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FOREWORD

This Standard covers the requirements for in-service testing of nuclear safety-related air treat-
ment, heating, ventilating, and air conditioning systems in nuclear facilities that are designed,
built, and acceptance tested in accordance with ASME AG-1.

This Standard provides a basis for the development of test programs, in-service test procedures,
ind corrective action requirements.

In 1971, what is now the Committee on Nuclear Air and Gas Treatment was organized as AINSI
N45.8 to develop standards for high-reliability, air-cleaning equipment for nuclear facilities and
Porresponding tests to confirm performance of the equipment. Two standards, N509 and N510,
vere published in 1975 and 1976, and updated in 2002 and 2007, respectively. In 1976,xunder the
hccredited organization rules, the Committee was reorganized as the ASME Committee on Nuclear
Air and Gas Treatment. The scope of responsibility was broadened to includesthe development
bf codes and standards for design, fabrication, inspection, and testing of air-cléaning and condi-
ioning components and appurtenances, as well as air-cleaning components used in engineering
afety systems in nuclear facilities. The current assignment is to prodice code documents and
maintain ASME N509 and N510, and develop and maintain ASMEN511.

Suggestions for improvement gained in the use of this Standard'will be welcomed. They should
be sent to the Secretary, Committee on Nuclear Air and GasIreatment, The American Society
f Mechanical Engineers, Three Park Avenue, New York, N 10016.

This Standard was approved by the ASME Committee on Nuclear Air and Gas Treatment and
he ASME Board of Nuclear Codes and Standards, and was subsequently approved as an American
National Standard by the American National Standatds Institute on October 30, 2007.

iv
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ASME N511-2007

IN-SERVICE TESTING OF NUCLEAR AIR TREATMENT, HEATING,
VENTILATING, AND AIR-CONDITIONING SYSTEMS

1 INTRODUCTION
1.1 $cope

This Standard covers the requirements for in-service
testinlg of nuclear safety-related air treatment, heating,
ventilating, and air-conditioning systems in nuclear
facilifies.

1.2 Rurpose

The¢ purpose of this Standard is to provide require-
ment$ for in-service testing, the results of which are
used [to verify that the nuclear air treatment, heating,
ventilating, and air-conditioning systems perform their
intenfled function.

1.3 Applicability

Th{s Standard applies to the in-service testing of
nuclepr air treatment, heating, ventilating, and air-cofs
ditiofing systems that have been designed, built, .and
acceptance tested in accordance with ASME AG-1.
Sectigns of this Standard may be used for technical guid-
ance [when testing air treatment, heating; ventilating,
and ajir-conditioning systems designed and built to other
standards.

1.4 Use of This Standard

This Standard provides a basis for the development of
test programs and does notiinclude acceptance criteria,
excer]t where the result$\of one test influence the per-
formance of other tests. Based on the system design and
its fuhction(s), thé owner shall develop a test program
and gcceptanceCriteria.

Nonmandatery Appendices A through C provide
additjonal-information and guidance.

adsorbent: a solid having the ability to Concenllrate other
substances on its surface.

adsorber: a device or vessel containing adsorfent.

adsorber bank or filter bank: one of more filters pr adsorb-
ers secured in a single mounting frame, or orje or more
side by side panels confaining poured or packed air
treatment media, confined within the perimeter of a
duct, plenum, or vaulteross section, sometimgs referred
to as a stage.

aerosol: a stablé suspension of particles, solid|or liquid,
in air.
challenges'to expose a filter, adsorber, or othef air treat-
ment device to an aerosol or gas of known characteris-

tics; under specified conditions, for the pprpose of
testing.

challenge aerosol: an aerosol used for in-place lgak testing
of installed HEPA filter systems.

NOTE: The polydispersed aerosol used for in-place [leak testing
of systems differs in size from the 0.3 pm monodigperse DOP
aerosol used for efficiency testing of individual HEHA filters by
manufacturers. For potential substitutes for DOP, refefence ASME
AG-1, Article TA-2000.

challenge gas: a gas of known characteristics uged for in-
place testing of adsorbers.

HEPA filter (high-efficiency particulate air filter){ a dispos-
able, extended media, dry type filter enclosed in a rigid
casing that exhibits a minimum efficiency pf 99.97%
when tested with an essentially monodisperpe 0.3 pm
test aerosol.

in-service test: a test to determine the operatignal readi-
ness of a system or component.

