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ABSTRACT

In February 1980, the Atonic Energy Control Board (AECB) gave SECOR

Inc. the mandate to answer questions relating to the feasibility of

determining costs imposed by AECB's regulatory activities and to

provide a conceptual and methodological framework for an actual cost

study of existing AECB requirements.

Part I of the report provides a background on government, and, in

particular nuclear - regulatory cost analysis. It is concluded that

the Canadian nuclear environment presents a favourable case for the

execution of a regulatory cost study.

Part II deals with the study of the actual cost of health and safety

• regulations, outlines the various areas to be analyzed and lays out a

* conceptual framework for the determination of these costs. It is

I suggested that health and safety costs incurred throughout the

nuclear industry be identified and subsequently allocated either to

"prudent operator" practice or to AECE regulation, where "prudent

P operator" practice accounts for measures which would be undertaken

even in the absence of AECB regulation. The "prudent operator" rule

I is expected to identify areas of contention with respect to the

magnitude and allocation of health and safety costs. the end-

B product would be an analytical tool which could be used in socio-

economic impact analyses (SEIA) performed by the AECB.

DISCLAIMER

The Atonic Energy Control Board is not responsible for the accuracy

| of the statements made or opinions expressed in this publication and

neither the Board nor the author(s) assume(s) liability with respect

I to any damage or loss incurred as a result of the use trade of the

information contained in this publication.
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RESUME

En février 1980 la Commission de contrôle de l'énergie atomique

(CCEA) chargeait SEOOR Inc. de recommander une méthodologie pour une

étude éventuelle portant sur les coûts des exigences actuelles

imposées par la CCEA canne organisme de contrôle de l'énergie

nucléaire. La méthodologie recommandée devait être basée sur les

données provenant de l'analyse de la situation réglementaire

prévalant â la OCEA et une analyse des ouvrages portant sur la même

situation au Canada et ailleurs.

Il est suggéré que les coûts encourus au nom de la santé üt de la

sécurité dans l'industrie nucléaire soient identifiés et attribués

aux dépenses normales de toute "entreprise responsable" ou aux

exigences de la OCEA. Le concept de l'"entreprise responsable"

devrait mettre en évidence les divergences d'opinion entre la CCEA et

les détenteurs de permis quant à l'ampleur et l'allocation des coûts

de la santé et de la sécurité.

La méthodologie suggérée devrait servir la CCEA dans l'exécution

éventuelle d'analyses d'impact socio-économiques (AISE).
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EXECUTIVE SUMMARY

The Atomic Energy Control Board (A.E.C.B.) regulates activities

associated with the use of atomic energy in Canada. In February

1980, the A.E.C.B. conferred on SECOR the mandate to conduct a

conprehensive analysis of the costs to the nuclear industry of

present A.E.C.B. regulatory activities. This is to provide the

framework for a Socio-Econanic Impact Analysis (S.E.I.A.) of A.E.C.B.

regulations.

This study is divided into eight chapters. The introductory

chapter discusses methodological issues. The next five chapters deal

respectively with the regulatory costs in uranium mining and milling,

refining, fuel fabrication, power generation and radioisotopes.

Chapter 7 treats the cost of regulation in the nuclear fuel cycle as

a whole and there is a final chapter of conclusions which also

presents SECOR's recommendations for the S.E.I.A. The appendices are.

collected at the end of each chapter and provide additional informa-

tion and more detailed calculations.

Methodological issues in obtaining and analysing the data on

total radiation health, safety and environmental costs posed

important problems. For example, it can be difficult to separate

clearly process reliability and process safety costs, or to assign

responsibility for costs in areas of joint regulation by the

provinces and the Federal government. It was also necessary to

respect the confidentiality of scms company &ta- The principal

tools used to ^siteimine what portion of total company costs is due to

A.E.C.B. regulations were the concepts of the prudent operator and

the marginal cost of regulation. In the absence of government

regulations, industry would still undertake sons health and safety

measures; these voluntary expenses are termed prudent operator costs.

The additional expenses which government regulations usually require,

and industry contests, are termed the marginal cost of regulation.
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allocation of costs between prudent operator practice and

A.E.C.B. regulations, and the appropriate level of these health

I

However, the regulation of the nuclear industry is not static; new

regulations are enacted over time. Furthermore, it is a process in

which the additional expenses imposed by government regulation cone

to be accepted as prudent operator practice. Thus, for the purposes

of this study, this regulatory process is frozen in the autumn of

1980.

In many stages of the nuclear fuel cycle, SECOR has found it

useful to separate the cost of radiological health, safety and .

environmental protection into two categories: process costs and (

support costs. Process costs are for items like lead shielding and

decontamination time which protect against hazards arising directly I

fran the actual process. Support costs are incurred for measures

like compliance reports and monitoring of employees' health; these I

are treasures which ara one step or more removed from the actual

process. Industry dispute centers mainly on these indirect I

measures. •

To summarize, SEHOF's study of nuclear regulation had three rain I

objectives:

1) The identification of the costs of radiation health, safety

and environmental measures throughout the nuclear industry. I

2) Ihe allocation of these costs to prudent operator practice I

and to A.E.C.B. regulations.

1
3) The identification of areas of contention with respect to the "

1
and safety costs.

Also referred to as direct costs and indirect or non-process
costs.



The first stage in the nuclear fuel cycle is the mining and

milling of uranium ore. The major raining operations in Canada were

analysed: Rio Algcm, Denison Mines, Eldorado, Gulf Minerals and

Amok. Altogether, their operations comprise three open pit and four

underground mines. In 1980, they accounted for about 90% of the

total Canadian production of yellcwcake (l^Og).

Both the mining and milling processes present airborne, water-

bome and direct radiation hazards; uranium dust and radon gas are

the most serious problem. The other rain hazard is contaminated

water from mine workings, the milling process and the large volume of

tailings produced.

It is jurportant to recognize that radiation safety costs are a

much larger burden for underground mines than for open pit mines.

The capital invested and operating costs incurred to meet regulatory

requirements are only about one fifth as great for open pit nines,

when the comparison is made in terms of dollars of sales revenue per

pound of yellowcake. first, the open pit mines are not burdened with

costly ventilation problems. Second, most of the underground mines

studied have lower grade ore; consequently, the volume of tailings

generated and the cost of treating than to the regulator's require-

ments is considerably higher. For the industry as a whole,

regulatory and voluntary safety measures in operations account for

6.8% of estimated sales; total capital investmants in radiation

safety are agual to 21.5% of estimated sales.

Tb appreciate the regulatory costs imposed on mining and milling

it is important to put them in the framework of regulatory costs for

the nuclear fuel cycle as a whole. In this context the A.E.C.B.-

imposed costs on mining and milling account for almost 35% of the

regulatory costs in the nuclear fuel cycle. However, heavy exports

reduce this to about 5% of regulatory costs incorporated in the cost

of nuclear generated electricity.



1
IThe main points of contention between the operators and the

Board include water quality objectives and) the allowable level of m
radiation exposure for workers in underground nines. The industry is |
concerned about the criteria to be set for decommissioning tailings
areas as well as changing guidelines for tailings management. In R
cannon with other sectors of the nuclear industry, nine and mill
operators view the MAPA principle with disfavour: in theory it B
should operate to keep all radiation doses as low as reasonably B
achievable, economic and social factors being taken into account. In
practice, this latitude in AIARA leads to an upward ratcheting of •
standards, including new criteria which are inposed as technical
knowledge evolves. I

The second stage of the nuclear.fuel cycle is the refining of B
the yellowcake from mining and milling. The total output of Canadian |
uranium nines is processed by Eldorado Nuclear Ltd. at its refinery
in Port Hope, Ontario. This plant produces uraniun hexafluoride and I
uranium dioxide from yellowcake, and uranium mstal frcm depleted
uranium tetrafluoride. In 1980, it produced 6,507 metric tonnes of
uranium (in all forms). I

The primary radiation hazard is inhalation of dust since raw, I
intermediate and finished materials are mostly in powder form.
Capital investment in dust collection reflects this, accounting for I
over 80% of all capital expenses on radiation protection. Direct *
radiation does not pose any major problems. —

In 1980, total radiation health, safety and environmental
measures were 11.9% of total cperating costs. The regulatory portion II
was 7.1% of operating costs. The most contentious of these costs is
waste management and disposal. This is a major problem for Eldorado n
and accounts for almost half of regulator-imposed operating costs. II

The central issue is the Board's refusal, owing to environmental
concerns, to permit the refinery to dispose of wastes via sanitary i

landfill. Disputes over the appropriate level of the health physics
effort and nuclear security measures amount to another third of die I'
operating costs attributed to regulation. '
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The capital costs of radiation protection are based on the new
refinery to bs built at Blincl River, Ontario. Voluntary radiation
safety expenses amount to 3.0% of the total capital investment;
regulatory concerns add 6.9% to the value of the facility. Environ-
mental protection is once again the key issue, representing almost
SO* of these additional costs. Ihe requirement that the new refinery
recirculate all cooling water amounts to 60% of the disputed capital
investment. The other disputed environmental measures are the
colle±ion and monitoring of rainwater frcm the site and the ccnpac-
tion and incineration of wastes which would otherwise be sent to
san- -ary landfill.

Key to understanding the nature of the contention between
Eldorado and the Board is the picture which emerges fran an analysis
of operating costs. Eldorado contests only 19% of direct protective
measures. Representative of this class of measures are workers'
decontamination time and the provision of personal protective equip-
ment. In the case of indirect treasures such as health physics
programs and nanagerial time, the conpany disputes 40% of these
costs. When the focus shifts out of the plant to the environment,
the company 'Contests fully 67% of these operating costs. The pattern
of contention is the sane for capital costs: 89% of the capital
costs of environmental radiation protection are considered marginal
costs of regulation, as against only 28% of the capital costs for
direct protection.

Placed in the context of the nuclear fuel cycle, the marginal
cost of regulation in refining amounts to only 4% of total regulatory
costs. Because more than 80% of Eldorado's production is exported,
these costs add only 1% to the cost of regulation incorporated in the
generation of nuclear electricity.

In the next-to-last stage of the nuclear fuel cycle, the fuel
fabrication industry manufactures pellets from UO2 powder and
assembles these into fuel bundles for CflNDU reactors. There are
three fuel fabricators: Vfestinghouse Canada Inc., Candian General
Electric Ltd., and Combustion Engineering - Superheater Ltd. In
1980, they processed a total of-1,100 metric tonnes of uranium.
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I
There are toro main radiation hazards. The more serious is

inhalation of UÔ  dust. Ttorkers are also exposed to dire?t J

radiation in handling atx.1 insi^ectina the pellets.

B
Radiation health, safety and environmental costs are 5.1% of

total operating costs. The two principal items of direct radiation •

protection are the decontandnation time for plant workers and

personal protective equipment. In the indirect category, the largest m

expense io the health physios effort and its associated costs. •

Kadiation health, safety and environmental costs are also 5.1% of _

total capital costs. Ttoo of the lost costly capital expenses, both |

related to the dust hazard, are equipment for di-st collection, and

for measuring and monitoring air quality. E

The total marginal cost of regulation, both capital ana •

operating is $806,000, the smallest in the nuclear fuel cycle; it is

mostly operating expense. About half of these regulatory costs are •

for the health physics effort and material accountability require-

rents, both of them support measures. Because of the snail soaiti of •

the. operation and tht nature of the process, dust control does not •

pose undue problems. It is an uncontenticus measure which is _

reflected in the low marginal costs of regulation: 1.4? of the total |

operating costs and 0.4% of total capital costs. Like refining, fuel

fabrication costs within the context of the nuclear fuel cycle are 8

very low, amounting to about 1% of the total. Contention, such as it

exists, relates to the appropriate level of support treasures. . 1

wiii

I
The final stage in the nuclear fuel cycle is the generation of

electrical power. Because Ontario Hydro is the only Canadian utility

with a significant nuclear generating capacity, it was chosen as the

subject for this part of the study. The Bruce "A" nuclear generating

station (NGS) was selected for the operating cost analysis and

Pickering "B" NGS for the capital cost analysis. A model NGS, which |

is representative of Ontario Hydro's present nuclear generation

capacity, i.e. Pickering "A" and Bruce "A", was used in extending the j

results to the utility as a whole.
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Bruce "A" is one of the world's larger nuclear generating
stations with a net electrical rating of 29C4 megawatts. Its total
expense for radiation health, safety and environmental measures
amounted to almost 9% of total station operating costs.

At Bruce "A", jeveral types of measures are taken for radiation
safety. The two largest iters of direct protection are systematic
ongoing decontamination measures and employee instruction. Indi rt-ct
measures are imadi more numerous, the train ones being radiation
control, management activities, health physics, and security and
safely systen maintenance. Fuel also becomes a major radiation
safety expense. This is <3ae to A.E.C.B. limitations on the flux
shape in the reactor core. It results in less efficient fuel burnup
than Bruce "A" was designed to achieve. However, the most costly
item of all is the replacement of lost power.

Ebr Bruce "A" the marginal cost of regulation* totals 4.4% of
the cost of producing electricity, as compared to 4.5% for the
prudent operator portion. The largest single component of regula-
tory cost is lost power (5S.5%). This is due to A.E.C.B. required
shutdowns and deratings. The second largest is the additional fuel
required because of inefficient burnup (31.6%). The remainder is
made up of management expenses, which include regulatory affairs and
safety analyses, most of the security staff and the costly practice
of in service inspections. There are also regulatory costs in
operator training. Safeguards Treaty requirements in accounting for
spent fuel bundles and some safety system maintenance.

The analysis of Bruce "A" uncovered two factors which make it
unrepresentative of Ontario Hydro's nuclear generation as a whole.
First, it is subject to a flux shape restriction resulting in a
considerable cost for inefficient fuel burnup. Second, its unique
boiler design results in substantial lost power because of the need
to shutdown for in service inspections; furthermore, the boiler
design results in the need to derate to stay within specific A.E.C.B.
stress limitations for the boiler steam drum. Consequently, a model
NGS, representative of system nuclear generation as a whole was
constructed from Bruce "A" and Pickering "A" data.

Exclusive of regulatory capital costs.



Pickering "B" NGS, which was selected for the capital cost
analysis, will comprise four reactors, each of which will be rated at
540 WWe gross and 516 MWe net. The first reactor is due to cone
into service in April 1983. To the greatest extent feasible, it is a
repeat of Pickering "A". The total project costs are estimated to be
$3,097 million.

The analysis of Pickering "B" indicates that, when the facility
comes into production in 1983, about $113 million or 3-6% of the
total capital investment will stem frcm the intervention of the
regulator. The major elements in the marginal cost of regulation
are, in order of magnitude, replacement power, interest costs,
hardware costs, and engineering and research programs.

Construction delays stemming frcm A.E.C.B. requirements extended
the dependency on costlier fossil fuel. The additional expense was
$27.6 million. Furthermore, the Board's testing requirements for the
vacuun building shared by Pickering SIA" and "B" resulted in an
additional $5 million in lost power costs.

Interest costs were very substantial; $159.4 million was incurred
through construction delays caused by the rebuilding of the steam
generators and the redesign of the Emergency Coolant Injection (ECI)
System; however only the ECI redesign at a cost of $9.4 million was
directly attributable to regulation. Ihe hardware added due to
safety considerations resulted in $39.3 million of extra interest
costs, of which $22.9 million is due to regulation.

Ihe additional hardware costs of $24 million attributable to the
A.E.C.B. are for more elaborate shutdown systems, a more powerful
Emergency Core Cooling System, and the general strengthening and
backup systems needed to meet a seismic qualification. Added Quality
Assurance costs of $6 million are also due to regulation.

The total safety-relatad engineering costs were $22.2 million of
which $12.7 million, or 57%, were due to regulation. The total cost
of the CANDU development research progran imputed to regulatory
concerns and Pickering "B", is estimated at $5 million.
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Extending these results to the present Ontario Hydro system by

conpariscn with Pickering "A" and Bruce "A" yields estimated marginal

costs of regulation of 0.5% and 1.9% incorporated in the capital

costs of Pickering "A" and Eruce "A" respectively. Thus for the

capital costs of Ontario Hydro's currently operating reactors, the

marginal cost of regulation is about 1.5? and prudent operator

investment is about 1.4%. Utilizing this result in the model NGS

which represents operating costs for the system as a whole yields an

annual cost of radiation safety, including the capital ccnponent, of

9.5% of total operating costs. Regulation accounts for 4.5% of these

operating costs.

Putting this into perspective, these regulatory costs imposed on

power generation represent over 70% of the total regulatory cost in

nuclear electric generation. The key source of these costs is lost

power and inefficient fuel burnup, representing 35% and 14%

respectively. Eurthenrore, the lost power figure somewhat under-

values its true importance. This is because an additional cost of

lost power is also incorporated in the capital cost of the project.

For example, in Pickering "B" this represents about 1/3 of the

capital cost carponent of regulation.

The radioisotops industry was the final sector of nuclear

regulation analysed in this study. The analysis of radiation safety

costs centred on four areas: production, packaging and transporta-

tion, medical use and industrial applications.

The sole producer of radioisotopes in Canada is A.E.C.L.

Commercial Products, whose radioisotope group had sales of $12

million in 1979-80. There are two main radiation hazards in nanu-

facturing. The first is substantial direct radiation fran the

materials processed; the second is internal contamination through

respiration and ingestxon.



Ihe nanufacturing of radioisotcpes is essentially a bench scale

Since the equipment itself affords no protection, the small scale has' •

process typical of small scale chemical transformation processes.

has'

Imade it practicable to seal off the process in individual cells

equipped with lead glass windows and remote manipulator arms. This

solution is costly, but effective. The capital investment in

radiation safety is 61.4% of total capital costs. The two major |

components which account for most of this expense are the cells and

their support equipment such as the extensive air collection and 1

filtration systems. However, this hicjh capital investment in safety

results in a lower radiological ccnponent of operating costs. These 1

operating safety costs which amount to 17.4% of total operating costs

are primarily extensive process housekeeping, the health physics I

program, and the cost of preparing cell wastes for disposal. •

Marginal costs of regulation are extremely law amounting to 0.5% of «

direct operating costs and 1.0% of capital costs. This lew level of I

disagreement is mostly a reflection of the very evident and immediate

danger of direct radiation. However, the lad: of contention |

concerning indirect and environmental measures suggests a convergence

of opinion with the A.E.C.B. This was the only such instance 1

encountered.

Charles E. Erosst and Company as the only Canadian manufacturer

of radiopharmaceuticals was the choice for an analysis of packaging

and transportation costs of radioisotopes. Here, regulatory costs I
were negligible, amounting only to the user documentation checks

which the A.E.C.E. demands of Charles E. Frosst. However, relatively

high radiation safety operating expenses were incurred. Over 80% of

these expenses are for special shielding and pacikaging materials.

The remainder of the safety costs are incurred because of the very

short half-lives of the drugs and the users' requirements for

full-strength products. Shipments are twenty times more freguent for

radiopharmaceuticals than for regular drugs and nust use the fastest

mode.

xii
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Nuclear medicine as the primary user of radiopharmaceuticals was

analysed to determine user costs. The total cost of radiation safety

was 6.2% of nuclear medical department operating costs, the narginal

cost of regulation was only 1.2% and cctres from A.E.C.B. material

accountability requirements. This lew cost of regulation is likely

due to this application being an end-use part of the radioisotope

industry where the radicpharmaoeuticals are small in bulk and already

carefully packaged.

Finally, the two main branches of industrial radiography were

analysed: thickness gauging and level measurement, and weld

analysis. The first use entails virtually no special safety costs.

However, the situation is different for the large number of small

radiography ccnpanies which serve mainly manufacturing plants and

pipeline companies. The main operating costs of radiation safety for

the typical company are radiation safety instruction and certifica-

tion and A.E.C.B. liaison. The chief capital costs are shielding for

permanent installations and personal monitoring equipment. The only

marginal cost of regulation is for the liaison with the A.E.C.B. and

this amounts to about 0.8% of the value of ^ales.

In surrrary, the radioisotope area has a very low marginal cost

of regulation. The most likely explanation is the prospect of

immediate harm fran misuse of these materials. The lack of conten-

tion concerning indirect measures, like health physics programs, is

likely linked to the general acceptance of such measures in the

medical and pharmaceutical fields. In contrast, the radiography

industry was opposed to proposed A.E.C.B. measures concerning

additional indirect measures. Environmental measures in the form of

disposal costs are also uncontested; the cost of proper disposal of

the small quantities involved is relatively minor. The only high

cost is that of the regulator itself. Over 20% of the A.E.C.B.'s

direct costs are related to regulation of this area. This reflects

the large number of operators to be regulated and the diverse nature

of this sector.
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In conclusion, it is worth considering the question of reguia- I

toi.y costs as a vfliole. A common cause of contention is that the

Board and the industry often have different perceptions of the |

significance of risk-reducing measures. This is the case with regard

to the probability of a catastrophic event in the reactor area. I

Sindlarly, there is a lack of knowledge about the probability of

harmful effects frcm low levels of radiation. Hence disagreements I

arise about what health, safety and environnental measures are '

desirable. I

One nanifestation of this is the alnost universal criticism of

the ALARA. principle. In theory, AIAKA should trade-off lower

radiation doses against the econatdc and social inpacts of the

regulation. In practice, there is a continuous upvard ratcheting of

standards. This is Ase not only to the lack of a recognized safe

threshold dose, but also to the characteristics of the industry and j

the regulator. Another nanifestation of different opinions of

significance is the fact that the amount of contention increases as j

the health and safety measures are less closely related to the actual

process. That is, it becomes harder for the industry to see the

significance of v*iat it is required to do.

Ohere is contention about the degree of proof vtfdch is an

appropriate guarantee of safety. Ihis covers a range of issues from

the safety systems of nuclear reactors to programs far monitoring

workers' health. Lade of definitive knowledge also generates

disagreements regarding the best technical solution to a particular

problem. Lastly, most of the operators experienced frustration in

having to deal with the numerous bodies involved in regulating the

nuclear industry. This is in spite of the paramount authority of the

A.E.C.B.

Another aspect of regulation is the high managerial cost «*iich

it inposes. The interference of the Board in the internal processes

of an industry creates friction, and imnagers are forced to spend a

considerable porticn of their tine on vtfiat they regard as non-

sdv



productive work. As a result, rranagers tend to over-estimate the

actual nonetary cost of regulation. TVie other effect is that

companies attenpt to reduce interference by anticipating the Board's

requirements, i.e. by pre-errpting narginal costs of regulation.

Our last consideration is that this study has only measured the

cost of regulation in tlie autunn of 1980. It has not attempted to

make a definitive projection of costs into the future. However, such

evidence as there is suggests that the cost of regulation is

increasing. The clearest example of this is nuclear electric

generation.

Ihe end product of SBCOR's study of the nuclear fuel cycle is to

be an analytical tool for the S.E.I.A. In tents of this study, the

basic question for the S.E.I.A. is: does the increase in health

benefit justify the ironey spent to achieve it? Ihe preferred tool

would be benefit-cost analysis. However, benefit-cost analysis

requires that the benefits be expressed in nonetary tents and hence

it is not suitable for the A.E.C.B.'s S.E.I.A. "Pius the reoenmended

methodology is cost-effectiveness analysis w h i * is used to assess

alternative means of achieving a particular ncn-moneraty objective.

Ihe areas of contention between the Board and the operator should

also be carefully assessed.
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CHAPTER 1

INTROEUCTION



The Atomic Energy Control Board (A.E.C.B.), by virtue of its
status under the Atomic Energy Control Act, regulates activities
associated with the use of atomic energy in Canada- The A.E.C.B., in
fulfilling its mandate of ensuring that sufficient radiation health,
safety and environmental measures are taken in all phases of the
nuclear fuel cycle, imposes regulatory costs on operators in the
nuclear industry. It is also responsible for security and fcr
carrying out Canada's obligations under international agreements like
the Safeguards Treaty. This, too results in costs being imposed on
the industry. All these costs due to A.E.C.B. regulation are then
presumably passed on to consuners and society as a whole.

Out of concern fcr undue costs arising frcm health, safety and
fairness regulations, the Treasury Board now requires that the
responsible agency prepare a Socio-Econcmic Impact Analysis (S.E.I.A.)
for any new regulation - or amendment of an existing regulation -
which is likely to have significant economic impact.

As an effort preliminary to any S.E.I.A. of A.E.C.B. regulations,
a comprehensive analysis of the costs to the nuclear industry of
present A.E.C.B. regulatory activities was judged to be very useful.
In February 1980, the A.E.C.B. conferred the mandate for this analysis
on SECOR. The study was carried out in tvro phases. The report on
phase I was submitted to the A.E.C.B. in June 1980. It provided the
conceptual and methodological framework for carrying out phase II, the
field research. Hiase II "s coherent approach to the evaluation of
costs incurred by society due to nuclear regulation had three main
objectives:

1• The identification of costs of radiation health, safety
and environmental measures throughout the nuclear industry.

2. The allocation of these costs to prudent operator
practice and A.E.C.B. regulations.



3. The identification of areas of contention with respect
to:

I
I

a) the allocation of costs between prudent operator |

practice and A.E.C.8. regulations;

b) the magnitude of the health and safety costs

identified. m

This report, then, is the result of SECOR's field research and is

submitted to the A.E.C.B. at the conclusion of Phase II in full I

satisfaction of our mandate.

I
It is divided into eight chapters. The introductory chapter •

discusses various methodological issues. The next five chapters deal _
respectively with the regulatory costs in mining and milling, |
refining, fuel fabrication, power generation and radioisotopes.
Chapter 7 attempts to give an integrated treatment of the cost of I
regulation in the nuclear fuel cycle as a whole and there is a final
chapter of conclusions. The appendices are assembled at the end of •
each chapter and provide additional information and more details m
calculations.

B
The tfethodological Approach

The determination of the cost of regulation to society is a •
complex issue. It will be useful, therefore, to outline the _
difficulties which were encountered as well as the concepts and |
techniques which were employed in this study.

I
The first step was to identify and quantify the total radiation

health, safety and environmental costs incurred by an industry. These m
are costs over and above straight process costs and can be derived fi
fran accounting data. However, there are SORB problems in doing this.
Separating process costs fran safety costs is not always easy: there I
can be a high degree of interaction between safety and process
reliability. Also, there are areas of joint regulation with the •
provinces such as mining safety and pressure vessels. It is therefore •
unclear how some regulatory costs should be divided between the _

i



A.E.C.B. and the various provincial authorities. In addition, it is
virtually impossible - and it was beyond the nandate of this study -
to determine all the indirect costs of regulation. Ihese nay include
less innovation by industry, industrial concentration and the choice
of particular technical paths.

There were other problems in addition to those posed by the
analysis of the information, tor sore of the companies concerned were
reluctant to release the pertinent data. The nuclear industry is not,
on the Whole, accustomed to explaining itself to the public. Certain
canparu.es, while releasing figures to SEOOR, insisted that confiden-
tiality be maintained. Means were found whereby this desire could be
respected without impairing the value of the analysis.

A.E.C.B. regulation occurs mostly on z. project-by-project basis.
Indeed, in all the areas which were analysed except radioisotcpes, the
Board acted on this basis. Since most projects have their peculia-
rities, no single one could be taken as definitive of A.E.C.B.
regulatory activities.

Similarly, few codified standards or guidelines exist. Regulatory
intervention often takes the form of case - specific questions which
must be answered to the satisfaction of the Board. Thus there are not
itany standard regulatory requirements "en the books" which can be
analyzed for their cost impact.

The Canadian nuclear industry is quite concentrated. For
instance, Eldorado Nuclear operates the only uranium refinery and
A.E.C.I,-1- (Canuercial Products) is the only nanufacturer of
radioisotopes. The Canadian nuclear electric generation program is
run by two rain actors: A.E.C.L. and Ontario Hydro. The cooperation
of the operator, Ontario Hydro, was of crucial inportance.

Once the total health, safety and envirormental costs for an
industry were determined, the next stage was to allocate the relevant
portion of these costs to the regulatory activity of the A.E.C.B. In
order to do this, the concepts of the prudent operator and the
marginal cost of regulation were used. These concepts are explained
in the following section.

Atonic Energy of Canada Ltd.



The Concept of the Prudent Operator

The prudent operator is a concept which is useful in determining
the cost of regulation. In the absence of government regulations,
operators would implement some health, safety and environmental
measures and assume their costs. However, the standards imposed by
government or its regulatory agencies are generally higher than those
which the prudent operator would adopt in the absence of regulation.
This is because the prudent operator acts in the narrow framework of
his own best interest, While the regulator has to satisfy the health,
safety and environmental denands of society as a whole. In the case
of the nuclear industry, these demands are stringent. Moreover, since
the regulator does not assume directly the costs of its regulations,
it is less concerned about their financial impact than the operators
are.

Fran the concept of the prudent operator, one can derive the
concept of the marginal cost of regulation. This is the cost of the
measures which would not voluntarily be undertaken by the prudent
operator and are enforced by regulation. In other words, it is the
cost associated with contentious measures - measures whose necessity .
or magnitude it! disputed by the operator.

There are three different sets of circumstances under which one
may wish to calculate the cost/benefit of a regulation. Ihe prudent
operator concept, however, needs to be invoked only in the second and
third of these.

Activity Regulation To Find Cost/Benefit
of Regulation

1. Ongoing 1b be enacted Do not need prudent operator

concept

2. Tb be started Tb be enacted Need prudent operator concept

3. Ongoing Biacted Need prudent operator concept



In the first case, the activity is in progress and the

regulation is to be applied. Hence, the cost of the unregulated

activity can be determined, as can the cost which the regulation vail

iitpose. In the second case, the activity has not yet begun and the

regulation is still to be enacted. Therefore, neither the cost of

the activity nor the cost of the regulation is self-evident. It is

necessary to decide what the prudent operator would do in the absence

of the proposed regulation and on this basis arrive at the narginal

cost/benefit of regulation.

The third case is that which applies to SEOOR's study for the

A.E.C.B. Here, the activity is ongoing, there are regulations in

force, and one wishes to determine the marginal cost/benefit of these

regulations. Thus, it is necessary to employ the prudent operator

concept in order to distinguish between what the operator would do

himself and what additional costs the regulations impose. In SECDR's

investigation of the costs imposed on the nuclear industry by the

A.E.C.B., the total health, safety, and environmental costs of

radiation protection incurred by the operators have been determined.

These costs have been broken dowi into those which the prudent

operator, would assune voluntarily and those which are solely due to

regulation.

However, the regulation of the nuclear industry is a process in

which new regulations are enacted over time. It is also a process in

which regulations which were once regarded as imposing narginal costs

of regulation (MCR) cone to be accepted as prudent operator practice

(PO). Therefore, if the cost of regulation and the PO/MCR split are

to be determined, the process must be frozen at a precise point.

Hence this study attempts to take a snapshot, as it were, of the

regulatory process in the autum of 1980.

Marginal costs of regulation in the nuclear industry fall into

four main categories. The first includes disputes about what levels

of health, safety and environmental benefits are desirable. Second

are a number of contentious issues concerning the best technical



solutions for certain problems. This category largely results frcm
the tendency of the regulatory process to move fran setting general
standards of performance to specifying the maans by vtfiieh these
standards are to be achieved. Often, this is more efficient for the
enforcement agency, but more costly for the regulated industry.^ A
third category concerns disagreetnants about the statistical
significance of risk-reducing neasures. The fourth category includes
differences of opinion about the degree of proof vdiich is an
acceptable guarantee of safety.

The compensating benefits of regulation are often difficult to
measure. Thus there is a general benefit staining fron the msre
presence of a regulator, for this stimulates discussion and analysis
of the problems frcm a long-term point of view and brings technology
forcing pressures to bear upon the industry. It is almost impossible
to quantify these long term benefits. Specific benefits come fran the
lowered probability of exposure to radiation, ffcwever, in the nuclear
area, there is too much uncertainty and too little consensus for an
easy offsetting of costs and benefits in any of the four areas
mentioned above. Moreover, as in any field of social regulation, how
can one convert "rulti-diniensional social inpacts to comparable
units"?2 in this case, the most important "social impact" is the
saving of life, but this cannot be given a monetary value and then be
compared to the pertinent cost of regulation.

What SECDR has done, therefore, is to determine the areas in
which there is disagreement between the prudent operator and the
A.E.C.B. and to give a reasonable estimate of the cost of those
health, safety and environmental measures v*iich the Board enforces
upon unwilling operators. This monetary valuation of the amount of
contention between the Board and the operators is the marginal cost
of regulation. The calculation of this value is explained in the
following section.

1. J.L. Mashaw, "Regulation, logic, and Ideology", Regulation,
Nbv./Dec., 1979, p. 46.

2 C. Starr and C. Wiipple, "Risk/Benefit Analysis and its
Relation to the Biergy/Environment Debate", Electric Power
Research Institute, Nov. 30, 1978, p. 2.



The Calculation of the Marginal Cost of Regulation (MCE)

The ccsnponents of the calculation of the MCR are illustrated in

Figure 1, below.

The total actual capital and/or operating costs are the basis for

the calculation. Wien the total radiation health, safety and environ-

mental costs have been determined, they are divided into PO and MCR

categories. It is then possible to construct two theoretical costs:

the cost in the absence of the A.E.C.B. and the cost in the absence of

all radiation health, safety and environmental concerns.

Figiire 1
Cgifrjonents of the Calculation of the MCR

Theoretical
Cost in
Absence of
A.E.C.B. Theoretical

Cost in
Absence of
Radiation
Health, Safety
and Environ-
mental
Concer•ns

MCR

ro costs

Pure Capital
and/or

Operating
Costs

Total Radiation
Health, Safety
and Environ-
mental Costs

Total
Actual
Costs as
reported
in accoun-
ting data



Direct and Indirect Measures

I
Ttoo methods nay be used to express the MCR as a percentage of the I

costs of a nuclear industry. These are the nark-̂ up method and the
margin method. The nark-up method egresses the MCR as a percentage of I
a theoretical cost, for example total costs exclusive of the MCR. The
margin method expresses the MCR as a percentage of total costs inclusive «
of all health, safety and environmental costs. The nargin method will |
give a slightly lower percentage value for the MCP than the mark-up
method. I

IAlthough either method is valid, SECOR has chosen the nargin
calculation because it uses fewer estimated values than the nark-up
method. The total costs of an industry can be determined frcm availa-
ble accounting data; however, it is unclear inhere prudent operator costs |
end and regulatory costs begin. Furthermore, radiation health, safety
and environmental costs and process costs are often one and the same and |
cannot be clearly differentiated. The nargin method is preferable to "
the markup method as it allows the estimated cost to be referred to a
known base cost. I

A final, less rigorous distinction in the analysis of radiation I
health safety and environmental costs is the difference between
direct and indirect measures. ' •

I
In many stages of the nuclear fuel cycle, SECOF has found it

useful to separate the cost of radiological health, safety and •
environmental protection into two categories called either direct and ™
indirect or process and non-process (support). _

Process costs are incurred for protection against hazards
arising directly from the actual process. These hazards are I
generally evident and the measures taken are often necessary to
protect the wrkforce from immediate harm. Examples are the cost of
lead and concrete shielding, protective clothing, and decontamination
time. Expenses such as radiological safety instruction and super-
visors' tine taken to investigate radiological incidents nay be •
included in this category, especially if they entail removing
employees from the shop floor with a consequent loss of production. •

I



Nbn-pr&cess costs are incurred for neasures which are one step

removed fran the actual process; they are support functions.

