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ABSTRACT

An assessment of the operational readiness of the Filtered Air Discharge (FAD)
Stack Monitoring systems, installed in Canadian CANDU nuclear power plants, was
performed in this project. Relevant Canadian and foreign standards and
regulatory requirements have been reviewed and documentation on FAD stack
monitoring system design, operation, testing and maintenance have been assessed
to identify likely causes and potential failures of FAD stack monitoring systems
and their components under both standby and accident conditions. Recommendations
have also been provided in this report for design and performance review
guidelines for CANDU stations. A case study of the FAD stack monitoring system
at Pickering NGS is also documented in this report.

RESUME

Ce rapport presente les resultats d'une evaluation de l'etat de preparation des
systemes de controle d'effluents du dispositif de rejets filtres (DRF) utilises
dans les centrales nucleaires canadiennes de type CANDU. Ce projet comprend une
revue des normes de reglementation canadiennes et internationnales sur les
systemes de controle d'effluents du DRF, et une etude de la documentation sur la
conception, 1'exploitation, la verification et l'entretien de ces systemes, afin
d'etablir les causes probables et potentielles de defaillance du systeme ou de
ses composantes, en mode d'attente ou lors d'incidents. Ce rapport recommande
egalement un guide pour 1'evaluation de la conception et de la performance de ces
systemes pour les centrales CANDU. Finalement, ce rapport presente une analyse
de cas du systeme de controle du DRF de la centrale Pickering.

DISCLAIMER

The Atomic Energy Control Board is not responsible for the accuracy of the
statements made or opinions expressed in this publication and neither the Board
nor the author assumes liability with respect to any damage or loss incurred as
a result of the use made of the information contained in this publication.
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A. REVIEW OF STANDARDS

A. 1 Introduction

A.1.1 General

There are in general two types of containment systems in use in Canada: single-
unit pressure containment or multi-unit vacuum systems. In single-unit
containment systems, routine controlled releases of radioactive material occur
through the reactor building ventilation stack. In some accident conditions,
releases may also take place through that same stack prior to containment
isolation. A monitoring system is therefore incorporated in the stack, mainly
to monitor routine releases, but also to measure the quantity of radioactivity
released during the initial pressure-assisted release phase of accidents. In
multi-unit stations, the same routine and initial releases from accidents take
place through the ventilation stack. However, the long-term release is
controlled by maintaining the containment pressure sub-atmospheric. This is
achieved by venting of containment over short periods through a separate stack
which is equiped with its own monitoring system.

A.1.2 Objectives and Scope

The objectives of this report are to review existing standards on filtered air
discharge monitoring in accidental situations and to discuss design and
operational requirements which could be applicable to Canadian nuclear power
stations. These proposed requirements will then be applied to a case study of
the Pickering A Nuclear Generating Station (PNGS) Post-Accident Radioactive
Release Monitoring System (PARMS).

The scope of this report encompasses post-accident atmospheric release monitoring
systems for CANDU reactors. It is not specific to containment type. Because,
in some cases, the monitoring system used under normal conditions is also used
following an accident, this review may cover aspects directly relevant to routine
stack release monitoring systems.



A. 2 Review of Existing Technical Criteria of the Filtered Air Discharge Stack
Monitor System

A.2.1 Purpose of the Filtered Air Discharge Stack Monitor System

The purpose of a post-accident radiation release monitoring system may vary
according to the type of containment strategy in use.

In general, the purpose of a post-accident release monitoring system is as
follows:

(1) To contribute to the measurement of the quantity of the major
radionuclides which are released to the environment as a result of
the accident (in conjunction with other environmental monitoring
programs).

(2) To provide appropriate information on the source term to assist in
calculating the expected dose which can potentially be received by
the public in order to enable appropriate protective measures to be
implemented.

However, in the case relating to multi-unit vacuum buildings, where long term
controlled discharges may occur, the post—accident release monitoring system
serves an additional role:

<3) To provide information on the contents of the Filtered Air Discharge
System (FADS) discharge prior to a decision to release to the
atmosphere.

A.2.2 Survey of National and International Standards. Regulatory Guides.
Industry Documentation and Other Relevant Publications

A.2-2.1 Canadian Standards

Canadian standards for monitoring and display in CANDU nuclear power stations are
contained in CSA Standard CAN3-N290.6-M82 [1]. This document addresses
monitoring and display equipment in general and is not specific to PARMS. The
extent to which this standard may be applicable will depend greatly on the
classification of the PARMS as part of a safety-related system or not, or as a
plant characteristics monitoring system or not.

Detailed sections which may apply to the PARMS are summarized in Annex A. The
standard covers general design principles, general requirements, specific
requirements, quality assurance (QA) and the required documentation. The
requirements are based on generally accepted design and operating principles.
However, the following points may be noteworthy:

a. General design principles. There must be provisions to allow testing
of the accuracy and of the availability of the system. The system
must also be designed to withstand its design basis event. As much
as possible, the equipment should be the same as that normally used
under normal conditions.

b. General requirements. All safety monitoring equipment must be
arranged in chains incorporating independence, reliability and
redundancy concepts. The range of the instrumentation must be
adequate to measure expected conditions during and well after the
accident.

c. Specific reguirements. Information chains which have common
components with special safety systems must be classified as special
safety systems and meet the requirements of this standard. In the



case of equipment monitoring plant characteristics, for each
characteristic, the reliability must be in excess of 99%, with a
design target of 99.9%, based on the time period for which it is
required. No single chain failure shall prevent an operator from
determining any single plant characteristic. Sufficient margin must
be incorporated into the design to account for uncertainties in
accident analysis, both in terms of range and operating conditions.

More detailed requirements on radiation monitoring will be contained in the CSA
Standard N290.7, Requirements for Radiation Monitoring in CANDU Nuclear Power
Plants, which currently only exists in draft format.

A.2.2.2 US Standards and Guidelines

The US NRC Regulatory Guide [2] 1.97, Revision 3, is a generic guide which
contains specific information on monitoring of radioactive releases. A detailed
summary is given in Annex B.

In general, that guide defines requirements which are comparable or compatible
with the Canadian standard. However, more precise requirements are given for
equipment monitoring radioactive releases, which are classified as type E
variables. Measurements of noble gases, as one group, and of iodine and
particulates as another, are treated differently. Noble gas measuring equipment
is classified as category 2 equipment, which means that it must satisfy the same
qualification requirement as category 1 equipment (measuring key process and
safety variables) except for seismic, redundancy and continuous display.
However, its power must be supplied by a highly reliable power source, and a
battery backup must be provided where interruptions in equipment operation is not
tolerable. On the other hand, equipment monitoring halogens and particulates is
only classified as category 3. Category 3 instrumentation is defined as high
quality off-the-shelf equipment.

Monitoring ranges are also specified:

1C* to 10+5 fjCi/cc for noble gases, over 0 to 110% of vent design
flow; and

- 10'3 to 10+2 /iCi/cc for particulates and halogens, over 0 to 110% of
vent design flow.

It should be noted that these ranges also cover normal operating conditions, and
that they are based on chosen accident envelope and assessment strategy.

Details of the design envelope requirements state that a 30 minute sampling
should be assumed with an average concentration of 102 /jCi/cc gaseous iodine, 102

/jCi/cc of particulate iodine and an average gamma energy of 0.5 MeV.

Another US publication directly relevant to this issue is the American National
Standard Guide to Sampling Airborne Radioactive Materials (3]. This guide
addresses mainly occupational hazards and the protection of Atomic Radiation
Workers (ARW), but some aspects are relevant to stack monitoring in general. A
lot of the relevant information focuses on the problem of particulate sampling,
because of the technical difficulties involved in such a process and because of
the inaccuracies which may easily result from improper sampling.

In general, the guide addresses the need for the samples to be representative.
Representativeness must take into account the spatial distribution of particles,
and the physical and chemical composition. Specific technical requirements and
good design practice affect the following key variables: sampling velocity, probe
design, the chemical reactions of the contaminants with sampling line materials.



the volume of air sampled, the sampling time, account for radioactive decay, and
the range of the detector or detectors. Where the range is too wide for a single
detector, the guide suggests using two or more detectors with overlapping ranges.

The guide also contains specific guidance on how to best address the above
issues. In the specific case of stack sampling, the following main requirements
apply. The sampling position must be chosen in order to minimize flow
disturbances, which may affect the distribution of particles as small as 5 pm in
aerodynamic diameter. The location of the probe along the cross section of the
stack must be such that a representative fraction of each particle size is
collected, unaffected by the possible non-uniform distribution of large or heavy
particles due to gravitational or centrifugal forces. The impact of flow regime
on sampling locations must be considered, since flow profile varies significantly
between laminar and turbulent flows. All these preceding aspects must be
considered in probe design. For example, the probe inlet diameter must be such
that turbulent eddies do not significantly impact particle ingress into the
probe.

Isokinetic sampling is generally recommended by the guide. Errors in sampling
due to unequal flow velocities (which cause flow line distortions) can be of the
order of 50% for very large particles, and up to 35% for particles of 12 pm in
diameter.

Other considerations include the effect of particle deposition in sampling lines
by either gravitational, Brownian, turbulent or centrifugal acceleration.

A.2.2.3 International Standards and Recruirements

International standards from the IAEA, Germany, France, the UK and Italy have
been examined through references in conference proceedings [4], [5], [6] and
through published standards [7-12]. In general, international standards are
compatible with Canadian and US standards. In fact, international standards
appear to be based to a great extent on the US NRC standard [ 2 ]. Many European
national standards are currently under revision or only in draft form [10].

International standards for PARMS are dominated by the type of containment
strategy used, i.e. single—unit, pressure retaining. Therefore, a greater
emphasis is placed on the function of the monitoring equipment during normal
operation than in post-accident conditions (it should be noted that, in general,
the same equipment is used for both). Because of the close proximity to other
European nations and of past experience, generally more emphasis is placed on
off-site monitoring networks than on stack monitoring for accident situations.

