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PART I 

INFCE/WG.4/25(A) 

This is intended to present criteria and evaluation factors based 

primarily on US experience. 
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Second Paragraph 

ICRP exposure limits have not changed significantly in the past twenty 

years; what has changed are the standards recommended by the American 

Environmental Protection Agency. In January 1977 they promulgated a 

public limit at 5$ of the ICRP value. It is agreed, however, that on 

environmental matters the trend must be towards more conservative 

standards. 

Third Paragraph 

This is a most important paragraph since it is concerned with the 

fundamental concept of 'optimisation'. ICRP publication 26 required 

all exposures to radiation to be 'as low as is reasonably achievable' 

(ALARA). The method of achieving this is to be by 'optimisation'. 



This requires consideration of the radiation exposure of the general 

public and those occupationally involved from all waste management, 

including disposal, practices. The evaluation made must therefore 

embrace the full cycle, considering the concomitant radiation exposure 

of the operators and the general public from the generation, storage, 

treatment and disposal of the waste. 

Fourth Paragraph 

The US have made their interpretation of ALARA for licensing purposes 

to mean 'a small fraction of established radiation exposure limits'. 

This is not necessarily optimisation; furthermore they have not included 

the radiological detriment arising from the waste which is initially 

stored but ultimately must be disposed of into the environment. 

Referring back to middle of paragraph 3 it is stated that the US intend 

'to make every reasonable effort to maintain ... releases of radio

active materials in effluents ... as low as is reasonably achievable*. 

This again is not necessarily the optimisation required by ICRP. 

Summarising on this fundamental point of principle, the US have broadly 

adopted the approach of 'minimising1 the effluent discharge, whereas 

the UK approach is to 'optimise' waste management to reduce the radio

logical detriment to as low as reasonably achievable. 

Radiation Exposure Assessment Factors 

It is unlikely that the radiation exposure arising from foreseeable 

accidents in a fuel reprocessing plant will have any major significance 

in an evaluation of the total radiological detriment from reprocessing. 

This aspect is likely to be of much more importance with respect to the 

nuclear power reactors. 
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The concept of expressing the collective dose detriment in terms of 

person rem/ per GWe year is an appropriate one. 

First Paragraph 

No explicit mention is made of the radiation exposure of operatives 

arising from the storage and treatment of wastes, neither is there 

reference of the radiation exposure which will arise ultimately from 

the disposal of such wastes. 



Seconc Paragraph 

Radiation exposure of individual workers will be the major assessment 

factor in this evaluation since the collective dose of those occupation-

ally exposed is always likely to be relatively small. It may even be 

necessary at times to accept some increase in collective dose to reduce 

individual doses as part of the optimisation process. 

B Assessing Radiation Exposure to the Public 

As previously stated, application of ALARA by use of an optimisation 

process is not the same as 'minimising the release of solid, liquid and 

gaseous effluents'. For axample, a case can be made for maximising 

the discharge of tritiated water effluent to sea since the enormous 

isotopic dilution achieved makes this the optimum method of waste 

management. Similarly the storage and ultimate disposal of the 

particular radioisotopes Kr-85, 1-129, C-14 and tritium need to be 

carefully evaluated relative to the detriment associated with their 

early release. 1-129 has a half-life of 16 million years so that it 

is debatable whether it ever can be contained. By geo-chemical process 

it is most likely to be found in deep sea sediments. 

In the list of factors quoted the most important and the controlling 

factor for the environmental impact is the release rate of waste. The 

UK has always maintained this point and continues to do so with respect 

to keep sea disposal operations. 

Consideration here is primarily for gaseous releases, hence the stress 

on meteorological parameters. The UK is also interested in marine 

dilution and dispersion including tidal and ocean current movements. 
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Second Paragraph 

Dose commitment to any population is critically dependent on the period 

over which the integration is effected, especially for the long lived 

radioisotopes. It has been suggested by the UK National Radiological 

Protection Board that instead of taking arbitrary time frames of 50 years 

or 1000 years integration should proceed until the estimated individual 

dose is negligible and that this value should be 0.1 millirem/year. 
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The UK, since it employs sea disposal as a major discharge route, 

considers only two sub groups of the population, the ICRP 'critical 



group' and the world population. It should be noted that the concept 

of a 'de minimis' cut-off for small doses to large populations is of 

particular importance with reference to the world population dose. 
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Dose resulting from Accidents 

From the list of accidents quoted the only one which we have considered 

as being worth evaluation is the loss of coolant from a high-level 

waste storage tank. The extremely low probability of such an event 

makes the detrimental significance of this of little importance in an 

evaluation of the total impact of fuel reprocessing. 

