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1. INTRODUCTION

This case study, related to the design stage of a fuel fabrication facility, presents the

evaluation of alternative automation options to manipulate mixed oxide fuel rods in a quality

control shop [1]. It is based on a study performed in the framework of the "MELOX project"

developed by COGEMA in France.

T'ne methodology for evaluating obotic actions is resulting from a research work part

funded by the IAEA under the coordinated research programme on "Comparison of

Cost-Effectiveness of Risk Reduction among Different Energy Systems", and by the

Commission of the European Communities under the research and training programme on

radiation protection.

2.BACKGROUND

Reducing occupational exposure during maintenance work and preserving at the same

time the economic viability of nuclear installations will be one of the major challenges for the

nuclear industry in the next decade. Maintenance activities are by far the main contributors to

occupational exposure in nuclear facilities: about 75% of the total annual occupational collective

dose in European BWRs and up to 85% in PWRs 2], about 60 to 65% in French reprocessing

plants 3 4 5].

Maintenance companies are more and more concerned about possible shortages of

s1d1led labour for performing these routine or special maintenance tasks. Some maintenance

tasks may become impracticable to perform using human labour if they keep relying on highly

specialized and trained operators without any change in the radiation fields or the work duration

of the tasks. In this general context the development of robotics and remote tooling for reducing

doses during major repetitive maintenance work, in a cost- effective way, is becoming a key

element in many radiation protection programmes at nuclear facilities.

From the economic point of view, however, taking into account the cost of the

development of robotics, utilities'owners will be unwilling to invest in new machinery unless it

has been shown to result in savings in operational costs. An economic barrier is formed by the

large investment required to develop new products specifically for nuclear applications and it is

clear that the cost of the detriment, even if the potential for dose reduction is quite large, is not a

sufficient factor to outweigh alone the cost of developing robots.
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3. DESCRIPTION OF THE METHODOLOGY

3.1. Introduction

'Me methodology for evaluating the costs and effectiveness of robotics actions is based

on the general fi=ework developed by the kEA 6]. Past evaluation of particular radiation

protection actions in nuclear power stations following this approach had already shown a

potential for reducing doses and saving operational costs at the same time 7]. The model

proposed here is an attempt to systematically take into account the operational cost savings of

implementing risk reduction measures. In fact one should consider the objective factor on which

the potential cost savings rely. Working in an hostile environment involves lower productivity

due to bad working conditions and, consequently leads to extra labour and protection costs. Any

actions that tend to move back towards normal productivity (either by reducing the sources or

the working time) lower these costs and can be seen as a productive investment.

Fi-ure illustrates the basic relations on which the model relies. Each curve on the

figure corresponds to the set of combinations of ambient dose rates D and work durations T

resulting in the same level of exposure S. Introducing robotics reduces occupational exposures

related to a given operation (from S to S2) by reducing both the total work duration on the job

(from T1 to T2), and the ambiant dose rate (from Dl to D2) as operators are generally

performing new tasks in different ambient dose rates. The economic dimension is introduced

through the investment and operating maintenance costs of the robotic systems as well as the

variation of the various operating costs that are affected by the work duration reduction T1 - T2,

i.e. the differential in plant availability, labour cost and radiological protection costs.

Practical implementation of this model involves consideration of all the relevant

characteristic parameters the working conditions in controlled areas (ambient dose rates, use of

protective devices, radiological protection assistance ... as well as the various costs involved

i.e. protection and operating costs.
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FIG.1. Impacts of robotics and remote tooling on basic parameters governing

occupationnal exposures -at nuclear facilities.

3.2. Cost of implementation

Ile various costs associated with the implementation of robotics or remote tooling to

be considered in the evaluation are the following:

- investment costs, which include purchase price of the equipments (robots, tooling,

sensors, etc.), installation costs (facility and process modifications for example) as well as initial

programming and personnel training costs. These last costs can represent a relatively large

portion of the total investment cost.