Some differences, additions or variations do exist between international and
North American standards. The following discusses only the major differences:

a. IAEA. Isotopic measurements are recommended, in part in order to
differentiate between the gaseous and particulate forms of iodine.
Chemical and physical determination of iodine forms can be made
through the use of active filters. Quality control and calibration
must be done against individual isotopes.

b. Germany. The range considered for beta radiation is 100 keV to 2
MeV, with a minimum concentration of 5xl0'? Ci/m3. Isotopic
composition is required. The use of compression techniques for
sampling is recommended where rapid results are required (this
technique uses a compression cell chamber to increase the
concentration of contaminants prior to counting). During normal
conditions, noble gas monitoring must be continuous, and iodine
measurements performed weekly. During accident conditions, immediate
analysis and change of the filters must be possible. Noble gas
measurements use wide-area detectors. Several plants are also



equipped with high-resolution detectors for quasi-continuous isotopic
analysis. All components of the collection system, with the
exception of the sampling tube, must be redundant. Emergency power
supply is required to the electrical components. Uninterrupted power
supply is required for continuous monitoring. Calibration is
required against Xe-133 and Kr-85. The following yearly testing is
required: visual inspaction, inspection of test and maintenance
documentation, test of electronics, verification of function and
calibration, testing of signals, inspection of flow monitors and
auxiliary supplies, inspection of equipment for sample collection.

c. France. Isokinetic sampling is recommended with probes distributed
across the stack diameter.

d. The International Electrotechnical Commission (IEC) Series. The IEC
has published a number of international standards on the monitoring
of radioactive releases in normal and in accident situations, which
have been formally endorsed by a number of member European countries.
The IEC 951 series [7] is the most recent and comprehensive standard
on the subject. It contains detailed requirements on the design,
operation and testing of individual components of PARMS. It would
be futile to attempt to give a complete summary of the highlights of
that document; however, the structure and some of the main aspects
are summarized in Annex C. The IEC-761 series addresses equipment
used under normal operating conditions. It is compatible with and
comparable to Canadian Standard N290.6. Since some PARMS components
may also be used during accident conditions, this standard may be
very relevant.

e. British Standard on Airborne Sampling f91. The BS-5243 (1975)
addresses exclusively the sampling techniques to be used for airborne
contaminants, and does not cover radioactive measurements. As for
the ANS Guide to Sampling [3], the British guide focuses primarily
on the sampling of particulates and on the protection of the ARW.
It is to a great extent fully compatible with the ANS guide. Some
of the special considerations discussed in the standard include the
following:

(i) Inertial effects must be considered significant for particle
aerodynamic diameter greater than 5 j/m. Probes should be
located in vertical sections of the duct. For stack diameters
of less than 8 inches, one probe is considered sufficient. In
stacks with a diameter between 8 and 20 inches, at least two to
three probes should be used, spaced in equal sampling areas.
The probes must satisfy two main characteristics: they must be
easy to remove and to clean, and there must be no abrupt
direction changes in the sampling path. The standard also gives
detailed calculation methods to estimate particle depositir . in
the sampling lines.

(ii) The importance of accurate flow rate measurement is
emphasized. Flow rate probes should be located
downstream from the collector. Specific guidance on flow
control is also given, including a description of by—pass
air control to maintain optimal line transmission
velocities while maintaining isokinetic sampling.

(iii) Sampling locations should be 5 to 10 stack diameters away
from major bends.



ft.2.2.4 US State Regulations

In the spring of 1979, the State of Illinois General Assembly passed the Illinois
Nuclear Safety Preparedness Act. Paragraph 4308 of the Act specifically states
that:

"The Illinois Nuclear Safety Preparedness Program shall consist of an assessment
of the potential nuclear accidents, their radiological consequences, and the
necessary protective actions required to mitigate the effects of such accidents.
It shall include, ... provision of a remote effluent monitoring system capable
of continuously identifying and quantifying the radioactive components of all
effluents from nuclear facilities to the environment."

The purpose of the remote effluent monitoring system is directly related to off-
site radiological impacts, or dose to the population. This impact is very
sensitive to the nature of the specific isotopes being released. An inability
to characterize fully the isotopic nature of a release could result in errors of
a factor of two or more for off-site dose projections.

In a follow-up report prepared for the Illinois Department of Nuclear Safety
[13], a comparative analysis between two different effluent monitoring systems
was performed. The following concerns were raised:

(1) A manual system for collecting and analyzing gas samples and filters for
isotopic content precludes a high confidence level that critical data from
those samples would be received in a timely manner during accident
conditions. Reliance on manual procedures during accident situations
should thus be avoided. Reactor personnel should instead concentrate on
plant recovery operations, rather than manually developing data and
transmitting it to off-site agencies.

(2) A non-isotopic analysis of the samples could result in failure to
recognize the presence of important radioactive species. For example, if
cesium-iodide aerosols were deposited on the particulate filters, the off-
site thyroid doses could be underestimated unless the iodide was detected
on the particulate filters.

A.2.2.5 Nuclear Industry Requirements

The design and operational requirements adopted by plant designers and utilities
in Canada vary according to the type of containment system in use. They are
found in publications by Ontario Hydro [14], [15], [16], and AECL [17]. A
summary of these requirements is given in Annex D.

In general, post-accident radioactive release monitoring is perceived as only one
of the elements required in order to assess the impact on the public and the
environment. Release monitoring encompasses releases from all possible sources.
In the case of controlled releases from vacuum buildings, as mentioned above, it
is required to be able to measure the airborne contamination within prior to
release to the environment.

Requirements expressed by the industry are generally in accordance with the
national and international standards reviewed above. In principle, concerns
regarding representative samples, isokinetic sampling techniques and the range
requirements are addressed. In addition, the requirements discuss the type of
information, its format, the availability of the equipment, the accuracy and the
qualification in details.

In some areas, in particular in the environmental qualification, PARMS
requirements for single unit containments and for multi-unit containment systems
vary widely. Multi-unit PARMS used in Ontario Hydro have a safety-support
function, are seismically qualified and are designed to withstand harsh



conditions related to the design basis event. In the case of single-unit plants,
used by Hydro Quebec and the New Brunswick Electric Power Commission, there are
no requirements for the stack monitoring system to be seismically qualified, or
to withstand harsh environments. These differences may be explained by the
concept differences between the operation of the two containment systems: one
which is designed for controlled post-accident release, and one which is designed
primarily for use under normal conditions. Stack monitoring systems for single-
unit plants in Canada are not yet considered part of a safety system, although
they are included among the means available to the operator for post-accident
management.

A.2.2.6 Industry Documentation - System Manufacturers

A number of stack monitoring system manufacturers were contacted to provide
details of their systems. Information was obtained from SAIC/RADeCO and
CANBERRA.

A.2.2.6.1 SAIC/RADeCO monitoring system

SAIC manufactures and builds stack monitoring systems, most of which are used in
the State of Illinois. Their stack monitors are designed to have the following
features:

- isotopic monitoring of total radiation release to the atmosphere in
normal and post-accident conditions of iodine, particulate (10'13 to
102 yCi/cc), and noble gas (10"' to 105 pCi/cc).
provides the ability to assess plant conditions based on isotopic
composition of plant effluents. Such problems as fuel integrity and
duct filter efficiency can be diagnosed.
allows personnel to make dose projections from plumes in the event
of an accident.
satisfies the requirements of Reg. Guide 1.97, Rev. 3.
maintains an historical record of plant radiation releases to the
atmosphere.

- fully automated (sampling flow control, sampling, cartridge
replacement, isotopic measurements and data processing are all
performed automatically).
automatic isotopic analysis of acquired pulae-height spectra to yield
microcurie release rates.
three sampling sections: Particulate, Iodine, Noble Gas.
high ranges provided automatically by change of noble gas chamber
size, change of cartridge feed rate, and front-end dilution.
periodic background analysis.
periodic system calibration with gamma-emitting check sources; one
for each Ge detector.
may monitor more than one sample line.
fully shielded.
bypass for each section.

- automated diagnostic system to detect and isolate problems,
holds approximately one-month supply of cartridges,
alarms provided for unusual conditions.
automatic system restart after power interrupt.

- software provided for system control, spectrum analysis, and custom
report generation.



A.2.2.6.2 CANBERRA on-line stack monitoring system

CANBERRA has designed integrated stack-monitoring and dose-calculation systems
for use in normal and abnormal conditions in nuclear power plants. These systems
are in use at the Ringhals, Forsmark and Oskarshamn multi-unit reactor sites in
Sweden. The main features incorporated in this design are as follow:

continuous monitoring of noble gases
on-line data acquisition with continuous data base update (as in the
description above, sampling, measurement and data processing are
performed by the system and the data is stored; this is done
continuously, as the system can also be used to determine routine
operational releases)

- collection and incorporation of meteorological, iodine and
particulate data
isotope specific calculation of the total radioactivity released
activity measurement up to 3xlO8 R/h.

- hourly updates
- full system redundancy

High and low efficiency solid-state detectors are used to provide the required
dynamic range. Iodine analysis is performed off-line.

A.2.3 Factors to be Observed in Proper System Design and Operation

A.2.3.1 General

In general, a good design is one which accomplishes what is required of the
system. Therefore, factors for good design and operation will vary according to
the type of plant, to the nature of the accident, and to the availability of
other means of measuring the quantity of radioactivity released to the
environment. Since the main objective of PARMS is related to the ability to
predict doses to members of the public, the design must consider the relative
impact of individual isotopes or groups of isotopes. The efforts invested in
measurement reliability, accuracy and completeness will need to reflect the
relative impact of these variables on the dose to the public. This will affect
specifically the importance of particulate sampling and individual isotopic
measurements.

The following section lists briefly some important factors to be observed in good
design and operation of the PARMS. This is not a list of proposed requirements,
but an enumeration of what is considered to be good design and operating
practice, based on the reviewed literature.

For sake of clarity, the list is divided in design and operational factors. The
design factors are grouped in the main functional assemblies of the system.

A.2.3.2 Design factors

A.2.3.2.1 The sampling assembly

(1) The probe.

It should be located away from bends and other flow disturbances (5
to 10 diameters away).

It should be located downstream from all stack filters.

It should be located as close as possible to the outlet of the stack,
but remain accessible for maintenance.



It should be as close as possible to the sampling and measuring
components in order to limit the length of the transmission lines and
reduce transmission losses.

It should be located in a vertical section of the duct to avoid
gravitational disturbances of particle distribution.

It should be located at a point in the stack cross section where a
representative sample can be collected and where the velocity of the
effluent is well known.

If more than one probe must be used, they should be spaced in equal
cross-sectional areas.

The probe should be sized according to the stack flow condition.
Ideally, the flow in the stack should be laminar to avoid particle
cross-flow and to reduce the effect of eddies on probe inlet
efficiency. Transmission losses will occur for particles with an
aerodynamic diameter of more than 5 pm [18], either by gravity,
Brownian motion or turbulent deposition on the probe walls. The flow
of best transmission occurs at a Reynolds number at the transition
from laminar to turbulent flow (approximately Re = 2830).

Use of isokinetic sampling should be considered, but not tc the
detriment of transmission losses in the probe. Isokinetic sampling
will reduce large particle losses at the probe inlet. However, the
effect of adopting a non-optimal flow regime in the sampling line may
outweigh this advantage because of transmission losses. This is
particularly important if wide variations in stack flow are expected,
where the sampling flow must vary accordingly. Flow control
techniques such as the air by-pass control may alleviate this
problem.

Probe design generally incorporates an expanding cross-section to
allow the flow to slow down upon entrance. This is found to minimize
deposition.

In stack sections where the flow is very irregular, the use of
several probes should be considered.

(2) Transmission lines

The material does not interact physically or chemically with the
atmospheric contaminants. For iodine, for example, the use of
rubber, copper and plastics should be avoided.

Heating should be used to prevent condensation, which can act as a
trap for some isotopes.

The transmission lines should be as short as possible, with a minimum
number of bends and horizontal sections, where gravitational
deposition may occur preferentially.