Maintenance of safety systems like dust collectors and activities

lite process housekeeping are indirect costs. They include such

treasures as as monitoring employees' health and the environment, or

conducting research studies in these areas, tenagenent activities

like the uuipiling and writing of compliance reports fall into this

catego-y. Often these costs are for the protection of the public

ratiiet than the workforce, as is the case in the treatment and

disposal of wastes.

Although this distinction between direct and indirect protection

is a natural one to make, it is not always clear-cut. SECOR has

endeavoured to be as consistent as possible in assigning costs to

these two categories. The distinction is worth making because of the

insight which it gives into the nature of the contention between the

nuclear industry and the A.E.C.B. The industry voluntarily under-

takes most of the neasures for direct protection; hcwver, the

industry disputes the necessity of many more indirect measures.

In this report, then, we attenpt to identify the costs of

radiation health, safety and environmental measures in the Canadian

nuclear industry and to allocate these costs to A.E.C.B. regulations

and prudent operator practice. A key factor in this analysis is the

determination of the areas of contention between the Board and the

operators. The concepts of the prudent cperator and the narginal

cost of regulation have been effective techniques for these purposes,

despite the methodological difficulties which exist. Our final

recommendations for the S.E.I.A. are based on the experience gained

in accomplishing this study.
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CHAPTER 2

URANIUM MH-3IKG
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Introduction

This chapter is divided into four parts. In the first, we

briefly describe the uranium mining and milling industry and the

processes which it uses. The second part discusses the radiation

health, safety and environmantal measures and their costs. The third

part presents the major points of oontention between the operators

and the A.E.C.B. In the fourth part, we summarize our findings and

highlight the differences between open pit and underground nines.

SECDR was unable to obtain a comprehensive set of data on the

total operating and capital costs of the uraniun mining industry-

there are tvo major reasons for this. First, several companies were

reluctant to divulge complete information because they are presently

involved in anti-trust suits in the United States. They were also

unwilling to reveal their cost and profit levels because of

competitive considerations. The second major reason for this lack of

comprehensiveness is the large differences between the costs of

various mines, depending upon such factors as the concentration of

the ore and the type and life expectancy of the mine. Hie price paid

for the ore also varies considerably from one contract to another.



I
II. THE INDUSTRy

The Operators I

There are now seven operating uranium mines located in Ontario •
and Saskatchewan with an eighth scheduled to begin operations later |
in 1980. Five companies ware selected from uranium nine and mill
facilities licensed ty the A.E.C.B. The main criterion for selection tt
was that the facility should produce at least one million pounds of ™
concentrate per year. It vas also required that the sample include _
both open pit mines and underground mines. We selected the five I
largest uranium raining companies:

ELo Algon Elliot Lake, Ontario I
Deniscn Mines Elliot Lake, Ontario
Eldorado Beaverlodge, Saskatchewan *
Gulf Minerals Babbit Lake, Saskatchewan |
Amok Cluff Lake, Saskatchewan

I
These companies operate 3 open pit mines and 4 underground mines

with a total of 5,484 employees. In 1980, their production of I
U3°8 (yelloweake) was 18,800,000 1b which represents about 90% of ™
industry production. Ths output, employment and capital investment _
in the industry sample are sunmrized below in Table 1. I

Table 1 •
The Industry Sample

Output, Employment and Capital

Employees

Millions of tons of ore
produced annually

Millions of 3b. of concen-
trate, annually

Estimated total value of
capital investments in
millions (1980 prices)

Rio
Algom

2,500

4.7

5.0

626

Denison
Mines

1,800

2.6

5.0

515

Investment

Eldo-
rado

600

.3

1.0

195

Gulf
Minerals

320

.750

5.4

n.a.

Anok

240

.021

2.4

84

1

1
1
1
1
1
1
r
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The Process

Uranium mining technology differs little from conventional

mining technology. In open pit nines, particularly where the concen-

tration of uranium in the ore is high, vehicle cabs are shielded and

airtight. In underground mines, the principal difference is the need

for substantially more ventilation. A large volume of fresh air is

required to dilute the radioactive radon gas and its daughter

products which are emitted by the uraniun ore.

When the ore is ndned, it is given a prinary milling treatment

to obtain yellowcake which is then shipped to the refinery. The

milling process leaves large quantities of radioactive mineral wastes

or tailings. Disposing of the tailings presents the major technolo-

gical challenge to the industry and no permanent solution has yet

been found. Ihe industry also needs complex water treatment

facilities, for it has to deal with radioactive water from three

sources. Underground water must be purped from roost mines and the

milling process produces radioactive waste water. Finally, the

tailings also contain radioactive water.

A very simplified flew diagram which highlights the water

treatment aspect of uranium mining and milling is shown below in

Figure 1.
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Figure 1
Mining and Associated Processes
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II. SAFETY COSTS

1) The Hazards

The purpose in this section is to indicate the sources of the
radiation hazards which may affect the general public as well as
workers in mines, mills and tailings operations. These hazards nay
be encountered in 3 ways:

- Airborne : Uranium dust and radon gas frcm
uranium decay

- Waterborne : Radium in liquid effluents frcm nine,
mill and tailings

- Direct Kadiation : Gamma radiation where uranium concen-

tration in ore is high

Airborne radiation hazards in the form of uranium dust and radon
gas are the most serious problems in both the mine and mill. This is
especially so in underground nines where, in addition to radon gas,
dust is produced ty drilling, blasting and crushing. In the mill,
the problems are in the crushing, precipitation, and yellowcake
drying and precipitation areas.

Waterbome radiation hazards are a problem in particular with
the tailings. Because of the lew concentration of uranium in the
ore, there are large quantities of tailings. The wastes frcm both
the mine and the mill contain some of the products of uranium decay,
including radium 226 and associated radionuclides and other
contaminants. As a result, liquid effluents frcm these wastes may
have a high concentration of radium and can contaminate local water
systems. Furthermore, occupational and public exposure to
radioactive emissions frcm tailings areas is possible, though
generally limited by the way in which the wastes are treated and
stored.
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2) Coping with the Hazards

Our intention here is merely to l i s t the variety of technical

means which may be used by nrinim firms in reducing hazards and

contamination without reference to their voluntary or canpulsory

nature.

a) Exposure to Radiation

Radionuclides nay enter the body through wounds, by ingesticn,

and by inhalation:

- Qitry through wounds is not an important node of

contamination in uraniun mining and milling- A program of first-aid

and industrial hygiene provides adequate oontrol.

- Ingestion is not a serious problem, either. Except in the

yellowcake areas, the concentrations of radionuclides are too low tc

be a serious hazard when ingested and, moreover, uranium compounds

are not easily absorbed frcir. the digestive tract. Contaminaticn by

this mode is avoided by having employees shower and change clothing

at the end of their shift and wash before lunch and coffee breaks.

- Inhalation is the principal problen because this results in

irradiation of lung tissue and an increased probability of lung

cancer. Radon and radon daughters, either as free ions or in

association with dust particles, are the most important radiation

hazards in the mine and mill and the main target of the radiation

protection program.

Ventilation is the principal means by which radon daughters are

controlled. In sons mines, respiratory protection in the form of

masks or air stream helmets is used. In the mine itself, a "one

pass" systan flushes all working areas with controlled amounts of

fresh air which is then exhausted to the surface. Unoccupied parts
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of the mine which have high radon concentrations are sealed off with
bulkheads or put under negative pressure with auxiliary fans in order
to minimize contamination of ventilation air. Similarly ground
water, which may contain radon, is excluded from the working areas of
the nine and discharged directly to the surface. In the mill, there
are roof-counted extractor fans to removs radon daughters and
negative pressure is naintained over the yellcweake drying and
packaging areas.

Dust control in the nine may take various forms. Air flows are
arranged so that dust-producing activities are downstream frcm
workers and water sprays are used to suppress dust and fumes fran
drilling and blasting. IXist collectors are placed at crusher
stations and the filtered air is exhausted to the shaft, not to the
workings, m the mill, at the crushing and precipitation operations,
there are dust collectors which are vented to the outside. The
filtered air is generally not recirculated. Personal respiratory
protection may also be provided where necessary. Dust masks are worn
in the mine and mill when there is dust or mist such as in crushing
and packing operations.

There are extensive programs to monitor radiation levels. Radon
daughter levels in the mine are measured at intervals of from once a
month to once a week and more frequently in problem areas. Gamma and
beta radiations are monitored by film badges worn by a representative
selection of mine and mill workers.

Administrative and operational procedures may be established to
ensure that radon daughter levels do not exceed the maximum permis-
sible concentration (MPC) for contincus occupancy of 0.3 WL.1 Tflien
readings reach or exceed 0.3 WL, the airflow is adjusted and when the
level exceeds 0.7 WL, immediate action is taken to red ue the
concentration. Crews are removed fran areas where the reading is
greater than 2.0 WL.

One Wbrking Level (ML) means the amount of any caritaination of
radon daughters in one litre of air that will release 1.3 x 10^
mega-electrcn volts of alpha particle energy during their radio-
radioactive decay to lead-210 (radium D).
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There are procedures to control the exposure of individual
employees. Workers who handle concentrated uraniun undergo
urinalysis on a regular basis. For instance, if an employee exceeds
the acceptable level, his work practices are reviewed and, if this
fails to achieve a reduction, he is rotated to another job. Ccnpute-
rized work records are kept for each employee and continuously
updated. Fran the samples of radon daughter levels in the nine and
mill and the work records, a monthly exposure is calculated for each
employee. If anyone surpasses the acceptable levels of 2 W£2-!̂  of
radon daughters exposure in any calendar quarter or 4 WIM in any
year, he is transferred to a low exposure job.

All new employees receive health and safety training of which
radiation natters are an important ccnponent. Subjects covered
include dust control, the control of radiation by ventilation and
personal protective equipment, there are also regular safely
meetings for all personnel to reinforce proper ventilation and dust
suppression practices. Supervisors, as part of their training, get
additional instruction in radiation, sampling procedures and
ventilation.

All exhaust shafts which discharge into the atmosphere are
regularly monitored for radon gas and radon daughters and the average
curies per day of radon gas are calculated. These figures are used
to assess the exposure of employees who travel in these shafts or who
work in the headframe area. They can also be used as the basis for a
dispersion calculaticn which determines the potential exposure of the
public in the vicinity of the nine or the mill.

b) Waste Management

Mining and milling operations generate large volumes of solid
wastes and liquid effluents because the concentration of l^Og in
the ore is low. Haste rock frcm mining does not generally present
much of a problem and is deposited on the nine property. However,
as a precaution, use of this waste rock is not permitted without
special approval.

One Working Level Month (WEM) would result fran working in an
environment of one working level (WL) of radioactivity for 170
hours.
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Tailings are the principal hazardous waste and contain
radioactive substances and leachable acids. Regulatory intervention
by the A.K.C.B. in the process of tailings nanaganant is presently
under discussion. Several measures are, however, required from the
licensee:

- conduct of site approval studies to ensure site suitability;
hydrological analysis, permeability, seepage pathway and dam
stability modelling;

- dam construction to meet regulatory requirements;

- monitoring for seepage of radioactive vater and dam
stability.

The main radionuclide is radium 226. The tailings, in the form
of a slurry, are passed through several settling ponds before the
water is finally discharged. Part way through the settling process,
a solution of barium chloride is added which reacts with the sodium
sulphate and radium in the tailings and forms two precipitates,
barium sulphate and radium-barium sulphate. There are several
possible methods of finally disposing of tailings, fer they can be:

- stacked and allowed to dry;
- stacked and flooded;
- disposed of underwater in a lake;
- backfilled into the mine;
- covered with vegetation;
- covered with porous materials.

At present, there is serious debate about which of the above
methods is best. There are three main reasons for the concern about
disposal. First, a health physics problem: many well informed
scientists contend that there is no threshold level below which
exposure to lev level radiation in air and water from tailings is
inconsequential. Second, a future-oriented problem: because of the
slow process of degradation, the radon gas emanations and seepages
into ground water from tailings piles may continue to present a
hazard to health, air and water quality for thousands of years. Thus
there is clearly a need for a long-term passive solution for
abandoned sites, mill decommissioning and tailings. Third, a cost-
benefit problem •. the evaluation of expected benefits as compared to
the expenditures required by each one of the options is extremely
difficult to undertake. Trade-offs will clearly have to be made.
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c) Water Effluents

Water is treated before being returned to the natural system.
As described above, radium is removed by the addition of bariun
chloride and, similarly, lime is added to restore the pH balance.
Other reagents are used as necessary. The inflow to the natural
system is carefully monitored to guard its quality.

d) Land Reclamation

Up to now land reclamation has not been a na jor preoccupation,
yet many firms have undertaken reclamation programs. Mined out areas
and tailings areas may be filled and reclaimed. Revegetaticn is
attracting considerable attention at the moment, particularly with
regard to the stabilization of tailings since an organic plant cover
may tielp to prevent the leaching of tailing piles. The management of
tailings areas may involve actions such as institutional measures to
limit access, chemical stabilization of tailings, and covering with
porous materials.

e) General Measures and Others

Actions relative to radiation health, safety and environmental
considerations are taken at the corporate and plant management
levels. At the headquarters level, these include senior management
time spent on decisions and the necessary support in the way of
special studies and legal and consulting fees. Included under this
category is tine imputed to dealings with the A.E.C.B.

At the plant level, management is involved more directly along
with support staff such as environmental engineers and technicians
and ventilation engineers and technicians. Various research studies
are also catndssioned directly at the plant level.

One area not covered in this report is the cost of treasures
taken in exploration and development, These are minor and have no
appreciable cost impact.

The key areas of cost impact identified in the preceding and
following sections are sumarized belcw in Table 2.
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Table 2
Key Areas of Cost Measures Taken

Re Radiation Health Safety and Environmental Considerations

o Headquarters

- Senior management time
- Legal and consulting fees
- Studies of diverse kinds

o Support Staff at Mine

- Management time
- Environment engineers and technicians' time
- Ventilation engineers and technicians' time
- itesearch studies

| o Mining, Underground

- Ventilation
- Monitoring
- Personal safety devices
- Wsrking procedures
- Operational limitations

o Open Pit Mines

- Shielding and ventilation of equipment
- Personal safely devices
- Operational limitations
- Monitoring

- Ventilation
- Maintenance of negative pressure
- Spill containment
- Monitoring

o Tailings

- Site approval and other studies
- Dam construction or
- Underwater disposal
- Monitoring

o Radioactive Water Treatment

- Construction of settling ponds
- Barium chloride treatment
- Monitoring
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3) Cost of Measures Taken

The total radiation health, safety and environnental costs for

the sample of operators studied are $38/566,000 for operating costs

in 1980 and $121,819,000 for capital, costs up to 1980. However, it

should be pointed out here that health and safety costs are very much

higher for deep shaft than for open pit mines.
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1,

3,

13,
12,

033
579

454

920

449
143
364

3,566
136
150

3,280

689

5,644
3,800

644

Details of the annual operating costs of these measures are

summarized below in Table 3 vtfsere PO and MCR costs are also

identified.

Table 3
Details of Radiation Health Safety and

Environmental Posts Incorporated in Operating
Costs for Uranium Mining/Milling

Operating Cost Element $(000)
Total PO MCR

i) Headquarters 4,599
. Senior Jfenagetnent Time 715
• Legal Fees 150
. Consulting Fees 3,734

ii) Mine Support Staff 4,609

iii) Mining 19,094
. Ventilation 15,943
. Msnitorina of Air and Water 1,009
Quality

. Personal Safety Devices 2,142 942 1,200
• Shielding of Equipment

iv) Milling 2,237
. Ventilation and Negative 1,280
Pressure

. Msnitoring and Analysis 257

. Containment and Spills 700

v) Tailings and Vfeter Treatment 8,027
. Dams, Settling Bonds and 7,420
Wfetter Treatment

. Monitoring 432

. Land Reclamation 175

vi) Delays *

Total 38,566 25,829 12,735
Per Cent of All Operating 100 67 33
Safety Costs

* Delays were either small and difficult to substantiate or so large
as to overshadow all regulatory costs.

(Totals may not add across due to rounding.)

1,426
748

178
500

6,001
5,564

262
175

810
531

79
200

2,026
1,856

170
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Total 121,819 85,402 36,417
Per Cent of
Safety Costs

I
I

Details of the capital costs of radiation health,- safety and

environmental measures are summarized below in Table 4 vJiere P0 and I

MCR costs are also identified.

Table 4
Details of Radiation Health Safety and

Environmental Costs Incorporated in Capital I
Costs for Uranium Mining/Milling •

Capital Cost Element $(000) B
Total PO MCR

i) Headquarters — — — |

ii) Mine Support Staff —

iii) Mining 58,337 32,554 25,783 ™
. Ventilation 55,325 31,425 23,900
. Monitoring of Air and Water 478 455 23 I
Quality •

. Personal Safety Devices 2,484 624 1,860
• Shielding of Equipment 50 50 •

iv) Milling 10,442 6,133 4,309
. Ventilation and Negative 4,550 2,250 2,300 _
Pressure - •

• Monitoring and Analysis 92 83 9 "
• Containment and Spills 5,800 3,800 2,000

v) Tailings and Water Treatment 53,040 46,715 6,325 I
. Dams, Settling Ponds and 51,345 45,270 6,075
Water Treatment •

. Monitoring 1,695 1,445 250 |

. Land Reclamation

I
Per Cent of All Capital 100 70 30 I

I
I
I
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An attenpt will be nade here to highlight the nain reasons for

the existence of marginal costs over and above those which a prudent

and socially responsible operator would incur. These narginal costs

are the result of activities which are imposed on mining firms, of

differences as to what constitutes a radiation or contamination

hazard, and of the imposition of preferred technical solutions by

regulators.

It is important to note that health, safety and environmental

costs depend very much on the characteristics of each operation.

Extensive additional mine ventilation or radioactive water treatment

may be required to meet A.E.C.B. standards at one operating site, but

not at another. Because of this, few standard costs can be obtained

and cost analyses do not yield a meaningful global estimate of

regulatory cost per unit of output (e.g., yellcwcake).

i) Headquarters

It is estimated that, on average, senior executives spend about

20% of their tine on A.E.C.B. and other regulatory natters.

This includes travelling and neetings related to regulation.

Usually one senior executions devotes a subtantial part of his

time to regulatory affairs and, since raining companies

generally have small headquarters staffs, this represents a

considerable portion of total senior management time.

The alternative use of this tine constitutes an irrportant

marginal cost of regulation. There are numerous neetings with

regulatory bodies and public information neetings whicfi a

prudent operator would not hold. Legal fees paid for health

and safety reasons are generally occasioned by regulators'

requests or actions. Consultants are hired to undertake

research studies which are imposed as directives or as

conditions of licensing. Management views 90% of the total

consulting fees for health, safety and environmental natters as

a cost directly attributable to regulation.
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ii) Mine Site Support Staff •

Approximately 15% of the cost of the mine site support staff is
related to regulation. Extra management time is needed for I
meetings with regulators and some extra personnel nust be hired
to replace those involved in regulatory affairs. Ihe industry _
would not, as a prudent opertor, undertake all the technical |
research studies which are inposed as directives or as
conditions for licensing. Time and manpower are also devoted •
to the task of untangling the conflicting jurisdictions of •
various regulators.

iii) Mining

It needs to be stressed that health, safety and regulatory |

costs incurred by a licensee are highly dependent on the
individual operation. Ihe A.E.C.B. now requires a 4 WLM I
exposure standard in underground mines. Wrile the Denison •
mine, for example, has experienced considerable capital and
operating outlays in satisfying this requirement, the Rio Algom I
mine has done so with little additional cost.1

Regulation makes extra denands on management tine and creates I
paperwork. Monitoring and data processing costs involved in

keeping individual files on radiation exposure would not be I
incurred by a prudent operator. Other means would be used. *

In underground mining, the largest absolute narginal costs, J
both capital and operating, are for ventilation. The A.E.C.B.
set standards in 1976 which limit the permissible level of •
occupational exposure to alpha-particles of radon daughters to I
four working-level months (WIM). Extra ventilation equipment

and shaft construction are needed to meet the exposure standard I
of 4 WEM when the operators consider that a standard of 6 or 12
WLM would adequately protect the workers. This additional _
ventilation is especially costly in old underground nines |

because of the retrofitting involved. The cost of heating the
extra volume of air before it goes into the mine workings is •
also an important element. I

I"Report of the Hpyal Commission on the Health and Safety of
Workers in Mines", Ministry of the Attorney General of Ontario,
Toronto, 1976. U
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The requirements for monitoring air and water quality are
judged to be excessive. As prudent operators, the mining
companies would have almost the same equipment - the marginal
capital cost is about 5% of total capital cost - but would make
much less use of it. Same 64% of the operating cost is
considered to be MCR.

Almost 75% of the capital cost of personal safety devices and
56% of the operating costs are regarded as MCR. Airstream
helmets are imposed by the Board when the operators think that
masks, helmets and a credit system for radiation exposure^
would suffice. On the other hand, the shielding of equipment in
open pit mines is undertaken as a prudent operator expense. (If
the concentration of uraniun in the ore is high, vehicle cabs are
shielded and airtight and have lead crystal glass windshields.)

The A.E.C.B. is paying increasing attention to nilling and
requires certain measures to be undertaken. In milling, the
greatest marginal costs, in both absolute and relative terms,
are for ventilation, ^pproxinately 40% of the operating and
50% of the capital costs are MCR. the Board insists that there
be a backup ventilation system in the mills and the operators
consider it unnecessary.

As in mining, the requirements for monitoring and analysis are
in excess of what a prudent operator would do. The marginal
capital cost is about 10% of the total capital cost of the
equipment, but the marginal operating cost is approximately 30%
of the total operating cost for monitoring.

There are differences of opinion between the operators and the
A.E.C.B. as to what are the best technical solutions for
containment. The solutions chosen by the Board are higher cost
solutions: higher by approximately 34% in capital and 29% in
operating costs.

1 Workers would be rotated among jobs to keep their total exposure
belcw a certain level.
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v) Tailings and Water Treatment

Operational and regulatory costs vary with each haste manage-
ment site- An unresolved problan associated with tailings
revolves around the eventual decantdssicning of waste
management sites. Although decommissioning plans nust be
submitted to the A.E.C.B. in the licensing process/ a cost
analysis of possible regulatory intervention is not feasible
for that stage. As has been discussed above, the whole problem
of tailings disposal is presently being debated.

Dares, settling ponds and water treatment account for most of
the costs in this section. Of the total capital cost in this
area, the MCR portion is about 12%; of the operating cost it is
some 25%. Marginal costs imposed by regulators in this area
have diverse origins. There are studies of man/ kinds and
consulting fees which prudent operators would not incur. The
operators are obliged to have consulting engineers on the site
full-time who act as third party inspectors. This requirement
is considered to be unnecessary by the mining companies. The
Board dictates technical specifications for construction and
adds extras as conditions of licensing.

Marginal costs are also attributable to the changing nature of
technical solutions preferred by the Atomic Energy Control
Board. Rar instance, the indecision of the A.E.C.B. as to
tailings disposal and retention time is said to impose
unnecessary expenditures. The industry has spent substantial
sums to study underwater tailings disposal. That option was
not well received at the tine by regulatory authorities in
Ontario and Ottawa. However, today the same regulatory
authorities are asking the industry to reconsider underwater
disposal when substantial sums have been invested in alterna-
tive methods . The operators also complain about the lade of
clarity of guidelines and the delays in evaluating submissions.

As for monitoring, approximately 15% of capital costs and 39%
of operating costs are imputed to A.E.C.B. requirements.
Again, it is the frequency of measurement which is contested by
the operator. All land reclamation, however, is undertaken as
a prudent operator expense.
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vi) Delays

The cost of delays was either str 11 and difficult to substan-

tiate or so large as to overshadow all regulatory costs. As a

consequence no account was taken of them.

Yet one firm, flmok, estimates that it lost more than $100

million in opportunity gains as a result of delays imposed by a

provincial environmental inpact study, the loss occurred

because the price of l̂ Og fell fran above §50 per lb. to

nearly $30 per 1b. during the delay.
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III. PRINCIPAL POINTS OF CONTENTION

- Cheaper personal safety devices such as masks in place of air
stream helmets would, according to the operators, protect the workers
just as veil.

- In addition to the ratchet effect, new criteria are added as
technical Knowledge evolves. For example, in calculating exposure

1 This i s represented by the formula WLM + gamma + Thoron

I
I
I- The operators argue that the vater quality objectives iitposed

by regulators are higher than the new recommendations published by
the International Canmission on Radiological Protection (I.P.C.P.) I
Higher standards lead to higher costs for operators.

I

- The industry is worried about the criteria that will be I
established fcr the decommissioning of tailings areas after the

closure of mines. m

- The changing technical solutions for tailings disposal giv«s
rise to a major area of contention. Guidelines for tailings I

management and the preferred technical solutions change over time.
The imposed shift to new solutions will lead tc large capital costs
that could have been prevented by earlier actions. I

- The AIARA principle is severely criticized because of its |
imprecision. (This principle states that all radiation doees should
be kept as low as reasonably achievable, economic and social factors I
being taken into account.) Because the operators are continually
uncertain, they feel that they must overspecify in order to assure m
approval by the Board. However, this causes a ratchet effect, for |
these overspecified targets tend to be adopted as rigid standards by
the regulator. •

I
ra tes Thoron i s now measured along with alpha, beta and gamma
radiation.1- I
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- Finally, there is a good deal of frustration because of the

need to satisfy a multiplicity of regulators who are not always in

agreement one with the other. In addition to the A.E.C.B., the

federal, Ontario and Saskatchewan governments are involved in

regulating the mining and milling industry. Each has departments

responsible for mining, labour, health and the environment.
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IV. OONdUSICNS

The following tables illustrate various aspects of the cost of

regulation in the uranium mining and milling industry. The first.

1
I
I
I
I

Table 5, expresses the cost of radiation health, safety and environ- _

mental regulation as a percentage of the value of 1980 shipments of |

UjOg. Because of the legal and competitive concerns of the firms

involved, it was not possible to obtain full financial data. Eor |

this reason, both operating and capital radiation safety costs are

expressed as percentages of estimated sales. II

II
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Table 5
The Cost of Radiation Health, Safety and Environmental

Regulation as a Percentage of the Value* of 1980
Shipments of UqOo_ in the Sanple of Firms

a) Operating Costs

Operating Cost Element %
Total PO MCR

Headquarters
Mine Support
Mining
Milling
Tailings and

Staff

Water Treatment

0.81
0.81
3.37
0.40
1.42

0
0
2
0
1

.18

.69

.38

.25

.06

0.63
0.12
0.99
0.14
0.36

Total 6.81 4.56 2.24

b) Capital Costs

Capital Cost E l e m e n t %
Total PO MCR

Headquarters — — —
Mine Support Staff — — —
Mining
Milling
Tailings and Water Treatment

Total 21.52 15.08 6.44

(Totals may not add across due to rounding.)
Assuming the value of U3Og to be $30 Canadian/lb. Contract
and spot prices differ significantly. $30 per lb. was found to be
typical of prices received by Canadian ndnes.

10
1
9

.31

.84

.37

5
1
8

.75

.08

.25

4.
0.
1.

56
76
12
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Table 6 below sunrrarizes the total operating and capital ™

radiation health, safety and environmental costs per pound of »
U3 C&' *fc ̂  "s®^! t° express the cost of regulation on a per |

unit basis at this point in the nuclear fuel cycle since ultimately

it will be calculated per megawatt-hour of electricity produced. •

Table 6 a
Radiation Health, Safety and Environmental

Costs per Pound of U-^OQ
(1980 Prices)

a) Operating Costs

Operating Cost Element

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Water Treatment

Total
Per Cent of all Radiation Safety
Operating Costs

b) Capital Costs

Capital Cost Element

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Water Treatment

Total
Per Cent of All Radiation Safety
Capital Costs

Produced

Total

.24

.24
1.01
.12
.43

2.04
100%

Total

3.09
.55

2.81

6.45
100%

S/lb.
PO

.05

.21

.71

.07

.32

1.36
67%

$/lb.
PO

1.73
.33

2.48

4.54
70%

MCR

.19

.04

.30

.04

.11

.68
33%

MCR

1.37
.23
.34

1.94
30%

I
1
|
|
1
1
1
1
1
1
1
n
If

(Totals may not add across due to rounding.) r
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The total radiation health, safety and environmental costs per

employee, both operating and capital, are sumarized below in

Table 7. The cost of protecting employees is very high in, the

mining/milling industry and this energes even nore clearly in

comparison with other industries. For example, in Canada in 1976 the

gross capital investment per employee in the nanufacturing sector as

a whole was $70,000.1

Table 7
Radiation Health, Safety and Environmental

Costs per Emplc
(1980 Prices

a) Operating Costs

Operating Cost Elements

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Viater Treatment

Total
Per Cent of all Radiation Safety
Operating Costs

b) Capital Costs

Capital Cost Elements

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Water Treatnent

Total
Per Cent of All Radiation Safety
Capital Costs

tyee

Total

838
840

3,482
408

1,462

7,030
100%

Total

M

10,638
1,904
9,672

22,214
100%

$/Employee
PO

188
715

2,452
260

1,094

4,709
67%

$/Employee
PO

5,936
1,118
8,518

15,572
70%

MCR

650
126

1,029
148
369

2,322
33%

ICR

4,702
786

1,153

6,641
30%

(Totals may not add across due to rounding.)

Source: SECOR Inc.
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Up tc this point, the uranium mining and milling industry has

been dealt with as a whole. However, safety in underground mines is

very nuch ncre expensive than in open pit mines. The next 3 tables

give separate figures for these two quite different operations. It m

is in the nature of underground mining that large expenditures mast •

be made to ventilate the workings. This is even more the case in _

uranium mining because of the requirement to keep radiation exposure |

at or below 4 WIM per year, the msans to achieve this are costly:

e.g., "one pass" ventilation systems, dust control and extensive I

monitoring, as well as operational procedures which can result in

lost time and inefficiency. I

I
I
I
I
I
I
I
II
n
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The total operating and capital radiation health, safety and

environmental costs for underground nines are given belcw in Table 8.

These results are also summarized on the basis of the cost per pound of

produced.

Table 8
Radiation Health, Safety and Environmental

Costs in Underground Mines

a) Operating Costs

Operating Cost Element

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Water Treatment

Total
Cost per Found of U^Og
Per Cent of all Radiation Safety
Operating Costs

b) Capital Costs

Capital Cost Element

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Vfeter Treatment

Total
Cost per Pound of t^Cg
Per Cent of All Radiation Safely
Capital Costs

Total

3,996
3,400

18,531
1,129
6,997

34,053
$3.09
100%

Total

57,685
7,982

42,790

108,457
$9.86
100%

$(000)
PO

648
2,882

12,891
570

5,046

22,037
$2.00
65%

$(000)
PO

31,920
4,048

37,365

73,333
$6.67
68%

MCR

3,348
518

5,640
559

1,951

12,016
$1.09
35%

MCR

25,765
3,934
5,425

35,124
$3.1 9
32%
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The total operating and capital radiation health, safety and

environmantal costs far cpen pit nines are given below in Table 9.

These results are also sunmarized on the basis of the cost per pound of
V3°8 Produced.

Table 9
Radiation Health, Safety and Environmental

Costs in Open

a) Operating Costs

Operating Cost Element

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Water Treatmeia^

Total
Cost per Pound of l^Cg
Per Cent of all Radiation Safety
Operating Costs

b) Capital Costs

Capital Cost Element

Headquarters
Mine Support Staff
Mining
Milling
Tailings and Water Treatment

Total
Cost per Pound of 1}$°$
Per Cent of All Radiation Safety
Capital Costs

Pit Mines

Total

602
1,209
562

1,107
1,030

4,510
$0.58
100%

Total

652
2,460

10,250

13,362
$1.72
100%

$(000)
PO

385
1,038
558
856
955

3,792
$0.48
84%

$(000)
PO

634
2,085
9,350

12,069
$1.55
90%

MCR

217
171
4

251
75

718
$0.09
16%

MCR

18
375
900

1,293
$0.17
10%

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
r
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The total radiation health, safety and environnental oosts of open

pit and underground mines are compared below in Table 10. Fran this it

may easily be seen that safety aosts are very much greater for under-

ground than for open pit mines. In comparing these figures, it mist be

kept in mind that the sample was three open pit and four underground

mines, and costs varied greatly fran operation to operation. The open

pit mines which were studied were newer, had higher grade ores and

consequently generated smaller amounts of tailings, Moreover,

ventilation problems are almost non-existent in open-pit nines.

Despite their cost disadvantage, the older underground mines will

continue in operation because it will probably be Ontario Hydro's

policy to use uranium produced in Ontario.

Table 10
A Comparison of the Total Radiation Health, Safety and
Environnental Costs of Open Pit and Underground Mines

($Per Pound of )

Cost
Type

Mine
Type

MiningMilling Tailings
& tfeter

Treatment

Staff Ibtal

Operating

Capital

Underground
Open Pit

Underground
Open Pit

Open Pit Costs as Per Cent
of Underground Costs

Operating

Capital

1

5

4

1

.6P

.07

.24

.08

%

.5%

.10

.14

.73

.32

140%*

44%

.64

.13

3.89
1.32

20%

34%

.67

.24

36%

3.09
.58

9.86
1.72

19%

17%

* The high cost is due to A.E.C.B- requirements for spill containment.
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CHAPTER 3

URANIUM REFUTING
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Introduction

The total output of Canadian uranium nines is processed by
Eldorado Nuclear. Uramun is received in the form of yellcfocake and
is refined into uraniun dioxide for CANTO reactors and into uranium
hexafluoride which is exported for eventual use in light water
reactors. Eldorado also refines yellowcake fran American and other
foreign mines and produces uranium netal from depleted uranium
tetrafluoride which is recycled frcm the United States.

In this chapter, we examine the refining stage of the nuclear
fuel cycle. Ihe chapter is divided into four parts. Part one
describes Eldorado Nuclear and the refining processes which it uses.
The second part gives a brief description of the radiation hazards
associated with refining and then discusses the health, safety and
environmental measures and their costs. Part three outlines the
principal points of contention between Eldorado and the A.E.C.B. In
the fcurth part, we summarize the cost of regulation and put forward
some overall considerations.



42

I. THE ELCORfiDO NUCLEAR REFINERY

Canada's only uraniun refinery is operated at Port Hope, Ontario

by Eldorado Nuclear Ltd., a federal crown corporation. A new refinery

is being built by Eldorado Nuclear at Blind River, Ontario. This new

refinery, vrtiich will have twice the capacity of the Port Eiape

refinery, will begin production in 1983. The output and employment at

the Port Hope refinery is shown in Table 1 below:

Table 1
Eldorado Nuclear 1980 Production and Employment
(projection by plant management, November 1980)

Product Output/Capacity
(as metric tonnes of uranium)

UP6 - 4,500/5,700
UG; - 1,100/2,000
U - 907/1,500

Total - 6,507/9,200
Total Employment - 600 persons

In the first stage of the refining process, yellowcake fran the

mines is converted to U03» an intermediate product. Eighty percent

of the UO3 Produced by Eldorado is further processed into UFg for

foreign electrical utilities. The remaining 20% is converted into

UO2 for use in CANWJ reactors. When the new refinery opens, the

UO3 Production will be transferred to Blind River. "Ae UFg plant

in Port Hope will continue to operate.

