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PREFACE

The International Tokamak Reactor project UNTOR) Is a design study for a
fusion reactor of the next generation. The program Is co-ordinated by
the International Atomic Energy Agency and the main participants are
Europe, Japan, U.S.A., and the U.S.S.R.

The work comprising this report was carried out by the Nuclear Materials
Management Department on behalf of the Canadian Fusion Fuels Technology
Project. It forms part of the U.S. contribution to the INTOR project.
This work in particular addresses the radiological assessment for the
INTOR reference design, with emphasis on the tritium handling systems,
and is part of the phase II A, part 2 critical issue D study "Tritium
Containment and Personnel Access vs Remote Maintenance."

The report consists of a number of separate studies on different, but
related themes. A logical continuity has been imposed on the separate
studies for better integration. The present report has also abbreviated
the individual contributions. However, the original reports are
available in the records of the Nuclear Materials Management Department
if more detailed elucidation is desired.
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0.0 EXECUTIVE SUMMARY

0.1 introduction

This report consists of a number of separate studies all of which were
performed in support of INTOR Critical Issue D: Tritium Containment and
Personnel Access vs Remote Maintenance. The common thread running
through these studies is the radiological safety element in the design
and operation of the INTOR facility. The intent is to help establish a
firm basis for comparisons between a reactor cell maintenance option
which requires personnel access, and one which involves completely remote
maintenance.

However, in order to properly scope the major design differences between
an all-remote and a personnel access approach to maintenance within the
INTOR reactor cell, it was first necessary to establish the appropriate
safety-related requirements for the facility as a whole. Only then can
the performance specifications for safety systems and safety support
systems for both scenarios be properly established.

0.2 Study Descriptions and Major Findings

0.2.1 Derivation of Safety Design Targets

One of the first study tasks involves the derivation of target radiation
dose rates and airborne radioactivity concentrations which are
appropriate to INTOR. Factors such as regulatory requirements, occupancy
factors, hazard characterization and applicable protection factors must
be taken into account. As an initial step, the working areas of the
facility are grouped into three types based on radiation exposure
potential:

I Non-radiation Area - Contains no item of equipment which could
be a source of radiation. Access not controlled.

II Normally Accessible Radiation Area - Minimum sources of
radiation, except for those being transferred between zone III
areas. Access subject to administrative controls.

III Limited Access Radiation Area - Contains equipment which is a
source of high radiation. This includes shutdown access areas,
and has strict administrative controls for access.

For each type, target dose rates and airborne contamination
concentrations can be assigned. This is achieved by establishing design
targets for annual individual exposure and then using predicted
individual occupancies to calculate the target dose rates, etc.

At the current stage of development of the INTOR design, the targets
should be seen as tools to give a basis for radiation safety
engineering. These targets do not necessarily represent an acceptable
realization of the ALARA concept (for more discussion see Section 2.3.3).
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One of the design objectives for INTOR (8) states that on-site personnel
exposure levels be less than one-fifth of the permissible limits.
Therefore, on-site annual whole body exposure levels should be less than
1.0 rem. This exposure level is taken to be the target annual dose for
the most exposed group of workers, which includes maintainers and
technicians who will perform the bulk of the maintenance work in the
reactor hall.

Having established a value for the target annual individual dose for the
most exposed work group, the mean for the total exposed workforce may now
be considered. This implies all individuals whose radiation exposure
during the course of their normal duties is measurably above natural
background. The ICRP have stated that for an occupational group with a
mean annual dose equivalent of 0.5 rem, the average risk is comparable
with the average risk in other safe industries. It is, therefore,
proposed that the target annual mean individual dose equivalent for INTOR
be 0.5 rem.

The target outlined above can be used to derive targets for average area
radiation dose rates and average area airborne contamination levels. It
is assumed that approximately 75 percent of personnel exposures will be
from external (gamma) radiation, and 25 percent will be from internal
incorporation of radionuclides (tritium). Based on this and the annual
individual exposure levels, the proposed allocations of annual exposures
for the different types of area are qiven in Table 0.1. These
allocations are based on anticipated work patterns at INTOR, using
radiation exposure distributions at prototype and production fission
plants as a reference.

The next step involves determination of annual occupancies in the
different areas. Estimates of such occupancies associated with
maintenance activities in the reactor hall have been produced.

TABLE 0.1

ANNUAL INDIVIDUAL RADIATION EXPOSURE

Most Exposed Mean for Exposed
Work Group Workforce

Area Type (i..rem) (mrem)
External Internal External Internal

I 30 — 60
II 120 50 120 50
III 600 200 195 75

TOTAL 750 250 375 125
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From the above considerations, preliminary dose rates and airborne
radioactivity concentrations can be calculated. The resulting values are
given in Table 0.2 for both availability cases considered.

TABLE 0.2

Radiation Conditions Design Targets

Target Average Target Average Area Airborne
Area Gamma Dose Rate Radioactivity Concentration

Area Type (mrem/h) (Effective HPCa)*
25% 50% 25% 50%
INTOR INTOR INTOR INTOR

Availability Availability Availability Availability

I <0.05 <0.05
II <0.2 <0.1 <0.03 <0.02
III <0.75 <1.5 <0.1 <0.2

It may be noted that the target dose rates given in Table 0.2 are average
dose rates for the time that the areas are accessed. They do not
preclude the existence of items of eguipment with considerably higher
dose rates (for a fuller discussion, see Section 2.4.1.1).

0.2.2 A Proposed Layout for the INTOR Facility

Using the basic principles and zones outlined above, a preliminary layout
for the INTOR facility was developed. The intent was to embody sound
principles of personnel movement control and contamination control early
in the conceptual phase of the facility, as well as meeting functional
requirements for various subsystems used for the whole device.

Its main features are seen in the series of Figures 3.1-3.8. It consists
of a central hall which is surrounded on three sides by a structure
housing services where there are potential sources of contamination.
Much of this structure then becomes confinement areas. This structure
also houses other support services necessary for the operation of the
facility.

The layout incorporates three "zones", as defined in Section 0.2.1, which
define the hierarchy of hazard levels:

Allows for use of protective apparel such that higher concentrations
can be reduced to acceptable levels via protection factors.
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I "Clean" area which Includes admin areas, workers' change rooms,
etc.

IT Intermediate area, consisting of:

(1) Access corridors.

(2) Work Stations - this area would include workshops, stores,
chemistry lab, etc.

Ill "Active" area, including: reactor cell, coolant systems and
equipment rooms, active workshop, waste handling areas, and
tritium processing and recovery areas.

It should be noted that this layout concept was defined for the personnel
access design option. No major differences were envisioned for the all
remote option. More differentiation is anticipated when further work is
done on systems layout, maintenance operations, civil design and
constructability.

0.2.3 Estimates of Coolant System Leakage

To establish the source term for tritium escape via coolant system
leakage, it Is necessary to predict the leakage from the various INTOR
coolant systems. To apply the data to other systems, a technigue for
including the variation of leakage with operating pressure and
temperature is required. A number of calculational techniques based on
fluid flow theory have been developed for the estimation of component
leakage. One such technique is based on characterization of the leakage
from a component by means of the helium leak rate for the component. It
is proposed that a component leaktightness standard equivalent to a
helium leak rate of 10"^ cm-* (STP) per component per second be
adopted for INTOR. This value can then be used to estimate the chronic-
leakage from components of the INTOR water coolant systems. To allow for
the fact that the population of components will exhibit a distribution of
leak rates, it is assumed that 5 percent of the population have a leak
rate which is an order of magnitude higher than the standard, i.e.,
10~-> cm^ (STP) per component per second. The inclusion of this
5 percent of the population as "leakers", together with the fact that the
estimation technique is known to overestimate liquid leak rates, will
result in a fairly conservative estimate of the chronic leakage.

It is assumed that the number of components in the water coolant systems
subject to tritiation is 1000 and that 10 percent of these are located in
the reactor hall, the remainder being in the coolant equipment rooms.
The water leak rate estimates corresponding to these assumptions are
presented in Table 0.3.
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TABLE 0.3

COMPONENT
HELIUM

LEAK RATE

cm3
(STP)/sec

10"6

10-5

Estimated

COMPONENT
WATER

LEAK RATE

gram/day

0.01 to 0.

0.15 to 0.

Water Leakaqe

NUMBER
OF

COMPONENTS

06 950

9 50

from INTOR Coolant Systems

COMPONENT INVENTORY = 1000

TOTAL
WATER

LEAK RATE
gram/day

9.5 to 57

7.5 to 45

TOTAL

0.2.4 Consequence of Accidental Tritium Release

LEAKAGE
INTO

REACTOR
HALL

gram/day

0.95 to 5.7

0.75 to 4.5

1.6 to 10

LEAKAGE
INTO

EQUIPMENT
ROOMS

gram/day

8.5 to 51

6.7 to 40

15 to 91

The intent of this study is to scope the impacts of various accidents at
the INTOR facility which would result in major releases of tritium to the
environment, with subsequent radiation exposures to the public.

The four accident scenarios, with some of the key assumptions, are as
follows:

(a) Loss of Coolant Accident, where, half the content (100 m^) of
the coolant is assumed to spill onto the floor in the reactor
cell. Specific activity is 1.0 Ci/L. A ventilation exhaust
rate of 2.0 m3/s means that 10^ ci of tritiated water vapour
(HTO) may be released in the first hour.

(b) Fuel System Failure, where, up to 10^ ci of gaseous tritium
(T2) is released into the reactor cell. No combustion is
expected since the hydrogen concentration is below that required
to sustain combustion in air. It has been conservatively
assumed that 1 percent (10^ Ci) is oxidized before release.

(c) Cryogenic Blowdown. where, in addition to releasing the T2
inventory of 800 Ci in the torus, the overpressure stresses
could rupture one of the cryopumps, thereby releasing 10^ Ci
of T2. Again, as in (b), 1 percent is assumed to oxidize.
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(d) Vacuum Implosion, where a failure of any of the multiple
diagnostic penetrations could result in an acute vacuum
implosion, with subsequent release of all T2 within the torus
(800 Ci). One percent is assumed to oxidize before release.

The results of this accident analysis are tabulated In Table 0.4.

TABLE 0.4

Public Dose Estimates for
Various INTOR Accident Scenarios

ACCIDENT PUBLIC DOSE
(mrem)

DESIGN SIGNIFICANCE*

1. LOCA

2. Fuelling System Failure . 4

3. Cryogenic Blowdown

4. Vacuum Implosion

4

0.1

AR design preferred. PA may
require extensive downtime.

AR has marginally less
. downtime.

AR or PA not significant.

AR or PA not significant.

* Significant to radiation exposures and post-accident recovery.
R - All remoteAR - All remote
PA - Personnel access

0.2.5 Recommended Configuration for an
Atmospheric Tritium Removal System (ATRS)

sendThe function of the ATRS is to take a feed of air from containment,
it through an optional catalytic recombiner (to oxidize elemental
tritium) and then pass it through a set of desiccant dryers, and return
it to the reactor hall. The intent is to lower levels of airborne
tritium within the facility, thereby minimizing hazards to station staff,
and to minimize tritium emissions to the environment. To minimize
out-leakage, a secondary purge exhaust system is used to keep containment
pressure slightly below ambient.

The containment volume to be serviced is assumed to be 1.6 x 10^ itr*.
Tritium source terms within containment include leakage from tritiated
coolant systems, the torus, the limiter/divertor and blanket sections,
fuellers, vacuum pumps and wall surfaces. Estimates of the range of
tritium escape for various operating conditions are summarized as follows:
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Normal Maintenance Accident
(Ci/d) (Ci/d) (Ci)

Total Tritium Escape 2.6 - 24 0.3 - 103 10 - 105

(Range)

The ATRS design proposed to manage these tritium escape conditions is
based upon a maximum of four single tower dryers operating at one time.
Also included are one dryer in regeneration or cooldown mode, plus a
further dryer in maintenance or standby mode to provide the necessary
system reliability. If it is assumed that the facility volume is 1.6 x
10^ m3, tnat tne target equilibrium concentration in the reactor hall
is 50 jiCi/m3 (10 MPC)*, and that the desired cleanup time in case of
an accidental release is about three days, then the design flow rate for
each single tower dryer is 1.5 m-Vs and for the exhaust system it is
2.0 m3/s. This would provide roughly three air changes per day through
the ATRS, and roughly one reactor hall air volume being exhausted to the
environment per day.

0.3 Conclusions

° The personnel access option for defined INTOR reactor cell
maintenance tasks is feasible, and can be made safe within the

baseline design.

Safety system requirements for the access-allowed case are
unlikely to increase overall facility costs significantly.

Tritium escape via chronic leakage from torus cooling systems
can be reduced to easily managed levels through proper component
specification.

A proper safety design philosophy, and careful system
specification can ensure that both chronic and acute tritium
emissions to the public are well below acceptable levels.

Justifiable expenditures for public and occupational dose
reduction depend on the approach adopted and may vary over a
wide range (see Sections 2.3.4, 7.4 and Appendix A). A figure
of $10,000 per person-rem saved has been used by some major
utilities.

This would required workers to wear plastic suits under most working
conditions within containment.
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1.0 INTRODUCTION

An international project is being sponsored by the IAEA to examine the
main aspects of the design of a magnetic confinement fusion facility of
the next generation. This project is entitled INTOR for the
International Tokamak Reactor. The main participants are Europe, Japan,
the U.S.A. and the U.S.S.R.

One aspect that was to be considered in the design of INTOR was whether
an all remote maintenance approach should be planned for the facility or
whether allowance should be made for personnel access so that a certain
amount of 'hands-on' work would be possible. This issue was called
'Critical Issue-D1 and studies were to be initiated to examine the main
impact on design, safety and costs of the two approaches.

The U.S. Fusion Engineering Design Center (FEDC), and the Canadian Fusion
Fuels Technology Projects (CFFTP), came to an agreement on Canadian
participation in these studies and requested the Nuclear Materials
Management Department (NMMD) of Ontario Hydro to undertake the work. In
subsequent discussions between NMMD and the U.S.-FEDC, it emerged that
what was desired from NMMD went beyond the requirements related to
Critical Issue D and that a general radiological safety analysis would be
required. This analysis would produce recommendations on such matters as
dose targets and zoning, examine emissions in chronic and accident
conditions, and produce a suitable preliminary layout for the reference
INTOR facility. It would also provide advice based on Ontario Hydro
experience on such matters as dose management, ALARA cost-benefit
analyses in design, tritium control, and appropriate concepts for an air
clean-up system.

The result of this endeavor by NMMD was a series of studies which form
the various sections of this report. In summary form, these studies were
included in the U.S. presentation at Session X of the INTOR workshop held
in October in Vienna. A paper on the work was also presented at the 13th
Symposium on Fusion Technology held at Varese, Italy in 1984. The
present report has been compiled to document the work carried out by the
Nuclear Materials Management Department in support of the U.S.
contribution to the INTOR project and includes the major details of the
various studies.
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2.0 GENERAL ASPECTS OF OCCUPATIONAL SAFETY FOR THE DESIGN OF INTOR

2.1 Introductory Comments

In preparing the recommendations on the occupational safety impacts, a
number of definitions and assumptions have been employed. These are
related to the INTOR equipment layout, the radiological environment at
INTOR and the radiation protection philosophy to be employed. These are
given in section 2.2. Section 2.3 gives a summary of the approach
adopted to radiation safety engineering in design. Section 2.4
specifically addresses the Critical Issue D, personnel access versus
remote handling, from the viewpoint of occupational safety.

2.2

2.2.

(a)

1

Definitions and Assumptions

Definitions

All-Remote Desiqn Concept

The all-remote design configuration for INTOR employs remote/automatic
tooling to perform all normal maintenance/operations tasks in the reactor
hall. The intention is to avoid the need for personnel access to the
reactor hall for performance of all anticipated tasks.

(b) Personnel Access Desiqn Concept

The personnel access design configuration for INTOR allows personnel
shutdown access to the reactor hall for performance of such tasks as may
be required. The design concept includes the use of local and remote
handling devices such as may be necessary for tasks Involving large
components and also tasks involving work In hostile environments.

(c) Hostile Environment

An environment not suitable for human occupancy due to the existence of
unacceptable levels of hazard.

(d) Local Handling Device (LHP)

A device which requires a human operator, and is used for performing
tasks that cannot be accomplished manually. The operator employs
controls situated on the device. This requires the operator's presence
in the same work location as the device.

(e) Remote Handling Device (RHP)

A device which requires a human operator that Is used for performing
tasks that cannot be accomplished manually. The operator employs
controls situated in a separate, protected work location.
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(f) Automatic Handling Device (AHD)

A device for performing tasks that cannot be accomplished manually which
operates by responding to preset controls or encoded instructions.

2.2.2 Assumptions

The assumptions presented in this section have been derived on the basis
of the following:

(a) The current INTOR design and documentation related to that
design.

(b) The values of radiological parameters which are either in
general use or are based on Ontario Hydro experience.

(c) Comparison between the INTOR design and other like-sized
facilities.

(d) Design and operating practices considered to represent the
practical application of the ALARA concept (see Section 2.3).

2.2.2.1 General Radiological

(a) The target annual individual whole body dose equivalent for the
most exposed work group is 1 rem (see Section 2.3.3).

(b) The target mean annual individual whole body dose equivalent for
all exposed personnel is 0.5 rem (see Section 2.3.3).

(c) The HPCa for tritium oxide is 5 micro Ci/m3 (1).

(d) The MPCa for elemental tritium is 2000 micro Ci/m3 (1).

(e) The average protection factor provided by plastic suits is 100.
This is based on Ontario Hydro experience and dosimetric
investigations.

(f) The average decrease in working efficiency resulting from the
wearing of gloved plastic suits is 30 percent. This is based on
experiments performed by Ontario Hydro.

(g) Seventy-five percent of the annual individual whole body dose
equivalent is due to external exposure. The remaining
25 percent is due to the intake of radioactive material,
primarily tritium. This is based on Ontario Hydro experience of
radiation exposures related to normal operation and maintenance
of systems carrying tritiated water.
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(h) When maintenance in an area involves disassembly of components
carrying tritiated water, personnel accessing that area will be
required to wear plastic suits.

(i) The material selection, component design and configuration,
preconditioning and chemical control of the water coolant
systems will be such that the production and deposition of
activated corrosion products will have no significant
radiological impacts (2).

(j) For the personnel access design configuration for INTOR, the
radiation dose rate on the outside of the torus biological
shield at 1 hour after shutdown is 60 mrem/hour. At 1 day after
shutdown this dose rate has decreased to 2.5 mrem/hour. These
are the dose rates at station maturity (data derived from
Figure V-l of Reference 3).

2.2.2.2 Accident Condition Radiological

(a) Radiation exposures associated with identified operating
requirements involving the regular operations and maintenance
staff during the various stages of an accident should not impair
their continued availability for the remainder of the calendar
year (see Section 2.4).

(b) Accident conditions should not impair the availability or
capability of safety related systems because operations staff
cannot gain the necessary access to parts of those systems due
to the existence of a hostile environment produced as a result
of the accident.

2.2.2.3 General Operational

(a) INTOR will be staffed for 8 hour shifts, 24 hours per day,
7 days per week.

(b) INTOR availability will be in the range of 25 to 50 percent.

(c) The total exposed work force will comprise of approximately
150 persons. This is based on consideration of the complements
of like-sized early fission plants.

The approximate numbers of personnel in the different work
groups in the exposed work force will be as indicated in
Table 2.1.
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TABLE 2.1: THE EXPOSED INTOR WORK FORCE

Work Group Approximate Number of Persons

Senior Operators and Supervisors 15

Operations 30

Mechanical Maintenance 25

Electrical and Electronic Maintenance 30

Service Maintenance 20

Scientific and Technical 30

TOTAL 150

(d) The principal maintenance crews are as follows:

Mechanical Maintenance - 25 persons
Electrical and Electronic Maintenance - 30 persons

Of these, approximately 25 persons are predominantly concerned
with maintenance of equipment in the reactor hall. This group
is considered to be the most exposed population to whom the
design objective of 1 rem per annum applies.

(e) The total annual work time of an individual member of the INTOR
staff is 2000 hours. This is based on fifty weeks of 40 hours
each, and is the accepted value for use in radiation protection
assessments.

(f) The occupancy of the most exposed work group in the reactor hall
for the personnel access design is 800 hours per year for INTOR
availability of 25 percent and 400 hours per year for INTOR
availability of 50 percent.

(g) Maintenance tasks which are labour intensive will be performed
by removing components to low dose rate areas. Alternatively,
local shielding will be provided where possible to reduce the
radiation exposure of personnel.
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(h) Whenever practicable components transferred to the workshops for
maintenance will be decontaminated prior to transfer. This
would prevent the spread of contamination both to the workshops
and the transfer facilities.

