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VARYING PARAMETERS IN THE BIOPATH-PROGRAM 

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 question 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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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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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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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 
-6 6 

taken to be 10 Ci annum for 10 years. For 

longlived nuclides with low mobility in soil the 

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 NRPB (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 recipient 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 dOB>l':1:s to the critic al group via a well 

are mainly 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 l the model system which has been used 

is shown. The ation analysis and the compari-

sons in s 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-
-6 6 inuous leakaqe rates of 10 Ci annum for 10 

years. The diet and living habits are the same 

as in ( 3). 
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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 

7 

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 year. In (7) a more 

careful analysis of the turnover of water in 

Finnsjon 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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an 

increase to about 10 % has been considered be 

lucrat.ive ( 10), Th'2 o~ference value for transfer 

from the lake to the adjacent farming land is 
.. 1 

0.02 year - based upon 10 % of the land within 

the drainage area of the lake being irrigated once 

a year with 3~:; mm of vrater. 

If the Finnsj6 area is concerned, the value used 

in the calculations is considered to be too high 

because the area consist~ mainly of nonarable 

land. 

However, if the recipient is situated in typical 

farming land with the present intensity of 

irrigation in Sweden the reference value 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 adjacent farming land. That 

means a able range for the transfer of 

0.01 - 0.06 year-] 

4.3 Turnover of soil and ground water 
and infi1tration -----·-·--- -------------------------------- ------

As the turnover of qround water and the in·· 

filtration in the soil are connected processes, 

they are discussed together in this section. To 

investiqate the importance of the residence time 

in the ground water reservoir the transfers 

from there have been altered by a factor five 

up and down to s late higher and lower 

turnover times respectively for the different 

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 

where 

Q 

p 

E 

Q = p - E 

= runoff 

= precipitation 

= 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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Hal1and 

Gotland 

Sodermanland 

Vastmanland 

Uppland 

Norther Jamtland 

Norther Lapp land, 
except the moun-
tain region 

Norther Lappland, 
including the 
mountain region 
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Q E 

440 545 

175 485 

205 475 

305 485 

215 470 

750 170 

350 245 

685 190 

10 

p 

985 

660 

680 

790 

690 

920 

595 

825 

Different types of soils have different field 

capacities, that is the capacity to retain 

water after drainage. Typical values for diffe­

rent soils are shown i.n the table below. 

Type of soil 

Mora.ine 

Sand 

Sand with gravel 

Fine sand 

Sandy fine gravel 

Fine gravel 

Gravel 

Peat 

Field capacity 
mm 

65 - 140 

40 

15 - 25 

120 - 130 

10 - 20 

2 - 4 

2 

200 
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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 

Finnsjon is situated) imply a transfer rate 
-1 . 

of 2 - 3 year . On the other hand the derived 

value 2 - 3 year-1 , 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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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 this 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 %). 



STUDSVIK ENERGITEKNIK AB STUDSVIK NW-81/20 

1981-03-06 

13 

relative 
change 

2 

l 

The turnover of water in the lake 

l 2 

Figure 3 

3 4 
-1 

transfer rate (year ) 

The relative changes of the dose from iodine-129 
when the turnover rate of water in th~1 lake 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 

1 

().004 

Figure 4 

0.02 0.1 -1 
transfer rate (year ) 

The relative changes of the dose from iodine-129 
when t~e irrigatio~1rate is varied. The reference 
value is 0.02 year . 

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_2roundwater_turnover 

relative 
change 

1 

A 

Figure 5 

transfer rate 
-1 (year ) 

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 
groundwater ➔ soil 

-1 0.2 year_1 
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 

2 

1 

l 

Figure 6 

3 
-1 

transfer rate (year ) 

The relative changes of the dose from cesium-135 
when the turnover rate of water in th~1 lake 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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IrrigatJ_on 

relative 
change 

relative 
change 

l 

2 

l 

0,004 0,02 -1 0,1 transfer rate (year ) 

The relative changes of the dose from cesium-135 
when different intensities of irrigation from 
the lake to the surrounding farm!£g 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 cons11mption of fish is so dominant 

the total radiation dose is only slightly affected. 

Sedimentation 

0.006 

F.igure ___ §_ 

o.cn 0.15 -1 transfer rate (year ) 

The relative changes of the dose from cesium-135 
when different ~edimentation rates in the !fke 
are used. The reference value 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 

relative 
change 

2 

1 

1 2 

Figure 9 

3 
-1 transfer rate (year ) 

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

3 

2 

1 

figure 10 

The relative changes of the dose from radium-226 
when different irrigation intensities from the 
lake t<: the surround~ng farming !fnd are used. 
The reference value is 0.02 year . 
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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. 