Uranium Hexafluoride (UFg)

Uranium hexafluoride (UFg) is an intermediate form of uranium

suitable for enrichment. It is sold mainly in the U.S. wiere it is

upgraded for use in light water reactors. In 1979, UFg represented

about 85% of the value of all Canadian uranium production.
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Uranium Metal (U)

Unlike the UO2 and UFg/ depleted uraniun metal is not

produced frcm yellowcake. It is produced fran depleted UF4 Which

is recycled fran the U.S. Mare than 90% of the uranium contained in

the initial UF4 is recovered in the form of pure uranium metal

ingots. Since uraniun is a heavy metal lite lead, it has a wide

variety of radiation shielding and other applications. The ingots of

uranium are melted dowi in most cases for small precision castings or

larger castings for machining to customer specifications.

Uranium Dioxide

Ceramic grade uranium dioxide pcwder (UO2) is produced for

Canada's three fuel fabricators who convert the ceramic grade powder

into pellets which are the fuel form used in the fuel bundles for

CAHDU reactors.

The following simplified flow chart (Figure 1) shows the process

by which the UO3 intermediate and the ceramic grade UC^ is

obtained. Similarly, Figures 2 and 3 illustrate the production of

UFg and uranium metal.



P i g . 1 : THE JKEtMHIHG PROCESS

ORE

1

Recycle to
Uranium

RAFFINM
- Excess
- Inpur:
- Uirea
Uranii

Mill

>P f

3 HNO,
.ties
svered
xn (0.5%)

Conversion to UFg
for export

1
YELLCWCAKE
(70% Uranium)

(.20% Combined O ^
( 5% Impurities)

1
| BLENDING |
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The "refinery" emprises five rain processes, the f irst four of
\nfaioh are dealt with in this report:

I
I

- UO3 refinery I
- UO5 plant
- DFg conversion faci l i t ies •

U metallurgical operations- U metallurgical operations

- Enriched uranium operations •

Enriched uranium operations represent a very ndnor portion of

output. Because of security considerations, Eldorado declined

further comment on them.

I
I
I
I
I
I
I
I
I
I
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The Refinery Cost Structure

i) Operating Costs

The 1980 operating costs for the Port Hope facilities are shown

below in Table 2. These are projected costs estimated by plant

management in November 1980, based on accounting data to Sept 30,

1980:

Table 2

1980 Projected Port Hope

Operating Costs

Cost Element $ (000)

Uranium *

Direct Production* 10,700

Maintenance and Engineering 7,400

General and Administration 6,000

Utilities 3,300

Laboratories 2,100

Total 29,500

Source: Mr. F. Hueston, Production Manager

Eldorado Nuclear Ltd.
Port Hope, Ontario

1 The uranium processed by Eldorado is owned by the electrical
utilities that purchase it from the mining companies.

* Includes depreciation.
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ii) Capital Costs

I
I
I

The Mew Refinery _

I
Capital costs have been based on the new UO3 refinery for

which constructicxi was projected to begin in the spring of 1981. It I

will be located at Blind River/ north of Manitoulin Island on Lake

Huron. It will have a capacity of 17,000 metric tonnes of UO3 I

which is more than twice that of the old Port Hape UO3 refinery

which it will replace. This expansion of capacity is designed to •

meet the increased demand for nuclear fuel which is forecast on the *

basis of reactors operating and under construction. Shutting down M

the old 1x33 refinery at Port Hope will also eliminate the need for I

a costly retrofit to meet current environmental standards. _

All capital costs are referred to the new Blind Fiver Refinery

and not the Port Hops plant. This has the disadvantage that capital I

and operating costs related to radiation health, safety and environ

mental measures are not referred to the sane facility. However, this I

avoids a major difficulty. The ongoing capital-planning process for

the new plant provides direct access to costs. To piece together •

comparable information for the old Port ftope facility would be a •

difficult and inexact process at best.

I
I
I
I
I
I
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The projected capital cost of the new faciJity is shown below in

Table 3.

Table 3

Projected Capital Cost of the

Blind River Ontario Refinery

$(000)

o Projected Capital Investment 1980$

Blind River Ontario, Refinery

Total 120,000

Source: Mr. R.G. Dakers, Vice-President, Refining

Eldorado Nuclear Ltd.

Ottawa, Ontario
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I I . SflFETy COSTS

1. the Hazards

i
I
I

a) Internal Hazards

Radioactive material can enter the body by inhalation,

ingestion, absorption throucji the skin, and directly through wounds. I

In the Eldorado refinery, inhalation is the most significant node. •

Once inhaled into the lungs, the material may enter the bloodstream g

where it will have a chemical toxicity if it is less than 10% |

uranium, or radiological toxicity if the enrichment exceeds 10%.

Material which is "non-transportable" remains in the lung and the I

toxicity is radiological.1

Inhalation is the primary problem because the raw, intermediate

and finished materials are mostly in powder form and individual unit

operations in the refinery process are important dust sources.

Circuit

I

I

I

The feed naterial is powdered yellowcake to which is added _

crushed fuel fabrication scrap for recycling. Since the uranium |

content in the yellowcake differs from mine to mine, the uraniun

concentration must be measured to allow the dry blending of a uniform I

feed to the U03 circuit. Ihis is done by taking samples either

with a pipe auger or as the yellowcake falls fran the end of a

conveyor belt. The latter is known as "the falling stream"

technique. After blending, the feed is then moved to the nitric acid

digesters, the first step in the process, by screw feeder. The |

primary dust problems are at the beginning of the UO3 process and

again at the end. When the material returns to a dry powder form. At I

the front end of the process, examples of dust problems are the *

crushing of fuel fabrication scrap, blending of feed in the n

warehouse, the sampling hoods, auger cleaning and screw feeding. J|

n
1 Port Hope Refinery Facility Licensing Manual, \tol. 3, pp 5-6.
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UO^Circuit

Both the feed product, UO3/ and the final product, l»2» are

powders. Within the UO2 circuit, there are drumming locations and

feed positions to provide a surge capacity and bucket elevators for

conveying the material. These are all a source of dust.

The UFfi_plant

UO3 powder is first pressed into briquettes for conversion to

UF4 in noving bed flame reactors. The resulting UF4 briquettes

are pulverized and then reduced to the optimum particle size with

vibrating screens. At various stages in the circuit, powdered

materials are moved by screw conveying equipment and bucket

elevators. These processes all produce dust. Particular problems

are experienced with gasketing and seals en the pulverizers and

rotary seals en screw conveying equipment.

Metals Plant

The metallurgical operations also generate some dust. Examples

of dust sources are lathe operations, forging, and dry blending of

UF4 Powder and magnesium. Opening vacuum furnaces for remelting

materials or making alloys also results in fine uranium dusts.

b) External Hazards; Direct Radiation

In natural uranium, beta and gamma radiation come frcm the decay

of the U-238 daughter products, Th-234 and Ea-234n. As long as there

is a homogeneous mixture of these elements, the uranium acts as a

shield and emissions cane only frcm daughter products at or near the

surface. It is when the U-238 daughter products are separated from

the parent, that beta and gamma dose rates increase significantly.
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I
I

There are tsio places in the UFg Plant vriiere this occurs. The

daughter products are concentrated in the ash from the flame reactors I

and filters - readings of 450 millirens per hour contact have teen

taken on the ash cans. The second place is where the UFg Passes •

through drop line filters from the cold trap to the collection •

cylinders. Here, gamma fields of 150 millirens per hour contact and ^

beta fields of 50 rad/h have been recorded, the metals plant, is the •

other area v*iere there is a direct radiation hazard. When depleted

uranium is cast, the daughter products migrate to the surface of the |

ingot and can produce contact gamma fields of 100 millirems per hour

and beta fields of 10 rad/h. I

I
I
I
I
I
I
I
I
I
I
I
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2. Coping With the Hazards

The hazards inherent in the refinery operation are reduced to

acceptable levels by a broad range of measures, these are sumarized

in Table 4 below:

Table 4
Suimary of Safety Measures Which are Incorporated
in the Operating Costs of the Port Hope Refinery

- Seal off Operations in Restricted Zones

o Decontamination costs

. Don conpany clothes fran the skin out prior to entry

. Strip & shower prior to leaving

o Shut down process vAien airborne radiation exceeds
permitted levels

o Radiological safety instruction for all workers

- Reduce/Prevent Exposure

o Extensive dust collection
o Dust masks, coveralls
o Reassign exposed workers
o Investigate incidents

- Monitor Radiation Levels

o Working environment
o Mr/water effluents
o Medical analyses

- Waste Disposal

o Controlled areas
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3. Cost of Measures Taken

Total radiation health safety and environmental costs for uranium

refining are sumarized below in Table 5.

Table 5
Suntnary of Radiation Health, Safety and

Environmental Costs Incorporated in Operating and Capital Costs

1980 Operating Costs

Direct Protection
Non-Process (Support)
Environmental and Other

Total

1980 Capital Costs

Direct Protection
Environmental Protection
Security

Total

S(000) % of Total
Operating Costs

859
1,582
1,056

3,497

2.9
5.4
3.6

11.9

11,814

% Of Total
Capital Costa

3.0
6.1
0.7

9.9*

I
I
I
I
I
I
I
I
I
I

* Totals may not add because of rounding.
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a) Operating Costs

The costs associated with these safety measures are sumarizsd

below in Table 6.

Table 6
Sutmary of Operating Costs

Re Radiation Health, Safety and Environmental Measures

Operating Cost Category $(000) % of Total
Operating Costs

1) Direct Protection
2) Non-Process (Support)
3) Environmental,

Other (Qpidendological Study)

Totals 3,497 11.9

Most operating costs are taken from plant accounting data to the

end of September 1980 and extrapolated to 12 month figures. Other

costs are estimated frcm salary levels1 and time imputed to

radiation health, safety and environmental measures.

859
1,582
1,009

47

2.9
5.4
3.4
0.2

. Salaried staff have been costed at $30,000/year including
fringe benefits.

. Bfourly staff have been costed at $25,000/year including fringe
benefits.

. Secretaries and clerks have been costed at $20,000/year
including fringe benefits.

. Plant tewaganent has been costed at $45,000/year including
fringe benefits.
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1) Direct Protection

The operating costs associated with direct protection are

summarized below in Table 7 where they are broken dowi into PO and MCR

components.

Table 7
Cost of Direct In-Processi Radiation

Health Safety and Environmental Measures

Cost Category

Direct Protection

i) Decontamination Tine
ii) Process Shutdowns
iii) Radiological Safety Instruction
iv) Personal Protective Etauipnent
v) Exposed Workers
vi) Supervisory Time, Incident

Investigation
vii) Double-Handling
viii) Lost Time/ Lung Counting

Total

Total

859

481
218
56
40
25
17

16
6

859
Per Cent of Direct In-Process Safety Costs 100

i) Decontamination Time

$(000)
PO

702

481
109
56
40

16

702
82

MCR

157

109

25
17

—
6

157
18

This stars from the practice of dividing the plant into diff-

erent zones according to the degree of radiation hazard. Zone 1

is the administration building where no contamination is expected

and street clothes are worn. Zone 2 is intermediate between Zone

1 and Zone 3, the production area, where uranium contamination is

expected and protective clothing is worn. The operations are

sealed off in Zone 3 and steps are taken to ensure that radio-

activity is not transferred from one zone to the other. Mien

entering Zone 2 (e.g. production area offices) from Zone 3, the

soles of the shoes are washed, but coveralls are left on subject

1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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to a visual inspection- However, when going from Zone 2 to Zone

1, the coveralls are removed and clean street clothes are put

on. These procedures entail seme loss of time and efficiency.

The cost of these procedures is estimated to be $481,000.1

ii) Process Shutdowns

The refining process is shutdown When airborne radiation exceeds

the levels starring from A.E.C.B. standards. This resulted in

about 2% loss of output or 6-7 days cut of 340 operating days

per year. Eldorado would shutdown operations only 2-3

days/year. They would use the less stringent ICKP standards and

interpret sane imprecise standards differently: e.g. in summer

1979 the plant had to reduce production so that local residents

suffered no "material discomfort".

The opportunity cost of these shutdowns is calculated at about

2% of the total direct production costs, i.e. $218,000. This is

split 50/50 between PO and MCR expense (3 lost days vs. 6).

All workers spend an average of 50 minutes a day in company-paid
decontamination time. They change into company clothes before
their shift, clean-up before both lunch and coffee-break, and
shower and change at the end of the day.

400 workers x 50 min/day x 240 days x 25,000$ = $962,000
60 ndn/hr 2,080 hr/yr

However, since regular chemical process employees spend an average
of 25 minutes per day on company-paid clean-up (based on SEOCR
chemical process industry experience), only half of this cost is
assigned to radiation protection, i.e. $481,000.
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iii) Radiological Safety Instruction

In order to promote good working practices and red.jce the

danger of serious personal contamination, each of the 400

plant workers and 50 supervisors receives 10 hours of radio-

logical safety instruction per year. The lost time cost is

estimated at $56,000.^

The cost of the indoctrination program for new workers is

negligible since each receives only h hour of instruction.

iv) Personal Protective Equipment

Each of the 400 process employees is outfitted with approxima-

tely $100 worth of protective gear annually. The total cost is

540,000. In addition to these direct costs, Eldorado's

management feels that substantial indirect costs are involved.

For example, about 150 workers are required to wear dust masks

as well as 130 maintenance personnel and 20 foremen. Eldorado

considers that not all of these masks are necessary and that, fcy

reducing the employees' capability to perform their tasks, they

result in a total annual cost of approximately $687,000. The

150 plant workers are estimated to suffer an efficiency loss of

10% for a cost of $375,000. Of the 130 maintenance workers and

20 foremen, about 50 are wearing dust masks at any given tine.

Because of the more oarplex nature of their tasks, their

efficiency loss is estimated at 25% for a cost of $312,000.

SEO0R has not included these indirect costs in the analysis

for three reasons. First, these costs are rough estimates

unsupported by direct data. Second, these rough estimates

(which would practically overshadow all other costs of direct

protection) seen very high, especially for production workers,

given the capital intensive nature of the process. Third, in

no other area of the nuclear fuel cycle where dust masks are

worn were such efficiency losses indicated.

450 x 10 hi- x 1 x 30,000 $ + 8 x 25,000 $ „ $56,000
9 2,080 hr 9 2,080 hr
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v) Exposed Vforkers

When a worker :' found to have been over-exposed to radiation,

he is reassigned to "mate work" tasks. Annually, reassignment

costs about one nan-year or $25,000. Since in practice these

have been cases of marginal over-exposure which Eldorado would

not have thought required a change of duties, this loss of

production tijne has been cl«i3sified as a marginal cost of

regulation.

vi) Supervisory Time, Incident Investigation

Management feels that this is a marginal cost of regulation

since the formalities, which are time-consuming, are done to

fulfill A.E.C.B. requirements. Any incident that causes or

could cause a hazard to anyone's health has to be reported to

the Board within 24 hours. This verbal report rust be

followed by an investigation and a written report. Any

breakdown in equipment or departure frcm accepted procedure

which could be dangerous has to be reported in the same way.

In the case of potential damage to the environment or to

public health, the written report Trust be submitted within 10

days. The 50 foremen each spend about 2 hours a month looking

into occurrences of radiological exposure to meet the Board's

requirements for a total annual cost of $17,000.

vii) Double Handling

In the UFg process, conversion is less than 100% and a

residual of UF4 is unreacted. Thorium 234, an impurity

which does not react as easily as UF4, accumulates; however,

it cannot be recycled until its radioactivity decreases.

The consequent double-handling in this process requires

4 man-hours/day, which is a PO expense adding up to $16,000.
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viii) Lost Time, Lung Counting

About 500 people are given an annual lung count at a cost in

lost tine valued at $6,000.

The operator, citing 47 years of satisfactory results without

lung counts, only does them to satisfy the dictates of the

Board.
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2) Non-Process (Support) Functions

The operating costs associated with these non-process or support
activities are summarized below in Table 8 Where they are broken down
into PO and MCR components.

Table 8
Cost of Non-Process Radiation Health Safety

and Environmental Measures

$(000)
Total PO MCR

Hbn-Process (Support Functions) 1,582 1,005 577

i) Health Physics 500 250 250
ii) Health Safety 485 485
iii) Security 213 213
iv) Plant Management 255 210 45
v) Head Office 44 44

vi) Safety System Maintenance 60 60
vii) Stringent Equipment Cleanup Prior to 25 25

Maintenance

Total 1,582 1,005 577
Per Cent of tton-Proeess Safety Costs 100 64 36

i) Health Hiysics

Eldorado regards the frequency of monitoring and detailed
record-keeping required by the Board as excessive, rendering
little in benefits for the continually escalating level of
health physics effort demanded. Urinalysis is cited as an
example of this excess because 98% of the analyses are negative
and, moreover, since 90% of ingested uranium is excreted within
48 hours, there is considerable potential for erroneous
readings since transients are being measured. Film badges are
cited as another example, for, prior to the A.E.C.B., only 12
of 450 employees wore them. Now 600 employees wear them, of
which 300 are useful and 35 to 40 are unquestionably necessary
(e.g. for furnace operators). Indeed, the average exposure in
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1980 was 96 ndllirem, or 19.28 of the nan-rem limit of 500, while
in 1979 the maximum exposure recorded was well below the limit
allowed by the regulations. In ali, the health physics cost of
$500,000 is assigned half to the prudent operator and half to the
marginal cost of regulation. About half of the health physics
costs are for salaries:

6 staff = $180,000
4 technicians =« $100,000

$280,000

The bulk of the non-salary costs are for charges frcm the
analytical laboratory. In the absence of the A.E.C.B., Eldorado
would reduce staff and the related analytical expenses by 50%.

ii) Health Safety

The total cost of health safety, both conventional and radio-
logical, is $827,000, of which $485,000 is attributed to radio-
logical concerns as a prudent operator cost. Included in this
amount are process housekeeping and the laundering of
contaminated work clothes; both tasks are handled by the
janitorial staff.

A large portion of the total cost is for wages and salaries:

Safety Expense ($000)

3 staff concerned with conventional
safety v*io also direct the janitors

1 clerk
1 nurse
1 secretary
1 physician1 (10 hr/wk)
16 janitors (process housekeeping)

TOTBL 575 201.7

•Hotal
Expense

90
20
30
20
15

400

Amount inputed
to conventional

safety

30.0
6.7

10.0
6.7

15.0
133.3

physician's salary estimated at S52,500/yr.
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Since the physician is a routine company health cost and the

others spend about 1/3 of their tine on conventional safety and

cleaning, $202,000 is to be deducted fran the total of $575,000.

Also to be subtracted from the total are $100,000 for contracted

office cleaning and $40,0001 for personal protective

equipment. This yields a PO cost of $485,000.

iii) Security

The total cost of plant security is $453,000 for a staff of 3

supervisors and 14 guards. Were it not for safeguards provi-

sions, fildorado wuld aiploy cnly a conventional industrial

24-hour security force of 8 men and 1 supervisor at a cost of

$240,000. This conventional security is not related to radiation

safety. Hence the marginal expense portion relevant to radiation

safety is $213,000. This is a marginal cost of regulation.

iv) Plant Management

Of the total expenditure of $255,000 for radiation-related

management activities, only $45,000 can be assigned to the

marginal cost of regulation. This is because A.E.C-.B. matters in

the areas of management, process engineering and administration

occupy only the equivalent of one manager2. Staff costs are

listed in detail in Appendix 1.

1 To avoid double-counting as this is included under a separate
category.

2 plant Management personnel have been costed at $45,000/yr
including fringe benefits.



v) Head Office

It is estimated that the officers of the carpany spend about

10% of their time on A.E.C.B. matters for a cost of $60,000.^

there are three head office staff who each spend 50% of their

i
I
I
I

time on A.E.C.B. matters for an annual cost of $58,000. ™

The refinery's share of these costs is calculated as a function V

of the ratio of refinery employees to the total employees in

the company. It is valued at $44,000. ̂  J

vi) Safety System Maintenance I

The 10 baghouses require 2 bag changes annually. With the I

maintenance for scrubbers which remove uranium compounds, two

men are employed full time as well as the equivalent of 1/3 if

foreman for a prudent operator expense of $60,000. •

vii) Stringent Equipment Cleanup Prior to Maintenance m

The Board insists that equipment be stringently cleaned before |

maintenance staff vnifk rn it. This occupies one man on a full

tine basis for a marginal cost of regulation of $25,000. I

Eldorado considers that regular cleanup procedures would

suffice. jl

II
This is calculated as the product of their aggregate 1979
remuneration adjusted to 1980 dollars by a factor of 1.1 and the
fraction of their time spent on A.E.C.B. affairs.

600 x $118,000 ~$44,000
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3) Environmental Protection re Radiological Hazards and Other

Measures

These costs are summarized below in Table 9 where they are broken
down into PO and MCR components.

Table 9
Costs of Environmental Protection and Other Measures

Re Radiolooical Hazards

$(000)
Total PO MCR

Environment 1,009 338 671

i) . Waste Management, local Disposal Areas
ii) . Vfeste Shipment and Collection

- Shipments to Port Granby (80)
- Recycling Raffinate (227)
- Incineration (50)
- Metallic Scrap (145)

Total
Per Cent of Environmental Safety Costs

Other

iii) Epidemiological Study

507
502

338 169
502

1,009
100

338
33

47

47

671
67

i) Waste Management, local Disposal Areas

These costs relate to running the disposal sites. For example
there is a weeping tile systen to minimize ground water conta-
mination front the burial trenches. The leaching of uranium and
radium into Lake Ontario is monitored and water from the burial
trenches is treated. Included in the costs are such measures
as excavation and restoring the land to its natural state.
Specially excluded fran these costs are waste shipment and



66 I
collection (see section (ii) following). The total department I
cost is $507,000? "

$000

- 5 staff 150
- 4 technicians 100
- All other costs1 257

Total 507

- 4 technicians . 100 I

Total 502

I

I

The marginal cost of regulation is a substantial $169,000, for,
left to its own devices, Eldorado would reduce the frequency of I

monitoring and, as a consequence, both the staff required and

the associated costs. As part of this cost reduction, Eldorado
would only produce licence canpliance reports annually and not
quarterly as is currently the case.

ii) Waste Shipment and Oollection *

Eldorado would eliminate these expenses and use sanitary |
landfill as the preferred disposal method if it were not for

the A.E.C.B. Such a landfill site would replace both the •
shipments of solid waste to Port Granby (where they are I
theoretically being stored, not disposed of) and the shipments
of liquid raffinate to the uranium mills in northern Ontario I

for recycling. It would also be unnecessary to reduce the
volume of wastes by incineration and this would save the f
salaries of two full-time employees. Metallic scrap would be |
sent directly to landfill and this would eliminate the need for

a full time employee to clean the scrap before it is disposed |
of as well as reduce trucking and sorting costs. •

I
Shipments to Part Granby 80
Recycling Raffinate 227 •
Incineration (2 man x 25,000 $/yr) 50 I
Metallic Scrap 145

I
e.g.: . Consultants to design and implement a stabilization |

project on a sloped area at the waste disposal site
($60,000) .

. Chemical sampling by the Ontario Research Foundation. I

r
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iii) Epidentiological Study

This project is a study of the occupational health effects of

working for Eldorado and ains to include all past, present and

future employees of the company. It has been undertaken as a

prudent operator practice. The cost of the study is projected

to be $500,000 over 4 years, or $125,000 per year. The

refinery's present share of the cost is calculated as a

function of the ratio of the refinery's enplcyees to the total

employees of the conpany and adds up to $46,583.
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b) Capital Posts

The capital costs of direct protection against radiation are

sumarized below in Table 10 when they are broken dowi into PO and

MCR components.

Table 10
Capital Costs re Direct Protection Against Radiation Hazards

(Based on the Mew Blind River Ontario Refinery)

Direct Protection

i)

ii)
iii)
iv)
v)

Total
Total

Dust Collection:
- Double baghcuses
- Indoor Location of Equipment

Measuring and Monitoring Equipment
laundry Facilities
Shielding, UFg Plant
Bnployee Protective Gear

as Per Cent of Direct Protection

Total

3,630

3,000
200

250
100
50
20

3,620
100

$(000)
PO

2,610

2,280

150
100
50
20

2,600
72

MCR

1,020

720
200

100

1,020
28

i) Dust Collection

A.E.C.B. requirements result in 4 extra baghcuses at a cost of

$720,000. The A.E.C.B. insists on baghouses for each process

while Eldorado considers that shared baghouses are adequate.

E.g. the yellowcate preparation and the blending and sanpling

are close enough to each other for one baghouse to be

adequate.

Because of their size and relatively noisy operation, it is

normal in industry for baĉ iouses to be located on the roof of a

building. However, the Board requires that all dust collection

equipment be located indoors, at an extra building cost of

$200,000.
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ii) Measuring and Monitoring Equipment

The equipment is used in laboratories and in the plant, and to

monitor air and hater effluents. The irarginal cost of regula-

tion arises fran the Board's insistence on continuous on-line

high volume sampling for uraniun and radiun. Eldorado would be

content with making periodic nanual checks.

iii) laundry Facilities

These facilities are used for laundering company-supplied

protective clothing and are voluntarily provided by the prudent

operator.

iv) Shielding

It is estimated that $50,000 worth of high density concrete is

used in shielding. The cost is lew since the plant is designed

to keep "hot" areas as far renovad fran personnel as possible.

v) Bnployee Protective Gear

The cenpany provides an estimated $100. viorth of protective

clothing, gloves, etc... to the individual worker. This is a

prudent operator expense for the workforce of 200 at the new

refinery.
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the capital costs associated with environmental protection and

security are sumarized below in Table 11 where they are broken down

into PO and MCR cotponents.

Table
Capital Costs of Radiation

11
Safety re

and Security Concerns

i)

ii)

Site Approval Process

Closed Loop Cooling
- Lagoons
- 5000 ft. Outfall Pipe

2000
500

2§00

Environmental

Total

7,539

1,000

2,500

$(000)
PO

800

800

MCR

6,559

200

2,500

iii) Additional Equipment Necessitated 2,470
by Closed Loop Cooling
- Snip Evaporators
- Overhead Condensing System
- Additional HNO3 Absorber Unit
- FMO3 Treatment Unit in Lagoon

System

iv) Miscellaneous Capital Equipment
- Storm Water Collection
- Truck Hash Station
- Incinerator
- Conpactor

Total
Total as Per Cent of Environmental
Radiation Related Costs

Security

v) Security Zone
vi) Enriched Uranium Operations

(Port Hope)

Total
Per cent of Total Security-Related Capital
Costs Re Radiation Safety

1,389

7,359
100

835

535
300

835
100

•

—

_

800
11

135

135

135
16

850
370
750
500

315
224
750
100

6,559
89

700

400
300

700
84
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i) Site Approval Process

The first round of site selection involved 21 sites and had a

total direct cost of $1 million. Of this total, $200,000 vac

attributed solely to the A.E.C.B. Eldorado would not have

done a canplete hydrogeological study of surface and ground-

waters, nor would it have monitored terrestrial and aquatic

animals, flora and fauna on a four-season basis. It would not

have established a meteorological station.

There was a second round of site selection which resulted in

choosing Blind River. This also cost $1 million, of which

$300,000 could be attributed to the marginal cost of regula-

tion. However, these second round costs are excluded fran

this analysis since the decision to abandon the first choice

site in Hope Township and build at Blind River is considered

to have been related to our political process and was not an

expression of the will of either Eldorado or the A.E.C.B.

ii) Closed Loop Cooling

Eldorado would have preferred to use open loop (1-pass)

cooling which would discharge the cooling water directly into

the river. The cooling water would not cane into contact with

the process fluids in the heat exchangers and would not have

become contaminated. However, Eldorado is required to build 3

one acre lagoons for treatment, flow-through and retention of

the cooling water. In addition, they are required to build a

5,000 foot long outfall pipe in order to achieve the desired

dilution effect. As a prudent operator, the company would

have used at most a 2,000 foot pipe and might have discharged

on the shore.



I
iii) additional Equipment Necessitated by Closed Loop Cooling j

Here, the problem is that/ because of the closed nature of the 1
system, nitric acid builds up in the cooling water. Since
nitric acid is extremely corrosive, process equipment damage .
would result, the nitric acid problem is handled by |
evaporating the sunp water, and then condensing it. Both
these operations require expensive equipnent: evaporators 1
($850,000) and condensers ($370,000). In addition, there is
an extra nitric acid absorber unit ($750,000) and a treatment i
unit in the lagccn system ($500,000). I

iv) Miscellaneous Capital Equipment |

- Storm Water Collection 1

Eldorado would have used an ordinary storm swer system to .

discharge rain water. However, the A.E.C.B. was concerned f

that radioactive material would be washed into the river
and insisted that storm water be collected and xtcnitored I
before being released. Consequently, Eldorado is
installing retention capacity for the first \ inch of t
rainfall since this "first flush" should contain inost if I
not all of the contamination. This compromise solution
still required that the site be totally paved, and that (
instrumentation and additional collector sewers and piping
be installed. j

- Truck Vfeish Station .

Uhe Board requires that all vehicles leaving the plant be
washed to prevent any radioactive material being inadver-
tently carried off site. ftie company would not wash every
truck.

- Incinerator

Because the company is no longer allowed to use a landfill
operation, the volums of wastes is reduced by burning them.
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- Compactor

Similarly, scrap yellowcake drums cannot be easily disposed

of and they are crushed in a compactor to reduce their

volume.

v) Security Zone

A3 a prudent operator, Eldorado would have been content with a

100 acre site? however, the A.E.C.B. wanted the extra security

afforded by 640 acres. Ihe purchase of this additional land

resulted in a narginal cost of regulation of $400,000.

vi) Enriched Uranium Operations

The Board prescribes more security measures than the carpany

considers necessary: vaults, closed circuit television, and

intruder alarms. It also insists on criticality alarms to

warn of a possible (but very unlikely) fission reaction,

(lhese operations are at Port Ifcpe and will not be moved to

Blind River).
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III. PRINCIPAL POINTS OF CCNTEHTION

the marginal costs of regulation are sumarized in the following
table.

Table 12
Suimary of the Marginal Costs of Regulation

Capital Costs

i) Closed Loop Cooling
ii) Additional Equipment Necessitated by-

dosed Loop Cooling
iii) Miscellaneous Capital Equipment
iv) Dust Collection
v) Security

vi) Site Approval Process
vii) Measuring and Monitoring Equipment

Operating Costs

i) Waste Shipment and Collection
ii) Health Physics

iii) Security
iv) V&ste Management, Local Disposal Areas
v) Process Shutdowns

vi) Plant Management
vii) Head Office
viii) Exposed Workers

ix) Stringent Equipment Cleanup Prior to
Maintenance

x) Supervisory Time, Incident Investigation
xi) Lost Time, Lung Counting

Total

MCE
$(000.-

2,500
2,470

1,389
920
700
200
100

502
250
213
169
109
45
44
25
25

17
6

9,684

% MCR

25.82
25.51

14.34
9.50
7.23
2.07
1.03

5.18
2.58
2.20
1.75
1.13
0.46
0.45
0.26
0.26

0.18
0.06

100

Other

i) Undue Delay (1 year) in Site Approval
ii) Loss of Efficiency Because of Dust Masks

4,710*
687**

* This cost is not included in the capital cost analysis because it
is difficult to substantiate. It is calculated on the basis of
1 year of foregone profits: $50,000,000 x 0.0942 (average
1975-79 net profit).

** The loss of efficiency is claimed to be $703,000 for dust masks;
it is not included in the analysis.

I
I
1
I
I
1
I
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1. The Cost of Regulation

The cost of regulation for the uranium refining portion of the

nuclear fuel cycle is sumarized below in Table 13.

Table 13
Cost of Radiation Health Safety

and Environmental Measures in Uranium Refining

$ (000)
TOTAL P0 MCR

O TOTAL SAFESY OPERATING COSTS

- Direct Protection
- Non-Process (Support)
- Environmental
- Other

Total 3,497 2,092 1,405
Total as Per Cent of all Operating Costs 11.9 7.1 4.8

O TOTAL SAFETY CAPITAL COSTS

- Direct Protection 3,620 2,600 1,020
- Environmental 7,359 800 6,559
- Security 835 135 700

Total 11,814 3,535 8,279
Total as Per Cent of all Capital Costs 9.9 3.0 6.9

1,
1,

859
582
009
47

702
1,005
338
47

157
577
671
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2. Seme Overall Considerations fl

i) The amount of contention between the operator and the A.E.C.B. is jj
directly related to the "distance" fran the actual refining
process. The prudent operator usually takes all possible I

precautions to protect production workers frcm obvious hazards.
This is clearly shown in the following Table.

Table 14
Direct vs. Indirect and Public Protection

ii) Some prudent operator costs are "pre-empted" marginal costs of
rrsgulation. Operators tend to do now what they think will be
required in the future. Eldorado's $500,000 epidendological
study can be viewed as a "pre-empted" M C R.

I

% of Gost Contested Class of Safety Cost •

19 - Direct
40 - Nbn Process (Support) *
67 - Environment I

I

Iiii) The ALARA standard is severly criticized because of its
imprecision. Operators are continually uncertain and therefore
overspecify in order to be assured of approval. However, this |
overspecification has a ratchet effect since targets tend to beccne
rigid standards and are adopted ty regulatory agencies like the I
A.E.C.B. "

iv) There is a good deal of frustration in trying to satisfy the |
requirements of multiple regulators. The new refinery will
operate under 55 separate licences. It mast deal with 5 government I
agencies and departments which themselves have multiple branches:

- A.E.C.B. '
- Ontario Ministry of the Environment
- Environmsnt Canada j
- Federal Dept. of Labour (previously Ontario)
- Ontario Ministry of ffotural Resources
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APPENDIX 1
Details of Plant Management Costs

Related to Hon-Process Radiation Health
Safety and Environmental treasures

$(000)
PO HCR

- tfeiterial Handling (Chemical Operations, 90
i . e . yellcwcake, UPg)

. 3 men to effect inventory control and
follow reporting requirements

- ftoterial Handling (Metallurgical Operations, 60
i.e. uranium and enriched fuels)

. 2 men to effect inventory control and
follow reporting requirements

- Traffic 30

. 1 man to control the transport of
materials shipped and received and follow
reporting requirements

- Accounting 30

. 1 additional man to handle the computer
interface and records management to meet
reporting requirements

- General Management and Administration 45

. the equivalent of one additional man
over the areas of management, process
engineering and administration

TOTAL • 210 45
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Introduction

There are three manufacturers of nuclear fuel bundles in Canada and
these companies sell their output to the Canadian utilities vtfiich operate
CANEU reactors. This chapter deals with four of their fuel fabrication
plants. The fifth plant is operated by Wsstinghouse in Varennesc Quebec
and assembles fuel bundles, mainly for the nuclear reactors in Quebec.
Because it represents less than 10% of Vfestinghcuse's operation, it has
not been considered in this study.

This chapter is divided into four parts. The first describes the
fuel fabrication industry and the manufacturing process. Part tv» deals
with the means and costs of coping with the radiation hazards. The third
part sets cut the principal points of contention between the fabricators
and the A.EcC.B. Part four concludes by sixnnarizing the cost of
regulation and outlining some overall considerations.
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I. THE INDUSTFOT

Table 1
Output and Employment in die Canadian

Nuclear Fuel Fabrication Industry xn 1980

Metric tons of
Producer Uranium Processed*

Westinghouse Canada Inc. 615
Port Hope, Ontario

I
I
I
IIn the Canadian nuclear industry, there are only three fuel fabrica-

tors, vdio are listed below in Table 1. •

I
I
ICanadian General Electric Ltd. 420

Toronto and Peterborough, Ontario

Combustion Engineering- 65 I
Superheater Ltd. *
Mon^ton, New Brunswick

Total 1,100 •
Total Personnel 649 |

* Estimated! where necessary

The basic manufacturing process which is cannon to all three of the •

nuclear fabricators is relatively simple in comparison, for example, with _

petrochemicals. As a reflection of this, it is not very capital inten- |

sive, with an estimated fixed capital investment of only 561,000/vorker.