(i) Maintenance tasks which involve disassembly of the plasma
chamber or removal of components from the chamber will be
performed by use of RHDs or AHDs, i.e., personnel access to the
radiologically affected areas will be prohibited during such
tasks once the plasma chamber integrity has been breached.

(j) Components which are physically connected to the plasma chamber
will be retracted/isolated from the chamber for
adjustment/maintenance.

(k) Handling devices used to maintain torus components will have
appropriate contamination/pressure barriers to prevent loss of
contamination control/loss of vacuum at the plasma chamber
boundary.

2.2.2.4 Equipment Design and Layout

(a) To the extent feasible, equipment that does not need to be in
the immediate vicinity of the torus will be located outside the
reactor hall in ancillary areas. There are a number of reasons
to justify this practice, some of which are as follows:

(1) Minimize the requirement for access to the reactor hall.

(2) Allow operation and maintenance of the equipment
independent of the accessibility of the reactor hall.

(3) Allow ready control of potential radiological hazards by
segregation of equipment that may be a source of radiation
or contamination.

(b) The LHDs, RHDs and AHDs employed in the reactor hall will be
stored in a special area separate from the reactor hall during
INTOR operation. This will prevent neutron activation and/or
radiation damage of these devices and allow reactor operation
while they are being maintained. Adjacent to this storage area,
suitable decontamination and maintenance facilities should be
provided.

(c) Components and systems located in the reactor hall will have
appropriate reliability and availability.

(d) Components located in the reactor hall will be designed to be
easily maintainable. Alternatively, spare components will be
available so that components can be replaced by spares and
removed to a low dose rate area for maintenance.

59410



- 14 -

(e) Critical components will be provided in duplicate to maximize
INTOR availability, i.e., a degree of redundancy will be built
into the INTOR design.

(f) The INTOR building layout of section 3.0 is the reference
design (4).

2.3 Occupational Radiation Safety in Design

The current international radiation safety philosophy for design of
nuclear facilities has as a central concept that the radiation exposure
of members of the facility work force and also of the general public be
kept as low as is reasonably achievable (ALARA) (5,6,7). Guidance on the
application of the ALARA concept has been provided by a number of
organizations (8,9,10). According to the International Commission on
Radiation Protection (ICRP, 12):

"Techniques for use in the optimization of radiation protection include,
but are not confined to, the procedures based on cost-benefit analysis

It is important to recognize that other techniques, some
quantitative, some more qualitative, may also be used in the optimization
of radiation protection."

The application of cost-benefit analysis techniques to the optimization
of radiation protection of the work force at nuclear facilities is
subject to the following major limitations:

(a) Cost-benefit analysis techniques tend to be retrospective in
that the design to be considered must be well developed and the
associated costs and impacts must be evaluated before
cost-benefit analysis can be employed.

(b) There are many decisions to be made in the design process which
are not amenable to the quantitative analysis which forms the
basis of cost-benefit analysis.

(c) It is not sensible to undertake cost-benefit analysis for each
of the multitude of minor design features which may have an
impact on the radiation exposure of personnel at a nuclear
facility.

As a result of these limitations, cost-benefit analysis may only rarely
be applied to the design process for the purposes of occupational
radiation safety.

The radiation safety engineering methodology adopted by Ontario Hydro for
the design of nuclear facilities is based on the involvement of radiation
safety experts throughout the course of the design process. The
radiation safety experts perform an ongoing review of the detailed design
of the entire facility, interacting directly with the designers. The
overall objective of the radiation safety experts is to ensure that the
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radiation exposure of personnel at the facility is minimized by the
application of good design practice as modified by operational feedback.
This results In the best achievable operability and maintainability and
by and large constitutes Ontario Hydro's interpretation of the
implementation of the ALARA concept in occupational radiation protection.

2.3.1 Design Measures for Radiation Protection

During the development of the design of a nuclear facility there are a
number of general design measures that may be considered for the purpose
of radiation protection of the work force. In order of preference the
major areas to be addressed are as follows:

(a) Minimization of the inventory of radioactive material that is
the source of radiation fields and contamination.

(b) Elimination of unnecessary equipment.

(c) simplification of components to improve their maintainability.

(d) selection of the component design and orientation to minimize
the accumulation of radioactive material.

(e) Provision of space between components to improve their
accessibility for operation and maintenance. Allowance must be
made for personnel wearing protective equipment.

(f) Relocation of equipment in lower radiation fields.

(g) Selection of components with high reliability. This includes
material selection to minimize failures due to the effects of
radiation damage.

(h) Selection of components which require minimum access duration
for maintenance, either due to high maintainability or ease of
disassembly followed by workshop maintenance.

(i) Provision of facilities for decontamination of equipment prior
to performance of maintenance tasks.

(j) Provision of radiation shielding and design features to control
the spread of contamination.

(k) Provision of special tools to minimize the requirement for
personnel access.

It will be seen that many of the points outlined above have a beneficial
impact not only in terms of radiation safety but also in terms of system
availability. The availability benefits that result from improved
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component reliability and maintainability usually provide an incentive to
undertake design efforts that would not be justified on the basis of
radiation protection alone.

2.3.2 Radiological Parameters for use in Assessing the Radiation
Safety Status of Facility Design

The primary criterion employed in cost-benefit analysis when applied to
the optimization of radiation protection is the collective radiation dose
associated with the design being considered. However, other parameters
can be used as criteria for assessing the status of the design in terms
of radiation protection. Kathren et al (10) drew up a list of criteria
for use in both design and operations. For the purposes of evaluating
the INTOR design it is proposed that the following parameters be used as
indicators:

(a) The mean individual dose commitment for members of the work
force.

(b) The distribution of the individual dose commitment over
different groups in the work force. Specifically, the mean
individual dose commitment for the most exposed group.

(c) The collective dose for the work force and the collective dose
for the general public.

(d) The airborne and waterborne effluent release quantities.

2.3.3 Radiation Exposure Targets

The ICRP has suggested that a valid method for judging the acceptability
of the level of risk in work involving exposure to radiation is by
comparing the risk to that for other occupations recognized as having
high standards of safety (6).

At the current stage of development of the INTOR design, it would be
useful to have target values for the annual individual radiation exposure
for the most exposed work group in the INTOR work force and the mean
annual individual radiation exposure for the work force as a whole. The
target for the most exposed work group should be set at a level which
represents the desired maximum level of occupational risk at INTOR
associated with exposure to radiation. The target should also be
sufficiently below the regulatory dose limits to provide an adequate
level of confidence that these limits will not be exceeded. The target
for the overall work force should be set at a level such that the average
level of occupational risk at INTOR associated with exposure to radiation
is comparable with the risks encountered in an industry which has high
standards of safety.

One of the design objectives adopted for INTOR is stated in Reference 8
as follows:
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"On-site personnel exposure levels less than one fifth of the permissible
limits ... should be used as a design objective."

The design objective for whole body dose equivalent is therefore that the
on-site exposure levels be less than 1 rem. This exposure level may
therefore be considered to be the target for the annual individual dose
equivalent for the most exposed group in the work force.

Having established a value for the target annual individual dose
equivalent for the most exposed work group, now consider the mean for the
total exposed work force, i.e., for all individuals whose radiation
exposure during the course of their normal duties is measurably above
natural background. The ICRP have stated that for an occupational group
with a mean annual dose equivalent of 0.5 rem, the average risk is
comparable with the average risk in other safe industries (6). The
achievability of a mean dose equivalent of 0.5 rem per year for the work
force at nuclear fission plants has been conclusively demonstrated for
gas cooled reactors and also for more recent water cooled
reactors (14,15). It is proposed that the target annual mean individual
dose equivalent for INTOR be 0.5 rem. On the basis of experience at
Ontario Hydro's CANDU reactors, the distribution of annual individual
dose equivalent over the work force which would yield a mean value of
0.5 rem per year is reasonably consistent with an average individual dose
equivalent for the most exposed work group of 1 rem per year.

It is worth noting that if the annual mean individual dose for the whole
of the exposed work force, which numbers 150 persons (see 2.2.2.3(c)), is
0.5 rem, then the collective occupational dose for INTOR will be
approximately 75 rem. Further, if the annual individual dose for the
most exposed work group, which numbers 25 persons (see 2.2.2.3(d)), is
1 rem, then the collective dose for this work group will be approximately
25 rem.

At the current stage of development of the INTOR design, the targets that
may be derived should be seen as tools to give a basis for radiation
safety engineering. These targets may not represent the achievement of
ALARA at INTOR. The INTOR design which represents the achievement of
ALARA may be such that the radiation exposures of personnel are either
greater than or less than the target values. The only fundamental
limitation to ALARA is that the radiation exposure of individuals must
not exceed the regulatory dose limits.

2.3.4 Cost-Benefit Analysis in the Optimization of
Radiation Protection

Although, in general, the applicability of cost-benefit analysis to the
optimization of occupational radiation protection during the process of
development of a design is limited, it may be of use in the resolution of
deadlocks in selection between two or more design options. The current
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Ontario Hydro interpretation of the basis for cost-benefit analysis is
given in Appendix A. From this interpretation, the following conclusions
may be drawn.

(a) The Ontario Hydro interpretation of the ICRP's ALARA motivated
cost-benefit analysis involves the employment of the technique
as a tool for choosing between design options. The use of the
technique for consideration of a design modification for a
facility requires that each of the terms in the following
equation be evaluated.

p = (AV - AP) - AX - aAS (2 2)

(AV - AP) is the increment/decrement in the net benefit of
the facility which would result from implementation of the
design modification (excluding the costs associated with
radiation protection), AX is the increment/decrement in the
cost of radiation protection, AS is the increment/decrement
in the collective radiation dose, and a is the "objective"
value of a unit of collective dose. Then, by determining the
values of each of the above, the value of |3. which is the
"subjective" value of a unit of collective dose which would
have to be applied if the design modification is to be
cost-beneficial, can be calculated. The decision as to whether
the design modification should be implemented should then be
based on the acceptability of -this implied value of |B,
subject to the conditions specific to the design being
considered.

(b) In a report cited by the U.S. Department of Energy as a
recommended source of guidance (10), Kathren et al suggest that
if a design modification intended to reduce the radiation
exposure of a facility work force and/or the general public
achieves this dose reduction at a cost* of less than $2,000 per
person-rem saved, then the modification is cost-beneficial and
should always be done. Kathren et al also suggested that the
upper limit for an acceptable cost of design measures for
radiation dose reduction might be $60,000 per person-rem
saved. However, design measures which achieve dose reduction
at a cost greater than this upper limit may still be
implemented as a result of considerations other than the
optimization of radiation protection.

The cost considered should be the cost of the design measures for
radiation protection only. The cost of necessary building
structures, etc., should not be included.
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(c) Enlargement of the work force to reduce individual radiation
exposures is not considered an acceptable technique for
optimization of radiation protection since it does not reduce
the collective dose resulting from operation of the facility,
and may in some cases increase the collective dose. Given the
size of the work force required to perform the various
operations and maintenance tasks associated with the facility
design within a time frame that is compatible with the desired
availability, the design of the facility must be such as to
ensure that no individual will receive a radiation exposure in
excess of the dose limits.

(d) The annual radiation dose reduction associated with a design
modification should be used to determine the capitalized value
of the dose reduction over the lifetime of the facility.

2.4 Occupational Safety Considerations Related
to INTOR Critical Issue D

2.4.1 Requirements for Personnel Access INTOR Design

2.4.1.1 Target Radiation Dose Rates

Normal Operations

In order to derive a set of target area radiation dose rates, it is first
of all necessary to define a system which differentiates between the
radiation safety requirements for the various working areas of INTOR. To
optimize the targets, a realistic consideration of the situation is
required, allowing for the radiation exposure of personnel in areas with
different hazard potentials and including consideration of the intake of
radionuclides.

For the purposes of deriving preliminary target dose rates it is proposed
that the working areas at INTOR are grouped into three types, as follows:

Type Type
Number Characterization

I Non-Radiation Area

Type
Description

An area which does not contain items of
equipment that are potential sources of
radiation, and for which access is not
controlled. This type includes all areas
accessible to visitors without
accompaniment and also the work locations
of personnel not trained and classified as
radiation workers. It includes the
administration offices, workers' canteen
and rest rooms and the change rooms.
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Type
Number

II

Type
Characterization

Normally Accessible
Radiation Area

III Limited Access
Radiation Area

Type
Description

An area which contains a minimum number of
items of equipment that are potential
sources of radiation, none of which are
sources of high radiation fields.
Equipment located in the area requires
frequent access for inspection or
operation. Areas included in this type
are subject to administrative control to
prevent access by non-radiation workers.
However, radiation workers have unlimited
access to these areas. This type includes
the inactive workshop, stores, health
physics laboratories, chemistry
laboratories and the general access ways
in the reactor building.

An area which contains items of equipment
which are sources of high radiation fields
and to which access is restricted. This
type includes areas which are only
accessible during INTOR shutdown periods.
It includes the reactor hall, the coolant
systems equipment rooms, the active
workshops, waste management areas and
tritium processing and recovery areas.

Based on these categorizations the acceptable annual exposure of
personnel in the different types of areas must be determined. This
requires an allocation of some fraction of the annual individual
radiation exposure to each type of area. To derive average area dose
rates one must first subtract the contribution to the annual radiation
exposure due to the intake of radionuclides. which is taken to be
25 percent of the total (see 2.2.2.l(g)). Then from Section 2.3.2 the
annual individual radiation exposure to the most exposed work group due
to external radiation is 750 mrem, and the annual mean individual
radiation exposure for the whole of the exposed work force is 375 mrem.
Based on these values, the proposed allocations of annual radiation
exposure for the different types of area are given in Table 2.2.

These allocations have been conceived on the basis of anticipated work
patterns at INTOR, using radiation exposure distributions at prototype
and production fission plants as a background.

The next step in the derivation of the target dose rates is the
determination of the annual occupancy of Individuals in the different
types of area. Estimates have been produced of the occupancy of the
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TABLE 2.2: ANNUAL INDIVIDUAL EXTERNAL RADIATION EXPOSURE

Area
Type

I
II

III

Total

Annual Individual

Host Exposed
Work Group

(mrem)

30
120
600

750

Radiation Exposure

Mean for Exposed
Work Force

(mrem)

60
120
195

375

reactor hall for maintenance activities (16,17,18). These estimates
have been modified here to consider two scenarios of INTOR
availability (see 2.2.2.3(f)) and are taken to be typical of the
occupancy of the most exposed work group in Type III areas. To
arrive at the annual occupancy of the most exposed work group in
other types of area and also the average annual occupancies for the
whole work force, the estimated reactor hall occupancy for
maintenance has been used as a baseline factor to normalize the
anticipated work patterns at INTOR. Table 2.3 gives the estimated
annual occupancies derived in this way for INTOR availabilities of
25 percent and 50 percent (see 2.2.2.3(f)).

TABLE 2.3: ANNUAL INDIVIDUAL OCCUPANCIES

Area Annual Individual Occupancy
Type

25% 50%
INTOR Availability INTOR Availability

Host Exposed Hean for Host Exposed Hean for
Work Group Work Force Work Group Work Force

(hours) (hours) (hours) (hours)

I 600 1000 600 1000
II 600 800 1000 900
III 800 200 400 100

From the values given in Tables 2.2 and 2.3 preliminary target area dose
rates can be calculated. The resulting values are given in Table 2.4 for
both INTOR availability cases considered.
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TABLE 2.4; TARGET AVERAGE AREA DOSE RATES

Area Target Average Area Dose Rate
Type

25% 50%
INTOR Availability INTOR Availability

(mrem/hour) (mrem/hour)

I 0.05 0.05
II 0.2 0.1

III 0.75 1.5

It must be stressed that the target dose rates given in Table 2.4 are the
average dose rates for the different areas during the time that those
areas are accessed. In particular, average area dose rates of less than
0.75 mrem/hour and less than 1.5 mrem/h->ur do not preclude the existence
of items of equipment with contact dose rates considerably higher than
these levels in Type III areas. The requirement in such cases is that
individuals do not spend extended periods of time in the vicinity of
equipment which is the source of elevated radiation fields. For example,
the fact that the radiation dose rate on the outside of the torus at
1 hour after shutdown has been estimated to be 60 mrem/hour for a 106 cm
biological shield (see 2.2.2.l(j)) does not preclude personnel access at
this time. The limiting factor in such considerations is the time
integrated radiation exposure, and not the dose rate, so that the values
given in Table 2.2 should be used for guidance.

Accident Conditions

During an accident and the subsequent recovery period, access to certain
areas in the INTOR reactor building may be required to maintain personnel
safety, plant control and safety system integrity. In order to design
the facility to allow for this contingency it is necessary to identify
the access requirements and ensure personnel accessibility by appropriate
design.

In accident conditions some exemption from the normal operation
regulatory dose limits may be allowed, so that in certain situations it
may be acceptable to design for higher radiation exposures to personnel.
However, the use of such exemptions should be limited to cases where
urgent access is required for a single operation. There are then two
dose limits to be considered. Firstly, the normal regulatory
occupational limits. In accident conditions the applicable limit will
normally be the quarterly whole body dose limit of 3 rem. Secondly, the
acceptable dose for single operation exposures. The International
Commission on Radiation Protection have recommended that in such cases a
"planned special exposure" limit of 10 rem be employed (Reference 6).
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The dose rate targets should not be such that personnel incur radiation
exposures equal to these limits since this would be contrary to the
principles of radiation safety engineering. The approach should be based
on the principle that the applicable target individual radiation
exposures are dependent on the accident probability, with the dose limits
only being approached for low probability events. The fundamental
principles to be employed are that the radiation exposure of personnel
should not preclude their continued operational availability following an
accident (see 2.2.2.2 (a) and (b)). i.e., if possible these exposures
should be well below the regulatory dose limits. A system based on these
principles has been developed by Ontario Hydro for use in design.
Application of this system involves an iterative analysis as indicated in
Figure 2.1. The system requires that each of the post accident access
requirements identified is classified as being one of the following:

(a) Continuous Access
(b) Intermittent Access
<c) Evacuation
(d) Single Instance Access

The dose and dose rate targets applying in each case are indicated in
Figure 2.2 as a function of accident probability.

2.4.1.2 Target Airborne Radioactivity Concentrations

Based on the area characterizations and the assumptions regarding
personnel occupancy described in Section 2.4.1.1, target average area
airborne radioactivity concentrations can be derived. A central
assumption in this derivation is that 25 percent of the total annual
individual radiation exposure is due to the intake of radionuclides (see
2.2.2.Kg)). The consideration of airborne contamination is somewhat
different to that of radiation fields presented in Section 2.4.1.1, since
contamination control is more readily achievable than reduction of
radiation fields. In the type I areas, i.e.. non-radiation areas,
airborne contamination should essentially be negligible. Therefore, the
allocation of the annual radiation exposure due to the intake of
radionuclides is as indicated in Table 2.5.
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Figure 2.1: Flow Chart of Occupational Radiation
Safety Analysis for Accident Conditions
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Figure 2.2 Pose and Dose Rate Targets for Accident Conditions

I 2 3 4 6 O 7 B 9 I 3 4 G G 7 0 0 I 2 3 ^ 4 5 0 7 0 9 1 2. 3 4

o ~

2500 10 000

9

8

7

J i ooft rljooo
c
o

Qn O O I I TaiQel

(tn f«m| io*/v« Iff'/yf

c
It

I
oo

nt
l 1 

1 
1 

1 
1 

1 
1 

1

3
co
O

o ~o
o
n _

- .2500

U

100 000

0

a

J JO 000

10'Vyr

Ffohaliilily al Fiilutt

IOJ/v«
Doign Dote l ine Taipei

Imll/li)



- 26 -

TABLE 2.5: ANNUAL INDIVIDUAL INTERNAL RADIATION EXPOSURE

Annual Individual Radiation Exposure
Area Host Exposed Mean for Exposed
Type Work Group Work Force

(mrem) (mrem)

I -
II 50 50
III 200 75

Total 250 125

From the values given in Tables 2.3 and 2.5 preliminary target area
airborne radioactivity concentrations can be calculated. The resulting
values are given in Table 2.6 for both INTOR availability cases
considered.

TABLE 2.6: TARGET AVERAGE AREA AIRBORNE RADIOACTIVITY CONCENTRATIONS

Target Average Area Airborne Radioactivity
Concentration

25% 50%
Area INTOR Availability INTOR Availability
Type (Effective HPCa*) (Effective HPCa*)

I -
II <0.03 <0.02
III <0.1 <0.2

* The design targets for airborne contamination for areas where the
controlled use of equipment for respiratory protection is acceptable
should take into account the protection factor associated with the
protective equipment. Thus the targets refer to the concentration to
which the individual is exposed, which may be less than the
concentration in the work area.

