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INTRODUCTION 

In the framework of the activities in WG 4 various concepts and 

systems were proposed for reprocessing and refabrication plants, 

which apart from further technical developments aim at increased 

safety, improved safeguardability and higher proliferation re

sistance in general. 

In this paper another model for industrial scale reprocessing 

facilities is presented in which improved containment and 

surveillance features allow the simultaneous realization of 

increased health protection and environmental safety as well 

as higher resistance to diversion risks of fissile material 

and an easier and highly efficient safeguardability. 

The paper is given in the format of an overall description of a 

reprocessing plant using the same scheme as the "base case" in

dustrial reprocessing plant, except for storage items. 

This paper should be understood as a contribution to a more ex

tensive discussion on improved safeguards and safety of re

processing facilities within WG 4, in which also other technical 

improvements and institutional arrangements should be considered. 

The concept presented in this paper seems to be feasible, even 

though appropriate R&D efforts and intensive international dis

cussions are still necessary. For these reasons a complete im

plementation of this concept does not seem to be achievable in 

the near future although a progressive approximation seems to be 

possible for plants- already firmly committed. 

The plant is located on a site fitted with the required logistic 

support, in particular large pond storage facilities for irradiated 

fuel and storage of finished products, which are directly connected 

to the plant. 

Succession of the process stages is: 

- shearing of fuel elements, 

- dissolution, 

- partition and storage of fission products, 
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- uranium and plutonium purification and partition, 

- their final concentration and storage, 

- conditioning and storage of liquid and solid by-products. 

The design presented in this document is particularly characte

rized by the application to almost all parts of the plant of 

the protection means and methods existing in the head - part 

of the plant. 

An uninterrupted barrier separates the personnel from the 

products and the plant can thus be compared to a giant pipe. 

The general principles are: 

In present reprocessing plants, the fissile material is contained 

inside a primary barrier provided by the equipment all along 

the plant : e.g. pipes and tanks at the first steps, apparatus 

in glove boxes at the end of the process. A secondary barrier 

exists also at the first steps of the process, essentially 

made of heavy concrete, where the gamma activity of the 

materials is strong. At the moment, there is no such barrier 

at the tailend. 

In the PIPEX concept, the biological shielding is completed 

and extended to the whole process in order to ensure the 

continuity of the secondary barrier protecting the fissile 

material throughout the plant. It goes without saying that 

this barrier must be adapted to each step of the process, 

the heavy concrete being replaced for example by ordinary 

concrete when gamma shielding is not necessary. 

The continuity and the tightness of the external containment 

(secondary barrier) must be controlled at any time by the 

inspectors in charge of the surveillance of the plant. In 

order to satisfy this requirement the walls of the containment 

must be easily accessible when they are not directly on the 

ground. 

The containment is provided with an inlet for:irradiated fuel 

and an outlet for plutonium. At these points a quantitative 
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control is exercised enabling the total balance of the plant 

tqbe'drawn up.On'the other hand/ the containment is provided 

with inlets and outlets the number of which is limited to a 

minimum. At these points, qualitative controls are exercised 

by the inspectors, if necessary, by automatic continuous 

measuring devices in order to ensure that no fissile material 

is crossing the containment. 

4) In an ideal plant using the PIPEX concept, it is thus possible 

for the inspectors to verify at any moment that the plutonium 

which has been brought inside in the form of irradiated fuel 

elements remains effectively inside and leaves the containment 

only through a controlled outlet. Of course, this concept is 

an ideal one which must be followed as closely as possible in 

industrial realizations. In order to be successful such 

realizations should be made by steps, starting from existing 

plants to achieve complete containment through successive 

improvements. 

The important consequences on the operating and maintenance 

philosophy and the advantages are briefly described in this 

document. 

1 - DEFINITION 

Purification of the solutions resulting from the dissolution 

of the sheared elements is performed using the PUREX process, 

which has already been widely proven. Uranium and plutonium 

conversion are also based on well known processes. The volume 

of wastes is reduced to a minimum by systematic treatment and 

conversion into an adequate form as for example vitrification 

of highly radioactive liquid wastes. 