(3) Monitoring cells and filter

The arrangement should allow measurement without process
interrupt ion.

Iodine and particulates must be filtered prior to collection of the
noble gas.

The assemblies must be leak tight.
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Periodic purges should be carried out to prevent the accumulation of
contaminants.

Shielding should be provided where manual filter extraction is
required.

Filter replacement must be easy and adequate. There should be no
risk of misplacing the components, thereby losing the integrity of
the assembly.

Where large stack flow variations are expected, there should be more
than one sampling stream, in order to preserve optimal flow
conditions in the lines and p-event excessive transmission losses.

There should also be more than one sampling stream to cover the full
range of expected measurements.

The facility to withdraw samples for laboratory analysis (if required
or applicable) should be as close as possible to the sampling probe,
but accessible and in a location environmentally adequate from a
health protection perspective. If human interaction is required,
shielding must be provided.

(4) Pumps

Pumps should be of the constant displacement type or flow control
must be incorporated into the design.

Backup pumps are generally desirable.

A.2.3.2.2 The measuring assembly

(1) Detectors

In general, there should be more than one detector per isotope group,
in order to cover the full range of measurements.

Detectors are calibrated against individual appropriate isotopes.

Isotopic measurement, as opposed to gross counts, is a definite
advantage. Uncertainties in dose predictions can be substantially
reduced with the use of such a system. However, based on the
literature reviewed, this is not a universal requirement.

Detectors must be easy to install and remove for maintenance and
testing. Detector sockets must be designed such that the detector
is always replaced in the same position.

(2) Electronics

The electronics should be protected from ambient radiation.

There should be self-testing capabilities.

Check sources should be installed.
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A.2.3.2.3 The control assembly

(1) Flow control

Flow control should require minimum operator intervention.

The flow control arrangement should not lead to wide velocity
variations in any single sampling line over the full range of
expected stack flow conditions.

The sampling flow control must take into account- the flow regime in
the stack.

(2) Stack flow rate monitor

It should be located at a point in the stack cross-section where the
velocity is representative of the average velocity in the stack.

Considerations should be given to maintaining a flow as close as
possible to the optimal transmission flow regime.

A.2.3.2.4 The display assembly

No manipulation by an operator should be required to obtain the output data in
the desired format.

The display unit must cover the full range of expected measurements.

It should also include indications for all major functions, including but not
limited to: power on, power source, failure indicators, over-range indicators,
alarms for excessive reading of any process parameter.

A.2.3.2.5 The power assembly

A stable and reliable power supply should be provided. Backup Uninterrupted
Power Supply (UPS) should also be considered.

A.2.3.3 Operational Factors

A.2.3.3.1 Operating mode

The system can be operated in continuous or on-demand mode. In the latter case,
regular operational checks must be carried out and unavailability alarms must be
provided.

The entire operation should be automatic and require minimal operator
intervention.

On-line real time results of at least gross counts by main isotope group should
be provided.

A.2.3.3.2 Analysis

As a minimum, gross counts should be obtained directly from the system, without
further laboratory analysis.

On-line isotopic analysis is desirable.

The results, in their desired format, must be available within the required time.
That time varies between 20 minutes to one hour.
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A. 2.3.3.3 The human interface

Simple procedures must be in place.

Remote operation of the system is the preferred mode.

The number of manually operated valves and interlocks must be limited.

The number of manual adjustments required must be minimal.

Indications of erroneous operation should be provided at the operating location.

A.2.3.3.4 Maintenance and repairs

All components of the system should be accessible.

There should be a well defined maintenance a.id test schedule.

A.2.4 Typical Causes of System Failures and Operational Errors

Overall system failure may result from faults in individual components or from
common mode failures. The following potential generic causes of system failures
and operational errors have been identified. For the sake of clarity, they are
classified by system function or assembly. This is not intended to be an
exhaustive list of potential component failures, but it is a guide into
classifying potential problems.

A.2.4.1 System unavailable

The causes are varied. They include inadequate power supply, undetected failure
of components, and operating conditions outside the expected design range.

A.2.4.2 Sampling faults

Sample distortion, or the collection of a sample which is not representative in
terms of particle size or chemical and physic composition, can result from
transmission losses, wrong probe design or location, deficient sampling system
control, condensation in sampling lines.

Leaks in lines couplings, valves, filters or sample cells.

Improper sample flow control.

A.2.4.3 Measurement

Measurement off scale.

Improper calibration of detectors.

Isotopes released not all accounted for.

Fault in detector.

Error in stack flow measurement.

Software deficiencies, for example in spectral analysis, or in integration and
extrapolation routines.

A.2.4.4 Electronics

Undetected circuit failure.



13

A.2.4.5 Display

Error in data conversion where data manipulation is required.

A.2.4.6 Operation

Procedures too long, too complex, or inadequate. This failure mode includes the
lack of up-to-date written procedures.

Equipment inadequate. This includes the lack of appropriate tools for sampling
or handling potentially highly radioactive samples.

System not accessible. A mission failure will result if the system cannot be
placed in service, if the system data cannot be retrieved or if the system cannot
be maintained in service throughout the accident response time-frame due to
inaccessibility resulting from high temperatures, humidity or radiation.

Results not available in a timely manner. For multi-unit containments, for
instance, the post-accident stack monitoring system is required to be operational
prior to releases of radioactivity and to provide necessary information for off-
site emergency actions. Failure of the system to provide information consistent
within either of these implied time periods implies a system failure.

System information not in correct format for emergency response use, requiring
operator manipulation of the data. This could result in potential errors and
lead to inadequate recommendations for off-site protective actions.

Insufficient resources to activate system. A mission fnilure will result if the
system cannot be activated, monitored or maintained due to lack of available
staff. As the operation of some stack monitoring systems is known to result in
appreciable radiation exposures of the operators, this failure mode would also
include the refusal of staff to operate the system.

A.2.5 Proposed Design Review Guidelines

A.2.5.1 Scope

The proposed review guidelines cover post-accident monitoring of gaseous releases
through stacks in nuclear power plants. They address the sampling and
measurement of the release. They are not plant specific.

Relevant standards include CAN3-N290.6-M.83 and 290.7 (draft).

A.2.5.2 General Design Principles

The main purpose of PARMS is to measure the total quantity of radioactivity
released to the environment in a timely manner, in order to provide sufficient
and adequate information to allow appropriate off-site protective actions to be
taken. Therefore, the PARMS shall be designed and operated to reliably meet
those requirements under all expected accident conditions.
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A.2.5.3 General Design Guidelines

(a) The design shall allow the determination of projected doses to the public
within one order of magnitude, assuming that the best realistic accuracy
can be realized on dispersion calculations.

(b) The system shall be designed to operate over the full range of postulated
events considered for off-site emergency planning. The design basis shall
at least consider dual-failure events.

A.2.5.4 Design Guidelines

A.2.5.4.1 Sampling

(a) The sampling shall be representative. Attention shall be given to the
effect of probe design, position and location, stack flow, sampling flows
for optimal transmission, isokinetic sampling and sampling line geometry
and material in order to optimize collection accuracy, and minimize
transmission losses and chemical interactions.

(b) Errors due to anisokinetic sampling and transmission losses shall be
quantified over the full range of flow regimes and measurements. The
uncertainty shall be considered in the calculations of overall accuracy.

(c) The chemical forms of isotopes shall be considered in the design. A
sufficiently detailed characterization of chemical species of important
isotopes shall be made :o meet the overall accuracy target contained in
2.5.3 (a).

(d) Where single probes cannot provide a representative sample, the use of
multiple probes shall be considered.

(e) Adequate protection of the sampling equipment shall be provided against
the effects of the environment on the accuracy of the process. Important
factors to consider include but are not limited to: condensation in the
sampling lines, heat, relative humidity and ambient gamma radiation.

(f) Filters shall be easy to retrieve and replace.

(g) The ability to inspect, maintain and repair sample cells shall be
provided.

(h) There shall be provisions for purging the sampling assembly during
operation.

A.2.5.4.2 Measurements

(a) The effective range of detectors must cover all postulated operating
conditions. If more than one detector is used, ranges of individual
detector shall overlap.

{b) Calibration of detectors shall be performed against isotopes of interest.

(c) The determination of isotopic composition shall be sufficiently detailed
to meet the overall target accuracy over all expected conditions,
accidents snd release scenarios.

(d) Detectors shall be able to be easily removed and replaced in the same
position.
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(e) Means shall be provided to verify the effectiveness of the monitoring
process.

Note. This could include the provision of backup direct measurement
devices, such as TLDs located directly in the stack.

(f) Adequate electronic circuit protection shall be provided against the
operating environment.

(g) Check sources shall be provided. Their effect on measurements, when not
in use, shall be determined and shall remain negligible.

(h) Over-range protection shall be provided in order to prevent temporary
equipment unavailability.

(i) Facilities shall be provided to allow measurements to be made without
interruption of the sampling flow.

A.2.5.4.3 Control

(a) Adjustment of sampling flow rates to stack flow rates shall be controlled
automatically, without operator intervention.

(b) Sampling flow rates in individual sampling lines shall not vary widely
over its full operating range in order to maintain an optimal flow regime.

<c) Stack flow rate measurement shall be representative of the stack
volumetric flow rate.

A.2.5.4.4 Display

(a) There shall be provisions for remote display of on-line results in the
control room.

(b) Manipulation by operators of monitoring output data prior to use in dose
projection algorithms shall be minimized.

(c) The display shall cover the full operating range of the system.

(d) Indication shall be provided of major monitoring process functions,
including but not limited to: power, power supply, over—range indicator
and alarm, component failure indicator and alarms for excessive readings
in any of the key monitoring process parameters.

(e) There shall be provision for on-line and real-time display of gross
measurements for the following groups of isotopes: noble gases, iodine and
particulates.

A.2.5.4-5 Power

(a) The system shall be supplied with a stable and reliable source of power.
That source shall . be sufficiently reliable to meet the reliability
targets.

Note: As a minimum, the system should be supplied with class 3 power.

A.2.5.4.6 Human factors

(a) There shall be a minimum of operator intervention needed to control and
to operate the system, and to measure the samples.

(b) Procedures shall be provided. They shall be as simple as practicable, and
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be located at all control locations. Procedures shall aim to limit
operator exposure.

(c) Indications of erroneous operation shall be provided at the control
locations.

(d) Protective measures shall be provided where human intervention is required
or likely during system operation.

A.2.5.4.7 Reliability

(a) The system shall satisfy the requirements of Canadian Standard N290.6 in
terms of its main objective.

Note. This statement implies that the provision of "appropriate
information on the source term to assist in calculating the expected dose
which can be potentially received by the public" shall be shown to be
available 99.0% of the time. The meaning of "appropriate is to be
understood in terms of the overall accuracy requirement.

A.2.5.4.8 Redundancy

(a) Information chains shall satisfy the requirements of N290.6.

(b) Provision of an independent backup system should be considered where a
single channel/component malfunction is likely to render the system
ineffective.

A.2.5.4.9 Classification

(a) Seismic qualification shall be in accordance with N290.6.