Again it must be stressed that the target concentrations are average
values, being averaged both over the locations and times of access by an
individual.
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2.4.1.3 Preliminary Radiation Dose Assessments

A number of scheduled and unscheduled maintenance tasks have been
identified which involve contact operations in the reactor
hall (16,17,18). The scheduled tasks are listed in Table 2.7 and the
unscheduled ones in Table 2.8.

The approach taken to produce a preliminary assessment of the dose
associated with these tasks will be to use the target average conditions
outlined in Tables 2.4 and 2.6. The values for type III areas for INTOR
availability of 50 percent will be used In all cases. The values for
airborne contamination levels given in Table 2.6 already include the
ameliorative effect of respiratory protection equipment so that
protection factors will not appear in the dose assessment being performed.

The results of the dose assessment, which must be seen to be more a
verification of the targets in Tables 2.4 and 2.6 than a realistic audit,
are presented in Table 2.9. The total estimated annual dose for
operations in the reactor hall is approximately 90 rem. However, 67 rem
of this is accrued during the unscheduled tasks each of which are assumed
to occur once during the INTOR life. Some of these unscheduled tasks,
particularly the replacement of EF coil No. 4 and replacement of a TF
coil, are labour intensive to the extent that the regular maintenance
crew will need to be augmented to carry them out vr.chin a reasonable time
frame. Therefore, the associated dose should not be averaged over the
station life but should be considered as a special operations dose. For
replacement of EF coil No. 4 and a TF coil, the maintenance doses are
approximately 30 person-rem and 640 person-rem respectively. The
estimated annual dose accrued during scheduled maintenance operations in
the reactor hall is then 23 rem. If these tasks are performed by a
maintenance crew of approximately 25 persons (see 2.2.2.3(d)), the mean
individual annual dose for the members of this crew would be 0.92 rem.
The total annual man-hour requirement for the scheduled maintenance tasks
is approximately 11400, so that the mean individual occupancy in the
reactor hall for a maintenance crew of 25 persons would be 456. This is
to be compared with the 400 hour per year occupancy of type III areas
assumed for the most exposed work group with an INTOR availability of
50 percent (see Table 2.3). Note that in order to achieve 400 hours per
year per individual, a maintenance crew of 28.5 persons predominantly
involved with activities in the reactor hall would be required. In this
case the mean annual individual radiation exposure accrued in performance
of those tasks identified in Table 2.7 would obviously be 0.8 rem, the
sum of the annual dose for the most exposed work group allocated to
type III areas in Tables 2.2 and 2.5. However, the maintenance crew
should only be increased to allow the necessary tasks to be performed in
the reactor hall in a time period concomitant with the desired INTOR
availability. It should not be increased to reduce the radiation
exposure of individuals (see Section 2.3.4).
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Table 2.7: Scheduled Maintenance Tasks (Contact Operations)

Component

Limiter/Dlvertor

ICRH Launcher

Station
Quantity

12

4

Vacuum Pump Module 24

Diagnostic 500
Equipment (including
ECRH and Vacuum
Leak Repair)

50

Location

Reactor Hall

Reactor Hall

Reactor Hall

Reactor Hall

Reactor Hall

Task
Description

1. Disconnect Coolant Lines
2. Disassemble Seal and

Install Extractor
3. Reconnect Coolant Lines

1. Disconnect Electrical
and Coolant Lines

2. Remove Co-Ax Assembly
3. Remove Cover Plate
4. Re-install Cover Plate
5. Re-install Co-Ax

Assembly
6. Reconnect Electrical

and Coolant Lines

1. Disconnect Vacuum Seals
2. Reconnect Vacuum Seals

Modify/Replace

Modify/Replace

Task
Frequency
(Year"1)

1.0

1.0
1.0

1.0
1.0
1.0
1.0

1.0

1.0

2.0
2.0

1.0

1.0

Man-Hours
Per
Task

18

18
18

16
8
2
2

8

16

4
4

16

32

Annual
Man-Hour
Requirement

216

216
216

64
32
8
8

32

64

192
192

8,000

1.600

Ancillary Equipment 100 Reactor Hall General Maintenance of
Valves, etc. 1.0 400

Test Modules Reactor Hall Service 2.0 40 320
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Table 2.8: Unscheduled Maintenance Tasks (Contact Operations)

Component
Station
Quantity Location

Task
Description

Task Man-Hours Annual
Frequency Per Han-Hour
(Year~l) Task Requirement

Sector

OH Solenoid

EF Coil #2
(Superconducting)

EF Coil #4
(Resistive)

TF Coil

12

1

1

1

12

Reactor Hall

Reactor Hall

Reactor Hall

Reactor Hall

Reactor Hall

Replace

Replace/Repair

Replace/Repair

Replace/Repair

Replace/Repair

0.1

0.1

0.1

0.1

0.01

104

240

256

14,570

266,400

125

24

25.6

1,457

32,000
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Table 2.9: Preliminary Radiation Dose Assessment

Component

Limiter/Divertor

ICRH Launcher

Location

Reactor Hall

Reactor Hall

1.

2.

3.

1.

2.
3.
4.
5.

6.

Task
Description

Disconnect Coolant
Lines
Disassemble Seal and
Install Extractor
Reconnect Coolant
Lines

Disconnect Electrical
and Coolant Lines
Remove Co-Ax Assembly
Remove Cover Plate
Re-Install Cover Plate
Re-Install Co-Ax
Assembly
Reconnect Electrical
and Coolant Lines

Annua1
Man-Hour
Requirement

216

216

216

64
32
8
8

32

64

Radiation
Dose-Rate

(mrem/hour)

1.5

1.5

1.5

1.5
1.5
1.5
1.5

1.5

1.5

Ai rborne
Radioactivity
Concentration

(MPCa)

0.2

0.2

0.2

0.2
0.2
0.2
0.2

0.2

0.2

Annual
Dose

(mrem)

432

432

432

128
64
16
16

64

128

Vacuum Pump
Module

Diagnostic
Equipment

Ancillary
Equipment

Reactor Hall

Reactor Hall

Reactor Hall

1. Disconnect Vacuum Seals
2. Reconnect Vacuum Seals

Modify/Replace

General Maintenance

192
192

9,600

400

ID
 

ID

1.5

1.5

0.2
0.2

0.2

0.2

384
384

19,200

800
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Table 2.9: Preliminary Radiation Dose Assessment (Cont'd)

Component Location
Task

Description

Annual Radiation Airborne Annual
Man-Hour Dose-Rate Radioactivity Dose
Requirement Concentration

(mrem/hour) (HP (a)) (mrem)

Test Modules

Sector

OH Solenoid

EF Coil #2

EF Coll #4

TF Coil

Reactor Hall

Reactor Hall

Reactor Hall

Reactor Hall

Reactor Hall

Reactor Hall

Service

Replace

Replace/Repair

Replace/Repair

Replace/Repair

Replace/Repair

320

125

24

25.6

1,457

32,000

1.5

1.5

1.5

1.5

1.5

1.5

TOTAL

0.2

0.2

0.2

0.2

0.2

0.2

640

250

48

51

2,914

64,000

90,383
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It is worth noting that the tasks involving diagnostics are responsible
for approximately 80 percent of the annual radiation dose accrued in
performance of the scheduled maintenance tasks identified in Table 2.7.
Therefore, on the basis of the preliminary dose assessment, dose
reduction effort should be concentrated on the diagnostics.

As further definition of the equipment location and
operations/maintenance tasks becomes available, more detailed dose
assessments should be performed using estimates of the radiological
conditions specific to each task.

2.4.1.4 Radiation Safety Systems

The systems to be provided for radiation protection of personnel working
in the different areas at a facility such as INTOR would normally include
the following:

(a) Radiation field reduction;
(b) Contamination control:
(c) Access control;
(d) Breathing air and communications;
(e) Alarming gamma radiation monitors;
(f) Alarming tritium in air monitors;
(g) Alarming particulate in air monitors.

The provision of installed neutron monitors is not considered to be
required for personnel protection at INTOR since personnel access to the
reactor hall during reactor operation is taken to be strictly
prohibited. However, it may be desirable to provide neutron monitors in
the reactor hall to facilitate analysis of radiation field trends due to
activation.

Radiation Field Reduction

There are five basic techniques for reducing the exposure of personnel to
external radiation. In order of preference these are as follows:

(a) Minimize the inventory of radioactive material in the radiation
source, e.g., by selection of "low activation" materials or
decontamination prior to maintenance;

(b) Provide radiation shielding around the source;

(c) In radiation areas use components with high reliability to
reduce the frequency of personnel access required for
maintenance;

(d) In radiation areas use components which are easily maintained,
or may be removed to low dose rate areas for servicing, to
reduce the duration of personnel access required for
maintenance;
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(e) Provide radiation shielding around identified work locations to
reduce the radiation fields due to radiation sources near these
locations.

Contamination Control

The inclusion of features for contamination control in the design of a
nuclear facility is important for radiation protection of both personnel
working at the facility and the members of the general public due to the
impact of such design features on radioactive emissions.

There are seven basic techniques for reducing the exposure of personnel
and the general public to radioactive contamination. In order of
preference these are as follows:

(a) Minimize the inventory of radioactive material that may be
released as contamination (either airborne or waterborne).

(b) Minimize the potential for release of contamination, e.g.,
reduce chronic leakage by use of components with a high
standard of leaktightness.

(c) Provide systems to collect/remove contaminants from the working
environment, e.g., active liquid drainage and treatment systems
and air clean-up systems.

(d) Minimize the spread of contamination, e.g., by sealing
penetrations between areas and establishing atmospheric
pressure differentials between areas.

(e) In radiation areas use components with high reliability to
reduce the frequency of personnel access required for
maintenance.

(f) In radiation areas use components which are easily maintained,
or may be removed to areas where contamination levels are low
for servicing, to reduce the duration of personnel access
required for maintenance.

(g) Provide personnel with protective equipment, e.g., plastic
suits for respiratory protection and protection against alpha
and low energy beta emitting surface contamination.

The first four of these techniques form the fundamental hierarchy of
tritium control practice employed by Ontario Hydro. The principles of
tritium control found to be most cost-effective by Ontario Hydro are
discussed separately in Section 4.0.

The design of the various contamination control features in the reactor
hall should aim to achieve the target average area airborne contamination
levels presented In Section 2.4.1.2. The target appropriate to the
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reactor hall is the value for type III areas. The optimum design may
result in contamination concentrations that are either higher or lower
than the targets, this being subject to the constraint that given the
number of personnel required for INTOR operations and maintenance, the
radiation exposure of individuals must not exceed the regulatory limits.
In addition to achieving the target for airborne contamination in the
reactor hall, the contamination control features must also take into
account the following secondary effects:

(a) Airborne emissions to the environment, e.g., the exhaust
clean-up systems required.

(b) Waterborne emissions to the environment, e.g., the active
liquid waste treatment systems required.

(c) Airborne contamination concentrations in areas adjacent to the
reactor hall.

(d) Contamination of items of equipment transferred out of the
reactor hall, including transfers to the hot cells and
active/inactive workshops, transfers off-site and transfers for
disposal/decommissioning.

The consideration of potential releases of radioactive contamination
includes both chronic leakage from components and acute releases. The
latter include not only releases during accidents but also releases which
occur when components are disassembled for maintenance purposes. Since
the plasma chamber and the components in the reactor hall which are
associated with INTOR fuel handling are either under vacuum or have
double walls, it is expected that the major source of chronic leakage of
radioactive contamination in the reactor hall will be the water coolant
systems that are subject to tritiation, i.e., the limiter/divertor
coolant, the first wall coolant and the blanket coolant. There are a
number of ways in which chronic leakage from the components of these
systems can be minimized. These are addressed in Section 4.0.

An important requirement for a leaktight design is to specify an
appropriate leak rate acceptance standard for components. Leak rate
acceptance standards for components are typically specified in terms of
helium leak rates. For components of systems such as the water coolant
systems for INTOR a helium leak rate acceptance standard of 10"^ cm^
(STP)/second is considered to be readily achievable (see Section 5.2).
The leakage associated with this acceptance standard is discussed in
Section 5.0.

The minimization of acute releases during maintenance operations can be
achieved by the following design features:

(a) Provision of facilities for the isolation of components that
may require disassembly to limit the inventory of material
available for release;
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(b) Provision of suitable facilities for draining and purging
components prior to disassembly.

In areas where there are high radiation fields, component isolation may
best be achieved by use of ice plugs rather than the provision of
isolation valves due to the maintenance requirements associated with the
latter.

The reactor hall should be provided with floor drains connected to an
active liquid drainage and treatment system. The floor should, to the
extent practicable, be sloped towards these drains and should be smoothly
finished. The drains should be sized and located to prevent liquid
release fn m the reactor hall to adjacent areas during upset* conditions.

The reactor hall should be provided with a ventilation system whose flow
rate will be determined by either the need for heat removal or the need
to meet the design targets for airborne radioactive contamination,
whichever requires a greater flow rate. If the atmospheric emissions or
heating/air conditioning consequences of venting the total exhaust from
the reactor hall are unacceptable, a recirculation system may be
necessary, in which case the recirculated air will need to be cleaned up
to maintain acceptable airborne contamination levels.

The ventilation system provided for the reactor hall should be operated
in such a manner that the reactor hall is at a lower pressure than the
other areas in the reactor building.

During maintenance operations involving the disassembly of the plasma
chamber (or components connected to the chamber) and also components
carrying tritiated fluids, it would be desirable to establish temporary
barriers for contamination control to prevent contamination of large
areas in the reactor hall. These barriers might typically involve
erection of a "tent" around components being disassembled. These tents
should be provided with a separate ventilation system to establish an
appropriate pressure differential and allow separate clean-up of the
small air volume contained in the tent.

Access Control

The intent of an access control system is to:

(a) Prevent inadvertent access to rooms in which conditions
constituting a hostile environment exist (see 2.2.1(c)).

(b) Allow planned access to these rooms in a safe manner.

An upset condition is one that results in an abnormal release of
radioactivity from a containing system, and is caused by a system
failure.
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(d) Prevent introduction of hazards into these areas during planned
access.

(c) Prevent inadvertent access to these areas by other personnel
during planned access conditions.

The potential severity of conditions inside the reactor hall is such that
the access control facilities should be based on the provision of locking
physical barriers.

Breathing Air and Communications

The breathing air system is required for use by personnel wearing air
supplied protective clothing in the reactor hall. When wearing
air-supplied protective clothing, personnel cannot converse directly with
anyone. A plastic suit presents a barrier which results in considerable
muffling of speech, and the breathing air supply creates a relatively
high level of noise inside the suit, impairing hearing. It is essential
to provide means whereby personnel wearing protective clothing can
converse without having to disrupt the protection boundary of the
clothing, and also to provide means by which personnel in the reactor
hall can be conversed with by other operations/maintenance staff. The
most effective method of achieving this is to combine the breathing air
system with a communications system. ,

Ontario Hydro experience has demonstrated that to be effective,
communications systems used in nuclear facilities should be based on a
network of screened cables. Systems using radio transceivers are
generally found to give poor results due to interference from welding
devices, etc. The cabling required for each plastic suit can be combined
with the air supply line to give an "umbilical cord".

The criteria used by Ontario Hydro for the use of breathing air supplied
suits are that the contamination concentration in an area is above
100 HPCa or the exposure of personnel to airborne contamination may
exceed 10 MPCa hours during a period of occupancy.

The breathing air system should conform to the recommendations given in
ANSI Standard ANSI 288.2.

The principal features of the breathing air system should be as follows:

(a) The breathing air supplied to the user of protective clothing
should conform to the composition of normal air of the lower
atmosphere. It must be free of harmful contaminants, and the
temperature, pressure and humidity of the air must be carefully
controlled.
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(b) The number and location of breathing air supply headers in the
reactor hall should be such as to allow the use of air supplied
plastic suits at all possible work locations, including access
routes.

(c) The capacity of the breathing air system must be sufficient to
supply the maximum number of personnel who may access the
reactor hall at any one time. It is suggested that the lower
limit will be approximately 20 persons with an upper limit of
approximately 40 persons. The air flow required by each person
is dependent on the suit design and the need for extraction of
excess body heat. The suits employed by Ontario Hydro require
a flow of the order of 10 to 15 litres/second of air.

(d) User connection and disconnection to air supply headers must be
easy and rapid, so that air flow interruptions are minimized.
The breathing air system connectors should be incompatible with
any other system connectors to reduce the possibility of
cross-connections and system misuse.

(e) The communications system should be connected to monitoring
systems which will provide alarm signals should conditions
inside the reactor hall become unsafe for occupancy, e.g., high
radiation fields.

Alarming Gamma Radiation Monitors

The primary function of gamma radiation monitors installed in the INTOR
reactor hall should be to warn personnel of changes in the radiation
fields in the reactor hall which might lead to undue radiation exposure.
A secondary function of the monitors is the provision of information on
general radiological conditions in the reactor hall to assess the
feasibility of personnel access. Other gamma monitoring functions such
as surveying work locations to assess the hazards associated with the
performance of tasks are best satisfied by the use of portable monitors.

The highest level of radiation exposure that should be considered to be
acceptable for the purposes of determining the need for installed gamma
monitors is an exposure which leads to the radiation dose accumulated by
an individual being in excess of regulatory dose limits. Since the
events being considered are those which result in unexpected increases in
the radiation field leading to undue exposure of personnel in the reactor
hall, the exposure must necessarily be acute, i.e., during the course of
a single occupancy period. The applicable regulatory dose limit is
therefore the quarterly limit which is 3 rem whole body dose equivalent.
To allow for dose accumulated by personnel prior to this acute exposure,
it is proposed that the maximum exposure that is considered to be
acceptable for the purpose stated above should be 2 rem.
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If gamma radiation monitors are permanently installed in the reactor
hall, they should be interlocked to the access control system to inhibit
alarm annunciation when the hall is inaccessible.

The instrumentation employed for gamma monitoring should conform to the
recommendations contained in ANSI Standards ANSI/ANS-HPSSC-6.8.1 and
ANSI N2.3.

Alarming Tritium in Air Monitors and
Alarming fiadioactive Particulate in Air Monitors

The provision of installed tritium in air monitors and radioactive
particulate in air monitors in the reactor hall is subject to the same
considerations with regard to function as the provision of installed
gamma monitors. However, there are a number of additional factors to be
taken into account when determining the number and location of these
monitors. The following list gives the major points to be considered:

(a) The distribution of airborne contamination is highly dependent
on the air flow pattern. In a free air volume as large as the
INTOR reactor hall the air flow will be extremely complex
making the interpretation of air sampling data and the
selection of air sampling locations difficult. Sampling for
installed monitors is normally performed by use of a fixed
sampling probe or probes located as follows:

(1) in the vicinity of potential sources of radioactive
contamination;

(2) in the vicinity of specific work locations;

(3) in ventilation exhaust ducts.

(b) When operations which involve a potential for significant
releases of airborne contamination are being performed,
personnel involved should be required to wear respiratory
protection equipment.

(c) When operations which involve a potential for significant
releases of airborne contamination are being performed,
measures should be taken to alleviate the effects of such
releases and to protect personnel not taking part in these
operations. These measures may include the following:

(1) The erection of temporary contamination control
barriers around the area that could be affected, e.g.,
tents with independent ventilation systems and trays
to collect liquid spills and route them to the active
drainage system.
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(2) The location of warning signs around the area that
could be affected and at access points to the reactor
hall.

(3) The deployment of portable and semi-portable alarming
monitors at various locations around the area that
could be affected.

As a result of these considerations, it is proposed that installed
monitors only be provided to sample the ventilation exhaust ducts from
the reactor hall.

The instrumentation employed for airborne contamination monitoring should
conform to the recommendations contained in ANSI Standards ANSI N13.1,
ANSI N13.10, and ANSI N2.3.

2.4.2 Requirements for All-Remote INTOR Design

It might be thought that by acquiring RHDs and AHDs to perform the normal
operations and maintenance tasks within the reactor hall, this would lead
to a complete relaxation of the requirements set forth in Section 2.4.1
for the radiological environment within the reactor hall. However, this
is not the case. Although the requirements specified for the purposes of
radiation protection of personnel accessing the reactor hall may be
relaxed, they cannot be totally dispensed with since personnel access
must still be possible to cope with contingencies. In addition, the
secondary effects of radiation safety systems, i.e. of radiation field
reduction and contamination control, as mentioned in Section 2.4.1.4,
must still be considered.