1.1 Characteristics 

. Irradiated fuel 

from light water reactor. 

Maximum burn-up : 43,000 MWd/tonne 
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Medium burn-up 

Enrichment of fresh fuel 

Cooling time 

33,000 MWd/tonne 

3.5 % U.235 or equivalent 

over one year. 

Finished products 

Uranium 

Plutonium 

average enrichment rate below 1 % : as U30„ 

in the form of Pu02- Plutonium can also be 

mixed with Uranium to supply U02-PuO„ mixed 

oxide ..for further use in the fuel, cycle. 

The UNIREP standards of purity apply to the end products. 

1.2 Capacity. 

Commercial programme: 800 t/year 

Plant availability : 250d/year. 

Ponds for spent fuel element buffer storage : capacity 5,000 t of 

heavy metal. 

Storage facilities for finished products (PuO- and U30„) : their 

capacity corresponds to the plant production during the time 

deemed necessary. 

An intermediate storage for plutonium nitrate has been provided 

which corresponds to several months of operation. 

3 -1 Wastes: Highly active liquid wastes : 450 m . year 

These wastes are incorporated in glass, which 

results in producing highly active solid wastes 

(glass) : 200 t/year. 

Other wastes; process wastes (hulls and structural material 

of fuel elements, insoluble residues, ion 

exchange resins, effluent treatment residues..) 
3 

1,200 m /year 
technological wastes arising prior to treatment 

(pessimistic estimates) 
3 

- which can be incinerated : 2,000 m /year 
o 

- which cannot be incinerated : 1,100 m /year 
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1.3 Chemical process 

Figure 1 shows a simplified diagram of the process. 

After having been transferred from the feed pond into the shearing 

unit and chopped, the irradiated fuel is dissolved into nitric 

acid. 

The acid solution containing uranium, plutonium and the fission 

products is clarified in a centrifuge process. The resulting 

solution, after adjustment, if required, is then fed into the 

first extraction cycle and analysed. 

The uranium-plutonium separation is performed during the first 

cycle. 

Two purification cycles for plutonium and three for uranium 

allow to obtain end products in accordance with the UNIREP 

standards. 

A chemical process is used for converting uranium into U,0„: 

concentration, ammonia precipitation, leaching and calcination. 

Oxalate precipitation, then filtration and calcination are used 

for converting plutonium into PuO-. 

1.4 By-products, wastes, rejects 

Operation of the plant generates liquid, solid and gaseous, 

by-products. 

These by-products are subjected to various processes aiming at 

confining to the greatest possible extent the radionuclides 

which they contain at the origin so that they may be stored 

for a very long time without any risk of dissemination in 

the long term. 

The very small part of fission products which passes through 

the barrier of the various processes applied constitutes the 

radioactive rejects of the plant. 
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1.4.1. Liquid by-products 

Fission products 

The fission products resulting from the first extraction cycle 

are packaged after concentration and intermediate storage by 

means of incorporation in glass in a process called "vitrification". 

The resulting glass blocks are provisionally stored on the plant 

site, waiting for transfer to a national long-term storage site 

the definition of this site being the responsiblity of the 

governmental safety authorities concerned. 

Liquid wastes 

Waste recycling and pretreatment are systematically carried 

out in all the other sections of the plant so that the out

going wastes contain, .onlyrsmall quantities.of fission "products. 

Effluents are the plant's liquid wastes. 

1V4.2 Solid by-products 

These solid by-products are sometimes called "solid wastes". 

There are two kinds of solid wastes: 

- Process wastes which result directly from the process 

application and the production of which is proportional 

to the quantity of processed fuel. These are principally: 

- the structural materials of fuel assemblies, hulls, end 

parts, 

- residues of feed clarification and insoluble materials, 

- solid wastes resulting from iodine trapping and retention of 

rare gases, as the case may be, 

- solid wastes resulting from ruthenium trapping during 

the vitrification process, 

- degradation products of dissolvents and diluents, 

- the resins used for the treatment of the water of the 

fuel element storage ponds, 

- the components or degradation products of the reagents. 
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- Technological wastes: the materials and products necessary 

for process implementation, which are either consumable or 

worn out. 

