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ABSTRACT

An assessment of the operational readiness of the Emergency Filtered Air
Discharge (EFAD) systems, installed in Canadian CANDU multi-unit nuclear power
plants, was performed in this project. Relevant Canadian and foreign standards
and regulatory requirements have been reviewed and documentation on EFAD system
design, operation, testing and maintenance have been assessed to identify likely
causes and potential failures of EFAD systems and their components under both
standby and accident conditions. Recommendations have also been provided in this
report for revisions which are needed to achieve and maintain appropriate
operational readiness of EFAD systems.

RESUME

Le present rapport a pour but d'evaluer la disponibilite operationnelle des
systemes de rejet d'urgence de l'air filtre dans les centrales nucleaires
canadiennes a tranches multiples. Les normes et les exigences reglementaires
canadiennes et Strangeres ont ete examinees et la documentation sur la
conception, le fonctionnement, les epreuves et la maintenance des systemes de
rejet d'urgence de l'air filtre a ete evaluee pour determiner les causes
probables et les defaillances possibles de ces systemes et de leurs composants
a la fois dans des conditions et des conditions d'accident. Le rapport contient
aussi des recommandations de revisions qui sont necessaires pour atteindre et
maintenir un niveau approprie de disponibilite operationnelle des systemes de
rejet d'urgence de l'air filtre.

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 of the information contained in this publication.
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EXECUTIVE SUMMARY

The basic purpose of the Emergency Filtered Air Discharge (EFAD) system in a
CANDU nuclear generating station is to minimize uncontrolled releases of airborne
particulate radionuclides and radioiodine isotopes to the environment following
major reactor accidents. This is done by means of controlled filtered venting of
containment using the EFAD system. This report presents a general assessment of
the functionality and readiness of the EFAD systems at Pickering, Bruce and
Darlington nuclear generating stations.
The assessment covers the following areas:
- review of current status of pertinent standards and regulatory

requ irement s;
comparison of containment venting strategy applied in CANDU power plants
in Ontario with those implemented in other countries;
assessment of the causes and modes of potential failures of EFAD systems
relating to the integrity, function and performance of their components
and the implemented testing program;
preliminary review of the status of the Post Accident Radiation Monitoring
system; and

- recommendations for remedial actions.
The details are described in the sections below.

(a) Review of Current Status of Pertinent Standards and Regulatory
Requirements:

There exist a large number of nuclear air cleaning standards and regulatory
requirements containing data and performance requirements and test procedures
which may be applicable to the EFAD systems. However, only a few Standards,
mostly from the USA, deal specifically with Engineered Safety Feature (ESF)
systems, upon which the design of EFAD system was based. Furthermore, only the
USNRC Regulatory Guide requirements are directly relevant to the EFAD system
design, performance and testing specifications. The Canadian standards for air
cleaning in nuclear facilities are specified in CAN/CSA-N288.3.X Series: Part
1 "Generic Requirements" is at the approval stage and part 2 "High Efficiency Air
Cleaning Assemblies for Normal Operation of Nuclear Facilities" was issued in
1985. These standards contain some basic aspects of EFAD system design; however,
a comprehensive set of guidelines, specific to EFAD system design, operation and
testing are being planned and would be contained in Parts 3 and 4 of the same
Series. The Canadian regulatory requirements for EFAD systems have not been
issued in a generic form. Instead, they are individually specified for each
nuclear facility and may contain different requirements than the CSA standards.
From the published data and conclusions made by several international working
groups it is evident that current knowledge in the area of air cleaning in
reactor accidents is inadequate. Also, there is an urgent need for further
developments in the control and monitoring of airborne discharge under reactor
accidents.



(b) Comparison of Different Containment Venting Strategies:

There are two types of reactor containment designs: pressure containment and
vacuum containment. The pressure containment is designed to hold positive
pressure, e.g. up to 6 bars in some designs, which permit the use of passive
filtration systems with relatively high flow resistance.

For the vacuum containments, such as those in Ontario Hydro1s stations at
Pickering, Bruce and Darlington, the pressure inside containment would be
maintained subatmospheric by venting containment atmosphere through the Emergency
Filtered Air Discharge systems.
Venting may be required for several accident scenarios, including the following:

Loss of Coolant Accident (LOCA) with inleakage of outside air and
instrument air leakage into containment.
LOCA coincident with containment failures, e.g. open reactor building
ventilation inlet damper.

The design of EFAD systems at the above three sites is based on the same
principle and the configuration of components within the Air Treatment Assembly
(ATA) is essentially the same. Each ATA unit contains the following key
components: a housing, a bank of moisture separators, heaters, prefilters, HEPA
filters, iodine absorbers (charcoal bed) and a second bank of HEPA filters.
However, the sizing of the EFAD system, the configuration of its external
components (ductwork, valves, blowers,) and their mode of operation are different
for each site.

(c) Causes of Potential Failures of EFAD Systems:

The design and operating documentation of the EFAD systems at Pickering, Bruce
and Darlington has been reviewed and several factors that may cause potential
failures of EFAD systems are identified below:

Inadequate knowledge of operating parameters under accident conditions:

The present knowledge concerning the responses of mechanical components, filters
and absorbers to challenges such as high temperature, high humidity, radiation
doses as well as mechanical loads due to high differential pressures, shock
waves, vibration and seismic events is not satisfactory. Consequently, some EFAD
system components may not withstand the accident conditions which could be more
severe than specified in the design requirements. There is a need to review
pertinent data from the Safety Analysis to define the operating boundary for the
EFAD system.

- Design deficiencies:

Several serious potential structural and performance failures, caused by design
and operation deficiencies, have been identified: Demisters and flow control
valves may fail when air flow is significantly reduced below the design values.
Structural damage to HEPA filters and performance failure of absorber beds may
be caused by excessive moisture. Excessive desorption of TEDA impregnate,
followed by desorption of radioiodine and possible charcoal ignition at high
temperatures, may result from inadequate monitoring of charcoal temperature. A
charcoal fire may result in extensive structural damages to the EFAD system in
the absence of an effective fire extinguishing measure. This is a major concern,
since the EFAD system is located outside the containment boundary.



-iv-

Inadeguate maintenance and functional testing;

The current methods of EFAD system maintenance and testing do not assure
detection of system component degradation, which could cause structural or
performance failure under accident conditions. For example, the present
operating documentation contains several deficiencies which may limit ability of
the system to detect failures in the monitoring and control of the air humidity.

Inadequate routine testing program:

This review indicates that the current EFAD system routine testing program cannot
sufficiently validate the EFAD system performance under various accident
conditions. Inadequate sample collection techniques for testing of HEPA filters,
lack of structural strength testing of HEPA filters and lack of proper testing
of charcoal efficiency in iodine removal under simulated accident conditions, are
considered major shortcomings in the current testing program.

(d) Post Accident Radiation Monitoring (PARM) System:

The PARM system is not considered to be an integral part of the EFAD system,
hence it was not included in the original scope of this project. However, since
the release levels of particulate radionuclides and radioiodine, measured with
the PARM system, would be used to determine the performance of the EFAD system,
a cursory review of this system was carried out for Bruce and Darlington NGS.
This preliminary assessment indicates that a more thorough review should be
considered for several areas. For example, the effect of sample loss (by wall
deposition in long sample tubing) on the measurement, the effect of high
background radiation on the detection accuracy, and habitability of the sample
collection room under accident conditions should be reviewed.

(e) Recommendations:

It is recommended that the following areas be considers .

Development of standards and regulatory guides;
- Revision and updating of design documentation;
- Revision and updating of existing procedures; and
- Development of procedures for testing EFAD systems under accident conditions.

It should be noted that the Pickering system is being revised by Ontario Hydro.
Any changes in the design, operation and testing procedures in the EFAD system
and the Post LOCA Radiation Monitoring system at Pickering should be reviewed for
their impact on the conclusions presented in this report.
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0. INTRODUCTION

Background: The containments in CANDU multi-unit nuclear power plants are
provided with Emergency Air Filtered Discharge (EFAD) systems which are designed
to minimize uncontrolled releases of airborne radioactivity to the environment
following major reactor accidents. This is done by means of controlled filtered
venting of containment using the EFAD system. In general, an EFAD system
consists of a demister section, a heater section, and various kinds of filters
for removing radionuclides. In CANDU safety analyses, these systems are credited
with very high radionuclide removal efficiencies. In order to ensure that the
EFAD systems can maintain their functional capability and high efficiencies under
accident conditions, a review of the design, operation, testing and maintenance
procedures together with appropriate standards and requirements would be
required.

Objective: The main purpose of this project is to provide a qualitative
assessment of potential failures of EFAD system components which may cause
structural or functional failure of EFAD system, or deterioration of its air
cleaning performance below the minimum efficiency requirements.
Because of the complexity of the EFAD system, some components or modes of
operation may be prone to failure. However, a comprehensive reliability analysis
of EFAD systems or a detailed review of the design and operating documentation
is not included in the scope of this project. Therefore, this report focuses only
in major areas which have been identified, by experience, as potential problem
areas. Some of the potential problems may have been satisfactorily resolved.
Others are being corrected as part of an on-going review of the systems by the
licensee. However, because of the large number of documents, and numerous
revisions, on the design, operating and testing of the EFAD systems and limited
availability of documents currently under revision, it was not possible to fully
assess their present status within the time period scheduled for this project.
As a consequence, the extent of review was limited to the EFAD system
documentation, selected by the Atomic Energy Control Board (AECB) for each of the
Pickering, Bruce and Darlington nuclear power plants.

Scope: The scope of work, as defined in the Statement of Work in the Contract,
can be summarized as follows:
The investigation shall focus on EFAD systems at Canadian CANDU multi-
unit nuclear power plants and on related Canadian standards,
requirements and practices.
Related standards, technical data and information from other countries
shall be investigated for comparison;
The following information shall be obtained and reviewed: National and
industry standards, regulatory requirements, information on design,
inspection, operation, testing and maintenance methods and practices,
significant operating experience, including information on the system
failures.



1. INFORMATION ACQUISITION

All available Canadian and foreign regulatory requirements, standards,
technical reports, conference presentations and other available publications,
pertinent to air cleaning systems in nuclear facilities, have been compiled
and reviewed. The details are discussed below.

1.1 Standards and Regulatory Requirements

There exists a considerable number of standards which may be applicable to
air cleaning systems for normal operations. However, only a few standards
and regulatory requirements exist which pertain specifically to emergency
filtered air discharge systems. Most of the nuclear air cleaning
standards and other technical documentation contain data and/or
performance requirements which are partially applicable in the design,
operation, maintenance and testing of emergency filtered air discharge
systems. Therefore all available standards, regulatory requirements and
documents of international agencies containing up-to-date information,
relevant to EFAD system, have been listed in the References. Their brief
review follows.

1.1.1 Canadian Standards and Regulatory Requirements

The Canadian standards for air cleaning in nuclear facilities, CAN/CSA-
N28S.3.X Series, are presently under development. Part 2 of this Series,
N288.3.2 "High Efficiency Air-Cleaning Assemblies for Normal Operation of
Nuclear Facilities" [Ref. 2], was issued in 1985; and Part 1 N288.3.1
"General Guidelines for Air Cleaning Systems in Nuclear Facilities", [Ref.
1], is currently in the stage of approval by the CSA N288 Technical
Committee. Some of the basic aspects of the functional design of
assemblies for normal operation and their system components in part 2 are
applicable in design, operation and maintenance of EFAD systems. However,
a comprehensive set of guidelines specific to EFAD system design,
performance and operation would be provided in Part 3 CAN3-N288.3.3
Standard "High Efficiency Air-Cleaning Assemblies for Emergency and Clean-
up Operations in Nuclear Facilities".
Laboratory testing of charcoal samples from both Air Cleaning Assemblies
for Normal Operations and EFAD system in CANDU plants has been performed
in accordance with ASTM D3803 Standard [Ref.27]. No appropriate
definition of EFAD system's operating parameters (particularly absorber's
operating temperature) has been available for the development of a
standard method for adsorbent testing which should be included in
CAN3/CSA-N283.3.4 "Testing of High Efficiency Air-Cleaning Systems in
Nuclear Faci1it ies".
The CAN3-Z299.X, CAN 3-286.X and CAN3-N289.X Series of Quality Assurance
Program Standards, References 3 to 8, cover only generic aspects of
contractor's quality assurance program. Parts of these standards and of
the W59-1984 Standard [Ref. 9] are also applicable in the manufacturing
and installation of nuclear air discharge systems.
Two relevant standards. References 10 and 11, have been prepared by AECL.
Reference 11, "Leakage Testing" may be applicable in the leak testing of
EFAD systems. However, more appropriate maintenance and testing manuals
were supplied for this purpose by the manufacturer of each particular EFAD
system.