1.5

The definitions provided in this section supplement
those listed in ASME AG-1, Article AA-1000.

abnormal incident: any event or condition that may
adversely affect the function of the nuclear air treatment,
heating, ventilating, and air-conditioning systems.

S

acceptance test: a test made upon completion of fabrica-
tion, installation, repair, or modification of a unit, com-
ponent, or part to verify to the user or owner that the
item meets specified requirements.

pressure, maximum operating: the maximum pressure the
system components will be subjected to while per-
forming their function, including the allowable pressure
during abnormal operating conditions, that will not
physically damage the system or component (e.g., sud-
den closure of dampers or registers).

pressure, operating: the pressure that corresponds to the
normal design operating mode of the system. This pres-
sure is less than or equal to the maximum operating
pressure.
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IN-SERVICE TESTING OF NUCLEAR AIR TREATMENT, HEATING,
VENTILATING, AND AIR-CONDITIONING SYSTEMS

1 | INTRODUCTION

1.1 Scope

[his Standard covers the requirements for in-service
tegting of nuclear safety-related air treatment, heating,
vehtilating, and air-conditioning systems in nuclear
fadilities.

1.2
The purpose of this Standard is to provide require-
mgnts for in-service testing, the results of which are
usgd to verify that the nuclear air treatment, heating,

ventilating, and air-conditioning systems perform their
intended function.

Purpose

1.3 Applicability

E

Chis Standard applies to the in-service testing of
nuflear air treatment, heating, ventilating, and air-coni~
ditfoning systems that have been designed, built, and
ac¢eptance tested in accordance with ASME AG-1.
Segtions of this Standard may be used for technical guid-
ang¢e when testing air treatment, heating, ventilating,
andl air-conditioning systems designed andbuilt to other
stapdards.

=

Use of This Standard

is Standard provides a basis for the development of

ance of other tests) Based on the system design and
ction(s), the'owner shail develop a test program
acceptance criteria.

onmandatory Appendices A through C provide
itional‘information and guidance.

Definitions

adsorbent: a solid having the ability to concentratd other

substances on its surface.
adsorber: a device or vessel containing adsorbent

adsorber bank or filter bank: one ormore filters or afisorb-
ers secured in a single mounting frame, or one of more
side by side panels containing poured or packed air
treatment media, confined within the perimeter of a
duct, plenum, or vault cross section, sometimes refferred
to as a stage.

aerosol: a stable)suspension of particles, solid or
in air.

iquid,

challengeiyto expose a filter, adsorber, or other air] treat-
ment,device to an aerosol or gas of known charafteris-
ti¢s; under specified conditions, for the purppse of
testing.

challenge aerosol: an aerosol used for in-place leak testing
of installed HEPA filter systems.

NOTE: The polydispersed aerosol used for in-place leak testing
of systems differs in size from the 0.3 pwm monodisperse DOP
aerosol used for efficiency testing of individual HEPA filters by
manufacturers. For potential substitutes for DOP, referencd ASME
AG-1, Article TA-2000.

challenge gus: a gas of known characteristics used for in-

place testing of adsorbers.

HEPA filter (high-efficiency particulate air filter): a dispos-
able, extended media, dry type filter enclosed in g rigid
casing that exhibits a minimum efficiency of 99.97%
when tested with an essentially monodisperse 0|3 pm
test aerosol.

in-service test: a test to determine the operational readi-
ness of a system or component.

pressure, maximum operating: the maximum pressyre the

The definitions provided in this section supplement
those listed in ASME AG-1, Article AA-1000.

abnormal incident: any event or condition that may
adversely affect the function of the nuclear air treatment,
heating, ventilating, and air-conditioning systems.

acceptance test: a test made upon completion of fabrica-
tion, installation, repair, or modification of a unit, com-
ponent, or part to verify to the user or owner that the
item meets specified requirements.

