
International 
Nuclear 
Fuel 
Cycle 
Evaluation 

X /•• 7'o( 
§**•* 

I'FC /̂DTHP/VJG. 5/66 

nTTip crrTpiTX^^TOI1! mTv TMTPP^ T-'OHT''T'M'fi f"?0TTP c-/<T'—C 



COMMISSION 
OF THE Luxembourg. .? .O. t } \ . „Qc. t .Qh.es ..3.9.7c 

EUROPEAN COMMUNITIES 

Directorate General 
Employment and Social Attain 

Health and Safety 
Directorate 

V/F/2 

CEC submission to 

IKPCE - Working Group 5/SG-C 

1. Introduction 
» 

Discharges from currently operating nuclear installations 

provide a possible baselire with which discharges from proposed 

fast rer.ctor cycles r:ay be compared. A report recently published 

by the Commission of the European Communities (1) reviews 

discharges in the period 1972-1976 from nuclear power stations 

and nuclear fuel reprocessing plants within the Member States; 

the data therein provide a basis for establishing such a base

line .. 

A fast reactor cycle will, however, introduce changes 

in the nuclide composition of effJuents and ultimately it 

will be the radiation doses received by members of the public 

which will have to be taken into consideration; both 

discharges and attendant doses are, therefore, considered 

below as in the report cited above. 

For many nuclides the whole body will not be the 

critical organ. However, since the problem is considered 

here in general terms only, the whole body dose will be 

the only dose evaluated with the sole exception of the 

dose to the thyroid from iodine isotopes. Overall this approach 

is unlikely to lead to gross underestinatc.s of the potential 

exposure hazard. 

The term "close" is used throughout the text for brevity 

although in most cases the tern, "dose equivalent" should 

be applied. 
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Nuclear Power Station Discharges 

Nuclear power stationshave evolved steadily and this 

has been reflected in an overall downward trend in discharges. 

To establish a baseline which corresponds to currently 

proven best practice the data considered have been restricted 

to riparian installations (which r.-ill have the most restrictive 

liquid effluent conditions) which came on-line after 1970 

and which have at least 18 months operation; for simplicity 

only LWRs have been taken into account. 

Brief details of the sites thus selected are listed below: 

Nuclear Power Station 

WURGASSEN (Germany) 

STADE (Germany) 

BORSBELE (Neth.) 

BIBLIS 'A' (Germany) 

TIHJ.NGE (Belgium) 

Jfirst Grid 
Connection 

18.12.71 

29. : 1.71 

4. 7.73 

25. 8.74 

7. 3.75 

Type 

BWR 

PWR 

PWR 

PWP. 

PWR 

Capacity 
(GW) 

0.64 

0.63 

0.45 

1.15 

0.87 

Net GWe. to 
end 1976 

0.96 

2.49 

1.09 

1.57 

0.86 

Carbon-14, krypton-85 and iodine-129 discharges are not 

considered belov/ for nuclear power stations as they constitute 

possible discharge problems in the immediate environments 

of reprocessing sites rather than individual power station 

sites, when account is taken of the actual and potential 

much greater throuhgputs of reprocessing plants. The same 

is true of tritium but it is traditionally taken into account 

in reactor effluents and has been included for this reason. 

GW and GWa refer throughout to net electricity produced 



LWR Discharges to atmosphere 

The effective stack heights of the stations cited 

ranged from 60 m to 100 m. Atmospheric dilution factors 
-7 — 6 

were in the range 4 x 10 to 1 x 10 which assumes 

the worst sector and takes a wind preference of 20% into 

this sector. Both the dilution factors and the dose factors 

are in accordance with (1). 
Noble gases 

Discharger: averaged for each station over the period 
3 4 

1972-76 for the sites considered vary fron 10 to 10 Ci/GWa 

with an overall average of 6 x 10 Ci/GWa. Xe-133 and 

Xe-135 tend to dominate the nuclide composition although in 

1976 Wurgassen discharges were 44% Xe-137 and Stade discharges 

attained 20% Kr-85. 

/ 
Whole-body doses at 0.5 km from the point of discharge 

have been calculated for the above average discharge as 0.3 mrem/GWa 

for a 60 m stack and a representative dose factor per unit 

release of noble gases. 

Aerosols. 

Alpha activity is insignificant; gross beta activity 

ranged from 1C~ to 5 x 10 Ci/GWa and averaged 2 x 10 Ci/GWa. 

Nuclide analysis: is not routine in most cases. However, of 

the nuclides identified Ce-144 is the most toxic by inhalation 

(although only present in small quantities) and Co-60 

potentially the most hazardous for effects following deposition. 