It is a physical transformation process, yielding precisely-sized fuel |

pellets fran ceramic grade UCj powder. This fuel is then assembled

into bundles which are fabricated frcm zircaloy tuba bar and sheet. The I

process is outlined below in Figure 1.

I
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Figure 1
Fuel Bundle Manufacturing Process
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The Industry Cost Structure

I
I
I

Aggregate costs are presented below in Table 2. All three I

ccnpanies were extremely concerned about confidentiality and as a

prerequisite to full co-operation requested assurances that individual II

operating costs would not ba revealed. Kanca all cost information '"

presented in this section is aggregate data for the industry. The m

cost information is derived from accounting data or based on salary il

levels and time iirputed to radiation safety activities. ,_

Table 2
The Industry Cost Structure I

$(000) I

o 1980 Operating Costs* I

Paw Materials 23,300 '
tfenufacturing Operations 16,900
Depreciation . 4,000 I
General and Mndnistration 3,300 I

Marketing 500

Total 48,000 I

o Capital Investment 1980$ i

Total 39,500

* Exclusive of uranium, interest, taxes and profits. Uranium '
which is the property of the utility would cost $130,000,000
@ $118/kg. |
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II. SAFETY COSTS

1 - The Hazards

The raw material from which the pellets are nade is UO2 Powder.
Hence one of the chief hazards is the inhalation of U&, dust from
the pelletization process. The other main hazard is direct radiation
from the handling and inspection of the pellets. This is more of a
problem where the manufacturing process is not fully automated.

Since dust is a primary process problem, there is sane
possibility of radioactive fallout in the vicinity of the plant;
hence, monitoring may be carried out up to 10 Jan from the site. Vfeste
water fran the laundry operations for process workers' clothing,
grir/'ing of pellets, floor washing in process areas, and the process
worker;1 shower area may contain radioactive material and is treated
accordingly.

2 - Coping with the Hazards

a) In-Process Measures

Operating Costs

Because the narjufacturing process is carried on in a restricted
area, only production employees are directly exposed to dust and
direct radiation. This helps to reduce the operating costs of health
and safety. There are three main costs: decontamination,
instruction, and job rotation.

The decontamination costs are for clothing and lost time. Plant
workers don company clothes from the skin out prior to entering the
restricted area and strip and shower before leaving it. Other people
who go into the area put on smocks, glasses, shoe rubbers and in some
operations disposable dust masks.
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Both workers and foremen receive instruction in radiological
hazards and, again, the major porticn of the cost is lost time. In •
one plant, for example, the instruction includes background infonra- •
tion on radiation with specific reference to their particular plant.
There is a review of work procedures in the restricted area and J
training in the use of respiratory eguipmant. Ihe monitoring program
is explained to the workers as well as the action which is taken as a I
result of monitoring-

l*>ere derations are not fully automated, job rotation is used to |
limit individual workers.' exposure to direct radiation in pellet
handling. Job rotation entails sane loss of efficiency, but it is I
accepted as a necessary prudent operator cost- A worker's fingers can
absorb a week's allowable dose in one day in some operations. Ihe
amount of job rotation varies according to the degree of automation in
each plant, but some or all of the following operations can be
manual: I

production area whers there are a number of processes which produce
dust, e.g.:

The equipment includes baghouses, absolute filters and the
associated ductwork.

I

- pressing I
- grinding I
- pellet cut off
- cutting •
- stacking |
- sheath loading
- inspection _

Capital Posts

Dust collection equipment is needed particularly in the pellet

I
- powder preparation I
-~ compaction
- the sintering furnaces
- grinding I

I
rr'̂ J and monitoring equipment is another capital cost. •

Laboratory equipment for the Health Hiysics Department can include
alpha-spectrometers, beta and gamma survey meters, and fluorimeters •

for urine analysis. There nay also be alpha counting instruments and - "

I
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hand and foot monitors. In some operations, sampling pumps and heads
allow continuous monitoring of the air at all work stations, lypically,
monitors are positioned around the plant to nonitor the working
environment. Velometers and flow meters are used for measuring dust
loadings in air ducts and there are perimeter samplers for monitoring
plant emissions to the environs. V&terborne radioactivity is typically
measured manually in the laboratory. Since ^rborne emissions are the
major potential source of trouble, these are often monitored by
automatic equipment.

Water treatment facilities typically include tanks and associated
process pumps and piping to handle effluents fran the laundering of
protective clothing, pellet grinding, floor washing and the showers.
There may also be filters and centrifuges for dewatering the sludge.

Personal protective equipment includes clothing for workers in
the restricted area and other plant employees. Respirators are worn
by workers in the restricted area and large quantities of gloves,
rubbers and throwaway dust masks are used. Bnployeess are provided
with pencil or film badge dosimeters and sometimes with personal ail-
samplers for airborne exposure.

b) Mbn-Process Measures

Support Staff

The support staff perform a number of tasks. They monitor the
plant environment by wipe sampling and air sampling and carry out the
process housekeeping or janitorial functions. The plant boundaries
and its environs up to a radius of 10 km from the plant are monitored
for radioactivity. This involves collecting and analysing samples of
vegetation, soil, sediments and fallout. Detailed exposure histories
are kept for each enployee and the support staff are also responsible
for testing workers for exposure. For example, at one facility
urinalysis is done daily in high risk areas, twice a week in medium
risk areas and once a week in lew risk areas. Lung counts are done
semi-annually for those who work in the restricted area and annually
for many other employees. All members of the staff receive an annual
medical examination.
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Effluent Treatment and Disposal

Waste water fran process areas is typically settled, filtered and •

dewatered by centrifuging. The resulting sludge is then shipped to _

Chalk River for burial or to Eldorado Nuclear for reprocessing |

depending on the facility.

Management

I
Compliance reports require on average about 5 man-days per month

to prepare and topically involve a technician and a health physicist. I

Meetings w.'th tf-a A.E.C.B. account for significant management tine as

there can b? 12 meetings a year with as irany as 8 people in m

attendance. In addition, the Board has to be advised of any change in m

procedures. _

f&terials accountability

A strict accounting has to be kept of the uranium vfriich is

processed in order to satisfy the provisions•of the Safeguards 8

Treaty.

Maintenance of Safety-Related Systems •

The dust collectors have to be maintained, as do the monitoring I

equipment and instrumentation.

1
I!
I
I
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3 - dost of Measures Taken

Total radiation health, safety and environmental costs for the

fuel fabricators are sunnarized below in Table 3:

Table 3

Surmary of Radiation Health, Safety and

Environmental Costs Incorporated in

1980 Operating Costs

- Process

- Non-Process

TOTAL

Capital Costs

$(000)

738

1,712

2,450

2,004

Operating and Capital Costs

% of Total Operating Costs

1.5

3.6

5.1

% of Total Capital Costs

5.1
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a) Operating Posts

Process Safety Costs

The costs of direct in-process measures taken re radiation health,

safety and environmental considerations are sumarized below in

Table 4 where the PO and MCR components are also identified.

Table 4
Costs of Direct In-Process Radiation Health,

Safety and Environmental Measures

$(000)

i) Decontamination Time for Personnel
Working in the Restricted Area

ii) Personal Protective Equipment
iii? Radiological Safety Instruction
iv) Job Rotation
v) Process Shutdowns
vi) Supervisory Time re Radiological Safety
via) Medical Analyses, Lost Time

viii) Criticality Drills

Total 738 703 35

Per Cent of Direct In-Process Safety Costs 100 95 5.0

i) Decontamination Time

Personnel who work in the restricted area spend about one hour

per day of company-paid tine in clean-up and clothing changes.

Since regular chemical process workers1 spend 25 minutes per

day in ccnpany-paid wash-up time, the clean-up cost associated

with radiological hazards is reduced by this amount.

Total

204
180
83
75
75
37
59
25

PO

204
180
83
75
75
37
49
-_,.

MCR

—

.

—
10
25

Based on SEIOOR chemical process industry experience.

i
I
I
I
I
I
I
I
I
I
I
I
I
1
I
0
tl
r
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ij.) Personal Protective Equipment

Process clothing for workers in the restricted area costs

between $50. and $60. per year; for workers in other areas,

the cost is $33. per year. Safety shoes and glasses are not

included since these conventional safety items are ccnpulsory

in most plants. In soms cases employees in the restricted

area are also issued with special clothing to facilitate

decontandnaticn prior to lunch breaks. Ordinary respirators

cost between $30 and $40 each and the throw-away dust nasks,

used by visitors to the plant, cost $1.50 each. An estimate

of replacement cost for rubbers is 10$/pair/year. Large

quantities of cotton and latex gloves are used, but these are

laundered or reused where possible. Most enplcyees have a

film badge dosimeter which is changed 24 tines a year at a

cost of $1. per change.

iii) Radiological Safety Instruction

Safety instruction for new employees varies according- to the

plant from 6 days to \ day. the cost has been calculated on

the basis of a low turnover rate of 5%. Employees receive 1

or 2 days per year of refresher safety instruction.

iv) Job Rotation

Enplcyees are rotated to avoid over-exposure to radiation in

such jobs as grinding, stacking pellets and loading pellets

into the sheaths. Because of the need to releam tasks, there

is an initial loss of efficiency. One operator estimated that

it takes about 1 full shift of training to relearn completely

each job and that, overall, this a*nounted to about 2% of the

workers' time based on the frequency of rotation. Other

estimates of the loss of efficiency ranged up to 5%.
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v) Process Shutdowns •

As much as 3% of the total output can be lost as a result of I

safety-related shutdowns (about 6 days per year). The ™

opportunity cost of the shutdowns is estimated as the •

additional overtime to make up the lost production. |

vi) Supervisory Time for Radiological Safety I

•Foremen spend tine in activities related to radiological

protection, fcr exanple in investigating specific exposure

incidents. The aggregate cost of their time according to

estimates made by the three operators is $37,000. I

vii) Medical Analysis, Lost Time •

Urine saroles are taken at intervals of one day to one week _

depending iron the degree of risk. The analysis may be |

contracted out or done in-house, but in the latter case sane

operators have been required to have 3 weeks' worth of samples I

independently verified. The cost of verification is about

$12. per sample. There is no lost time attributed to •

urinalysis. - I

Lung counts are done once or twice a year. If the count is •

done by the Radiation Protection Bureau of Health and Welfare

Canada, there is no direct charge, but the loss of a full •

day's work and the transportation expenses are significant. •

Employees also receive an complete annual medical and as nuch _

as a full day's work can be lost, depending upon the operator. p

It is the medical analyses which provide the first process MCR I

costs. All the other measures are voluntarily undertaken as

prudent operator expenses. However, scene operators feel that

particular test requirements are superfluous and escalating,

especially given the record of good results. Thus overall the

operators would perform only half the lung counts for a saving I

of $8,4C0. and half the medicals for a saving of 51,800.

I

I
I
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viii) Criticality Drills

YThen the fabricator processes enriched uraniun, the Beard

requires that there be criticality drills. These plant

evacuation drills cost considerable lost time, this is a pure

MCR cost since the drills are not considered necessary by the

operator v*io estimates the probability of an event at 1 in 3 x

10^. The cost is estimated as the lost time for the workers

involved.



94

Non-Process (Support) Costs

The costs of non-process or support measures taken because of

radiation health, safety and environmental considerations aie

summarized below in Table 5 Where the PO and MCR components are also

identified.

Table 5
Cost of Non-Process Radiation
Safety and Environmental

Health,
Measures

i) Health Physics/Environment/Analytical/
Monitoring
. Excessive Wipe Sampling 150
. Eliminate Corresponding Staff 105
. Cut Duplicated Environmental
Monitoring 14

. Regulatory Compliance reports,
Procedures 59

ii) Medical Analyses
. Lung Counts
. Urinalysis
. Medicals

iii) Materials Accountability

iv) Treatment/Disposal of Process Wastes

16
53
6

Total

1,201

188

101

81

5(000)
PO

873

113

44

MCP

328

75

101

37
. Special Disposal of all Solid
Waste 25

. Excessive Shipping Distances 12

v) Management

vi) Maintenance

Total
Per Cent of Non-Process Safety Costs

79

62

1,712
100

—

50

1,080
63

79

12

632
37

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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i) Health Physics/Environnient/Analytical/Mbnitoring

Here, the regulator requires nore than a prudent operator would

consider necessary. This is often the case in the non-process

area.

The operators think that the Board insists on an excessive

amount of wipe sampling. In aggregate, they estimate they

could eliminate 5 men, resulting in a saving of $150,000. At

this PO level of sampling, it would be possible to reduce the

associated staff from 6% to 3 and to cut laboratory costs as

well. The saving would be ?105,000.

A prudent operator would not have duplicated environmental

monitoring by an outside contractor. This duplication cost

$14,000.

The vx-iting of regulatory conpliance reports and the associated

procedures mate significant demands upon the tine of techni-

cians and health physicists. These staff must collect data,

investigate any irregularities and evaluate and interpret the

results. An exanple of data demanded has been production rate

vs. the contamination level vs. potential personnel exposure

vs. personal dosimetry calculated on a weekly basis. These

results are then sunn*>rized on a monthly, quarterly and yearly

basis. The MCR of such reporting requirements is estimated to

be $59,000.

ii) Medical Analyses

As prudent operators, the industry would perform fewer medical

analyses of non-process employees than the regulator requires.

They would reduce by 50% both lung counts (for a saving of

$16,000} and medicals (for a saving of $6,000). Urinalysis

would be cut by 67%, which would lower costs by $53,000.



96

iii) Materials Accountability '

This is in-process radioactive ireterials management. Usually

one shop-floor employee is employed full-tine for material

control in-plant and the writing of the required reports.

v) ftenagement

vi) Maintenance

I

iv) Treatment/Disposal of Process Wastes I

The regulations effectively require special disposal for all I

solid wastr*. Since the industry does not consider that all

solid haste is radiologically hazardous, it wsuld not do this •

as a prudent curator. The MCE is $25,000. '

Excessive shipping distances also contribute a MCR of 512,000. I

As prudent operators, they would prefer to use a local disposal

site, hut, e.g., the sludge fran the fluid effluent is shipped |

either to Chalk River for burial or to Eldorado N- '1««r for
re-processing. •

I
The cost of management time appropriated by A.E.C.B. demands is •

$79,000. By definition, this is MCR. •

I
This category includes all operations related to radiological |

health and safety, e.g., dust collection and the maintenance of

monitoring equipment and instrumentation. In addition, a I

record is kept of all maintenance employees and their

exposures. As prudent operators, the industry would checit the I

equipment somewhat less frequently and would also eliminate

some of the paper burden associated with record-keeping. This |f

would result in a saving of $12,000. ••
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b) Capital Costs

The fuel fabricators' total capital expenses on radiation

health, safety and environmental treasures are suiDnarized below in

Table 6 where PO and MCR ccnponents are also identified.

Table 6
Capital Expenditures on Radiation

Health, Safety and Environmental Measures

i) Dust Collection
ii) Water Treatment
iii) Measuring and Monitoring
iv) Personal Protective Gear
v) Laundry and Miscellaneous

vi) Waste Disposal
vii) Security
viii) Shielding in Fuel Areas

ix) Criticality ftonitoring
x) Facilities Licensing Document

Total *
Per Cent of Total Safety Costs

Total

665
505
524
95
37
31
31
25
50
41

2004
100

$(000)
PO

665
505
476
95
37
31
31
25

1,865
93

MCR

_

48
— -

— _
50
41

139
7

Only 2 fabricators were able to provide conplete capital cost
details for each of the 10 categories,- costs were scaled in the
incomplete categories to preserve the confidentiality of
respondents.

i) Dust Collection

The main expenditures are for baghouses, dust collectors,

absolute filters and the associated ductwork. Costs are also

incurred for installation, inspection and testing, and

engineering. Most of the equipment serves the pellet

production area. Each of the following operations typically

has dust collections

Powder preparation
Compaction
Sintering furnaces
Grinding
Sludge area
Corpactor/recycling (reject pellets frcm presses)
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ii) Water Treatment

Liquid effluents from the plant are treated before being •
discharged. The capital equipment consists of tanks and _
associated process punps and piping, as well as centrifuges. |

iii) Measuring and Monitoring I

The equipment in a healtn physics laboratory comprises such m

itens as alpha counting instruments/ an alpha spectrometer, I
hand and foot monitors, fluorimeters for urinalysis, and beta
and gamma survey meters. Same plants are equipped with I
sampling punps and heads to allow continuous monitoring at all
work stations. Monitors are also positioned around the plant. •
Velometers and flow meters allow neasursnents of dust loading •
in air ducts and there are samplers around the perimeter of the _
plant for environmental protection. Vfeterborne radiological j|
hazards are measured in the laboratory since continuous
monitoring is not required. ft

iv) Personal Protective Gear

The capital cost of personal protective gear is considered to
be the expense of initially outfitting the workforce with
clothing, gloves, masks, etc. Wiere they are used, personal
air samplers for airborne exposure are $700 each.

IIA prudent operator would not use all this equipment and there
is a significant MCR of $48,000. The alpha-spectrometer is
used to help to relax the requirement to wear dust masks 100%
of the time, a requirement stemming from ths lev exposure [I

targets set by the Board. Given what the operators consider
more reasonable targets, the alpha-spectromater could be "I
dispensed with. Ihe fluorimeter would also be superfluous. *
The operators also consider that monitoring stack emissions ...
would suffice in place of multiple perimeter sanplers. |

1
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Capital Posts, Items (v) through (x)

The laundry facilities are for cleaning the contaminated wrk-

clothes. All construction waste from plant modifications has to be

specially disposed of because it may be radiologically contamina-

ted. Four foot square plastic-lined boxes costing $20 each are

used for this purpose. The major capital cost of security is a

controlled card access system for employees, The only shielding

which is needed is in the areas vtfiere the assembled fuel bundles

are stored. Criticality monitoring equipment warns of the

possibility of "an event" in plants which process enriched uranium.

Like the criticality drills, the operators think that this

equipment is entirely unnecessary. Ihe preparation of a facilities

licensing document takes between 2 and 6 man-months of staff work.

It is done solely because of the A.E.C.S. and thus the cost is

classified as MCR.
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III. PRINCIPAL POINTS OF CONTENTION

The marginal costs of regulation are summarized in the following

Table.

Table 7
Summary of the Marginal Costs of Regulation

I
I
I
I
I
I
I
I
I
I
I

The operators suggest that 15% to 30% of the cost of operations m
(i.e. something in the range of 7 to 14 million dollars) is due to J
excessive QA levels which they feel stem ultimately from A.E.C.B.
requirements. _

However, details to support this contention proved very difficult '
to establish. For reasons of competition, operators were not
prepared to reveal the associated scrap and rework costs to meet I
what they contend are overly stringent QA levels. Further costs •
are alleged to come from A.E.C.B. delays and red tape which
effectively block cost-saving design changes which the operator
would otherwise request to incorporate in the fuel bundle.

Operating Costs

i) Health Physics/Ehvironrnental/Analytical
Monitoring

ii) Materials Accountability
iii) Manaqement
iv) [fedical Analyses
v) Treatment/Disposal of Process Vfestes

vi) Criticality Drills
vii) Maintenance

viii) Medical Analyses, Lost Time
ix) Quality Assurance

Capital Costs

i) Criticality Monitoring
ii) Measuring and Monitoring

iii) Facilities Licensing Document

Total

5(000)

328
101
79
75
37
25
12
10
*

50
48
41

806

MCR
% MCR

40.69
12.53
9.80
9.31
4.59
3.10
1.49
1.24
*

6.20
5.96
5.09

100

I
Much of the insistence on stringent QA comes from the nuclear ^
generating station operators Who are concerned about both process •
reliability and safety. They do not want to bear the cost of *
replacing failed fuel bundles. Moreover, as long as the fuel
sheath remains intact, over 99%* of the radioactivity in the fl
nuclear plant is contained within the fuel bundles. Thus the fuel I
bundle is the first barrier to release of radioactivity.

I
Safety of Candu Nuclear Power Stations, N.G. Snell, A.E.C.B.
Publication, A.E.C.L.-6329, Nov. 1978. .
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IV. CONCLUSIONS

1 - The Cost of Regulation In Kuclear Fuel Fabrication

The cost of regulation for this part of the nuclear fuel cycle

is surtmarized below in Table 8.

Table 8

Cost of Radiation Health, Safety

and Environmental Measures in Nuclear Fuel Fabrication

$(000)

Total PO MCR

o Total Safety Operating Costs

. Direct Protection 738 703 35

. Non-Process (Support) 1,712 1,080 632

Total 2,450 1,783 667

Total as Per Cent of all Operating 5.1 3.7 1.4

Costs

o Total Safety Capital Costs

Total 2,004 1,365 139

Total as Per Cent of a l l Capital 5.1 4.7 0.4

Costs
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2 - Some Overall Considerations

company-reported results.

1
I

i) Contention centres on indirect measures. Prudent operators I
voluntarily undertake measures to protect workers against ™
direct, evident hazards, taut becone less willing as the _
"distance" from the manufacturing process becomes greater. |
Ihis is shown below in Table 9.

Table 9
Class of Contested Safety Costs _

% of Costs Contested Class of Safety Costs

5 Direct 8
37 Non-Process (Support)

I
ii) Some prudent operator costs are really "pre-empted" marginal

costs of regulation. £n example of such pre-emption is an I
extensive wastewater treatment systan retrofitted by one
manufacturer. tt

iii) The ALAFA principle is severely criticized because of its _
imprecision. The operators are continually uncertain of What |
standard they must meet - even to the point of being unsure of
what the A.E.C.E. wants in compliance reports. They find that I
the ALARA principle of tradeoff between costs and benefits is

not realized. Instead, the lack of a precise standard results M
in a continual one-way ratchet effect whereby targets harden I
into ever more stringent standards. Application of the AIARA

principle apparently has asymmetrical consequences: e.g. if I
exposures increase, the frequency of health physics efforts
must increase above base levels, whereas if exposures decline A

fran previous perfornence, the frequency of health physics •
efforts must be maintained. ^

Another aspect of the ratchet effect is noted as the creeping
requirement to hire outside consultants to verify •

I
•
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iv) The operators are also frustrated by having to deal with

multiple regulators, i.e.

- The A.E.C.B. ;

- Provincial and Federal Ministries of the Environment;

- Provincial and Federal Departments of Labour;

- Provincial Department of Health.

For example, one cause of the operators' frustration is the

tendency of the A.E.C.B. not to approve a facility until all

provincial licenses have been obtained. Thus commissioning can

be delayed until such things as gas lines and air compressors

have been certified.
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5 . Cost of Non-Process Radiation Health, Safety and Environmental
Measures.
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Introduction

Electrical power generation is the principal peaceful

application of nuclear energy. In Canada, three provincial utilities

have initiated nuclear generation programs: Ontario, Quebec and New

Brunswick. Of the three, Ontario Hydro has by far the largest

nuclear capacity and will retain this position in the foreseeable

future. Hsnce, it was the obvious utility to select for this study.

This chapter is divided into three sections. Section one intro-

duces the basic methodological issues. Section two deals with the

safety costs which are associated with the cperation of a nuclear

generating station. Section three is concerned with the capital

caiponents of safety costs. Both sections two and three present

detailed analyses of the safety costs and set forth the main areas of

contention between the A.E.C.B. and Ontario Hydro, the results of

both sections are then generalized and extended to the rest of the

Ontario Hydro system.
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Section I

Methodoloaical Iseoes
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This section deals with the nethodology of this study of the

cost of regulation in nuclear power generation. It begins with an

overview of Ontario Hydro and then explains the choice of Bruce "A"

nuclear generating station (NGS) as the subject for the operating

cost analysis and the choice of Pickering "E" for the capital jost

analysis. It gives a brief descripticn of the process of nuclear

electrical generation and concludes by presenting the cost structure

of the model NGS which is used as the reference base for SEOOR's

analyses of Bruce "A" and Pickering "B".
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Table 1
Ontario Hydro1

Hydraulic
Thermal (coal)
Thermal (natural gas)
Thermal (oil)
Thermal (nuclear)

Total qeneration

: Energy Made Available,

1979
Millions of kWh

38,780
28,540
1,481
904

32,322

102,027
Purchased (includina non-sale 8,602
transfers)

Total energy made available 110,62°

1979

% of Total
1979

35.1
25.8
1.3
0.8
29.2

92.2
7.8

100.0

I
IOntario Hydro is the largest electrical utility in Canada, and

the second largest in North America. Nuclear power accounted for a

substantial 29.2% of the energy made available to customers (see |

'Sable 1 below).

I
I
I
I
I
I
I
I
I
1
I
1
1

1 1979 Ontario Hydro Annual Report.
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Almost all of this nuclear power came fran the Pickering and

Bruce stations. (See "fable 2 below).

Table 2
1979 Ontario Hydro Huclear Generation3-

Station Megawatt Hr2 % of Total NGS
(000,000) Power

Bruce 18.98 53.8
Pickering 15.18 43.0
Douglas Point 1.06 3.0
NPD 0.07 0.2

TOTAL 35.29 100.0

Thus the choice was between Pickering and Bruce for the nuclear

generation portion of this study.

Selection of Bruce "A" for the Operating Cost Analysis

Bruce "A" was selected as the subject of the operating cost

analysis for three main reasons:

i) Because Bruce "A" is the newest operating reactor, it was

judged to give the best idea of what future costs of regulation

may be. Thus it allowed SECOB to lock at the prospective

rather than the retrospective aspect of the cost of

regulation.

ii) Bruce "A" has the largest portion of Qitario Hydro's nuclear

generating capacity (see Table above). Thus it is the largest

available sample to measure the costs under study.

1 1979 Ontario Hydro Management Review.

2 Abbreviated throughout the remainder of the text as MWJg. The
"e" refers to electrical as opposed to thernal ("t") power
output.
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Cost Eactor

Bruce Pickering

TOTfiL 5.55 5.30

I
iii) The variable costs of operation at Bruce "A" and Pickering are |

similar; hence it is a reasonable first approximation to use

Bruce "A" as representative of these costs for the system as a I

vfaole. The production cost comparison is shown below in

Table 3. I

Table 3 •
Comparison of Bruce and Pickering 1979 I

Variable Costs of Operation

I
I

CMA (Operating, Kainte- 3.23 3.35
nance and Administration) I

Fuel 2.32 1.95

I
I
I
I
I
B
I
I

1 1979 Cntario Hydro Management Review.

I
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The Selection of Pickering "B" for the Capital Cost Analysis

Pickering "B" was selected as the subject for the capital cost

analysis because of 3 main factors:

i) Pickering "E" is basically a repeat of Pickering "A". In fact,

no major new technology or system was introduced and even sane

modifications which were proposed within Ontario Hydro were

rejected because of this design policy. Pickering "A" was

considered a prudent operator project and this allowed

crnparative data to be collected on contentious issues of

health, safety and environmental regulation.

ii) Pickering "B" reflects current A.E.C.B. standards reasonably

well. Hence, like the selection of Bruce "A" for the operating

cost analysis, it afforded a prospective look at regulatory

capital costs; the first unit of Pickering "B" is expected to

care on stream in 1983.

iii) Cost data was readily available because it is an on-going

project; it was also possible to make a fairly accurate

estimate of the final cost-

In the final analysis to determine the cost of regulation, a

conposite model of Pickering and Bruce was used to yield results which

are valid for the Ontario Hydro system (i.e. the 8 reactors of

Pickering and Bruce) rather than for any one reactor in particular.
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The Process

Stripped of its details, the nuclear power generation process is

simple in principle. Hie natural uranium fuel is confined in the

reactor core where the fissioning of this fuel generates substantial

heat. This heat is carried to the toilers by a pressurized heavy water

coolant which is then punped back to the reactor core; this entire

circuit is called the primary heat transport system. In the boilers,

the heavy water gives up heat to ordinary water which is turned into

steam. The steam runs turbines which power electrical generators. The

process is shown below in Figure 1.

Figure 1

CANTO (Canada Deuterium Uranium) Pressurized Heavy

Water Nuclear Power Process

3. Steam
pressure turns
turbine

4. Turbine shaft turns
generator rotor to
generate electricity

Turbine
Generator

5. Power lines take electric power to
communities

2. 'Heavy water'coolant
transfers heat from fuel to
boiler where ordinary water Is
turned into steam

6. Lake or river water cools used
steam to condense it to water

7. Water pumped back
to the boiler

Pump

1. Heat produced by
fissioning uranium fuel
In reactor

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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The Industry Cost Structure

The cost structure of operating expenses (including the fixed
capital component) for the model nuclear generating station (NGS)
which was used in the cost of regulation analyses is summarized below
in Table 4.

Table 4
Model NGS; Breakdown of Capital and Operating Costs

$(000)

1. NGS Operating Maintenance and Administration 65,153
Costs

2. NGS FUel Costs

3. NGS Capital Load

Total

Cost per unit1 of electrical output2

This model is representative of the cost structure of Ontario
Hydro's nuclear generating capacity as a whole. It is simply a
production-weighted average of the actual Pickering and Bruce "A"
costs. The model serves as the reference base to whidi the radia-
tion health, safety and environmental costs are referred. Likewise,
these radiation safety costs are also representative of the system as
a whole and not one reactor in particular. In the following sections
these safety costs are developed in detail for Bruce "A" (operating)
and Pickering "B" (capital). As discussed at the beginning of this
section, there were clear advantages in selecting these particular
reactors for the detailed analyses. The issue of extending these
particular radiation health safety and environmental costs to Ontario
Hydro as a whole is the subject of the concluding sections of
the operating and capital cost analyses.

1 The unit of electrical output is Megawatt hours (electrical):
MVHe.

2 The output of the irodel NGS is 19,294 x 103 MV«e. See
^apendix 8 for complete details on the model NGS.
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Section II

Safety Costs Associated with Operations
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This section deals with the radiation health, safety and environ-

mental costs viiich are incorporated in the operating costs of the Bruce

"A" NGS. It begins with an emanation of the methodology of this part

of the study, a description of the Bruce reactors and a sanitary of the

cost structure of the operation. This is followed by a detailed

analysis in which the direct and indirect safety costs are allocated to

PO and MCR categories. Then the cost of inefficient fuel burnup and

the amount of lost power due to regulation are estimated. These

results are summarized and the major areas of contention between

CRtario Hydro and the A.E.C.B. are identified. Finally, three hypo-

theses are developed so that the results fran Bruce may bs generalized

and extended to the Cntario Hydro system.
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1

The >fethottology I

The first step was to review the overall process with the Ontario 1

Hydro Nuclear Generation Technical Department to identify those areas

of cj»rating costs where Ontario Hydro incurred large radiation safety •

expenses. Lost power emerged as a major cost to be considered. The ™

next step was to review operations in detail with generating station m

management. Ontario Hydro documented all costs from Bruce HGS I

accounting data to Oct. 31, 1980 and S2O0R made the final allocation of

costs between PO and MCR. Lastly, major areas of contention between |

Ontario Hydro and the A.E.C.B. were identified.

I
I
I
I
I
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1. The Bruce "A" Reactors

The fcur tnits of Bruce NGS "A" at Tiverton Ontario comprise one

of the world's largest nuclear generating stations. In fact, it

ranks in the top 10 wnen compared to the generation performance of

104 of the world's largest reactors. The net1 electrical rating of

the station is 2964 megawatts or 741 megawatts per unit.

Bruce is presently Ontario Hydro's newest generating station with

its fourth unit having only cone on stream in January 1979 (see

schedule in Table 5 below).

Criticality Date

In-service Dale

Table
The Bruce "A1

Unit #1

12-76

9-77

5
' Schedule

Unit #2

7-76

9-77

Unit #3

11-77

2-78

Unit #4

12-78

1-79

Of the nany design differences between Bruce and Pickering, there

are two features of Bruce which most heavily affected the cost of

regulation incorporated in operating expenses.

The first is that the Bruce reactors have a smaller core than the

Pickering model. Because the core is smaller, naintaining the

desired power output required getting nore heat out of each fuel

bundle. This was achieved by sdbdividing the fuel to get more

surface area. Consequently, the Bruce fuel has 37 individual

elements compared with 28 in Pickering fuel. However, this design

choice decreases the ratio of fuel/non-fuel material in the bundle.

Non-fuel material absorbs neutrons. Since burnup is proportional to

neutron flux, the 37 element fuel bundle with its greater percentage

of non-feel material absorbs neutrons and reduces burnup.

Exclusive of steam generated. The gross electrical rating is
791 Megawatts/Unit.
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I

Part of this loss could be nade up by allowing a higher neutron ™

flux and hence higher power output in the central region of the core. •

However, unlike Pickering, Bruce has restrictions imposed on the flux •

shape. Hence this avenue is ruled cut and the design optimun fueling ._

scheme which allows a turnup of 197 W^/kg U1 cannot be 1

realized. Consequently the burnup 'johieved i s only 180 MfrĤ /kg U

for a loss of 9.44% from the design optimum. This i s considerably I

less than the burnup of 200-220 MW /̂kgU at Pickering.

1
The second major difference lies in the boiler steam drum arran-

gement. The steam/water mixture which rises from the top of the •

steam generators passes through separating equipnent which rencves

the water fran the steam. Ihe separated wate" returns to the steam m

generator and the relatively dry steam is then sent to the turbines. •

In the Pickering design, the steam drum which houses this separating ^

equipment is an integral part of the upper end of the steam generator |

itself. This is in contrast to the Bruce design where each of the

two sets of four vertical steam gensrrtors feeds into a ccmroi steam I

drum which is a large separate horizontal cylinder measuring about

27.4 m long by 2.7 m in diameter. This carmen steam drum arrangement I

allows for control of four steam generators as a unit, and eliminates

the problems of individual control of each separate steam generator. •

Unfortunately, the thermal stresses at the junctions between the

steam generators and the carmen steam drum have been a source of •

concern to the Board which has inpeed operating restrictions to •

limit the stress. _

I
I

the burnup (power) obtained is expressed per kilogram of
uranium, i.e. per kg U. The subscript "t" indicates that this i <* •
the thermal energy yield as opposed to final yield as electrical |
energy.

I
r
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The Bruce "A" Cost Structure

The Bruce 1980 operating costs are suimarized beloiv in Table 6.

Table 6
Breakdown of 1980 Bruce "A" Operating Posts

$(000)

Total Annual Operating Posts 328,573

1. Bruce NGS Operating, Maintenance and
Administration (OMA)1 59,520

Operating Costs Elemants $(000)

Labour
Indirect and Overhead
Purchased Services
Materials
General

Less Oaribustion Turbines

17,900
13,500
11,400
5,100
2,200

50,100
(500)

49,600

2. Bruce NGS fuel Cbsts^

3. Bruce IJ3S Capital Load3

1 Actual costs for the 10 months ending Oct. 31, 1980 (?49,600,000)
extrapolated to an annual figure.

^ Data frcm 1979 Ontario Hydro ffenagetnent Review, adjusted upwards
15% to estimated 1980 figures (based on 15% escalation reported by
OH for the period 1978-1979).

3 Data from 1979 Ontario Hydro Management Review.



$(000) %* of Tbtal
OMA Costs

TOTAL SAFETY OPERATING COSTS 9,679 16.3

4,331 7.3

Non-Process (Support) 5,348 9.0

5,348 9.0

I
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2. The Operating Cost Component of Safety Costs |

a) Operating Costs I

The annual expense for radiation health, safety and environmental
measures Which are incorporated within the Bruce operating costs are M
sixnrarized below in Table 7.