A.2.5.4.10 Qualification

(a) All components shall be able to withstand environmental conditions at
their location over the full range of design events.

A.2.5.5 Performance Guidelines

The following is a list of generic performance requirements. More detailed
discussions on specific performance requirements will be found in chapter B.

A.2.5.5.1 Availability

(a) The system shall be designed to be available as soon as required over the
full spectrum of postulated events and release scenarios. In cases where
no controlled releases are anticipated, by design of the containment, the
system shall be continuously available.

(b) The system shall remain effective and operational for sufficient time
after the accident, until assurances can be given that release levels have
returned to normal.
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A.2.5.5.2 Accuracy

(a) The overall accuracy of the atmospheric release source term shall be
sufficient for the dose calculation accuracy target. The former shall be
defined in the functional requirements.

(b) Where practicable, estimates of uncertainties shall be made and provided.
Considered sources of errors shall include but not be limited to: stack
flow measurements, sample distorsion, sampling line losses, counting,
isotopic composition and chemical composition.

A.2.S.5.3 Results availability

(a) A complete output of critical parameters shall be generated at intervals
which satisfy off-site response requirements, or as soon as possible after
known marked changes in the release or potential release profile.

Mote. This interval should not exceed one hour, in order to maintain an
accurate history of the release profile.

(b) Initial data shall be obtained in a timely fashion immediately before any
controlled release or immediately after uncontrolled releases.

A.2.5.5.4 Calibration

(a) Calibration of detectors and other process sensitive components shall be
carried out at a frequency sufficient to support reliability requirements.

A.2.5.5.5 Isotopes

(a) The range of isotopes or groups of isotopes measured shall be sufficient
to meet the accuracy target for dose projection to the public.

A.2.5.5.6 Range

(a) The operating range shall cover releases from 100% DEL up to the highest
concentrations required by the off-site planning basis. There shall be
an overlap between normal and emergency effluent monitoring ranges.

A.2.S.6 Testing and Maintenance

A.2.5.6.1 Testing

(a) Testing of all components shall be carried out at an appropriate frequency
to demonstrate that the reliability requirements are met.

(b) Detection checks for the measuring assembly shall be performed over a
minimum of two decades, and should cover the full operating range.

(c) Electronic components should be self-testing. Indication of known
deficiencies shall be provided.

A.2.5.6.2 Testing and repairs

(a) All components shall be accessible for maintenance and repair.

(b) Equipment which is essential for proper operation of the system shall be
accessible during operation of the system.
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A.2.5.7 Documentat ion

(a) In accordance with N290.6, the following documents shall be provided:

- Design and Functional Requirements.
- Design Manual.
- Operating Procedures.
- Compliance with this proposed standard.
- Equipment history dockets.
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B. RECOMMENDED FUNCTIONAL AND PERFORMANCE CRITERIA

B.I Introduction

This chapter proposes specific functional and performance requirements based
mainly on Canadian industry documentation and on the proposed design review
guidelines in chapter A, section 2 of this report. As one would expect, the
detailed requirements depend on the specific system standards, the type of plant,
the station, the country, etc. Efforts were made to remain generic without being
vague. Where it is felt that a clear statement cannot be made, the factors
influencing the specific requirement are discussed.

Testing and calibration procedures also depend on the specific equipment used.
Therefore this chapter focusses on the generic functional and performance testing
and calibration requirements, rather than on specific procedures. Where it is
practical, generic procedures are also discussed.

B.2 Recommended Functional Criteria and Considerations

B.2.1 Sampling

B.2.1.1 Representative samples

The sampling assembly must collect representative samples of the main radioactive
contaminants in the filtered air discharge system (FADS) effluent. This implies
that:

a. the nozzle must be designed, positioned and located to provide
representative sampling,

b. transmission losses through the sampling lines must be minimized
(through the careful control of sampling flow, and the use of proper
materials),

c. condensation must be eliminated in the sampling lines,

d. filter efficiency variations for the different contaminants must be
considered.

The importance of obtaining a representative sample in the measurement assembly
must be weighed against the technical effort which needs to be invested to
achieve this target and against the actual significance of the contaminant.
Particulates are most subject to line losses and sampling distortion, but their
contribution to the overall dose to the population may be small compared with
other isotopes. It may be necessary to estimate the impact of errors in
representative sampling on the overall uncertainty of dose predictions in order
to determine the importance of this functional requirement. However, if the
contribution of particulates to population dose is significant, it may be
necessary to determine sampling efficiencies.

B.2.1.2 Continuous sampling

The system must be capable of continuous, uninterrupted sampling. Operator
intervention, if required, for example to grab samples, must not result in flow
interruption through the sampling assembly. This may be important in order to
detect changes in accident conditions or in FADS performance.

B.2.1.3 Chemical species

The system must be able to collect all significant chemical forms of important
isotopes. In practice, this means providing a system which can measure inert
gases, reactive gases and aerosol particulates of varying sizes. In particular,
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iodine filters must be able to collect organic iodides under possible high
humidity conditions. Filter efficiency must not be unduly impaired by the
presence of non-radioactive contaminants.

B.2.1.4 Radionuclides

The radionuclides to be measured include all those which are potentially
radiologically significant in terms of off-site doses to members of the public.
In general, the noble gas and iodine isotopes with half-lives greater than 15
minutes are the most significant radionuclides. In cases where containment is
impaired, the FADS filters are impaired or there is substantial fuel damage,
other isotopes (generally in the form of particulates) may also be important.

Thus, the major elements for which monitoring data may be required include noble
gases (Kr and Xe), iodine, particulates (Sr, Y, Zr, Nb, Mo, Ru, Te, Cs, Ba, La,
and Ce) and tritium.

B.2.1.5 Particle size

Particle size may affect values such as deposition velocities, dose conversion
factors, and residence time in the lungs. Therefore, it may be an important
factor in determining the off-site dose. If particulates contribute
significantly to the dose, it may be important to sample with size
discrimination. Reference [3] recommends using two -co three size intervals.

B.2.2 Measurements

B.2.2.1 Isotopes

The specific isotopes depend to a great extent on the accident scenario. In
general, the following are considered significant [15]:

(a) Noble Gases:
Kr-85, Kr-85m, Kr-87, Kr-88, Xe-131m, Xe-133, Xe-133m, Xe-135, Xe-
135m, Xe-138

(b) Iodine:
1-131, 1-132, 1-133, 1-135

(c) Particulates:
Sr-89, Sr-90, Sr-91, Sr-92, Y-90, Y-90m, y-gim, Y-92, Y-93, Zr-95,
Zr-97, Nb-95, Nb-97, Mo-99, Ru-103, Ru-105, Ru-106, Te-129, Te-129m,
Te-i31, Te-131m, Te-132, Te-133m, Cs-134, Cs-136, Cs-137, Cs-138, Ba-
139, Ba-140, La-140, La-141, La-142, Ce-143, Ce-144

(d) Tritium

If any isotope is expected to be present in more that one chemical form in
significant quantities, for example iodine in Cs-I particulates, all chemical
forms must be accounted for in the determination of the release rates.

B. 2.2.2 Isotopic discrimination

The exact isotopic composition of the radioactive effluents is required in order
to calculate the dose. In strict terms, this suggests the need for spectral
analysis of the effluents. This appears to be becoming the standard in Illinois
and in some parts of Europe (see chapter A). However, in some cases, it is
possible to estimate the full composition from measurements of representative
isotopes and from other factors, such as the time since reactor shutdown.

For purposes of dose calculation, it is required to determine the full
composition of all major isotopes. The most accurate method is using gamma
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spectroscopy. However, whichever method is used, the impact of uncertainties
related to that method must be determined, and the method must be demonstrated
to be accurate enough to satisfy the accuracy requirements (see below).

B.2.2.3 Filter efficiency corrections

Filter efficiencies for different elements, chemical forms and particle size
should be known or estimated. In particular, the effect of particle size and
flow velocity should be considered, especially with certain types of filters such
as cellulose class filters.

B.2.2.4 On-line measurements

Continuous monitoring of noble gases should be performed1. Continuous monitoring
of iodine and particulates (gross measurement or spectral analysis) is also
possible and should be considered, should their expec-ted impact on dose to the
population after an accident justify it. Periodic analysis of iodides,
particulates and tritium is generally sufficient. The periodicity must depend
in part on the required warning times for the implementation ofemergency
protective measures. A period of one hour is usually considered adequate.

B.2.3.1 Representative sample

The sampling air flow rates must be optimized to minimize transmission losses and
samp_e distortion at the collection nozzle. In practice, this may require the
use of more than one sampling stream to cover the full operational range of stack
flow and measurement ranges.

B.2.3.2 Sampling air flow control

The sampling air flow control system must deliver the desired value within
limited tolerances under all possible variations in pressure, temperature at the
inlet and outlet, and of pressure drop through the sampling filters.

The results must be displayed as soon as available in a location easily
accessible by the emergency response coordinator.

B.2.5 Operation

B.2.5.1 Operational modes

The PARMS must provide data prior to FADS discharge to the atmosphere.

The PARMS must provide data during FADS discharge to the atmosphere.

The PARMS must be capable of providing data under a l l operational modes for long
term post accident releases through the containment stack (in multi-unit
stations, this refers to the FADS stack).

1 In automatic monitoring systems, measurements are actually performed in a quasi-continuous
fashion. The time between measurements is determined by the sampling and counting times. In
manual systems, the interval between measurements is increased by the handling time, and the system
can generally no longer be called "continuous".
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B. 3 Recommended Performance Criteria and Considerations

Whereas it is possible to formulate functional requirements for a generic PARMS,
it is more difficult to determine specific performance requirements, since these
rely heavily on the analysis of post-accident conditions. The following proposed
performance requirements are not plant nor station specific, and would need to
be refined based on the specific safety analysis for a given plant.

B.3.1 Sampling

B.3.1.1 Isokinetic sampling

Isokinetic sampling should be considered. However, it is not stated as a
requirement, since other factors such as optimal transmission flow and
significance of particulates may be more important.

B.3.1.2 Sample lines

They must be as short as possible, with as few bends as possible, and as few
horizontal lengths as possible.

A heating device or a trap should be incorporated to minimize condensation.

B.3.1.3 Filters and cartridges

Sampling filters and cartridges must not be allowed to become saturated.

B.3.1.4 Sampling loses

The effect of sampling losses and distortion must be determined and accounted for
in the results of the measurements. Large known losses may not be acceptable,
unless it can be demonstrated that reliable corrections can be made to account
for them.

B.3.2 Measurements

B.3.2.1 Range

The detector range must be sufficient to cover the maximum concentration of
radioactive materials in the FADS effluent resulting from any combination of
accidents (within the design range) with the FADS working normally.

Since no routine releases take place through the vacuum building stack, the low
range criterion could conceivably be based on the minimum release rate which
could lead to accute exposure levels at which public concern might exist, or at
which emergency protective actions may be considered. However, because of the
difficulty in determining these levels, the minimum range is often related to the
derived emission limits (DEL) for routine operations. Below that limit, the
plant emissions are within acceptable normal regulatory limits. However,
following a postulated accident, although emission rates may be below 100% DEL,
the plant may not be back into a normal situation.