Soil_and_ground_water_turnover 

relative 
change 

2 

l 

A 
5 

Figure 11 

s·A transfer rate (year-l) 

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: 

. -4 -1 ground water ➔ soil= 2·10 year _4 _1 
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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Soil_to_ground_water 

relative 
change 

2 

1 

3 -1 7,5·10- transfer rate (year ) 

Figure 12 

The relative changes of the dose from radium-226 
when different infiltration rates in the regional 
soil r~3ervoi£1 are used. The reference value is 
l.5·10 year . 

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 via drinking water, 
taken from the lake that does not affect the 
dose. More rapid transport to the ground water 
reservoir will give an increment of the fraction 
of the dose received via groundwater. 
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Ground water 

relative 
change 

l 

-4 l 
4·10 transfer rate (year- ) 

Figure 13 

The relatice change of the dose from radium-226 

when the transfer from the groundwater to the 

surfacewater is l.0·10-6 year-1 . The reference 
. -4 -1 

value is 4·10 year 

The transfer rate from the ground water to the 

lake, has in the reference case been taken to be 
-4 -1 -6 -1 

4·10 year . A much lower value 1·10 year 

is quoted in (7). When the lower value is used 

the dose will increase by a factor 1.5, depending 

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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relative 
change 

2 

1 

The turnover of water in the lake 

0.5 1 2 

Figure 14 

3 4 
-1 transfer rate (year ) 

The relative changes of the dose from protac­
tinium-231 when the turnover rates of water in_1 
lake are varied. The reference value is 2 year . 

Changes in the turnover time give corresponding 

changes in the dose. 
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relative 
change 

5 

4 

3 

2 

1 

0,004 0,02 

Figure 15 

0,1 
-1 

transfer rate (year ) 

The relative changes of the dose from protac­
tinium-231 when different intensities of irri­
gation.from the la~I 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 

relative 
change 

2 

1 

A 

5 

Figure 16 

-1 
S·A transfer rate (year ) 

The relative changes of the dose from protac­
tinium-231 when different rates for the turnover 
of the nuclide in soil and groundwater are used. 
The reference values (A) a~g: _1 
ground water ➔ soil= 6·10 year _6 _1 
ground water+ surface water= 1.2·10 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 is of major impor­

tance for determining the activity level in the 

groundwater reservoir. 
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relative 
change 

3 

2 

Soil_➔_2round_water 

l 

Figure 17 

-1 
transfer rate (year ) 

The relative changes of the dose from protac­
tinium-231 when different infiltration rates in 
~he soi!6 reser~£ir are used. The reference value 
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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relative 
change 

2 

l 

Water to sediment - -- ----· -----

Figure 18 

-· l 
1,5-10 

/ 
56 

transfer rate 
-1 (year ) 

The relative changes of the dose from protac­
tinium-231 when the sedimentation rate in the 
lake_1s varied. The reference value is 0.03 
year 

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 56 year-1 . 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 

" · ,. 1 .... ,.-)~J ~-l w·h . th h. h assumed tn ,,~ _ year . _en using e 1g er 
sedimentation rate there will be a considerable 
leakage back, and the equilibrium will be reached 
later, but at a level not much lower than in the 
reference case. Therefore the doses will be sli­
ghtly chang-ed. 
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relative 
change 

2 

1 

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 

1 2 

Figure 19 

3 4 -1 transfer rate (year ) 

The relative changes of the dose from neptunium-237 
when different turnover rates of the wa~er 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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relative 
change 

3 
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Irrigation 

0,004 

Figure 2Q 

0,02 0,1 -1 transfer rate (year ) 

The relative changes of the dose from neptu­
nium-237 when different irrigation intensities 
from the !fke 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 

A 

5 
A·S 
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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 _1 
ground water ➔ surface water= 2·10 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 ____ T_l?-or i um-2 3 0 /Radi um-2 2 6 

This decay chain has been studied by contempor­

aneous changea of the different transfer coeffi­

cients. [n the reference case the exposure from 

thorium is dominated almost entirely by drinking 

water ( gq %) . 

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 

relativ. 
change 

4 

3 

2 

1 

2 

F'igur~ 22_ 

•rh-230 

Ra-226 

4 
-1 transfer rate (year ) 

The relative chang·es of the doses from tho­
rium~230 and its daughter nuclide radium-226 
when different turnover rates of the water in 
the la~tp are used. The reference value is 
2 year -· 

There is no change in the dose from thorium when 
relativeJy high or low turnover times are used 

for the water in the lake. This depends on the 

large transfe;-: 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. 