Table 7 |
Summary of total Radiation Health

Safety and Environmental Expenses*_for Bruce NGS "A", 1980 •

I
Direct Protection 4,331 7.3

. Decontamination 3,354 5.6 I

. Instruction 977 1.7

I
IManagement 993 1.7

Radiation Procedures/Monitoring 998 1.7 •
In-Service Inspection 750 1.3 I
Security 544 0.9
Health Physics 559 0.9
Safely System Maintenance 512 0.9 I
aivircnroent/Analytical 374 0.6 •
Site Services 366 0.6
Inspection/Analysis of Failed 134 0.2 •
Fuel Bundles I
Material Accountability 118 0.2

I
I

* Rounded.

* All costs are taken directly fran Bruce accounting data to I
Oct. 31, 1980 and extrapolated to annual figures or developed
fran salary data and time iirputed to radiation safety activities. M
Ontario Hydro advises that $34,000 is the average annual salary |
including fringe benefits.
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The costs of direct protection are sunmarized below in Table 8

where the PO and MCP. conponents are identified as well.

Table 8
Cost of Direct In-Process

Radiation Health, Safety and

Total Direct Protection

i) Decontamination

a) Building Maintenance
b) Equipment and Tools
c) Clothing
d) Major Equipment Cleaning
e) Pre-Maintenance by

Operators

ii) Instruction

a) Operator Training
b) Radiological Safety

Total
Total as % of Direct In-Process

Safety Costs

Environmental Measures

Total

... 4,331

3,354

1,140
752
536
464

461

977

510
467

4,331
100

$(000)
PO

4,076

3,354

1,140
752
536
464

461

722

255
467

4,076
94

MCP.

255

255

255

255
6

i) Decontamination

a) Building Maintenance - About % of the cost of regular,

systematic cleaning of the facility is attributed to

radiological concerns by comparison with costs for a

conventional station of comparable size. Part of the high

cost stems fran working in active areas.

The clean-up of heavy water spills and building leakage tests

are also incorporated in this particular maintenance cost

category.
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are on 6 months training at Rolphtcn or Pickering:

1
b) Equipment and Tools - Radiation protection supplies include •

for example plastic suits, the vermLculite for respirators,

chemicals and equipment for decontamination, etc... This cost I
category also incorporates the cost of dosimeters and the
associated record keeping. •

c) Clothing - This is the cost of furnishing and cleaning cotton

and rubber protective clothing. 1

d) Major Equipment Cleaning - An average of 6% of naintenance •

workers' tine is taken up with personal radiation protection •

measures.1

e) Pre-Maintenance by Operators - Management draws a parallel

with major equipment cleaning and estimates that operators I

spend about 6% of their time providing "green-manning"

services, i.e. putting equipment into a radiologically safe •

state prior to any maintenance work. I

ii) Instruction I

a) Operator Training - Typically, about 60 of the following staff •

I- technical
- control naintainers
- mechanical naintainers _
- service technicians I
- nuclear technicians ™

II

The training centre at Rolphton is equipped with both class- ||
roans and labs. All new recruits go to Jtolphton for their
initial indoctrination and, at any given time, the centre has II
a total of about 50 trainers and 200 students. The training
centre at Pickering gives more advanced courses. ri

This was determined by Ctatario Hydro by a work saipling program
on naintenance staff from May 22 to 30, 1980.
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The bulk of the direct operating cost to the station of this

program lies in the salaries of the trainees, which total

$1,020,000. Half of this program is roughly the equivalent of

the 4th class engineering certificate which trainees for

conventional thermal stations already have. Thus the radio-

logical porticn of the instructicn costs $510,000. This is in

turn split about equally between information which employees

must know in order to perform their tasks (which is thus

classified as a PO expense), and information which Ontario

Hydro does not consider to be absolutely essential. The latter

is included only for the purpose of passing the A.E.C.B.

examination and is therefore classified as MCR. Ware it not

for this consideration, Ontario Hydro would prune naterial from

the nuclear program as it has recently done with conventional

thermal instruction.

b) Radiological Safety Instruction - Inhere are 4 programs of

radiological safety instruction which have a total annual cost

of $467,000, all of which is a prudent coerator expense:*

For the costs of the individual programs, see Appendix 1,
"Radiological Safety Instruction: Bruce NGS "A".
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I
The costs of non-process or support measures in radiation safety |

activities are sumnarized below in Table 9 where PO and MCR cost

elements are identified as veil. I

Table 9

Total

i)
ii)
iii)
iv)

v)
vi)
vii)

viii)
ix)
x)

Total
Total

Summary of Non-Process (Support)
Radiation Health, Safety and Envircnm

Radiation Control
Maintenance Related to Safety Systems
Health Physics
Management

a) General, Technical
b) AECL, Safety Analyses
c) Reliability Unit
d) Head Office Technical Group

. Safety Analyses/Audit

. Licensing Matters
e) Simulations and Plant

Systems

Ehvironnent/Analytical
Site Services
Inspection/Analysis of Failed Riel
Bundles
Material Accountability
Security
In Service Inspection

as Per Cent of Support Costs

Costs of
ental Measures

Total

5,348

998
512
559
993

374
366
134

118
544
750

5,348
100

5(000)
PO

3,660

998
498
559
288

,
32

180

76

374
366
134

68

375

3,660 1
68

MCE

1,688

14

705

25
178
102

60
340

—

.
___

50
544
375

,688
32

I
I
I
I
I
s
I
I
I
I
I
I
I
I
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i) Radiation Control

One supervisor and 4 technicians are employed in radiation
control. They advise on appropriate monitoring devices and
write the procedures for using them. They also check that
monitors are placed correctly and they train and qualify staff
in monitoring procedures. The larger part of radiation control
costs is for naterials. These include suits and gloves (the
number required rise dramatically during shutdowns), tools and
equipment, dosimeters and hand-hald meters.

- Staff $165,000
- Materials $833,000

Total $998,000

ii) Maintenance Related to Safety Systems

Complete details are given in Appendix 2.

The A.E.C.B. requested back-up trips in both the first and
second shutdown systems (SDS1 and SDS2); furthermore, SDS2 was
required to be independently capable of shutting down the
reactor for any accident. As originally conceived, SDS2 was
only to provide additional shutdown capability for the worst
types of accident and would act in conjunction with SDS1 to
limit an increase in power output. The maintenance associated
with the additional trips is attributed to the A.E.C.B.

iii) Health Physics

There are 5 staff at a total cost of $268,800.x The
analytical work related to health physics includes bioassays,
TLD readouts, and medical analyses ($255,600). Computer
processing of exposure histories is contracted out ($34,800).
Some of the cost of the health physics analyses and conputer
services relates to the work of the radiation control group.
(See item (i)).

The average cost of $53,760/man reflects Head Office overhead
charges.
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iv) Management
(See cost summary in Table 9 ) . I

a) General, Technical - In the general management category, •
the Station Manager spends 3% to 4% of his time on •
regulatory affairs, the Technical ^fenager 10%, and the
Technical Superintendent 10% (re I.A.E.A.)*. The Technical 3|
Superintendent, Chemistry Kiysics and Reliability, devotes
about 50% of his time to A.E.C.B. matters, the total cost of •
regulation is $25,000. *

b) A.E.C.L., Safety Analyses - The safety portion of the |
design and consulting work performed by A.E.C.L. employs 3
engineers full-time at a cost to Hydro of $70,000/man-year I
for a total annual cost of $210,000. Some 80%-90% of this
cost is attributed solely to the A.E.C.B. •

The major projects that A.E.C.L. is currently involved in

are:

1. Design review of the plant following a loss-of-coolant ft
accident (LOCA) with fuel failures •

2. Alternate heat sinks _
2. validity of the accident analyses |

4. Safety system separation criteria
5. Loss of lew pressure service vater I
6. Steam generator T-juncture stress analysis

Items 1 to 5 are being done at the request of the AECB. 11

c) Reliability Unit 2 - This unit has a staff of 3 who prepare II
the crjnpliance reports, the quarterly reports, and the safety

system test reports. Since it exists solely to satisfy the [I
demands of the A.E.C.B. for information, its cost is purely '•
MCR. ..

1 international Atonic Energy Agency.

2 see Appendix 3, "Adjustments to the Total Costs of I&diation
Safety".
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d) Head Office Technical Group - This group carried out

reactor safety analyses to support uprating of the

facility. The reactor was allowed to attain full power

only in stages and eaoh increase in output had to be

justified to the Board. The study cost $140,000, of which

$10,000 was attributed to regulation. It also performed a

2 year sturdy at a total cost of $200,000 on safety system

unavailability. Since this was done to pre-etrpt a request

by the Board for the same type of study, the annual cost of

$100,000 is split 50-50 between PO and MCR The group also

deals with licensing matters at an annual MCR cost of

$340,000.

e) Simulations and Plant Systems - Ontario Hydro uses conputer

simulations to analyse health and safety situations. It

does this solely as a prudent operator. The annual cost is

$76,000.

v) Environment/Analytical

The chemical laboratory performs liquid nonitoring and also

monitors the stacks. About one half of the laboratory costs

of $748,800, i.e. $374,000, are attributed to environmental

radiological concerns.

vi) Site Services^

The total cost of waste management related to radiological

concerns is $366,000. Part of the expense stems from the need

to handle non-radioactive waste carefully until the site

services group is sure that it is free from contamination.

1 see Appendix 3, "Adjustments to the Total Oasts of Radiation
Safety".
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vii) Inspection/Analysis of Failed Fuel Bundles I

About 45 failures a year are experienced (there are 30,000 M

bundles and 0.15% of them fail in a given year). Each failed

bundle has to be inspected in the spent fuel bay by C N S,1 •

technical and operations staff. This accounts far about

1 nan-year or $34,000. Ihe bundles then undergo analysis at •

Chalk River at an additional cost of $100,000. •

viii) Material Accountability |

Accounting of fuel and heavy water occupies 2 men full-time I

for a cost of $68,000. Because the fuel and heavy water are

owned by Ontario Hydro, this is considered a prudent operator I

expense, ffcwever, the $50,000 spent for the additional

computer record of spent fuel bundles is a MCR expense since •

this accounting is a requirement of the International Atomic

Energy Agency. *

ix) Security _

A security staff of 20 full-time employees is required by the

A.E.C.B. As a prudent operator, Ontario Hydro would use only I

4, the number which a coal station of comparable size would

have. Since this base staff of 4 is not related to I

radiological health and safety, there is no PO security cost.

The iCR security cost of 16 men is $544,000. •

central Nuclear Services.

I
I
I
I
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x) In-Service Inspection

A.E.C.B. requirements sometimes call for shutting down

operations^ to rake an immediate inspection. Boiler steani

drum problems account for about half of the cost of these

inspections. The Board is concerned about thermal stresses at

the junction between the steani generators and the boiler steam

drum. To reduce these stresses the A.E.C.B. requires that the

vertical temperature differential over the boiler steani drun

be maintained within specified limits. If these limits, the

allowable "delta T", are exceeded the junctions must be

inspected for incipient failure. Such methods as radiography

and dye penetrants are utilized. Bart of the high cost of

irt-service inspections in general stems from the need to carry

out the work in radiation fields. In the case of these boiler

"delta T" inspections Ontario Hydro disputes the need for the

internal part of the inspection as well as the siae of the

allowable temperature differential.

T e lost power is a cost which is dealt with separately in part
(c) of this section.
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b) Fuel Costs

I
I
I

The additional fuel costs stemming from radiation safety

considerations are estimated to be $4,781,000, all of which are I

attributable to A.E.C.B. regulation. This is because the A.E.C.B.

inposes restrictions on the neutron flux shape and does not allow a •

higher power output in the central region of the core.1 Hence the •

Bruce reactors only achieve a burnup of 180 MW^/kg U, which is a

9.44% less than the design optimum of 197 MW^/kg U. A correspon- I

ding percentage of fuel costs is therefore attributed to the Board.

I
I
I
I
I
i
1
il
1
I

por a detailed explanation, see above, "1. The Bruce "A"
Reactors".
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c) Cost of Lost Power

The annual expense for replacing power lost to radiation health,

safety and environmental concerns is summarized below in Table 10.

Table 10
Cost of Replacing

Lost to Radiation Health, Safety and

Total

i)
ii)
iii)

iv)
v)

vi)

Total
Total

Ctost of Replacement Power

Boiler Inspection AT
Shutdowns: AECB
Deratings, Control and Shutdown
Systems
Deratings, Boilers
Deratinqs: Current License Limit
of 88% of Pull Power
Others

as Percent of Lost Power Costs

Power
; Environmental Concerns

Total

16,241

390
148
83

132
—

116

16,241
100%

$(000)
PO

7,812

195

13

94
—

116

7,ei2
48%

MCR

8,429

195
148
70

38

——

8,429
52%

Details on lost power are taken frcm the Bruce Quarterly Reports

and summarized in Appendix 4.

i) Boiler Inspection A T

(The technical details of the AT problem are explained in

section (a) part (x)).

When the allowable ^T is exceeded, the boiler is required to

be shutdown, and inspected. The tine required for these

I inspections represents the station's largest cost, of lost

power. Furthermore, keeping within the limit requires the

reactor to be derated fran time to time; these derating costs

are picked up in a separate category, (iv).
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I

ii) Shutdowns for Modifications Demanded by the A.E.C.B. _

The particular instance of the problem of shutdowns stetndng

fran the Board - demanded modifications described below was 5

taken as representative of the issue. The loss represents

about 1% of production. 9

At moat Ontario Hydro generating stations, the preheater is an •

integral part of the boiler. However, the Bruce station uses a

separate preheater to vaxm the boiler feedwater with the hot
D2° primary coolant. I
The A.E.C.B. vas concerned about the consequences of a break in |

the boiler feeduater pipe at the preheater. The resulting

hydraulic stresses could rupture the primary coolant trNss I

causing a LOCA (Loes-Of- Coolant-Accident). ConsequeriCly, the

A.E.C.B. required a boiler feedwater bypass loop incorporating I

rupture disks to be installed. The rupture disks will vent the

pressure surge in the event of a boiler feedwater pipe break at •

the preheater. Hence, there is no risk of a primary side

rupture and LOCA. m

iii) By definition these deratings are due to operating within the _

and limitations set down by the Board. However, in the case of |

iv) major deratings, Ontario Hydro indicated that they would have

reduced power levels even in the absence of the Board The I

details of the allocation of some of these derating costs to

prudent operator practice are given in Appendix 5. I

I
I
I
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v) Deratings: Current Licensed Rate of 88%

Ontario Hydro is currently licensed to use only 88% of the

rated capacity of the Bruce reactors, However, because Ontario

Hydro is not attempting to have the station licensed at 100%,

this gross loss of 12% of capacity is not attributed to

regulation. It stems instead fran delays in building trans-

mission lines. This delay is the result of legal action taken

by groups opposed to the location of the transmission

corridors.^ This is in spite of the fact that the proposed

routes have been approved by the Ontario Municipal Board.

Hydro estimates the cost of this locked-in power at about $2

million a month. The ccsts are incurred by having to use

imported coal to replace the cheaper nuclear power at Bruce,

along with high transmission line losses.

vi) Others

These are prudent operator shutdowns stemming from events

detailed in Appendix 5.

Ontario Hydro 1979 annual report.
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the Incremental Cost of Lost Power

1979 Ontario Hydro Management Review: System Cost of
Replacement Energy is $16.25 $/MWBe- Ontario Hydro advises that
1980 costs are expected to be 15% higher, i.e. 18.69 $/M«e.

Because the value of the unburned fuel is already incorporated in
the Bruce actual costs, it is not netted out of the replacement
energy costs.

I
I

Nuclear generating stations supply base load electrical power. I

When a nuclear station cannot produce electricity this "lost power"

is replaced by generating stations which bum fossil fuels, normally I

coal. Wie incremental cost of this replacement power is 7 times

greater than the cost of nuclear power and is primarily a function I

of the cost of the replacement fossil fuel, although there is a small

capital cost component. •

The difference is clearly seen vftien the Lambton fuel cost of _

15.95 $/MtBe is compared to the Bruce fuel cost of 2.32 $/MKHe- |

The 1979 reported system cost of replacement energy is 16.25 $/Ml«e

and the 1980 cost of replacement energy is estimated to be 18.69 I
1

I
I
I
I
I
I
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Recoverable Lost Power

The total amount of power «Jiich is lost at Bruce NGS "A" because
of radiation health, safety and environmental considerations would
not be recovered if these considerations ware abolished. This is
because breakdowns and deficiencies in the generation and trans-
mission systems will always prevent the theoretical maximum amount of
power frcro being produced over time. Thus the amount of lost power
which would actually be recovered depends upon the portion of
theoretical maximum power which can actually be realized. Tnis
portion is determined by the net realization factor, this factor is
defined and calculated for 1979 in Table 11 below.

Table 11
Net Realization Factor (1979 Data)

Net Realization = Actual Power Produced
Factor Theoretical Net Electrical Production

= 18,980,000 MWHQ-1 x 100
2961.05 MfcL x 8856 Hr2

72.38%

Since complete 1980 lost power data were not available, 1979
data have been adjusted^ to account for non-recurring power losses
attributed to the lade of booster rods'* which the station is now
licensed to use. Making the adjustment gives a power production of
19,033,000 Ml«e and a net realization factor of 72.58%. The
ccnplete figures which serve as the 1980 data base are shown below in
Table 12.

* Data frar. 1979 Qitario Hydro Management Review.

2 Data from 1979 Bruce "A" Quarterly Reports. The total hours
reflect Ontario Hydro's floating calendar year in 1979.

3 see Appendix 4.

4 Booster rods are used to bring the reactor back to a high power
level quickly. This avoids a 24-36 hr shutdown which otherwise
ensues when the reactor remains too long at low power levels. See
Appendix 4.
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Table 12
Adjusted 1979 Production and Lost Power

(used as the 1980 data base)

Production 19,03s1 72.58

1
I
I
•

Total Losses (PO + MCR) owing 1.1302

to radiation safety conside- £
rations •

PO Loss 543 2.07
MCR Loss 587 2.24 I

IT30 •

All Other Losses 6,060 23.11 jl

Theoretical Net Electrical
Production ;•

In theory, the entire loss of 1,130,000 Mt<He stemming from I

radiation safety considerations is recoverable. In fact, only

869,000 MWHg is recoverable lost power owing to all other loss I

factors whi<3i continue to operate and vrtiich account for 23.1% of the

theoretical net electrical production.

The causes snrl cost of this 869,000 MVHe of recoverable prver

lost at Bruce NGS "A" because of radiation health safety and

environment considerations are sumrarized in Table 10 at the

beginning of this section. |

1 Adjusted for the licensing of booster rods (see Appendix 4). I

^ Bruce 1979 Quarterly Reports (see sixtnary in Appendix 4).
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3. Major Areas of Contention: Bruce NSS "A"

The MCR costs for Bruce NGS "A" operations are sumarized below in
Table 13. It is evident from this table that lost power is by far the
largest component of the marginal cost of regulation. The most important
cause of lost power is boiler inspection because of the a T problem, the
others being deratings and shutdowns for modifications. Inefficient fuel
burnup is the second largest ccnponent; fuel and lost power together
account for almost 90% of the marginal cost of regulation. The remainder
is due to management expenses, security, in service inspection, operator
training, material accountability and safety system maintenance.

Table 13
MCR Costs; Bruce NGS "A" Operations

Factor 9(000) MCR % MCR

1. Lost Power 8,429 55.6

$(000)MCR

• Boiler Inspection AT 3645
. Shutdowns for Modifications 2766
. Deratings, Control and
Shutdown Systems 1308

. Deratings, Boilers and
Preheaters 710

8429

2. Fuel 4,781 31.5

3. Management 705 4.7

$(000)MCR

. Licensing Matters, H.O. 340

. AECL Safety Analyses 178

. Safety Analyses/Audit 60

. Iteliability ttiit 102

. General, Technical 25
705

4. Security 544 3.6
5. Xn Service Inspection (Boiler a T) 375 2.5
6. Operator Training „. 255 1.7
7. Other - Material Accountability 64 0.4

- Safety System Maintenance

TOTAL 15,153 100.0
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4. Conclusions I

a) The Cost of Regulation; Bruce NGS "A"

Table 14
ealth Safe

Measures in Bruce M3S "A" Operations

$(000)
Total PO MCR

. Direct Protection

. Non-Process (Support)

Fuel Costs

Lost Power

Total
Total ets S/tWH^
Total as Percent of Total Cost of
Producing Electricity2

4331
5348

4781

16241

30701
1.54
8.9

4076
3660

—

7812

15548
0.78
4.5

255
1688

4781

8429

15153
0.76
4.4

Bruce 1980 Actual Cost $328,573 o 10
Coal Station Replacement Powe- Costs $ 16,241 o 103

See Appendix 6 for complete details.

I
The cost of radiation health safety and environmental measures for •

Bruce NGS "A" operations is sutmarized below in Table 14- (These costs ™

are exclusi\e of capital costs). I
Cost of Radiation Health Safety and Emarormental I

I
Operating Costs |

I
I
I
I
I

Total MWf̂ g = 19902 o 103 MWHe: Bruce Est. 1980 Generation •
(19033 o 103) + recoverable power lost to radiation safety conside- I
rations and replaced by coal stations (869 o 103). For details,
see Appendix 6, "The Cost of Regulation, Brace HGS"A". m

Total cost of producing electricity:

$328,573 o 103 I
$ 16,241 o 103 •

Total $344,814 o 103 •

I
*
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b) Extending the Results beyond Bruce NGS "A" to the Ontario

Hydro System

In order to gain a truer appreciation of the cost of regulation,

it is desirable to generalize the results frcm the analysis of Bruce

NGS "A" to the Ontario Hydro system as a whole. This weans taking

into account Pickering "A" and determining which elements in the

marginal cost of regulation will be different fran the values deter-

mined for Bruce. There are two immediately evident cost elements

which are not a factor for Pickering» The first is the flux shape

restriction which causes less than optimally efficient fuel burnup.

The second is boiler-related costs, stemming fran the unique Bruce

boiler design. Three hypotheses have been elaborated to take these

factors into account and allow the Bruce results to be generalized.
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Hypothesis 1; Correction, for Inefficient Burnup '

According to this hypothesis, when the Bruce costs are adjusted I

for inefficient burnup, the Bruce experience is representative for

Ontario Hydro. Hypothesis 1 implicitly assumes that the costs •

related to the Bruce boilers are acnpensated for by other unspecified |

design and operating features of the Pickering reactor. Since

Pickering "A" is presently not subject to flux shape restrictions^, I

an estimate of the cost of lost burnup for Ontario Hydro as a whole ™

is calculated by averaging this cost for Bruce and Pickering:

Additional Fuel Cost (Bruce + Pick.) = 4781 + 0 ^ 0.14 ?/MKHe
Total Power (Bruce + Pick.) 34,213 •

This results in the following cost of regulation:

I
I
I
I
I
I
I
I
1

1 These are expected to be a factor for Darlington and Pickering & ,.
Bruce "B". jj

2 Total electricity produced = 19902 o 10 3 MWHe- As in the
Bruce "A" analysis, nuclear power supplies 19,033 o 10 3 MVHe [J
and the recoverable lost power replaced by coal stations is 11
869 o 103

The Cost of Regulation: Hypothesis 1

Cost Element

Direct Protection

Non-Process (Support)
* In-S\C Inspection, Boilers

Additional Fuel Costs

Lost Power
* Boiler Inspection A T
. Shutdowns: (Msdifications
required by AECB)

. Deratings: Control & Shutdown
SysteHB

* Deratings: Boilers
. Others

Totals

Total as $/Mffig2

Total

4,331

4,598
750

2,660

7,289
2,766

1,551

2,467
2,168

28,580

1.44

$(000)
PO

4,076

3,285
375

3,644

243

1,757
2,168

15,548

0.78

MCR

255

1,313
375

2,660

3,645
2,766

1,308

710

13,032

0.66
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Hypothesis 2: Correction for Boiler Factors

According to this hypothesis, v*>en the Bruce costs are further

adjusted for boiler factors, the Bruce experience is representative

for Ontario Hydro. The adjustment is performed by subtracting

boiler-related costs frcm the results for Hypothesis 1. The boiler-

related costs are identified by asterisks (*) in Table 15 above. The

cost of regulation after adjustment for boiler-factors, is given below

in Table 16.

Table 16
The Cost of Regulation

Cost Element

Direct Protection

Non-Process (Support)

Additional Fuel Costs*

Lost Power

. Shutdowns: (Modifications
required by AECB)

. Dsratings: Control & Shutdown
Systems

. Others

: Hypothesis 2

Total

4,331

4,598

2,660

2,766

1,551

2,168

Totals 18,074

Total as $/MhHe
2 0.91

S(OOO)
PO

4,076

3,285

243

2,168

9,772

0.49

MCR

255

1,313

2,660

2,766

1,308

8,302

0.42

Strictly speaking the additional fuel cost should be adjusted for
the further cost frcm the extra recoverable lost power generated.
However, this is less than 3% of the fuel costs and within the
likely nEirgin of uncertainty of the hypothesis.

For details see Appendix 7. "Power Calculations,
Hypothesis 2".
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Hypothesis 3; The Average of Hypotheses 1 and 2 •

In this hypothesis, it is assumed that factors conparable in _

magnitude to about half of the boiler-related costs wuld be encountered |

in a detailed analysis of Pickering operating costs. These factors have

been identified with an asterisk in Table 15 (Hypothesis 1), above. The I

cost of regulation, after the averaging of Hypotheses 1 and 2, is given

below in Table 17.l _

I
I
I
I
I
I
I
I
I
I

For the details, see Appendix 8, "Cbst Calculations -
Hypothesis 3". I

Additional Fuel Costs are again unadjusted as the change is narginal
and within the likely margin of uncertainty of the hypothesis. •

see calculation details for Hypothesis 2 in Appendix 7.
Total MKHg = 19902 o 103 MV«e m

Rounded.

I

Table 17
The Cost of Reoulation: Hypothesis 3

Operating Costs

Direct Protection

Non-Process (Support)

Additional Fuel Costs2

Lost Power

. Factors Cenparable to Boilers

. Shutdowns (modifications
required by A.E.C.B.)

. Eeratings, Oontrol & Shutdown
Systems

. Other

Total

Total as $/MWHe3

Total

4,331

4,973

2,660

4,878
2,766

1,551

2,168

23,327

1.18*

$(000)
PO

4,076

3,473

2,702

243

2,168

12,662

0.64

255

1,500

2,660

2,176
2,766

1,308

10,665

0.54
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ftypothesis 3 is considered to be the most representative of the

Ontario Hydro system. It is an average of ffypotheses 1 and 2 which

are the high and low cost cases respectively. The cost differential

stems fran the boiler arrangement Which is unique to Bruce. "Hie key

question is whether or not a detailed operating cost analysis of

Pickering "A" would uncover idiosyncrasies equal in their cost inpact

to that of Bruce's boiler design. Hypothesis 1 assumes that such

costs would be encountered. Ifypothesis 2 assures that no such costs

exist. With the available data it is not possible to nake a

definitive case for either hypothesis; hence an average of the low

and high cost cases has "seen used.
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Section III

Capital Costs of Safety Elements
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As was explained in the first section of this < hapter, Pickering

"B" was selected as the best exanple of a nuclear generating station

for calculating the capital costs of radiation health, safety and

environmental measures, this section begins with a brief account of

SBOOR's methodology, a description of the Pickering "B" reactors and

a sumary of the capital cost structure of the project. There

follows an extended explanation of the safety systems and the ir-er-

acticn of process and safety considerations. The bulk of this

section is a detailed analysis of the safety caiponent of capital

costs in the categories of hardware, engineering, research, interest

charges and replacement power. After setting out the rain areas of

contention between the Board and Ontario Hydro, this section

concludes by sutntarizing the cost of regulation at Pickering "B" and

then generalizing these results so that they may be extended to the

Ontario Hydro systen.
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The Methodology

The first step was to identify areas of interest in cooperation

with the Ontario Hydro Nuclear Studies and Safety Department.

Seventy-one (71) systems with safety-related characteristics were

identified and cost data were obtained.1 Then the 24 systems with

the largest costs were analysed in detail. ̂  itiese 24 systems

accounted far over 80% of total safety-related costs. Ontario Hjdro |

documented the costs in discussions with the design team and with

A.E.C.L. The cost estimates were further reviewed within Ontario I

Hydro and with SE00B. However, SECDR made the final allocation of

costs between prudent operator practice and regulation. Lastly, the 1

major areas of contention between Ontario Hydro and the A.E.C.B. were

identified. m

I
1
I
I
1
1
1

1 Safety System Engineering Design Guide, Pickering "B",
DG-30-6800-1, A.E.C.L., 03-12-79. " |

2 Ontario Hydro, "Estimating the Cost of A.E.C.B. Regulation",
Table 4, p. 14, Jan. 30, 1981, (from R. Jeppesen, Nuclear Safety 1
Engineer, Nuclear Studies and Safety Department). (



153

1. The Pickering "B" Reactor

Itte Characteristics

Pickering "B" HGS will ccnprise 4 reactors, each of **iich vd.ll be

rated at 540 MWe gross and 516 MWe net. The construction

schedule for Pickering "B" is outlined below in Table IS.

Table 18
The Pickering "B" Schedule

Unit #5 Unit #6 Unit #7 Unit #8

Construction Start 3 - 7 5 8 - 7 6 8 - 7 6 7 - 7 7

In-Service 4-83 10-83 3-84 7-84

Pickering "B" is Ontario Hydro's first nuclear generating station

that is substantially a duplicate of a prior generating station; to

the greatest extent feasible, it is a repeat of Pickering "A", and

this extends to safety systems. For example, Pickering "A" and "B",

both have Emergency Coolant Injection (12CX) pressure pumps, although

this is a retrofit on Pickering "A". They also share the same vacuum

system. Howsvsr, Pickering "B" is subject to tvo major safety-

related capital additions beyond Pickering "A":

- canponents have to meet a seismic qualification;

- there is a second shutdown system.
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The Capital Cbst Structure ||

The capital costs of Pickering "B" are sumnarized below in Vt

Table 19. Since the project is not yet completed, this is a projec-

tion based en Ontario Hydro data. B

Table 19 m

Capital Costs: Pickering "B" £

Description Costs II
($000) '•

o Direct Costs 1,040,695 jl

o Indirect Costs

. Cbnstruetion Indirect 188,614 | |

. Engineering Ontario ffydro 116,413

. Engineering, A.E.C.L. 62,541 •£
. fldndnistratire 51,125 I
. Interest 759,207
. Contingency . 131,405

Sub-Total Indirect Costs 1,309,305 "

o Ccntnissioning1 132,969 1

o Heavy Water 614,300

TOTAL PROJECT COSTS 3,097,2692 I

I
I
1

1 includes an energy credit of $22,496,000 for electricity sold I
during the cantassioning process.

2 sources Ontario Hydro, "Estimating the Cost of A.E.C.B. J
Regulation", Jan. 30, 1981, Table i, p. 8 (from R. Jeppesen, '
Nuclear Safety Ehginter, Nuclear Studies and Safety Department).
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2. The Capital Post Component of Safety Expenses

a) rJhe Main Safety Elements

i) The Nuclear Steam Supply System (HSSS)

There are four rain elements which contribute to the safety of
the NSSS. Ihe first is the reliability of the steam generating
process which is based upon high standards of performance,
redundancy of systems and stringent quality assurance. Second,
there are three safely systems which axe designed to prevent any
release of radioactivity in the event off a process failure.
These are the first and second shutdovai systems (vthidi ara
triggered by similar trips), the Emergency Core Cooling System,
and the containment building. The third element is the selection
of a safe sitf for the reactor. Lastly, there is the seisnic
qualification which ensures that an earthquake would not destroy
the integrity of the NSSS. This is achieved by the location of
the plant equipment, redundancy of systems and the addition of
Group Two Systems (Emergency Bower Supply, Emergency Water
Supply, and Control Equipment). The Emergency Water Supply is
designed to provide an alternate source of water to the boilers
for the purpose of renoving decay heat which would still be '
generated after shutdown. The Emergency Ifciwer Supply is designed
to act as an alternate source of electrical power. The Control
Equipment provides for a backup to the rain control roan.

The thrse safety systems are a unique feature of the CfiNDU
reactor and deserve to be explained in some detail.

The shutdown systems (SCSI and SDS2) perform the sane basic
function of terminating the nuclear reaction. SDS1 consists of
a number of spring-assisted gravity-drop rods. Mien these rods
are dropped into the reactor core, they absorb neutrons to
terminate the fission chain reaction. Activation of the second
shutdown system (SDS2) results in the rapid injection of
"poison" into the bulk moderator through a nozzle distribution
system. This "poison" absorbs neutrons to terminate the fission
reaction.
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of failures will give rise to a final event.

I
The Emergency Cbre Cooling System provides light water to re- I

establish fuel cooling in the event of a loss-of-ooolant

accident (LOCA.). High pressure gas is used to inject v«ter

into the reactor core. I
The containment is basically an envelope around the nuclear I

components of the reactor cooling systems. Because of the

large amounts of energy stored in the reactor cooling systems, •

failure of any cooling system components would subject the •

envelope to considerable pressure rises which it must resist _

without substantial leakage. This is achieved by designing the |

concrete containment to achieve a minimum leak rate and adding

energy sinks consisting of a source of dousing water, spray I

headers and initiating valves, and building air coolers, these

systems would absorb energy and reduce the peak pressure rise. H

In the balance of the plant, apart from the NSSS, there are

conventional safety systems which do not figure in this I

analysis of radiation-related safety systems.

Iii) Analysis

There are two major types of safety analyses done: I

a) Accident analysis - Certain single failures are postulated I

in the process systems (e.g. a Loss-of-Coolant accident).

The response of the plant to the failure is then examined. _

It nust be demonstrated that the resulting releases of I

radioactivity are within the license limits. These

failures are then combined with failure in a safety system •

to determine if the consequent release meets a slightly

higher limit. •

b) Reliability analysis - It nust be demonstrated that safety

systems are available more than 99.9% of the time. Fault H

tree analysis is one of th« techniques used in this

reliability assessment. It identifies which combinations I

I
1
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iii) Research

There are .several safety-related research programs vsfaich are
undertaken by Chtario Hydro. These are part of an ongoing
effort to naJce the reactor safer.

iv) Process and Safety Costs; The Interaction

The foregoing factors represent specific safely treasures v#iich
are readily identifiable. However, it is often difficult to
separate safety costs fran process costs because of the
interaction between them: a safe process is a reliable
process. In designing, tuiiding and operating a nuclear
generating station, the reliability of the process is
paramount. Reliability targets are justified on economic
grounds, but the hicfr degree of reliability contributes to the
safety of the total systsn.

The benefits of having a highly reliable process are clearly
evident. A process failure entails shutdcvn of the reactor and
the opportunity cost of lost power is approximately $230,0001

per day per unit.

A good exanple of the synergian of process and safety functions
is the steam generators.^ Their process function is to
transfer heat vtfiich orginates in the reactor core to the veter
on the secondary side; Since their safety function is
identical, it ia eiiianced by using reliable process eguipmsnt
and it is difficult to separate the safety cost conponent.^

SECDR has not attributed to safety those capital expenditures
which are clearly imde to achieve reliability targets.

516 MWe x 24 hr/day x 18.69 $/M*L- This is the apparent,
opportunity cost of lost power vihich does not take into account
the issue of recoverable lost power.