1

system components will be subjected to while per-
forming their function, including the allowable pressure
during abnormal operating conditions, that will not
physically damage the system or component (e.g., sud-
den closure of dampers or registers).

pressure, operating: the pressure that corresponds to the
normal design operating mode of the system. This pres-
sure is less than or equal to the maximum operating

Copyright © 2008 by the American Society of Mechanical Engineers,
No reproduction may be made of this material without written consent of ASME.
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pressure, structural capability: the pressure, including
transients, that verifies the component or system can be
safely operated without permanent distortion.

reference value: one or more test parameters that are mea-
sured, observed, or determined when the equipment or
system is known to be operating acceptably within its
design basis limits.

system: an assembly of components, including associated
instruments-and-controls required-to perform the func-
tion of a uclear air treatment, heating, ventilating, and
air-conditfioning system.

test boundpry: the physical limits of the component, sys-
tem, or dpvice being subjected to a specified test.

test canisfer: a specially designed sample holder con-
taining ddsorbent for laboratory tests that can be
removed [from an adsorber bank, without disturbing
the remaihder of the adsorber, to provide representative
samples for laboratory testing.

test progrgm: a documented plan for in-service testing
based upgn system design specifications and functional
requiremgnts, including required tests, test frequency,
detailed procedures, and acceptance criteria.

2 REFEIENCES

The following references supplement this Standard
and are a part of it to the extent indicated in the text,
The issue|date of the referenced document noted below.
shall be in effect. If no date is listed, the latest edition
and addephda are applicable.

ANS 3.1-1999, Selection, Qualification, and, Training of
Nucleat Power Plant Personnel

Publisherf American Nuclear Society, (ANS), 555 North
Kensington Avenue, LaGrange (Park, IL 60526

ASME A@-1, Code on Nuclear\Air and Gas Treatment

Publishefr: The American Society of Mechanical
Engine¢rs (ASME), Fliree Park Avenue, New York,
NY 10016-5990; Oxder Department: 22 Law Drive,
P.O. Bok 2300, Fairfield, NJ 07007-2300

ASTM D|3803-89, Standard Test Method for Nuclear
Grade Activated Carbon

Publisher: American Conference of Government
Industrial Hygienists (ACGIH), 1330 Kemper
Meadow Drive, Cincinnati, OH 45240

National Standard of Total System Balance, 1989

Publisher: Associated Air Balance Council (AABC), 1518
K Street, NW, Washington, DC 20005

Procedural Standards for Testing, Adjusting, and

Publisher: National Environmental Balancing Blireau
(NEBB), 8575 Grovemont Circle, Gaithefsburg, MD
20877

3 GENERAL INSPECTION AND TEST
REQUIREMENTS

All inspections and testsshall be conducted in accor-
dance with the requiréments within this Standarfl and
the specific requirements of sections 6 and 8. Actjvities
discussed in this-Standard may involve the use of haz-
ardous materials,"0perations, and equipment. This|Stan-
dard doesxiot purport to address all of the dafety
requirements associated with their use. The owner’s test
prografishall establish appropriate safety and health
practices and determine the applicability of regulatory
requirements.

3.1 Test Instruments

A calibration program shall be established in ficcor-
dance with ASME NQA-1 requirements. All permfanent
and temporary test instruments used in the condict of
tests required by this Standard shall be in calibration.
Instrument accuracy shall meet or exceed the refuire-
ments of Table 1.

3.1.1 Range Requirements. The full-scale range of
instruments shall be limited as necessary to ensure that
the readings are within the accuracy requiremepts of
Table 1.

3.1.2 Instrument Fluctuation. Symmetrical damp-
ing devices or averaging techniques may be uded to
reduce random signal fluctuations. Hydraulic ipstru-
ments may be damped by using gage snubbers or throt-

Publisher: ASTM International (ASTM), 100 Barr Harbor
Drive, P.O. Box C700, West Conshohocken,
PA 19428-2959

HVAC Systems Testing, Adjusting, and Balancing, 1983

Publisher: Sheet Metal and Air Conditioning
Contractors’” National Association (SMACNA), 4201
Lafayette Center Drive, Chantilly, VA 20151-1209

Industrial Ventilation: A Manual of Recommended
Practice, 24th Edition

tling valves in instrument lines.

3.1.3 Evaluation Following Test Instrument Loss,
Damage, or Calibration Failure. When a test instrument
is lost, damaged, or otherwise fails to meet the require-
ments of Table 1 during calibration, all test results
obtained using the instrument shall be evaluated, dating
back to the time of the previous calibration. If the evalua-
tion does not confirm that the instrument met the accept-
ance criteria for the test(s) in question, the test(s) shall
be repeated with calibrated instruments.
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3 GENERAL INSPECTION AND TEST
REQUIREMENTS

All inspections and tests-shall be conducted in| accor-
dance with the requirements within this Standard and
the specific requirements of sections 6 and 8. Adtivities
discussed in this)Standard may involve the use pf haz-
ardous matetials, operations, and equipment. This Stan-
dard doesot purport to address all of the|safety
requirements associated with their use. The owngr’s test
program shall establish appropriate safety and|health
practices and determine the applicability of regplatory
reéquirements.