Irri2ation 

I 
/ 

0,004 0,02 

Figure 23 

I 
I 

I 

I 

Th-230 
I 

I Ra-226 

0,1 -1 transfer rate (year ) 

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_fs 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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Soil_and_ground_water_turnover 

relative 
change 

2 

1 

Ra-226 

A 
5 

Figure 24 

-1 
S·A transfer rate (year ) 

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_ts varied. The refe­
rence values (A) in year are: 

ground water·➔ soil 
ground water ➔ surface 
water 

Th-230 

2·10-6 

4·10- 6 

Ra-226 

2·10-4 

4·10-4 

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 ha1f-life 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 

2 

l 

l 2 

Figure 25 

J 
-1 

transfer rate (year ) 

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_1ake 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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0,004 0,02 0, 1 

Figure 26 

Ra-226 

U-234 

-1 
transfer rate (year ) 

The relative changes of the dose from uran­
ium-234 and its daughter nuclide radium-226 when 
the rate of irrigation in the region~! 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. 



STUDSVIK ENERGITEKNIK AB STUDSVIK NW-81/20 

1981-03-06 

35 

relative 
change 

6 

5 

4 

3 

2 

1 

Soil_and_ground_water_turnover 

Ra-226 

U-234 

' ' 

A 

5 

Figure 27 

S·A 
-1 

transfer rate (year ) 

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
~ater i~1varied. The reference values (A) are, 
1n year : 

ground water ➔ soil 
ground water ➔ surface 
water 

U-234 

1·10-4 

1·10-3 

Ra-226 

2·10-4 

4·10-4 

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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Infiltration 

A 
5 

Figure 28 

5 ·A 

U-234 

Ra-226 

-1 transfer rate (year ) 

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 var!1ct. The refeE3nce v~1ues (A) are 
1·10 year 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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5 

Figure 29 

5 ·A 

U-234 
Ra-226 

-1 transfer rate (year ) 

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 i~1varied. T~3 refeE1nce 
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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relative 
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20 

10 

2 

Ground water ➔ surface water 

-1 transfer rate (year ) 

The relative changes of the doses for uranium-234 
and radium~226 when the transfer rate from the 
gr~undwater to the surf~§e wat~f is chang~~- The 
refe~in~e value~ ar~-~O year, and 4·10 
year £or: uran1um-·,d~~ and radium-226 respect-
ively. 

A study of urarnurn and radium in soil and water 
-6 -1 -6 has given the values 3·10 year and 10 

year .L ( 7) , 1 f those values are used the dose 

from uranium 11 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 hii;:rher concentration which can be built 

up in the groundwater reservoir if the transfer 

rates to the lake are so low. 

This decay tlas not been calculated in the 

earlier KRE>,calccdations, but the great impor­

tance of prot:,cti.nium 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 

o.s 2 

Figure 31 

4 -1 transfer rate (year ) 

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 la~I 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. 

0,004 0,02 

;F'igure 32 

Pa-231 

0,1 

U-235 

-1 transfer rate (year ) 

The relative changes of the doses from uran­
ium-235 and its daughter nuclide protact­
inium-231 when the rate of irrigation from the _1 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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THE WELL ALTERNATIVE 

In the earlier studies the irrigation from a 

well to the local area has been set to 60 m3 

water per year. Intensified irrigation has 

41 

been simulated, the local area 2.5·10 4 m2 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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VARIATION IN UPTAKE THROUGH FOOD CHAINS 

The uptake and distribution of nuclides in 

food-stuffs is 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 1:1 and 14 the relative changes comp­

ared to the refer~nce case are given for the 

well and for the J.ake cases respectively. 

The changes are smaller 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 i.n Table 15. 
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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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The chan9~ of transfer coefficients influences 

the doses as previ0usly seen, but changes of 

certain transfer coefficients can also cause 

other indlviduals to be exposed more than in the 

referEmce case. That means for example that for 

radium-226, generated by the decay of thorium-230 

in the biosphere, with a low irrigation rate, 

the concentration of the nuclide in the lake 

will be hiqher thcu1 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 changes in the dose burden resul­

ting from the choice of critical group, diet and 

living habits, 
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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 quantities of the element may be a 

factor of ten lower as may be the fractional 

absorption of neptunium incorporated in food. 
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lJ, 

du~ls tram the ]ake ➔ soil ➔ 

groundwater syscem, Tu obtain a better basis 

for the dor3e cEJ.1cu1ations three different areas 

for further development can be identified. 

11.1 The model 

The present model. d,)es not include the decay of 

a mother nuclid~ to an ac ve daughter in the 

local ecosystem, whi.ch is a weakness in the 

program for the well case. 

