/20
1981-03-06

66

Relative changes of the individual dose in the
well case by use of extreme factors

Nuclide

Relative change

I-129
Cs=-135
Ra=-226
Ra~-226%
Ra~226%%
Th=230
Pa-231
Pa=231**%*
Np=-237
U-234
U=235

3
13

12

* Refers
by the

* Refers
by the

*%% Refers
by the

to the Ra-226 which is generated

decay of Th-230 in the biosphere.

to the Ra-226 which is generated
decay of U~234 in the biosphere.

to the Pa-231 which is generated
decay of U-235 in the biosphere.



STUDSVIK ENERGITEKNIK AB STUDSVIK NwW-81/20 67
1981-03-06

Table 14

Relative changes of the dose burden received from
the regional area by use of extreme concentration

and distribution factors

Nuclide Relative change

I-129 1
Cs-135

Ra-226

Ra-226%*

Ra-226%%*

Pa-231

Pa-231*%*%

U-234

U-235

Np-237

U obd b = HH NN OO
S

* Refers to the Ra-226 which is generated
by the decay of Th-230 in the biosphere.

* % Refers to the Ra-226 which is generated
by the decay of U-234 in the biosphere.

*** Refers to the Pa-231 which is generated
by the decay of U-235 in the biosphere.



STUDSVIK NW-81/20 68
1981-03~06

STUDSVIK ENERGITEKNIK AB

Table 15

Relative changes of the dose burden to critical
group when the concentration and distribution
factors are decreased

Relative change

Nuclide Well case Lake case

I-129
Cs~135
Ra-226
Ra~-226%
Ra-226*%
Th-230
Pa-231
Pa=-231*%*%
U=-234
U=235
Np-237

©® O O NN o W W
©C O O O - O O 0O 0o o o

O O O H O K I oo o o
® O ® - O O B

* Refers to the Ra~226 which is generated
by the decay of Th-230 in the biosphere.

* % Refers to the Ra-226 which is generated by
the decay of U=~234 in the biosphere.

*%*% Refers to the Pa-231 which is generated by
the decay of U-235 in the biosphere.
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Figure 2. Relative importance® of changed transfer coefficients for the studied nuclides

* For details see specific figures for sach nuclide and transfer in the text
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