Canadian regulatory requirements pertinent to EFAD systems, have net been
issued in a form of a single document. They are specified individually for
each nuclear facility.



1.1.2 U.S. Standards

The USA has the most complete set of national standards and regulatory
requirements on Nuclear Air Cleaning Systems design, operation and
testing.
The U.S. air cleaning technology and relevant standards and regulatory
guides were applied in the design, operation and testing of CANDU filtered
air discharge systems for the control of both normal and emergency
releases because the technology and approach to the control of once-
through air and gaseous effluents are similar in the USA and Canada in all
but a few respects. Most major manufacturers of filters, absorbers and
engineered components of air cleaning assemblies, installed in CANDU power
plants, are in the USA. Therefore, the US standards have been used
extensively in the development of equivalent Canadian Standards,
particularly the CAN3-N288.3.X Series discussed in section 1.1.1.

A major portion of the current EFAD systems design, their operating,
testing and maintenance procedures are based on the following US Standards
and Regulatory Guides:

USNRC R.G. 1.52 "Design, Testing and Maintenance Criteria for
Atmosphere Cleanup System Air Filtration and Adsorption Units of
Light-water-cooled Nuclear Power Plants", (Proposed revision 3,
March, 1990), [Ref.12]
ASME/ANSI N509-1980, "Nuclear Power Plant Air Cleaning Units and
Components", [Ref. 21]
ASME/ANSI N510-1980, "Testing of Nuclear Air Cleaning Systems",
[Ref. 22]
MIL-F-51068F, "Filters, Particulate, High Efficiency, Fire
Resistant", 1986, Military Specification, [Ref. 39]
MIL-F-51079D, "Filter Medium, Fire-Resistant, High-Efficiency",
1985, [Ref. 40]
ASTM D 3803, "Standard Method for Radioiodine Testing of Nuclear-
Grade Gas-Phase Adsorbents", 1979, [Ref. 27]

References 12 to 43 include US engineering and mechanical standards,
applicable to the manufacturing, maintenance and testing of EFAD systems,
which have been included in the CAN3-288.3.2 Standard.

The USNRC Regulatory Guide 1.52, ANSI N509, ANSI N510 and ASTM D 3803
standards have been under review in the last several years; however, their
new revisions have not yet been issued. Some of the notable proposed
changes are briefly reviewed below.

(a) USNRC Regulatory Guide 1.52. Proposed Revision 3. April 1989:

A number of deletions from the current USNRC Regulatory Guide 1.52 and
recommendation for additional requirements have been included in the
recently proposed "Revision 3". These proposed changes, which may be
pertinent to EFAD systems, are listed in Appendix B of this report.

(b) ANSI/ASME N509 and N510 Standards:

Significant revisions to the ANSI/ASME N509 Standard, proposed by the ASME
CONAGT subcommittee, have been outlined in Reference 23. Also, extensive
revisions, proposed by the Subgroup on Field Testing of Nuclear Air
Treatment Systems to the ANSI/ASME N510 Standard, are described in
References 24 to 26.



(c) ASTM D3803 Standard:

Method A in D3803 standard [Ref. 27] covers a test method for establishing
the capability of new and used activated and impregnated carbon to remove
radio-labelled iodomethane from air and gas streams under constant
conditions of 95 % relative humidity (RH), 30°C temperature, 101 kPa(a)
pressure and 12.2 m/min gas velocity. While these conditions can be
established and maintained constant in the tests, a large discrepancy
occurred in the results of two subsequent runs of testing of identical
samples of charcoal by twelve laboratories, participating in the
Interlaboratory Comparison Program. Therefore, an extensive experimental
assessment of the "Method A" test procedure was performed [Ref. 44 and
Ref. 45] which resulted in some proposed changes to the D3803 Standard.
A new set of tests was carried-out by all participants of the
Interlaboratory Comparison Program; however, the discrepancy in the
results was still unacceptably high. Therefore the proposed revision of
the ASTM D3803 Standard has not yet been approved.
Tt should be noted that the actual accident conditions may be highly
transient and more severe than those specified above. Currently, approved
methods for charcoal testing under accident conditions are not yet
available. Some such testing is being attempted by few laboratories using
the conditions specified for accident scenarios; however, the results are
not sufficiently conclusive.

1.1.3 European and International Agencies Standards

The nuclear air cleaning standards, acquired from the U.K., Germany and
France, and International Agencies standards are listed in References 46
to 62. These standards do not specifically address the air cleaning in
accident situations.
It appears that the regulatory approach in most of the surveyed countries
is quite similar to that of the AECB, i.e., specific regulatory
requirements are defined for individual nuclear sites during the licensing
process. The most comprehensive regulatory document, the Kern Technishe
Anschuse regulatory requirements, [Ref. 58], is available in Germany, on
official request, from KfK Karlsruhe.

1.2 International Agencies Documents

Documents on the Emergency Filtered Air Discharge, issued by the IAEA, CEC
and OECD-NEA, are listed in References 63 to 79. In general, they reflect
the above described status of national standards and regulations and
present some data and information on containment vent strategies,
equipment and procedures. It is evident from these documents that there
is an urgent need for further developments in the areas of the control and
monitoring of airborne discharge from nuclear facilities under reactor
accident conditions.
One of the most complete assessments of the recent status of the Emergency
Containment Filtered Discharge was performed by the "Group of Experts" in
the OECD-NEA report "Air Cleaning in Accident Situations" [Ref. 78].
This Group of 22 experts, which was set up by the Committee on the Safety
of Nuclear Installations, held seven meetings in the period 1979-1984 to
examine the problem and prepare the above report. It was concluded that
"...current knowledge is grossly inadequate in many areas" and that
"...there are insufficient facilities for testing components and systems
under simulated accident conditions".



The following major outstanding problems are summarized in the conclusion
of the report:
- Ill-defined accident conditions, even for a design basis accident

(DBA). Indeed the DBA may not represent the most severe conditions
under which the air cleaning system has to operate.
Significant lack of confidence in HEPA filters.
Lack of international coordination of testing of air cleaning
systems under simulated accident conditions.
Limited information exchange of data for accident conditions.
Lack of knowledge on demieter and demister-HEPA combinations under
accident conditions.

- Lack of tests and standards on air cleaning systems (ACS) and some
of its components.
Lack of reproducibility in iodine adsorbent testing.

- Limited information on long-term behaviour of adsorbed iodine on
charcoal, i.e. desorption.
Limited information on accident environment effects, including
hydrogen, on adsorbents.

A "Specialist Meeting on Filtered Containment Venting Systems", organized
by the OECD-NEA, [Ref. 79], was held in Paris on 17 - 18 May 1988. With
only European participants attending, the focus of this meeting was on the
containment venting strategies, objectives and design requirements for
their containment venting systems. The presented information was not
particularly relevant to CANDU EFAD systems.

2. REACTOR CONTAINMENT VENTING STRATEGIES

2.1. Containment Designs for Water Cooled Reactors
In general, there are two types of reactor containment designs:

Positive pressure containment: This can confine airborne radioactive
products from reactor accident at relatively high, positive pressure
(implemented in most LWR plants in Europe),
For the purpose of emergency discharge clean-up the "positive pressure
containment systems" have the following major benefits:

relatively longer time period before the activation of a filter
system is required,

- no need for air movers in the containment vent filter systems;
- components with relatively high flow resistance can be used in the

filtration systems.

Negative pressure containment: This type of containment is used in CANDU
multi-unit power plants.

2.2. Containment Venting Strategies

2.2.1 France
Instantaneous containment failure due to steam or hydrogen explosions is
considered unrealistic; however, considerations have been made on
potential containment failure, delayed by one or more days. The French
concept of emergency containment ventilation, [Ref. 80 and Ref. 81]), is
based on a passive filtration of containment air (5 bar design pressure)
through an 800 mm deep bed of sand, 0.6 mm diameter. The decontamination
factor (DF) of 50-100 for approximately 1 /jm particles was reported from
both the laboratory and pilot scale testing at the CEA.



2.2.2 Germany
The design of the German containment venting system appears to be based on
the following information and decision:

From the computed pressure increase in the inner steel containment
vessel (6 bar design pressure) from a postulated accident of a 1300
MWe PWR it was concluded that four to five days should be available
for the activation of its passive filtered venting system.
The containment failure due to pressure spikes does not have to be
considered because the possibility of hydrogen explosions has been
excluded.

- The deliberate venting can be applied in a case of containment
leakage.

The development of a basic configuration of the German containment venting
system and its major functional components was performed in the LAF II in
the Kernforschungszentrum Karlsruhe, [Ref. 82]. The system includes the
following components:
- Rupture disk inside the containment,
- Control valve or restricting orifice,
- Prefilter - stainless steel fibre, 30 - 8 /jm diameter, 2.5 - 1.5

kg/rrr densicy,
- Inertial droplet separator,
- HEPA - stainless steel fibre, 2 pim diameter, 4.5 kg/m2 density

Iodine adsorbent - silver impregnated zeolite.

There would be insignificant water condensation in this system, because of
the superheat from the pressure differential between the atmospheric and
the containment pressures.
The most important feature of the stainless steel filter system is its
high pressure and temperature resistance.

2.2.3 Sweden
The approach taken in Sweden ("FILTRA" Design) in containment venting
under emergency conditions [Ref. 83] is similar to the principle applied
in France, except that a gravel bed (10,000 m of quartzite, "30 mm
diameter), rather than sand, is used as a heat sink, moisture separator
and particulate filter. Also, high efficiency (Decontamination Factor >
100) has been claimed for the removal of organic iodide species.
Triggering of the Vent System can be automatic (blowout of the rupture
disk at Ap=650 kPa) or manually at a lower pressure.
A "Multi Venturi Scrubbing System" has also been used in Sweden, mostly
for boiling water reactors. This system consists of a pressure relief
system, a venturi scrubber, iodine absorption pool and a small gravel bed
for the removal of entrained liquid droplets.

2.2.4 USA
As concluded in the Rasmussen Reactor Safety Study [Ref. 86], containment
failure due to overpressurization presents the most significant risk from
reactor accidents. Engineered Safety Features (ESF) as defined in the
ANSI N509 Standard [Ref. 21], have been installed in some nuclear power
plants. However, they have not been considered adequate. Therefore, an
extensive evaluation of potential types of containment venting systems is
in progress in the USA. Several vent strategies have been investigated;
however, no system has yet been selected as a replacement for the ESF
concept. Also, according to Reference 84, there are no appropriate
standards or regulatory guides for system and component requirements
pertinent to air cleaning under severe reactor accident conditions.
The comparison of potential filtration techniques for the containment
venting under accident conditions is one of the primary objectives of the
Advanced Containment Experiments (ACE) program, managed by the EPRI.



3. REVIEW OF FISSION PRODUCTS RELEASE SCENARIOS AND MAJOR RELEASE CONTROL
PROBLEMS AT PREVIOUS REACTOR ACCIDENTS

Available data on fission products release scenarios from SL1 and TMI
accidents. References 87 and 88, were reviewed by the author in order to
find their potential analogy with the assumed release scenario during DBA
at CANDU plants. Only the TMI accident was found to be sufficiently
relevant for thiB purpose.
The results of the assessment of the airborne fission products release
scenario at TMI indicated that the probability of the performance failure
of both the filter/adsorbent media and of the radioactive discharge
monitor is practically as high as the probability of operational failure
of mechanical components of the FAD systems. The release estimate of 131I
[Ref. 88] was based on the 131I activity and the iodine species removal
efficiency which was measured in charcoal absorbers from the Service
Building Air Cleaning system. The absorbers were replaced during the
accident because of their inadequate performance. This release estimate
did not include the activity of radioiodine which was released directly to
the atmosphere with untreated gas discharges from the depressurization of
process liquid tanks. The total contribution of this uncontrolled iodine
release could not be measured for a faw days because of functional failure
of the gaseous radioiodine effluent monitoring system.
As an interpretation for the lower than anticipated iodine release from
the TMI accident. Oak Ridge National Laboratory (ORNL) researchers
suggested in [Ref. 89] that a major portion of radioiodine in the reactor
fuel was present in the form of Csl. This suggestion came from the
results of laboratory analysis of gaseous I species which were purged
from a spent fuel element, however, this fuel element had been in storage
for two years prior to this experiment. Thus, it is doubtful that these
results could correctly reveal the chemical state of I isotope, which
has relatively short life time in the fuel of our operating reactor. As
discussed in [Ref. 90], since the Oak Ridge's suggestion of low iodine
release term could not be supported by other experimental data, the
assumption of such a low release term in designing an EFAD system may
result in an undersized system, which could be rendered ineffective during
the operation, due to filter saturation.