2.4.2.1 Radiation Safety Systems

The requirements for radiation safety systems in the INTOR reactor hail
for the all-remote configuration are obviously less than for the
personnel access configuration. It is considered that for the all-remote
configuration the provision of installed gamma monitors, installed
tritium in air monitors and installed particulate in air monitors is not
required. In addition, it is not considered necessary to provide a
permanently installed breathing air and communications system in the
reactor hall for the all-remote configuration. It would not be sensible
to provide the monitors and breathing air and communications system for
personnel access for contingencies due to the expected infrequent nature
of such access. An adequate level of protection would best be provided
by the use of portable and semi-portable monitors and self-contained
breathing apparatus during such access to the reactor hall as may be
required. A temporary communication system can be established at the
time of access. This would avoid the requirement to maintain permanently
installed equipment and would ensure the operability of the facilities
provided. Further, non-provision of a permanently installed breathing
air system will avoid the contamination control impact of leakage from
the system into the reactor hall, i.e., non-provision of the system will
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effectively increase the leaktightness of the reactor hall, thus reducing
the balance exhaust air flow (and the corresponding atmospheric emission)
needed to maintain the appropriate pressure differentials. Apart from
the monitors and the breathing air and communication system, the other
radiation systems outlined in Section 2.4.1.4 must still be provided,
although the reguirements in some cases may be less stringent.

Radiation Field Reduction

The general discussion of reduction of the exposure of personnel to
external radiation given in Section 2.4.1.4 with regard to the personnel
access INTOR configuration is also largely applicable equally to the
all-remote configuration. There is obviously a fundamental difference,
however, in that the target area average dose rate can be considerably
less stringent for the latter.

In the absence of definite information on contingency access frequencies
and durations, it is proposed that for the purposes of initial design
development the average area radiation dose rate in the reactor hall
24 hours after reactor shutdown should be limited to 100 mrem/hour. This
would allow an individual to access the reactor hall at a frequency of
once per annum for a period of several hours without accruing an undue
level of radiation exposure, i.e., less than both the 3 rem quarterly
dose limit and the 1 rem INTOR design objective.

The primary radiation field reduction feature in the reactor hall will be
the shield around the plasma chamber, whose design is dependent not only
on the dose rate targets in the reactor hall when the reactor is shut
down, but also the following:

(a) Radiation damage to components outside the shield;

(b) Nuclear heating of materials outside the shield;

(c) Activation of components outside the shield;

(d) Activation of the reactor hall atmosphere;

(e) Radiation dose rates outside the reactor hall, during both
personnel access periods and reactor operation.

In order to assess the impact of the relaxation of the target radiation
dose rates, it will be necessary to perform a process of optimization of
the radiation shielding subject to all of these parameters. This process
will obviously involve not only the shield around the plasma chamber, but
also the reactor hall shield wall, the reactor hall ventilation system
and the materials handling systems required for INTOR decommissioning.

Studies have shown (19) that substantial reduction in the size of the
shield around the plasma chamber is probably not economically worthwhile
because of the increase in size of the reactor hall wall needed to
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maintain dose rates outside the reactor hall at an acceptable level. In
addition, the radionuclides produced by activation of the reactor hall
atmosphere may give rise to difficulties with regard to acceptable
atmospheric emissions since the principal activation products of concern
are noble gases which are not significantly affected by normal air
clean-up systems.

Contamination Control

The general consideration of contamination control given in
Section 2.4.1.4 with regard to the personnel access INTOR configuration
applies equally to the all-remote configuration. As for radiation field
reduction, there is a fundamental difference, however, in that the target
average area airborne contamination concentration can be considerably
less stringent for the all remote configuration. As a first approach,
using the assumption that the radiation exposure of an individual due to
the intake of radionuclides accounts for 25 percent of the total exposure
(see 2.2.2.Kg)), the target average airborne contamination concentration
corresponding to the 100 mrem/hour radiation dose rate proposed in
Section 2.4.2 would be approximately 10 MPCa. This value is then
proposed as the design limit for the effective average concentration,
i.e. including the effect of protective equipment to which an individual
accessing the reactor hall might be expoped. The controlled use of
equipment for respiratory protection during contingency operations would
be acceptable, so that using an average protection factor of 100 for air
supplied plastic suits, the limit for the actual average concentration in
the reactor hall during personnel access would be 1000 MPCa. However, as
discussed in Section 2.4.1.4, the design features for contamination
control are not only required to maintain the desired airborne
contamination concentrations in the reactor hall, but are also subject to
a number of secondary requirements.

The most immediate effect of designing the all-remote configuration to
allow higher levels of contamination in the reactor hall is likely to be
the emissions control impact. It is worth reiterating the point made in
Section 2.4.2.1 that normal air clean-up systems do not significantly
affect the airborne concentrations of noble gases.

Access Control

The general consideration of access control given in Section 2.4.1.4 with
regard to the personnel access INTOR configuration applies equally to the
all-remote configuration. Design features for controlling access to the
reactor hall are required for the latter although the access control
system required need not be so sophisticated. The fundamental reason for
this is that the occasions when personnel access to the reactor hall is
required for the all-remote configuration will be when special operations
need to be performed. These operations will not be a part of the routine
INTOR work program and will be subject to an appropriate system of work
program planning. Therefore, although the access control system is still
required to prevent inadvertent access to the reactor hall, the
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requirements for features for control of planned access to the reactor
hall are not as stringent as for the personnel access configuration. In
particular, an installed personnel accounting system is probably not
required for the all-remote configuration, since an adequate capability
can be provided by the implementation of appropriate work control
procedures. For similar reasons the provision of permanent warning
systems inside the reactor hall is probably not justified. The access
control system provided should, as a minimum, employ physical locking
barriers with a formalized authorization procedure and annunciation in
the reactor and RHD/AHD control rooms.

2.5 Conclusions

From the point of view of radiation protection, there are two possible
motivations in designing for all-remote operations in preference to
personnel access. These are firstly, the dose reduction implicit in the
use of RHDs and AHDs, and secondly, the potential cost reduction
associated with the reduced requirements for radiation safety systems.
This dose reduction and cost reduction must be weighed against the cost
of providing the additional RHDs and AHDs required for the all-remote
configuration. The cost of these devices includes not only the capital
cost of their acquisition, but also the cost of their operation,
maintenance and disposal. The latter involves both the economic cost and
the radiation exposure of personnel associated with the operation,
maintenance and disposal of the devices.

On the basis of the target area radiation dose rates and airborne
contamination concentrations given in Tables 2.4 and 2.6, the scheduled
maintenance tasks identified in Table 2.7 will result in an annual
radiation exposure to personnel of approximately 23 person-rem (see
Table 2.9). In addition, the unscheduled maintenance tasks identified in
Table 2.8 will result in an average annual radiation exposure of
approximately 67 person-rem, of which 64 person-rem is due to a TF coil
replacement (assumed to be required once in the INTOR lifetime). The
scheduled and unscheduled tasks identified in Tables 2.7 and 2.8 are
those which are anticipated to involve contact operations in the reactor
hall for the personnel access INTOR configuration. The total radiation
exposure accrued over INTOR's 10 year life for the identified scheduled
and unscheduled maintenance tasks in the reactor hall would therefore be
230 person-rem and 670 person-rem respectively for the personnel access
configuration.

Contingent on the feasibility of performing all of the identified reactor
hall tasks by means of RHDs and AHDs, the potential maximum dose
reduction associated with the design change required to implement
all-remote operation will be 900 person-rem over 10 years minus the
radiation exposure associated with operation, maintenance and disposal of
the additional RHDs and AHDs required. This assumes that the
radiological environment in the working areas outside the reactor hall is
not affected by the design change and also that the airborne and
waterborne emissions to the environment are not affected (including both
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operational and decommissioning emissions/waste). The additional RKDs
and AHDs required have not currently been identified to the extent that
the radiation exposure associated with their use can be estimated.
However, this radiation exposure would be expected to be small compared
to the total exposure of 900 person-rem identified above. As a first
approach, assume this exposure to be 100 person-rem over INTOR's 10-year
life so that the maximum potential net dose saving over 10 years would be
800 person-rem.

Applying Ontario Hydro's interpretation of cost-benefit analysis (see
Section 2.3.4 and Appendix A), the consideration of the change from the
personnel access configuration to the all-remote configuration should be
based on use of the equation

o - (AV - AP) - AX - aflS ,_ „.

where (AV - AP) is the increment/decrement in the benefit of INTOR
associated with the change (excluding radiation protection costs), AX
is the increment/decrement in the radiation protection costs for INTOR,
AS is the increment/decrement in the collective dose, and a is the
objective value of a unit of collective dose which might typically be
assigned the value of $100 per person-rem. Then, if the values of each
of these terms can be determined, the implied value of p. the
subjective value of a unit of collective dose can be calculated.
Dependent on the calculated value of ft, the acceptability of the change
can then be judged.

Substituting for a = $100 per person-rem, and AS = - 800 person-rem,
we have

R (AV - AP) - AX + 80,000 /o ...

Note that the equation given above can be rearranged to give the
following:

ctAS + PAS = (AV - AP) - AX (2.5)

or

(a + P) AS = (AV - AP) - AX (2.6)

The right hand side of this equation then represents the
increment/decrement in the benefit of INTOR associated with the change
including the radiation protection costs. If the value of (a + fl)
corresponding to this increment/decrement can be calculated by evaluating
the right hand side of the equation, this will be the value of a unit of
collective dose required for the design change to result in a net
increase in benefit, i.e., for the design change to be cost-beneficial.
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On the basis of a maximum potential net dose saving of 800 person-rem,
and using the lower dollar worth of a person-rem suggested by Kathren et
al, i.e., $2,000 per person-rem saved, the implementation of all-remote
operation would be considered to be cost-beneficial if the net economic
cost associated with the design change is less than $1.6M. Taking the
upper limit of the dollar worth of a person-rem suggested by Kathren et
al. i.e., $60,000 per person-rem saved (see Section 2.3.1), the
implementation of all-remote operation would be considered to be
non-cost-beneficial if the net economic cost associated with the design
change is greater than $48M. This is based on the assumption that the
maximum 800 person-rem dose saving could be achieved. In reality, one
would expect the achievable dose saving to be less than the 100 percent
used in this calculation.

However, according to Kathren et al, the design change may still be
implemented as a result of considerations other than ALARA. Note that in
this discussion the difference between the annual value of a unit of
radiation dose and the value when capitalized over the INTOR life has
been ignored.

In order to determine the net cost associated with the design change from
personnel access to all-remote, the following factors must be evaluated:

(a) The cost reduction associated with the reduced requirements for
radiation safety systems;

(b) The cost reduction associated with potential reduced manpower
requirements, i.e., assuming that the reduced need for
personnel to perform maintenance tasks in the reactor hall is
not outweighed by the increased need for personnel to operate
and maintain the RHDs and AHDs;

(c) The cost increase/decrease associated with the decrease/
increase of INTOR availability resulting from the use of RHDs
and AHDs instead of contact maintenance;

(d) The cost of acquisition of the additional RHDs and AHDs
required;

(e) The cost of operation, maintenance and disposal of the
additional RHDs and AHDs required.

Of these factors, this report has provided a basis for determining (a)
based on the radiation systems required for the reactor hall. The cost
reduction associated with the access control, breathing air and
communications, and alarming radiation monitoring systems is not expected
to be substantial. The total cost of the parts of these systems
associated with the reactor hall will probably be in the range $1M to .«?M
for the personnel access design so that the cost reduction associ^'-cj
with these systems will be slightly less than this. The major cost it .£
in the radiation safety systems for the reactor hall will be the air
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clean-up systems and the radiation shielding around the plasma chamber
and around the reactor hall. Until the designs of these items have been
optimized for the two INTOR configurations, it will not be possible to
establish the more cost-beneficial configuration. An exception to this
situation may exist if the anticipated cost of the additional RHDs and
AHDs required is much in excess of $48M or the feasibility of use of RHDs
and AHDs is such that the actual dose saving is much less than the
800 person-rem assumed here. For example, if TF coil replacement must
still be performed by contact operations, the dose saving is immediately
reduced to approximately 200 person-rem.

3.0 A PROPOSED LAYOUT FOR THE INTOR FACILITY

3.1 General Description

The reactor cell and site plan was investigated to determine if
differences exist between the personnel access design and the all-remote
design. The layouts were developed to show access requirements for
components, the movement of components for maintenance, and the building
locations for an integrated facility. It was determined that there are
virtually no differences for the facilities for both design approaches
because the reactor cell, maintenance cells, and tritium processing cells
must be designed to protect the general public and the environment for
both designs, and because the personnel access design includes a great
deal of remote operations making it comparable to the requirements for
the all-remote design.

Figures 3.1 to 3.8 illustrate a first approximation at a site plan and a
main building layout. The intention is that these sketches be used for:

(a) Working out arrangements for the various systems;

(b) Examining the operation of the facility;

(c) Consideration of the civil design;

(d) Examining construction methods;

(e) Cost estimating.

The central structure in the main building is a hall that houses the
reactor unit. The width of the hall is set by the withdrawal space
required around the reactor (60 m D). The length is the same distance
plus space for laydown and transfer hatches (80 m). The working floor is
fixed for convenient access to withdrawal ports on the reactor. The head
room above the floor is set to accommodate a 500/600 ton crane (40 m).
The depth below the floor is set to accommodate two levels (16 m). The
result is a box 60 m x 80 m x 56 m high that must be clear above the
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Table 2.10; A Summary of the Occupational Safety
Considerations Related to INTOR Critical Issue D

Radiation Safety
Consideration

Personnel Access
Configuration

25% INTOR
Availability

50% INTOR
Availability

All-Remote
Configuration

(Contingency Access)

1. Target Average
Radiation Dose Rate
for Reactor Hall
During Personnel
Access**

2. Target Average
Airborne Contamination
Concentration for
Reactor Hall During
Personnel Access*

< 0.75 mrem/hr

< 0.1 Effective
HPCa**

< 1.5 mrem/hr

< 0.2 Effective
MPCa**

< 100 mrem/hr

< 10 Effective MPCa**

3. Radiation Field
Reduction

As required to meet the above
target dose rates, subject to
the secondary considerations
indicated in Section 2.4.1.4

As required to meet
target dose rate,
subject to the second-
ary considerations
indicated in
Section 2.4.2.1

4. Contamination Control As required to meet the above
target contamination concentra-
tions, subject to the secondary
considerations indicated in
Section 2.4.1.4

As required to meet
the above target
contamination
concentration, subject
to the secondary
considerations
indicated in
Section 2.4.2.1

* For accident conditions see Figure 2.1 on Page 25.

** See the footnote to Table 2.6.

+ See Section 2.3.3.
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Table 2.10: A Summary of the Occupational Safety
Considerations Related to INTOR Critical Issue D (Cont'd)

Radiation Safety
Consideration

Personnel Access
Configuration

25% INTOR
Availability

50% INTOR
Availability

All-Remote
Configuration

(Contingency Access)

5. Access Control The system for the reactor hall to
include locking barriers and
personnel accounting facilities
at entry/exit point, interlocks
to the reactor :nd RHD/AHD
controls, and warning systems for
personnel in the reacrsr hall

Locking barriers to be
provided at entry/exit
points to the reactor
hall

6. Breathing Air and
Communications

The system for the reactor hall
to supply all potential work
locations and access routes

No Installed system.
Self-contained
breathing apparatus
to be used with
temporary
communi cat ions
facilities as required

7. Alarming Gamma
Radiation Monitors

Approximately 10 to 20 monitors
to be installed around the
torus perimeter

No installed monitors.
Portable and semi-
portable monitors to
be deployed at the
time of access as
requi red

Alarming Tritium in
Air Monitors and
Alarming Radioactive
Particulate in Air
Monitors

A monitor to be provided for each
ventilation exhaust duct from
the reactor hall

No installed monitors.
Portable and semi-
portable monitors to
be deployed at the
time of access as
requi red
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working floor. The walls and roof must provide shielding and a
confinement boundary. What is shown Is a concrete structure clear inside
above grade and with external ribs.

The central hall is surrounded on three sides by a structure housing
services where there are potential sources of contamination. Much of
this structure then becomes confinement areas. This structure also
houses other support services necessary for the operation of the
facility. The fourth side of the central hall is left clear for
electrical services.

3.2 Material Handling and Access

3.2.1 Heavy Material Handling

The reactor hall is serviced by a 500/600 ton crane (two 250/300 ton
cranes or one bridge). This crane would be used for both construction
and maintenance.

Two transfer chambers are used to move material in and out of the reactor
hall, one for clean material and one for active material. The "clean"
chamber is sized to handle a 25 m D magnet. The "active" chamber is
sized to handle active components and is somewhat smaller. The "clean"
transfer chamber is covered with a rolling shield inside the reactor
hall. This shield also serves as a laydown area. The outside opening is
covered with a removable hatch. The reactor hall opening of the "active"
transfer chamber is covered with a removable hatch. The transfer chamber
leads directly to the decontamination facility.

A 250 ton crane serves the "hot" cell, the decontamination facility, and
hatches leading to the "warm" cell. Another 250 ton crane serves the
inactive shops, the clean transfer chamber, a hatch leading to the "warm"
cell, and a loading bay. Material movement in the transfer chambers and
on the floor of the "warm" shop is by means of platforms on tracks.

3.2.2 Personnel Movement and Protection

For preliminary layout work, three areas or "zones" are used:

(a) A "clean" area where the fields do not exceed 0.05 mR.

(b) An intermediate area that does not normally contain any
permanent sources of contaminates, although it is permitted to
move sources through this area.

(1) Access corridors - not over 0.2 mR.

(2) Work stations. Dependent on occupancy. If occupancy is
continuous, then the fields should not exceed 0.2 mR.
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(c) An "active" area that does contain sources on a permanent
basis. There are work stations only in these areas and
permitted fields are based on occupancy, i.e., cumulative dose.

Figure 3.9 shows a generalized flow sheet for personnel
movement, and Figure 3.10 shows the support services required
for an active area containing both airborne and radiating
sources. The degree of sophistication of the support services
is dependent on the assessment of the hazards in a specific area.

3.3 Work Areas Involving Potential Hazards

3.3.1 Tritium Handling and Processing

These facilities are located in the auxiliary building on the west side
of the reactor hall. The various collection and storage tanks are
located on the lower floor (grade - elevation 100). The main processing
equipment is located on the floor above (elevation 110). The ventilating
air tritium recovery and processing systems are located on the floors
above the 110 elevation. Figure 3.11 is a simplified flow sheet of the
system.

There are four main sources of tritium:

(a) The Breeder Blanket

A "hot cell" in the building basement contains the helium purge and
tritium extraction equipment for the breeder blanket. This feeds to the
processing equipment at elevation 110. Both gamma shielding and
atmosphere control will be required in the "hot cell" area.

(b) The vacuum System

Tritium and other gases from the vacuum system are stored in a tank that
is part of the vacuum system (see Section 3.3.2). A feed from this
holding area would go direct to the precessing system at elevation 110.
The major risk would be from the leakage of tritium.

(c) Room Air Treatment

Figure 3.10 shows a simplified flow sheet for a ventilating air treatment
system designed to remove tritium using recombiners, and water vapour
using dryers. This equipment is assigned to a central location on the
floors above the tritium processing systems rather than adjacent to each
individual confinement arife. The arrangement is most convenient from a
system design and maintenance point of view, but it will lead to long
duct runs and difficulty in balancing air flows.

Drainage tanks at elevation 100 would collect liquid from these systems.
With the use of filters close to the sources, no gamma problems from
particulate matter is expected.

58210



[ / , / / V ' ) CLEAN AREAS

k % . % . 1 INTERMEDIATE AREAS

/ / / \ ACTIVE WORK AREAS

t.v.̂ v.v.;,;.v.:.:,;.;.;.) S H U T - D O W N A C C E S S
•̂•••••"•••"••••••"••••••Vl ONLY A R E A S

PM M M

//HEALTH PHYSICS,' '/,
'///, LAUNDRY £ V//
/ /ZSUIT £ MASK V/A

//////////A

•."CLEAN' "DIRTY
••••.SIDE",-/ SIDE"

POSSIBLE
HIGH

ACTIVITY

AM AREA MONITOR R

/, WORK AREAS/A
<(CLOSED LOOP//
/VENT SYSTEM//
£ LOCAL GAMMA/

SHIELDING IF
REQUIRED)

DOWNS:
^ACCESS ONLY:1:":
:>:::.WORK AREAS.::::::
W& (GAMMA -f///s/.
p : " S I D I N C v : :

| M I PERSONAL
CONTAMINATION MONITOR

PM

RUBBER STATION
AND/OR LOCAL CHANGE ROOM

ATMOSPHERE LOCK

>:::CLOSED LOOPS
VENT SYSTEM

6 KEY
INTERLOCKS
REQUIRED)

• • • •

PORTAL MONITOR

Fig. 3.9

PERSONNEL MOVEMENT CONTROL & PROTECTION SCHEMATIC



BREATHING AIR 6 COMMUNICATIONS OUTLETS

BALANCE LINES

ATMOSPHERE

ROOM MAINTAINED AT
NEGATIVE PRESSURE TO
INSURE INLEAKACE

TO LIQUID WASTE
BETA/GAMMA
MONITORS

CONFINEMENT AND SHIELDING SCHEMATIC
Fig. 3.10



To Stack

To Fuelling
Machine

Hot Cell

Blanket
Recovery
System

1/

/

/

/
/

/

Breeder
Blanket

Tritium Recovery and
Processing

Vacuum System
Storage Tank

i

To Liquid Waste

Room Air
Treatment

\

Misc. Off Gas
Systems

* f

FIGURE 3.11 Tritium Handling and Processing



- 61 -

(d) Miscellaneous Off Gas and Leakage Collection Systems

The main treatment and processing system to elevation 110 is considered a
"glove box" type of operation. This will provide a triple boundary
arrangement; the system boundary, the "glove box" boundary and the
confinement area boundary. All lines carrying tritium will be double
walled.