Even assuming the aerosols to be 100 % Ce-144 in the 

insoluble form the calculated lung dose is less than 
-2 

10 mrem/GWa for the average discharge. 

Assuming correspondingly 100% Co-60, a velocity of 

deposition of 10 mr. and an atmospheric dispersion factor 

of 10 (60 m stack) and neglecting weathering losses and 

shielding effects gives a dose .of 0.3 mrem/Gwa to the whole 

body when environmental equilibrium is attained. Seme assumptions 

are obviously pessimistic but no allowance has been made 

for the potential increase in the specific activity of Co-60 

in corrosion products for the stations considered, nor for 

wet deposition. The value of. 0.3 mrcn/Gt*a is, therefore, 

retained for present purposes. 
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Iodii.e-131 

-2 -2 

Discharges verti in the range 10 to 6 x 10 Ci/GWa 

and averaged 5 x 10 Ci/GWa. The correpond:'ng cose to the 

thyroic of an infant consumirg only milk produced from 

cattle grazing at 0.5 Km would be some 3mrem/GWa. 

(Assumed consumption rate 0.7 )d ) . The analogue dose 

to the adult thyroic would be about 0.2 mrem/GWa . 

Tritium 

The data are often incomplete reflecting perhaps 

their insignificttnee arising from the low toxicity of 

tritiun. Such data as are available suggest a range of 

10 to 40 Ci/GWa. 

The corresponding average whole body dose at 0.5 km 

would be of the order of 10 mrem/GWe; by inhalation 

and skin absorption. The consumption of contc.mir.ated 

foodstuffs would add to this but thi= dose will remain 

very low. 

http://contc.mir.ated
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2.2. Liquid effluent discharges 

Currently operating nuclear power stations discharges 

in general into rivers with annual average flowrates of 
2 3 3-1 

the order 10 to 10 m s or more but such sites will 

not always be available; a conservative annual average 

flow rate of 10 m" 

Excluding tritium 

3-1 
flow rate of 10 ID S has been adopted for the calculations. 

The nuclide spectra of liquid effluents have been 

studied in considerable detail. However, the results 

tend mainly to illustrate the very wide range of possiblilities. 

Any "typical" spectrum »nust be viewed with this in mind. 

The ecological model chosen is that recommended in the 

FRG (2). Nine nuclides other than tritium have been selected 

on the basis of this model as being att the potentially most 

hazardous. For some of these nuclides the discharge data is 

incomplete but all relevant data for tlie years 1974^ 1975 and 

1976 have been reviewed and average discharge rates calculated. 

Long-lived nuclides, particularly corrosion products, have 

been arbitrarily increased to allow for a continued approach 

towards "equilibrium" and Sr-90 has been increased to 0.1% 

of the total. The values thus computed are tabulated below 

together with the maximum fcr any single station of those 

considered. 

Pathways considered in the model are drinking water,' 

fish, crops, milk, meat and external irradiation; the first 

three dominate whole body exposure with the nuclide spectrum 

adopted. 

The results are given in the table below; for completeness' 

and possible comparison with other submissions to INFCE V/C 

the individual nuclide and principle pathway contributions 

are given in full. 

* 



N u c l i d e 

Co-58 

Fe-59 

Co-60 

Zn-65 

Sr-89 

Sr-90 

1-131 

Cs-134 

Cs-137 

Total 

.Computed 
average 
Ci/GWi'. 

0.25 

0.01 

1.00 

0.35 

0.003 

0.002 

0.15 

0.12 

0.30 

2.135 

Max single 
value 
Ci/GWa 

0.63 

0.015 

0.82 

0.37 

0.006 

0.0003 

0.54 

0.27 

0.68 

Drinking Water Freshwater Fish Crops 
Whole body d o s e p e r u n i t c o n s u m p t i o n 
(mrem/GWa)corresponding to average discharge 

0.13 (-6) 

0 .01 (-6) 

1.48 (-6) 

0.77 (-6) 

0 .01 (-6) 

1.12 (-6) 

0.16 (-6) 

4.53 (-6) 

6.80 (-6) 

L5.01 (-6) 

0.01 (-3) 

0.15 (-3) 

0.15 (-3) 

0.04 (-3) 

0 .01 (-3) 

4.54 (-3) 

6.80 (-3) 

11.70 (-3) 

0.02 (-5) 

0.32 (-5) 

0.20 (-5) 

0.36 (-5) 

0.01 (-5) 

1.00 (-5) 

2.6f (-5) 

4.56 (-5) 

Annual consumption 440 1.3 kg 231 kg 

Annual dose (mrem/GWa) 0.66 (-2) 1.52 (-2) 1.05 (-2) 

The total calculated dose is some 0.032 mrem/GWa to the 

whole body. However, the consumption rates quoted are average 

values and would bt higher for critical groups, especially 

in respect of fish consumption. A value of 0.3 mrem/GWa 

(20 kg of fish per head per year) is probably a better 

estimate for the critical group. 

lodine-131 

A discharge of 0.15 Ci/GWa is assumed as in the table 

above. All the pathways in the German model contribute to 

the adult thyroid dose, totalling 0.12 mrem/GWa for average 

consumption rates. For the critical group (20 kg of fish per head 

per year as above) the value would be 0.4 mrera /GWa. 