4. PRINCIPLES OF EFAD SYSTEMS OPERATION AT CANDU NUCLEAR POWER GENERATION
PLANTS

4.1 Purpose of EFAD System

Emergency Filtered Air Discharge Systems of the "ANSI N509 - ESF type"
have been installed at three Nuclear Power Generation sites in Ontario:
Pickering, Bruce and Darlington. Their purpose is to maintain containment
at the required negative pressure with respect to the atmosphere in the
long term, which includes but is not limited to:

(a) Loss Of Coolant Accidents (LOCA) in the presence of inleakage of outside
air into containment and instrument air leakage within the containment (a
single failure accident). As per Design Manuals the EFAD system operation
would be required within several hours or days after the occurrence of a
single failure accident.

(b) Dual failure accidents, e.g. LOCA simultaneous with a containment
impairment such as open reactor building ventilation inlet damper. (Full
operation of EFAD system may be required within less than 60 minutes.)

(c) An earthquake, with a loss of vacuum in the Vacuum building.
(d) Other scenarios, such as fuelling machine failures, coupled with deflated

airlock seals or other types of containment impairment.
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4.2 Generic Configuration of EFAD Systems

The design of EFAD systems at all three sites is based on the same
principle and the configuration of components within the Air Treatment
Assembly (ATA) is the same. Each ATA unit contains housing, a bank of
moisture separators, an electric heater, a bank of prefilters, HEPA
filters, iodine absorber (charcoal bed) and a second bank of HEPA filters.
However, the sizing of the EFAD system, the configuration of its external
components (ductwork, valves, blowers, ...) and the modes of operation are
different for each site, depending on individual approaches for minimizing
radioactive discharge.
The EFAD system does not normally have a shutdown state, it is required to
be in the standby state at all times.
Post Accident Radiation Monitoring (FARM) system, which is not considered
to be one of the direct functions of EFAD systems, provides the monitoring
of radioactive discharge levels downstream of the EFAD systems. The
output values from its particulate and radioiodine monitors are used to
determine the EPAD systems performance.

4.3 Basic Methods of EFAD System Operation in CANDU Nuclear Power Plants

4.3.1 Pickering NGS
Extensive revisions in EFAD system and PARM system design and their
operating procedures are currently in progress. Therefore the review of
the EFAD system documentation was limited only to its major functions.
A schematic diagram in Figure 1 shows the current configuration of the
EFAD system at Pickering. Its inlet is connected to:

Vacuum Building (VB), through the existing vacuum pump discharge
header.
Pressure Relief Duct (PRD).

The EFAD system consists of two ATA + blower units in parallel, followed
in series by a third, backup ATA + blower unit (which does not contain a
humidistat/heater). The two parallel ATAs can be valved in so that when
one assembly is on "discharge clean-up", at its rated flow, the other is
on "cooling" by outside air at approximately 10% of its rated flow for the
total of 2200 scfm air flow through the EFAD system during actual
emergency operations. In the "clean-up" mode the air flow through the unit
is maintained constant (at its rated flow) by appropriate throttling both
valves at the ATA intake, which are controlling the flow portions from the
Pressure Relief Duct and Outside Air respectively.
Figure 2 shows the configuration of the revised EFAD system. Since the
revision process has not yet been completed sufficient information was not
available to assess the effect of proposed changes at the time of writing
of this report.

4.3.2 Bruce NGS "A" and "B"
Figure 3 shows a schematic diagram of the EFAD systems at both Bruce "A"
and "B" nuclear generating stations. Their "recirculation mode" is
considered the primary method of the EFAD systems emergency operation. In
this mode all air treatment components within the ATA unit operate at the
full design flow. Only the portion of this flew, which is necessary for
maintaining the containment pressure subatmospheric, is discharged to the
stack. The remaining, generally the major portion of the flow, is
recirculated within containment.



In the recent "Formal Operational Design Reviews of the Bruce NGS "A" and
"B" EFAD systems and PARM system, References 126 and 127, it was
recommended that

The "recirculation mode" should remain the primary mode of EFAD
systems operation.
The ability to vent intermittently should be considered as an
additional, highly desirable operating attribute of EFAD systems.

4.3.3 Darlington NGS

Figure 4 illustrates that the physical configuration of the EFAD system at
Darlington is similar to those at Bruce "A" and "B". However, it should
be noted that the Darlington ATA operates at much lower Air flow than the
rated flow. This is to minimize the discharge of contaminated air and
also to save the capacity of the HEPA and absorber banks. Make-up air
needed for the proper operation of the blowers is controlled at the air
intake located at the blower suction.

5. CHALLENGES TO AIR CLEANING SYSTEMS

In general, air cleaning systems are exposed to the following challenges.

5.1 Operating EFAD System Outside of Air Flow Limits
low flow inadequate demister, control valves and blower performance,

insufficient dispersion of stack releases, increased portion
of "pinhole leak" component through HEPA,

high flow increased pressure drop across ATA components, causing higher
probability of HEPA damage,
reduced air residence time, lowering iodine collection
efficiency in charcoal bed.

5.2 Exposing EFAD System Components to Elevated and Variable Air Temperature.
Relative Humidity (RH1 and Pressure
high -temperature

accelerated degradation of prefilters and HEPA,
desorption of TEDA advancing eventually to the ignition of
charcoal,

high RH condensation on HEPA and charcoal during temperature
transients,
moisture collection on HEPA filterE may cause their rupture as
a result of increased flow resistance,
moisture condensation on adsorbent has a negative effect on
its radioiodine removal efficiency,

high pressure transients
potential damage to prefilters/HEPAs and/or ATA housing.

5.3 Exposure to Chemical Fumes. Combustion or Pvrolvsis Products
Significant degradation of both HEPA filters and adsorbent by
chemical reactions and/or particulate and/or vapour loading of
the media.
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6. POTENTIAL CAUSES OF EFAD SYSTEM FAILURES

The following are typical generic causes of potential failures of EFAD
syBtems and/or their components:

Inadequate knowledge of operational parameters and of their
variations under actual accident conditions.
Inadequate maintenance in stand-by mode,
Insufficient monitoring of operational parameters.
Inadequate control of operational parameters,
Degradation of filters and adsorbent,

- Inadequate testing of EFAD system components function and their
performance.

The causes of potential failures of EFAD systems, gathered from the design
and operation documentation of CANDU nuclear power plants, are discussed
in sections 6 and 7.

6.1 Actual Operating Parameters under Accident Conditions

It was concluded in Reference 78 that "Only very rough estimates can be
made of the possible challenge conditions for the Air Cleaning System
Components (under the LOCA release conditions). Present knowledge is
unsatisfactory concerning the response of ACSs to the individual
challenges such as high temperature, high humidity, radiation doses as
well as mechanical loads due to high differential pressures, shock waves,
vibration and seismic events. Almost no information is available on the
response of aged filter elements under single or combined challenges."
Consequently, the selected EFAD system components may not withstand the
actual accident conditions, if these conditions are more severe than
specified in design requirements. The EFAD system design documentation
does not contain sufficient information on the operating parameters that
the system may encounter during the accidents.

6.2 Maintenance and Functional Testing of System Components

The readiness is related to the reliability and availability rating of the
EFAD system and of any affiliated component. Appropriate readiness of the
EFAD system for the operation under LOCA conditions can only be maintained
if
(i) All devices, (such as isolation valves with their interlocking,

humidity, temperature and air flow sensors and controllers, drains,
and the PARM systems, etc.) are maintained fully operational

(ii) Filters and iodine absorbers are properly tested and protected from
widely changing operating conditions from aerosol loading and
poisoning, and the blower is capable of maintaining design air flow
through the EFAD system.

Routine maintenance and functional testing requirements and work
procedures, specific to individual components of each EFAD system are
sufficiently described in manufacturer's documentation and in work
procedures prepared by corresponding technical personnel at each plant.
It is apparent from the reviewed documentation that the unavailability of
EFAD system's air movers (ductwork, valves, ATA housing and blowers) would
be effectively controlled within the specified limits by performing the
maintenance and testing in accordance with the specified requirements and
work procedures.
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6.3 Monitoring of Operational Parameters

Continuous and accurate monitoring of air flow, relative humidity and
temperature is essential for correct operation of EFAD systems. While the
monitoring of air flow within the EFAD systems appears to be adequate,
only two relative humidity sensors (one upstream and one downstream of the
heater) are provided to control the heaters. Also, the temperature sensor
in the absorber bed cannot provide sufficient data for its proper
protection against local overheating and ignition of the charcoal.
Potential failures which may be caused by insufficient monitoring of these
parameters will be discussed later in Section 9.

6.4 Control of Operational Parameters

6.4.1 Air Flow Control

In general, the control of air flow within EFAD systems is performed by
positioning of system valves. This distributes the flow through the
components in accordance with the requirements for maintaining containment
pressure subatmospheric and minimizing radioactive discharge to the
atmosphere. The air flow through prefilters, HEPAs and absorbers must be
maintained at or below the rated flow. Demisters, blowers and flow
control valves should not be operated at air flows which are significantly
lower than their nominal range. Sudden changes in air flow would cause
pressure transients at prefilters and HEPA filters. This is one of the
most likely causes of the potential structural failure of HEPAs.

6.4.2. Air Moisture/Humidity Control

Condensed moisture must be efficiently removed from the air stream to
avoid flooding of the HEPA filters and the charcoal absorbers. For this
purpose the demisters are installed as the first component of ATA. It is
apparent from Reference 91 that they should be capable of removing 99 %
of moisture droplets of 2.5 - 10 pm diameter, when operating at the rated
flows. However, the graph in Figure 5 shows that at significantly lower
flows the demister would practically cease to function. The penetrating
moisture droplets would be collected at the filter causing its flow
resistance to increase beyond the structural limit and possible failure.
In the typical operating mode, with the heater control in "AUTO", the
downstream RH sensor would try to increase the heater power to evaporate
the entrained moisture and to reduce the RH to approximately 70 %. It
appears that this dual function would create a potential failure for the
heater controllers, or a temperature excursion within the ATA. High
temperatures beyond the permissible operational limits may degrade the
performance of various critical components in the ATA. Further discussion
on the heater control is found in section 6.4.3 (a) below.

6.4.3 Temperature Control

(a) Heater control;

After passing demisters at the rated velocity, the air stream remains
saturated with moisture. Its relative humidity level must be reduced in
order to protect HEPA filters and absorbers. For this purpose electric
heaters have been installed within the ATA, downstream of the demisters.
The basic function of the heater is to maintain the relative humidity of
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< 70% and temperature of < 100°C. This is to be achieved in the "AUTO"
mode of heaters operation by ON/OFF switching of the heater's power from
the humidity sensor, located downstream of the heater. The overheating
protection would be performed with the automatic regulation of the heater
by flow transmitters in order to compensate for air flow variations.
Further, the heaters are assumed to have a built-in power cut-off as an
additional overheating protection.
The causes of potential problems in the heater control:
(i) The information retrieved from available design and operating

documentation is not sufficiently clear to verify the existence and
proper function of the built-in overheating protection feature in
the installed heaters. Also, this uncertainty could not be
clarified with the qualified technical unit personnel at the plants.
It appears from one of the records of "leak testing" at Bruce A
(09/19/68) that the overheat protection did not properly function in
one of the tests in which the measured "duct temperature" reached
74°C at 24 % RH. No further information on this occurrence is
available.