The above comment is valid when considering the dose commitment to the 

'off-site' individual and the local population (see Table 3 of Part II)* 

but obviously there may be a significant dose to the occupationally 

exposed worker in the event of a criticality accident. 

. 4 . 



PART II 

INFCE/WG.4/25(A) ADD 1 

Radiation Exposure Assessment Factors 

A Factors for Occupational Exposure 

The radiation exposure of workers concerned with fuel reprocessing is 

obviously of major importance, both with respect to their individual 

exposure and the collective dose due to the operation. At Windscale 

over the period 1971-1976 inclusively the average individual exposure 

range was from 1.11 to 1.27 rem/year, with the lowest value being 

achieved in 1976. Over the same period the collective dose increased 

from 3051 to 4912 person rem by 1976 (the latter is due to the 

increasing difficulties associated with corroded magnox fuel). 

The value of collective dose, attributed to Pochin, has been 

misinterpreted. The correct value over the past few years lies in 

the range 800 - 1000 person rem/GW(e) year. 

The breakdown of collective doses incurred at Windscale due to 

different forms of work is similar to that given for the model 

reprocessing plant. 

Type of Work Percent Exposure 

Operations 50 

Maintenance 40 

Other 10 

B Factors fpT Assessing Radiation Exposure to the Public 

Table 1 of the paper presents estimates of the impacts of releases of 

a range of radioisotopes of interest. Estimates based on those used 

in the Windscale Inquiry are generally lower than those quoted, in some 

cases by a considerable factor. The Windscale data are all based on 

THORP with a 1200 MTU/yr throughput related to 10 years of operation 

and dose commitment integrated over 100 years. These estimates are 

presented in Table 1 attached to this note. 
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B Factors for Assessing Radiation Exposure to the Public 

It will be noticed that Table 1 attached to this note does not include 



a column headed 'Maximum Exposed Individual' as provided in the text 

of INFCE/WG.4/25A Add 1. The concept of exposure of an 'individual 

at the site boundary' is not part of the UK approach to this topic. 

Consequently to provide such data would not be helpful and could even 

be misleading. The site analysis is based on the 'critical group' 

concept recommended by ICRP and, in ICRP Publication 26, it is suggested 

that in practice this is the best method of controlling dose to 

individual members of the public. 

Comparison of these data is complicated by the wide variety of models 

adopted (note second paragraph, page 4 of the document). Furthermore 

collective doses depend critically on demographic factors, which 

supports the UK approach using 'case by case* studies instead of the 

broad approach of applying environmental standards. Other factors of 

importance in these estimates include the proportion of activity 

released to the environment, decontamination factors, together with 

proportions released to the atmosphere and to sea. 

In the case of tritium discharge (page 5, line 12) the figure quoted 

from UNSCEAR is about right, 951 of the tritium is in liquid effluent 

to sea and 5\ is aerial effluent. 

The final paragraph of this section states that the principal effects 

on the general public arise from the releases of gaseous and liquid 

effluents. Reduction of these will clearly mitigate public exposure, 

but it must be remembered that retention of the activity associated 

with such releases also involves detriments; additional radiation 

exposure to operating staff arising from conditioning, storage and 

ultimate disposals as well as the economic penalties from such 

operations. ICRP Publication 26 interprets ALARA more broadly than 

minimising public exposure requiring application of the principle of 

optimisation over the whole cycle. This is a most important difference 

in the philosophy of approach to the problem of limiting detriments. 

Table 3 illustrates the point that, bearing in mind the low frequency 

of the accidents which have been considered, the environmental impact 

will be vanishingly small relative to normal plant operation. 

Table 4 

Land area occupied by reprocessing plants in UK is very much smaller 

than figure given in the table. Typically, the whole of the Windscale 

site occupies 400 acres. 
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TABLE 1 

Public Exposure from Fuel Reprocessing 

Nuclide Regional Group* Globally Exposed Critical 
Released person rem/GW(e) year person rem/GW(e) year Organ 

Ingestion 

Kr85 

C14 

Il?9 

1131 

H3 

TRU 

Csl34/137 

Sr89, 90 

Rul06 

9.0 

0.6 

125 

90 

32 

-

23 

-

-

-

-

Total body 

Total body 

Thyroid 

Thyroid 

Total body 

Bone 

Total body 

Bone 

Total body 

*Based on estimate for population living within 50 km of Windscale 