For an infant consuming only contaminated milk the result 

is also 0.4 mrem/GWa. 



Tritium 

The average discharge is some 200 Ci/GWa, with "a 

range of 50 to 300 Ci/GWa. 

For an average flow of 10 m"'s the average concentration 

would i>e 630 pCi 1 and a consumption rate of 440 la 

of drinking water implies 0.04 mrem/GWa. Allowing for other 

pathways the total might approach 0.06 mrem/GWa. 



2. .3. Summary and Conclusions for LWRs 

The doses calculated above correspond to those to 

members of the critical groups, where this term implies 

maximum exposure to the levels experienced at 0.5 km 

from the stack and the consumption rate of 20 kg of 

fish per head per year from the river receiving the 

liquid effluent. The results are collected in the table 

below. 

N a t u r e o f t h e 
Ef f luen t 

N o b l e g a s e s 

A e r o s o l s 

T r i t i u m 

1 - 1 3 1 t o a t m o s . 

L i q u i d e f f l . 
( e x c l . t r i t i u m ) 

T r i t i u m 

1 - 1 3 1 i n l i q u i d e f f l . 

T o t a l 

Whole: body dose 
(mrera/Gwa) 

0 . 3 

0 . 3 

~ 0 . 0 0 1 

-

0 . 3 

0 . 0 6 

-

1 .0 

1-131 Thyroid 

Adult 

0 . 2 

0 . 4 

0 . 6 

dose (mrem/GWa) 

I n f a n t 

3 

0 . 4 

3 . 4 

When these results are related to the relevant dose 

limits (I.C.R.P. 26) the whole body dose'is the most significant 

of the three and hence the discussion belov; is confined to 

this aspect. 

For any given power station site the true doses will 

depend on the local environment and on the total power 

capacity of that site. However, as regards the models used 

above to evaluate the doses, the distance for which discharges 

to atmosphere were evaluated is such that with effective 

stack heights of around 60 m the calculated doses will be 

close to the maxima} moreover, the river flow and the 

ecological model used for the evaluation of doses from 

liquid effluent are reasonably pessimistic. Overall, therefore, 
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the doses estimated per unit of electrical power tend to err 

on the safe side with reference to currently proven LWR 

technology although individual sites could give higher 

results for particular pathways. 

For a 5 GW site operating at 80% load factor, the 

maximum annual dose would, therefore, be around 4 mrero 

for members of the critical group; in practice no site 

with such a large capacity yet exists. 

A dose of 4 mrem represents about 4% of the average 

natural background and, perhaps more significantly, is 

well within local variations in space and time. In view 

of this it would appear that steps to reduce discharges 

further would need careful consideration on a cost-benefit 

basis. 
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Fast reactor experience 

The only operational fast reactor cited in (1) is 

Phenix. Data are given for the gaseous discharges there

from but, since the liquid effluent is treated and 

discharged together with other such effluent from the 

various installations at Marcoule including the reprocessing 

plant, no liquid effluent data specific to Phenix are 

available. Moreover, the total power output to the end 

of 1976 was only 0.26 GWa. Q ?<"C 

As stated previously, when considering the dose to 

an individual it is the total dose which is finally of 

interest rather than the particular nuclides or pathways 

involved. However, in the absence of data on the nuclide 

spectra the total dose cannot be calculated. 

7 

Gaseous Effluent 

Component 

Noble Gases 

Aerosols (Beta) 

(Alpha) 

Iodine-13] 

Tritium 

"1 
D i s c h a r g e s (Ci/GWa) 

Current LWRs 

Range 

io3 - io4 

-4 -2 
10 - 5 x 10 

-2 -2 
10 - 6 x 10 

10 - 40 

Mean 

6 x 103 

2 x 10"2 

5 x 10"2 

30 

Phenix • 

1.6 x 103 

-4 
1.3 x 10 

4 x 10~6 

2 x 10~3 

70 

The above table summarizes the information available on discharges 

from Ph^nix and from the LWRs discussed previously from which it 

may be concluded that 

- for noble gases gross discharges are very similar. In the 

absence of nuclide data the dose for Phenix cannot be 

estimated but there is no reason to suppose that it would 

be any greater than'that for the LWRs. 