(ii) According to Operating Manuals the periodic testing of EFAD systems
also include a heater performance test which is to be performed with
ambient air and with the heater control in AUTO mode. Therefore the
proper function of the heater and its controller cannot be verified
under such tests. No conclusive information on the actual setting
of the heater control or internal air temperatures during the
periodic EFAD systems testing was available from the technical
personnel at the visited power plants.

(b) Charcoal Temperature Control:

TEDA impregnated charcoal, which has been installed in all current EFAD
systems, is very responsive to elevated operating temperature. It should
be maintained at or near the ambient temperature to sustain its optimal
effectiveness. Exposure to elevated temperature would lead to severe
performance deficiency, as significant desorption of TEDA impregnate
would occur at temperatures above 100°C. Higher temperature could result
in the desorption of adsorbed iodine and possible charcoal ignition.

Several sources contribute to the increase of charcoal temperature during
the EFAD systems operation:
(i) Inlet air stream temperature, estimated to be approximately 50°C

during the initial phase of LOCAs,
(ii) Temperature increase (maximum 20°C if properly functioning) by

electric heaters, to maintain the average relative humidity at 70%,
(iii) Transient heat from moisture adsorption by charcoal,
(iv) Air temperature increase from possible fire within the ventilated

space,
(v) Heat from carbon oxidation (may be significant at higher carbon

temperatures)
(vi) Decay heat from absorbed radioiodine which, at later stage of LOCA

operation, will be the most significant source of heat in charcoal.

The only practical means of charcoal fooling is to maintain sufficient air
flows.
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6.5 Degradation of Filter and Absorber Media

6.5.1 HEPA Filters

(a) Aging of HEPA Filters;

For the majority of nuclear facility operators it has been the general
rule that "as long ae HEPA filter passes the aerosol leak test and is
operating within the required pressure drop range, the filter has an
indefinite lifetime". In other words, the results of in-place aerosol
leak test and pressure drop have been the only criteria used to dictate a
changeout.
Experimental evaluation of HEPA filters aging was described in Reference
92. The following effects of long term aging of HEPA filters under normal
operating conditions have been identified:
(i) Considerable loss of sheet filter paper tensile strength
(ii) Substantial loss in the water repellent character of the sheet

filter paper
(iii) A significant decrease in the breaking pressure of the complete

filter.

In addition, high radiation to the filter media sealant (elastomeric
adhesive) and gasket materials from radionuclides, accumulated in HEPAs,
significantly accelerates the above degradation process.

Current knowledge of the aging effect on HEPA filters properties is
summarized in Reference 78 as follow:

Extent of Knowledge

Operational Parameters New Aged

Pressure Differential
Vibration
High Humidity/Free Water
Chemicals
Radiation
Temperature
Loading Capacity

Normal

VG
G
F
P
G
G
G

Accident

F
G
F
P
F
P
F

Normal

F
NE
NE
NE
P
NE
P

Accident

NE
NE
NE
NE
NE
NE
NE

VG = Very Good
G = Good
F = Fair
P = Poor
NE = Non-Existent

It has been determined from other investigations that the most common
weakness of the structural integrity of a HEPA is at the sharp bends in the
filter medium pleating and sharp edges on the corrugated separators inserted
into the pleats.
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(b) Airborne Particulate Loading of HEPA Filtera:

Under LOCA conditions HEPA filters may be loaded with any or all of the
following types of aerosol:
(i) Radioactive aerosols from disintegrating reactor fuel
(ii) Radioactive aerosols, i.e. products of decay of fission products

vaporized from the reactor fuel
(iii) Airborne particles from the disintegration of structural materials

in the containment
(iv) Entrained moisture resulting from ineffective demisters
(v) Aerosols from the combustion and/or pyrolysis of inflammable

materials within containment
(vi) Fine particles from the attrition of charcoal, retained in the

second bank of HEPA (installed downstream of a charcoal bed).

It should be noted that not all above items would necessary apply during
all postultaed accident sequences in CANDU reactors.

Particulate loading of previously aged HEPA filters under severe accident
conditions (elevated temperature, high humidity, high radiation field with
highly transient air flow and pressure differentials) would be considered
as the likely cause for failure of EFAD systems.

6.5.2 Radioiodine Absorbers

Degradation of charcoal occurs gradually in a dormant mode and can
progress more rapidly during the operation of EFAD systems under accident
conditions. The major causes are:
(i) Charcoal aging and poisoning with chemical fumes and vapour of

solvents and other organic compounds which may be present in inside
air during standby, testing and LOCA operations of EFAD systems,

(ii) Charcoal poisoning with products of combustion and/or pyrolysis of
plastic materials (such as HC1, vaporized polymers, monomers, etc.)
in the containment during LOCA operation,

(iii) Elevated temperatures, which lead to severe performance deficiency
and possible charcoal fire as discussed in Section 6.4.3 (b)

(iv) Wetness due to adsorption of moisture from the air under high
humidity and variable temperature conditions would degrade the
iodine removal efficiency of the charcoal.

7. GENERIC NEEDS AND SHORTCOMINGS IN THE TESTING OF EMERGENCY AIR CLEANING
SYSTEMS

The reactor postulated accident and fission product release terms from a
CANDU design basis accident are significantly different from those for the
TMI accident. However, it is apparent from the brief review given in
Section 3 above that maintaining the HEPA filters, absorbers and effluent
monitoring systems within the required performance limits is very
important to the readiness of EFAD systems in CANDU power plants.
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7.1 HEPA Filters Testing

According to the USNRC Regulatory Guide 1.52 [Ref. 12], the qualification
test on each HEPA filter should be performed by the manufacturer for
penetration of monodispersed dioctylphtalate (DOP) in accordance with the
procedures of MIL-F-510-68F [Ref. 41]. A report certifying that the HEPA
filters meet the performance requirements (minimum 99.97% removal
efficiency for 0.3 pm DOP under normal ambient conditions and nominal air
flow) should be furnished to the licensee. This test, with surveillance
testing of HEPA filter integrity (as per ANSI N510), are sufficient for
filters which are used under normal operating conditions. However, it is
evident from pertinent standards and a number of relevant publications
that the full readiness of EFAD systems can only be sustained by proper
and sufficiently frequent testing of both the function and performance of
key components under the anticipated accident conditions.

Recent trends in the field of filter testing are oriented towards
quantitative in-place measurement. The following testB should be
periodically performed on HEPA filters in "dormant" EFAD systems in order
to assure their proper performance under accident conditions:

leak testing - gasket leaks
- filter media leaks (ruptures, pinholea,...),

testing of the structural integrity (breaking pressure),
testing of filtration efficiency for the most penetrating size,
approximately 0.1 pm, aerosols. It is generally assumed that
agglomeration of atomic-size solid decay products will occur;
however, it is also known that radiation effectively prevents the
agglomeration of particles.

7.1.1 Leak Test

This test, which is also called "HEPA bank integrity test", can be
performed under normal ambient conditions. However, it is essential for
obtaining correct results that:

(a) Test aerosol is injected at an appropriate concentration and properly
mixed with air upstream of the tested HEPA bank,

(b) Proper collection of downstream sample is provided for, which conforms
with both isokinetics and representativity requirements. If sufficient
mixing of the downstream sample is not feasible (typically due to limited
space), a properly scanning probe should be applied for the downstream
sampling in order to avoid failure to detect narrow streams of aerosol
leaking around gaskets and/or "pinhole" leaks through minor defects in
filter media.

7.1.2 Structural integrity and Filtration Efficiency Test

It was concluded in Reference 78, p. 56, that "all test procedures
mentioned are limited to ambient conditions of air flow, temperature and
humidity. Since in the case of an accident, extremely different
conditions can be expected to prevail, these test methods are not
applicable". It was also concluded that "There is virtually no data on
filtration efficiency under accident conditions." Therefore, the
structural integrity and filtration efficiency tests should be performed
under simulated accident conditions in order to maintain full readiness of
HEPA filters in EFAD systems. Since it may not be feasible to carry out
in-site tests at the reactor site, appropriate laboratory simulation of
the EFAD system and test procedures should be developed for this purpose.
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7.2 Absorber Testing

Two types of test should be routinely applied in the testing of iodine
absorber beds in EFAD systems:
- On-site leak (integrity) testing of absorber banks. This test

should be performed with a suitable nonradioactive test gas under
normal operating conditions - ambient temperature, RH and design
flow

- Testing of radioiodine removal efficiency of charcoal under properly
controlled, simulated accident conditions.

7.2.1 Leak Testing

The "pulse injection method of absorbers integrity testing", originated in
Europe, has been implemented by moBt of the European members, by ths USA
[Ref. 93] and Canada [Ref. 94]. This method has a significant advantage
over the previously applied "continuous flow" of test gas. From the time
dependence of the downstream concentration of the test gas the method can
differentiate between the extent of "by-pass" (or "channelling") leakage
and the charcoal desorption process. This method reliably detects test
gas leakage through penetrations in the frame, gasket of carbon cells and
its channelling through relatively shallow charcoal beds. It apparently
is less reliable for the detection of air channelling through deep beds in
which the test gas has longer residence time to be adsorbed by charcoal
surface. Nonetheless, this method has generally been considered suitable
for the leak testing of radioiodine absorbers in filtered air discharge
systems for both normal and emergency operations.

7.2.2 Testing of Iodine Removal Efficiency

The survey of absorber testing by OECD Member countries, reported in
Reference 78, shows that the testing is not uniform and the acceptance
criteria are significantly different. It has also showed that there is
still very little information on the behaviour of iodine adsorbents in
service under the combined effects of an accident.
Most countries do not test for radioiodine removal efficiency under the
potential accident conditions and the results of a few attempts to test
charcoal samples in laboratories under simulated accident conditions could
not be validated.
However, large discrepancies were also found in all three runs of the
"International Interlaboratory Comparison Test" [Ref. 95] of methyl iodide
removal efficiency of perfectly homogenized charcoal samples, tested under
normal operating conditions, using the ASTM D3803 standard test procedure
in [Ref. 27]. In addition to this failure of confirming the adequacy of
the current standard method for charcoal testing under normal release
conditions, no current method is considered adequate for obtaining a
representative sample of charcoal from an air cleaning system.

It haB been postulated by some testing services personnel that on-site
measurement of the penetration of iodomethane through the absorber bed
could sufficiently prove its compliance with the required performance
limits. Considering the proven faultiness of charcoal testing under
standard, perfectly controlled conditions, it is hard to accept that
results of tests, performed under ambient (variable and uncontrolled)
temperature and humidity conditions, could assure proper performance of
this critical EFAD system component under accident conditions.
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There is currently great uncertainty regarding realistic radioiodine
source terms. An adequate quantitative assessment of volatile fractions
of iodine cannot be performed because of insufficient knowledge of its
qualitative aspects - the chemical behaviour of fission product iodine
isotopes in reactor environment, particularly under the accident
conditions. The presence of airborne speci.es other than elemental iodine
or iodomethane in nuclear facility areas and effluent has been recognized
by several investigators. There is strong indication that these species
originate from iodine hydrolysis, however, no conclusive identification
has yet been presented. Therefore, only the above two basic iodine forms,
which can be easily detected, have generally been considered in both
designing and testing of iodine absorbers.

The above review of the current status of performance testing of iodine
removal efficiency of absorbers in EFAD systems can be summarized as
follows:
(i) No currently known method of on-site testing of iodine removal

efficiency of charcoal is suitable for the surveillance testing of
EFAD systems. It is not likely that a sufficiently accurate method
can be developed for this purpose. Therefore, an appropriate test
method and equipment need to be developed for the laboratory testing
of charcoal samples from EFAD systems under simulated accident
conditions.

(ii) An appropriate method needs also to be developed for proper
collection of representative samples of charcoal from EFAD sbsorber
beds

(iii) All volatile species of radioiodine, generated in the containment at
a significant rate, should be applied in the performance testing.
The iodine species concantration in the test gas should be similar
to airborne concentrations postulated for the actual accidental
discharge conditions.

8. THE STATUS OF THE TESTING OP HEPA AND ABSORBER BANKS IN CURRENT EFAD
SYSTEMS

No comprehensive program document has been issued on the acceptance and
surveillance testing program of EFAD systems. Preliminary information on
th; content of the first draft of such a document was obtained at the
meeting with Ontario Hydro staff (Radioactive Emission Management Section)
in July; however a copy of the document was not available for a more
thorough review. The fundamental elements of the proposed program will be
contemplated in the following discussion on specific concerns and
potential failures of EFAD system components.