3.1 Test Instruments

A calibration program shall be established iy accor-
dance with ASME NQA-1 requirements. All permnanent
and temporary test instruments used in the conduct of
tests required by this Standard shall be in calipration.
Instrument accuracy shall meet or exceed the require-
ments of Table 1.

3.1.1 Range Requirements. The full-scale range of
instruments shall be limited as necessary to ensyire that

the readings are within the accuracy requirements of
Table 1.

3.1.2 Instrument Fluctuation. Symmetrical|damp-
ing devices or averaging techniques may be gsed to
reduce random signal fluctuations. Hydraulic|instru-

Publisher: ASTM International (ASTM), 100 Barr Harbor
Drive, P.O. Box C700, West Conshohocken,
PA 19428-2959

HVAC Systems Testing, Adjusting, and Balancing, 1983

Publisher: Sheet Metal and Air Conditioning
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Practice, 24th Edition

ments may be r‘]amppd by llsin,g_ga_gﬂsnuhb_ens_c r throt-

tling valves in instrument lines.

3.1.3 Evaluation Following Test Instrument Loss,
Damage, or Calibration Failure. When a test instrument
is lost, damaged, or otherwise fails to meet the require-
ments of Table 1 during calibration, all test results
obtained using the instrument shall be evaluated, dating
back to the time of the previous calibration. If the evalua-
tion does not confirm that the instrument met the accept-
ance criteria for the test(s) in question, the test(s) shall
be repeated with calibrated instruments.
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Table 1 Instrument Accuracy Requirements
Measurement Range Accuracy [Note (1)]

Pressure > 1 psig 2%

[> 7 kPa (gage)]
Pressure From 1 in. wg to 1 psig 0.1 in. wg

[0.25 kPa to 7 kPa (gage)] (£ 0.025 kPa)
Pressure From 0.1 in. wg to 1 in. wg +0.01 in. wg

[25 Pa to 250 Pa (gage)] (2.5 Pa)
TCIIIPCIGLUIC ‘VIGI;GIUIIE - nIF

(1°0)
Temperature [Note (2)] Variable +0.5°F
(£ 0.25°C)

Vibration Variable (Per para. 3:1.6.1)
Flow Variable +5%
Velocity (airflow) Variable +3%
Speed Variable +2%
Time Variable +1 sec
Electrical voltage Variable +1%
Electrical resistance Variable +1%
Challenge aerosol 1to 10° +2%
Challenge gas 1to 10° +2%

NOTES:
mance testing.

3.1.4 Specific Instrument Accuracy Requirements

3.1.4.1 Vibration Instrument. Vibration instru-
ment|accuracy shall be at least +10%. The minimum
frequency response range of the vibratigh-measuring
instryment shall be approximately one-third of the mini-
mum) shaft speed. For rotating components, the maxi-
mum| frequency response range shall be at least two
timeq the rotational shaft speed of the component being
measfired. For reciprocating components, the maximum
frequency response range.shall be at least two times
the speed of the rotating element, times the number of
uniqye planes occupied by a piston throw.

-

3.1.4.2 Challenge Aerosol-Measuring Instrument.
The ¢hallengé aerosol-measuring instrument shall be
verifipd toshavé a linear range of at least 10° times the

minitnum detectable quantity of the instrument.
Iﬁﬁhﬂ@grﬁmemhrhstmm--t. Fhe

(1) References as percent of full scale unless otherwise noted:
(2) Required for pressure testing in Mandatory Appendix_Il¥and hydronic heating and cooling perfor-

is proven to be operating within the acceptable limits of
the design specification. Operating tests and ispections
specified in ASME AG-1, Article TA-4000 are performed
under conditions readily reproducible duripg subse-
quent in-service tests to allow for direct comparison of
test results. All test results and associated analyses are
included in the test procedure documentatioh.

3.2.2 Reestablishment of Reference Values| Following
Component Replacement, Repair, or Modification. Fol-
lowing component replacement, repair, or mqdification
requiring disassembly, an evaluation shall be ¢gonducted
to determine the effect on current referen¢e values.
Whenever the evaluation indicates any of the reference
values have been affected, new reference valugs shall be
established in accordance with para. 3.2.1 or the¢ previous
reference values reverified. Evaluation of the few refer-
ence values shall verify that the component| conforms

challenge gas-measuring instrument shall be verified to
be capable of distinguishing challenge gas from back-
ground and measuring challenge gas over a linear range
of at least 10° times the minimum detectable quantity
of the instrument.