3.3.2 Vacuum System

3.3.2.1 Torus

Figure 3.12 is a simplified flow sheet of the system used to maintain a
vacuum in the torus. Because of the presence of active particulate
matter, the system will require shielding up to and including the
absolute filter. The cryogenic pumps should not be a maintenance
problem. The vulnerable areas are the pump inlet valves, since they are
used to cycle the pumps and the absolute filter, which requires
replacement at regular intervals. Provision should be made to replace
the filters using a shielded flask and a purging system for the filter
container.

From the third stage on, a confinement boundary is required because of a
tritium leak hazard.

3.3.2.2 Crvostat

A similar system is required for the cryostat, but no hazard is expected
from this system.

3.3.3 Gas Supplies and Cryogenics

It is assumed that helium supplies would be stored as a gas and nitrogen
as a liquid. Helium is used for purging the breeder blanket and nitrogen
gas for the tritium "bake out". Both systems are closed loops with
suitable clean up provisions.

Liquid helium is produced on site and used to cool the superconducting
magnet coils, the fuelling machine and the cryogenic pumps in the vacuum
system. No serious activity is expected from any of these systems
although they would be on closed loops for economic reasons.

3.3.4 Cooling Water Systems

There are three separate cooling water system used to remove heat from
the reactor:

(a) Biological shield cooling;

(b) Breeder blanket cooling;
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(c) Common system that cools;

(1) The first wall;
(2) The diverter;
(3) Probes and diagnostic equipment.

System (a) should remain relatively inactive while systems (b) and (c)
will contain some tritium and gamma emitters. All systems will contain
nitrogen sixteen.

3.3.5 Nitrogen System for Tritium "Bake Out"

During extended shut downs, this system is used to drive tritium out of
materials in the torus liner. This is done by draining part of the CW
system and circulating hot nitrogen (200 to 250 degrees C) through the
system. A small amount will be picked up by the nitrogen along with some
gamma emitters. A limited confinement area along with some shielding
will be required for the equipment.

The CW piping will have to be designed for the high temperature used in
this process and insulation will also be required to keep the building
cooling load down.

3.3.6 Ventilation Systems

The ventilating systems serve three purposes: to control the temperature
in an area; to remove airborne contamination, and to prevent the spread
of contamination. Figure 3.13 shows the various systems.

3.3.6.1 Temperature Control

This is carried out by the use of unit coolers consisting of roughing
filters, cooling coils and fans. The coils are normally supplied with
water from the CW system, but in extreme cases chilled water may be
required. To encourage mixing distribution, ducting may be used.

3.3.6.2 Removal of Airborne Contamination

This consists of an air reelrculation system that filters the air and
removes tritium and moisture (see Figure 3.10 for details). If the level
of contamination is low enough, the area can be exhausted directly to the
stack. A single system could serve several rooms.

3.3.6.3 Control of the Spread of Contamination

This consists of an exhaust system that maintains the confinement area at
a slightly negative pressure so that leakage is always into the area.
The exhaust air is always taken from the clean side of the system
described in Section 3.3.6.2.
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3.3.7 Liquid Waste Management

This system collects liquid waste from all areas where activity could be
present and consists of collecting drains, sumps and monitors, holding
tanks, transfer pumps, filters and ion exchange beds, and possibly,
evaporators. Estimates are required for the quantities and possible
contamination levels of liquid waste. The area assigned for this
equipment is also a confinement area.

3.3.8 Solid Waste Management

Waste with a low level of activity can be compacted and stored on the
site in special structures. Its ultimate disposal would be part of the
plant decommissioning.

The handling and storage of waste with a high level of activity is
dependent on the volume produced annually from scheduled maintenance
operations, and on the level and type of activity present. If the annual
volume produced is small enough and the activity level high enough to
make off site transport difficult, then consideration should be given to
on-site storage. Again ultimate disposal would be part of
decommissioning. Since the "hot cell" will be the primary source of
waste with a high level of activity, any permanent storage facility
should be adjacent to this area.

A major repair job would be considered a special case and disposal of
solid waste would be part of the planning for the job.

3.3.9 Maintenance Shops

There are three separate shops: a "hot cell" that deals with items that
have a very high level of activity; a "warm cell" or active shop that
deals with items with a low level of activity, and an inactive shop that
deals with clean or inactive items.

3.3.10 Reactor Hall Working Floor

The reactor is designed for a field of 2.5 mR on Its outer surface
24 hours after shutdown. Minor adjustment and inspection should present
no serious problem. Any work that requires breaking the torus vacuum
boundary to replace equipment requires special consideration regarding:

(a) The spread of contamination from the torus (tritium and
particulate matter).

(b) The spread of moisture and oxygen into the torus.

(c) Very high field off equipment removed from the torus and off
the inside walls of the torus (105 R one hour after shutdown).
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(d) The size and weight of some components (The liraiter is 6.4 m
long by 2.5 m wide by 1.75 m high and weighs approximately
50 tons).

There are two types of operations to be considered: scheduled
replacement of equipment (the twelve limiters have to be replaced with
reconditioned units during each annual shutdown) and unscheduled major
repairs such as the replacing of a magnet or a section of the torus. The
latter are considered once in a lifetime events. It is assumed the
design of the reactor allows for this type of repair and that the reactor
hall would provide the necessary confinement and crane capacity to carry
out the work.

The main concern is the limiter replacement on a regularly scheduled
basis.

The normal "hands-on" approach would be to make and break seals and
services at the reactor face and use a shielding flask for replacing
equipment, but size and fields rule this approach out. The nearest
approach to a "hands-on" operator would be to break the vacuum seals,
disconnect the service manually, and fit an adapter piece with a sliding
gate to seal the opening. The limiter would be withdrawn into a transfer
container and moved out of the reactor hall by remote operation. The
replacement would be the reverse of this.

An alternative to this would be to fit an airlock type of enclosure at
each of the twelve faces where limiters are located. The whole operation
would be carried out remotely. This approach would permit maintaining a
vacuum, prevent the spread of contamination, and would allow the removal
of one unit and its replacement with a shield plug of a new unit in one
operation. The following table is a rough comparison of the two
approaches.
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Factor "Hands-on" "Remote"

Capital cost of equipment

Time to carry out operation

Maintain vacuum

Containing spread of
contamination

Building size

Radiation exposure

Mechanical complexity

Lowest cost

No

10% reduction

Shortest time

Yes

Best control

Least exposure

Most completes

The building size shown (60 m) accommodates this approach.

3.4 Comments

As noted in Section 3.1 the layout described In this report is a first
approximation at a building design. It should, of course, be considered
flexible until further work is done in the following areas:

(a) Systems layout;

(b) Maintenance operations (with emphasis on the "hot" cell
operation and reactor hall areas);

(c) Civil Design (with emphasis on the reactor hall);

(d) Construction methods and sequence.

Excluding the service wing containing store, change rooms, e
total volume is 621,000 nr*. The following table is a comp
the design shown in the INTOR Phase I report, page 569 to 578,
Vienna/82 covering work done in 80/81.

ed
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Item

Reactor Hall
Support Services
Maintenance

Facilities

TOTAL

Building Volume in cubic meters

This Report

269.000
206,000

146,000

621.000

INTOR - Phase I

315,000
443,000

173.000

931,000

A rough cost figure of 800/m3 U.S. has been quoted by FEDC staff. This
would put a ball park price of $500 x 106 U.S. on the building
described in this report. The importance of designing an efficient
building is obvious.

4.0 TRITIUM CONTROL PRINCIPLES FOR THE INTOR FACILITY

4.1 General Comments

Tritium in its oxide form, as tritiated heavy water, is 10.000 times more
radiotoxic than tritium in the elemental form. Thus the careful control
of this form of tritium will be fundamental to radiological safety in the
design of fusion facilities.

The philosophy and practice of tritium control, as developed from CANDU
related experience, is directly related to fusion facilities such as
INTOR. Not only does INTOR contain analogous coolant systems, but also
similar tritium inventories are envisaged as at typical four unit CANDU
stations. Moreover the projected annual tritium emissions targets are
nearly the same as the tritium emission levels from a four unit CANDU
powerplant.

4.2 Principles of Tritium Control

The occupational and environmental exposures from tritium are primarily
due to its escape from tritium containing systems. The more important
escape is that of the more hazardous tritiated water, which may escape as
liquid or as vapour. The options used for the control of this hazard may
be viewed as a series of conceptual barriers. These barriers are
displayed in Table 4.1, and they become progressively less powerful as
one moves down the table. The most fundamental barrier is tritium
removal. Other technologies which are used are superior process system
leaktightness techniques, collection systems, segregated plant layout
coupled to local ventilation control, tritiated vapour recovery and purge
ventilation.
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Barrier

Tritium Removal

Leaktightness

Confinement and Local
Control Ventilation

Vapour Recovery

Purge Ventilation

4.3 Tritium Recovery

TABLE 4.1

Barrier

Occupational
Exposure

Yes

Yes

Yes

Possibly

Yes

Action Reduces

Environmental
Exposure

Yes

Yes

No

Yes

No

The removal of tritium from process system by means of a tritium removal
facility is the most effective way to ensure that the radiological impact
of tritium on the occupational worker and the public is reduced to
insignificance. However, there are a number of difficulties with this
approach which should be borne in mind. The first difficulty is that it
is a costly solution, with a price tag of between $10 and $100 million.
Secondly, the plant will have its own safety problems which should be
carefully considered. Thirdly, the entire cycle, from tritium removal,
to reprocessing as fuel and waste must be considered from the viewpoints
of safety and cost-effectiveness. Reference 20 gives a summary of the
main techniques available for tritium removal and indicates sources for
more information.

4.4 System Leaktightness

With existing technology it is possible to design systems with
essentially zero leakage characteristics. For those systems with
significant concentration of tritium, and potential for large acute leaks
or spills, the use of additional barriers such as confinement of the
tritiated system in a small area, liquid and possibly vapour recovery
from such confined areas may be considered. The experience of the CANDU"
nuclear power plants has shown that heavy water systems with tritium
concentrations of 20 to 30 Cl/kg may be safely handled.
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The development of leaktlght systems with essentially zero leakage
requires that some fundamental principles be applied in the design of the
system. Among these are the following:

(a) To simplify the design as much as possible, so that
non-essential components with leakage potential are eliminated;

(b) To reduce, as far as possible, the number of mechanical joints.
This may be done, for example, by the use of field weldinc,
technology;

(c) Wherever leakage may occur, e.g., where static or dynamic seals
are used, particular care should be given to the design and the
selection of the components.

The proper selection of leaktight components requires that component
leaktightness specifications should be carefully defined. The
specifications should preferably be based on the operating temperatures
and pressures of the system, since leakage varies with these parameters.
Finally, methods with sufficient sensitivity should be available to
measure component leakages at least to the lowest quantity specified to
ensure that the leaktightness specifications have been met. A method
based on the use of infrared spectroscopy has been developed which
measures component leakages to as low as 10 mg/day for water systems (21).

The components of a system where leakages are likely are static seals
such as flanged joints, mechanical couplings, and dynamic seals in
valves, pumps, blowers, fans, etc. Other components with leakage
potential are devices such as flow and pressure transmitters, temperature
probes, and sight glasses.

The majority of leaks in flanged joints occur as a result of temperature
and pressure changes during system start up and shutdown. Under these
conditions there is a non-uniform distribution of temperature between the
bolting and sealing surfaces so that expansion or contraction is not
carried out at the same rate. The solution is to use seal welded flanges
or live loaded studs.

Mechanical couplings are all prone to leakage and the simplest and surest
way to eliminate this source of leakage is to do away with the coupling
and weld the connection. Welding provides a leak free connection that is
cost-competitive with couplings.

Leakage at valves may be reduced to near zero if proper care is taken in
the selection or design of the components. Bellows sealed valves,
diaphragm valves and magnetically coupled valves have all essentially
zero leakage. Bellows sealed types have been known to fail after about
100,000 cycles and so may not be used as control valves. Diaphragm
valves should not be used where the possibility of downstream pressure
exceeding upstream pressure exist. They are primarily useful for low
pressure applications with discharge to the atmosphere.
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Magnetic couplings may be used in butterfly valves to ensure zero
leakage. Magnetic couplings are also available for blowers and pumps and
have been field tested at 100 HP with pressure differentials of up to
3,000 psi. One drawback is that the induced eddy currents in the metal
generate heat.

Stem sealed valves are much more prone to leakage. However, with proper
design of the stuffing box and the use of live loading, they too can be
made essentially leaktight.

In order to ensure a completely leaktight system, attention must be given
to the leaktightness problem at a very early stage in the design of the
system. This will reduce overall costs while ensuring that an extremely
leaktight system develops. If the system contains appreciable
concentrations of tritium, it is advisable to back up leaktightness with
one or two additional barriers to the spread of tritium in order to
ensure that the impact of the system on occupational and public safety is
minimal.

4.5 Confinement

Despite the use of improved system leaktightness, prudent tritium control
design should be based on a residual level of chronic tritium escape plus
infrequent acute releases due to component failure, human error, and
system maintenance. These reference conditions can be estimated for
various operating modes and system process parameters based on operating
experience.

The next envelope of control, confinement and appropriate local
ventilation, which may include vapour recovery, is designed to meet the
projected conditions. Confinement designs are most cost-effective when
they enclose systems creating similar conditions, and restrict the
escaped tritium to the minimum practical volume. Meeting the first
objective usually requires segregating process systems during plant
layout according to the tritium concentration contained, system
temperature and pressure, and the degree of personnel access desired.
Besides limiting the contaminated area of the station, the second
criterion minimizes the extent and cost of vapour recovery, purge
ventilation requirements, and clean-up time following spills or prior to
intensive personnel access.

With total enclosure of prime tritium source areas and careful sealing of
all penetrations through the confinement walls, air concentration
gradients of 10:1 to 100:1 can be readily achieved in the presence of
occasional access through a single door and small ventilation pressure
differentials. The choice of using once-through purge ventilation or
some form of vapour recovery will be determined on the basis of emission
performance requirements, and the size and frequency of the contained
source term. Our experience with large four-unit stations suggests that
all equipment areas with a potential for chronically contributing 10~3

to 10~2 of the station emission targets should be placed within dried
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confinement, and any area with a chronic contamination potential greater
than 0.1 DAC* should be simply confined. Effective purge ventilation is
difficult to design for large open areas, but can be achieved in small
volumes such as confinement rooms, by carefully designing the supply and
exhaust, and optimally locating them relative to the main tritium
sources. In designing such ventilation systems for confinement rooms,
every effort should be made to avoid channelling the air from the supply
to the exhaust, thus leaving areas of the room stagnant. The supply and
exhaust should be properly located and the air supply should be diffused
to ensure proper mixing of the air in the confinement room.

4.6 Tritiated Vapour Recovery

High capacity air dryers should be considered for removing airborne
tritium oxide from station areas. The result is reduced occupational
tritium exposure and station emissions. The effectiveness of the dryers
in reducing occupational dose depends on the dewpoint achieved in the
dried area, and in emission reduction on the dewpoint of the dryer
discharge. In this respect regenerative, desiccant-type dryers have
major performance and economic advantages over simply chilling condensers

and freezer dryers, the latter only achieving dewpoints in the range of
0°C to -20°C. Such performance is of limited value for tritium
oxide control purposes.

Although most commercial desiccant dryers are optimized for operation at
high moisture loadings, optimization for very low exhaust dewpoint and
low moisture loadings is required for maximum tritium control in
confinement. This can be achieved by altering parameters such as
desiccant bed length, air velocities, regeneration dewpoints and cycle
times. Various dryer configurations have been developed, both fixed and
portable, having varying numbers of beds, and different regeneration
approaches. One of the most effective approaches installed in CANDU
stations is a twin tower dryer employing series regeneration to achieve
very low residual moisture levels in the beds. With this design,
adsorption efficiencies of better than 98 percent and discharge dewpoints
lower than -40°C have been achieved and discharge dewpoints of
-80°C are theoretically possible (Figure 4.1).

Vapour recovery driers can be used in various air treatment modes: total
recirculation, once-through with vapour recovery, high purge flow with
limited vapour recovery, recirculated drying with second stage drying on
a low volume, balance exhaust, or various combinations thereof depending
on personnel access or emission control requirements. The recirculation
vapour recovery mode, for example, can be cost-effective compared to
once-through ventilation if properly designed. It simultaneously reduces
emissions to the environment.

•Derived Airborne Concentration
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Dryers can be an important factor in unit reliability since they may
permit system operation to continue in spite of tritium oxide escape due
to equipment leakage.

4.7 Additional Measures to Control the
Spread of Tritium Contamination

The minimization of the spread of contamination is best achieved hy
control features close to the source of contamination. The foil, v -rg are
examples of design features that may be employed for this purpose,

(a) Double containment of potential sources of contamination (where
this feature is employed facilities should be provided for
draining/purging the interspace to radioactive effluent systems);

(b) Establishment of atmospheric pressure differentials, such that
the flow of air will be from areas with low levels of
contamination to areas with higher levels of contamination;

(c) Sealing of penetrations between areas, e.g., sealing of
personnel access doors, duct penetrations, pipe penetrations,
cable penetrations and materials handling doors and hatches.

(d) Provision of decontamination facilities for personnel and
equipment transferred from areas with high levels of
contamination.

(e) Establishment of temporary control features during operations
involving significant potential for the release of
contamination. Examples of such features are locally ventilated
tents, portable dryers and so on.

4.8 Integrated Dose Assessment

In the design of nuclear generating stations, as in most large scale
design projects, the most powerful and cost-effective design changes can
usually be made only in the early stages. Applied to the specific case
of optimizing tritium control, it requires the selective, hypothetical
application of the control technologies outlined above in an iterative
way, thus permitting the estimation of the incremental public and
occupational dose savings for the various design combinations.

The greater the experience data base available for evaluating the control
options, the more reliable the design decisions. During its years of
experience in the operation of CANDU pressurized heavy water reactors,
Ontario Hydro has accumulated a substantial information base on tritium
control for further design applications.

Recently, this information has been organized into compatible files that
may be used in a computerized Assessment System to implement the design
optimization process outlined above. The system, whose flowchart is
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illustrated in Figure 4.2, is now largely operational. It consists of a
number of input files, feeding three program modules that produce an
integrated assessment via output files, for dose, room airborne tritium
concentrations and emission levels.

The Assessment System is currently being used for assessment of our first
Tritium Recovery System which is now under construction at the Darlington
site. With refinement and establishment of the appropriate component
data bases, it can be used for similar assessments of fusion facilities
such as INTOR and their tritium containing systems. For such a detailed
application, the design of the INTOR coolant systems should be at a more
advanced stage. The estimates of component leakages in Section 5 are
based on some of the methods used in the Assessment System.

5.0 CHRONIC LEAKAGE FROM WATER COOLANT SYSTEMS

5.1 Leakage Data and Estimates from Ontario Hydro's CANDU Reactors

Ontario Hydro has accumulated considerable experience in designing
systems to minimize chronic leakage from components. This has resulted
from the joint consideration of firstly, the economic impact of heavy
water losses from the primary heat transport and moderator systems of
CANDU reactors and secondly, the radiation safety impacts of the tritium
releases associated with these heavy water losses. In order to identify
areas in which leakage reduction efforts should be concentrated, Ontario
Hydro undertook an extensive program of measurement of the chronic
leakage from components outside the reactor hall of CANDU reactors. The
components involved were mainly associated with the CANDU moderator and
auxiliary systems, with typical operating conditions of 130 kPa fluid
pressure and 40°C fluid temperature. The results of these
measurements were reported by Haan (22). In addition to this
experimental data, information is routinely collected which gives the
heavy water escape in the reactor hall, which are predominantly due to
chronic leakage from components of the primary heat transport system.
This system operates at approximately 10 MPa fluid pressure and 300°C
fluid temperature.