Ontario Hydro, "Estimating the Cost of A.E.C.B. Regulation",
p.3, Jan. 30, 1981, (from R. Jeppesen, Nuclear Safety Engineer,
Nuclear Studies and Safety Department).

The ccnplex interaction between regulator and operator
underlines this difficulty in the case of the delays for the
steam generator rebuild undertaken by Ontario Hydro.
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b) The Capital Cost of Safety Elements

The total capital cost of radiation health, safety and environ-

mental considerations is sunnarized below in Table 20, vAiere the PO

and MCR cost elements are identified as veil.

Table 20

a) Equipment
b) Quality Assurance

ii) Engineering

iii) Research Program

iv) Interest Costs
a) Construction Delays
b) Additional Hardware

v) Replacement Power
a) Vacuum Building Inspection
b) Additional re Delays

Total
Total as Per Cent of Total
Capital Costs {$3,097 x 106)

35.0
16.0

22.2

5.0

159.4
39.3

5.0
27.6

309.5
10.0

11.0
10.0

9.5

—

150.0
16.4

—

196.9
6.4

24.0
6.0

12.7

5.0

9.4
22.9

5.0
27.6

112.6
3.6

II
II

1
Capital Cost of Radiation Health, Safety

and Environmental Considerations •

Cost Element ($000,000) ,~
Total PO MCR 1

i) Hardware Costs

I
I
I
I
I
I
I
I
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i) Hardware Costs

(a) Equipment

The additional hardware costs attributable to A.E.C.B.
regulations fall into 3 main groups.

The A.E.C.B. required more elaborate shutdown systems than
Ontario Hydro would have otherwise used. Ontario Hydro would
have fewer back-up trip parameters on SESI. Rirthermore, SDS2
would only respond to neutron measurements as a trip parameter. •*•

In the Emergency Core Cooling System, the A.E.C.B. demanded a
high pressure system to prevent fuel sheath failure in the event
of postulated stagnation. This is a complete stop of cooling
flow over the fuel. In theory, it could be caused by a break of
just the right size in the primary heat transport system. Such
a break would create an outflow exactly equal to the inflow from
the pump, resulting in complete stagnation of cooling flow over
the fuel. A ruptured fuel sheath from this loss of cooling could
result in considerable radioactivity releases and thwart the
ultiitate design of staying within the allowable public dose limits.
In the case of injection for emergency core cooling, it proved very
difficult to make a theoretical analysis of whether or not these
public dose limits could be net. Consequently, Hydro would have
installed a high pressure system to ensure maintenance of cooling
flows. However, licensing concerns led than to install somewhat
more elaborate equipment. Also, Ontario Hydro would have worked to
a different schedule so that the modifications would not have been
on the critical path.

The third area of contention is the requirement for seismic
qualifications. This resulted in adding the Group Two systems,
(Emergency Power Supply, Emergency frfeter Supply, and Control
Equipment) as well as higher costs for materials and the general
strengthening of structures and attachments.

Ontario Hydro, "Estimating the Cost of A.E.C.B. Regulation",
p. 5, Jan. 30, 1981, (from R. Jeppesen, Nuclear Safety Engineer,
Nuclear Studies and Safety Department).
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The hardware aosts attributable to radiaticn safety measures and

the A.E.C.B. are summarized below in Table 21.

Hardware Safety

System

. SCSI

. SDS2

. E.C.C.S.

. Main Heat Transport

. Emergency Water System

. Emergency Power Systsn

. Group II, Others

. 8 Other Major NSSS
Systems

. Containment

. Power House R.A.B.-3

Service Wing

Table 21
Costs Exclusive of Quality Assurance

5(000,
Total Instal-
led Costs

2.6
3.4
12.0

119.3
2.7
2.2
1.6

87.5
71.7

55.9
. All Other Nuclear Safety

Related Systems
. Fuel (50% Charge)
. All Other Direct Costs

Total Direct Costs
(rounded)

159.8
64.9
457.1

1,041

,000)
Safety Costs
PO

2.3
0.5
8.0

n.a.

n.a.
n.a.

n.a.

n.a.

n.a.

11

MZR

0.3
2.9
4.0

2.7
2.7
2.2
1.6

1.6
2.1
.3

.6

1.02

2.02

24

Contents

GcnplexLty
Redundancy
High Pressu-
re, Valves
Seismic
Seismic
Seismic
Seismic

Seismic
Seismic
Vacuum Bldg*

Seismic

Seismic

Seismic

1 See Appendix 9 "Notes to Hardware Safety Cbsts".

2 SECOR estimate.

3 Reactor Auxiliary Bay.

1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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(b) Quality Assurance

The application of the nuclear code entails higher costs in the
areas of material, labour and equipment, and documentation. An
additional cost which is difficult to quantify is the abstention of
some qualified suppliers fran bidding because of their reluctance
to undertake the necessary paperwork. SECOR did not atterpt to
estimate this latter cost.

Attributing the quantifiable costs to prudent operator practice or
regulation is difficult as well because the application of the ASME
nuclear code to pressure vessel components is an area of shared
jurisdiction between Ontario's Ministry of Corporate and Consumer
Relations (MOOR) and the A.E.C.E. In the legal sense, the
A.E.C.B.'s authority is paramount; the MCCR is acting as the
Board's agent in inspecting and licensing these components. In the
pragmatic sense of the prudent operator rule, the absence of the
A.E.C.B. would result in the provincial authority applying the full
range of A.S.M.E. code requirements. That is, the MCCR would apply
the A.S.M.E. quality assurance standards for nuclear pressure
vessels as it already does for all other pressure retaining
components. Hence quality assurance costs In general have been
attributed to prudent operator practice.

There is one area where the MCCR would not have taken the same
approach as the A.E.C.B. This concerns the secondary side of the
boilers which the A.E.C.B. required to be designed and built to the
standards of A.S.M.E. Section 3, class 1, not class 3, Ontario
Hydro disputed this requirement. This quality assurance difference
resulted in an additional $6.0 million cost^ which is a marginal
cost of regulation.

SECOR has estimated that pressure-retaining components comprise a
prudent operator quality assurance cost of about $10 million. This
estimate is based on the value of pressure-vessel systems in the
Pickering "B" plant (see Table 22) below.

see Appendix 10, "Boiler Quality Assurance".
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Table 22

I
I
I
I
I
I
I
I
I

Of this $350 million, about 80% or $280 million is estimated to —

be the approximate "hardware" value which incorporates quality |

assurance costs. Ontario Hydro would take a pragmatic approach and

reduce quality assurance costs through the selective use of lower code 8

classification materials where this would not impair safety or

reliability. An upper limit to the value of material which would be (1

affected by such reclassificaticn is estimated to be $14 million, that

is 5% of the $280 million total hardware costs. This reflects the fl

likelihood that such an approach would by its nature be very selective

and not result in wholesale reclassifications. Substituting these r»

lower cost naterials would then save about 70% of the $14 million *

hardware cost or about $10 million. This is a maximum estimate of the r.

cost impact of Ontario's MCCR measures (which as explained above are |

classified as a prudent operator cost).

Estimated Value of Pressure-Vessel Systems,

System

o The Main "Pressure Vessel" Systems

- Primary Heat Transport
- Fuel Channel Assembly
- Calandria Assembly
- Fueling Machine
- Service and Emergency Service Water Systems
- Moderator System
- Main Steam Supply
- Boiler Peed System
- Shutdown Systems

o All Other, Estimated Maximum

Total

Pickering "B"

Direct Coots
5(000,000)

$147.2
38.6
25.7
23.8
16.4
10.7
9.2
9.1
4.2
65.1

$350
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ii) Engineering Costa

The distinction between prudent operator costs and the enginee-

ring effort, expended in pursuit of process reliability goals is

difficult to nake. SBCOR has nade tine assumption that beyond

the ipaior safety related systems thaiselves, the great bulk of

engineering time is essentially process and reliability related.

The regulatory irrpact on engineering costs is equally difficult

to ascertain. SECOR took two different approaches to estimate

this irarginal cost of regulation:

(a) Qqrparison with Pickering "A"

In theory, Pickering "B" is a repeat of Pickering "A". The

difference in engineering time between the two projects less the

expected savings from repeating the design should be due

exclusively to regulation. Ontario Hydro's repeat policy was

firmly maintained to the point of turning dc*n irony requests to

make design refinements beyond the original concept.

This first approach is sumarized below in Table 23.
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Table
Ccuparison of Pickering

23
"A" and Pickering

Engineering Effort

Pickering "A"

. Original Project

. Retrofitting, A3 justed
(85% of 340,000 man-hrs)

Pickering "B"

Basic Costs

. Pickering "A"
Less Duplication Savings

Sub-Total

Added on

TOTAL

Total

5,500
289

5,789

5,789
(1,092)

4,697

793
252

5,742

(000 Engineering i
Non-
Safety Total

—

—

405 388
91 161

531 514

"B"

Man-Hburs)
Safety

PO

na
na

na

na
na

na

100
36

136

MCR

288
125

378

1
1
I
1
1
1
1
1
1
1
1
1

The retrofitting of Pickering "A", which was required by the

Board, took 340,000 man-hours. If this equipnent had been installed I
when the station was built, it would have taken an estimated 15% less
time. The "added on" category is for the extra work, mostly safety !•
analyses, which Ontario Hydro and A.E.C.L. had to do in order to '•
satisfy the Board* Using a standard engineering cost of $30/hr over _
the life of the project yields a total cost of $11,340,000 for MCR j]
and $4,080,000 for PO.

The estimates are based on a memo by G.A. Kackie, Pickering GS
Project Manager, to S.G. Horton, Generation Project Division, Nov. r«
26, 1979. The allocation between PO and MCR was done by SEOOR after 11

discussions with Ontario Hydro.
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(b) Detailed Analysis of Safety-Related Engineering Costs

Incurred by Ontario Hydro and A.E.C.L.

This approach examines in detail all the najor safety-related

systems and allocates1 costs between PO arxl MCA categories.

The analysis was done for Ontario Hydro's engineering costs and

the engineering costs of its consultant, A.E.C.L. Table 24,

below, sumarizos the results of these two separate analyses:

Table 24
Total Safety-Related Engineering

Cost Element

Ontario Hydro

A.E.C.L.

Total
Total as Per Cent of Safety-Belated
Engineering Costs

Total

11.9

10.3

22.2
100%

r Costs

$(000,000)
PO

5.4

4.1

9.5
43%

NCR

6.5

6.2

12.7
57%

The Ontario Hydro portion of these engineering costs is

sumarized below in Table 24(A).
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Table 24(A)
Safety-Related Engineering; Ontario Hydro

Systan
Ibtal
Costs

$(000,000)
Safety Cost
PO

Only
MCR

o All Major Safety-Related Systems

(Direct Hardware Costs: 536.0)

- Engineering Costs, Ontario Hydro 28.8 —

. Seismic (Group II, All

. SDS1, SDS2, E.C.C.S.

. Containment

. Powsr House, R.A.B. ,

. Others

All Other' Systems

Others)

Service

1.8
3.6
4.7
5.1

13.6

—
1.7
1.0
0.5
0.7

1.8
' 1.9
0.5
0.1
0.7

o

(Direct Costs: 502.0)

- Engineering Costs, Ontario Hydro 37.6

. N.S.S. Dept., Pickering "B"2

. Other Radiation Safety Costs
(estimated)

Total —

0.7
0.8

5.4

1.3
0.2

6.5

1 R.A.B.: Reactor Auxiliary Bay.

2 Of the total $2 million safely cost incurred by the NSS Dept.,
the split is about 85% licensing, 15% analysis.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 24 (E) sutmarizes the safety-related engineering costs

incurred by A.E.C.L.

Table 24(B)
Safety-Belated Engineering:

Cost Element

- SDS1

- SDS2

- ECI

- Containtnent

- Group II & Seismic

- Direct Safety Engineering

Total
Total as Per Cent of Total A.E.C.L.
Engineering Costs ($62,541,000)

(c) Conclusions

A.E.C.

Total

1.0

2.3

0.8

0.7

0.3

5.2

10.3
16.5

L.

$(000,000)
PO

0.8

0.5

0.4

0.6

AS
4.1
6.6

MCR

0.2

1.8

0.4

0.1

0.3

6.2
9.9

The first method yields lower results for both prudent operator

and marginal cost of regulation engineering expenses. The second

method relied on a ocrprehensive project-by-project analysis of

the engineering costs involved. SECOR took it as a superior

estimate. However, the comparison of Pickering "A" and "B"

served as a check on the order of magnitude of the costs

involved.
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iii) The Research Programs •

I
CSNDEV is a term used within Ontario Hydro for CAHDU develop- |

merit work. This is a shared cost program in conjuction with

A.E.C.L. The total average annual cost of the research from I

1978 to 1982 is projected to be about $3 million; of this

amount, 20% or $600,000 per year is estimated to apply to 1

Pickering "B". Ontario Hydro will continue to be active in this

program and projections indicate that the total cost imputed to •

the Pickering "B" project will be about $5,000,000. •

Hydro Quebec, in contrast to Ontario Hydro, does not participate I

in this program. It is likely that Ontario Hydro would also opt

out, were it not for their belief that participation puts them ,|

in a store favourable position in the eyes of the regulator.

I
(b) Others

There are other research programs which are fully funded by

Ontario Hydro. The cost of these is estimated to be $12 '•

million. However, Ontario Hydro was unable to provide ''

supporting data and these unspecified programs were not included

in the cost analysis. 1
iv) Interest Costs J

(a) Construction Delays 1

There have been 2 .najor sources of delay in the construction of 1

Pickering "B". These are the rebuilding of the steam generators

(which took 18 months) and the redesign of the Bnergency Coolant r

Injection System (which occasioned a 2 month delay).
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The Steam Generators - The problem which eventually led to the
steam generator rebuild concerned damage to a major component,
the heat transfer U-tubes. Each steam generator, viiich stands
vertically, is about 8 feet in diameter at its widest part.
Pressurized heavy water enters the steam generator at its base
and flows upward in parallel through 2600 one-half inch diameter
tubes, these tubes are curved in a large U back down towards
the base of the steam generator where the flow exits, having
given up some of its heat to ordinary water which is in contact
with the outside of the U-tubes.

During the manufacturing of the steam generators, a heat-
treatmsnt process which was intended to relieve internal
stresses resulted instead in many of the U-tubes being bowed or
bent and suffering "dings". The Ontario Standing Committee on
Resources Development locked into this damage, among many other
things, in their investigation of the problems Ontario Hydro
encountered in their dealings with the supplier of these steam
generators.

In their report, the committee does not state whether there was
a safety problem with these damaged tubes. In SECDR's
discussions with Ontario Hydro, it vas indicated that, on
technical and engineering grounds, the distortion suffered by
the U-tubes was not expected to impair their heat transfer
performance. Discussions with some of the A.E.C.B. staff
indicated essentially the same. Ontario's MCCR, on the other
hand, indicated that they would have insisted that the steam
generators be rebuilt, had the problem ever cane before them.
The A.E.C.B., too, indicated that seme action might well have
been appropriate given that Loss-of-Cooling Accidents are among
the most serious. Ontario Hydro seems to have perceived that
regulatory concerns night have became a factor in determining
how the question of the U-tubes would be settled and
consequently moved ahead to effect the rebuild.

The interest cost occasioned by the ensuing eighteen month delay
is about $150 million or about 10% interest on the direct
capital costs of the project (see Table 19) for the period of
the delay.
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Table 25
Additional

Cost Element

Interest re Radiation Safety

Total

Capital Expenses

$(000,000)
PO MCR

1 Exclusive of Administrative, Interest and Contingency.

I
Redesign of the Emergency Core Injection System - The A.E.C.B. ™

required that high pressure pumps be installed in order to _

prevent postulated stagnation (vihich is described in section |

(i), Hardware Costs). On tha first unit. No. 5, the E.C.I.

ccnpletion v*s scheduled 2 months after the prinary heat •

transport completion, tfiich was dependent on the steam

generators and delayed by 18 months. Therefore, there was a I

maximum delay of one unit for 2 months which results in maximum

interest costs of $9.4 million. However, if the steam •

generators had not been delayed by the bent tubes, the E.C.I.

would have been on the critical path and interest costs would •

have then been on the order of $100 million. •

(b) Additional Hardware |

The additional interest charges which result from capital B

expenses en radiation safety are estimated as the portion which

these expenses represent of the total direct and appropriate1 S

indirect costs times the total interest paid. These additional

interest charges are summarized below in Table 25. •

1
1

Equipment 18.8 5.9 12.9 f|

Engineering 11.9 5.1 6.8

Quality Assurance 8.6 5.4 3.2 ||

Total 39.3 16.4 22.9

fl
fl
r
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v) Replacement Power

(a) Vacuum Building Inspection

Because Pickering "A" and Pickering "B" are served by the same

vacuum building, the Board insisted that Pickering "A" be shut

down for 2 weeks while the building has inspected. Ontario

Hydro considers that it was unnecessary to shutdown Pickering

"A" and hence this is a marginal cost of regulation. The cost

of the shutdown, however, is only the cost of idling 2 units,

for Ontario Hydro took the opportunity to repair the other 2

units. The cost of the lost power from the 2 idled units was

approximately1 $5.0 million.

(b) Additional Re Delays

Construction delays, besides causing increased interest costs,

also.resulted in a continuing reliance on higher priced

conventional thermal power. The total delay due to the steam

generators and the redesign of the emergency core injection

system is twenty months. The cost of this delay is estimated as

the price differential between the foregone nuclear power and

the higher priced conventional replacement power times the

quantity of power lost. This cost is estimated at about

$27,600,000.

1 2 units x 516 MW^, x 336 hr x 18.96 $ x 0.7689
unit M? e

A Pickering net realization factor equal to the capacity factor has
been assumed.
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I
3. Main Areas of Contention

I
The major elements of contention in the capital cost of Pickering

"B" are summarized below in Table 26. I

Table 26
Capital

Factor

Cost Elements Due to Regulation, Pickering

MCR
(000,000)

"B"

%

12.7

5.0

112.6

11

4

100
3

.3

.4

.6

I
I

Replacement Power 32.6 29.0 I

- Vacuum building inspection 5.0

- Additional re delays 27.6 I

Interest Costs 32.3 28.7

- Construction delays 9.4 |

- Additional Hardware 22.9

Hardware Costs 30.0 26.6 I

- Equipment 24.0

- Quality Assurance 6.0 I

Engineering

Research Programs 5.0 4.4 |
Total xx^.o iuu •
Total as Per Cent of Total Capital 3.6 I
Costs ($3,097 x 106)

As in the operating cost analysis, replacement power costs are

again the major source of expense. The advantage of the capital

intensive process is lost vftier: nuclear fuel is foregone far replace-

ment fossil fuel at seven times the cost. The high capital invest-

ment in nuclear power also makes the marginal cost of regulation very

sensitive to construction delays. There is not only the extended

reliance on costly fossil fuels, there is the additional expense of
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carrying the invested capital. A relatively brief tsro month holdup

to complete the E.C.I, systan resulted in almost $10,000,000 of

additional interest expense. This oould have been $100,000,000 if

the E.C.I, had been on the critical path. Interest costs also

multiply the effect of regulatory additions to the base plant cost in

the form of extra engineering time and quality assurance requirements

as well as the direct hardware outlay itself. Hence, the total

impact of interest costs and delays represents almost 60% of the

marginal cost of regulation.

Seismic Qualification

Ontario Hydro disputes the need for seismic qualification at

Pickering "B". The costs of this qualification have been detailed

above.

Safety Systems

The 3 safety systems which Ontario Ilydro thinks have the

highest M.C.R. are the SDS1, the SDS2, and the E.C.I.

- Shutdown Systems 1 & 2

Ontario Hydro does not consider that badc-up trips are required

on SDS1; furthermore, Ontario Hydro would ha\e designed SDS2 to

respond only to certain conditions, i.e. high power as indicated

through neutron flux measurements. The redundant application

demanded by the A.E-C.B. is not considered to reduce public risk

significantly.

- Emergency Coolant Injection

The operator feels that the effectiveness of the old systan was

satisfactory. In any case, Ontario Hydro thinks that the Board

should have allowed the reactor to be oamassioned before the new

E.C.I, system was fully installed.
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4. Conclusions

Pickering "B" capital costs is estimated to be about 3.6% of the

total expense of the facility.

I
I

a) The Costs of Regulation: Pickering "B"

As summarized in Table 26, the cost of regulation incorporated in

I

I

b) Extending the Results beyond Pickering "B" to the Ontario J
Hydro System

The analysis of Pickering "B" indicates that, when the facility
cones into production in 1983, about 3.6% of the total capital m

investment will stein from the intervention of the regulator. In |
order to determine the present cost of regulation for the capital
already invested in Pickering "A" and Bruce "A", it is desirable to I
generalize the results from Pickering "B" and extend than to the
Ontario Hydro system. This means taking into account Pickering "A"
and Bruce "A" and determining which elements in the marginal cost of
regulation would be different from the values determined for
Pickering "B". However, a detailed retrospective capital cost |

analysis of Bruce "A" and Pickering1 "A" is beyond the scope of this
project. Therefore, the generalization has been nade based on the 1
available data fran Pickering "E".

It is assumed that the Pickering "B" analysis identifies all I
major areas where regulatory costs are incurred. These areas were
then examined for Pickering "A" and Bruce "A". Pickering "A" does I
not pose a problem since Pickering "B" costs were collected by a
process of comparison with it. The only real difficulties lie with 1
the Bruce "A" capital costs. This means that the results of this •

comparison are only a first approximation. Bfcwever, the exercise is
still worth undertaking because it is important to distinguish I
between regulatory costs which apply to future operations and
regulatory costs applicable to capital facilities in place. Although "I
the cost of regulatory intervention as reflected in the capital cost
of Bruce and Pickering "A" stems frcm the regulatory process of a -.
decade ago, these are the pertinent costs that are incorporated in |
the current price of nuclear electricity.
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In arriving at this current capital cost load, it is assumed that

the Pickering "B" experience is representative for Bruce "A" with the

exception of interest costs for construction delays and the expense

of replacement power on the grounds that no major regulatory delays

were experienced for Bruce "A". This same assumption on interest

costs and replacement power is made for Pickering "A". The itemized

comparison of Pickering "B" with Pickering "A" and Bruce "A" is

sumarized below in Table 27.

Table 27
Comparison of Regulatory Capital Cost

Expenditures; Pickering "B" vs. Pickering and Bruce "A"

deduction in MCR
Cost Element ($000,000)

Bruce "A" Pickering "A"

i) Hardware Costs

a) Equipment
. SDS1 — 0.3
. SD32 — 2.9
. BCCS • — —
. Seismic 16.5 16.5

Sub-total 19.7

b) Qualify Assurance

. Secondary side of boilers — 6

ii) Engineering — 12.7

iii) Research Programs — —

iv) Interest Costs

a) Delays 9.4 9.4

b) Additional fferdware
. Equipment —
. Engineering —
. Quality assurance —

Sub-total —

v) Replacement Power 27.6

TOTAL 53.5
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I

The

Factor

Marginal Cost of Regulation, Ontario

Total

Hydro

PO

Model NGS

MCR

- All Radiation Safety CMA Costs-1

- Additional Fuel Costs
- lost Power

Sub-Total

Capital Costs2

- All Padiation Safety Factors

Total

Total as % of Total Annual
Operating Costs

9,140
2,660
11,363

23,163

5,028

28,191

9.5

7,261

5,113

12,374

2,427

11.801

5.0

1,879
2,660
6,250

10,789

2,601

13,390

4.5

1 Including adjustments confirmed with Ontario Hydro (see
Appendix 3).

2 Annualized figure.

3 Totals nay •:: ~t &36 due to rounding.

I

I

Using the Pickering "B" capital costs as the reference base, this

yields estimated marginal costs of regulation of 0.5% and 1.9%

incorporated in the capital costs of Pickering- "A" and Bruce "A"

respectively. Weighting the estimated marginal costs of regulation I

in proportion to the capital loads suggests that for Ontario Hydro's

currently operating reactors, the additional capital invested because •

of regulation is about 1.5% of the total capital invested. Making "

similar adjustments for prudent operator costs yields an estimated

prudent operator investment in safety of about 1.4% of total capital |

invested.

Combining these results of the capital cost analysis with the

results of the preceding operating cost analysis yields the following

estimate fer the cost of regulation for a model NGS which is

representative of Ontario Hydro:

Table 28

i
Operating Costs •

I
I
I

Total as S/MKHe 1.42 0.74 0.673
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APPENDIX 1

Radiological Safety Instruction: Bruce NGS "A"

There are 4 programs of instruction:

- All operations and technical staff and some iranagement

personnel spend 1 day per year in requalification sessions:

600 people x 1 day x 34,000 $ „ $85,000

240 days

The initial, "Green", qualification in radiation safety

requires 30 days:

60 people x 30 days x 34,000 $ *, $255,000

240 days

The "Yellow" qualification in radiation safety requires 10

days:

90 people x 10 days x 34,000 $ *, $113,000

240 days

The "Orange" qualification for nBintenance and contractors

requires *j day:

200 people x % day x 34,000 $ ^ $14,000

240 days

The total annual cost of the four prograne is $467,000.



J
APPENDIX 2

Maintenance Related to Safety Systems: Bruce NGS "A"

The following items are relative to safety system maintenance.

Ontario Hydro

Code

343
6343
342

6342

21120

21122
2122)
21222
25000
62100

62400

62500

6372
3173

63173
6373
31760
63176
63740
63750

Expense Description

BCI system
Instrumentation for ECI system
Negative Pressure Containment
System
Instrumentation for negative
pressure containment system
Special Containment provisions
Reactor Building
Air Locks
Fueling ducts
Fueling duct airlocks
Vacuum
Instrumentation for containmer/t,
Reactor Building
Instrumentation for containment,
service building
Instrumentation for Vacuum
Building and Ducts
SDS1
Shutoff rods
Instrumentation, shutoff rods
SDS2
Poison Injection
Instrumentation
Additional SDS1 trips
Additional SD32 trips

PO NCR

93.6
12.0
86.4

8.4

28.8

15.6
1.2
1.2
8.4
2.4

123.
14.

6.
26.
69.

6
4
0
4
6

3.
10.

6
8

The M.C.R. portion of $14,000 arises fran the SDS2 trips which
were caused ty trip parameters Ontario Hydro would not have used
as a prudent operator.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



APPENDIX 3
Adjustments to the Total Costs of Radiation Safety

Seme data confirmation was relatively late in arriving frcrn
Ontario Hydro. This resulted in the following adjustnents:

$(0G0)
OMP factor Total PO MCR

i) Radioactive Waste Management, -356 -356
charge fxczp Site Services
Group

i i ) Reliability Unit — +68 - 68

i i i ) :?ueling Machine Maintenance +192 — +192

Total -164 -288 +124

In Radioactive Vkste Management, only the portion of costs attri-
butable to the pick up and analysis of site radiological environmental
monitors is a radiation-related safety cost.

In the Reliability TJhit, two men are employed in vcrk which is
exclusively related to station requirements, and not to demands made by
the A.E.C.B.

Fueling machine maintenance increases with the number of fuel
bundle changes. The flux shape restrictions and consequent lowered
burnup results in a 9.44% increase in fuel bundle changes. As total
maintenance costs were $3,010,000 to Oct. 31/80, the portion attribu-
table to A.E.C.B. regulations is:

0.0944 x 12 x $3,010,000^ $340,000
10

For the model NGS this amounts to about 0.00997 $/Mlffle o r

$192,000:

$340,000 x 19,294 x 103 M*«e

34213 MWIO x 10
3



APPENDIX 4

BRDCE NGS "A": ADJUSTMENT CF PCWER LOST IN 1979

OWBJS TO RADIATION SAFETY CONSIDERATIONS



Adjustment of 1979 Lost Power Figures :

Table 1 below summarizes the lost power which is detailed in

Ontario Hydro's Bruce Quarterly Reports and reported in Appendix 8.

liable 1

Bruce NGS "A"; Sunmarv of Power Lost in 1979
Owing to Radiation Safety Considerations

Factor

Boilers and Preheaters, At limitation

Boilers and Preheaters, strengthening
of preheater enclosure

Deratings, Controls and Shutdown systems

Boosters

Deratings, Boilers and Preheaters

Others

TOTAL1

1 Rounded.

PO

254

17

73

122

76

542

MMHg

(000)

1VCR

253

191

91

73

50

658

Since Ontario Hydro received an interim license in 1980 to use

booster rods, the 1979 data has been adjusted to account for the fact

that lost power due to this cause is no longer a factor.

The Booster Rod Issue :

1 Xenon-135, a neutron absorber, builds up when the
reactor is shut down. If booster rods are not used
to quickly bring the reactor back to a high power
level, then the Xe-135 buildup cannot be "burned off".
The reactor cannot then be restarted until the Xenon
decays away. This takes about 24 to 36 hours.

Chtario Hydro estimates that with booster rods it
would have had an overall 50/50 chance of avoiding
these 24 to 36 hour shutdowns. Hence the total lost
power attributed to lack of booster rods is split 50/50
in Table 1 (see above) between PO and M£R cost.'



Setting aside this non-recurring M3R loss of 73,000 MSffle and

classing the remaining PO loss of 73,000 Mfife under "others" yields

the following:

Sunmary of Production and Losses (000)

1 % of Theoretical
'maximum Net Power

THH3KETICAL MAXIMIM 26,223 I

Actual Product ion
PO l o s s
MCR l o s s
Ncn-Recurring Loss Linked
to Boosters
All other losses

72.38
2.07 ]
2.23 I 27.62

The adjustment for the non-recurring booster loss is as follows:

- in theory 73 x 103 MWHe of power are recovered; however 27.34%
of this power is not realized owing to expected losses frcm
the other causes at work:

i.e. (1-.2734J73 x 103 - 53 x 103 Mffle is realizable

20 x 103 lWRe is still lost

- expected lost power is now 7,243 -73 + 20 » 7,190 x 103 MWHe

- the distribution of this lost power is:

PO

MCR

All other

Lost Bower

: (542/7170).

: (585/7170)

: (6043/7170)

X
X

X

7190 =

7190 -

7190 -

(OOO)MWHe

543

587

6060

7190

2

2

23

27

of

.07

.24

.11

.42

theoretical max.
net power

(and the MET
REALIZATION
FACTOR becomes

72.58%)

Hence the adjusted 1979 figures which are assumed to fairly

represent 1980 results are as follows:

J
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1



Table 2

Bruce NGS "A": adjusted Summary of Power lost in 1979
Owing to Radiation Safety Considerations

Factor

Boiler Inspection, At

Shutdowns required for nodifications
requested by the ABCB

Deratings, Control and Shutdown Systems

Deratings, Boilers and Preheaters

Others

TOBVL

Adjusted for the non-recurring problem of

(000)

PO

254

17

122

150

543

WCR losses

MCR

254

192

91

50

—

587

linked

CL

1YCR

43.3

32.7

15.5

8.5

100.0

to booster rods

If radiation safety considerations did not exist, in theory

this power, (543 + 587) 103 MHEfe, would be recoverable and eliminate

the expense of replacement power? in fact, 23.11% of this power is

not realized owing to expected losses:

i.e. (1 - .2311)1130 x 103 = 869 x 103 M«He is realizable
3261 x 10 3 Mtf^ is still lost

The cost of this .869,000 MWH of recoverable lost power is

reported in 3able>10 in the main body of the report.



AEPEH3IX 5

BRUCE NGS "A": DETRIIS OF POWER IOST TO

RADIATION SAFETY CCNSIDERATIONS IN 1979



SYSTEM AND DETAILS OF LOST POWER
BRUCE NC-S "A" (1)

DATE

FIRST

QUARTER

1979

SECOND
rtl IAQTCE
QUARIth

1979

THIRD
ft lAHTCH

QUARTER

1979

FOURTH
QUARTER

1979

f
J
I

J
1
j

if)

UNIT
NUMBER

1
2
3
ii

1
2
3

1
2
3
n
1
2
3

DERATINGS:
CONTROL >

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

AECB SPECI

OPERATIONS

ALL OF THE

DEGREE OF

i\ND

TO

TO

TO

TO

TO

TO

TO

TO

TO

TO

TO

TO

TO

TO

TO

SHUTDOWN SYSTEMS

783 MWE
752-768
737-763
170-776
738-771
701-741

779
770

715-780
710

481-787
755-774
730-780
777-77%

780

MWE

MWE

MWE

MWE

MWE

MWE

MWE

MWE

MWE

MWE

MWE

MWE

MWE

MWE

FICATIONS PRECLUDED

AT FULL POWER FOR

ABOVE CASES. THE

THE

IN EACH CAS^.

DERATING IS SHOWN

)

SUB-TOTAL

MWHe
**

P0

—
—
—
13.163
—
—
—
—
—
—
3.709
—
—

1

16.872 |

1 **#
J NCR

! 2
! 8

! 17
! 13.

20
: I
; 2.

5.
5;
3.
6,
2,

,972
,469
,805
163
542

,213
,222
,738
,458
271
709
495
550
256
392

91.255

* • •

LOST MEGAWATT HOURS OF POWER
PRUDENT OPERATOR
MARGINAL COST OF REGULATION

(1)BRUCE QUARTERLY REPORTS



DATE UNIT
NUMBER

MWHe

PO MCR
1 , 2

DERATINGS:

BOILERS AND-PREHEATERS

THIRD

QUARTER

1379

FOURTH

QUARTER

1979

1
I

3
4

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

DERATING

TO 745 MWE

TO 783 MWE

TO 735-775 MWE
TO 0-780 MWE
TO 650-791 MWE
TO 725-778 MWE
TO 0-780 MWE

98
505
V I

30,122
21,373
12,302
52,121

93
506
473

10,141
8,291

12,841
17,474

I
I
I
I
I
I
I
I
I
I
I
I
I
II
II

SUB-TOTAL

-r
121,635 , 824

J6/10-14/1J/1979 3
32-26/10/79 4

BOILERS AND PREHEATERS

BOILER 'INSPECTION,AT
170,016
33,487

170,016
-85,437

SUB-TOTAL 253,503 i 253,503
-4-

I

BOILERS AND PREHEATERS

STRENGTHENING OF PREHEATER

ENCLOSURE

2-26/02/79 1
18-22/01/79 . 3

•29/01/79 2
18-22/01/79 3

BOILERS AND PREHEATERS
BOILERS AND PREHEATERS
PREHEATER CONTAINMENT VESSEL
PREHEATER CONTAINMENT VESSEL

SUB-TOTAL

17,081
32,989
60,824
31,669
48,871
191,434

50/50 SPLIT FOR MARGINAL DERATINGS; AECB/tfCCR JURISDICTION OV&P.LAP |

75/25 SPLIT FOR MAJOR DE.RATINGS: OPERATOR WOULD VOLUNTARILY DERATE
ABOUT 5QZ OF THE TIME. RULE 1 (ABOVE) IS THEN APPLIED TO THE RESIDUAL.,



DATE ^ I T

NUMBER

23-24/H2/79 4

24-26/10/79 1

6-8/ryi/79 1

17-20/1079 2

22-26/02/79 1

22-24/07/79 3

25/09/79 - 2
15/10/79

MODERATOR MAIN CIRCULATION

SYSTEM (BOOSTER RODS NOT

PERMITTED)

ZONE CONTROL L I M I T S

(BOOSTER RODS NOT PERMITTED)

UNIT REGULATING SYSTEM

(BOOSTER RODS NOT PERMITTED)

DEAERATOR

SETBACK & POISON OUT.