These wastes are related to maintenance and interventions; 

their volume is proportional to the size of the plant. 

1.4.2.1. Volume of wastes generated 

The volume of wastes as indicated under paragraph 1.2. is a 

pessimistic estimate based on operating experience. 

However, the operation philosophy adopted, as described in 

paragraph 2 below, will permit to largely reduce the radio

activity and the quantity of resulting wastes: 

- Containment strengthening by the first barrier will reduce 

possible contamination of the second barrier and the 

production of large-size wastes. 

- Reliability of the equipment will permit a reduction of the 

waste volume due to the reduced number of shut-downs, break

downs and interventions which create waste. 

- Preferential use of static transfer devices (air elevators, 

ejectors, traps) will suppress the maintenance operations 

required by equipment such as pumps and valves. 

- Direct interventions on plant equipment will be made excep

tional thanks to remote maintenance. 

- Work "under normal conditions" in .the area under control will 

be avoided as far as possible, thus reducing the use of 

protective clothing, cleaning rags etc. 

- Thanks to the small number of outlets, sorting out the wastes 

will be made easier. 

- Incinerable plastic materials will be systematically used 

instead of conventional ones (polyvinyl chlorides). 
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- Predecontaimination of highly contaminated equipment, of con

sumable or worn-out equipment will eliminate almost all 

contaminating products, and their wastes will then be regis

tered in a "lower risk category". 

1.4.2.2. Processing of solid wastes 

The solid by-products are conditioned in the plant itself. 

The conditioning processes reduce their volume as far as 

possible, and then wastes can be directed immediately, or 

after a decay period, to the national long-term storage site. 

A preliminary sorting of the wastes prior to conditoning allows 

to divide them into two categories: 

- incinerable wastes the ashes of which are lixiviated so as to 

recover the fissile material which they contain, 

- non-incinerable wastes, which are washed prior to condi

tioning in order to recover the contained fissile material. 

1.4.3. Gaseous by-products 

The gaseous by-products are aerosols, halogenes (essentially 

iodine-129) ,. rare gases (krypton-85), carbon-14, tritium, which 

are conveyed by the off gases from the dissolution devices. 

These off-gases undergo several treatments in succession: 

washing, flowing on traps, filtering.. 

The purified gases are diluted in the ventilation air of the 

facilities. This mixture, constitutes the plant's gaseous wastes, 

which are rejected into the environment through high stacks. 

1.4.4. By-product accountancy 

The amounts of fissile materials contained in the liquid and 

solid by-products are measured or estimated as precisely as 

"possible with a view to account for the loss of fissile 

materials in the conditioned liquid and solid wastes, allowing 
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for possible recoveries. 

In addition, the accountancy of radioactive liquid and gaseous 

waste is continuously up-dated. 

2 - OPERATION PHILOSOPHY 

As expressed in the INTRODUCTION the basis idea underlying the 

PIPEX concept is that of applying containment technology beyond 

the limits required for the safe operation of a reprocessing 

plant where the PUREX process is used. 

The name PIPEX is used for this concept, because in an ideal 

situation the plant is the equivalent of a pipe with fissile 

materials flowing inside, while the operators are always out

side. 

In currently existing plants, this is normally the case in most 

parts of the plant where two barriers exist, namely the chemical 

equipment (primary barrier) and the biological containment 

(secondary barrier). 

At some locations or under certain circumstances, however, weak 

points may appear in the double barrier. 

It is the purpose of this chapter to review a numberof these 

situations and to suggest countermeasures. It must be pointed 

out, though, that at this stage of the study such a review is 

not more than a tentative indication of technical lines to 

be pursued; more engineering work is still required to check 

the feasibility of suggested modifications and to identify 

other possibilities to improve physical inaccessibility. 