In addition, there should not be any gap between normal and emergency equipment
ranges, which could lead to the inability to measure the atmospheric releases of
radionuclides. Therefore, it may be desirable to extend the low range to below
100% DEL, in order to provide a measurement overlap into the acceptable region.
A target for that low range could be the operational target limit of 1% DEL.

It should be noted that the range is not required to cover the possible
degradation of FADS filter bankj. It is assumed that the reliability and built-
in redundancy of the FADS [19] eliminates that need.
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B.3.2.2 Accuracy

The overall accuracy target is defined in the proposed design review guidelines
(see chapter A) as one order of magnitude on the dose calculations to members of
the population. Given the large uncertainties associated with dispersion-dose
calculational models, which are likely to be between two and three orders of
magnitude [20], and at best, under ideal meteorological conditions, within a
factor 2, it is difficult to derive an acceptable accuracy target for PAHMS.
However, it is reasonable to assume that the source term measurement should be
at least as accurate as the best dispersion-dose calculation. It should be noted
that, in the present context, source term is assumed to represent the release
rate. Therefore, the source term estimate should be accurate to within 100%.
This means that the estimate of all significant isotopes release rates should be
accurate to within 100%.

This accuracy requirement must be satisfied over the full range of measurements.

B.3.2.3 Measurement compensation

Proper adjustments for ambient pressure, temperature and relative humidity should
be made.

B.3.2.4 Gamma energy range

The measurements must cover the full energy range required for the isotopes of
interest. To illustrate this requirement, reference [17] gives a range of 80 to
3,500 keV, which is sufficient to detect isotopes with energies ranging between
the Xel33 and Kr88 lines.

B.3.2.5 Self-checking capability

A check source should be provided to enable verification of detector calibration
and operation. A pulse generator should also be considered for the electronics.

B.3.3 Control

B.3.3.1 Sample volume and counting time

The volume of stack effluent sampled and the counting time must be sufficient to
obtain the desired accuracy under all expected accident conditions, without
saturating the detectors.

B.3.3.2 Sampling flow

The system must be capable of adjusting to changes in stack flow within a
reasonable time to maintain the overall accuracy of the process (reference [7]
recommends 5 minutes).

B.3.4 Display

B.3.4.1 Units

Display of results in the proper units must be provided over the full scale. The
units must be compatible with those used by the dose prediction software. As an
example, the following units could be adopted:
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Table 1: Example of units for the monitoring data

Isotope
class

Noble gas
(see note 1)

Iodine

Particulates
(see note 2)

Tritium

Units for
concentrat ion

TBq/m3

or
TBq.MeV/m3

TBq/m3

TBq/m3

TBq/m3

Units for
release rate

TBq/h
or

TBq.MeV/h

TBq/h

TBq/h

TBq/h

Noce 1: The TBq.MeV format may need to be used if the detailed isotopic
composition is unknown.

Note 2: Size breakdown may be required if particulate contribution to
dose is significant.

Display of results in %DEL may also be useful for rapid assessments of the
situation.

B.3.4.2 Recording

On-line recording should be provided for all on-line data. Trends should be
available, either in hard copy or on visual display. All data should be saved
for later analysis.

B.3.4.3 Alarms

The following alarms should be provided:

- detector saturated
- loss of power
- detectable component failure (e.g. pump overheat, electronic signal
degradation, line pressure differential high, etc.)
- large fluctuations in the on-line readings, which could be indicative
of FADS degradation.

B.3.5 Operation

B.3.S.1 System readiness

The system should be capable of operation prior to long term controlled release.
For multi-unit containments, this time is bound by a LOCA with containment
failure, which would require the PARMS within 45 minutes following the onset of
the accident (15].

B.3.5.2 Data availability

Measurements of the FADS effluent concentrations should be available prior to
release.

Clearly, given the discussion of 3.5.1 on system readiness, this requirement
implies that the system start-up and sample collection and analysis must take
less than 45 minutes. In practice, unless the sampling and measurements are
automated, this requirement may be difficult to achieve. However, given the
relatively long lag time before off-site protective action levels are reached
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[15], it may be sufficient, initially, to provide a prompt estimate based on a
representative set of isotopes (for example on noble gases).

B.3.5.3 Updating frequency

The source term analysis updating frequency should be in accordance with off-site
plans, and it should be bound at the low frequency end by the minimum warning
time required to implement a protective measure in time to avoid the postulated
dose.

In practice, there could be partial upgrading of some of the results, and
periodic upgrading of the complete estimate.

B.3.5.4 Reliability

In accordance with Canadian Standard N290.6-M82, the reliability of the system
must be 99%. The target should be 99.9%. This reliability requirement relates
to the ability to perform the full system function, including sampling,
measurement and display.

B.3.6 Other Requirements

B.3.6.1 Seismic requirement

The stack monitoring equipment should be seismically qualified for a Design Basis
Earthquake, in accordance with applicable standards and site license
requ irement s.

B.3.6.2 Environmental qualification

Adequate radiation shielding should be provided to ensure correct operation of
the stack monitoring equipment in the post-LOCA environment anticipated in the
location chosen. The equipment should also be environmentally qualified for the
anticipated post-accident temperature, pressure and humidity conditions.

B.3.6.3 Safety requirement

Adequate radiation protection provisions (e.g. shielding walls, protective
clothing and/or breathing air, and special handling tools) should be provided to
permit any post-accident operator access and field actions required to ensure
correct operation of the system. If sampling cartridges are employed, procedures
and protective measures for the handling, analysis and storage of the cartridges
should be provided.

B.4 Recommended Testing and Calibration Scheme

Generic acceptance and routine testing requirements and procedures are described
in reference [7]. More detailed testing procedures can be found in equipment
manufacturer documentation [21]. However, the latter is dependent on the system
used.

Since no other manufacturer information could be obtained in time for this
report, the general and specific testing schemes discussed are based on the above
two references. Unless otherwise specified, the procedures described relate to
type, or acceptance testing. Routine testing will be discussed in the last sub-
section.

Actual testing requirements must be tailored to the equipment and to the sampling
and measurement strategies used.
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B.4.1 General

In general, testing can be classified into tests performed under standard
conditions (where the reference parameters are fixed), and tests performed with
variations of the influence quantities. The latter type includes tests of the
fluid circuit and tests of the measurement, alarm and indicator devices.

B.4.1.1 Tests of the fluid circuit

These tests are intended for systems where the response may depend on the ability
to maintain a constant flow rate. For these systems, the following procedures
are recommended.

B.4.1.1.1 Flow rate stability

Using a flow meter with a precision of at least 3% at the test conditions, a
constant desired flow rate is established and measured over a 100 h period. The
deviation should be less than 10%.

B.4.1.1.2 Effect of filter pressure drop

Using a calibrated pressure gauge to vary the pressure drop in the line over the
specified range corresponding to the filters, measure the flow rate. The
variation in flow rate should not exceed 10%.

B.4.1.1.3 Effect of power voltage

For a voltage varying between nominal - 20% and + 10%, the change in flow rate
should not exceed 5%.

B.4.1.1.4 Effect of power supply frequency

For variations in power supply frequency between 57 Hz and 61 Hz, the change in
flow rate should not exceed 10%.

B.4.1.2 Tests of the measurement, alarm and indicator devices

B.4.1.2.1 Performance characteristics

Reference response should be checked using an adequate test source (for example,
Cs-137) giving a reading in the most sensitive scale.

The accuracy of the response to dose rate or activity should be tested as
follows:

acceptance testing: using test sources to check at least one point
over each range (or decade for logarithmic scales), and using
electronic simulation to simulate the source over each range.

routine testing: one source test in one selected range. Electronic
testing over the other ranges.

For assemblies which are dedicated to the detection and measurement of specific
types of radiation, the effect of other radiations should be estimated by
exposing the system to those radiations.

Overload response should be verified by exposing the detector to a source with
an activity 10 times that required to produce full scale readings. The time to
return to normal after removal of the source should be measured.

Stability of the indication should be verified by exposing the system to a source
and monitoring the reading over 500 h. Source decay corrections must be
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considered. The value obtained should remain constant within acceptable
tolerances.

B.4.1.2.2 Electrical characteristics

Statistical fluctuations under exposure by a source giving a reading in the
middle of the least significant decade should be measured {details are contained
in reference [7]).

Warm up time of the complete system should be checked using a high range test
source.

Power supply change-over should be effected to verify that no malfunctions or
alarms are triggered by the process.

Power supply variations in voltage (-20% to + 10% from nominal) and in frequency
(57 - 61 Hz) should be shown to result in variations in readings of less than
10%.

Alarm trip stability should be verified.

Equipment failure alarms should be verified in accordance with manufacturer's
instructions.

B.4.1.2.3 Environmental performance characteristics

These characteristics should be verified in a test chamber prior to acceptance.
All practical variables which can affect system operation should be examined.

B.4.1.3 Special considerations for noble gas measurements

In the case of noble gas measuring systems, gaseous test sources should be used
for basic calibration. Secondary solid sources can be used for other tests, but
they should first be calibrated against the gaseous source.

Response time should be tested over the range of interest.

B.4.2 Specific testing scheme

The following list is not intended to be exhaustive, but represents a sample of
what could be required to demonstrate the ability of the system to adequately
perform its function. Depending on the actual design and operation, similar
and/or additional testing procedures will need to be considered.

B.4.2.1 Cartridge loading

Install filters and cartridges and check for smooth operation.

B.4.2.2 Air flow system

Operate the pumps in their various modes to ensure that nominal values of the
controlled parameters are achieved.

Check purge gas flow rates through all sampling streams.

B.4.2.3 System startup

Perform startup procedure. Check for proper startup sequence and time.
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B.4.2.4 Operator Interface and control

B.4.2.4.1 Displays

Using a Cs-137 source in front of the detectors, confirm the operation display
of the relevant information, including: count time, concentration readings,
release levels, isotopic release (if applicable), alarm presets, trend displays
(if applicable), system status, flow and count rates, and others.

B.4.2.4.2 Other control functions

Verify the operation of special control functions, e.g. printer output, etc.

B.4.2.5 System operation - abnormal conditions

This section aims at verifying that the system responds adequately to abnormal
operational parameters.

B.4.2.5.1 Particulate and iodine stations

Allow sample cartridge to be misplaced. Check appropriate parameters, including
alarm (if fitted).

For automatic cartridge feeders, allow supply to run out. Check failure message.

If spectral analysis is used, check that the user is notified of any changes in
energy/channel calibration.

Check source count rate to ensure that it is compatible with the expected count
rate.

B.4.2.5.2 Gas station

If spectral analysis is used, check that the user is notified of any changes in
energy/channel calibration.

Check source count rate to ensure that it is compatible with the expected count
rate.

B.4.2.5.3 Leak testing

Establish leaks of greater than 20% in the critical parts of the system. Observe
changes in critical system parameters, such as air flow, and messages.