8.1 Testing of HEPA Filter Banks

Adequate design ensures that for normal operation the challenge to the
HEPA filter is within the known capability of the filter. However, under
accident conditions, knowledge of the generated aerosol characteristics is
insufficient to reliably predict the performance of either the precondi-
tioning elements (demister, heater, prefilter, etc.) or the performance of
the HEPA filter. The causes of relatively high susceptibility of HEPA
filters to structural damage has been discussed above in Section 6.5.1.
The only effective way of preventing the failure of HEPA filters during
LOCA operations is to test them periodically, and accurately, through
their life time in the standby EFAD systems.
The HEPA testing needs have been outlined above in paragraph 7.1. The
current status of the surveillance testing of HEPA banks in EFAD systems
and its limitations are further reviewed.
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8.1.1 Leak Testing of HEPA Banks

The in-place leak test with ambient air based on the procedure in
ANSI/ASME N510 [Ref. 22] has routinely been performed by Ontario Hydro
personnel at the reviewed EFAD systems. The current testing program needs
additions and improvements to achieve the proper capability to fully
verify the readiness of EFAD systems for LOCA operations.

The following concerns have risen from the review of the design and
operating documentation and discussions with the personnel at the plants
and the Radioactive Emissions Management ataff at Ontario Hydro:

(a) No information was readily available on the air distribution test and air-
aerosol mixing uniformity test being performed at the EFAD systems during
their commissioning. The test requirements have been defined in the CAN3-
N288.3.2 Standard, Section 8.5.3 [Ref.2] in order to assure that the
surveillance "leak and by-pass" testing of HEPA filters is sufficiently
accurate. Without the commissioning tests the results of the surveillance
DOP tests have only a limited validity.

(b) From the visual assessment of ATAs at Bruce and Darlington we have serious
concerns that a representative sample of average downstream DOP
concentration cannot be obtained with the current arrangement of sampling
ports. There is only one vertical manifold in each ATA, at the distance
of approximately 0.5 m from the HEPA bank, which has only two circular
openings for air sampling.

In the current ATA's configuration:
(i) No satisfactory mixing of passing air can be achieved in the narrow

space between HEPA and absorber banks,
(ii) No stream of aerosol which leaks through a significant perforation

in the filter media and is not located very close to the streamline
of one of the two sampling ports can be properly included in the
downstream sample. No appropriate work procedure, equipment or
other actual means of reliable scanning of downstream side of HEPA
banks which could eliminate this major sampling deficiency has been
demonstrated by the Ontario Hydro test team

(iii) It is likely that an isokinetic sample of the test aerosol has not
been obtained in the past tests. No relevant specifications for
sampling conditions have been found in the design documentation.
Also, the test procedures [Ref. 128 and Ref. 129] do not contain any
instruction on matching the air velocity in the sampling ports with
the velocity in the spaces upstream and downstream of the HEPA
banks.

Each of the above shortages can cause a considerable error in the test
results, in total they have the potential to conceal an inadmissibly high
leak of aerosol through the HEPA bank. If a leak through a minor rupture
in filter media escapes '. ts detection, it will likely develop into its
complete breakac? under _evere conditions of LOCA operation.

8.1. Performance Testing of HEPA Banks Under Simulated LOCA Conditions

It has been acknowledged in Reference 78 that "...all test procedures,
examined in the OECD document were limited to ambient conditions of air
flow, temperature and humidity." Also, no standard method has been found
for the testing of structural integrity (breaking pressure) of HEPA
filters under accident conditions, potentially involving pressure shocks.
This is apparently the basic reason for the absence of roth structural
integrity and filtration efficiency testing of HEPA banks under simulated
LOCA conditions in the currently implemented EFAD systems testing program.
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8.2 Testing of Absorber Banks

Iodine absorber banks are much more resistant to structural damage than
HEPAs. However, as discussed in Section 6.5.2 impregnated charcoal is very
sensitive to the environmental factors such as humidity, temperature and
chemical agents. The testing of absorber performance and the status of
surveillance testing of absorber banks in EFAD systems are outlined in
Section 8.2.2.

8.2.1 Leak Testing of Absorber Banks

The "halide pulse injection method" has been adopted by Ontario Hydro
[Ref. 128 and Ref. 129] for the in-situ testing of the absorber banks.
The testing, which is done at each EFAD system at approximately 6 month
intervals, should effectively detect any significant air leak around test
canister gaskets, or its by-pasB due to charcoal settling within the
absorber bed. As an option, the measured rate of halide desorption can
give a crude indication of the charcoal adsorption capability (this is not
to be misinterpreted as its iodine removal efficiencyl ).

8.2.2 Performance Testing of Charcoal in Absorber Banks

Proper testing of the radioiodine removal efficiency of impregnated
charcoal in EFAD systems would be a very complex task. Because of the
absence of both the definition of test parameters and a Btandard procedure
for testing of charcoal under simulated LOCA conditions no such test has
been included in the EFAD testing program. Instead, the following
substitute approach has been adopted by Ontario Hydro:

(a) The use of canisters for charcoal sampling from EFAD systems was
terminated,

(b) Previously performed testing of radioiodine removal efficiency in a
laboratory (per ASTM D3803 Standard) has ceased.

(c) Samples of new charcoal was to be tested by external laboratories,
(d) In the proposed "Procedure for Ventilation Filter Testing and Remedial

Procedure" [Ref. 130) and also in the last revision of the PNGS Operating
Manual [Ref. 105] the surveillance laboratory testing of charcoal samples
from EFAD systems has been excluded from the implemented test program. The
elimination of this important routine absorber test has been rationalised
by complete charcoal exchange after every 3 years under the assumption
that "... failures within the 3 years are considered extremely unlikely".

(e) Following the Absorber Leak Test, described in Section 8.2.1, the rate of
halide desorption is to be measured through a 20 min. period in order "to
determine the carbon's effectiveness in capturing iodine compounds" as per
Section 2.4 in Reference 128;

(f) Further, a non-routine, in-situ "Methyl Iodide Desorption Test" considered
in Reference 128, Section 2.5, is to be performed on absorbers "that
performed relatively poorly in the above carbon quality test." After
injecting a pulse of non-radioactive Methyl Iodide, its desorption is
measured for approximately 24-hr period under the transient conditions of
ambient air humidity and temperature. The desorption limit of 1 % per 24
hrs has been specified in Section 1.2.5. No comprehensive work procedure
for this "Methyl Iodide Desorption Test" has been issued.
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9. POTENTIAL FAILURES OF EFAD SYSTEM COMPONENTS

Three types of potential failures of EFAD system components are discussed:
structural, functional and performance failures.
(i) The most significant consequences would result from structural

failures of the EFAD system envelope (loss of containment) or of any
of its air cleaning component, particularly HEPA filters bank

(ii) Functional failures of EFAD system components (such as improper
positioning of valves, failure of demister, heater or its
controllers) may cause either structural or performance failure of
the EFAD system housing or its other components (e.g. HEPA or
absorber banks)

(iii) Defects that would result in performance deterioration of EFAD
system components, e.g. leaks through HEPA and absorber banks.

9.1 Valves and System Housing

Incorrect sequence of flow control valves operation or their functional
failure could subject the ducts and the ATA housing to excessive negative
or positive pressure, causing their serious structural damage. There is
a large quantity of isolation and control valves in each EFAD system, with
large number of their setting combinations for various operating modes.
The existence of the interlocking of some control valves has been
indicated in the design documentation. However, sufficient information
has not been found for appraising its ability to avoid major damage to the
EFAD systems. Considering the vital importance of proper positioning of
the valves, appropriate interlocking of all essential valves should be
provided to protect the EFAD systems from a potentially complete failure.

9.2 Demister

According to the documentation reviewed, the EFAD systems at Pickering and
Bruce will operate in compliance with the manufacturer's specifications
for air flows through the demisters. As a consequence, they should
provide satisfactory removal of entrained moisture, as specified in the
design and operating manuals. However, the EFAD system at Darlington is
designed to operate with a minimum air flow which is required to maintain
containment subatmospheric. This approach has been selected to minimize
radioactive release to atmosphere and to extend the operational life of
the filter and absorber banks under accident conditions. However, at such
a low air velocity the demister would virtually suspend its moisture
removing capability as discussed in Section 6.4.2.
At Darlington [Ref. 116] the total flow rating of four demister cells is
180 nr/min. Figure 5, from Reference 91, shows that more than 50% of 1.1
Aim aerosol would penetrate the demister at the blower's design flow of 100
m3/min. It also shows that the demister would retain only insignificant
efficiency at the air flow of < 10 m /min. According to the Design Manual
[Ref. 116], " the actual flow from the Vacuum Building may be only 1.6
m3/min... ", at which the demister bank would practically cease its moisture
control function in the EFAD system.

9.3 Electric Heater and its Controllers

A functional failure of the heater may be caused by the failure of its
monitoring or control systems. A work procedure for the examination of
the heater and its controls failure are described in Operating Manuals
[Ref. 119] and [Ref. 124]. However, the procedure for the "Test C-7, FAD
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System Functional Test" [Ref. 106], which is similar for all three plants,
is not correct. It requires that this test be performed with ambient air
and the heater switch in AUTO position so that the heater is controlled by
the RH monitors. For the reasons described above in Section 6.4.3 (a)
(ii), the malfunction of the heater or of its controls cannot be
identified by this test under the very common ambient air conditions of <
75 % RH.
Consequently, under actual LOCA conditions, an inoperative heater would
induce a high potential for structural damage of HEPA filters or
saturation of charcoal with entrained moisture (particularly at
Darlington).

9.4 HEPA Filters

9.4.1 Structural failures

The HEPA cells are the weakest parts in the EFAD systems. The structural
strength degradation of HEPA filter media due to its aging under normal
conditions was described in Section 6.5.1. Effects due to aging, fire and
other damages are discussed below.

It ;s evident from experimental data [Ref. 92] that HEPA filters, aged
during the stand-by period, have a significant potential to develop major
structural damage or a complete failure under severe LOCA venting
conditions. This is primarily due to their increased pressure drop from
aerosol loading and their potential exposure to pressure transients.
Also, a complete loss of water repel lant was measured on aged HEPA
filters. Therefore, their potential failure due to moisture buildup at the
filter media and resulting loss of tensile strength must be considered
particularly in cases of improper operation of demister and heater, or
temperature transients at HEPA bank during intermittent LOCA operations.

(b) Fire;

It is apparent from experimental data in Reference 96 that fire of
solvents, plastic material or other combustible materials within the
vented space would significantly contribute to the potential HEPA filters
failure. No considerations have been included in the design and operating
documentation on the potential occurrence of fire, on the effect of
increased temperature, and particularly the loading of
combustion/pyrolysis products on HEPA and absorber banks in EFAD systems.

(c) Structural Damages:

Section 7.1.1. indicates that the current in-place leak test cannot
properly detect the presence of minor ruptures in filter media, evolved
during the stand-by period. No structural strength test has been included
in the EFAD system testing program which could identify weakening
structural integrity of HEPA filters. Because "An in-service life of 6
years is recommended for HEPA" in the proposed "Procedure for Ventilation
Filter Testing and Remedial Procedure" [Ref. 130], the HEPA bank has a
significant potential for structural failure if its LOCA operations are
required during, and particularly toward the end of this period.
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5.4.2 Performance Degradation

HEPA filters performance degradation due to other factors such as
particulate size, increased temperature and moisture is considered less
significant than the structural failures discussed in Section 9.4.1 above.
It has been suggested in [Ref. 78] that HEFA filter efficiency should be
tested for the most penetrating particulate size. These tests have been
performed in some facilities, but they require sophisticated equipment and
complex work procedure. Therefore they are not practical to be
implemented in a routine testing program. Also, they would not
significantly improve the overall performance of the EFAD systems.