The direct contamination by retention of conta­

minated water on the pa~turages ought also to be 

included in the calculations of doses from the 

regional zone. For the local area it is the most 

tra1 ter f0 exposure from the con-

sump on of mi1 

The mod,,"} 'c,'/E: Ln the area could be 

.increased. 1-:wo ,:ompa:ct:.wents namely 2 i::;oils and 

done to s 

laye .. c) and a 

2 ~eservoirs should be 

t~ aa uppec layer (the plough 

r ~ il reservoir. 

In the pre:3f!fl1 rnodt.sJ tJ1ere ls only one reservoir 

it 01.nd r;p'.'oundwater. This 

is f c ~00 ~sp i~Lly as the movement of 
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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

elides 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

elides 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 considerably 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 
-2 . as for cesium; about 2.5-10 -0.5 (C1/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 yield of products from regional area 

density. For exam­

ple, the 1.mount uf fi:::;h taken up from the lake 

has in the ear1i.P.r calculations been overesti­

mated. A lucrative yield of fish in Swedish 

lakes is considered to be about 7 kg fish per 

104 m2 lake area, 

If the FinnsjB is considered to this should 
- 3 imply about 3 .• ::i • 10 kg fish used for consumption 

compared th the value 60·103 kg in this report. 

Furthermore 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 incorpora.tion in onpanic 

complexes is thus not considered. In reality 

however a high propa of the nuclides are 

perhaps not ssolved and not available in 

drinking watAT. s of equilibrium constants 

for these r onuclides in representative soil-

water systems are therefore nessessary. 

Also the ake of radionuclides by vegetation 

from the soil is dependent on the soil proper-

ties. Field on some of the most 

typical soilf, msed for 2,gricul ture in Sweden to 

give a set of transfere coefficients instead of 

only one may in~rove this part of the model. 
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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 
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The inflow of the nuclides is taken to be 10-6 

Ci annum for 106 years. 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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hav>:~ b,,,en chc,s:-:}n for the~ turnover of the water 

in the, lak-':' and fc,r the i.rd .. gation. For the 

wel1a1 terna,;i ve i:"Jtl intPn::d f:Led irriqation has 

been stud:i .. ed. ALf,o the Llptake through the food­

chains has been investigated by used of extreme 

values. 

For most nuclides studied ~he dominating expo­

sure pa th',,rny L ~, by t:Jffo dr:i.nki.n(rwater, fol lowed 

by th8 conr;umption of f:Luh. Thereafter the 

terresLi.a1 path;;: mi1 k and meat .follow. 

Fi9ure 2 :i;:J a. 9raphic surn:mary in a 1J.n•- log plot 

of almost all the ~ariations of transfercoeffi­

cients in t.11.Uc: ctudy, The irn.port,-,mce of the done 
variations ar0 somewhat different for the nuclieds. 
But for al 1 nuc.L Ld~t, thi:, rate of the turnover of 

water in the lake i~ almost inversely proportional 
to the dose .. The'. tendd·i.c·y for the transfer related 

to the irriqat:Lon .i.o:l albo quite clear, Increased 
irri9at c,;;r·fit,Jy cnu,2eH increased doses. 

The tu1.·no 1.n,r of tJ1t::· n11c.L1der; in the soil and 

groundwat»fcr -L1.1flt·,:11ceL: the dose", in the same way 

but how mu;:h ib Hpecifi.c Lor the nuclides 1 

dependi.n9 amon9 other factors on their physical 

half-lives. The var1.ation in sedimentation rates 

Eicant. The intensi­
fied irrig21tj_c,n in '~he itE,11 alternative resulted 

naturally in incrHased doses, specific for each 

nuclide. The reldcive inreases were in the 

'i.f'"~ i fnr prota.ct:.i:n:i.um-231 gene-
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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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STUDSVIK ENERGITEKNIK AB 

Table l 

STUIJ,':YIK NW-81/20 

1981-03-06 

Dose factors for intake with food or water 
(rem/Ci) 

____ , ______ 
According According 
to KBS-100 to ICRP-30 

I-129 3 .4E i:::: 
J 2.7E 5 

Cs-135 7. 3E 3 7.0E 3 

Ra-226 2.8E 6 1.lE 6 

Th-230 3 .4E 5 5.4E 5 

Pa-231 6.6E 5 l.7E 8* 

U-234 LlE 5 2.6E 5 

U-235 l.lE 5 2.SE 5 

Np-237 2.0E 5 3.9E 7 

* From NRPB 82 (6) 