B.4.2.5.4 Loss of flow

Interrupt flow in one sampling stream. Observe the behaviour of valves in
alternate sampling streams.

B.4.2.5.5 Power failure and change-over

Establish power failures to the critical parts of the system. Observe power
recovery and messages.

B.4.2.5.6 Detector cooling

Simulate a low level in the cooling liquid storage tank, or other faults in the
cooling system. Observe system response and alarms.
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B.4.2.6 High range operation

The objective of this section is to verify proper operation when activity levels
increase significantly above normal levels.

Using a test source to increase the count rate by a factor greater than 10, check
system response. The gas station should begin counting a new spectrum (if
applicable). The particulates and iodine stations should complete their current
count and start a new one.

B.4.2.7 Manual control

When automatic control is the primary operating mode, check the full operation
using manual controls.

B.4.2.8 System integrity

If the system operates at negative pressures, demonstrate through isolation of
the system that the pressure increase rate does not exceed specified values.

B.4.2.9 Calibration verification

B.4.2.9.1 Particulate/iodine detectors

Check system measurements against known sources.

B.4.2.9.2 Gas detector

Using a gaseous source containing Xe-133 and Kr-85, check system activity
measurements.

B.4.2.9.3 Reproducibilitv

Check all detector count rate measurements using a convenient test source (the
IEC recommends using a Eu-152 source).

B.4.2.10 Flow control

B.4.2.10.1 Isokinetic control

Activate the system and verify flow input and output signals against factory
specifications.

B.4.2.10.2 Default flow value

Disconnect the signal from the velocity probe(s) and observe the actions of the
flow control unit.

B.4.2.10.3 Flow calibration checks

Mount a separate flow meter on the system and verify that the system flow
transducer response is in agreement with the separate meter.

B.4.2.11 Minimum detectable energy

Using an appropriate source, determine the minimum detectable energy.

B.4.2.12 Other system features

Any other special system feature should be tested.
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B.4.3 Routine on-site testing

The routine surveillance testing and calibration plan should be a subset of the
acceptance testing procedures. The extent to which the system can be tested will
depend on the design and location of that system. As a minimum, the system
design should satisfy the requirements developed in the proposed review
guidelines (see chapter A).

Routine testing should include at least the following.

B.4.3.1 Visual inspection

All major active and passive components, cables and connections should be
periodically visually inspected for obvious defects, rust, obstructions, physical
damage, leaks, etc.

B.4.3.2 Sampling assembly

Tests of the sampling assembly operation should be performed using an alternate
air supply into the stack. Operation of all components of the sampling assembly
should be verified, including the pumps, the flow sensors, the flow controllers
and the sampling line heating system (if applicable).

B.4.3.3 Detection and measuring assembly

In-field calibration should be done periodically using solid test sources for the
iodine and particulate detectors, and gaseous or pre-calibrated solid test
sources for the gas detectors. Electronic signal generators can be used in
between live source testing. This test is useful to check on the overall system
performance and to correct for gain shifts in the detection electronics for
spectroscopic analysis.

B.4.3.4 Microprocessor, software, controller and displays

Routine tests for these components should include start-up and operation, alarms
actuation and stability, and verification of the data transmission. Quality
control of the software and data bases should also be practised.

B.4.4 Sample Manufacturer's Maintenance Recommendations

The following example of planned maintenance schedule is based on the one
recommended by SAIC for its own stack monitoring system [22]. It should be noted
that this system is in continuous operation.
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Table 2: Example of a planned maintenance schedule

Interval

1 month

3 months

6 months

12 months

24 months

72 months

Action

Drain condensate traps.

Clean flow transducer sensors.

Examine operational capability of
all systems.
Observe cartridge feed mechanisms
during cartridge change sequence
for erratic operation, repair as
required.

Replace "O" rings in cartridge
stations.

Check heat tracing system
operation.
Replace air pump which has been in
constant service with spare, return
for rebuild and continue operation
with alternate pump.
Replace cartridge seal "O" rings in
main seal and bypass seal.
Check flow transducer calibrations.

Check pressure transducer and gauge
calibrations.
Check isokinetic probe velocity
transducer calibration.



32

C. CASE STUDY OF FILTERED AIR DISCHARGE STACK MONITOR SYSTEM AT PICKERING
NUCLEAR GENERATING STATION

C. 1 Background and Introduction

The Pickering NGS FADS stack monitoring system was first commissioned in 1984,
and since then has undergone a number of refinements based on changes to the
system requirements and on operating experience.

The original stack monitoring system was installed and commissioned in June 1984.
This system was based upon hardware and software provided by General Atomics.

During commissioning, many inherent inadequacies with the system were identified
by Ontario Hydro staff. These inadequacies resulted both from poor system design
and lack of support from the manufacturer. Specifically, the system suffered
from:

cumbersome sample handling;
potential sampling pump -navailability;
lack of backup samplers;
potential tritium sampler unavailability; and

inadequate facilities to analyze samples.

A complete discussion of the system history is given in References [19,23-26].

C. 1. 2 Recent Modifications
As a result of the noted inadequacies, the following modifications were made in
early 1992:

- sampling assembly replaced to ease sample retrieval;
sample handling and transportation equipment developed;
backup sampling pumps installed;
tritium sampler upgraded; and
mobile radioisotope analysis facility (MRAF) added as an independent
facility for analyzing samples.

C.1.3 Description of Existing System

The Pickering NGS FADS stack monitoring system is used to provide samples for
off-line analysis of radioactive particulates, radio-iodines and tritium. An on-
line analysis capability (gross measurements) of radioactive noble gases is also
provided separately. The radioactive particulates and the radio-iodines are
collected on sample cartridges that, when analyzed off-line, provide quantitative
and qualitative data on any releases of these species from the plant through the
vacuum building stack. In all this discussion, it must be remembered that a
small initial release could occur via the reactor building ventilation stack.
Tritium is collected on a desiccant and analyzed off-line. Noble gases samples
can also be collected for off-line analysis in the MRAF or other suitable
facility.

The MRAF will be used to transport, store and dispose of samples, to measure
radioactivity deposited on the FADS monitoring system sample cartridges and to
provide dedicated radio-analytical support for the station following a LOCA.
Tritium will be analyzed in the existing Pickering NGS chemistry laboratory [25].

Figure 1 presents a schematic of the existing FAD system flow and sampling lines.
Figure 2 presents a schematic of the sampling equipment. Figure 3 depicts a
flowsheet for system operation.
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As of September 1992, the commissioning tests for the MRAF have been completed,
but the facility has not yet been formally placed in service, pending acceptance
of the commissioning results by AECB staff.

C.I.4 Scope of Case Study

This case study is limited to the functional and performance aspects covered in
the previous chapters. It is not intended as an assessment of the system's
adequacy.

The case study is further limited by a lack of up-to-date information on recent
system modifications at the time of print (including the introduction of the
MRAF). The case study is based on a review of the available documentation (some
of which appeared to be out-dated) and on the field trip to Pickering. Where
inconsistencies occurred between the information contained in the documentation
available and that given by the system's engineer, the latter was assumed to be
correct.

C.2 Case Study

The case study for the existing FADS stack monitoring system at Pickering NGS is
presented below in the form of a comparison to the proposed design review
guidelines discussed above.

Much of the case study is based upon a Pickering NGS site visit on 31 August
1992. The purpose of this visit was as follows:

- to view the actual facility, particulary the layout of the sampling
lines;

to perform an initial human factors assessment;

- to discuss various aspects of the system design and operation with
Ontario Hydro staff;

- to seek clarification on aspects of the system documentation and
flowsheets; and

- to facilitate the case study.

Photographs taken during this visit are available for viewing.

C.2.1 Design Requirements

C.2.1.1 Sampling

(a) Sampling Lines. There are a large number of bends and direction
changes in the sampling lines, which could cause large transmission losses
for particulates. If analysis shows that particulates do not contribute
much to dose, then these losses may be acceptable. If, however,
particulates are an important contributor to dose, then these losses would
be important to quantify. Further, the same size is used for both the
high and low flow lines, making it difficult to optimize the flow rate to
minimize transmission losses.
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C.2.1.2 Measurements

(a) Software Quality Assurance. The spectra collection and analysis
software is a modified version of a commercial product. Based on relevant
experience of the authors with such commercial systems, the QA and testing
procedures applied by the software supplier, and the program modifications
should be reviewed.

The algorithms used in the software for source identification need review,
particulary the basis on which the software selects from a candidate list
of isotopes when more than one isotope may be responsible for an observed
photon energy.

Aspects of the software which estimate the errors due to transmission
losses in the sampling lines should be reviewed.

(b) Sample Selection. There are no software or hardware interlocks in
place to verify that the sample placed in the detection chamber is the
desired sample. For example, if the operator places a particulates sample
in the detection chamber but informs the software that an iodine sample
has been inserted, the spectral analysis results will be misleading. Such
a mis-operation can currently only be detected by deduction based on
examination of a printout of the spectral analysis.

C.2.1.3 Control

Apart from certain operations, control of the stack monitoring system is almost
completely based on local, manual operations (i.e. flow selection, valve
operation). This makes the system prone to operator errors and dependent on
availability of staff in the post-accident environment.

C.2.1.4 Display

Spectral analysis and nuclide identification are performed off-line and remotely
in the MRAF. Results are then relayed electronically to the PERC via human
interface. This introduces the possibility of operator and transmission errors.

C.2.1.5 Power

The MRAF is provided with station Class IV power during storage periods [25].
In the field or during station Class IV power failures, the MRAF electrical
requirements are met by use of a stand-alone, dedicated power generator. This
configuration is sufficient to meet the intent of the proposed design review
guidelines.

C.2.1.6 Human Factors

(a) Handling of Unshielded Sources. During portions rf the handling of
the iodine and particulate samples the filters are unshielded. Assuming
a filter load of 1 mCi of Iodine-131, the contact (i.e. 1 cm) dose rate
would be 2.2 rem per hour. Proper source handling techniques should be
followed, particularly for personnel who may be in the line of sight of
the unshieldeu sources.

(b) Manual Nature of Operations. As shown in Figure 3, there are a large
number of manual operations which are required to collect and analyze the
samples. As with all manual operations, there is a possibility of
operator errors. Also, in a post-accident setting, there may not be
sufficient resources to complete the required operations in a timely
manner. Fully-automated stack monitoring systems are available
commercially, and would greatly reduce the possibility of operator error.
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(c) Sample Release Mechanisms. Release of the iodine and particulate
filters from the sampling cartridges is based upon the withdrawal of
locking pins. These pins did not operate properly during a demonstration
of their action.

(d) FADS Stack. The FADS stack is not hooded. This could cause
potential difficulties with flooding or freezing due to rain or snow.
Also, since the FADS stack sampling room is located in close proximity to
the FADS stack, there is the potential for downwash of the FADS effluent
and consequent contamination and habitability concerns in the sampling
room.