9.5 Absorber Banks

9.5.1 Integrity Failures

The "Halide Pulse Injection Method", adopted by the Ontario Hydro filter
testing team is suitable for routine leak testing of the HECA bank in EFAD
systems. However, the option of measuring the halide desorption, as
described in the "In-situ Carbon Quality Test" [Ref. 128, Section 2.4], is
misleading in its relation to the radioiodine removal capability of the
impregnated charcoal. The measured rate of halide desorption can only
indicate the capacity of the charcoal for its physical adsorption, it has
no practical value as a measure of its radioiodine retention capability.
Long term iodine retention can only be provided by its chemisorption with
the charcoal's impregnate, TEDA. The drying effect of elevated
temperature, applied during periodic testing of EFAD system, maintains the
physical adsorption capacity of charcoal. However, it has an opposite
effect on its chemisorption capability by acceleration of aging and
poisoning processes and, to some degree, the desorption of TEDA
impregnate. Therefore, the misinterpretation of slow desorption of halide
from impregnated charcoal, without its proper testing for radioiodine
retention efficiency, could lead to potential performance failure of the
absorber bank in EFAD system during actual LOCA operations.

9.5.2 Iodine Removal Performance Failures

(a) Charcoal Degradation:

The causes of performance degradation of impregnated charcoal in the
absorber banks of EFAD systems have been described in Section 6.5.2. The
processes of aging, poisoning and desorption of TEDA impregnate may occur
in the stand-by mode, particularly during the periodic testing of EFAD
systems. However, they progress more rapidly under severe LOCA
conditions. Therefore, the potential for performance failure of
impregnated charcoal during the LOCA operations is proportional to the
degree of its partial degradation caused during the previous stand-by
period.
Since there is no provision in the current testing program for
surveillance testing of the actual iodine removal performance in EFAD
systems as discussed in Section 7.2.2, there is a significant potential
for the occurrence of undetected deterioration of charcoal. During the
intended 3-year in-service period the charcoal degradation may reduce the
radioiodine removal and retention efficiency below its performance limits,
or a partial deterioration may lead to premature failure during LOCA
operations.
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(b) Charcoal Loading with Moisture and Charcoal Poisoning During LOCA
Operations;

The following potential abnormalities in absorber beds performance have
been recognised, but are not considered to cause failures of a high
significance:
(i) The immediate performance of iodine adsorbent will be affected by

temperature changes within the EFAD systems. Significant
temperature gradients will evolve within the system particularly
during the initial phase of EFAD operation or during its
intermittent use. Typically, the charcoal will be at lower
temperature than air at its inlet, which may cause increased
adsorption of moisture. Because of the hysteresis in the water
adsorption/desorption characteristics, an irregular distribution of
zones with different moisture levels may exist through the charcoal
layer under such conditions.

(ii) It has been generally recognized that permanent deterioration of
charcoal efficiency for iodine removal is also caused by the
adsorption of organic vapour or by chemical reaction with acidic
fumes, products of plastic materials pyrolysis or combustion.

9.5.3 Charcoal Overheating

There is a significant potential for serious failures of the absorber bank
consequent to uncontrolled increase of charcoal temperature above 100 C.
Potential causes of excessive temperature in HECA and lack of proper
detection and control in EFAD systems have been outlined above in Section
6.4.3.b.

(a) Potential failure modes of the absorber bank:
(i) Significant rate of TEDA impregnate desorption from charcoal occurs

at temperatures > 100°C. This gradually reduces its removal
efficiency and retention capacity for radioiodine.

(ii) The rate of desorption of radioiodine, retained in charcoal from
previous operation, would become significant with further increase
of charcoal temperature.

(iii) a charcoal fire can be started from local overheating of charcoal
within the temperature range of 200 - 300°C.

(b) The following deficiencies have been identified in relevant documentation
which pertain to the above listed potential failures of the absorber bank:
(i) Inadequate efficiency of demister for the removal of entrained

moisture at Darlington, which would require the air stream to be
heated to higher temperature to reduce RH to 70 % (Section 9.2)

(ii) An error in the procedure for the functional testing of the heater
controllers (Section 9.3)

(iii) Insufficient data in the design documentation on the heat sources
listed in Section 6.4.3. (b). Host of the heat sources have a
variable character. Since charcoal has a low thermal conductivity,
the temperature distribution through the charcoal bed will likely be
irregular, with hardly predictable migration of the temperature
zones, resulting in a high potential for localized, undetectable
overheating

(iv) Inadequate consideration was given in the HECA design to the prompt
detection of local overheating of charcoal. Two methods of absorber
temperature sensing have been applied: direct measurement of
charcoal temperature or measurement of air temperature at the
downstream side of the bed. They can not properly detect the
overheating of charcoal in a location which is not directly in its
air stream. Further, the highest temperature rise will likely be at
the inlet side of the bed (approximately 90% of iodine decay will
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occur in the first 25 mm of charcoal and all other potential heat
sources would be located upstream of EFAD systems) and it may be
dissipated in the thick layer of charcoal before its detection,

(v) The only fire extinguishing system which was included in the
original design of EFAD systems, the Deluge water dousing system for
Pickering NGS, is being eliminated in the current design changes
proposed for this plant [Ref. 105]. It is understood that the
decision for its removal was based on the elimination of the
adsorbent fire prevention and suppression requirements in Revision
2 of USNRC R.G. 1.52. This view was supported by Kovach [Ref. 97]
and by some participants at the Panel Session 9 "Adsorbent Fires" of
19th DOE/NRC Nuclear Air Cleaning Conference [Ref. 98]. However,
well qualified presentations were also made at this Session and in
Reference 99 by W. Holmes (American Nuclear Insurers) in which the
need for an effective fire suppression system was justified and the
acceptability of a Deluge system demonstrated.
As previously discussed, local overheating of charcoal may not be
detected by the currently installed temperature detectors and
suppressed in time to avoid its ignition.

Since no appropriate alternative has been provided for fire
suppression, the temperature from charcoal fire may be sufficiently
high to cause serious structural damage of EFAD systems housing and
other essential components.

9.6 Potential Failures of Post Accident Radiation Monitoring Systems and other
Shortcomings

The Post Accident Radiation Monitoring (PARM) system is not considered to
be an integral part of the EFAD system by its definition and was not
included within the original scope of this project. The EFAD system and
PARM system were separately designed and their operation is independent.
However, the release levels of Particulate radionuclides and Radioiodines,
measured with PARM system, are directly related with the performance of
the EFAD system. Therefore, the basic potential performance failures of
PARM systems, relevant to EFAD systems operation, have also been briefly
considered. The following potential problems have been observed from the
system documentation and field survey at Bruce and Darlington:

(a) From the deficiency reports in the last year at Darlington, and from the
complete system modification currently in progress at Pickering, it
appears that the actual reliability of the PARM systems may not meet the
requirements.

(b) No data was found in the operations documentation confirming the system's
proper sample representativity, the extent of sample loss or any other
data needed for the verification of the actual accuracy of LOCA release
data obtainable from the PARM system.

(c) It has been apparent from the visual survey of the PARM systems at
Darlington and Bruce that a significant loss of particulate and iodine
samples will occur due to their wall deposition in sampling lines, which
are very long, particularly at Darlington. Only estimated correction
factors have been applied in the current sample evaluation procedure. The
correctness of the factors has not been properly confirmed.

(d) No measurement of particulate transuranic radionuclides have been included
in the PARM program. Their concentration in discharged air would likely
be lower than that of Cs, ' Sr or other particulate beta-gamma emitters.
However, reports from Oak Ridge National Laboratories in Reference 100
have concluded that alpha-emitting particles such as plutonium penetrate
HEPA filter media more readily than do beta-gamma emitting particles.
This is attributed to migration through the paper by alpha-emission recoil
energy. The permissible levels of airborne alpha emitters are typically
by 2-3 orders of magnitude more restrictive than the maximum permissible
concentrations of the most restrictive beta emitters. A proper
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justification is needed in the PARM system documentation if the monitoring
of transuranic elements in LOCA discharges is not warranted or an
appropriate analysis of this concern should be performed.

(e) The minimal air discharge strategy, applied in the LOCA operation of EFAD
systems at Bruce, as discussed in Section 4.3.2 would significantly reduce
the actual air velocity at the discharge stack exit and, consequently, its
atmospheric dispersion characteristics. Appropriate consideration should
be given to potential increase of occupational hazards from the presence
of noble gas, tritium and other airborne radionuclides in the atmosphere
near the discharge stack.

10. CONCLUSIONS AND RECOMMENDATIONS

10.1 Conclusions

This review of the EFAD systems currently installed at Pickering, Bruce and
Darlington sites has identified a number of shortcomings. A large portion of the
shortcomings appears to be caused by inadequate knowledge in the areas of fission
products source terms and air cleaning techniques under accident situations and
by the lack of appropriate standards, test methods and technical information,
particularly for accident conditions.

10.1.1 Generic Deficiencies

Major generic deficiencies were found in the following areas:
(a) Availability of external standards on air cleaning systems, similar to

EFAD systems,
(b) Availability of experimental data on the behaviour of air cleaning

components under accident conditions,
(c) Knowledge of the chemical behaviour of fission products under accident

conditions, particularly the aqueous/air partitioning,
(d) Experimental data on airborne radioiodine species other than I2 and CH,I,
(e) Standard procedures for the testing of HEPA and absorber banks under

simulated accident conditions,
(f) Exchange of information between organizations from the research and

operation of emergency air cleaning systems.

10.1.2 Airborne Fission Products Source and Release Terms

The applicability of exterral data in the design and operation of EFAD systems
is considerably limited by the dissimilarity of the concepts of the CANDU
reactor, its containment and its filtered air discharge strategy from those at
other types of nuclear power plants. The design requirements and specifications
for EFAD systems have been based on specific CANDU fission product source terms
and release conditions for each considered LOCA scenario in corresponding Safety
Analysis documents. Their fission product source and release terms have not been
sufficiently presented in the EFAD systems design documentation. Therefore, the
soundness of the EFAD system's design parameters for LOCA release conditions
could not be adequately assessed in this project and no definite conclusions can
be made on the capability of the EFAD systems components to endure under actual
accident conditions.
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10.1.3 Pertinent Standards and Regulatory Requirements

Only a few standards and the USNRC Regulatory Guide from the USA have addressed
specifically ESF systems, from which the design of EFAD systems was based. No
relevant Canadian regulatory requirements have been issued in a generic form,
specific requirements were defined for individual CANDU plants during the
licensing process. The CAN/CSA-N288.3.X series of nuclear air cleaning standards
is currently being developed. There is an obvious need for a set of guidelines,
specific to EFAD systems, e.g. that being developed in parts 3 and 4 of the
Series.

10.1.4 Causes for Potential Failures of EFAD systems

The following causes for potential failures have been observed from the review
of design and operating documentation, examination of EFAD systems at sites and
personal communications with the AECB and Ontario Hydro personnel:
(a) Inadequate knowledge of actual EFAD system operating parameters under

accident conditions. Some EFAD system components (particularly HEPA
filters) may fail if the conditions are more severe than their design
limits.

(b) There is no provision for fire protection and the potential effects of
fire on EFAD system components, particularly HEPA filters and absorbers.

(c) Inadequate procedure for periodic testing of EFAD systems which can cause
a failure in the detection of malfunction of heaters and/or its
controllers.

(d) Improperly designed downstream DOP sample ports for leak testing of HEPA
filters can potentially preclude the detection of aerosol leaks which are
not located within a narrow range of the sampling ports streamline.

(e) The current test program does not include a procedure for proper detection
of HEPA filters degradation due to aging during the standby period.

(f) No method for the testing of HEPA banks under simulated accident
conditions is currently available.

(g) Operation of the demister at Darlington with air flow significantly below
its rating would lead to complete loss of its efficiency in moisture
removal.
Any of -the above shortcomings has the potential to cause structural
failure of HEPA bank under actual accident conditions.

(h) Insufficient monitoring of absorber temperature may cause uncontrolled
desorption of TEDA impregnate from the charcoal followed by desorption of
radioiodine and potential ignition of the charcoal,

(i) Due to the absence of a fire suppression system an uncontrolled fire may
progress in the charcoal causing major releases of radioiodine to the
atmosphere. A charcoal fire also has the potential to cause a serious
structural damage to EFAD systems,

(j) The current absorber testing program does not include any test for
radioiodine removal efficiency of charcoal in the absorber bank under
simulated accident conditions. Also, previously performed testing of
radioiodine removal efficiency in a laboratory (per ASTM D3803 Standard)
has ceased,

(k) The use of canisters for charcoal sampling from EFAD systems was
terminated and no appropriate alternative method for collecting
representative samples of charcoal was provided for in the current
absorber testing program.