54 



STUDSVIK ENERGITEKNIK AB 

Table 2 

STUDSVIK NW-81/20 

1981-03-06 

55 

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

I 

Groundwater 1 
➔ surface water 2.0 

Groundwater 2 
➔ soil 

Groundwater 2 

1.0E-1 

➔ surface water 2.0E-1 

Soil 
➔ groundwater 2 l.0E-1 

Soil 
➔ reg atmosphere l.0E-2 

Soil 
➔ surface water 2.0E-1 

Reg atmosphere 
➔ soil 1.2E-3 

Reg atmosphere 
➔ surface water 6.7E-6 

Reg atmosphere 
➔ Baltic 5.0E-1 

Reg atmosphere 
➔ global atmos-
phere l.SE 2 

Surface water 
➔ soil 

Surface water 

2.0E-2 

➔ reg atmosphere 2.0E-2 

Surface water 
➔ reg atmosphere 1.3E-2 

Surface water 
➔ sediment 

Surface water 
➔ Baltic 

Sediment 

7.0E-2 

2.0 

➔ surface water l.2E 1 

Cs Ra 

2.0 2.0 

l.0E-4 2.0E-4 

2.0E-4 4.0E-4 

l.0E-3 1. SE-3 

l.lE-7 l.lE-7 

1.2E-6 l.8E-4 

4.SE-1 4.SE-1 

2.SE-3 2.SE-3 

l.9E 2 l.9E 2 

l.SE 2 l.SE 2 

2.0E-2 2.0E-2 

2.0E-2 2.0E-2 

0 0 

3.0E-2 5.0E-3 

2.0 2.0 

l.0E-3 3.lE-4 

Th Pa u Np 

2.0 2.0 2.0 2.0 

2.0E-6 6.0E-6 l.0E-4 l.0E-3 

4.0E-6 l.2E-6 l.0E-3 2.0E-3 

3.SE-3 6.0E-6 l.0E-3 4.0E-3 

1.9E-7 l.lE-7 l.lE-7 l.lE-7 

3.0E-6 1.2E-6 l.2E-3 l.2E-3 

4.SE-1 4.SE-1 4.SE-1 4.SE-1 

2.SE-3 2.SE-3 2.SE-3 2.SE-3 

1.9E 2 l.9E 2 1.9E 2 l.9E 2 

1.SE 2 l.SE 2 1.SE 2 1.SE 2 

2.0E-2 2.0E-2 2.0E-2 2.0E-2 

2.0E-2 2.0E-2 2.0E-2 2.0E-2 

0 0 0 0 

5.6E 1 3.0E-2 5.6E 1 5.6E 1 

2.0 2.0 2.0 2.0 

3.0E-6 l.0E-3 1.2 1.2 



Table 3 

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

ENRICHMENT FACTORS** DISTRIBUTION FACTORS 

Nuclide Plant-soil Cereals- G veg-soil R veg- Fish-lake Fish- Fish·· Day/1 day/kg day/pc 
soil soil brackish w sea water milk-grass meat-grass egg-feed 

I-129 2:xl0- 2 1-225 20 20 10-2 9xl0-2 3xl0-2 
15 

-3 -3 
10-3:j -3 4 500 5-240 7xl0-3 4xl0-2 Cs-135 3xl0 -7*** 3xl0_3-1 3xl0 _2 soo-1.2x10 

3xl0-3 3xl0 lxlO 3.3x10 2xl0 40 
2xl0-2 

-4 -4 
10-4:~xl0-4 -< -4 -2 Ra-226 3xl0_4-8xlO 1-50 50 50 8xl0 ~_4 9xl0_4-l.SxlO 

31rlO 3x10 15 4.SxlO 9xl0 

10-6 

Th-230 4:xl0-3 30 40 40-104 Sxl0-6 Sxlo-3 10 
-4 

40 

Pa-231 2.5xl0 -3 
11 11 10 Sxl0-6 Sxl0-3 10-4 

u-all 2.SxlO -3 
2-10 10 10 Sxl0-4 Sxl0-3 10-4 

Np-237 2.SxlO 
-3 

10 10 10 SxlO-G 10-2 10-4 

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

** pCi/~~ foodstuffs 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 collecti~6 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 ➔ B 4 4.4E-7 2.4E-9 l.6E-1 
6 ➔ B 1 4.BE-7 9.4E-9 l.6E-1 
6 ➔ 4 0.1 4.SE-7 4.7E-9 l.6E-1 
6 ➔ 4 4.0E-3 4.SE-7 4.7E-9 l.6E-1 