C.2.1.7 Reliability

Reliability targets should refer to the ability to satisfy the main objectives
as they relate to source term determination and dose projections. In reference
[15], the reliability target addresses only the sample collection assembly, on
the basis that sufficient sample analysis redundant capabilities exist. This
approach does not seem to clearly define requirements for other major components
of the system, namely the stack flow measuring devices and the sampling flow
controllei -rhich are essential to proper source term determination.

C.2.1.8 Kedundancv

Adequate redundancy to meet the reliability targets is part of the system's
functional requirement [15]. However, in practice, redundancy of some key
components has not been demonstrated (nor has it been demonstrated that the
reliability targets were met). These include:

a. the information link between the MRAF and the appropriate control
centre;

b. the on-line noble gas gross measurements;

c. the off-line noble gas measurements.

It should be noted, however, that the on-line noble gas measuring capability does
provide some backup for the off-line noble gas isotopic analysis system.
However, if actual on-line noble gas analysis is required, the level of
redundancy may not be inadequate.

0.2.1.9 Classification

Reference [15] requires seismic qualification for a Design Basis
Earthquake,Category B. This is consistent with the proposed design review
guidelines.

C.2.1.10 Qualification

Temperature control, moisture control and radiation shielding, covering the
design range of operations, have been incorporated into the design of the system.
A more in-depth study would be required to verify the adequacy of this
protection.
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C.2.2 Performance Requirements

C.2.2.1 Availability

Reference [15] adopts a 99 percent availability target for the sample collection
system, and argues that any unavailability of the FADS sample analysis capability
should be regarded as a loss of redundancy since other facilities are available
where sample analysis can be performed.

While other sample analysis facilities may be available, it is not clear how the
sample analysis time, analysis accuracy or sample handling procedures might be
affected by their use.

C.2.2.2 Accuracy

Reference [15] adopts a target of ± 100 percent for the combined accuracy of the
measured concentrations and the measured flow rate. This target is consistent
with the proposed design review guidelines. However, it has not been
demonstrated that this target can be reached. Among the issues related to the
attainable accuracy of the Pickering NGS system are:

accuracy of the stack flow measurement;

- accuracy of the sampling flow measurement;

representative sampling of particulates; and

- measurement of activity and identification of isotopes.

C.2.2.3 Results Availability

According to Reference [15], results are to be available within 45 minutes of an
accident, and are to be updated at least once every hour. Reference [15] also
notes that for some accidents with very short containment repressurization times,
it may not be possible to operate the FADS monitors prior to discharge. This is
due to the manual nature of the existing Pickering NGS system. In order to meet
the intent of the proposed design review guidelines and achieve pre-discharge
monitoring, it would be necessary to install a continuous, on-line monitoring
system or a fully automated system.

An on-line noble gas detection capability is available and may provide sufficient
information early into the accident. However, the accuracy of that information
must be examined with regard to the accuracy requirements.

C.2.2.4 Calibration

Calibration sources for the MRAF are to be provided for all radiation
instrumentation located in the facility [25]. For the germanium detector
specifically, the MRAF will include a noble gas calibration "plug" doped with
several species of isotopes over the spectral range from a few tens of kev to
several MeV. This is sufficient to meet the intent of the proposed design review
guidelines.

C.2.2.5 Isotopes

Table 3 lists the isotopes which the MRAF will be capable of identifying. This
list includes all of the isotopes included in the functional criteria discussed
above, with the exception of Xe-131m, Xe-138 and Te-131m. If a review oi the
most probable accident scenarios indicates that these isotopes are dose-
significant, then they should be added to the analysis list for the MRAF.
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Table 3: Isotopes to be Identified by the MRAF Spectroscopy System.
Gamma energies are given for the main emissions

Isotope EY(MeV)

Noble gas

Kr-85

Kr-85m

Kr-87

Kr-88

Xe-131m

Xe-133m

Xe-133

Xe-135

Xe-135m

Xe-138

10.7 y

4.48 h

76 m

2.84 h

11.9 d

2.19 d

5.25 d

9.09 h

15.3 m

14.1 tn

.514

.0151

0.403

2.392

beta only

0.233

0.081

0.250

.0527

0.258

Iodines

1-131

1-132

1-133

1-135

8.041 d

2.29 h

20.8 h

6.58 h

0.3658

0.668

0.530

1.260

Particulates

Sr-89

Sr-90

Sr-91

Sr-92

Y-90

y-90m

Y-91m

Y-92

Y-93

50.5 d

29 y

9.52 h

2.71 h

64.0 h

3.19 h

49.7 m

3.54 h

10.1 h

0.909

beta only

1.024

1.384

1.76

0.202

0.557

0.935

0.267

Isotope

Zr-95

Zr-97

Nb-95

Nb-97

Mo-99

Ru-103

Ru-105

Ru-106

Te-129

Te-129m

Te-131m

Te-131

Te-132

Te-133m

Cs-134

Cs-136

Cs-137

Cs-138

Ba-139

Ba-140

La-140

La-141

La-142

Ce-143

Ce-144

64.0 d

16.8 h

3.50 d

73.6 m

66.02 h

39.4 d

4.44 h

373 d

69.6 m

33.4 d

55.4 m

25 m

78 h

55.4 m

2.062 y

13.1 d

30.17 y

32.2 m

83.2 m

12.74 d

40.23 h

3.93 h

92.5 m

33.0 h

284.4 d

Ef(MeV)

0.757

1.148

0.766

0.658

0.740

0.497

0.725

beta only

0.460

.696

0.913

0.150

0.228

0.913

0.605

0.818

0.662

1.436

0.166

0.537

1.596

1.355

0.641

0.293

0.134
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C.2.2.6 Range

Table 4 summarizes the required measurement ranges.

The expected maximum concentrations for noble gases, iodines and particulates are
based on an assumed accident scenario of a large break LOCA with LOECI, with FADS
operated in recirculation mode within 2 hours of the accident. For tritium, the
assumed accident scenario is an in-core LOCA. These scenario assumptions place
an adequate upper bound for the range of the detectors.

The minimum concentrations are based on an assumption of 100 percent of the
Derived Emission Limit for the station. This meets the mi.nimum requirements of
the proposed design review guidelines. However the ability to monitor to a lower
level (such as 1 percent DEL) is desirable.

The expected upper levels of sample activity corresponding to these effluent
concentration ranges are given in Table 5. It should be noted that the design
event used to determine these ranges may not be adequate according to norms
adopted by the off-site emergency response planning authority.

Table 4: Required Measurement Ranges for Pickering NGS (Ref. 1)

Species

Noble Gases
(gamma Curie-MeV per
cubic meter)

Total Iodines
(Curies per cubic
meter)

Particulates
(Curies per cubic
meter)

Tritium
(Curies per cubic
meter)

Maximum Concentration

105.

0.42

0.07

0 . 7

Minimus Concentration
(100% DEL)

0.09

3.5e-6

8.6e-6

0.22

Table 5: Upper Detection Levels for Pickering NGS (Ref. 2)

Species

Noble Gases

Iodines

Particulates

Tritium

Upper Activity Level of
Samples

0.1 Ci per cm3

1.0 mCi

0.1 mCi

4.0 mCi

Sampling Period

not specified

1 minute

1 minute

30 minutes
@ 0.2 L/minute
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C.2.3 Testing and Maintenance

The system's operating manual [26] specifies the following testing and
maintenance:

Operational Checks

(a) The FAD sta^k radiation monitor equipment shall be functionally tested on
a monthly basis.

(b) The FAD stack radiation monitor microprocessor data base shall be checked
on a monthly basis.

(c) The FAD stack radiation monitor stack flow sensing instrumentation shall
be tested as part of FAD System Test C-7.

(d) The microprocessor battery shall be tested every six months.

(e) The FAD stack radiation monitor sample line trace heating equipment shall
be checked annually.

Routine Status Checks

(a) A system status check is performed daily.

Routine Maintenance

(a) The sample nozzles located in the FAD stack for the low range and mid/high
range sample streams shall be backflushed once per year.

(b) The particulate and iodine filters shall be replaced annually.

Overall, most essential components of the FADS monitoring system appear to be
addressed in the testing routine contained in the operating manual. However,
some areas may require further review or may warrant more emphasis. These
include the following:

a. Sample nozzles should be inspected at least visually at a suitable
periodicity. This is particularly important since the stack is not
hooded, and the nozzles may be exposed to rain water.

b. If it is not already part of the testing routine, the information
link between the MRAF and the appropriate control centre should be
included.

c. The stack-mounted equipment appears difficult to reach. Visual
inspection and maintenance may be difficult.

d. Fretting of some components was observed in the field visit. This
would suggest that the maintenance routine could be improved.

e. Valves should also be tested.

f. It is not clear if the testing frequencies actually satisfy the
requirement to demonstrate system availability targets.

g. Due to the high degree of reliance of this system of manual
operations, operators represent a major component and should be
tested accordingly.
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C.3 Overall Assessment

All required elements for the FADS stack monitoring system are in place at
Pickering NGS. However, two major drawbacks have been identified:

(a) The current system is manual, whereas automated systems are becoming the
international norm.

(b) Evaluation of the effectiveness of a manual system requires observation
of the system in action, as static observations are generally not
sufficient to detect deficiencies in equipment or procedures.

In addition, several specific issues for which further review is recommended are
discussed below.

C.3.1 Other Issues

Some larger issues associated with the Pickering NGS stack monitoring system have
been identified, but require investigative effort which is beyond the scope of
this project. The major issues are:

(1) Are the dynamic ranges of the system consistent with the Province of
Ontario's Nuclear Emergency Plan, particularly their assumed severe
accident?

(2) What are the most recent estimates of particulate source terms and the
dose which they are expected to cause?

(3) Why has an automated, continuous on-line system not been implemented?

(4) What algorithm does the isotope identification routine use? What is the
expected error in isotope identification? How does the software interpret
multiple possible isotopes for a given photon energy?

(5) The existing system operating procedures are poorly organized and as a
result extremely difficult to read. A complete revision of the procedures
is recommended. Such a revision should incorporate summary flowcharts,
where appropriate, to make overall system operation easier to understand.
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Stack |on
/ft Vacuum

Building
Roof)

Recirculation Line

From Vaci'um
Building

(
4_From Pressure

Relief Duct

| FADS Filter # 1

| FADS Filter ff 2

Notes:

(1)
(2)
(3)

Associated valving not shown.
Only one FADS filter train normally in service.
Modes of FADS operation:

reciroulation mode (no discharge via stack);
FADS exhaust drawn from Pressure Relief Duct; or

- FADS exhaust drawn from Vacuum Building.

Figure 1: Schematic of. System Flow and Sampling Lines at Pickering NGS
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Low range activity sampling

Exhaust.
Flow

Pre-fflferA

Pre-flHerB

(j)

GM81
X — | Tritium sampler

Pie-WerC

Pre-flterD

To

Stack

GMB2

High range activity sampling

Notes:

(1) Associated valving and instrumentation not shown.
(2) On-line noble gas monitor (gross activity) not shown.
(3) Only one primary sampling path (ie. low range or high range) in use
at a time.
(4) Only one pre-filter path (ie. A or B) in use at a time. I and/or P

prefilter used as needed.