- operating costs, which include scheduled maintenance and reprogramming costs,

personnel costs (supervisors and production workers running the equipment), training costs for

the maintenance and operating personnel and decontamination costs after use [8].

3.3. Operation costs saving

Apart from exposure reduction, the installation of remote handling systems or robots in

nuclear facilities can provide several benefits to the user such as:

- abour cost reduction;

- reduction in radiation protection services, protective equipment and health physics staff,

- increase in production capacity by shortening of outage time in the case of NPPs which

results in replacement power cost savings;

- improvement of productivity by introducing constancy of pace in operation and better

efficiency of equipment
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The labour cost reduction can sult either from a shortening of the task duration to be

performed or from a reduction of the radiation incremental labour cost due to the change in the

working conditions. This radiation incremental labour cost notion elaborated by Ontario

Hydro's analysts 91 expresses the differential cost between a normal task (non-radiological)

and a task performed within a radiation field. It results from the summation of two terms. The

first one is the differential in wages due to the extra labour time imposed by the handicap of

working within radi ation fields. Mis includes the effects of the exposure limit (combined with

the dose rate) as well as the impact of wearing protective equipment such as gloves, air-supplied

suits, etc. The supplementary work time imposed by protective equipment can be quantitatively

estimated by the use of worker utilization factors which express the loss of productivity. The

second term is the wage cost related to the training time of operators. his includes radiation

protection training, training in the use of protective equipment, mock-up training, trade

certification testing, etc.

3.4. The cost-effectiveness of risk reduction analysis

Cost-effectiveness analysis allows one to present the effective trade-off between the

risk reduction and the economic impact of implementing aternative robotics or remote tooling

systems. The various costs components have to be aggregated either on an annual or on a total

present worth basis and compared with the dose reduction achieved. In the first case, the annual

saving in abour and protection service costs plus the eventual increase in production capacity is

treated as a revenue and substracted from the annual expenses of operating the robots - annual

maintenance plus depreciation, insurance, etc - to obtain the amount of annual net benefit or

cost. In the second alternative, the present value of annual savings over the lifetime of the

equipment is subtracted from the total implementation cost - investment plus present value of

annual maintenance costs - to obtain the total present worth benefit or cost of operating with

robotics.

Figure 2 presents a graphic display of a set of independent hypothetical robotics

options ranked according their cost-effectiveness ratio. Only efficient actions have been

represented that is to say it is neither possible to find a more effective option (in term of dose

reduction) for the corresponding benefit or cost, nor a more beneficial or less costly action for

the same level of residual risk. The graph differs from the classical cost-effectiveness of risk

reduction curve 6] as it includes the beneficial options when operation cost savings outweigh

the costs of implementation. Point 0 is the level of exposure before taking any action. The left

hand side of the Y-axis shows the beneficial actions. Assuming a rational economic behaviour,

the utility or the firm w first implement action A which presents the highest benefit -risk
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reduction ratio, then option (It is to note that if priority is given to risk reduction, action B win

be implemented fir-st and then A). After B the shape of the Curve refers to the actions resulting

from extra expenditure, which generally follows the law of diminishing returns. Point Q is a

virtual equilibrium point where savings are compensating costs. Q is the potential for zero

cost risk reduction.

Rdsidual level of risk

0

A

B P

C

F

'Savings" 'Costs'

FIG.2. Cost-effectiveness of risk reduction curve.

The eventual selection of options on the right hand side of the Y axis, representing the

trade-off between the cost increase and the residual risk level, will depend on the price the utility

or the irm is willing to pay to avert an extra unit of dose (the cost-effectiveness ratio). This

refers to the adoption of a reference value for the so called monetary cost of the man-sievert

which has been a matter of debate for many years. No real consensus exists on the subject and a

large range of values have been proposed in the literature 101.

4. THE FUEL FABRICATION FACILITY CASE STUDY

4.1. The reference system

In the production process of the mixed oxide fuel rods, all rods before they are

assembled as fuel elements need to be controlled within a quality control shop. As the various

wipes of control are taking different times, an intermediate storage system has to be introduced to
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store the fuel rods which. are laid down on "transfer tables") between two controls. Because of

potentially high level dose rates, the transfer tables are introduced into shielded "drawers"

during their intermediate storage time.