2 ➔ 4 0.5 4.SE-7 4.7E-9 l.6E-1 
2 ➔ 6 1.0 

2 ➔ 4 0.02 4.SE-7 4.7E-9 1.6E-1 
2 ➔ 6 0.04 

local 
irrigation 2.SE-6 , l. lE-5 4.7E-9 l.6E-1 
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STUDSVIK ENERGITEKNIK AB 

Table 5 

STUDSVIK NW-81/20 

1981-03-06 

Annual individual and collectiy6 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. lE-8 1.SE-8 5.7E-5 

6 ➔ 8 3.0 1.7E-8 l.OE-8 4.SE-5 

6 ➔ 8 LO 3.SE-8 3. lE-8 9.SE-5 

6 ➔ 4 4.0E-3 2.2E-8 l.4E-8 5.5E-5 

6 ➔ 4 0.1 2.2E-8 2.lE-8 7.0E-5 

6 ➔ 7 6.0E-3 2.2E-8 l.5E-8 5.7E-5 

6 ➔ 7 0.15 2.2E-8 l.5E-8 6. lE-5 

local 
irrigation 2.SE 6 l.7E-7 LSE-8 S.7E-5 
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1981-03-06 

Table 6 

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

Transfer 

Reference 

6 ➔ 8 

6 ➔ 8 

6 ➔ 4 

6 ➔ 4 

2 ➔ 4 
2 ➔ 6 

2 ➔ 4 
2 ➔ 6 

4 ➔ 2 

4 ➔ 2 

2 ➔ 6 

local 
irrigation 

Numerical 
value 

3.0 

1.0 

4.0E-3 

0.1 

l.0E-3 
2.0E-3 

4.0E-5 
8.0E-5 

3.0E-4 

7.SE-3 

l.0E-6 

2.5E6 

Max ind 
annual 
dose 
well case 

Max reg ind Max collective 
annual dose annual dose 
lake case 

(rem/year) (rem/year} (manrem/year} 

8.2E-7 

8.2E-7 

8.2E-7 

8.2E-7 

8.2E-7 

8.2E-7 

8.2E-7 

8.lE-7 

8.2E-7 

8.2E-7 

2 .lE-6 

5.lE-8 

3 .4E-8 

l.0E-7 

l.BE-8 

l.8E-7 

2.9E-8 

7.SE-8 

3.lE-8 

6.3E-8 

7.SE-8 

5.lE-8 

l.7E-4 

l.2E-4 

3.3E-4 

l.lE-4 

4.7E-4 

l.2E-4 

2.3E-4 

l.3E-4 

2.0E-4 

2 .4E-4 

l.7E-4 
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STUDSVIK ENERGITEKNIK AB 

Table 7 

STUDSVIK NW-81/20 

1981-03-06 

Annual individual and collectiyg doses for Pa-231 at different transfer 
rates. Contir,ous 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 l.0E--4 5.lE-5 1. 3E-1 

6 ➔ 8 3.0 l.OE-4 3.3E-5 8.9E-2 

6 ➔ 8 LO l.OE-4 L0E-4 2.SE-1 

6 ➔ 4 4.0E-3 l.OE-4 l.2E-5 3.6E-2 

6 ➔ 4 0.1 1.0E-4 2.4E-4 5.9E-l 

2 ➔ 4 l.2E-6 l.OE-4 2.BE-5 7.4E-2 
2 ➔ 6 2.4E-7 

2 ➔ 4 3.0E-5 1. OE·-4 6.lE-5 l.SE-1 
2 -~ 6 6.0E-6 

4 ➔ 2 3.0E-5 9.4E-5 1 .4E·-4 3.6E-1 

4 ➔ 2 l.2E-6 l.lE-4 l .4E-5 4.lE-2 

6 ➔ 7 6.0E-3 l .0E-·4 5. lE-5 l.3E-l 

6 ➔ 7 1. SE-1 1.0E-4 5.lE-5 l.3E-1 

6 ➔ 7 56 1. 0E--4 4.lE-·5 3.6E-1 
local 
irrigation 2.SE 6 1 .. 2E-3 5.lE-5 l.3E-1 
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STUDSVIK ENERGITEKNIK AB 

Table 8 

STUDSVIK NW-81/20 

1981-03-06 

Annual individual and collectiy6 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.lE-5 9.SE-7 2.0E-2 

6 ➔ 8 4.0 2.2E-5 4.6E-7 1.BE-2 

6 ➔ 8 3.0 2.2E-5 6.2E-7 1.BE-2 

6 ➔ 8 1.0 2.2E-5 l.BE-6 2.2E-2 

6 ➔ 4 0.004 2.lE-5 5.lE-7 1.BE-2 

6 ➔ 4 0.1 2.lE-5 3.0E-6 2 .4E-2 

2 ➔ 4 5.0E-3 2.lE-5 5.lE-7 l.BE-2 
2 ➔ 6 l.0E-2 

2 ➔ 4 2.0E-4 2.lE-5 3.0E-6 2.4E-2 
2 ➔ 6 4.0E-4 
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Table 9 