DEA^RATOR LOW

(BOOSTER RODS NOT PERMITTED)

SUB-TOTAL

LIQUID INJECTION SHUTDOWN

SYSTEM SDS2 INJECTION VALVE

REPAIRS

CONTROL AND SHUTDOWN SYSTEM

REACTOR TRIP ON HIGH LINEAR N

PLANNED OUTAGE HT & BOILER I /S

INSPECTION. TURBINE MODIFICA-

TIONS AND BOILER CONTROL

ECN WORK

SUB-TOTAL

TOTALS

MWHe

P0

15.242

17.814

19.830

20.479

73.365

21.860

40.378 ;

13.582 |

75.820 ;

541.196 j

j NCR

I 15.242

] 17.814

! 19.830

20.479

73.365

—

659.382



APPENDIX 6

The Cost of Regulation: Bruce NGS "A"

COST $(000) OUTPUT (000 MWH)

$ spent on
coal stations
to replace
power which
wou33 have
been lost
owing to
other factors.

4878

$ spent on
coal stations
to replace
recoverable
power lost to
RAD'N SAFETY
considerations

Actual Bruce Costs
328,573

RAD'N SAFETY

16241
PO
7812

VCR
8429

14460
PO
7736

NCR
6724

ALL OTHER

314,113

344,814

TOTAL COST TO PRODUCE ELECTRICITY
(WHICH BRUCE COCID HAVE PRODUCED
IN THE ABSENCE OF RADIATION SAFETY
CONSIDERATIONS; SUPPLIED INSTEAD
BY BRUCE & COAL)

- TOTAL COST OP EIECTRICITY

LOST POWER REPLACED BY COAL

Actual Adjusted '
Bruce Output

19,033

I Recoverable
I Power lost
I to rad'n

"̂  safety

I Lost povjer
Iwhich could
I not haw been
I recovered owing to
I the intervention of

19,033

considerations other factors

869 261

19,902
TOTAL EIECTRICITY (WHICH
BRUCE COULD HAVE PROVIDED IN
THE ABSENCE OF RAD'N SAFETY
CONSIDERATIONS; SUPPLIED
INSTEAD BY BRUCE & COAL)

4 TOTAL EIECTRICITY GENERATED

Relevant
total cost
of producing
electricity
for Rad'n
Safety
Analysis
Purposes

In strict terms, these costs should be adjusted for the additional fuel consumption owing to
the 53,000(tfttfe adjustment for booster rods. However, the total additional fuel consumption
would be only 53,000 x 2.32 (1.15)

= $141,404

or 0.28% of total fuel consumption. As this is within the likely margin of error for the 15%
1979-1980 cost adjustment it has been ignored.



APPENDIX 7

Bjwer Calculations - Hypothesis 2

• Hie Recoverable lost power regained is that linked to boiler factors, $9,756 x 10-'

,3i.e. Recoverable lost power under hypothesis 1 = $16,241 x 10
3Recoverable lost power under hypothesis 2 = $ 6,485 x 10

Recoverable lost power linked to boiler factors » $ 9,756 x 10-3

• The artount of recoverable lost powsr regained under hypothesis 2 is

$ 9,756 / (lS.69$/mBe) = 522

• The amount of power still obtained from coal stations is

$ 6,485 / (18.69$/Mffle) = 347 MVHe

• T h e r e f o r e TOTAL POWER OOTPUTis:

(OOO)MWHe

19,033 - NGS actual

+ 522 - additional re relaxation of boiler factors

* 347 - coal generation

19,902 TOTKL

i.e. The total power output remains the same as in hypothesis 1;
only the source changes.



I
APPENDIX 8 g

Cost Calculations - Hypothesis 3

I
(i) Output I

This hypothesis iraintains the same power output, but fran
different sources: I

19, 033 MMJe NGS •

+ 261 MEHO additional NGS output from recoverable B

lost power _

Sub-total 19,294 M«He

+ 608 Mt»He recoverabee los t power (of 790 MVHe I
gross lost pcw=r); supplied by coal stations

19,902 MVHe I

( i i ) Cost Structure (production - weighted average of Bruce and Pickering) I

Cost Ccnponent $(000)

3
I
I
I

= (218,430 + 89,040) / (19,033 + 15,180) |
= 8 . 9 9 $/MKHe

Therefore for 19,294 x 103 Ml*e, Capitau. Load = 173,394 x 103$ I

I
f

a) Capital Load
b) Fuel Costs
c) OMA

Sub-total
+ coal station power

a) Capital Load

173,394
47,699
65,153

286,246
11,364

297,610

8.
2.
3.

14.
18.

14.

99
47
38

84
69

95



APPENDIX 8 (Cont'd)

b) Fuel Costs

= (50,623 + 1.15 (29,530)) / (19,033 + 15,180)

= (2.47 $/MKHe

Therefore for 19,294 x 103 MMJe, Fuel Costs = 47,699 x 103$

c) cm

= (59,520 + 1.101 (50,920)) / (19,033 + 15,180)

= 3.38 $/MWie

Therefore for 19,294 x 103 WHe, CMA cost = 65,153 x 103$

1 10% since largely salaries are involved.
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"Notes to Hardware Safety Costs" _

APPENDIX 9

A - E.C.C.S. Valves

The A.E.C.B. reqiaired Ontario Hydro to install separate duplicate
valves in the high pressure system where single shutdown cooling
isolating valves were used in Pickering "A". Ontario Hydro objected
to this. These are 10 inch gate valves which cost approxinately
$20,000 each in 1980$. Twelve (12) valves are reqiaired for each
reactor. The total cost of this requirement is $2,528,000.

$25,000 x 12 valves
Additional piping
Additional fittings
Additional I>>0 inventory
Instrumentation and Control in
leakage, collection, etc.

Total per reactor
Total for Pickering "B"

= $300,000
24,000

144,000
114,000
50,000

632,000
= $2,528,000

The A.E.C.B. insisted that Ontario Hydro make provision for the
installaticn of a second vacuum building if required. This cost

t
1

I
I
I

This is part of the E.C.C.S. M0R of $4.0 million. |

B - Vacuum Building I

I
Ontario Hydro $330,000.

Provision for pressure steam valves = $200,000
80 ft. long service tunnel = 100,000 g
Service water pipe layout provisions = 30,000 I

$333,000

I
This i s a part of the containment MCP of $2.0 million.



APPENDIX 10

Boiler Quality Assurance

The A.E.C.B. required that the secondary side of the boilers be

designed and built to the standards of A.S.M.E. Section 3, Class 1,

not Class 3. Ontario Hydro disputed the necessity for this.

The requirement concerned 2 inch boiler plates and the welding

together of these. The larger part of the cost is due to the quality

of the plate and the consequent need to trace the history of its

manufacture fran the melt to final fabrication. The smaller part of

the cost is for the labour to make an ultrasonic examination after

every pass and to reworic uelds.

Factor (S1974)

Increased quality of plate = 2.2 million

Labour = 1.0 million

Total = 3.2 million

The cost in 1980S is estimated at $6 million.
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Introduction

Radioisotopes are used for their penetrating radiations which
among other things make them useful fcr tracing purposes and -the
obstruction of living cells. They thus have a large number of medical
and industrial applications and the users of radioisotopes differ
greatly from one another. However, for most of these users
radioisotopes are only a minor part of their operations.

A subsidiary of A.E.C.L. is the only Canadian manufacturer of
radioisotopes. In the medical sector, where radioisotopes are used
extensively, it deals both with firms of medical suppliers and with
the end users, hospitals. Charles E. Erosst & Co., which buys its
radioisotopes from A.E.C.L. Ccnmercial Products, is the principal
Canadian supplier of radiopharmaceutical drugs. A few American firms
ccrapete with Brosst in this marftet. A.E.C.L. also supplies hospitals
directly with cobalt sources fcr their radiological units. Finally,
radioisotopes have varied and nultiple applications in industrial
gauging and thicfcness measurement. Some examples are the quality of
welds in pipelines, the thickness of asphalt in road construction, the
fill level of cans of beer, and the thickness of film coatings.

The purpose of this chapter, then, is to arrive at an apprecia-
tion of the cost of radiation health and safety regulation in this
very diversified part of the nuclear industry. Because of the
diversity, this chapter is divided into four parts. Part one deals
with A.E.C.L. Commercial Products and part two with the packaging and
transportation of radioisotopes for medical use. The operations of
Charles E. Frosst & Co. were analysed for that purpose. Part three is
concerned with the users of radicpharmaceutical drugs and part four
treats the industrial applications of radioisotopes.

Over and above the costs reported in this chapter, 28% of the cost
of the regulatory activities of the A.E.C.B. itself is to be applied
to the radioisotope sector. This amounts to about $3.4 million.1

The regulatory cost is relatively hicji in comparison to the costs
incurred by the operators and reflects the large number of operators
to be regulated and the diverse nature of this sector.

See Chapter 7, Appendix 1: there is a $1.6 million expense for
decontamination related to old radium operations included in this
figure.
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Secticm I

Radioisotope Manufacturing



187

I - A.E.C.L. COWEKHAL PRODUCTS

In Canada, the sole producer of radioisotcpes is the A.E.C.L.

Radiochemical Company, usually taicwn as A.E.C.L. Ccnmercial Products.

It is one of the five setni-autonanous units of Atomic Energy of

Canada. (The other four subsidiaries are the Research Conpany, the

Engineering Company, the International Conpany and the Chemical

Company.) The headquarters and rain production facilities of A.E.C.L.

Ccmnercial Products are at Tunnney's Pasture and South Kerch, Ottawa,

Ontario. For the year ended 31 March, 1980, the carpany had total

sales of about $49 million. Canmercial Products is split into three

divisions which are detailed in Figure 1.

The division of interest in this study was the Kadioisotope

Group, which had sales of $12 million in 1979-80. Its products can

be divided into two rain areas: reactor isotopes and "others". The

"others" include isotopes produced in cyclotron nachines, sealed

sources which sure prepared fran reactor isotopes and used for such

purposes as testing for metal flaws, and fadio-phannaceuticals which

are sold in bulk to Charles E. Freest & Co. for processing to a

degree suitable for human consunption. In terns of the value of

sales, reactor isotopes are considerably more important. These

isotopes are produced by irradiating target materials in reactors and

extracting, for example, molybdenum, iodine, xenon and carben from the

irradiated imterials. The great majority of end usas is in diagnosis

in hospitals. Ninety percent (90%) of these isotopes are exported to

the U.S. or to Europe.

Catmercial Products operates two plants: the Cobalt-60 plant in

South March and the Tunney's Pasture plant where all the other

radioisotopes are produced. The operation at Tunney's Pasture

presented a broader range of processes. Thus, it was selected by

SECOR as a more ccnplete sample of the health, safely and

environmental costs involved in radioisotcpe nanuf acturing.
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Figure 1
Sales, Products and Bnplpyment

THE INDUSTRY!
AECL OOKERCIAL PRODUCTS

TUNNEY'S PASTURE, OTTAWA, CUT.

$19.5
MEDICAL PRODUCTS GROUP

• Radiation treatment
equipment for cancer

• Replacement sources

L

TOTAL SALES
($000,000)

$48.8

$13.9
INDUSTRIAL GROUP

• Industrial irradiators
(sterilization equipment)

• Cobalt 60 sealed sources

$12.0
RADIOISOTOPE GROUP

(140 people )

REACTOR
ISOTOPES

OTHERS

PROCESSING OF TARGET MATERIALS
IRRADIATED IN REACTORS

Mo - 99
I - 125
I - 131
Xe - 133
C - 14

90% of all production
exported to U.S. or
Europe

r CYCLOTRON ISOTOPES

y short half lives
(e.g. 1-123)

-SEALED SOURCES

Prepared from reactor
isotopes e.g. test for
metal flaws
(1-125, Ir-192)

. RADIO-PHARMRCEUTICALS

Mastly bulk pharma-
ceuticals sold to
Freest for refining
(Tc-99)

*** A.E.C.L. Commercial Products has requested that the division of sales
between Reactor Isotopes and others be kept confidential.

I
I

I
I
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The Process

The process of manufacturing reactor isotopes is essentially

a bench scale process ane is relatively typical of snail scale

chemical transformation processes. Figure 2 illustrates the process

to obtain Molybdenum 99.

The first part of the process is carried out at Chalk River.

The target material, 95% uranium-235 in an aluminium alloy is

bombarded in the reactor. Among the fission products is molybdenum

99. The target is then dissolved in concentrated nitric acid and the

solution undergoes liquid chranatographic separation in Which Mo-99

is retained on an ion exchange column. Impurities are flushed from

the column and the Mo-99 is removed from the column by an acidity

change vfaich leaves a solution of ammonium hydroxide containing Mo-99

and some impurities. The ammonium hydroxide solution is transported

to Tunney's Pasture. The Mo-99 is then removed as an organic

precipitate while 1-131 and other ̂ »astes remain in the solution. The

precipitate is further purified by being redissolved, evaporated and

fired to produce the pure molybdenum oxide. This process is detailed

below in Figure 2.

Operating Costs

The operating costs of the Tunney's Pasture plant amounted to

$8.5 million in 1980. This included the costs of the raw material

purchased from A.E.C.L., marketing costs and a charge for corporate

overhead.

It is quite difficult to assess the capital costs. The Tunney's

Pasture plant dates from the fifties and is fully depreciated. A new

plant is being built in Kanata, a nearby comnunity. Bbwever, capital

costs are not comparable.
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Figure 2
An Example of the Padioisctcpe Production Process

MOLYBDENUM 99

Chalk River

Tunney's Pasture

1-131 and other
wastes in solution

REPsCTOR

LIQUID CHRCMATOGRAPHIC
SEPARATION

Amtoniun hydroxide s o l u t i o n
conta in ing Mb-99 and

inpurities

PRECIPITATION I

Organic PPT. of Mo-99

PURIFICATION

I

fission 95% 0-235 in
Aluminum alley

Dissolve target in
Cone. HNO3

. Retain Mo-99 on ion
exchange coluim

. Flush inpurities

. Remove Mo-99 through
acidity change

Redissolve, evaporate
fire

1
1
I
I
I
I
I
I
I
I
1
I
I

Molybdenum Oxide
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II. SAFETJT COSTS

1 - The Hazards

There are two nain radiation hazards against Which workers and

the public mast be protected. The first is direct radiation because

the raw iraterial is highly radioactive after being bombarded in the

reactor. The second is internal contamination through respiration

and ingestion of radioactive material.

2 - Coping with the Hazards - in Process

a - Operating Costs

The solution has been to seal off the manufacturing process in

cells. This is practicable because of the bench-scale nature of the

process, and also necessary since the equipment itself affords trie

operators no protection. The cells are essentially a radiation

protection version of the laboratory fume hood. Because the process

is sealed off/ the only workers who need to undergo decontamination

are those who clean the cells and the shipping containers. The

ccnpany provides them with protective clothing from the skin out and

pays for the shower time at day's end.

There are several operating costs associated with the sealed

cell technique. All cells have separate air filtration systems which

require special naintenance, as do the manipulator arms. (Glove

boxes are inadequate since iodine for example would penetrate the

gloves.) The lead glass windows become brittle and have to be

replaced about once a month. The fission impurities which are

trapped in the cells are encased in cement pails and removed. (It is

estimated that operators spend about one-sixth of their time doing

this.) All wastes are taken to Chalk River for disposal.
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I

There.is extensive monitoring of the plant environment with

ambient dosimeters. Stacks and waste water are carefully monitored I

as well. Seven ocnndttees, which meet between one and twelve times a

year, are concerned with radiological health and safety: I

Process Review and Safety; •

Criticality; •

Tunney's Pasture;

Cobalt Building;

Accelerator Safety;

Commercial Products;

Nuclear Safety Advisory.

I

I
Many other health and safety oosts are incurred. For instance,

seven monitors are employed to check radiation levels and to ensure I

that safe working practices are observed. Each of the 120 Atcnic

Radiation Workers (ARW) receives a day's instruction per year in •

radiation safety. He is also outfitted with $100 worth of gear to ™

protect against lew energy beta and gamma radiation. m

In addition, there are charges fcr laundering of workwear. An _

extensive program of medical inspections is carried out at various |

intervals involving some or all of the ARW's: thyroid checks, v#iole

body counting, complete medicals and urinalysis. I

I
I
I
I
I
7
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b - Capital Costs

i) Direct Protection

Measuring and monitoring equipment is installed in both the

laboratories and the plant. No one instrument can properly

measure the exposure hazard frcm all types of radiation and

therefore instrumentation requirements are extensive. The

types of radiation encountered are alpha and beta parti-

cles, high and lew energy gatma radiation, and neutrons.

Because the process equipment affords no radiation protec-

tion, the production cells require extensive shielding and

mechanical manipulator arms to carry cut the bench scale

chemical process frcm outside the physical barrier of the

cell. There are lead flasks for waste disposal and special

flasks for shipping products. The plant ventilation system

allows fcr separate area controls and the maintenance of

differential pressures between labs.

ii) Environmental Protection

Various measures are undertaken to prevent contaminating

the environment around the plant. Cell exhaust is collected

and filtered to remove radioactive material, iodine in

particular. All liquid waste is collected in two 5,000 gal.

tanks and monitored before it is disposed of. There are

special flasks worth up to $10,000 each for waste disposal

and a cenpany truck dedicated to shipping waste to the

facilities at Chalk River. The new facility to be built at

Kanata was required by the Board to undergo a site approval

process which entailed not only a derived release limits

study, but also a seismic study. The facilities licensing

document required substantial engineering time and the whole

process made significant demands on managerial time.
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3 - Cost of Measures Taken

Total radiation health safety and environmental costs for radio-

isotope manufacturing are sunrarized below in Table 1.

Table 1
Sunmary of Radiation Health Safety
and Environmental Costs Incorporated

in Capital

o 1980 Operating Costs

- Process
- Non-Process

Total

o 1980 Capital Costs

and Operating Costs

$(000) % of Total

72
1,410

1,482

% of Total

*

Operating Costs

0.8
16.6

17.4

Capital Costs

61.4

* A.E.C.L. Ccnnercial Products supplied full cost details, but
requested that they be kept confidential.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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a) Operating Costs

Process Safety Costs

The cost of direct in-process measures taken re radiation health,
safety and environmental considerations are summarized below in Table
2 vhere the PO and MCR conponents are also identified.

Table 2
Posts of Direct In-Process Radiation Health Safety

and Environmental Measures

Total PO MCR

i) Decontamination Time far Personnel
ii) Radiological Safety Instruction

iii) Personal Protective Gear
iv) Medical Analyses. Lost Tims

Totals
Per Cent of Direct In-Process Safety Costs

29
19
12
12

72
100

29
19
12
12

72
100

As is the case with the prudent operator, A.E.C.L.. voluntarily
undertakes all these measures for the protection of the process
workers and there is no marginal cost of regulation. The largest
proportion of the costs is the time of the workers involved.

i) The 14 decontamination staff^ who clean the returned
shipping flasks and the production cells have to undergo
daily decontamination themselves.

Average salary for all A.E.C.L. workers, including fringe
benefits is about $35,000 year. The standard working year is 225
days @ 7 hr/day.



iii) The 120 Atonic Radiation Workers are outfitted with $100

worth of personal protective gear each.

196 -

ii) 120 Atonic Radiation Workers are given one day's "1

radiological safety instruction per year.

1
I

iv) There are four types of medical analysis done:

- There are about 40 thyroid checks per month for a cost

of $5,328.! I

- Whole body counting is done to detect insoluble I

isotopes which will not show up in urine analysis.

15 are done a year for a cost of $1,332. m

- Each of the 120 A.R.W.'s gets a medical every 18 _

months. The cost is estimated at $6,216. |

- No tine is lost for urinalysis J

I
I
I
I
I
I

The following standard costs were used to canpute these costs.
The average salary for all A.E.C.L. workers, including fringe I
benefits, is about $35,000 year. The standard working year is 225 |
days @ 7 hr/day.

I
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Non-Process (Support) Costs

The costs of non-process or support measures taken re radiation

health, safety and environmental considerations are summarized below iti

Table 3 vtfiere the PO and MCR components are also identified.

Table 3
Costs of Non-Process Radiation Health Safety

and Environmental Measures

5(000)

i)
ii)
iii)
iv)
v)
v±)

vii)
viii)
ix)
x)

Total

Process Housekeeping
Support Staff
Treatment/ Disposal of Process Vkste
Corporate Level
Maintenance of Safety Systems
Raw Material and Finished Goods
Shipments
Medical Analyses
Management (Safety Carrdttees)
Laundry Operations
Material Accountability

Per Cent of Non-Process Safety Costs

Total

490
265
191
193
153s
58

20
34
3
3

1,410
100

PO

490
265
191
188
153
23.5

20
34
3

1,367
97

MCR

—
—
5
—
35

—
—
—
3

43
3

In the non-process operating expenses there is seme marginal cost

of regulation, but the bulk of the measures would be taken in the

absence of regulation.

i) Process Housekeeping - The process housekeeping costs are

the salaries for 7 decontamination operators and 7

radiation monitors.
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ii) Support Staff - ftie largest part of this expense is the I

salaries of the health physics staff, 2 managers and 5 _

radiation surveyors, who spend 85% of their working time |

at. Tunney's Ifesture.

Mbnitoring of the stacks, waste water, and ambient dosi-

meters and doing non-routine testing and thyroid counting I

claims another $31,000. A number of services which are

performed at Chalk River add another $10,000 (urinalysis, •

TLD badge reading, instrumentation repair, and maintaining "

computerized radiation dosimetry records). Indirect •

charges associated with support staff activities total m

$16,000 (naintenance, building, engineering, ndscella- _

neous). |

iii) Treatment and Disposal of Process Waste - The 26 process I

operators spend about 1/6 of their tine collecting waste

products, setting up in-cell filters to capture radio- I

active gases (e.g. iodine), and preparing cement pails in

which to trap wastes at an annual cost of $152,000. •

All waste is shipped to Chalk. River and there are an

average of 2.5 trips a week for an annual cost of

$39,000. _

iv) Corporate Level - Corporate level costs are divided

between the Regulatory Affairs Branch and the 8

Transportation Group. The Regulatory Affairs Branch

monitors regulations in the countries where A.E.C.L. sells I

its products. Since 90% of sales are to foreign

countries, the A.E.C.B. is of little iirportance to this •

Branch and all costs are thus assigned to the prudent *

operator category. Since the Isotope Group has about 25% m

of A.E.C.L. sales, 25% of the cost of the Branch, or I

$100,000, is assigned to it.
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One of the duties of the Transportation Group is to keep
current copies of all customers' licences and to check
that customers are authorized to possess isotopes. Ten
people work in the Group for a total departmental cost of
5350,000, 25% of vtfiich is assigned to the Isotope Group.
Here there is a snail narginal cost of regulation, for
more record-keeping is required by the Board than A.E.C.L.
wsuld do en its own. This is estimated to be 15% of one
man year or $5,000. The total prudent operator portion is
thus $88,000.

v) Maintenance of SaJety Systems - These are the safety
systems in the production cells. Each cell has its own
air filtration and dust collection unit in Which the
charcoal absorbers have to be changed and recharged
regularly at a cost of $76,000 annually. Replacing the
windows in the cells costs $15,000 for the glass and
requires the full-tine employment of a glassblower. The
filters in each of the 20 cells are changed once a year at
a cost of $666 . The manipulator ants in the cells need
$26,000 worth of maintenance a year.

vi) Raw Material and Finished Goods Shipments - The containers
vihich are used for outgoing shipments require regular
maintenance in the company machine shop at an annual cost
of $23,500. This is a prudent operator cost.

However, since the containers in which irradiated Co-60 is
shipped are not yet licensed by the A.E.C.B., one
radiation surveyor is employed full time to escort the
target material when it cones frcm the reactor at
Pickering and the waste material when it goes to ChaUc
River. This escorting is regarded as entirely unnecessa-
ry by A.E.C.L. and hence the surveyor's salary of $35,000
is classified as a narginal cost of regulation.

20 units x 1.5 hr x $22.20
unit hr
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vii) Medical Analyses - Some of the costs are picked up in the

Chalk River services and the $20,000 shown here is for the 1

services of the carpany doctor. He works half-time for •

A.E.C.L. and 80% of his A.E.C.L. time is spent doing

radiologically-related analyses.

x) Material Accountability - The A.E.C.B. considers that

depleted uranium is a strategic material and requires a

I
viii) Management - This is the cost of the time spent on the 7 |

committees which deal with radiological health and safety.

A total of 140 man-days annu=>1"v are spent in these I

committees at an annual cost of S34,222.1

ix) Laundry Operations - This is the cost of cleaning

protective clothing. I

I
twica yearly audit as veil as monthly reports. About one _

man-month a year is needed to meet this requirement at a |

cost of S3,000. A.E.C.L. considers that this audit is

entirely unnecessary and the ?3,000 is thus a marginal I

cost of regulation.

I
1
1
1

1 Average cost, including fringe benefits, of personnel participa- -.
ting in the.w meetings: Source Mr. M. Brown, General Manager, I
Quality Assurance, AECL Commercial Products. '
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b - Capital Costs

The capital costs associated with radiation health safety and

environmental measures are summarized below in Table 4 where PO and

MCR cost components are also identified. Because the capital costs of

the new facility to be built at Ifenata are proprietary, they are

expressed as percentages of the estimated total capital cost of the

facility.

Table 4
Sunwary of Capital Costs Associated with Radiation

Health Safety and Environmental Measures

% of Total Capital Cost
PO MCR

Direct Protection 38.5

i) Shielding 29.5 -—
ii) Shipping Flasks - Type "B" 5.3 —
iii) Closed Area Air Systems and I'"resh

Air Supply 2.5
iv) Measuring and Monitoring Equipment 1.3

Environmental Protection 21.7 0.4

v) Air Collection and Filtration Syste.i
for Cells 21.1

vi) Waste Disposal Flasks 0.5
vii) Low Level Liquid Waste Collection

and Monitoring 0.2
viii) Derived Release Limits Study 0.3

ix) Seismic Study 0.2

Other 0.2 0.6

x) Facilities Licensing Document 0.6
xi) Security System 0.2

Total 60.4 1.0

(Totals nay not add due to rounding.)
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i) Shielding

By far the largest portion of the direct protection oosts is

Because the production equipment is bench scale, it affords

little radiation protection to the workers who thus have to

Data from Mr. M. Brown, General Manager, Quality Assurance,
A.E.C.L. Conmercial Products.

I
BAs far as the need for direct protection goes, there is no

difference of opinion between the Board and A.E.C.L. and thus no

marginal cost of regulation. Even with regard to envirormental and |

other protection, disagreement only arises over the necessity for

certain studies and the licensing document. I

I
shielding and ancillary equipment for the production cells. •

I
be safeguarded by "wrapping" the process,

ii) Shipping Flasks - Type "B"1

I
A.E.C.B. regulations identify various types of containers.

The type B containers, which are mostly used by A.E.C.L. I

Cumercial Products, are lead-shielded. A process of

improving the containers has been underway slice 1976 and the •

cost shown includes both the development charges and the *

expense of upgrading the inventory. _
iii) Closed Area Air Systems and Fresh Air Supply

There is a closed loop air system in the production areas and

differential pressures are naintained in the labs. Much of I

the cost is for the instrumentation to control these air

systems. There is also equipment to supply fresh make-up air •

to the plant.

I
I
I
1
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iv) Measuring and Monitoring Equipment,-*-

There are a large number of meters for detecting radiation in
both the labs and the plant. The large number is in part due
to the need to measure different types of radiation.

v) Air Collection and Filtration System for Cells

This itsn accounts for iy far the largest part of the cost of
environmental protection. Each cell has its own fans and
collection systems which use charcoal filtration to trap iodine.
Other costs include the ducting and the installation expenses.

vi) Waste Disposal Flasks

There are several large disposal flasks with $8,000 to
$10,000 each as well as a number of smaller ones. In
addition, there is a truck which is worth $18,000.

vii) Low Level Liquid Vaste Collection and Monitoring

All fluid wastes are collected in two 5,000 gallon tanks and
monitored before being disposed of.

viii) Derived Release Limits Study

This study was done for the new facility at Kanata only because
the Board required it. A.E.C.L. does not consider it
necessary.

ix) Seismic Study

This, too, was only done at the insistence of the Board.

Estimate from data supplied by Mr. Barry Bswell, Radiation and
Industrial Safety Officer, A.E.C.L. Camercial Products.
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x) Facilities Licensing Document

'She system includes monitoring and identity cards for access.

There are also intrusion alarms and extra lighting, but no

special measures are required by the Board.

I
I

This document required engineering time and managerial time. |

It was prepared for the A.E.C.B. are3 thus is ty definition a

marginal cost of regulation. •

xi) The Security System I

I
I
I
I
1
I
I
I
I
I
I
I
I
1
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III. CCNCLU5IQNS

The cost of regulation for radioisotope nanufacturing is

sutmarized below in Table 5. The most notable result is the low

marginal cost of regulation: 0.5% of operating costs and 1% of

capital costs.

Table 5
Cost of Radiation Health Safety and

Environmental Measures in Radioisotope Manufacturing

($000)
Total PO MSR

o Total Safety - Operating Costs

Direct Protection 72 72 —r
Nbn Process (Support) 1410 1367 43

Total 1482 1439 43
Total as Per Cent of all Cperating Costs 17.4 16.7 0.5

o Total Safety - Capital Costs

Direct Protection
Environmental
Other

Total

Per Cent of
Total Capital Costs
Total PO MCP

38
22

0

.5

.1

.8

38
21

0

.5

.7

.2
0.
0.

4
6

61.4 60.4 1.0
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Three overall considerations are warranted:

matters.

1

i) The process costs of radiological safety measures are

low mainly because of high capital investment in [I

safety.

ii) These capital costs are high because of the nature of

the production process. Because it is a bench scale r«
il

chemical process, which offers no inherent protection '•

to the workers, it has to be enclosed in a costly ,_

"wrapping" - hence the self-contained production j|

cells.

1
iii) The marginal cost of regulation is lew because of self-

imposed reference; to nuclear facilities within the I

company. A.E.C.L. predates the Board and there is a

tradition of self-regulation in health and safely II

II
I
fl
II
u
il
I!
n
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Section II

Medical Padioisotopes; Packaging and Transportation
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Introduction

The najor use of radioisotopes is in the medical field where

there are two main applications: cobalt therapy and radiophartaceu-

ticals. Cobalt units are shipped directly by A.E.C.L. to owners of

A.E.C.L. - built radiotherapy machines. This is a fairly simple

operation ccnpared with the distribution of radiopharmaceuticals,

which we analyse in this section.

The Canadian radiopharmaceutical market is dominated at one end

by specialized drug companies• Charles E. Erosst & Company is the

only Canadian manufacturer. The range of radioisotopes manufactured

by Erosst is relatively small, the main ones being radioactive

compounds of technetiiim, iodine, thalliun and galliun. There are

also a few U.S. conpanies which sell in Canada. The users narket is

made up of 150 of the larger hospitals in Canada, a few research

laboratories and a few specialist physicians. The physical distri-

bution of radioisotopes to these users involves thousands of

individual shipments, which is a peculiarity of this narket. Since

radiopharmaceuticals decay rapidly, shipments nust be frequent and

use the fastest mode.

The safety concerns associated with radiophamaceuticals are

in two nain areas: transportation and storage on the users'

premises. (The disposal of used radiopharmaceuticals does not cause

major safety problems because of the short half-lives of most of

these drugs.) In this section, we shall lock at the safety costs

involved in transporting radiopharnaceutical drugs.
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I . SAFETY COSTS

in the Packaging and Transportation of

Operating Cost Elanent

i) Additional Packaging ffeterials
(Type A shipments)

ii) Lead Shielding (for Technetium
Generators)

Transportation Components

Radiopharmaceuticals

Total

385

290

90

200

95

iii) Carrier Surcharges 50
iv) Administration of Traffic Index 10
v) A.E.C.B. Required Documentation Checks 35

Total
Per Cent of All Operating Safety Costs

770
100

$(000)
P0

350

290

90

200

60

50
10

700
91

MCR

35

35

35

70
9

I
I
IThe radiation safety costs incorporated into the packaging and

shipping costs of radicphantiaceuticals mostly fall into the prudent I

operator category. "

a) Operating Costs |

The operating costs for radiation health and safety in the I

packaging and transporaticn of radicpharmaceuticals by Charles E.

Frosst are detailed below in Table 6. •

Table 6
Radiation Health and Safety Costs •

I
I
I
I
I
I
I
I

Source: Raymond Dorey, Manager
Radiopharmaceutical Products _
Charles E. Frosst & Co. I

I
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i) Additional Packaging Materials

As mentioned earlier, A.E.C.B. regulations recognize various
types of containers for radioisotopes. large quantities of
radioactive materials are usually shipped in Type B containers
which are lead-shielded. Snail quantities of less than 12 lb.
(most radiopharmaceutical shipments fall into this category)
are shipped in Type A containers. The differences between a
Type A container for radiopharnaceuticals and the packaqing of
regular Pharmaceuticals are shorn below:

Radioactive Drugs Regular Drugs

- top quality glass vial regular glass vial

- absorbent paper wiper packed around vial —
- lead container

- foam wrap capable of absorbing twice the —

contents of the vial

- cardboard inner container packing material
- interior dividers to center the —

inner container
- special outer carton to meet rain and normal carton

drop resistance tests

ii) Lead Shielding

This is the principal health and safety cost. The shielding
is for technetiun generators which are shipped in packages of
fran 30 to 69 lb each. The net cost of shielding is somewhat
reduced since about 1/3 of the generators are returned.

iii) Carrier Surcharges

Transportation charges are about $50,000 a year greater than
they would be for the same quantity of regular drugs. Because
of the short half-life of the drugs and the customers' needs,
Erosst has to provide such extra services as guaranteed
overnight delivery.
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iv) Administration of the Traffic Index

The transportation authorities require each individual •

shipping carton to bear a traffic index (Tl). This indicates .

the radiation emitted. This is verified ly the authorities I

who return the package to the shipper if their measurement

differs frcm the indicated TI. |

v) A.E.C.B. Required Documentation Checks I

In the atsence of the Eoard, Charles E. Freest would not do 1

these documentation checks and thus the cost can be attributed

to A.E.C.B. regulations. They are the only such costs in I

packaging and shipping. All other costs are either *

voluntarily assumed or are dictated by the needs of the _

customers. The A.E.C.B. requires that Frosst; I

- check the receiver's license; I

- check that authorized quantities are not exceeded, and;

- file records of shipments to be submitted to the A.E.C.B. I

on request.

b) Capital Costs "

The capital costs for radiation health and safety in the •

packaging and transportation of radiopharmaceuticals are associated .

with the design of containers and with radiation measurement instru- |

mentation. It required about 6 nan-ncnths of staff tims to develop

this Type "A" container with Consolidated Bathurst, at a cost of I

$10,000. Frosst estimates that the value of radiation measuring and

monitoring equipment is about 510,000. These costs are all prudent I

operator costs.
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II. CONCLUSIONS

The cost of regulation in the packaging and transportaticn of

radiophannaceuticals is sunrmrized below in Table 7.

Table 7
The Cost of Radiation Health and Safety in the Packaging

and Transportation of Padiopnarmaceuticals

$(000)
PO MCR

o Total Safety Operating Costs

- Packaging 290 —

- Transportaticn 60 35_

- Total 350 35

o Total Capital Costs 30

diaries E. Freest considers that the relative costs of safety

measures in terms of their total costs should be confidential.

However, these costs are not very much different from the relative

transportation costs of other industries dealing with fragile

materials or from the costs of storage in industries dealing with

perishable goods.