- in terms of gross beta activity the Phenix aerosol 

discharges are two orders of magnitude below the 

LWR mean value. Whatever the Phenix nuclide spectrum 

the resulting doses are likely to be less than those 

calculated above 

- the data used in (1) gives only the 1975 aerosol 

alpha activity frcm which the value cited is derived. 

As for LWRs the inferred dose is very much less than 

from some of the other discharges 

- The Phenix discharge value for iodine-131 is based 

on 1976 alone no data being given for 1975. The 

discharge and hence the dose is an order of magnitude 

down on that for the LWRs. 

- tritium discharges to atmosphere are of the same order 

in the two cases. The inferred dose from Ph6nix 

discharges remains unimportant. 

Hence it can be concluded that there is no a priori reason to 

suppose; that Phinix discharges to atmosphere h&ve entailed 

doses per unit electrical output greater than from recent 

LWRs which have themselves been demonstrated above 10 be 

of no significance to the health of the individual; indeed 

for Phenix the total dose :'.s probably lower than the average 

for LV.'Rs. No conclusions can be drawn, however, for liquid 

affluent since no input data are available for Ph6nix. 



Reprocessing Plants 

The much smaller number of operational reprocessing 

plants and the very wide range in the amounts of radio

activity discharged Lherefrom means that the same approach 

cannot be adopted. The problem is further complicated since: 

- the nuclide data are poorly documented. Windscale 

data are the most fully documented but this site 

has not been processing oxide fuel; moreover, it. 

enjoys good marine dispersion conditions for liquid 

effluent and con equently discharges give much smaller 

doses than~would be the case for a riverain site 

discharging the sane quantities of radioactivity. 

- to data only Windscale and Cap de la Hague have 
/ 

| attained an annual throughput equivalent to 1 GWa. 

Hence greater discharges per GWa can be tolerated 

than would be the case of say a 2000 t per year 

plant for LWR fuel (say 60 GWa}. 

- liquid effluent discharges from the principal riverain 

sites (Eurochemic, Marcoule and WAK) are not always 

distinguished from possibly significant discharges 

from other installations which use the same effluent 

treatment plants. 

The approach adopted below is, therefore, to consider 

current best practice for the various individual effluent 

components as attained at any one reprocessing plant and 

the dose implications of these components' in the absence of nuclide 

spectrum data GCR fuel has not been distinguished,. 

Reference (1) provides the basis of the reviev.'. For atmospher 

discharges Bryant's dose caculat'ons (3) have been adopted; 

these assume a 100 m stack height and give the results at 

1 km. Global effects of the long-lived isotopes H-3, C-14, 

Kr-85 and 1-129 are considered separately. Tc-99 is rot 

considered since insufficient'data are availab3e; its 

possible long term significance is not yet fully resclved 

and requires further study. 
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Discharges to atmosphere 

Noble gases 

In view of the fuel decay time prior to reprocessing, the 

only potentially significant nuclide is Kryptbn-85. No 

rer.oval equipment is yet in routine operation at reprocessing 

plants and it may be assumed that all Krypton-85 is 

discharged. In the absence of information on fuel through

put, these discharges can in fact be used to infer the 

throughput in terms of GW(th)ft and hence in GWa. A 
4 

fission yield of 9.7 x 10 Ci/GW(th)a has been adopted 

for this nuclide, implying for LWP. fuel a discharge of 

3 x 10 Ci/GWa; the skin dose at 1 km is 0.6 mrem/GWa 

which, when weighted in accordance with I.C.R.P. 26, 

would have the same significance as 0.04 mrem/GWa to the 

whole body. 

Aerosols 

For alpha aerosols the lowest recorded value was 
— 8 2 x 10 Ci/GWa for Cap de la Hague in 1976. Assuming 

plutonium-239 alone the dose from inhalation based on 

(3), when individual organs are weighted and summed in 
-7 

accordance with I.C.R.P. 26, is less th«n 10 mrem/GWa. 

The lowest recorded value for beta aerosols in 1976 
-2 

was 1 x 10 Ci/GWa at Cap de la Hague through lower 

values have been recorded at Marcoule in earlier years. 