The data reported by Maan is of considerable use in identifying design
features to be avoided and also provides a basis for validation of
techniques for estimating component leakage.

There are some difficulties, however, regarding the direct application of
the Ontario Hydro data in studies of fusion facilities currently being
designed such as INTOR. These are as follows:

(a) The data on heavy water escape in the reactor hall of CANDU
reactors is heavily influenced by leakage from the pressure tube
end fittings of the reactors. These fittings are used for
on-power refuelling operations and may not be typical of
components of systems in other nuclear facilities, particularly
the water coolant systems of fusion reactors.
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(b) The data reported by Maan (22) was collected by measurement of
the leakage from components of systems that were designed more
than ten years ago. By application of readily available
engineering technology and lessons learned in the interim
period, considerably higher standards of leaktlghtness can now
be achieved.

(c) To apply the data to other systems, a technique for including
the variation of leakage with operating pressure and
temperature is required.

5.2 Preliminary Estimates of the Chronic
Leakage from Water Coolant Systems at INTOR

A number of calculational techniques based on fluid flow theory have been
developed for the estimation of component leakage. Appendix B describes
such a technique which is based on characterization of the leakage from a
component by means of the helium leak rate for the component. In order
to apply such a technique to the water coolant systems at INTOR, it is
first necessary to specify an appropriate helium leak rate. As part of a
commitment to reducing the radiation safety impacts of tritium in CANDU
reactors, Ontario Hydro is currently constructing a Tritium Removal
Facility for extraction of tritium from heavy water. The design of this
facility employs standard leakage reduction technology based on well
established engineering principles. The components of the sub-systems of
this facility are being manufactured to a leaktightness standard
equivalent to a helium leak rate of 10"^ cm^ (STP) per component per
second, which is considered to be readily achievable. It is proposed
that a similar leaktightness standard be adopted for INTOR.

This leaktightness standard can now be used to estimate the chronic
leakage from components of the water coolant systems at INTOR. To allow
for the fact that the population of components will exhibit a
distribution of leak rates, some of which may represent a significant
increase from the leaktightness standard as a result of operational
conditions, it is assumed that 5 percent of the population have a leak
rate which is an order of magnitude higher than the standard. Leakage
from these components will therefore be estimated on the basis of a
helium leak rate of 10"^ cm^ (STP) per component per second. The
inclusion of this 5 percent of the population as "leakers", together with
the fact that the estimation techniques described in Appendix B are known
to overestimate liquid leak rates, will result in a fairly conservative
estimate of the chronic leakage.

The water leak rates for components with helium leak rates of
10~6 cm3 (STP) per second and 10"^ cm^ (STP) per second are
plotted in Figures 5.1 as a function of fluid pressure for fluid
temperatures of 50°C and 100°C. For the INTOR operating
conditions (see Section 6.0, Table 6.3) the water leak rates
corresponding to helium leak rates of 10~6 cm-* (STP) per second and
10~5 cm3 (STP) per second are in the ranges of 0.01 to 0.06 gin/day
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and 0.15 to 0.9 gm/day respectively. It is assumed that the number of
components in the water coolant systems subject to tritiation is in the
range 500 to 1000 and that 10 percent of these are located in the reactor
hall, the remainder being in the coolant equipment rooms. The water leak
rate estimates corresponding to these assumptions are presented in
Table 5.1.

The methodology employed represents a design based assessment which
depends on the validity of the assumed helium leak rates. The
realization of the estimated water leak rates is subject to the actual
component designs and leak test results and the implementation of a
comprehensive maintenance program to ensure low leakage.

6.0 MAINTENANCE DOSE RATES DUE TO RADIOACTIVE
DEPOSITS IN COOLANT SYSTEMS

6.1 Introduction

Above a certain threshold in the choice of design target, ambient
radiation fields within the reactor hall after shutdown are largely a
function of the bulk shield design, which has already been extensively
studied for INTOR. Such studies, in assessing the shielding requirements
for personnel access vs remote maintenance scenarios, have concentrated
on the in-situ activation of the structure itself, and the resultant dose
rates beyond the outboard shield. However, if the design dose rate
target approaches the low levels consistent with the concept of personnel
access, then other radiation sources, which are not directly controllable
by the thickness of shielding, begin to predominate.

In particular, little attention has been focussed on the potential ways
in which activity may be transported outside the primary shielding by
recirculating fluid systems, notably the cooling systems associated with
various components of the reactor, and the impact this may have on the
radiation environment for maintenance. It is well known from operational
experience with fission plants that the greatest contribution to the
collective occupational dose is incurred in "conventional" maintenance
associated with the reactor coolant system. Activated corrosion products
are the primary source of these radiation fields.

6.2 Mechanisms and Models

The mechanism of corrosion product generation involves processes of
erosion, transport, activation and deposition; the rates, and indeed
sequence, of each being a function of the individual isotope in that
particular environment. Methods of prediction generally follow
two stages:

(a) the physical amount of each element at each location within a
system is calculated by a mass balance approach, then

(b) the level of radioactivity is determined by balancing the rates
of production and removal.
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Table 5.1: Estimated Water Leakage from INTOR Coolant Systems

Component Component
Helium Water
Leak Rate Leak Rate

cm0 gram/day

(STP)/sec

10~6

10-5

0

0

.01

.15

to

to

0

0

.06

.9

475

25

Component Inventory = 500

Number Total Leakage
of Water into

Components Leak Rate Reactor
Hall

gm/day gm/day

Component Inventory = 1000

Leakage Number Total Leakage Leakage
into of Water into into

Equipment Components Leak Rate Reactor Equipment
Rooms Hall Rooms
gm/day gm/day gm/day gm/day

4.8 to 29 0.48 to 2.9 4.3 to 26 950

3.8 to 23 0.38 to 2.3 3.4 to 21 50

9.5 to 57 0.95 to 5.7 8.5 to 51

7.5 to 45 0.75 to 4.5 6.7 to 40

Total 0.86 to 5.2 7.7 to 47 Total 1.6 to 10 15 to 91
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Two different treatments, labelled here as "Reference" (23) and
"RAPTOR" (24), have produced the following estimates of surface activity
deposit in the primary coolant system of STARFIRE, and are compared with
typical PWR values (25) in Table 6.1 below.

Isotopic
Surface Activity
(mCi/m2)

Co-60
Mn-54
Co-58
Fe-59
Cr-51
Hn-56

6.3 DOSE RATE

"Reference"
Model

86
152
118
2

94
1

CALCULATIONS

TABLE 6.1

"RAPTOR"
Model

1.7
15
91
-

PWR

84
44
97
4

To add some perspective to these activity values, corresponding radiation
fields have been determiner' for internally contaminated piping of various
sizes, as shown for the two models in Figures 6.1 and 6.2 respectively.

The dose rate calculations were performed using the QAD computer code,
and represent the radiation fields associated with water-filled pipes
effectively infinite in length. Such values would be reasonably
applicable for pipe runs whose length exceeds a few metres. The relative
isotopic contributions to dose rate are shown in Table 6.2 below,
together with an overall field strength normalized to unity for the PUR
case.

TABLE 6.2

Isotopic Contribution "Reference" "RAPTOR"
to Dose Rate Model Model PWR

Co-60 44% 3.5% 58%
Mn-54 30% 12% 12%
Co-58 26% 84.5% 30%

Overall Field Strength 1.37 0.33 1.0
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The difference (a factor of ~4 overall, larger discrepancies for
specific Isotopes) between the results obtained from each of the
two models as applied to the same STARFIRE system demonstrates the degree
of uncertainty Inherent in predictions of this kind, being heavily
reliant on empirical correlations.

6.4 Implications for INTOR

Whilst it is not reasonable to extrapolate the derailed models developed
for the STARFIRE primary coolant system to the somewhat different
pressure and temperature regimes anticipated for INTOR, there are many
similarities (see Table 6.3).

TABLE 6.3

Parameter STARFIRE INTOR

Coolant 1^0 H2O
Coolant Channel Wall Material SS,316 SS 316
Pressure 15 MPa .7-1.5 HPa
Temperature 280°-320°C 50°-100°C
Volume 500 m3 100-200 m3

First Wall Neutron Loading 3.6 HW/m2 1.3 MW/m2

Since the neutron flux levels are comparable the specific activity of the
stainless steel coolant channel wall will not be greatly different
between the two reactors, and for longer-lived species, this will likely
extend to crud throughout the system. Although large variations in
corrosion product generation are possible, subsequent surface deposition
in the form of an oxide layer is strongly chemistry dependent, which in
turn is influenced by the initial selection of materials - H2O and SS
in each case.

Thus it may be expected that maintenance dose rates around INTOR coolant
pipes are within the same order of magnitude as those calculated above
for STARFIRE, and are broadly comparable to those associated with
corresponding components of an LWR.

6.5 Conclusions

Dose rates of this order are significant when evaluating contact
maintenance scenarios on the subject system. Where limitations on
overall plant layout preclude separation of equipment these effects may
additionally impact on adjacent areas, making it difficult to attain the
target of a few mrem/h for the ambient reactor hall field in the
personnel access scenario.
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Consideration should therefore be given at an early design stage to
aspects of system layout, material selection, coolant chemistry,
purification systems, and possibly even decontamination systems, such
that radiological consequences may be minimized, in line with ALARA
principles.

7.0 ASSESSMENT OF ROUTINE EMISSIONS AT INTOR

7.1 Introduction

7.1.1 Purpose and Background

This section provides an assessment of the potential individual and
collective doses to members of the public from the routine emission of
radioactivity from the INTOR fusion reactor.

The INTOR fusion reactor design will contain approximately 10^ Ci of
tritium and 109 Ci of activation products (5). Not all of this
radioactivity can be released to the environment in either routine or
accident conditions due to the design of containment, safety and clean-up
systems at the reactor (5,26).

The reactor will release small quantities of radioactivity to both the
atmospheric and aquatic environments. Routine emissions include both
normal operating and maintenance conditions. The chronic emission levels
were not assumed to depend on the INTOR design configuration, that is,
Personnel Accessed or All Remote. The radioactive emissions from any
solid waste management facilities associated with the INTOR reactor are
not addressed at this time.

7.1.2 Methodology

The environmental radiological model PATHWAY, currently under development
at Ontario Hydro, is used to calculate the dose to man from the routine
release of radioactivity from nuclear facilities.

This code uses the Gaussian plume model to calculate the atmospheric
dispersion of airborne releases and simple dilution from the condenser
cooling water or nearby river flow rate for the aquatic releases. ICRP
methodology (27,28) has been used to conservatively estimate the
effective dose.

For this radiological assessment, the maximally exposured member of the
public is an adult living at the station boundary, which is assumed to be
1 km from the reactor building. The individual is assumed to be living
on a farm at. this site, and spends all of his/her time there. In
addition, all of his milk, meat and vegetables are assumed to be grown
and raised on the farm. Potable and irrigation water (for backyard
vegetables) is assumed to be derived from a nearby river into which the
liquid effluent from the reactor is discharged. The flow rate of the
river is assumed to be 37 m^/s. Also, the adult spends up to 1 percent
of his time swimming in the river and derives, a year's supply of fish
from the river.
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7.1.2.1 Atmospheric Pathways

The airborne emissions from the INTOR facility are assumed to be released
from an effective stack height of 20 m. The building height is assumed
to be 50 m with a cross-sectional area of 2,500 m^. A roughness length
of 0.04 m was used, corresponding to plowed land. Uniform windrose data
was used to calculate the atmospheric dispersion factor since site
specific data is not available for INTOR.

The seven atmospheric radiological pathways of concern are listed below:

(a) Atmospheric Immersion;

(b) Inhalation;

(c) Ground Shine (gamma exposure from deposition);

(d) Vegetables via Atmosphere;

(e) Animal Produce via Vegetation;

(f) Animal Produce via Atmosphere.

7.1.2.2 Aquatic Pathways

The aquatic emissions from the INTOR facility are assumed to be released
into a nearby river with a flow rate of 37 nfi/s. The seven aquatic
radiological pathways of concern are then:

(a) Aquatic Immersion;

(b) Water Ingestion;

(c) Exposure to Sediment;

(d) Exposure to Irrigated Soil (vegetable garden);

(e) Fish Ingestion;

(f) Animal Produce via Drinking Water;

(g) Vegetables via Irrigation.

7.2 Source Term

The release of radioactivity to the environment during normal and
maintenance operations (routine conditions) has been estimated for both
airborne and aquatic emissions using INTOR tritium release data (26),
primary coolant specific activity (5) in the INTOR reactor, and the
operational experience on coolant transfer to the environment obtained at
a nuclear facility at Ontario Hydro (29).
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7.2.1 Atmospheric

Tritium released into the reactor hall from the various systems and
components is assumed to be emitted to the environment via the
ventilation exhaust stack. That is, the atmospheric tritium removal
system (ATRS) consisting of recombiners and dryers is not assumed to be
operating under routine conditions. However, HEPA (high-efficiency
particulate air) filters are assumed to be utilized to limit the release
of particulate radioactivity.

An estimate of the tritium release to the atmosphere is outlined in
Table 7.1 for both tritium oxide (HTO) and tritium gas (HT or T2). The
total "maintenance" days is assumed to be 77 days per year, leaving
288 days for "normal" operation. The concentration of tritium in the
primary coolant was assumed to have reached the steady-state value of
1 Ci/kg.

TABLE 7.1

TRITIUM RELEASE ESTIMATES IN REACTOR HALL

Release
System Form Normal Maintenance

Ci/d d/a Ci/a Ci/d d/a Ci/a

Coolant
Torus
Diagnostics
Fuellers
Blanket
Vacuum Pumps
Building Surface

Subtotal

Subtotal

HTO
HT
HT
HT
HT
HT
HTO

HT

HTO

10
1
0.
0.
0.
0.
10

1
1
1
1

288
288
288
288
288
288
288

2880
288
29
29
29
29

2880

400

5800

70
600
50
100
10
20
10

12
6
24
24
1
10
77

840
2600
1200
2400

10
200
770

6400

1600

Total - HT: 6800 Ci/a

Total - HTO: 7400 Ci/a
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The release of activation products to the atmosphere is based on the
reactor operating experience at Ontario Hydro's CANDU nuclear facilities
and scaled for the estimated specific activity in the primary coolant for
the INTOR reactor. The annual atmospheric release has been estimated to
be the equivalent of 10^ m^ of coolant based on emissions data
measured at the Pickering Nuclear Generating Station A (29), and using
the fact that coolant and moderator volumes at Pickering are
approximately 10 times that of the INTOR desiqn. These values are listed
in Table 7.2.

7.2.2 Aquatic

The release of tritium and activated corrosion products into liquid waste
streams and subsequently into the aquatic environment has been estimated
using operational experience (29) at the Pickering CANDU reactors. An
aquatic release factor of the equivalent of 10^ m^ of coolant per
year has been assumed for the corrosion product emissions. The release
equivalent of 1 m^ of coolant per year has been assumed for liquid
tritium emissions. The difference in release factors for the two
emission categories can be explained by the enhanced corrosion product
concentration in crud which may be released during maintenance
activities. Aquatic emissions can then be calculated using the specific
activity expected in the primary INTOR coolant (5). The values are
listed in Table 7.3. The activity is assumed to discharge into a river
adjacent to the INTOR facility.

7.3 Individual Dose Results

The maximum individual dose to a member of the public has been calculated
for an adult living at the station boundary, which is assumed to be 1 km
from the reactor. The individual is exposed to internal and external
radiation from both air and water pathways. The results are listed in
Tables 7.4 and 7.5 for each respective pathway. The total dose has been
conservatively estimated at 1.1 mrem/a, with 0.9 mrem/a from the
atmospheric pathways and 0.2 mrem/a from the aquatic pathways.

The significant radionuclides for airborne emissions from the INTOR
reactor are tritium oxide (HTO) via the inhalation pathway, and Co-60 via
ground shine. However, these doses are 0.5 mrem/a, or less.

If an atmospheric tritium removal system (ATRS) is used continuously in
the reactor hall, then the routine (normal plus maintenance) tritium
emissions would be significantly reduced and the radiological impact
would be negligible for HTO.

The significant radionuclides for aquatic emissions from INTOR are HTO
via the ingestion pathways, Hn-54, Co-58 and Co-60 via the sediment
exposure pathway and Co-60 via the soil (vegetable garden) exposure
pathway. Each of these dose rates is less than 0.1 mrem/a.
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Nuclide

HTO

HT

Cr-51

Mn-54

Fe-55

Fe-59

Co-58

Co-60
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TABLE 7.2

ATMOSPHERIC EMISSIONS

Coolant Activity
(Ci/m3)

1000

-

2.7 x 10"3

1.5 x 10-3

1.7 x 10"2

4.3 x 10"5

1.9 x 10"3

7.0 x 10"4

Atmospheric Release
(Ci/a)

7400

6800

0.27

0.15

1.7

0.0043

0.19

0.07
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TABLE 7.3

AQUATIC EMISSIONS

Coolant Activity Aquatic Release
Nucllde (Ci/m3) (Ci/a)

HTO 1000 1000

HT

Cr-51 2.7 x IO-3 0.27

Mn-54 1.5 x 10~3 0.15

Fe-55 1.7 x 10"2 1.7

Fe-59 4.3 x 10~5 0.0043

Co-58 1.9 X 10~3 0.19

Co-60 7.0 x 10~4 0.07
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TABLE 7.4

ADULT DOSE FROM ATMOSPHERIC PATHWAYS (wrem/a)

Pathways**

Atmos Atmos Ground Veg Veg Animal Animal
Nuclide Immer Inhal Shine (soil) (atmos) (veg) (atmos) Total

HTO

HT

Cr-51

Hn-54

Fe-55

Fe-59

Co-58

Co-60

Total:

NOTE:

0

0

0*

0*

0*

0*

0*

0*

0.

0*

0*

0*

0*

0*

0*

0.

2 0

0

0*

0.02

0*

0*

0.006

004 0.1

0* Indicates dose less

0

0

0*

0*

0*

0*

0*

0.001

than 0

0.2

0.001

0*

0.007

0.02

0*

0.02

0.09

0.05

0*

0*

0*

0.01

0*

0.02

0.08

.001 mrem/a.

0.01

0

0*

0*

0*

0*

0*

0*

0.5

0.001

0*

0.03

0.03

0*

0.04

0.3

0.9

** See Section 7.1.2 for explanation of pathways.
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TABLE 7.S

ADULT DOSE FROM AQUATIC PATHWAYS (mrem/a)

Pathways**

Aquat Water Expos Expos Fish Animal Veg
Nuclide Immer Ingest Sed Soil Ingest Prod Ingest Total

HTO

Cr-51

Mn-54

Fe-55

Fe-59

Co-58

Co-60

0*

0*

0*

0*

0*

0*

0*

0.04

0*

0*

0*

0*

0*

0.003

0

0.

0.

0*

0*

0.

0.

002

01

06

05

0

0*

0.004

0*

0*

0*

0.03

0*

0*

0*

0.005

0*

0*

0.002

0.02

0*

0*

0*

o*

0*

0*

0.01

0*

0*

0*

0*

0*

0.001

0.07

0.002

0.01

0.005

0*

0.06

0.09

Total: 0.24

NOTE: 0* Indicates dose less than 0.001 mrem/a.

** See Section 7.1.2 for explanation of pathways.
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Tha aquatic emissions estimated in Section 7.2.2 may be reduced if the
active liquid management system at INTOR is assumed to be more efficient
than the system used at Ontario Hydro's CANDU reactors, and spills are
less frequent at INTOR. This may reduce the dose to the maximally
exposed individual to negligible levels.

7.4 Collective Dose and ALARA

The selection of appropriate emissions targets, and ascertaining whether
these targets represent an ALARA level (As Low As Reasonably Achievable),
is to a major extent a site-specific, concept-spec!fie consideration.
Only a broad perspective can be given at this stage, together with an
Indication of an appropriate methodology.

Only chronic emissions will be discussed. Although in principle there is
no reason why accident doses and probabilities should not be kept to
ALARA levels, in practice there are difficulties. The use of ALARA
implies that reasonably well quantified exposures can be calculated. For
accidents, particularly low frequency events, the quantification of
frequency and exposure will be uncertain and usually very conservative.
The use of ALARA under these circumstances implies an accuracy which is
not commensurate with the data.

Proper application of ALARA Involves comparison of the costs of radiation
protection measures with the benefit obtained by implementing such
measures, I.e., the reduction in dose obtained. It does not appear that
the INTOR parameters are sufficiently well-defined to allow such a
rigorous examination with regard to public impact. However, a few
general points can be made.