(1) A complete change of charcoal every 3 years, proposed as a substitute for
its routine laboratory testing, cannot provide sufficient validation of
sufficient charcoal performance during that period.
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10.2 Recommendat ions

For achieving and maintaining readiness of EFAD systems it is recommended that
corrective actionB be considered for the following areas:

(a) Development of Standards:
The development of standards CAN/CSA-N288.3.3 and N288.3.4 to be
effectively promoted and the preparation of a relevant AECB Regulatory
Guide considered in order to establish definite guidelines, technical and
safety criteria for the design, operation and testing of emergency
filtered air discharge systems for major types of CANDU containment
systems in Canada.

(b) Revision of Design Documentation:
Revision of the corresponding EFAD systems design documentation to improve
the following, currently insufficient specifications:
(i) Airborne fission product source terms and release scenario for each

of the considered accidents,
(ii) The definition of the most severe operating parameters for

individual EFAD system components under accident conditions,
(iii) The possibility of fire (i.e. cables and other plastics, oil,

solvents) within containment concurrent with LOCA, and its impact on
EFAD systems operation,

(c) Revision of Existing Procedures and System Components:
Correction of shortcomings in the Design Manuals and
Maintenance/Testing/Operating procedures:
(i) Assure that "Test C-7, FAD System Functional Test" [Ref. 106]

provides correct confirmation of properly functioning electric
heater and RH controller,

(ii) Revise the EFAD system operation mode at Darlington to provide
sufficient air flow through its demister in order to maintain itB
appropriate moisture removal efficiency. Since there has been a
good rationale for the operation of ATA at minimal air flow, the
addition of an electrostatic precipitator may be considered as an
alternative to much higher air flow requirements of the current
demister,

(iii) Consider the feasibility of replacing the current HEPA filters with
a more durable alternative, i.e. stainless steel HEPA filters,
developed in Germany [Ref. 82],

(iv) Redesign of the current DOP sample ports in order to obtain a
properly mixed sample from the downstream side of HEPA bank. If
this is not feasible then proper work procedure for manual scanning
should be prepared to properly detect the narrow streams of leaking
aerosol,

(v) Assure an appropriate system for the monitoring of charcoal
temperature, which can provide an effective and fast detection of
local excursions of charcoal temperature. Such a system may not be
currently available, therefore the monitoring of carbon monoxide
concentration downstream of absorber bed may be considered as one of
alternative solutions. Successful application of this monitor for
rapid detection of charcoal fire was described in Reference 101,

(vi) Provide an adequate fire suppression system for charcoal banks,
particularly if the installation of effective, fast responding
temperature monitors is not feasible.
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(d) Development of New Procedures for Accident Conditions;
The development of an efficient program and work procedures for proper
validation of the air cleaning performance of EFAD system components,
particularly HEPA filters and absorbers, under defined accident
conditions. However, because of the complexity involved, such a program
and procedures would take time to properly develop. During the interim
period periodic testing of charcoal under defined, properly controlled
conditions is needed to assure early detection of its potential
degradation. The ASTM D3803 method should be adequate for this purpose.

(e) Suggested Priority of the Corrective Actions:

The following factors are considered in determining the sequence of the
corrective actions:

functional importance of the particular component for the
operational readiness of the EFAD systems
the availability of necessary data and information
the degree of the task difficulty and anticipated duration

In the author's opinion the above corrective actions should be performed
in the following sequence:
(i) Inclusion of all necessary data, specified in Section 10.2(b):

Under the assumption that sufficiently accurate data is available
from the corresponding Safety Designs the tasks (i) and (ii) should
be completed without delay. The corrective action recommended in
10.2(b)(iii), should also be given high priority in order to provide
complete data which is necessary for the corrective actions
recommended in Section 10.2(c).

(ii) Revision of existing procedures and system components should be
performed immediately when correct specifications of operating
parameters and other required data is available. Host of the basic
data for the corrective actions is currently available and the
execution of the tasks listed in Section 10.2(c) should not be
difficult for properly qualified design and operating staff.

(iii) Development of the procedures for the performance testing HEPA and
absorber banks under simulated accident conditions should be given
high priority. However, it must be based on proper definition of
accident release conditions and the EFAD system operational
parameters, as recommended in Section 10.2(b)(ii), which may be
quite a lengthy task. Also, the development of the test procedures
can be classified as a medium difficulty, long duration task.
Therefore, it is essential that an interim test program be soon
implemented which will assure proper detection of the performance
degradation of HEPA and absorber banks during the standby period.

(iv) Completion of the above tasks (i)-(iii) is a prerequisite for the
development of standards CAN/CSA-N288.3.3 and N288.3.4. Development
of these standards is highly difficult task; its execution will
require highly qualified personnel for several years. This long
process is mainly due to priority being placed on such committee's
work.
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The Selection and Use of Air Filters and Housings In Nuclear
Installations/

49. AESS 30/93402,
Filter Inserts High Efficiency Partlculate Air (HEPA);
Atomic Energy Standard Specification, Risley Nuclear Power Development
Establishment, 1984,

50. BS 6410, 1984,
British Standard Methods of Test for Filter Papers;
British Standards Institution (BSI), London W1A, 1984

51. BS 2823,
Methods of Tests for Resistance of Fabrics to Penetration by Water
(Hydrostatic Head Test);
BSI, 1982

52. C.E.G.B. Standard 743401,
Air Filters and Related Equipment;
Central Electricity Generating Board (CEGB), October 1980

53. BS 3928,
Sodium Flame Test for Air Filters;
BSI, 1969

German and French Standards:

54. DIN 25 414,
Luftungstechnlsche Anlagen In Kernkraftwerken, Slcherheltstechnlsche
Anforderungen;
(Air Cleaning and Ventilation Systems In Nuclear Power Plants)
Deutschee Institut fur Normung, Beuth Verlag Gmbh, Berlin 30, 1983

55. DIN 24 184,
Typprufung von Schwebstoffiltern;
(Type testing of High Efficiency Air Filter Units)
Beuth Verlag Gmbh, Berlin 30, 1974

56. DIN 24 185,
Prufung von Luftflltern fur die algemelne Raumlufttechnik;
(Testing of Air Filters Used in General Ventilation)
Beuth Verlag Gmbh, Berlin 30, 1984

57. KTA 3601,
Luftungstechnishe Anlagen in Kernkraftwerken;
(Air Cleaning and Ventilation Systems in Nuclear Power Plants)
Beuth Verlag Gmbh, Berlin 30, 1987

58. Set of KTA (Kern Technishe Anschuse) regulatory requirements
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59. NF X. 44011,
Hethode de Measure de l'effifacite des flitres au moyen d'un aerosol
d'uranine;
Association Francaise de Normalisation (AFNOR), 1972
(also issued in extended version as a DIN standard in Germany)

Standards of International Organizations:

60. ISO 6215,
Nuclear Power Plants - Quality Assurance;

61. IAEA Code of Practice 50-C-QA
Quality Assurance for Safety in Nuclear Power Plants;

62. EUROVENT 4/5
Method of Testing Air Filters Used in General Ventilation;
European Committee of Air Handling and Air Conditioning Equipment
Manufacturers, Vienna, 1980

International Organizations Documents

63. Treatment of Airborne Radioactive Wastes;
IAEA, STI/PUB/195, Vienna, 1968

64. Air Filters for Use at Nuclear Facilities;
IAEA Technical Reports Series 122; 1970

65. Retention of Gaseous Radionuclides from Nuclear Power Plants Under Normal
and Accident Conditions;
Report (draft) by the IAEA Technical Committee, Moscow, 12-16 June 1979

66. Testing and Monitoring of Off-Gas Cleaning Systems at Nuclear Facilities;
IAEA Technical Reports Series 243; 1934

67. Design of Off-Gas and Air Cleaning Systems at Nuclear Power Plants;
IAEA technical Reports Series 274; 1987

68. IAEA/NEA Symposium on the Management of Gaseous Wastes from Nuclear
Facilities}
Vienna, 1980

69. IAEA Seminar on the Testing and Operating of Off-Gas Cleaning Systems at
Nuclear Facilities}
Karlsruhe 1982

70. IAEA-TECHDOC-355
Comparison of High Efficiency Paniculate Filter Testing Methods;
Final Report of the Co-ordinated Research Programme, 1979 to 1982,
IAEA, Vienna, 1985
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71. IAEA-TECHDOC-521
Retention of Iodine and Other Airborne Radionuclides in Nuclear Facilities
During Abnormal and Accident Conditions;
Final Report of the Co-ordinated Research Programme, 1985 to 1987,
IAEA, Vienna, 1989,

72. IAEA Advisory Group Meeting
Handling and Retention of Airborne Radionuclides at Nuclear Power Plants
During Abnormal Operations;
Vienna, Austria, 16-20 October 1989.

73. CEC Doc. V/599/74,
Seminar on Iodine Filter Testing;
Karlsruhe, FGR, Dec.1973;
Commission of European Communities (CEC), Luxembourg, 1974

74. Seminar on High Efficiency Aerosol Filtration in the Nuclear Industry;
CEC, Luxembourg, 1977

75. CEC Doc. No 2131/1/77 e.
Limits used in the Control of Radioactive Effluents from Nuclear
Installations; A Review and Analysis;
CEC, Luxembourg, March 1978

76. Seminar on Iodine Removal from Gaseous Effluents in the Nuclear Industry;
CEC, Mol, Belgium, September 1981

77. Conference on Gaseous Effluent Treatment in Nuclear Installations;
CEC, Luxembourg, 1985

78. Report to CSNI by an NEA Group of Experts,
Air Cleaning in Accident Situations;
Organization for Economic Co-Operation and Development, Nuclear Energy
Agency
(OECD - NEA), PariB 1984

79. Specialist Meeting on Filtered Containment Venting Systems
OECD - NEA, Paris, 17 and 18 May 1988

Nuclear Air Cleaning Systems - Design Concepts

80. J. Collinet, S. Guieu, Ph. Mulcey
Dispositions taken in France to limit gaseous releases from PWR power
plants in abnormal operating conditions;
IAEA Advisory Group Meeting on Handling and Retention of Airborne
Radionuclidea at Nuclear Power Plants during Abnormal Operations;
Vienna, Austria, 16-20 October 1989
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81. L'Honune, Royen J.,
Disposition of Depressurization and Filtration of the Reactor Containment
Atmosphere in Case of Severe Accidents (in French);
CEC Conf. on Gaseous Effluent Treatment in Nuclear Facilities, Luxembourg,
1985

82. Wilhelm J.G., Dillman H.G.
Design, Construction and Testing of Filter Systems for Containment
Venting;
KFK LAF II Report, 1988

83. Lindau L., Ellisson K.
Filtered containment venting in Sweden;
CONF-880822 (1989), Proceedings of the 20th DOE/NRC Nuclear Air Cleaning
Conference, held in Boston, Massachusets, 22-25 August 1988, pp. 695-708

84. Kovach J.L.
Review of containment vent filter technology;
ibid. pp. 21-99

85. Kovach J.L.
Air Cleaning in Accident Situations;
CONF-84086 (1985), Proceedings of the 18th DOE/NRC Nuclear Air Cleaning
Conference, held in Baltimore, Maryland, 12-16 August 1984, pp. 1495-1506

Fission Product Source Terms/Release Scenario

86. Rasmussen, N.C. et al..
Reactor Safety Study;
USAEC Report 1400, NUREG-75/014 (1975)

87. Mendoza Z.T., Stevens C.A., and Ritzman R.L.
Radiation Release from the SL-1 Accident;
Presentation at the Meeting of the USNRC Advisory Committee on Reactor
Safeguards, Washington D.C., March 1981

88. Three Mile Island -Volume II;
NRC Report to the Commissioners and to the Public, Volume II, Part 2
Nuclear Regulatory Commission Special Inquiry Group

89. Lorenz, R.A. et al..
Fission Product Release from Highly Irradiated LWR Fuel Heated to 1300-
1600%: in Steam;
NUREG/CR-1386, ORNL/NUREG/TM-346, November 1980

90. Kabat, M.J.,
Current Problems in the Assessment of the Effectiveness of Radioiodine
Release Control;
CONF-880822 (1989), Proceedings of the 20th DOE/NRC Nuclear Air Cleaning
Conference, held in Boston, Massachusets, 22-25 August 1988, pp. 524-536
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Air Treatment Assembly Components