Annual individual and c~tlective doses for Th-230 and its daughter Ra-226 at different transfer rates. 
Continous leakage of 10 Ci/year 

Transfer Nu1ne-r i.cal 11.ax ind liax reg ~Ln.d Ma1{ cell 
'\Fa1lJE: a.::1r1u.al dc-se ~3:.r1.1tual d.ose a:n:n.ual dose: 

lake c,ise 
year) 

Reference 2 .. 7E-7 7.3E-8 l. 7E-4 

6 ➔ a 4.0 2.7E-7 6.9E-8 1. 5E·-4 

6 -::)- a 0.5 2~7E-7 7.4E-8 l.?E-4 

6 ➔ 4 4.0E-3 2.7E-7 l.SE-8 3.6E-5 

6 ➔ 4 0.1 2.7E-7 3.6E-7 8.SE-4 

2 ➔ 4 l.OE-5 2.7E-7 3.3E-8 7.SE-5 
2 ➔ 6 2.0E-5 

2 ➔ 4 4.0E-7 2.7E-7 9.SE-8 l.7E-4 
2 ➔ 6 8.0E-7 

local 
irrigation 2.5E 6 l.4E-6 7.3E-8 l.7E-4 

Tra.nsfer 

Base 

6 ➔ 8 

6 ➔ 8 

5 -f 4 

6 ·➔ 4 

2 ➔ 4 
2 ➔ 6 

2 ➔ 4 
2 ➔ 6 

local 
irrigation 

Numerical. Ma::s. ind Max reg inc 
\lalue an.n:ual dos,e an:rrual dose 

4.0 

0.5 

4.0E-3 

0.1 

l.OE-3 
2.0E-3 

4.0E-5 
8.0E-5 

2.SE 6 

\;;,ell case 
(:rem/year) 

3.lE-7 

1.5E-7 

l.2E-6 

3.lE-7 

3.lE-7 

3. lE-7 

3.lE-7 

3.2E-7 

l.ake case 
(rem/year) 

1 .. lE-6 

5.SE-7 

3.9E-6 

4.7E-7 

3.8E-6 

5.SE-7 

l.6E-6 

l.lE-6 

2 .4E-3 

,l ~ ... ..,,_? 
.J. •. .)C:, ... 

2.7E-3 

9.4E-3 

2.9E-3 

5.SE-3 

3.9E-3 
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Table 10 § 
t/) 

Annual individual and c~61ective doses for U-234 and its daughter nuclide Ra-226 at different transfer rates. 
<: 
1-1 Continous leakage of 10 Ci/year ~ 

tz:I 
ea: Transfer Numerical Max ind Max reg ind Max coll Transfer Numerical Max ind Max reg ind Max coll tz:I 
::tl value annual dose annual dose annual dose value annual dose annual dose annual dose Q 
1-1 well case lake case well case lake case 1-:) 

{rem/year) {rem/year) {manrem/year) {rem/year) (rem/year) (manrem/year) tz:I 

i 
1-1 

Reference l.4E-7 7.lE-9 6.6E-5 Base 2.9E-10 l.6E-8 2.0E-4 ~ 

> l:Jj 6 ➔ 8 3.0 l.4E-7 4.7E-9 6.lE-5 6 ➔ 8 3.0 2.3E-10 1.0E-8 l.9E-4 

6 ➔ 8 1.0 l.4E-7 l.4E-8 8.SE-5 6 ➔ 8 1.0 5.BE-10 3.3E-8 2.SE-4 

6 ➔ 4 4.0E-3 1.4E-7 3.SE-9 5.9E-5 6 ➔ 4 4.0E-3 2. ?E-10 3.3E-9 1.7E-4 

6 ➔ 4 0.1 l.4E-7 2.6E-8 1.0E-4 6 ➔ 4 0.1 3.9E-10 8.2E-8 3.6E-4 
.... t/) 

2 ➔ 4 5.0E-4 l.4E-7 3.6E-9 5.9E-5 "° § 2 ➔ 4 l.0E-3 2.9E-10 3.lE-9 l.7E-4 (X) 2 ➔ 6 5.0E-3 2 ➔ 6 2.0E-3 .... 
I t/l 