Figure 2: Schematic of Sampling Equipment at Pickering NGS
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(1) FADS operation initiated

(2) Sampling equipment placed in operation

(3) If required, mobile analysis facility moved adjacent to vacuum
building

(4) I,P,T and N samples taken using in-situ sampling equipment

(5) I,P and N samples:
- cartridges removed from sampling chambers
- cartridges placed in transport containers
- transport containers carried by hand to mobile analysis
facility

(6) Mobile analysis facility moved to a low activity area

(7) I,P and N samples:
- cartridges removed from transport containers
- samples/filters removed from cartridges
- samples placed in detection chamber
- samples counted and analyzed
- samples removed from detection chamber
- samples discarded
- cartridges fitted with new filters (I and P only) and
returned
- sample information transmitted electronically to control
room

Notes:

I = Iodine
P = Participates
N = Noble Gases
T = Tritium

Figure 3: Actions Required for System Operation at Pickering NGS
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D. CONCLUSIONS AND RECOMMENDATIONS

D.I Conclusions

A review of international standards indicates an increasing reliance on
automatic, on-line monitoring of noble gas releases in accident situations, and
of on-line gross or isotopic measurements of radio-iodines and particulates. The
standards and guidelines also emphasize the need for proper design and operation
of sampling systems to minimize particle transmission losses.

In this report, design review guidelines and functional/performance requirements
have been proposed. A case study of the Pickering NGS FADS monitoring system was
conducted based of the proposed review guidelines. This case study has shown
that the recent modifications to the Pickering NGS FADS stack monitoring system,
including the introduction of the MRAF, represent an advance in the status of the
system in terms of increased system availability and sample analysis capability.
However, the system remains very dependent on manual actions, and several issues
regarding the operation of the system have been identified.

D.2 Recommendations

Work should be continued to develop specific Canadian design review guidelines
and standards. These should be used to review other stack monitoring systems
(Bruce, Darlington and Point Lepreau NGS), and to assist in the upcoming
Gentilly-2 stack monitoring system procurement project.

As a consequence of the Pickering NGS case study, an in-depth review of the
specific issues and deficiencies noted in chapter C should be conducted. The use
of the Pickering NGS stack monitoring system and mobile analysis facility should
be tested and observed. This could possibly be performed as part of the on-going
emergency response training at the station.
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ANNEX A
SUMMARY OF CANADIAN STANDARDS

The CSA Standard CAN3-N290.6-M82 contains the following relevant requirements:

Paragraph 4.1.2:

Paragraph 4.4:

Paragraph 4.5:

Paragraph 5.3.1:

Paragraph 5.11.1:

Additional monitoring is also required for:
(a) Evaluating the radiological conditions inside the
nuclear power plant and in the environs in order to
anticipate the need for initiation of any off-site
procedures;
(b) Assisting the operators in carrying out all necessary
actions to limit radioactive releases and further possible
plant damage, and restore the plant to its normal state.

The measurement range of the instrumentation shall be
adequate to cover the possible range of values of the
variables during and following the accident situation,.
This range could extend well beyond the range required for
normal operation.

The instrumentation shall be qualified to remain
operational during and following the design basis event(s)
for which it is required.

The indication of each plant characteristic shall be shown
to be available 99.0% of the time. This availability
shall be demonstrated by actual experience in conjunction
with regular testing where required. The causes of
unavailability considered shall include random component
failures, manual disabling of the instrumentation, and
common mode failures.

Sufficient margin to account for the uncertainties in the
accident analysis and the errors associated with the
instrumentation itself shall be included in the
determination it its range.
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ANNEX B
SUMMARY OF US NRC REGULATORY G U I D E 1 . 9 7

Requirement

Equipment
Qualification

Redundancy

Range - General

Range -
Specific (PWRs)

Servicing,
Testing and
Calibration

Human Factors

Direct
Measurement

Description

For noble gases, instrumentation should be qualified in
accordance with US NRC Reg. Guide 1.89. Further,
qualification applies to the complete instrumentation
channel from sensor to display (if direct reading) or to
channel isolation device (if computer-based).

For halogens and particulates, no specific provision.

No specific provision.

If two or more instruments are needed to cover a
particular range, overlapping of instrument span should
be provided. If the required range of monitoring
instrumentation results in a loss of instrumentation
sensitivity in the normal operating range, separate
instruments should be used.

10"6 to 105 /jCi/cm3 for noble gases
10'3 to 102 pCi/cm3 for halogens and particulates

For halogens and particulates, the design envelope for
shielding, handling and analytical purposes should assume
30 minutes of integrated sampling at an average
concentration of 102 pCi/cm3, and an average gamma photon
energy of 0.5 MeV.

Servicing, testing and calibration programs should be
specified to maintain the capability of the monitoring
instrumentation. If the required interval between
testing is less than the normal time interval between
plant shutdowns, a capability for testing during power
operation should be provided.

The instrumentation should be designed to facilitate the
recognition, location, replacement, repair, or adjustment
of malfunctioning components or modules.

Human factors analysis should be used in determining type
and location of displays.

To the extent practicable, the same instruments should be
used for accident monitoring as are used for the normal
operations of the plant.

To the extent practicable, monitoring instrumentation
inputs should be from sensors that directly measure the
desired variables. An indirect measurement should be
made only when it can be shown by analysis to provide
unambiguous information.
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ANNEX C
STRUCTURE AND SUMMARY OF IEC-951 STANDARDS SERIES

Part 1: General requirements

Individual components must be able to withstand specific post—accident
conditions.

The minimum design requirements to be specified include:

a. range
b. accuracy
c. response time
d. time interval during which the system is to operate
e. local environmental conditions for individual components
f. format of displayed information
g. extent of digital and analog signal transmission
h. spatial distribution of sensors
i. appropriate energy response of detectors
j. safety classification
k. required man-machine interaction.

Measurement characteristics must include range, minimum values to be measures,
effective range and overload performance.

Indication characteristics are to include scale graduation and the type of
display.

Reliability requirements: MTBF greater than 20,000 h. Operation must be
satisfactory for more than 100 days following the accident. Failure alarms must
be incorporated.

Fluid flow characteristics: pumps must be located downstream from the filters and
the measuring units. If measurements are sensitive to flow rates, pumps must be
of a constant-displacement type or active flow control must be incorporated, so
that variations in pressure do not affect sampling flow. Flow alarms for
excessive variations must be incorporated.

Indication facilities must include power on, pump on, coolant flow on (where
appropriate), a no-fault indicator and power supply change-over indicator.

Operational testing must be performed using two representative points over the
detection range.

Commissioning and maintenance: the design must be such as to facilitate repairs
and maintenance.

The detection assembly must be designed to limit buildup of contamination and
allow decontamination if and when required.

There must be ambient gamma radiation protection for the equipment.

Detailed test procedures are also given for individual components. Tolerances
are given for the following tests: variation of influence quantities (external
gamma, ambient temperature/ warm-up time, etc.), statistical fluctuations,
performance characteristics, electrical characteristics, environmental
characteristics, fluid circuit characteristics and qualification.

Finally, the standards contains detailed requirements on system documentation.
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Part 2: Specific requirements for continuous monitoring of noble gases in gaseous
effluents

This part contains essentially the same structure as part 1, with more specific
details regarding noble gas monitoring equipment. Some of the main aspects are
summarized below.

Overall design: If on-line detection is used (the detector is immersed in the
stream), environmental qualification is required for the immersed components.
In off-line detection (sampling), a representative sample must be drawn, and the
equipment must be in a suitable environment. In addition, purging capabilities
are to be provided.

Sampling and detection assembly: Shielding must be provided. Due consideration
must be given to the contribution of iodine decay in iodine filters to the time
history measurement of noble gas release. Sample cells must be of the flow
through type and readily removable. Their volume and operating pressure must be
specified. The detector mounting must be such that the detector is always in the
right position.

Radiation detector and range: The variation of detector efficiency with energy,
its lifetime and the maximum integrated dose must be specified. An adequate
range is typically five decades, up to 30 Ci/m3 for a stack flow of 200,000 m3/h.,
and 300 Ci/m3 for a stack flow of 20,000 m3/h. If the measurement is given in
volumetric activity, the temperature and pressure conditions must be specified.
Check sources must be provided. Their effect on readings, when not in use, must
be less than 10%.

Testing is required using solid or gaseous sources of a level known to within
10%. Testing should be over two decades of detector response. Radiation
performance tests, response time tests and energy response test procedures are
also discussed.
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ANNEX D
SUMMARY OF CANADIAN INDUSTRY'S MAIN REQUIREMENTS

ONTARIO HYDRO MULTI-UNIT PARMS REQUIREMENTS (PICKERING NGS1

Sampling The location must be close to the release point, away from flow
disturbances.
Isokinetic sampling is to be used over the expected flow range
in the stack.
Material and layout must be chosen to minimize transmission
losses.

Isotopes Gross measurements of noble gases are to be provided on-line,
real-time.
Iodine, particulates and tritium measurements to be provided
through periodic analysis (1 hour interval).

Range Sufficient for any single or dual failure accident.
100% DEL to 105 Ci.MeV/m3 for noble gases.
100% DEL to 0.42 Ci/m3 for iodine.
100% DEL to 0.07 Ci/m3 for particulates.
100% DEL to 0.7 Ci/m3 for tritium.

Format Concentration and release rates to be provided.

Availability It varies with the type of accident. The most restrictive
activation time is for an release inside the containment with
containment impairment (45 minutes).
The operation is expected to last at least 48 hours.
Hourly measurement updates are required.

Accuracy Sufficient to allow a dose prediction within one order of
magnitude {corresponding to the margins in off—site emergency
response levels). This is given to be 100% error on the
radioactivity release measurement.

Reliability As in Canadian Standard N290.6-M82. However, the calculation is
based on the availability of "sampling". Manual measurements
can always be made and are considered a reliable backup to the
automatic system in place.

Seismic and
environmental Able to withstand the design basis earthquake, and the ambient

conditions corresponding to the design basis event.

AECL REQUIREMENTS FOR SINGLE-UNIT CONTAINMENTS

Sampling The sample must be representative (contains no indication on
methods to be used).

Isotopes Particulates (gross beta).
Iodine (gross beta).
Noble gases (Ci.eV).
Tritium (Ci).
C-14 (optional).
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Range Up to 1000 DEL.
80 keV to 3.5 MeV.
Over-range protection.

Format On-line continuous display and recording of concentrations in
%DEL or in Ci (Ci.MeV for noble gases).

Availability No specific requirements.

Accuracy No specific requirements.

Reliability As in Canadian Standard N290.6-M82.

Seismic and
environmental Not required.

Others Maximum of five minutes for monitor to adjust to flow.
Ability to change iodine and particulate filters without
interrupting the sampling flow.
Self-checking logic.
Redundant sampling pumps.
Environmentally compensated for temperature and relative
humidity.