The calculations in (3) cover strontium-90 and caesium-137^ 

parallel xalculations, have been made to evaluate the effects 

of ruthenium-106 and cerium-144. Considering the discharge 

as consisting in turn of 100% of each of these four nuclides 

and weighting the doses in accordance with I.C.R.P. 26 

as regards the critical organ concerned, it is concluded 

that external radiation from deposited caesium-137 is the most 
-3 significant pathway and a whole body dose of 5 x 10 mrem/GWa 

results from the calculation. 
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Radioactive :.odine 

Discharges of iodine-131 are critically dependent on 

the decay time of the fuel whc^n processed. It seems probable 

that discharges from reprocessing plants have been largely 

influenced by batches of fuel with decay times less than 

the average at the plant. 

If it is assuemd that all fuel has a decay time 

of 180 days tnd that 1% of the iodir.e-131 throughput is 

discharged to atmosphere then the discharge would amount 
-2 

to some 5 x 10 Ci/GWa. The dose recieved by an infant 

drinking only milk produced by cows grazing 1 km from the 

stack would then be 0.44 mrem to the infant thyroid or 

0.013 effective whole body dose for I.C.R.P. 26 wheight.ing. 

The corresponding adult dose would be about an order of 

magnitude lower. 

Discharges of iodine-129 have rarely been measured. 
-2 

However experiments at WAK have given results of 1 x 10 

Ci/GWa and calculation suggests a thyroid dose of 0.06 mrem/GWa 

at environmental equilibrium. 

Tritium 

2 
Values below 10 Ci/GWa have been achieved although 

other values more than two orders of magnitude greater 
2 

have also been recorded. A discharge of 10 Ci/GWa would 
-4 

imply a dose to the whole body of around 3 x 10 mrem/GWa 

taking into account inhalation, skin absorption and ingestion. 

vjarbon-14 

Again few measurements have been made although experimental 

work at WAK has suggested a value of 13 Ci/GWa for LWR 

fuel, a result which, within the limits of input data 

for calculation, suggests that the greater part of the 

carbon-14 throughput is discharged. Such discharges would 

correspond to a whole body dose of the order of 10~ mrere/Gwa. 
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Liquid effluent discharges 

In general the discharges from WAK ere lowest even 

although full allowance cannot be made for the contributions 

of other site installations with the data available. The 

1976 discharges were as follows: 

_3 
alpha activity - 3 x 10 Ci/GWa 

beta acitivi.ty - 0.1 Ci/GWa 
(excluding tritium) 

4 
tritium - 1 x 10 Ci/GWa 

3 

Still assuming a river flowrate of 10 m /sec as for 

nuclear, power stations the corresponding dose rates would 

be : 
-3 

alpha activity - 3 x 10 mrem/GWet. (assuming 
Tu-239 in drinking water) 

-2 
beta activity - 4 x 10 mrem/GWa (assuming 

100% Cs-137) 

tritium - 3 x 10 rorem/GWe. 

The result for beta activity is based on 100% Cs-137 

which from inspection of the table in Section 2.2. is 

the most important single nuclide; a fish consumption rate 

of 20 kg per head per year for the critical group is assumed, 

Summary and Conclusions for NFRPs. 

For a reprocessing plant with an annual capacity of 

2000t, ie. about 60 GWa in electrical terms, the above 

calculations can be summarized as follows: 



Nature of Effluent 

Noble Gases 

Aerosols - alpha 

beta 

Iodines - iodine-131 

iod;.ne-129 

Tritium to atmosphere 

Carbon-14 

Alpha in liquid effluent (Pu-239) 

Beta in liquid effluent (Cs-137) 

Tritium in liquid effluent 

Effective 
Whole body dose 

(mrem/a) 

2 

<io"5 

0.3 

0.8 (0.1 for adult) 

0.1 

0.02 

0.06 

0.3 

2 

18 

/ 

Assuming one adult to belong to all of the critical 

groups involved the total dose is some 5 mrem per year 

excluding tritium. Using the same arguments as were cited 

for reactors this can be argued as being acceptable. 

Tritium is the most important individual isotope and the 

dose involved is still only a small fraction of the limit 

of 500 mrem but all the doses could easily be reduced 

Ly siting a reprocess, ing plant on a larger river. On 

this basis present day technology v/ould appear to be 

able to cope with a large reprocessing plant - much 

larger than is currently operating. 

Reprocessing experience with fast reactor fuel 

There, are no recorded data for such reprocessing. 

Long-'ived isotopes and global doses 

From data available the yields of tritium, carbon-14 

krypton-85 and iodine-129 are not significantly different 

form those for LWF.s. Hence the fast reactor would not 

introduce fresh problems in a pov/er programme of the 

same capacity. Reference (4) has produced calculations 

for a hypothetical nuclear pover programme to the year 2000. 

V-he report concludes that the doses are "of lew radio-
o 

logical significance" 
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