2.1 - Utility and reagent lines 

It should not be possible to pump a liquid back in these lines, 

either in the line itself or after the introduction of a 

flexible tubing. This can be achieved in a number of ways, such 

as: 
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- locating the first accessible point outside die secondary 

barrier at such a height that pumping under vacuum is im

possible; 

- using a line going through the primary barrier either ending 

above the liquid level or perforated; 

- staggering the line with baffle plates; 

- ensuring that a line cannot be used for back-pumping by 

employing the air-lift effect. 

2.2- Instrumentation 

With liquids a typical case of passage through the primary 

barrier is that of measurements by bubbling. Such a line must 

be built under the criteria listed above. In the very few 

cases where this is not possible, the sensitive part of the 

line will be located in an enclosure with access control 

(e.g. electronic barrier). 

2.3- Maintenance 

It is intended, wherever feasible, to maintain equipment 

inside the secondary barrier by using remote-controlled 

exchange of standard pieces, operated from the control room. 

The emptied exchanged material is transferred inside the 

"pipe" in cells where it is either repaired or washed from 

fissile materials and taken out after conditioning. 

There may be engineering limitations which will make it 

neccessary to use direct maintenance in some cases. But these 

operations will be limited in number so that it will be 

possible to set up especially tight procedures, closely 

supervised by controllers and automatic equipment. 

Entrance points for new equipment will be limited to a small 

number and organized in such a way that it will not be possible 

to take out fissile materials. 

Exit points for used equipment will be treated in the same 

way as other outlets for solid wastes: 



- 11 -

- The materials or wastes will come out after decontamination 

leaving only traces of fissile materials; for this purpose, 

predecontamination units will be installed inside the pipe. 

- The number of exit points will be very limited. 

- Before coming out materials will be sorted out and checked 

for Otf/Z,f i H-~ activities in order to detect abnormal 

quantities of plutonium; 

2.4 - Sampling - Analytical laboratory 

Sampling stations will be automated and remota-controlled. 

They will be located inside the secondary barrier and built 

according to the criteria described above. Transfer of samples 

will be made in sealed pneumatic circuits. 

In the laboratory, the analysis of weighable quantities will be 

automated or operated under the same rules as the PIPEX plant 

itself. 

Current experience points to a trend towards rationalization 

of analytical methods and equipment and warrants that an 

analytical laboratory handling weighable amounts of plutonium 

can be included in the PIPEX plant without any discontinuity. 

2.5 - Effluent outlets 

The main flux from the plant will be separated from the 

effluent outlets through installation of a recycling circuit 

wherever the effluent may contain significant amounts of 

plutonium. This in itself creates a barrier which will be 

completed by a control system of the very small number of 

outlets. 

3. PRINCIPLES OF SAFEGUARDS IMPLEMENTATION 

Currently applied international safeguards are mainly based on 

material accountancy (MA) with containment and surveillance 

(C/S) as important complementary measures. 
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However, the role of C/S as safeguarding instruments has never 

been made clear with regard to an effective complementary 

measure to material accountancy. 

In the plant concept provided in this paper the safeguards 

assurance is based on comprehensive and complete containment 

accompanied by complementary surveillance measures. 

The containment is designed for and aimed at making fissile 

material inaccessible. Should the containment break or be

come less efficient, the surveillance task increases. As 

regards material accountancy, it measures the inlet and out

let fluxes and has the advantage of being independent of the 

two other techniques. 

Such harmonizing of the tasks results in control simplification: 

Since containment is applied to the entire plant, surveillance 

is the indispensable contribution to its reinforcement, and 

accounting the fissile material at every stage of the process 

is no longer necessary. 

It is the purpose of this contribution to provide a broader 

basis for the discussion on improved and advanced-safeguards. 

3.1 - Containment 

Containment is designed according to the concept of barriers in 

succession: 

- first barrier : the equipment, 

- second barrier : the biological shieldings. 

Each point where the containment has to be penetrated 

(reagents, instruments) is so designed as to prevent any 

misappropriation, and measures of surveillance are also 

applied. As regards maintenance, one barrier at least re

mains in force. 

Special cases are also examined: 
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- sampling and automatic transfer to the samples, 

- automatic preparation of the test portions. 