Following ICRP-37 (12), the total detriment cost of radiation exposure is
given by

y = a S + P X N 1 f 1 (H-i)
j

The total detriment consists of two components: the objective health
detriment, S, consisting of both stochastic and non-stochastic health
effects in the most general case; and a second very diverse component,
I Nj fj (Hj), made up of all the other detriments which may include

non-objective features, such as risk perception and aversion attitudes,
as well as national and managerial constraints and regulations.

In its simplest form this expression can be reduced to

Y = a s + P s
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where S is the collective dose, a is the objective valuation of a unit
of collective dose, and fl is the subjective valuation assigned, which
may vary with individual dose. The coefficient a takes into account
the risk of suffering harm (i.e. cancer) from the exposure, and is
reasonably well-defined; a value of $100/person-rem may be used (30).

However, the decision-maker can select almost any value for 13. As an
example, the NRC have, for LWR effluents, required a lower limit of
$10007person-rem to be used for (a + fl). The DOE (10) have
recommended values of $2,000 to 60,000/person-rem. Decisions made
elsewhere imply values of up to millions of dollars.

As an example of how this methodology might be applied, consider a value
for (a + p) of $10Vperson-rem. Table 7.6 shows the calculated
collective dose for the estimated INTOR airborne emissions, discussed in
Section 7.2.1. The calculation assumes a population evenly distributed
out to a nominal distance of 50 km, with a density of 300 persons/km2,
typical of a site located in a well-populated area. The doses include
contributions from external radiation from the plume, inhalation,
groundshine and ingestion of animal and vegetable produce. Doses from
tritium gas incorporate a constant 1 percent conversion in the
environment for food pathways.

Based on the estimates of chronic emissions used, the collective doses
from tritiated water vapour and from beta-gamma emitting particulates are
approximately equal, at 15-20 person-rem each, per year. Using the value
of $104/person-rem, the monetary value of this total detriment is about
$300.000/year. The maximum additional expenditure that could, therefore,
be considered in cost-benefit calculations is $300,000/year, or about $3H
as a one-time capital expenditure. The optimum level of expenditure on
dose reduction would be determined as the level at which the incremental
monetary value of further dose reduction was less than the additional
expenditure required. The level of emissions control assumed a priori as
a basis for the design might be such that no additional expenditure could
be justified. Although the impacts from HTO and from particulates are
similar, the same amount would not necessarily be spent on each, as the
measures to reduce one type of emission might be more cost-effective.
The HT emission estimated has only a trivial impact.

From this perspective, the impact calculated for the estimated emissions,
although small, is not insignificant. If the site parameters were taken
as typical, it appears that some additional expenditure on, for example
exhaust driers to reduce HTO emissions, or extra particulate filters,
might be justifiable.
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TABLE 7.6

SUMMARY OF COLLECTIVE DOSES FROM AIRBORNE EMISSIONS

Nuclide

HTO

HTgas

Particulate

Total

Individual
Dose at 1 km

rent

4.05 x 10"4

1.20 x 10"8

3.69 x 10~4

Collective
Dose
person-rem

17.1

5 x 10~4

15.6

33
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8.0 RADIOLOGICAL ASSESSMENT OF ACCIDENTS AT INTOR

8.1 Introduction

8.1.1 Purpose

This assessment provides an estimate of the potential dose to the public
from the release of radioactivity from various design basis accident
scenarios in the reactor hall at the INTOR fusion reactor.

For each scenario, the requirements for post-accident recovery were
assessed. Any differences pertaining to the two INTOR design
configuration, which are (a) Personnel Accessed (PA), and (b) All Remote
(AR), were investigated.

8.1.2 Background

The INTOR fusion reactor design will use deuterium (D) and tritium (T) as
fuel. Conseguently, a large inventory of tritium (about 10^ Ci (5))
will be present in the reactor systems in both the elemental (HT) and
oxide (HTO) form. A failure in one or more reactor systems will have the
potential for a large tritium release into the reactor hall (29) and
subsequently into the environment outside the building.

8.1.3 Methodology for Accident Assessments

The pessimistic dose calculation to an individual at the site boundary
from the accidental release of radioactivity from the INTOR reactor is
based on the following assumptions:

(a) The individual is of average sensitivity within the most
sensitive age group. For the inhalation of HTO and HT, the
critical group is adults (30,31).

(b) The individual remains at the site boundary over the entire dose
integration period, and always downwind of the release point,
giving a maximum exposure condition.

(c) Atmospheric dispersion parameters are calculated using a
Gaussian dispersion model.

(d) The short-term dispersion model is used since the uncontrolled
radioactivity release is assumed to occur for only one hour.
The weather conditions are Pasquill stability category F with
2 m/s winds blowing in a straight line.

(e) A meteorological roughness length of 0.04 m corresponding to
plowed land is used for the distances to the site boundary which
is assumed to be 1 km from the reactor.
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(f) Neither radioactive decay nor plume depletion due to ground
deposition is credited after release from the reactor.

The accident scenarios at INTOR are assumed to have activity releases to
the environment for a period up to one hour, after which the reactor hall
is boxed-up to prevent (or at least control) the release of further
radioactivity. However, if emissions continue beyond one hour, then the
less severe, prolonged release model would have to be used.

The accident scenarios presently under investigation are assumed to
release tritium oxide (HTO) and tritium gas (HT) only. The conversion of
HT to HTO in the environment and resuspension of HTO has not been
considered for the accident scenarios. No significant amounts of other
radionuclides such as activated corrosion products are expected to be
released under accident conditions. Therefore, the radiological exposure
pathway is limited to inhalation and skin absorption of tritium in the
atmosphere. An adult inhalation rate of 2.66 x 10~4 m3/s (30) is
used and the dose conversion factors are taken from Johnson (31).

The radiological dose assessment computer code PATHWAY, currently under
development at Ontario Hydro, is used to calculate doses to a
hypothetical individual following an accident. An effective release
height of 20 m is assumed along with a building cross-sectional area of
2500 m2.

8.2 Postulated Accident Scenarios and Discussion

8.2.1 LOCA

The total thermal power generated by INTOR is 620 HW which will be
removed from the first wall and blanket regions by the primary coolant
system. The coolant is H2O operated at a maximum temperature and
pressure of 1 MPa and 100°C (29). The total coolant volume is
assumed to be a maximum of 200 m3 (29).

A LOCA (loss-of-coolant-accident) in the reactor hall consists of a large
break in the blanket coolant pipe manifold leading to the reactor. It is
conservatively assumed that half the contents (100 m3) of the coolant
system spills into the reactor hall. The loss of coolant will raise the
first wall temperature if the plasma burn continues. However, 200 to
300 s are required for the first wall to reach the melting
temperature (5). Therefore, it is assumed that the reactor is shutdown
after a LOCA before any significant damage to the machine occurs. The
decay heat following shutdown will be removed from the first wall by
conduction to the blanket region. The blanket is cooled by the helium
purge flow which normally removes tritium from the blanket. This heat
sink is assumed to be sufficient to prevent overheating.

The tritium (HTO) activity in the primary coolant is assumed to be 1 Ci/L
which may lead to 105 Ci in.the reactor hall. The activated corrosion
products (Hn-54, Co-58, Co-60) are approximately 10""^ Ci/L (5). The
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gamma radiation fields one meter above the spill area will be
approximately 2 mrem/hr. The air temperature in the reactor hall is
assumed to rise to 40°C, with the air being saturated. The tritium
in air concentration will then rise to about 0.3 Ci/m3 or 60,000 MPCa.

To estimate the radioactive emissions to the public, an exhaust
ventilation rate of 2 m^/s (about one room volume per day) is assumed
to continue for one hour after the LOCA. The tritium (HTO) emission for
this one hour period is about 1000 Ci. The particulate release is
assumed to be negligible since the beta-gamma activity will remain in
solution. The maximum dose to an adult assumed to be located 1 km from
the reactor is about 4 mrem from the inhalation and absorption of HTO x
through the skin.

Following the accident, both atmospheric clean-up and active-liquid
clean-up are required in the reactor hall. An atmospheric tritium
removal system (ATRS) will be required to reduce the elevated tritium
concentration from approximately 60,000 MPCa to 100 MPCa (or lower) in
order to allow maintenance crews access into the hall. The coolant spill
clean-up will require the handling of up to 100 m^ of coolant water and
the processing of additional water required to decontaminate the floor,
walls and equipment in the reactor hall. (If prompt clean-up of the
coolant is not initiated, then beta-gamma particulate activity may become
resuspended in the reactor hall leading to enhanced radiation levels in
the hall and environmental releases through the exhaust stack).

An ATRS (see Section 9) will require about 8 hours at 55 m-Vs to reduce
the HTO levels in the reactor hall from 60,000 MPCa to 100 MPCa. This
assumes that the tritium source term (spilled coolant water) has been
drained from the hall into the active liquid drainage sumps and storage
tanks. Then maintenance clean-up crews may proceed to remove any
residual particulate activity before drying and resuspension occurs. The
actual tritium MPCa level at which maintenance crews enter the hall may
be greater than 100 MPCa, or lesser depending upon the protection factor
of plastic suits and the total MPC-hours of exposure required to complete
the task.

The difference in the two design configurations for the INTOR reactor
will affect the post-accident recovery time for a LOCA. An "all-remote"
(AR) design could enable prompt clean-up and repair of the ruptured
coolant pipe without waiting for reduced radiation fields required in the
"personnel accessed" (PA) design if it is designed for the environmental
conditions post-LOCA. The time required to remove the coolant water, and
thus tritium source term, from the hall cannot be estimated at this
time. The difficulty in PA recovery is that waiting for the
tritium-contaminated coolant to drain from the hall before entering
results in increased particulate contamination control problems. An AR
recovery may lessen such problems.
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8.2.2 Fuelling Systeiu Failure

A rupture in the fuelling system piping leading to the torus is expected
to release up to 10 g of tritium (10^ Ci) in the gaseous form (T2)
into the reactor hall (29). No tritium oxide is expected to be released
from the fueller; however, it will be conservatively assumed in this
accident scenario that one percent of the tritium Is oxidized (HTO).
This assumption is based on the experiences at the Savannah River Plant
and Lawrence Livermore Laboratory where accidental tritium gas releases
(105 Ci) had less than one percent of the tritium in the oxide form (5).

The release of hydrogen into the reactor hall is not expected to cause an
explosion (and oxidation) because the air mass in the room is so large
(105 kg) and the hydrogen release, in the form of deuterium and tritium
(10 g each) is so small. A hydrogen concentration of 4 percent is
required to sustain ignition in air, therefore, a 20 g release (deuterium
+ tritium) would have to be confined in a space of less than 1 m3 to
have an explosion.

The atmospheric release of 105 Ci of gaseous tritium and 103 Ci of
tritium oxide from the ventilation stack would lead to a maximum dose of
about 4 mrem to an adult at the station boundary. In the unlikely event
that all the tritium release was HTO, then the maximum dose would
increase to 400 mrem to the adult.

If the reactor hall is boxed-up to prevent the immediate release of
tritium to the environment, then the HTO concentration will be about
1300 MPCa. Less than 6 hours of ATRS at 55 m3/s would be required to
reduce the tritium oxide levels to 1 MPCa in the reactor hall.

The short recovery time required for a fuelling system failure, even
assuming the release of tritium oxide during the failure, does not appear
to justify choosing the AR over the PA reactor design.

8.2.3 Cryogenic Blowdown

The INTOR reactor will require about 70 m 3 of liquid helium to cool the
superconducting magnets surrounding the torus. A rupture in the liquid
helium system would lead to an over-pressure in the reactor hall (5),
which is relieved by immediate venting to the exhaust stack.

The loss of cooling to the superconducting magnets could cause local
heating and mechanical stresses in the torus, leading to a rupture of the
plasma chamber vessel (5). After the pressure in the chamber and reactor
hall reach equilibrium, the gaseous tritium inventory of 0.08 g (800 Ci)
will escape into the hall. This tritium is assumed to be released to the
environment during the over-pressurization period. One percent of this
tritium inventory is assumed to be oxidized.

The atmospheric release of 800 Ci of T2 and 8 Ci of HTO will lead to a
maximum dose of less than 0.1 mrem to an adult at the station boundary.
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If the thermal and mechanical stresses caused by the loss of helium to
the magnets leads to a rupture of one of the vacuum cryopump units, then
a release of 10 g or 10^ Ci of gaseous tritium is plausible (29).
Again, conservatively assuming one percent of this inventory is oxidized,
the maximum dose at the station boundary is 4 mrem. (If the entire
10^ Ci release of tritium was oxidized, then the dose would increase to
400 mrem).

The post-accident recovery from the latter accident scenario will
probably be less hazardous (from an occupational exposure perspective)
than that of the fuelling system failure since most or all of the tritium
is assumed to escape from the hall during the over-pressurization.
Special "blow-out" panels will probably be required in the design to
provide adequate pressure relief. A typical ventilation exhaust rate of
2 m3/s is not adequate to handle the over-pressure of up to
0.05 MPa (5).

The difference in radiological impact and post-accident recovery for the
two reactor design configurations is not considered to be significant in
the cryogenic blowdown accident scenario.

8.2.4 Vacuum Implosion

The existence of diagnostic windows on the INTOR reactor raises the
potential for a plasma vacuum implosion if a leak or break occurs in one
or more windows. The fusion reaction would then stop automatically and
up to 0.08 g or 800 Ci (5) of gaseous tritium from the plasma chamber
could be released into the reactor hall.

An accident of this type is not expected to cause any major equipment
damage or rupture of system components with large tritium inventories
such as the blanket, cryopumps or fuellers. By conservatively assuming
that one percent of the gaseous tritium release is in the oxide form, and
both the T2 and HTO are vented to the atmosphere, the maximum dose to
an adult at the station boundary is less than 0.1 mrem. (If all 800 Ci
of tritium were released in the oxide form, then the dose would be about
10 mrem.)

As with the cryogenic blowdown accident scenario, the radiological and
post-accident recovery from a vacuum implosion is not considered to be
significantly different for the two design configurations.

8.3 Results

The estimated public doses and reactor design significance for each of
the four accident scenarios at the INTOR reactor are listed in Table 8.1.

The doses are those to a maximally exposed, hypothetical adult member of
the public situated at the site boundary, which is assumed to be located
1 km from the reactor. Varying this distance from 500 m to 1500 m will

58210



- 101 -

TABLE 8.1

MAXIMUM PUBLIC INDIVIDUAL ESTIMATE AND REACTOR
DESIGN SIGNIFICANCE FOR VARIOUS ACCIDENT SCENARIOS

Individual Dose Significance
Accident (mrem) of Design Option*

1. LOCA 4** AR design preferred. PA
may require extended
downtime.

2. Fuelling System 4 AR or PA not significant.

Failure

3. Cryogenic Blowdown 4 AR or PA not significant.

4. Vacuum Implosion < 0.1 AR or PA not significant.

* Significance re public to radiation exposures and post-accident
recovery.

** Dose may exceed 4 mrem if tritium emissions from the reactor hall
continue beyond 1 hour.

cause the dose rate to change by about a factor of 2. This is not
considered to be significant since the radiological source terms for the
accidents are at best an order of magnitude estimate.

The critical exposure pathway is air Inhalation and the critical
radionuclide is tritium oxide (HTO). The doses from releases of 10^ ci
of HT are Insignificant when compared with 10^ ci of HTO.

9.0 ATMOSPHERIC TRITIUM REMOVAL SYSTEM FOR INTOR

9.1 Introduction

in a deuterium-tritium fueled fusion reactor, the control of tritium is
an important issue since tritium contamination is a potential
occupational and public exposure problem.

This section is aimed at providing a generic description and
specifications of an atmospheric tritium removal system (ATRS)
appropriate for the INTOR (International Tokamak Reactor) facility. The
ATRS can be used for serving containment areas in the reactor hall and
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adjacent buildings. Its role is to minimize airborne tritium
contamination in the facility under normal, maintenance or accident
conditions, and to minimize tritium emission levels to the environment.

9.2 General Description and Configuration of the ATRS

The ATRS takes a feed of air from the containment area, sends it through
an optional catalytic recombiner to convert elemental tritium to tritium
oxide, then passes it through a set of dryers which remove the tritium
oxide, and returns the clean air back to the hall. The dryers are
connected in parallel, each drawing air from a common air supply header
and discharging processed air into a common air return header back to the
reactor building.

To minimize out-leakage, a secondary purge exhaust system is used to keep
the reactor hall atmosphere at a pressure slightly below that of
accessible surroundings. This is done by taking a portion of the air
leaving the dryer and releasing it to the environment through a stack.

Figure 9.1 shows a schematic diagram of the system configuration.

9.3 Functions of the ATRS

(1) To remove tritium present in the atmosphere of the reactor hall.

(2) To lower airborne tritium contamination within the containment
areas of the facility in order to reduce the radiation exposure
levels to facility personnel.

(3) To minimize tritium emissions to the environment in order to
reduce to a minimum the radiation exposure levels to the general
population living near the facility.

(4) To maintain the containment atmosphere pressure slightly below
that of surrounding accessible areas to prevent uncontrolled
out-leakage.

9.4 Facility Design and Volumes

At the January 1984 INTOR workshop, three preliminary facility design
concepts were considered (32):

(a) a Personnel Access (PA) design;

(b) an All-Remote (AR) design;

(c) a "Hybrid" design combining the above.

In this section, the free containment volume to be serviced will be
assumed to be 1.6 x 10^ m-̂ . This figure, obtained from Reference 32,
is based on the 'personal access facility1 approach.
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9.5 Tritium Source Terms

In order to assess the magnitude of the tritium source terms, the
following assumptions are made (34):

1. All tritium systems are fabricated and operate according to
established tritium handling practices.

2. Individual components have minimal leaks, i.e., are designed and
leak tested under stringent conditions.

3. Ventilation and air detritiation systems are located outside the
reactor hall, in a separate building, and thus the waste
products (filters, molecular sieve beds, etc.) are not
contributors to the source term.

The tritium source terms considered in the reactor hall are: the water
coolant system, the torus (including first wall), the limiter/divertor
and blanket sections, the diagnostic system, sputtered carbon particles,
fuelers, blanket tritium recovery lines, test modules, vacuum pumps, and
wall surfaces. A summary of all leak sources is shown in Table 9.1.

Of the source terms considered in the reactor hall, the water coolant
system is the one which could contribute the greatest tritium load during
normal operation. The average tritium oxide leak rate from the water
coolant is estimated to be up to 12 Ci/d during reactor operation, up to
70 Ci/d during maintenance, and up to 4000 Ci/d for accident
conditions (34). The gross release value of 4000 Ci/d is slightly
different from the 1000 Ci over 1 hour estimate of Section 8.2.1. At the
present preconceptual design stage the higher release has been used as a
measure of conservation.

During reactor operation, tritium leaking from the coolant system (up to
12 Ci/d) is half of the total. During maintenance, several systems could
release more than 50 Ci/d. If several systems were being serviced
simultaneously, the tritium escape rate could be 10^ Ci/d. Escapes of
up to 10^ Ci (cryopumps, fuelers) could occur as a result of an
accident.

9.6 ATRS Options

Two options for the facility ATRS which offer differing capabilities are
presented. Option 1 is used for dealing with tritium oxide leakages
(only) into the reactor hall, and Option 2 is used for dealing with
elemental tritium as well as with tritium oxide leakages into the reactor
hall.

Option 1: A conventional dryer system consisting of a closed loop air
drying system to enable control of chronic and acute
tritium oxide releases into the reactor hall.
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TABLE 9.1

ESTIMATED RANGES OF TRITIUM SOURCE TERMS RELEASED TO THE
ATMOSPHERE IN THE REACTOR BUILDING FOR NORMAL, MAINTENANCE,

AND ACCIDENT CONDITIONS (34)

System

Water, Coolant
Limiter/divertor/first wall

Shield

Blanket

Torus

Limiter/divertor

First Wall

Blanket

Diagnostics

C-par tides

Fuelers

Blanket Recovery Lines

Test Modules

Vacuum Pumps

Turbomolecular

Cryopumps

Building Surfaces

Normal
(Ci/d)

0.1-12

0.2

0.2

< 1

—

—

0.01-0.1

—

0.01-0.1

0.01-0.1

(?)

0.01-0.1

0.01-0.1

1-10

Maintenance
(Ci/d)

0.3-70

~ 1

—

< 103

< 50

< 50

< 50

10-103

10-102

< 10

(?)

10

10

1-10

Accident
(Ci)

10-4000

30-60

30-60

< 103

—

—

—

< 103

(?)

~105

-104

(?)

< 102

104-105

1-10

TOTAL 2.6-24 0.3-103 10-105
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Option 2: A catalytic oxidation/drying system enabling control of
chronic and acute tritium oxide releases as well as
elemental tritium releases into the reactor hall.