91. G.H. Griwatz et.al
Entrainment Moisture Separators for Fine (1-10 fjm) Water-Air-Steam
Service;
US AEC Contract AT(45-1)-2145, MSAR Report 71-45, MSA Job AC-720460, March
1971

92. Johnson J.S., Beason D.G., Smith P.R., Gregory W.S.
The effect of age on the structural integrity of HEPk filters;
CONF-880822 (1989), Proceedings of the 20th DOE/NRC Nuclear Air Cleaning
Conference, held in Boston, Massachusets, 22-25 August 1988, pp. 366-383

93. Kovach B.J., Soiraner R.S., Banks E.M.
Field test results of in-place charcoal adsorber leak-testing by pulse
mode halide injection;
ibid, pp. 1016-1022

94. Guest A., Holtorp J.
In-situ testing of carbon filters at Ontario Hydro's nuclear generating
stations;
ibid. pp. 1003-1015

95. Scarpellino CD., Sill C.W.
Final Technical Evaluation Report for the NRC/INEL Activated Carbon
Testing Program;
Report EGG-CS-7653, DOE Contract No. DE-AC07-761DO1570, EG&G Idaho, April
1987

96. A. Briand, P. Burghoffer, J.C. Laborde, H.C. Lopez, M. Pourprix
Caracterisation et Consequences de Feux de Polymeres en Local Ventile;
Rep. ARD 3220-2(83), CEA, Institut de Protection et de Surete Nucleaire,
Departement de Protection Technique, November 1989

97. J.L. Kovach
Review of Fires and Fire Control Methods for Nuclear Air Cleaning Systems;
CONF-860820 (1987), Proceedings of the 19th DOE/NRC Nuclear Air Cleaning
Conference, held in Seattle, Washington, 18-21 August 1986, pp. 77-92

98. Panel Session 9, Adsorber Fires;
ibid. pp. 787-812

99. W.D. Holmes
A Current Evaluation of Fire Loss Control Systems for Charcoal Media;
ibid. pp. 68-76

100. W.J. McDowell, F.G. Seeley, and M.T. Ryan
Penetration of HEPA Filters by Alpha Recoil Aerosols;
CONF-760822 (1977), Proceedings of the 14th ERDA Air Cleaning Conference,
held in Sun Valey, Idaho, August 1976, pp. 662-676

101. M. Mathewes
Conclusions from Fire Tests in Activated Carbon Filled Adsorbers;
CONF-860820 (1987), Proceedings of the 19th DOE/NRC Nuclear Air Cleaning
Conference, held in Seattle, Washington, 18-21 August 1986, pp. 51-67
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EFAD System Project Documentation, Operating Manuals, Test Procedures

Pickering NGS:

102. Pickering Generating Station B, Design Manual
Filtered Air Discharge System
NK30-34230, Rev. May 1982
(Minutes of Meeting, Pickering GS B FADS Modifications
March 4, 1985; 907-NK30-34230P)

103. PNGS B, Design Requirements
Project: EFAD system Modifications
Emergency Filtered Air Discharge System - Instrumentation and Control

104. PNGS B, Design Manual,
Filtered Air Discharge System, I&C - Units 018
NK30-34230.2, Rev. March 1989

105. Pickering NGS Operating Manual
Filtered Air Discharge System, O.M. 018-34230, February 12, 1990

106. Pickering NGS-B, Unit 5 Containment System Testing;
- Test C-6 : FAD Pressure Relief Duct Isolation Valve Test;
- Test C-7 : FAD System Functional Test
- Test C-9 : FAD Miscellaneous Valves
- Test C-14: Containment Damper Interspace Leakage Test
- Test C-17: FAD Stack Monitor Equipment Test

Test C-18: FAD Stack Monitor (R530-RI5), Data Base Test
Test C-23: FAD Stack Isolation Valve Test

- Test C-24: Vacuum Building Vent Line Isolation Valve Test
Test C-25: FAD System Active Drainage

107. Mine Safety Appliances Company (MSA),
DOP Efficiency Test Specification for High Efficiency Particulate Air
Space Filters;
Specification No.: MSA FAE-1, Rev.0, July 19, 1973

108. MSA, Specification No.: MSA FAE-2, Rev.3, July 8, 1975
In-House Carbon Filter Freon 11 Leak Test Procedure;

109. MSA, Specification No.: MSA FAE-3, Rev.2, July 8, 1975
Carbon Cell Filling Method Qualification;

110. MSA, Specification No.: MSA FAE-4, Rev.l, July 8, 1975
Carbon Cell Design Qualification

111. MSA, Specification No.: MSA FAE-5, Rev.2, July 8, 1975
Carbon Cell Filling Procedure - AACC-CS-8T Type I and Type II;
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112. MSA, Specification No.: MSA FAE-8, Rev.2, June 26, 1978
Test Method of Activated Carbons for Radioiodine Adsorption;

113. MSA, Specification No.: MSA FAE-21, Rev.2, September 18, 1975
Mounting Frame Pressure Leak Test;

114. MSA, Specification No.: MSA FAE-51, Rev.l, July 19, 1978
In-Shop Housing Leak Rate Test Procedure;

Darlington NGS:

115. Darlington NGS A Operational Flowsheet
Emergency Filtered Air Discharge System
DWG No. NK38-FEX-73750-0501-01, Date: 89-09-11

116. DNGS A, Design Description SCI 73750, Part II, Rev. 2,
System: Emergency Filtered Air Discharge System (EFADS)

117. DNGS A, Design Description SCI 67375, Part III, Rev. 1,
System: Instrumentation and Control EFADS

118. DNGS A, Commissioning Specification, NK38-CS-0-67375-0,Rev.0,
System: EFADS Stack Monitor, SCI 67375,

119. DNGS A, Operating Manual, NK38-OM-9-09034.4.3.3-1, Rev.l
System: Safety-Related System Test, EFADS Fan and Filter Test Runs, SCI
09034 4106

120. DNGS A, Operating Manual, NK38-9-09034.4.3.4-1, Rev.l
System: Safety Related System Test, EFADS Test Stroking of Motorized
Valves, SCI 09034 4107

121. CVI Incorporated,
Operation & Maintenance Manual for Filter Units and Fans for the Emergency
Filtered Air Discharge System for Darlington Generating Station "A",
CVI Document Number D132-9920
(O.H. - Unit 0, NK38-WAH-73755-9010 R00)

Section II, Equipment Description
Section III, Installation and Test Procedures

Prefilter and HEPA Filter Installation and Replacement, Drawing No.
15-1052
EFADS Filter Units & Fans,
Filter Housing R&M Report, (HECA draining/filling, sample canisters,
. . . ) , Drawing No. D132-9932
Attachment A: Demister Installation and Replacement Procedure,
Drawing No. 15-1051
Fan Run Test Procedure, CVI Doc.No. D132-9957
Fan Performance and Sound Testing Procedure, Drawing No. D132-9927

- Hepa Filter Frame Leak Test Procedure, Drawing No. D132-9926,
Section IV, Operation Instructions
Section V, Maintenance
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Bruce NGS;

122. Bruce Generating Station (BNGS), Units 1 - 4
Design Manual NK21-34310
Emergency Filtered Air Discharge System (EFADS), Rev.l, March 1986

123. BNGS, Units 1 - 4
Design Manual NK21-67879
Post Accident Radiation Monitoring System, Rev.Rl, October 1986

124. Bruce Nuclear Generating Station 'A'
Operating Manual 0-34310
Emergency Filtered Air Discharge System, Rev.3, 89-04

125. BNGS 'A' Operating Manual 0-67879
Post Accident Radiation Monitor, Rev.0, 88-12

126. Bruce NGS A and B
Findings of the Operational EFADS Design Review, August 16, 1989

127. Bruce NGS A and B
Findings of the Operational PARM System Design Review, August 17, 1989

Documents of Radiation Emissions Management Section. Environmental
Protection Department
Central Production Services Division. Ontario Hydro

128. REMS/CPSD, Ontario Hydro
"In-situ Stack Filter Test Procedures at NGD Facilities"

129. REMS/CPSD, Ontario Hydro
"Ontario Hydro Nuclear Generating Stations
In-situ Absorber and HEPA filter testing"

130. REMS/CPSD, Ontario Hydro
"ND Procedure for ventilation filter testing and remedial procedure"
Second Draft, July 1990
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Figure 1, A schematic of the Pickering NGS EFAD system which is currently under revision
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Figure 2, A schematic of the revised configuration of the Pickering NGS EFAD system
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Figure 4, A schematic of the EFAD system installed at Darlington NGS
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Figure 5, Air flow dependence of moisture penetration through a MSA Type "T" demister
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APPENDIX A

List of Acronyms

ACE -Advanced Containment Experiments
ACS -Air Cleaning System
ACSC -Air Cleaning System Components
AECB -Atomic Energy Control Board
AECL -Atomic Energy of Canada Limited
ANSI -American National Standards Institute
ASME -American Society of Mechanical Engineers
ASTM -American Society for Testing Materials
ATA -Air Treatment Assembly
BNGS -Bruce Nuclear Generating Station
CANDU -Canadian Deuterium Uranium Reactors
CEA -Commissariat de l'Energie Atomique
CEC -Commission of the European Communities
CONAGT -ASME Committee on Nuclear Air and Gas Treatment Equipment
CSA -Canadian Standards Association
CVS -Containment Ventilation Strategy
DBA -Design Basis Accident
DNGS -Darlington Nuclear Generating Station
DOE/NRC -Department of Energy/Nuclear Regulatory Commission
EFADS -Emergency Filtered Air Discharge System
EPRI -Electric Power Research Institute
ESF -Engineered Safety Feature
FCV -Filtered Containment Ventilation
HECA - High Efficiency Charcoal Absorber
HEPA -High Efficiency Particulate Air Filter
IAEA -International Atomic Energy Agency
LOCA -Loss Of Coolant Accident
NGS -Nuclear Generating Station
OECD-NEA -Organization for Economic Co-operation and Development - Nuclear

Energy Agency
ORNL -Oak Ridge National Laboratory
PARM -Post Accident Radiation Monitoring (system)

The PARM system at Pickering is called Post LOCA Radiation
Monitoring System

PNGS -Pickering Nuclear Generating Station
PRD -Pressure Relief Duct
PRV -Pressure Relief Valve
RH -Relative Humidity
TEDA -Triethylenediamine
TMI -Three Miles Island (nuclear power generating plant)
USNRC -US Nuclear Regulatory Commission
VB -Vacuum Building
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APPENDIX B

USNRC Regulatory Guide 1.52, Proposed Revision 3, April 1989;

Deletions:
The requirement for the installation of HEPA filters downstream of
absorber;
The definition of a "batch of activated carbon" with the following
discussion in the paragraph 3.i
Paragraphs 3.a - 3.c, 3.j - 3.p and 4.b - 4.c (replaced with a reference
to N509)
Paragraphs 5.a and 5.b replaced with a reference to N510,

New recommendations;
To avoid wetting of KI impregnated charcoal because of rapid corrosion of
stainless steel structural material supporting the charcoal beds;

- To consider DOP as a potential carcinogen;
- To consider the possibility of release of stable iodine from KI

impregnated charcoal in recirculating systems, which could interact by
isotopic exchange with Cs131I deposited on containment surfaces;
The possibility of the use of space heaters to prevent moisture
condensation within the clean-up train during the inactive state.

- # 5.d - examination and repair of absorber banks which failed to satisfy
appropriate leak test conditions,
# 5.f - the acceptability of injecting a refrigerant gas upstream of HEPA
(with no adverse effect).
Paragraph 6 was completely replaced by a new text, defining:

test periods (after 720 hrs of operation or 18 months in standby,
painting, fire, chemical releases, penetration of water or other
foreign material into any portion of ESF system)

- performance requirements, physical property and laboratory test
conditions, specified in following tables,
the requirement in # 6.d, that carbon in the absorber section be
replaced with new carbon if no representative sample is available
for testing. This addition signifies the importance of laboratory
testing of radioiodine removal performance.
paragraph 6 has also been made more specific in the part of
implementation of the regulatory guide with respect to public
part ic ipat ion;

- Tables 1-3 contain revised definition of accident conditions, absorber
test conditions and performance requirements (not directly relevant to
EFAD systems).