In the case of large samples, the laboratory is designed 

according to the same concept as the other sections of the 

plant (remote operation) ; Should samples represent only 

small quantities of material the laboratory is a conventional 

one. 

3.2- Surveillance 

Surveillance is a complement to containment; if necessary, it 

is a principal safeguard when containment cannot exist : load 

discontinuance, for example, transfer of spent fuel from 

storage site to shearing cell. 

Each of these cases will undergo a special test and adequate 

means of surveillance shall be implemented : human or 

instrumental observation, data collection, transfer of the 

information to a central control room, etc... 

3.3 - Material accountancy 

Due to the intensive application of a complete containment in 

combination with surveillance, measures can basically be limited 

to the control of the plant's incoming and outgoing nuclear 

material. In addition to the detailed determination of nuclear 

material contained in the spent fuel elements at the entrance 

and in the product streams at the exit' of the plant this also 

includes the careful analysis of the waste streams leaving the 

facility with regard to a possible nuclear material inventory. 

In particular, it will no longer be necessary to account for 

fissile; material at all stages of processing. The main 

measurement procedures at the intake and outlet points will be 

realized so as to provide the best possible information. The 

same shall hold for the main measurement points of the physical 

inventory. 
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4 - GENERAL SAFETY PRINCIPLES 

The plant was so designed that the risks for the personnel 

and the surrounding population are reduced to a minimum. 

As regards the population, this objective shall be achieved 

by: 

- Containment of radioactive products inside the protection 

shields, 

- storage of radioelements and discharge of effluents with such 

a radioactivity level as the rejected volume shall be quite 

below the permissible quantity. 

As regards the occupationally exposed persons, the same 

objective shall be achieved by: 

- lowered dose rate standards, 

- containment of radioactive products, 

- conception of operation and maintenance. 

4.1 - Protection against radiation and contamination 

The containment is composed of numerous barriers placed be

tween radioactive products and the plant personnel. 

Since the major operation and maintenance tasks are carried 

out by remote systems from the control-room, the risks to be 

taken into consideration relate to exceptional interventions. 

These measures are expected to result in lowered 

integrated doses and in their distribution varying in proportion 

of the amount of work performed; maintenance shall not account 

for more than 30 % of the total exposure. 

Risks are reduced thanks to: 

- use of qualified material, 

- equipment quality control, 
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- drawing up procedures for exceptional interventions, 

- irradiation and contamination detectors wherever it will 

be deemed necessary. 

4.2- Protection against the risks of criticality accidents 

We must not take any risk of critical excursion. 

The various parameters affecting the criticality risks will be 

controlled in a special way. 

The criticality safety will rely on the facility design (defi

nition of process, equipment geometry), on administrative 

measures (limitation of volume and concentration definition of 

procedure), and incident, detection. 

4.3 - Protection against various risks 

These risks are estimated in the plant's safety study; safety 

and surveillance measures are put into effect wherever 

necessary; these risks are in particular: 

- fire 

- handling of chemicals 

- earthquake and aircraft crash 

- risks resulting from electric power 

Each of the above risks will be the subject of a particular 

study, especially as regards their consequences-for the popu

lation. 

5 - PHYSICAL PROTECTION 

Physical protection measures, which cannot be described in 

detail here, will be implemented in order to: 

- limitate the possibilities of agression or acts of sabotage, 

- allow the rapid supply of any information to the authorities, 

- provide adequate aid. 
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With this objective in mind several diversion strategies were 

examined. 

6 - MAJOR EQUIPMENT 

A selection will be made in order to choose only qualified 

equipment. Compliance with quality assurance standards, 

acceptance rules, isolated test and final tests rules will be 

checked. 

The most important criteria for selection will be: 

- safe operation 

- reliability of performance 

- simplicity of operation, repair and replacement. 

