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Introduction 

1. This paper is in response to the action placed on the Technical Secretariat 
at the fifth meeting of Sub-Group 4A in respect of Task 6, namely to identify 
the elements of an environmental evaluation of reprocessing. Such an evaluation 
cannot be undertaken in isolation but must involve a comparison of the total 
environmental impact of a fuel cycle involving reprocessing with a fuel cycle 
that does not, i.e. the once-through fuel cycle with direct disposal of spent 
fuel. This overall comparison requires information outside the scope of Sub-
Group 4A, namely the environmental impacts of uranium mining, of fabrication of 
plutonium-bearing fuels, of operation of reactors burning such fuel and of the 
management of the wastes from reprocessing and of spent fuel. 

2. This paper therefore addresses tvo specific aspects of this overall 
evaluation, namely: 

(a) the means by which it is established that reprocessing is carried out 
in compliance with the basic standards for radiological protection 
set by the ICRP; 

(b) a summary of the product;;, wastes nnd effluents of reprocessing, 
together with the energy and water resources required, given in a 
form which can be used in the comparative evaluation described above. 

The control of radioactive effluents from reprocessing plants 

3. In order to apply Lhe ALARA principle recommended by ICRP, some countries 
adopt, by means of legislation, directives, recommendations or guidelines, 
environmental radiological limits far below Lhe ICRP Dose Limits to be associated 
specifically v/ith radioactive discharges. Other countries have incorporated 
limits on maximum permitted activity in discharges, whilst some countries have 
not explicitly stated .such generally applicable limits for effluent control. 
A review of the generally applicable limits for effluent control in the member 
states of the European Communities, in the United States of America and in r.ome 
other countries h;is recently been published {]}. In addition, the FRG 
delegation have submitted a paper detailing the situation within the Federal 
Republic of Germany {2}. 
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4. The CEC review {l} describes how operational discharge limits are arrived 
at in the various countries. The generally applicable limits appropriate 
within a country serve as maxima within which the operational limits are fixed. 
These operational limits are established by a case-by-case analysis lor each 
individual nuclear plant, taking into account best current technology for that 
type of plant. 

5. To ensure compliance with the discharge authorisation conditions, a 
system of controls and inspection is applied. These involve the monitoring of 
effluents with the records of activity releases being sent to the inspection 
authority. Independent checks at the installation on sampling, measurements and 
records are undertaken periodically by the inspection authority. In the case of 
a breach of the authorised limits, the inspection authority must be informed. 
After investigation, further measures depend on the severity of the breach. 
The law often provides for fines and/or imprisonment and, where necessary, the 
closing down of the installation. 

6. All of those countries reviewed in the CEC document apply radiological 
limits to effluent control which are less than 10% of the ICRP Dose Limits. 
However, the individual limits vary from country to country by over an order of 
magnitude. In some countries very strict limits are adopted for domestic M 
reasons relating to considerations of public acceptability. Any attempt at ™ 
comparison between limits set by individual countries could lead to 
misunderstandings if account is not taken of these additional factors. Finally, 
it should be noted that during the period 1972-76, within the CEC, there was 
no case in which a discharge from a reprocessing plant could have given rise to 
an exposure exceeding the prescribed limits {3}. 

Summary of factors relevant to an environmental 
evaluation of reprocessing 

7. A reprocessing plant produces:-

(i) products, i.e. uranium and plutonium 

(ii) wastes, i.e. highly active fission product wastes, medium 
"" active waste and plutonium-contaminated materials 

(iii) effluents, i.e. gaseous and liquid discharges. 

It also occupies land and requires energy and water resources to operate. To 
allow these factors to be included in an overall evaluation it is useful to 
summarise these factors in relation to the production of 1 GW(e)yr of electricity. 
For the purposes of this summary it will be assumed that the electricity is 
produced in a light water reactor (LWR) and that 1 CW(e)yr corresponds to the 
discharge of 35.7 tonnes of heavy metal (HM). 

8. A. Products (per GW(e)yr) 

Uranium - 35 tonnes (78 m3 of uranyl nitrate @ 450 kg/m3) 

Plutonium - 320 kg total (225 kg fissile) (1.3 m3 of plutonium 
nitrate C 250 kg/m3) 
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B. Wastes (per GW(e)yr) 

Liquids 

(i) Highly active liquid waste (containing 99% of dissolved 
fission products, impurities from cladding materials, corrosion 
products, traces (**» 0.5%) of unseparated plutonium and uranium 
and most of the transuranic elements) 

Volume - 17.8 m3 @ 0.5 m3/te HM {5} 

Activity - 2.1 x 107 Ci § 1.2 x 106 Ci/m3 {5} 

Pu content - 1.6 kg Pu @ 90 g/m3 {5} 

Heat release - 357 kW @ 18.5 kW/m3 {4} 

Acidity - 1/3 M in HN03{4} 

(ii) Medium active waste 

(a) aqueous 

volume - 53.5 m3 § 1.5 m3/te HM {5} 

activity - 5.35 x 103 Ci @ 100 Ci/m3 {5} 

I " * - ° - 5 *p-e io *>»' (5> 
(b) organic 

volume - 3.6 m 3 (3 0.1 m3/te HM {5} 

activity - 3.6 Ci @ 1 Ci/m3 {5} 

plutonium _ , a , / 3 rc\ 
content " 3.6 g @ 1 g/m {5} 

Solids 

(i) Hulls and structural material 

volume - 17.8 m3 @ 0.5 m3/te HM {5} 

activity - 0.9 x 106 Ci @ 5 x 10" Ci/m3 {5} 

plutonium , oc . . ,. ,3 /.-. 
content " lt25 ^ ? 70 g/m {5} 

(ii) Insoluble residues " " 

volume - 1.8 m3 @ 0.05 m3/te HM {5} 

activity - 1.8 x 106 Ci @ 106 Ci/m3 {5} 

plutonium . 0#36 /m3 {5} 
content " e 



(iii) Plutonium-contaminated material 

volume - 53.5 m3 

(iv) Ion exchange resins and iodine absorber materials 

volume - 0.35 m3 

(v) Off gas and exhaust filters 

volume - 17.8 m3 

C. Effluents 

Gaseous and liquid effluents from reprocessing of spent fuel 
appropriate to 1 GW(e)yr of electricity will result in a general 
public collective dose commitment of 300-750 man-rem {6}. 

D. Occupational Exposure 

The collective dose equivalent to reprocessing plant operators 
will be 18-24 man-rem per GW(e)yr {6}. 

E. Utilities and Services 

cooling water - 70,000 m3 {5} 

electricity - 3.6 x 106 kWh {5} 

steam - 1.8 x 101* tonnes {5} 

Conclusions 

It is concluded that:-

(i) reprocessing of spent thermal reactor fuel can be undertaken whilst 
conforming to the basic standards for radiological protection set by the ICRP. 

(ii) for domestic reasons of public acceptability or physical protection, the 
environmental standards set for reprocessing may differ from country to country 
This will, in turn, influence the cost of reprocessing. 

(iii) reprocessing produces certain products, wastes and effluents and requires 
certain energy and water resources. Information on these items has been 
summarised in a form suitable for an overall evaluation of the various fuel 
cycles from an environmental viewpoint. 
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