The high transportation costs are largely a result of the short

half-life of radiopharnaceuticals. They are shipped on average

twenty times more frequently than regular drugs and this greatly

increases the inportanoe of transportation and packaging costs. (The

key cost factor in packaging is the lead shielding for the technetium

generators.) Moreover, Freest has to offer overnight delivery and

free replacement if the product is not at full strength when

received. However, the only narginal cost of regulaticn is for the

documentation checks which the A.E.C.B. requires.
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Section III

Nuclear Medicine
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Introduction

There are about 150 hospitals in Canada vtfiich have a nuclear

medical department. Our analysis is based en one large nuclear

medical department in a Montreal teaching and research hospital.

Because of the teaching and research, this is a "high cost" department

with an operating budget of $500,000 per year. It performs 14,820

treatments per year within a total hospital activity of 230,000

patient-days and 385,000 outpatient visits. The purpose of cur

analysis was to identify the major safety measures and their costs.

tedioisotopes in a nuclear medical department are used mostly for

diagnostic purposes and the m i n instrument is the gamma camera. Sane

typical uses are:

- Suspected bone cancar: technetiup is tagged to phosphate

vid.cn is taken up by the bones.

- Kidney and brain scans: technetium is tagged to glucol

heptonate or to red blood cells themselves.

- Suspected cancer: gallium-67 concentrates in inflamed

tissue.

- Heart function: Thallium-201 is taken up by heart nuscle and

dead tissue can be identified.
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I . SAFETY COSTS

Table 8

Cost Element ?(000)
PO MCR

Total Operating Expenses-1 25 6

I
I
I

The operating and capital costs of radiation health and safety 'I

in the nuclear medical department of this hospital are detailed below

in Table 8 where the PO and MCR components are also indicated. I
laLiie o m

The Costs of Radiation Health and Safety in Nuclear Medicine I

I

i) Radiological safety instruction 3
ii) Radiation safety dept. 12 — .
iii) Personal protective equipment 3 — I
iv) Waste disposal 3 —
v) Disposable supplies, nuclear medical dept. 4

vi) A.E.C.8. material accountability - 6 I
requirements *

Total Capital Expenses 64 — I

vii) Monitoring equipment 10
viii) Shielding2 54 — •

Source: 1. Director, Diagnostic Services, the hospital I

2. SECOR estimate

I
The total operating expenses have baen prorated on the basis of

75% for research and 25% for nuclear medicine. 1

I
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i) Radiological Safety Instruction

A maximum of 100 personnel receive about two hours a year each

of radiological safety instruction at a total annual cost of

approximately $3,000.

ii) Radiation Safety Department

The department aiploys one radiation safety officer and one

secretary, the total cost of $48,000 is attributed 75% to

research activities and 25% to radioisotope use in nuclear

medical diagnostic work.

iii) Personal Protective Equipment

Thirty laboratory personnel each receive about $100. a year

worth of smocks, gloves, etc. •. (Film badges and pocket

dosimeters cost less than $1,000 per year).

iv) Waste Disposal

The Radiation Safety Officer collects, checks and stores all

radioactive waste prior to disposal, The hospital has a

special disposal contract for this waste which costs $10,000 a

year; 25% of this charge is attributed to radioisotope use in

nuclear medicine.

v) Disposable Supplies, Nuclear Medical Dept.

Since disposables are being used more cannonly in all hospital

departJPents because of the increasing cost of sterilization,

there are fev additional costs for nuclear medical items.
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I

vi) A.E.C.B. Material Accountability Requirements

These requirements occasion the only marginal cost of

regulation. Each hospital department vifoich uses radioisotqpes I

has to report on their receipt and disposition. This is not

done for other medicines. The Nuclear Medical Department has I

to keep more extensive product records.*• The total annual

cost of these requirements is estimated to be $6,000. •

vii) Monitoring Equipment _

This equipment includes survey meters, area alarm monitors and

contamination monitors for use in patient treatment rooms. I

viii) Shielding I

Incorporating lead shielding into the building gives rise to I

additional construction expenses. There are 6 treatment rooms

of 150 square feet each and the differential costs of

shielding are estimated at $60 a square foot. I
I
I
I
I

Average staff salary, including fringe benefits, is estimated at I
S24,000/year or $14.59/hr. •

Source: The Chief Technician, Nuclear Medical r>ept. Aug., 1980. •

I
•
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II. CCHCLUSIONS

The cost of regulation in nuclear medicine is summarized below

in Table 9 on a per treatment basis and as percentages of

departmsntal operating costs.

Table 9
The Cost of Regulation in Nuclear frfedicine

PO MCR

Total Operating Expenses

$ Per Treatinent 1.70 0.40
Per Cent of Nuclear Medical Dept. Cperating 5 1.2
Costs

The main conclusion is that the cost of regulation in nuclear

medicine is lew. In fact, of the parts of the nuclear industry

examined by SECOR, nuclear medicine has the lcvest cost of all next

to radiography. This should not surprise, for nuclear msdicine is a

"clean", end-use part of the industry v*iere the radioactive materials

are neatly packaged and small in bulk. The low cost of regulation

may also result fran the application of general, basic principles of

medical practice - like precision and sterility - to the field of

nuclear medicine, as well as frcro the experience gained in the use of

other dangerous and potent drugs.

It should be mentioned that some very useful isotopes vfriich are

only produced in the U.S. are not used here because of the high cost

of licensing them for the small Canadian market, However, this cost

is not inposed by the A.E.C.B., but by the federal Department of

Health and Welfare (in the person of the Drug Regulatory Affairs

Division of the Drugs Directorate of the Health Protection Branch).
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Section IV

Industrial Radiography
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Introduction

There are two major uses of radioisotcpes in industry: thickness

gauging and level measurement and weld analysis. Ihe f i rs t use

entails practically no special safety costs since the radioactive

source is stored in a compartment in the machine and is very seldom

displaced. The emissions are small and the location and shielding of

the devices are such that exposure of nearby workers is not a

problem.

Radioactive gauge and level measurement instruments are used in

various industries. Some examples are: canners (particularly of soft

drinks and beer), chemical companies (for thin film coatings), paper

makers, and road construction firms. The instruments are manufactured

by a limited number of companies. All measurable safety costs are

embedded in the costs of the instruments in the form of shielding and

amount to a small percentage of the total costs of the.^instruments.

The users which vie contacted^ did not consider that they had to bear

any special safety costs.

The situation is very different for industrial radiography, which

is an industry made up of a large number of small companies imbued

with the entrepreneurial spirit. The market which they serve is

mainly manufacturing plants and pipeline companies. Ps of fferch 1979,

1 MOlson's Brewery Ltd., Msntreal, Quebec; Celanese Canada Ltd.

2 Sources contacted:

. Mr. J. Jansen, Chief NOT & Welding Technician, TransCanada
Pipelines, Toronto

. Mr. B. Munroe, General Manager, Atlas Testing Labs, Oakville

. Mr. Schmierer, Manager, International Radiography Inspection
Service, B3monton

. Mr. D. Bogatin, Chief Technician, Ihdu-Test Ltd., Kitchener
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55 separate companies were authorized to cany out radiography* and

f •

I

I
there are 1,561 licensed radiographers in Canada.^ The typical *

company has revenues of from ?500,000 to $1 million and a field staff

of 20 to 40, of whan half are qualified radiographers and half are

helpers. Because of the small size of the companies, the industry is _

quite sensitive to the changes in fixed costs vAiich oculd result from |

increased regulation.

1 A.E.C.B. Data.

2 Canadian General Standards Board - Level I Radiographers, 853
- Level II Radiographers, 708

I
I
I
I
I
I
1
I
I
I
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I. SAFETY COSTS

The radiation health and safety costs of a typical radiography
company are detailed below in Table 10.

Table 10
Typical Company Costs ox Radiation Safety

Cost E l e m e n t $ ( 0 0 0 )
PO KJR

Total Operating Costs 18 6

i) Radiation Safety Instruction and
Certification 13

ii) A.E.C.B. Liaison — 6
iii) Personal Protection 1
iv) Equipment Maintenance re Radiation Safety 1 —
v) Waste Disposal 3 —

Total Capital Costs 32 —

vi) Shielding for Permanent Installations 18
vii) Monitoring Equipment for Permanent

Installations 1 —
viii) Personnel F5nnitoring Equipment 13 ~

i) Radiation Safety Instruction and Certification

Since certification as a radiographer^ is granted by the
Canadian General Standards Board and not by the A.E.C.B., the
cost of the training is classified as a prudent operator
expense. There are 3 levels of qualification:

- Level I requires 5 days (40 hours) of classroom
instruction. The fees are $350 for members of the
Canadian Society for Non-Destructive Testing and $375 for
non-members.

- Levels II and III require 6 days of classroom instruction.
The fees are $420 for members of the Society and $445 for

1 i.e. Radiographer Spec. No. 4SGP4M
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Total oosts for training an employee to Lwel I can be

roughly estimated as:

iv) Equipment Maintenance re Ratiiation Safety

Cameras are testod twice a year with a swab fcr leakage of

radioactive material. Each test costs $30 and the average

company would have 18 cameras including spares. The

yearly charge for an average company is estimated at $1,080.

i
I
I1 week's salary $ 500

Course fee $ 375 (non-matters)
1 week's living allowance $ 300 I

$1,175

The annual recertificaticn costs average $20 per year. M

ii) A.E.C.B. Liaison •

On average, the chief technician of a company spends 2 days a

north on A.E.C.B. matters and the rest of the managers and

workers an aggregate of 3 days a month. The salary cost

associated with this tine is the only marginal cost of I

regulation for a radiography company.

iii) Personnel Protection

Included here are film badges, exposure histories and

medicals. The film badges are a free service provided by the •

Radiation Protection Bureau (RPB). Exposure histories are a •

part of RIB Service, but have an administrative cost of about _

2 secretary-hours per week, i.e. 3 weeks per year. The fl

annual medical and blood test costs $100 and 4 hours of lost

time per worker. K

I

I
I
•
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v) Waste Disposal

$40 is taken as an average freight charge for shipping the

radiation source back to the supplier, A.E.C.L. This is the

only waste disposal expense. Sources are typically replaced

about 4 times per year, so that the average company would have

a cost of ($4 x $40 x 18 cameras) $2,880.

vi) Shielding for Permanent Installations

The cost of shielding is estimated to be about $60 per square

foot of work area. Depending on the amount of shop tvork done,

an average company would have 2 radiography cells. Hence the

cost is ($60 x 150 x 2) $18,000. for field work, the operator

simply ropes off the area.

•s

vii) Monitoring Equipment for Permanent Installations

Each of the cells has seme $500 worth of monitoring equipment

fcr an average company cost of $1,000.

viii) Personnel Monitoring Equipment

There is one dosimeter per nan which costs about $80, and one

survey meter per source which costs $350.
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i i .

Table 11
The Cost of Radiation Safety

Total Operating Costs of Padiation

in the Badiography Industry

PO MCR

2.4 0.8

cost of regulation is for liaison with the A.E.C.B. However, as

snail, independent operators, they are very sensitive to fixed costs

II
I

The costs of radiation safety in the radiography industry are _
summarized below in Table 11 where the PO and MCR components are | |

given.

1
1
1
II

At present, radiography companies do not e^erience any

ginal

1
difficulty in ireeting regulatory costs. Indeed, the only narginal "

and thQ' foresee tvo major problems in the near future. First, if

new regulations fcrbid the helper to operate the camera, both mambers ,|

of the team will have to be qualified radiographers. This would

double training and operating costs, and instruction and I

certification are already the largest component c' radiation safety

operating costs. Second, the operators fear that their costs for ."I

dosimeters and survey meters will increase greatly. Personnel

monitoring equipment is already the second largest component of the r|

capital cost of radiation safety. Digital dosimeters with an audible *

alarm which o~st $400. each nay be adopted as the standard, although r.

the current pocket nodels are considered to be adequate by many in :. I

the industry. Two survey meters per source instead of one nay be

required to cover completely the energy range of emissions. j
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CHAPTER 7

THE COST OF REGULATION IN THE NUCLEAR FUEL CYCLE
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Introduction

This chapter summarizes the cost of radiation health, safety and

environmental measures in the following stages1 of the nuclear fuel

cycle:

i) Mining of uranium-bearing ore and Hilling of the ore to

produce concentrate.

ii) Refining^ of the concentrata to produce uranium dioxide for

domestic reactors and uranium hexafluoride for export.

iii) Fabrication of the uranium dioxide into pellets and the

production of fuel bundles.

iv) Operation of power reactors.

These costs are summarized in the six following tables, one for

each of the above four stages of the nuclear fuel cycle, and one

table for nuclear electric generation and one for the entire nuclear

fuel cycle; a final table details the marginal cost of regulation in

the nuclear fuel cycle.

The production of heavy water and the management of wastes
produced fran power generation are not included.

i*ie total costs reported for refining also include the costs of
producing depleted uranium metal; however, the unit costs
calculated allow the appropriate costs to be referred to units of
power eventually generated. -
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The costs of radiation health, safety and environmental regula-

tion per kg. of uranium produced by the mining and

are sumrarized oelow in Table 1.

Table 1
Mining and Milling

Factor $(000)
Total1 PO MCE Total
cost cost

Capital2 12,182 8,540 3,642 2.20

Operations 38,566 25,829 12,735 6.96

Total 50,748 34,369 16,377 9.16

99.5% Refinery Recovery Yields: 9.20

Total Costs Differentiated According
to Mine Type

Open Pit 2.54
Deep Shaft 13.64

Sub-total^ Qost to end of mining and milling

56,387 38,188 18,197 9.20

Totals may not add due to rounding.

milling

$/kgU
PO

1.54

4.66

6.20

6.23

2.17
9.06

6.23

industry

MCR

0.66

2.30

2.96

2.97

.37
4.78

2.97

1 Yelloweake production is converted to kg. of uranium. The
annual production in the sample studied was 5,542,000 kg. of
uranium which represents about 90% of Canadian production.

^ straight line depreciation over 10 years.

3 cost in dollars extended on the basis of footnote
for the industry.

1 to a total

i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
i
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The costs of radiation health, safety and environmental regula-

tion per kg. of uraniun produced by the refining industry are

sumnarized below in Table 2.

lactor

Capital2

Operations

Total

Total1

cost

1,181

3,497

4,678

Table 2

5(000)
PO

354

2,092

2,446

MCR

828

1,405

2,233

Total
cost

0.093

0.54

0.63

S/kgU
PO

0.033

0.32

0.35

MCR

0-063

0.22

0.28

Sub-total: Costs to End of Refining

61,065 40,634 20,430 9.83 6.58 3.25

Totals nay not add due to rounding.

1 annual production is expressed as kg. of uranium. On this basis
the annual output is: 4,500,000 kg. as UFg, 1,100,000 kg. as
VOo and 907,000 kg. as depleted uranium metal. This totals to
6,507,000 kg. of production as uranium.

2 straight line depreciation over 10 years.

3 50% of calculated figures, vtfiich are based on the new refinery
(2 x Port Hope capacity).
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The costs of radiation health, safety and environmental regula-

tion per kg. of uraniun produced by the fuel fabrication industry are

sumarized below in Table 3. To sum the costs to this point in the

fuel cycle with the costs for nuclear electric generation, it is

necessary to convert them fran $/kgU to $/Mraie. The results of this

conversion are s>rawn in the last line of Table 3 below:

factor

Capixal3

Operations

Total*

Total2

cost

200

2,450

2,650

Table 3
Fuel Fabrication

$(000)
PO

186

1,783

1,969

MCR

14

667

681

Total
cost

0.18

2.32

2.41

$/kgU
PO

0.17

1.62

1.79

MCR

0.01

O.t-1

0.62

Sub-total: Costs to End of Fuel Fabrication

63,715 42,603 21,111 12.24 8.37 3.87

$/MWHe

0.22 0.15 0.07

* Totals nay not add due to rounding.

* 1 kg. of uranium is taken to yield about 180 MWij.. The average
conversion of this thermal energy to electrical energy yields 56.36

net.

2 Annual production is expressed as kg. of uranium. On this basis
the annual output is 1,100,000 kg. as UOg.

3 Straight line depreciation over 10 years.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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The costs of radiation health, safety and environmental regula-

tion in nuclear electric generation are sumnarized below in

Table 4.

Table 4
Nuclear Electric Generation

Factor

Capital

Operations

Total1

Sub-total:
Costs to End
of Power
Generation

Total
cost

9322

42946

52268

115983

5(000)

PO

4500

22942

27442

70045

NCR

4822

20004

24826

45937

Total
cost

0.25

1.16

1.42

1.64

PO

0.12

0.62

0.74

0.89

MCR

0.13

0.54

0.67

0.74

Totals may not add due to rounding.

This refers only to Cntario Hydro1s nuclear electric generating
capacity.
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The cost of regulation for the nuclear fuel cycle is summarized

below in Table 5.

Table 5
Cost of Regulation in the Nuclear Fuel Cycle

Stage

Mining/Milling

Refining/Fuel
Fabrication

Nuclear
Generation

Sub-total:

A.F..C.B. Costs

Direct1

Decontamination*
Special Safe-
guards-S

Ttotal

Totals may not add

Total
cost

56,387

7,328

52,268

115788

4727
1585
1247

123347

due to

$(000)

P0

38,188

4,415

27,442

70314

800

71114

rounding.

MCR

18,197

2,914

24,826

45473

4727
785

1247

52232

Total
cost

0.16

0.05

1.42

1.64

0.13
0.04
0.03

1.84

?/M«e

PO

0.11

0.04

0.74

0.89

0.02

0.91

MCR

0.05

0.01

0.67

0.74

0.13
0.02
0.03

0.92

1 see Appendix 1 for details on the allocation of A.E.C.B. costs to
the fuel cycle.

2 About $1,585,000 was spent in the decontamination of jiining camu-
nities. This steins fran the creation in 1976 of a Federal/Provincial
Task Force which involved nany federal agencies, among them the
A.E.C.B., Environment Canada, National Defence, EMR, NRC, etc. As
there vas no existing agency specifically nandated to effect cleanup
operations, a special budget was provided through the Treasury Board
and Cabinet. The A.E.C.B. is the agent for spending these funds
whidi are provided under a Federal/Provincial cost sharing agreement.
It is estimated that of the sane $3,000,000 spent on all decontami-
nation operations in 1980 about $800,000 vas provided by Saskatchewan
and Ontario for mining community cleanups.

^ $1,247,000 was spent by the A.E.C.B. on activities required under
Canada's international conmittitents.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
i

i
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The marginal cost of regulation in the nuclear fuel cycle is

detailed in Table 6 below:

Table 6
The Marginal Cost of Regulation in the

Nuclear Fuel Cycle

MCR
% of MCR

Mining/Milling

Refining & Fuel fabrication

Nuclear Generation:

- Capital Costs
- Operating Costs

. Lost Power
. Fuel
. Other

A.E.C.B. Costs

0.32
0.13
0.09

0.05

0.01

0.13
0.54

0.18

0.91

5.'J

1.1

14.3
59.3

19.8

100

It is instructive to examine more closely these irarginal costs of

regulation in the nuclear fuel cycle to understand their structure.

Although the above treatment, focusing on regulatory costs in the

production of nuclear electricity provides a very useful sunrary over

the fuel cycle, the unit cost basis alone can be misleading, for this

reason, the absolute dollar costs have been shewn sts well in the
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preceding tables. First, the absolute narginal dollar expenses in

mining are fully one third of all regulatory costs in the fuel cycle. •

This large contribution xs masked, appearing as only 5.5% in the unit •

cost of nuclear electricity since large quantities of uraniun are m

exported, and hence are not consumed in Canadian nuclear electric K

generation. Furthermore, the dollar value of the narginal cost of

regulation in refining amounts to about 4% of total costs; it appears |

as only 1? of the unit narginal cost of regulation since nore than

80% of Eldorado's production is either exported to the U. .S. or not I

used directly in power generation. Thus raining, milling and refining

account for almost 40% of the dollars spent tecause of regulation in I

the nuclear fuel cycle.

Lost power and inefficient fuel burnup are the largest costs of •

all, accounting far over half of the narginal cost of regulation. •

The penalties in idling a reactor are large. The lost power figures |

in Table 6 somevfaat undervalue the magnitude of this source of cost.

This is because lost power and the associated delays are a factor |

in the capital cost as well. For example, delays which resulted in

additional carrying costs for the three billion dollar Pickering "B" I

project and an extended reliance on costlier fossil fuel are

estimated to account for just over one-third of the capital cost •

component of regulation. *

Finally, there is the direct cost of the A.E.C.B. itself; it is •

the fourth largest absolute dollar cost behind lost power, mining and _

milling and reactor capital expenses. There are two alternative |

interpretations of this. First, this large expense permits a

well-considered regulatory approach which results in the minimum of I

cost being imposed on operators to achieve the desired objectives. A

second view is that the costs imposed on operators are high, I

resulting fron over-regulation. The operators largely take the

second view. Whatever the interpretation, this is a large cost in •

the nuclear fuel cycle. *

I
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APPENDIX 1
Distribution of A.E.C.B. Costs

According to the 1979/80 A.E.C.B. annual report, the time spent on

regulatory activities was distributed as follows:

Power reactors 40.1%
Research reactors and accelerators 4.5%
Uranium mines and ntLlis 6.5%
Waste nanagement 3.7%
Fuel fabrication 5.5%
Heavy vater plants 2.8%
Radio-isotopes 18.7%
Transportation . 4.5%
General (including standards) 13.7%

Total 100 %

Based on discussions with the A.E.C.B., the activities to be
attributed to the fuel cycle should exclude the following: reactors
and accelerators, 75% of transportation activities and 10% of general
activities. This means that overall, 72% of activities are related to
the fuel cycle. The A.E.C.B. costs fran the 1979/80 annual report are
distributed as follows:

Total Fuel Cycle Residual

Administration of Regulations 6565 4727 1838
Decontamination* 3169
Op'ns: Mining Community Cleanups 1500 1500
Op'ns: Cleanups re old radium op'ns 1500 1500
Salaries and wages 169 85 84

Special Safeguards 1247 1247

Totals 10981 7559 3422

The residual is attributed mostly to the radioisotope sector.

Of the budgeted amount for decontamination operations, only about
$3,000,000 has been spent.
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The preceding tables in Chapter 7 have summarized and clarified

the costs of regulation in the nuclear industry and put them into

perspective. It remains to do the same for the areas of contention

between the operators and the A.E.C.B., as well as to recommend the

method v*iich the Board should use to perform a socio-econcmic impact

analysis (S.E.I.A.).

Overall Considerations

Despite the diverse nature of the processes and activities in the

Canadian nuclear industry, there are common areas of contention

between the operators and the A.E.C.B. Many of these disputes can be

placed in one of four categories.

i) The A.E.C.B. and the operators often disagree about what is the

best technical solution to a problem. These differences of

engineering opinion cover a range of items from personal •

protective equipment like dosimeters to major programs like mine

tailings management. At present, there is no obvious best

solution for disposing of the tailings from uranium mining and

milling. There are disputes, too, betwe'sn operators and ths

Board about vJiether different testing and monitoring methods are

comparable.

ii) Disagreements arise about the degree of proof which is accepta-

ble. For example, Ontario Hydro added a second shutdown system

because it could not prove to the satisfaction of the Board that

its nuclear generating stations would be safe without it.

Companies are sometimes required to hire outside consultants or

to send samples to independent laboratories in order to verify

the results of their own testing programs.
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iii) Nearly all the operators raised the difficulties and frustra- |

tion vAiich they experience in having to satisfy a multiplicity

of regulators. Although the authority of the A.E.C.B. is I

paramount, other federal and provincial government agencies and

departments, each of which nay have several branches, are 8

involved in regulating the nuclear industry, the operators

would prefer to deal with one regulator, especially since the •

present situation can cause delays. For example, the A.E.C.B. •

will not licence new facilities until they have been conpletely •

certified by provincial authorities, even in the case of I

ancillary equipment unrelated to the radiological safety of the

plant. |

iv) There are different perceptions of the significance of risk- I

reducing measures. The perceived risks associated with the

nuclear fuel cycle are both high and uncertain, particularly in I

the reactor area when the sample of evidence for calculating

the probability of a catastrophic event is very small indeed. •

Hence, "safety analysis roust be based on theoretical, calcula- '

tions rather than on experience... and there is at present no m

quantitative objective for reactor safety."^ Even the I

experts cannot agree at what nagnitude (e.g. 10 ,

10"-,...) the reduction of risk ceases to be meaningful. |

This situation underlies measures like the addition of a second

shutdown system to the Pickering "B" reactor. I

Similarly, another basic problem is the lack of knowledge about I

the effects of low-level radiation and whether or not there is a

threshold level of exposure beJ.cw which ths probability of harmful

effects is inconsequential. In practice, this translates into

disputes about what health, safety and environmental measures are

desirable. For example, some operators of underground mines consider

1

1
1 Harold VI. Lewis, "The Safety of Fission Reactors", Scientific -

American, Vol. 242, no. 3, March 1980, pp. 53-54. I

I
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that an exposure of 6 to 12 working level nonths (VI*!) would afford

adequate protection to their workers, while the Board insists on 4

V7LM. Eldorado Nuclear would prefer to use the recommendations of the

International Commission on Radiological Protection (ICRP) for

airborne radiation rather than the more stringent A.E.C.B. standards.

Yet the I.C.R.P. levels are only reference doses and no guarantee of

safety.

The nuclear industry was critical of the AIARA principle, on the

surface because of its lade of precision/ its failure to set an

absolute level. It is a good exanple, therefore, of the difficulties

which are created by different perceptions of the significance of risk

reducing measures, the ALARA principle states that, radiation doses

should be kept as low as reasonably achievable, economic and social

factors being taken into account. Ideally, it should be a process by

which the operator and the Board make trade-offs between radiation

levels and economic and social considerations. The very imprecision

could be of benefit to a conpany which, operating under different

conditions frcm others in the industry, would not be forced to meet

the same, absolute, standard.

In practice, though, ATARA never seems to work to the benefit of

the operator. Instead, this imprecision concerning the exact results

to be achieved leads operators to overspecify their health and safety

measures in order to ensure acceptance by the Board. The Board tends

to adopt these practices as requirements and the result is a one-way

upward ratcheting of standards. The health physics area provides an

exanple of this effect. If exposures temporarily increase, the Board

reacts vigorously with demands for increased health and safety

measures. However, if exposures decrease, the base level of effort is

typically maintained; also, the new exposure levels are likely to end

up as standards.
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1The problem with ALARA is not simply imprecision. The raison

d'etre of A.E.C.B. health, safety and environmental regulation lies _

in the prevention of harmful radiological exposure. Moreover, the |

Board has the ultimate responsibility for the safety of workers and

the public. This sense of responsibility is heightened because the I

public is less willing to accept the involuntary risks of nuclear

power than the risks associated with voluntary activities.* por I

this reason, and because there is no clear threshold level of

radiation exposure below which there are no ill effects, the impetus •

is always to seek higher standards, thus the imprecision of AlARA •

permits a process of incrementalism to take place. However, other m

factors contribute to this process. Since the A.E.C.B. does not I

itself have to bear the costs of its regulations, it is thus largely

able to ignore their financial impact. The nuclear industry does |

generally possess the financial and technological resources to attain

the higher standards. Filially, of course, the A.E.C.B. has the legal I

power to enforce its wishes. The end result is that the true intent

of ALARA is not realized, for the balance is tilted in favour of I

reduced exposure and the economic impact is neglected. Given this

situation, it is not surprising that the nuclear industry would •

prefer absolute standards to the theoretical flexibility of AlARA. •

As a corollary to AlARA, it is worth noting that the cost of the |

A.E.C.B. itself is the third largest cost of regulation in the

nuclear fuel cycle. This migh'i be viewed as money well spent which I

ultimately reduces the health, safety and environmental costs of the

industry. The industry, on the other hand, perceives its regulatory I

costs to be high from presumed over-regulation to which ALARA

contributes. I

I
Cf. Chauncey Starr and Chris Wiipple, "Risk/Benefit Analysis and •
its Relation to the Energy/Environment Debate", Electric Power I
Research Institute, Nov. 30, 1978, p. 4.

I
1
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There is a second major area of differences of opinion about the

significance of risk-reducing treasures. The amount of contention

between the Board and the operators varies directly with the degree

to Which the disputed measures are removed fran the actual process.

Operators seldom contest Treasures which are required to protect

process workers fran direct, evident hazards. However, they often

fail to find a ccnpensating linkage between the costs and the

benefits of, for example, the amount of environmental monitoring and

protection which the Board demands.

Two furthp-x considerations remain. The first is that the actual

monetary costs of regulation were often found to be less than an

industry had at first estimated that they would be. This is a

reflection of what may be called the high managerial cost, of regula-

tion. Interference by an external' agent causes disturbance and

friction within the affected organization. The managerial cost is

made higher in the nuciear industry by the fact that this industry is

generally production-oriented, not market-oriented, and is not well-

adapted to coping with outside influence. Moreover, regulatory

affairs consume considerable managerial time. Furthermore, these

executives often feel that such time is being spent in gamesmanship

with the regulator, rather than in trying to solve tangible problems.

These effects lead managers to over-estimate the true monetary costs

of the regulations.

The reaction of Ontario Hydro to the approval process for nuclear

generating stations is a good example of managerial cost. The main

criticisms which Ontario Hydro levelled at the A.E.C.B. can be summed

up as unwarranted delays, unjustified demands, and changing

standards. Ontario Hydro does its best to anticipate the A.E.C.B.'s

decisions in order to forestall this interference. The result is a

significant amount, though difficult to quantify, of pre-empted

regulatory costs. Such pre-emption is part of the process by which

marginal costs of regulation come to be accepted by industry as

prudent operator practices.
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The second consideration concerns the nature of this study. It m

is essentially static, not dynamic, for it deals with the costs of _

regulation as liiey were in the auttm of 1980 and does not attempt to |

project these into the future. However, the evidence appears to

suggest that regulatory costs are increasing in the nuclear in<3ustry. 1

This can be most clearly seen in the case of Ontario Hydro's power

reactors. The capital cost study centered on a comparison of I

Pickering "A" and Pickering "B". for Pickering "A", the additional

capital investment amounts to 0.5% of the total project cost. ' For •

Pickering "B", it is 3.6%. •

The Socio-Econcniic Impact Analysis (S.E.I.A.) I

the end product of SEOOR's study of the nuclear fuel cycle is to |

be an analytical tool which the A.E.C.E. can use to perform an

eventual future socio-economic impact analysis (S.E.I.A.) as required I

by the Treasury Board. The basic S.E.I.A. question as it relates

to the regulation of the nuclear industry is illustrated below in I

Figure 1.

The fundamental guestion which it asks lies at the heart of much •

of the contenticn between the nuclaar industry and the A.E.C.E. _

Does the increase in health benefit justify the money spent to I

achieve it? In the case of SEOOR's study of the nuclear industry,

the cost of regulation has been effectively maasured, although, as is |

discussed in Chapter 1, there are sorae problems in doing this. The

first link, the effectiveness of the cost measure, does not present I

real difficulties, although there could be differences of opinion

about the techniques used. It is possible to determine the lowered I

I
Administrative Policy Manual, Chapter 490, "Socio-Econotdc I
Impact Analysis", Treasury Board Canada, December 1979. I

I
1
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Figure 1

The Basic S.E.I.A. Question

IS fflj EXPENDITURE
OF $X ...

LINK I: Effectiveness of
Cost Measure

... TO ACHIEVE A LOWERED
PROBABILITY CP EXPOSURE

CF 7% ...

LINK II: Significance of
Lowered Probability
of Exposure

JUSTIFIED BY AN INCREASE
IN HEALTH BENEFIT

OF Z% ?
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exposure.

I
probability of exposure which results from the regulations, but the I
second link, the significance of this lowered probability, is apsn to "
serious disagreement. However, the 'worst difficulties arise in »
trying to quantify the increase in health benefit: in a fozm in nhich |
it iray be precisely compared to the cost of the health, safety and

environmental measures. It is not easy to put a dollar value on the I

saving of lives.*

Treasury Boaiii recommends several techniques for conducting a •
S.E.I.A.2 its first choice is benefit-cost analysis which is:.

A systematic attempt to identify and treasure
in monetary terms all relevant social costs and •
benefits. It involves a ccnparison of these costs |
and benefits with those of possible technological
and policy instrument alternatives for achieving _
the same dbjective(s).3 •

IHowever, the virtual impossibility of putting a monetary value on the

benefits of health and safety regulation makes benefit-cost analysis
unsuitable for this type of S.E.I.A. The benefits of nuclear
regulation will remain difficult to assess even in non-nonetary terms I
as long as there is no recognized safe threshold level of radiation

I

In such cases, the preferred methodology is cost-effectiveness _
analysis. Ohis method does net attempt to compare the relative |
values of costs and benefits. It is useful for assessing alternative
means of achieving a particular non-monetary objective and, as such, I
it "can only ensure efficiency in obtaining a given reduction in a
particular external effect."4 Despite this limitation, it is the •
most suitable methodology for a S.E.I-A. of A.E.C.B. regulation. I

I
3., Appendix E, p. 8.

2 The following discussion draws upon Treasury Board Canada, •
op. cit.

^ Ibid., Appendix E, p. 4. |

- I
1
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This cost- -effectiveness analysis of nuclear regulation would have

three main steps. The first step would be to identify the regulated

and prudent operator solutions to a particular problem. The second

step would be to cost each solution (for vrtiich this study provides a

model). The third step would be to identify the areas of contention

between the operator and the regulator, paying special attention to

the effectiveness of the cost measure.

In addition to the allocative effects of the regulation which are

measured by the cost-effectiveness method, the impact of the

regulation on the appropriate non-allocative factors should be

assessed. Two of the most important for the nuclear industry are

technological progress and market structure and competition.*

Regulation can both promote technological progress (e.g. in such

areas as dust control) and discourage innovation (e.g. by making it

difficult and costly for new processes to be approved). It is often

thought to favour concentration in an industry by increasing the

capital and managerial resources which a company needs to satisfy and

cope with regulation, Jfon-allocative factors have not been directly

assessed in this report, although SEOOR has analysed them elsewhere

with regard to the Canadian reactor industry.2

In conclusion, SEOOR recensnends that cost-effectiveness analysis

be used for any S.E.I.A. of A.E.C.B. regulations. It should also pay-

special regard to the areas of contention between the A.E.C.B. and

the nuclear industry.

1 Cf. Linda R. Cohen, "Innovation and Atomic Energy: Nuclear
Power Regulation, 1966-Present", Law and Contemporary Problems,
Winter-Spring, 1979.

2 A Strategy for the Development and Strengthening of the Canadian
Nuclear Industry, SECOR Inc., torch 1981.
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I
I

SECOR's study of regulation in the nuclear fuel cycle has

determined a reasonable estimate of the total cost of radiation I

health, safety and environmental measures. It has also estimated the

portion of this cost vitfiich was due to the regulatory activities of

the A.E.C.B. in the autumn of 1980: As a consequence of this study, ,

SEOOR recommends that cost-effectiveness analysis would be the • •

appropriate methodology for performing a future S.E.I.A. of A.E.C.B. •

regulation. Moreover, the refinement of the concepts of the prudent _

operator and the marginal cost of regulation has improved the use- |

fulness of these techniques in doing further analysis of A.E.C.B.

regulation. I

I
I
I
I
I
I
I
I
I
I
I



255

Conclusions
List of Figures

1. The Basic S.E.I.A. Question 251