The first option considered to operate the system, was a fully manual one, in which all

elementary tasks transfers between each control, opening and closing of drawers ... are

performed directly by workers. Taking into account the ambient dose rates within the various

areas of the shop, as well as the tasks duration, the calculation (based on figures extrapolated

from past experience in existing fuel fabrication facilities or resulting from modelling) showed

that the fully manual option would have lead to an annual collective dose of about

0.7 man-sievert.

To satisfy the design target of mSv per year per worker adopted by the operator of the

plant, the fully manual option would have required more than a hundred of workers per year.

Considering the high level of collective exposure and the cost of operating such a system due to

the large number of operators, a semi-automatic option (semi-automatic 1) based on manual

transfers between each control but with automatic opening and closing of the drawers was

adopted as reference system to evaluate the effectiveness of more automatized options.

4.2. The protection actions

Two basic alternatives were evaluated.

- semiautomatic 2 with a motorization of the transfer tables between each control, but sill with

a manual handling between the transfer tables and the drawers.

- fully automatic in which no operators are needed any more for the transfers. For this option

only exposures related to the controls themselves are remaining.

Table I presents the labour time and collective doses associated to the three alternative

options.
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TABLE 1. Characteristics of the alternative automation options.

Options Work duration Annual collective dose (man mSv)

(hours) Transfers Controls Total

Semi-automatic 16 h 13 92 13 105

Semi-automatic 2 11 h 21 71 9 80

Automatic 0 h 0 9 9

4.3. Cost-effectiveness analysis

Table 2 presents the results of the cost-effectiveness analysis. Talcing into account the

investment annuity and the annual operation costs, it can be seen that the best option is the full

automatic one. Its adoption, although US $ 10,000 per year more expensive than the

semi-automatic I option, results in annual savings in operation costs of about US 300,000

because of the reduced labour requirement.

TABLE 2 Cost-effectiveness analysis of occupational risk reduction.

Annual Annual costs (US dollars)
Options exposure

(man mSv) Investment Operation Total

Semi-automatic 105 28,000 682,000 710,000

Semi-automatic 2 80 30,000 455,000 485,000

Automatic 9 36,000 384,000 420,000

This case study has demonstrated that the cost of implementing the robotic system is

largely outweighed by the benefits expressed in terms of operating costs saved and reduction in

occupational exposure. This result confirms previous evaluations made by EPRI, which indicate

cost savings ranging from US $ 100,000 to US $ 1 million in net present value per robot [81 -
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5. CONCLUSION

From the point o f view of the utilities and firms, the robotic and remote tooling options

for risk reduction wl be more readily adopted if simultaneously the potential cost savings are

clearly demonstrated. lis first evaluation has shown that robotics are particularly effective

when the ambient. dose rates are sufficiently high that it is impracticable or not feasible use

workers who can only remain at their tasks for very short periods of time, thereby causing a

substantial increase in labour costs. But it is also clear that remote tooling and robotics wil be

economically justified only for those maintenance tasks which are sufficiently well structured or

repetitive i.e. normal maintenance or special maintenance works for a set of standardized

installations. In this context multi-purpose'robotic systems which permit the distribution of the

investment cost over a wide range of applications would appear promising.

Beyond the specific results related to this case study, the applications of the

cost-effectiveness model demonstrate that improving safety and protection does not necessarily

mean an increase in investment and operating costs: there is also the possibility of saving both

doses and money at the same time. This is strong argument for promoting safety and protection

which must be given an equal weighting with respect to the other production objectives, such as

quality or efficiency. In fact the cost-effectiveness of risk reduction approach is one of a number

of new instruments that are available for considering the operational structures of industrial

systems and treating occupational risk reduction on the same management principles that are

applied to quality, costs and production.
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