An exhaust system is used in conjunction with either of the above options
to maintain the reactor building atmospheric pressure slightly below that
of surrounding accessible areas in order to control out-leakage.

9.6.1 Option 1 - Conventional Dryer System

9.6.1.1 System Description

This system consists of:

(a) A set of closed loop pipe/ducts through which air is drawn from
the reactor hall area to the dryers and is returned to the hall
after processing.

(b) A set of deep bed single tower desiccant dryers to process the
air.

(c) A set of precoolers to cool containment air prior to drying.

Figure 9.1 shows a block diagram of the system.

9.6.1.2 Dryer Components

Single tower desiccant dryers are designed and built as modules or
packages suitable for fully automatic operation. Each dryer module
consists of:

(a) A vertical dryer tower containing a molecular sieve desiccant
bed;

(b) Adsorption/regeneration fan assembly;
(c) Regeneration heater bank;
(d) Condenser;
(e) Switching valves and ductwork;
(f) Control panel.

A description of various types of molecular sieve dryers and their
operation is given in Reference 20.

9.6.2 Option 2 - Catalytic Oxidation/Drying System

9.6.2.1 System Description

The system consists of the dryer design of Option 1 plus a catalytic
oxidation reactor (recombiner). A catalytic reactor is reguired to
oxidize the tritium in the air to tritium oxide, which can be removed
downstream by conventional air drying techniques. It is critical to
effect a very high conversion of T2 to T2O in the reactor because
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T2 that is not oxidized in the reactor will not be removed from the air
by the downstream components. To assure this high conversion, hydrogen
is added to the air stream before the catalytic reactor at a rate
sufficient to maintain a given minimum hydrogen isotope concentration.

9.6.2.2 Components

The air processing system may be broken down into the following
components:

(a) A closed loop pipe/duct system through which air is drawn from
the reactor hall to the system and returned back to the reactor
hall.

(b) Blowers for circulating the air through the system.

(c) A preheater to heat air to reactor temperature.

(d) Hydrogen or deuterium injection measurement and control devices
to permit isotopic swamping of tritium at low airborne
concentrations.

(e) A catalytic reactor to convert elemental hydrogen isotopes to
the oxide form.

(f) A water swamping unit to saturate the air with water vapour
before it enters the cooler.

(g) An air cooler to cool the air prior to drying,

(h) Condensate collection tanks for the air cooler.

(i) A set of deep bed single tower desiccant dryers to process the
containment air as described in Option 1.

9.6.2.3 Operation

Figure 9.2 shows a schematic diagram of the catalytic oxidation system.

The air is removed from the reactor hall by a set of blowers and is then
heated in a preheater before flowing to the catalytic reactor. The
fixed-bed catalytic reactor contains a precious metal (Pt or Pd) catalyst
on an inert support. The elemental tritium is converted to oxide in the
reactor, and then the air is cooled before flowing to the molecular sieve
dryers.

Upon regeneration of the dryers and subsequent condensation of the
evolved vapour, the tritium ends up in the condensate collection tank.
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9.7 Air Flow Requirements

9.7.1 Assumptions

During operation of the facility, both elemental tritium and tritium
oxide will actually leak into the reactor hall.

Since the molecular sieve dryers will only recover tritium in its oxide
form, it will be assumed for air flow calculation purposes that either
the amount of elemental tritium is so low as to be negligible, or that a
(set of) recombiner(s) is used to oxidize the elemental tritium that
might be present, and this throughput is not a limiting consideration.

9.7.2 Normal Operation

The following table lists a range of values for tritium leak rates (from
Table 9.2, converted to Ci/h) and target airborne tritium concentration
in the reactor hall, under normal operating conditions:

Gross tritium leak rate (Ci/h) 0.1-1
Gross target tritium concentration 0.5 - 50
(pCi/m3)

The air flow rate through the dryers that is required for keeping the
reactor hall atmosphere at the target tritium concentration is calculated
as described in Appendix C. It is shown below for the four cases
obtained by combining the range limits of the above table.

Case Case Case Case
1-W 2-N 3-N 4-N

Gross tritium leak rate (Ci/h) 0.1 1 0.1 1
Gross target tritium concentration 50 50 0.5 0.5
(pCi/m3)
Air flow rate required (m3/s) 0.55 5.5 55 555

Assuming that in the reactor hall the ambient temperature is 32°C.
the ambient pressure is 101 kPa, the relative humidity is 60 percent
(maximum expected humidity: 0.02 kg water/m3 (35)), the dryer outlet
dewpoint temperature is -55.5°C (-68°F) (36) and that the
activity concentration of tritium in the liquid being leaked is
0.1 Ci/kg, then the tritium activity leaving the dryer in the various
cases is approximately:

Case Case Case Case
1-N 2-N 3-N 4-N

Activity of tritium 8xlO"7 8xlO"6 4xlO"5 4xlO"4

leaving dryer (Ci/h)
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Assuming that 30 percent of the air leaving the dryer is vented to the
environment without further processing, the weekly activity release would
be approximately:

Case Case Case Case
1-N 2-N 3-N 4-N

Weekly activity release to environment 4xlO~5 4xlO~4 2xlO"3 2xlO~2

through exhaust assuming 30% of dryer
exhaust is vented without further
processing (Ci/wk)

9.7.3 Maintenance Conditions

The following table lists a range of values for tritium leak rates (from
Table 9.2. converted to Ci/h) and target tritium airborne concentration
in the reactor hall, under maintenance conditions:

Range

Gross tritium leak rate (Ci/h) 0.01 - 45
Gross target tritium concentration 0.05 - 5
(pCi/m3)

The air flow rate through the dryers that is required to keep the reactor
hall atmosphere at the target tritium concentration is calculated as in
Appendix C, and is shown below for the four cases obtained by combining
the range limits of the above table:

Case
1-N

0.01
5

0.55

Case
2-N

0.01
0.05

55.5

Case
3-N

45
5

2500

Case
4-N

45
0.05

250.

Gross tritium leak rate (Ci/h)
Gross target tritium concentration
(uCi/m3)
Air flow rate required (m3/s)

With the same assumptions as for the normal operation case, the tritium
activity leaving the dryer for the various cases is approximately:

Case Case Case Case
1-N 2-N 3-N 4-N

Activity of tritium 7xlO"6 7xlO~5 3xlO"2 3xlO-1

leaving dryer (Ci/h)
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9.7.4 Accident Conditions

A release of 105 Ci is assumed as the worst case accident scenario
(Table 9.2). Assuming homogeneous air mixing, for a reactor hall volume
of 1.6 x 10^ m3 this corresponds to a concentration of 0.63 Ci/m3.

The time required to lower the airborne tritium concentration to target
values for different air dryer flows is calculated as described in
Appendix D and is shown (in hours) in the table below:

Air Flow Rate (m3/s)

Gross Target Concentration (pCi/mJ) 0.55

0.05

0.5

5

50

The table is interpreted as follows: it takes 13.1 hours to reduce the
initial concentration of 0.63 Ci/m3 to 0.05 pCi/m3 if a dryer air
flow of 55.5 m3/s is used.

9.8 Proposed ATRS Design

The proposed ATRS design (Figure 9.3) is based upon a maximum of four
single tower dryers operating at one time, plus one dryer in regeneration
or cooldown mode plus a further dryer in maintenance or standby mode to
provide the necessary system reliability.

Assuming that:

(a) the facility volume to be serviced by the ATRS is
1.6 x 105 m3;

(b) workers in the reactor hall shall wear plastic suits for
radiation protection;

(c) the target tritium equilibrium concentration in the reactor hall
is 50 pCi/m3;

?) 0.55

1324

1135

948

763

132

113

94

76

5.5

.8

.3

55.5

13.1

11.2

9.4

7.6

1

1

0

0

555

.3

.1

.9

.8
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(d) the desired cleanup time in case of an accidental release is
about 3 days;

then the design flow rate suggested for each one of the single tower
dryers is 1.5 nr/s and for the exhaust system is 2.0 m3/s. This
would provide roughly 3 air changes per day through the dryers, and
roughly one reactor hall air volume being exhausted to the environment
per day.

9.9 Impact of Facility Design on ATRS

The proposed ATRS design of Section 9.8 assumed a facility volume of
1.6 x 10^ m^. An alternative approach which would allow a scaling
down of the ATRS (thus resulting in a cost reduction), is to
compartmentalize the facility volume by segregating those system
components expected to have the highest tritium leakages. If tritium
levels in a given compartment were to exceed preset values,
decontamination for that volume only would be carried out.

Following a similar approach, since some of the major leaks occur during
maintenance operations, a set of "tents" could be used to enclose the
areas being maintained. Again, this would reduce the volume to be
serviced, allowing a scaledown on the ATRS.

9.10 Impact of Remote and Direct Access on ATRS Design

As mentioned in Section 9.4 both remote and direct access designs are
being considered for the INTOR facility. This has an impact on the ATRS
design and cost.

The direct access design has an implicit requirement for low airborne
activity densities, i.e., low MPCa's. This in turn demands high
ventilation rates and dryer efficiencies, and hence higher costs. On the
other hand, the remote access design allows higher MPCa's, which in turn
means lower ventilation rates and hence lower costs.
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APPENDIX A

COST BENEFIT ANALYSIS IN THE OPTIMIZATION OF RADIATION PROTECTION

The formalism proposed by the ICRP (Reference 12) as the basis for
cost-benefit analysis can be simply expressed by the equation:

B = V - (P + X + Y> (AD

Where B is the net benefit of the introduction of a practice (in this
case the construction and operation of INTOR or any of its subsystems), V
is the gross benefit of the introduction of the practice, P is the basic
production cost of the practice (excluding the cost of radiation
protection), X is the cost of achieving a selected level of radiation
protection, and Y is the cost of the detriment resulting from the
practice at the selected level of radiation protection. The benefits are
taken to include all the benefits accruing to society.

An essential element in the analysis is the establishment of a common set
of units for the terms in the above equation. The generally accepted
practice is to establish a monetary basis for comparison. It is
therefore necessary to develop a method for expressing the cost of the
detriment in monetary units.

The cost of the detriment is typically the sum of two components. The
first is an objective cost related to an evaluation of the risk or health
detriment potentially associated with the radiation exposure resulting
from the practice. The second component is a subjective cost that
depends on such factors as the perception of risk by the exposed
individuals and anxiety due to the existence of dose limits, etc.
Fundamental assumptions employed in calculation of the cost of the
detriment are that there is a linear relationship between radiation
exposure and the associated potential health effects and that there is no
threshold level below which there are no health effects. The objective
cost component can therefore be evaluated by deriving a factor which
represents the monetary worth of a unit of radiation exposure. A similar
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approach may be employed to evaluate the subjective cost component, so
that the cost of the detriment can be expressed by the following
equation*:

Y = oS + PS (A2)

where S is the collective radiation dose resulting from the practice
being considered, a is a factor representing the objective monetary
worth of a unit of radiation dose, e.g., the dollar worth of a
person-rem, and P is a factor representing the subjective monetary
worth of a unit of radiation dose.

A number of studies have been performed to determine values of a and
P (References Al, A2, A3). There are basically two approaches that may
be employed. The first Is based on assigning a value to the health
effect Itself by consideration of actuarial tables, workmens'
compensation board awards, etc. This approach has been found to give
values for the dollar worth of a person-rem in the range $100 to $1,000.
The second approach is based on factors such as the cost of acquisition
of replacement labour that may be needed when the radiation exposures of
individuals in the work force approach the regulatory dose limits. This
approach gives values for the dollar worth of a person-rem in the range
$10,000 to $50,000. The first of these approaches will be seen to
represent the determination of the value of a. The second approach
represents an attempt to determine the value of (J, although it must be
recognized that there are a large number of factors which might
contribute to the value of p, many of which represent considerations
that are only applicable to certain situations.

In recognition of the difficulties involved in deriving a value of p
for general use, Ontario Hydro has developed a method of application of
cost-benefit analysis which allows the specific conditions pertaining to
each case to be considered as part of the process of optimization. This
approach employs cost-benefit analysis of radiation protection as a tool
for choosing between design options, and is based on consideration of the
combination of equations (A2) and (Al), which yields the following:

B = V - (P + X + oS + PS) (A3)

*Note that this equation is different to that presented in Reference 12
in that here the term representing the subjective detriment is expressed
as a function of the collective dose. In Reference 12, this term is
expressed as a summation of individual subjective detriments, i.e. as a
function of individual doses (see Section 7.4 for more on that approach).
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To determine whether a proposed design modification should be
implemented, the intent should be to ensure that the modification does
not reduce the net benefit resulting from the practice being considered.
Therefore, we need to consider the increments and decrements of the
various parameters in equation (30) which are associated with the design
modification. The equation to be employed is thus as follows:

AB = AV - (AP + AX + aAS + PAS) (A4)

The requirement is that the value of AB must be greater than or equal
to zero, i.e., we require the following condition to be satisfied:

AV - AP - AX - aAS - PAS > 0 (A5)

The Ontario Hydro interpretation of ALARA motivated cost-benefit analysis
is firstly to evaluate each of the following factors: (a) the value of
the cost increment/decrement associated with the modification, (AV -
AP); (b) the radiation protection cost increment/decrement, AX; and
(c) the collective radiation dose increment/decrement, AS.

Then assigning an appropriate value to a, which might typically be
taken to be $100 per person-rem (References Al, A2, A3), the value of p
required to satisfy equation (A5) can be calculated using the following
equation:

n (AV - AP) - AX - aAS „.,.

The decision as to whether the proposed modification should be
implemented can then be made on the basis of the acceptability of this
value of p. This requires a judgment to be made which should be based
on the specific engineering, social and economic environment in which the
design concerned is being developed.

Guidance on acceptable values of the cost of design measures for use in
the optimization of radiation protection has been provided by a number of
organizations. For example, for radiation protection of the public, the
National Radiological Protection Board in the United Kingdom has
recommended the use of a variable cost per unit of collective radiation
dose, increasing from about $40 per person-rem when the dose to
individual members of the public is less than 5 mrem to about $1,000 per
person-rem when the dose to individuals is in the range 50 to 500 mrem
(Reference A4). Again, the United States Regulatory Commission has
recommended that for radiation protection of members of the public $1,000
per person-rem should be considered to be an acceptable cost
(Reference A5). These recommendations appear to be primarily based on
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consideration of the value of a. In its statement of requirements for
radiation protection (Reference A6), the United States Department of
Energy cites a report prepared by R.L. Kathren et al (Reference 10), as a
recommended source of guidance on the optimization of radiation
protection. In this report, Kathren et al have suggested values of the
cost per unit of collective dose which give an indication of the larger
values which may be acceptable when the subjective component of the
detriment, i.e., ft, is included. Kathren et al recommended that if
dose reduction by design modification can be achieved at a cost of less
than $2,000 per person-rem saved, then it is cost-beneficial and should
always be done. The report suggests that an upper limit of the cost per
unit of collective dose might be $60,000 per person-rem. However, this
upper limit is qualified in two regards. Firstly, no individual can be
exposed to nor incur a level of radiation exposure in excess of the
regulatory limits. Secondly, management may decide, for reasons other
than ALARA, to incur additional costs to meet internally imposed limits
or to reduce other costs.

It is worth noting that the terms AV and AP in equation (A4) are
defined to be independent of radiation protection, so that for design
modifications intended solely for radiation protection, equation (A4) can
often be simplified to the following:

<A7)

The Ontario Hydro interpretation, would then be to determine the
acceptability of the value of |3 calculated in this way on the basis of
the conditions specific to the design modification being considered.

Equation (A5) can be rearranged to give the following

aAS + PAS = -AX (A8)

Note that for a design modification which results in a reduction of the
collective dose, the value of AS will be negative, whereas the value of
AX will normally be positive.

It must be stressed that the consideration of replacement labour costs is
merely a technique for arriving at the dollar worth of a person-rem.
This does not imply that enlargement of the work force in order to reduce
the radiation exposure of individuals represents a technique for
optimization of radiation protection. In terms of ALARA, enlargement of
the work force would not be considered an acceptable technique for
radiation protection, since it would not reduce the collective dose. In
many cases, enlargement of the work force will actually lead to an
increase in the collective dose. The size of the work force for a
facility should be determined on the basis of the labour requirements
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associated with the operations and maintenance tasks, etc. The
application of cost-benefit analysis is then subject to the limitation
that given the number of persons required to perform these tasks, the
facility design must be such that no individual will receive a radiation
exposure in excess of the regulatory dose limits, providing that there is
no breakdown in safe working practices.

The annual incremental dose saving associated with a design modification
is usually discounted into the future, recognizing that the capital cost
of the design change is immediate whereas the dose saving is recovered
over the operating life of the facility. Using appropriate discount
rates projected over the life of the facility, the capitalized value of a
unit of dose may be calculated from the annual value.
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APPENDIX B

TECHNIQUES FOR ESTIMATION OF COMPONENT LEAKAGE

A number of calculational techniques based on fluid flow theory have been
developed for the estimation of component leakage (References Bl, B2). A
common difficulty in the application of these techniques is the selection
of various parameters used to characterize components in terms of leak
rate. The most straightforward techniques assume that the helium leak
rate for components is known. This may be based on either quality
assurance acceptance standards or actual leak rate measurement. The
pressure and temperature at which this leak rate pertains must also be
known. The component leakage can then be characterized by determining
the dimensions of a leak path which would produce such a helium leak rate
under the given conditions of pressure and temperature. This is achieved
by use of the Poiseuille laminar flow equation and the Knudsen molecular
flow equation, as appropriate.

The Poiseuille equation is as follows:

Q, = — <—>4 — <pl " p2) (Bl)
L 8 2 ''L

where Q is the volumetric leakage rate (pressure volume per time), Pi
is the upstream pressure, P2 is the downstream pressure,
PA = 1/2 (Pi + P2). d is the leak path diameter, L is the leak path
length and y is the fluid viscosity.

The Knudsen equation is

I——1

QM - « J " |-f- "f2- (P1"P2) (B2)
0 kl H L

where the parameters are defined above except that R is the gas law
constant, T is the absolute temperature and M is the molecular weight of
the fluid.

The leak path dimensions obtained by application of the appropriate
equation, or combination thereof, are then used to calculate the leakage
rate for the fluid of interest. For water, the liquid laminar flow
equation would normally be used. This is as follows:
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This technique represents a simplification of the actual situation. The
actual component leakage will be by way of a number of leak paths with
irregular geometries. In addition, by determining the leak path
dimensions representative of a gas and using these to estimate liquid
leakage the effects of surface tension have been ignored. The
combination of these two factors leads to estimated liquid leak rates
that may be up to order of magnitude greater than the actual values when
the pressure conditions for both the gas and liquid leakage are similar
(Reference B2). In addition the effects of temperature on the leak path
dimensions and liquid evaporation at some point along the leak path are
not included. For a discussion of the effects of these considerations
see Reference Bl.
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APPENDIX C

AIR REQUIRED TO REMOVE TRITIUM

When the leakage rate and its tritium activity concentration level are
known, the quantity of air required to dilute and remove tritium to below
the permissible concentration level can be calculated from the following
formula:

Q m M x P E x L A x K x 277.78 ( c l )

Where:

Q Dilution exhaust air flow,
W Amount of active liquid leaked out, kg/h
PE Part of liquid lost by evaporation (when the liquid is totally

vapourized PE = 1)
LA Activity concentration of tritium in liquid, Ci/kg

Ambient (target) concentration of tritium in air, wCi/m3
Dimensionless factor to increase or decrease the calculated air
flow rate to take account of non-totally mixed conditions. K
normally ranges from 0.5 to 2

277.78 conversion constant = 1°
60 x 60
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APPENDIX D

CALCULATION OF THE TIME REQUIRED BY THE DRYERS TO LOWER
THE TRITIUM CONCENTRATION IN THE REACTOR HALL BY A FACTOR X

Notation: Concentration of tritium in reactor hall: C (Cl/m^)
Volume of reactor hall: V (m^)
Ventilation rate of dryers: Q (m^/s)

Assumptions:

(a) The concentration of tritium in the hall at time t=0 is C(0).

(b) After t=0 no further tritium is added to the reactor hall.

(c) All tritium entering the dryer is adsorbed by the desiccant beds
and none is recirculated into the hall.

(d) The air flow is from the hall, into the dryers and back to the
hall.

Derivation:

Activity removed from hall in time dt: CQ dt (Dl)
Decrease of activity in hall: -VdC (D2)

Therefore -VdC = CQdt and dC = -CQ so that (D3, D4)
dt V

C(t) = C(0) exp (-Qt/V) (D5)

and t = _V_ In C(0) (D6)
Q C(t)

The time required to change the concentration by a factor x is given by:

tx = _Y_ In x (D7)
Q

where x =• c<°> (D8)
C(t)
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