Major equipment selected to date comprises the followingt 

Process step 

Mechanical processing 

Dissolution 

Clearing 

Extraction cycles 

Uranium oxide conversion 

Plutonium conversion 

Equipment 

Shears 

Dissolver with appropriate design 

Centrifuges 

Pulsed columns 

Precipitation process 

Oxalic process 

7 - VENTILATION 

The ventilation system is designed 

- for adequate supply of fresh air to all buildings, 

- to maintain specified room temperatures, 

- to prevent the spreading of contamination from rooms containing 

equipment to areas where the plant personnel has to stay, 

- for quick removal of contaminated air, 

- for the discharge of clean air only, to the environment. 
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With this objective in view, the following principles have 

been adopted: 

- The buildings were divided into four areas with increasing 

risk and decreasing pressure: 

. Zone 1, for the personnel, 

. Zone 2, containment against contamination - forms a barrier 

between zone 1 and the environement, 

. Zone 3, no potential contamination under normal conditions, 

. Zone <;; process area. 

All exhaust air from possibly contaminated areas is purified 

by filtration, with in some cases preliminary gas washing and 

drying. 

The pressure gradients and rates of renewal are such that con

tamination is confined under any circumstances. 

A ventilation system for process equipment will prevent contact 

between the air from the cells and the air from the equipment. 

Filters will be fitted in a way that allows control of their 

efficiency. 

A ventilation network - called intervention system - will permit 

to provide the locally required complementary ventilation. 

This device will be designed so as to prevent accumulation of 

radioactive and/or flammable material and to avoid weak points 

in the containment. 

The ventilation system will be supplied with assisted power. 

8 - UTILITIES AND SERVICES 

Fluids and chemical reagents are supplied by ancillaries 

situated in buildings close to the plant. 
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Main utilities are: 

- cooling water 

- electricity 

- steam 

- heat 

- compressed air 

- demineralized water 

- drinking water 

The utilities necessary for the plant's safety are backed by 
reliable emergency system, as for example: 

- The supplying electric lines are duplicated, and in case of 

necessity emergency generators can supply the required elec

tricity. 

- The cooling water supply systems for storage ponds will be 

duplicated. 

The main reagents are stored at a primary storage site outside 

the plant (nitric acid, soda, formol, TBP, diluent, etc..) 

The site will be connected to the railway network and to a 

road designed for heavy loads. 

The water supply system shall be adaptable to increased 

water consumption; effluents will be processed in the plant, 

and deconta-minated effluents can be discharged to the 

environment. 

9 - RESEARCH AND DEVELOPMENT WORK 

This work will be directed towards improving the reliability 

and the ease of intervention. It will thus improve the indus

trial scale operation. 

In the field of safety, the R and D effort will relate, among 

others, to the containment of radionuclides in order to prevent 

their dissemination outside the equipment and especially in 
the environment. 
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9.1 Liquid wastes 

Since the processes used in this plant are those which have 

been tested and qualified for several years at all inactive 

and radioactive pilot stages, the basic options shall in no 

case be modified. 

A systematic recycling effort will be carried out to reduce 

the quantity of fissile material and radionuclideswhich are 

conveyed to the sewage treatment station so that this station 

will have to process only exceptional wastes. 

Such an effort will result in a more sophisticated plant, since 

it will need an increased number of machines and larger storage 

capacities. 

9.2 Gaseous wastes 

The rate of iodine and tritium trapping will be improved. Stu

dies now underway.will determine if krypton 85 capture is of 

interest, taking into consideration its environmental impact 

and the hazards of storage. However, in some countries 

licensing authorities may ask for the implementation of 

krypton-85 " retention. 

9.3 Equipment testing 

Equipment will be systematically tested (under normal working 

conditions) for qualification; the procedures of intervention 

will be determined under the same conditions. 

10 - COST ESTIMATES 

The following documents provide the construction and operation 

cost estimates for a reprocessing plant: 

- "Regional Nuclear Fuel Cycle Centres" (IAEA 1976) 

- "Regional Nuclear Fuel Reference Centre" (EUR 5955, issued by 

the EEC in 1978). 
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As regards the reprocessing plant presented in this document/ 

the construction cost will probably be slightly higher than 

the cost indicated in these two documents. 

However, its operation cost should be lower, while its load 

factor would be higher thanks to the technological improvements. 

As a result, the annual cost will be in the same range as the 

cost indicated in the above studies. 
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