0 <: 
w 1-4 2 ➔ 4 2.0E-5 l.4E-7 2.4E-8 l.0E-4 2 ➔ 4 4.0E-5 2.9E-10 8.6E-8 3.?E-4 I ~ 2 ➔ 6 2.0E-4 2 ➔ 6 8.0E-5 0 
(J'I J 

I 4 ➔ 2 5.0E-3 l.4E-7 l.lE-8 7.SE-5 4 ➔ 2 7.SE-3 2.BE-10 2.lE-8 2.2E-4 (X) .... 
' 4 ➔ 2 2.0E-4 1.4E-7 4.0E-9 5.9E-5 4 ➔ 2 3.0E-4 3.SE-10 7.4E-9 1.BE-4 N 
0 

6 ➔ 7 11.2 l.4E-7 7.lE-9 6.BE-5 6 ➔ 7 l.0E-3 2.3E-10 l.6E-8 2.0E-4 

6 ➔ 7 280 1.4E-7 7.1 E-9 6.6E-5 6 ➔ 7 2.SE-2 5.BE-10 1.7E-8 2.lE-4 

2 ➔ 6 3.0E-6 l.4E-7 7.lE-8 2.3E-4 2➔ 6 l.0E-6 2.9E-10 3.0E-7 9.0E-4 
(J'I 
w local local 

irrigation 2.SE 6 8.7E-7 8.0E-9 6.6E-5 irrigation 2.SE 6 3.3E-9 1.6E-8 2.0E-4 



Table 11 

Annual individual and c~ilective doses for U-235 and its daughter Pa-231 at different transfer rates. 
Continous leakage of 10 Ci/year 

Transfer Numerical Max ind Ma;l! reg ind Max coll Transfer- Numerical Max .'. ~ ..Ln ....... Max reg ind 
val.uf~ annu.al dose e,nnual dose 2nnual dose ,.valu.e annual dose annual dose 

well case lake case well case lake cas.e 
(rem/year) (re.m/year) (manrem/year) (rem/year) (n::m/year, 

Hax co1:i 
anri1.J.al j_osE 

(manrem/year) ·----- ·---·--··-··~---~ ~---·-·· ----- .. -..... ·-- --~~- , ...•. 

Base L4E-7 6.8E-9 l.SE-4 Base 1. 5E-7 l.9E-6 L2E-l 

6 ➔ 8 4.0 L4E-7 3.4E-9 l.4E-4 6 ➔ 8 4.0 l.SE-7 9.7E-7 l.2E-l 

6 ➔ 8 0.5 l.4E-7 2.7E-8 2.lE-4 6 ➔ 8 0.5 l.7E-7 8.0E-6 l-4E-l 

6 ··➔ 4 4·E-J l.4E-7 2.7E-9 l.4E-4 6 ➔ 4 4E-3 l.SE-7 3.9E-7 L2E-l 

6 ➔ 4 0.1 l .4E-7 2.SE-8 l.9E-4 6 ➔ 4 0.1 1.SE-7 9.7E-6 1.4E-4 

local local 
irrigation 2.SE 6 8.4E-7 6.BE-9 1. SE-4 irrigation 2.SE 6 6.4E-6 l.9E-6 l.2E-l 
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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 

Nuclide Relative change 

I-129 25 
Cs-135 8 
Ra-226 14 
Ra-226* 1 
Ra-226** 11 

Th-230 6 
Pa-231 12 

Pa-231*** 40 

U-234 6 

U-235 6 

* 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 ENERGITEKNIK AB 

Table 13 

STUDSVIK NW-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 3 

Cs-135 13 

Ra-226 4.5 

Ra-226* 3 

Ra-226** 4 

Th-230 2 

Pa-231 3 

Pa-231*** 12 

Np-237 3 

U-234 2 

U-235 2 

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 ENERGITEKNIK AB 

Table 14 

STUDSVIK NW-81/20 

1981-03-06 

67 

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

and distribution factors 

Nuclide Relative change 

I-129 10 

Cs-135 6 

Ra-226 2 

Ra-226* 2 

Ra-226** 1 

Pa-231 1.4 

Pa-231*** 1 

U-234 4 

U-235 4 

Np-237 5 

* 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 ENERGITEKNIK AB 

Table 15 

STUDSVIK NW-81/20 

1981-03-06 

68 

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 0.3 0.1 

cs-135 0.3 0.2 

Ra-226 0.6 0.6 

Ra-226* 0.7 0 

Ra-226** 1.0 0.4 

Th-230 1.0 0.9 

Pa-231 0.8 1.0 

Pa-231*** 1 0.1 

U-234 0.7 0.8 

U-235 0.7 0.8 

Np-237 0.6 0.8 

* 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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T umover of water L in the ir1Ke 
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Figure 2. Relative importance* of changed tran;fer coefficients for the studied nuclides 

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