3.2 Reference Values

3.2.1 Establishment of Reference Values. Reference
values are determined during acceptance testing (ASME
AG-1, Article TA-4000), when the equipment or system

to the acceptance criteria prior to accepting it as fully
operational. The evaluation to determine the effect on
reference values shall be documented.

3.3 Inspection and Test Requirements

The owner’s test program shall define system test
boundaries and evaluate system performance with
respect to system functional requirements. The follow-
ing categories of tests shall be implemented as applicable
and in accordance with this section:
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Table 2 In-Service Test Intervals Table 3 Fan In-Service Tests

Interval Test Frequency Symbol Test Measure Observe Interval

Monthly Once per 31 days M Visual inspection e X Q

Quarterly Once per 92 days Q Leak test X ce 10Y

Yearly Once per 366 days Y Mechanical run test X Q

Biennial Once per 2-year period 2Y

10 years Once per 10-year period 10y Flow rate test X 2Y
Static pressure test X 2Y
Rotational speed test X 2Y
‘V’;‘UICIL;UII (51 /( Q

(a) perfodic in-service tests (section 5)

(b) testp following an abnormal incident (section 7)

(c) testp following component replacement, repair, or
modificatjon (para. 3.2.2)

3.3.1 Inspection and Test Parameters. Parameters
that need| to be observed, calculated, and recorded in
order to meet the requirements of this Standard shall
be identiffied for each system.

3.3.2 Pystem Operating Conditions. Operating con-
ditions rd¢quired for in-service testing shall be deter-
mined fof each system.

rocedure Requirements. The owner shall be
e for the development and implementation of
written t¢st procedures that meet the requirements of
this Standlard. Each equipment test section consists of
common|(section 4) and in-service (section 5) test
requiremé¢nts and acceptance criteria that apply to each
of the syjstems. The owner shall document which
requiremgnts are applicable (see Mandatory Appendices
I through{IV for development guidance).

3.3.4 |n-Service Tests. In-service tests shall.-be'con-
ducted at|intervals not to exceed those specified/in sec-
tion 5 or the owner’s test program, whichever is most
limiting. In-service test intervals are maximum intervals
allowed by this Standard and shouldnot be used as
default infervals in the absence of system-specific evalu-
ations. Specific system test interyals should be deter-
mined on|the basis of systent\design use. In-service test
intervals pre defined in Table'2.

4 COMMON TESTS

Tests a4 specified’in paras. 4.1 through 4.3 shall also
be used ip section 5 where applicable.

These leak tests shall be conducted using eitler thg pres-
sure decay or constant pressure methed to verify that
the leak rate for the duct or housinig’ does not exceed
the allowable limits established for the system. Testing
shall be conducted in accordance with Mandatory
Appendix II. Leak testingCperformed to satisfy ASME
AG-1, Sections SA (ducts)and HA (housings) may be
used to meet these test requirements when the test
method is compatible with Mandatory Appendiy II

4.3 Vibration‘Jest

Vibration'tmeasurements shall be taken on the aqcessi-
ble moter, fan, compressor, and pump bearing hoysings
in atléast two different orthogonal planes approximately
petpendicular to the line of the rotating shaft. When
the bearing housing is not accessible, the frame pf the
component may be used if it will be representatjve of
bearing housing vibration. When portable vibfation
instruments are used, reference points shall be dearly
identified on the component being measured to germit
duplication in both location and plane.

5 IN-SERVICE TEST REQUIREMENTS

5.1 General

In-service tests shall be conducted at the requiredl time
intervals after the completion of the field acceptance
tests outlined in ASME AG-1, Article TA-4000.

5.2 Fan Tests

This section provides the in-service test requirenents
for fans and related accessories. Integrated systen test-
ing shall be conducted in accordance with para.nISJO.

4.1 Visuat :IIDPCLt;UII

Visual inspections shall be conducted in accordance
with ASME AG-1, Article AA-5000 and the applicable
portions of Mandatory Appendix I. The in-service visual
inspections listed in section 5 shall verify that no unac-
ceptable damage or degradation, which could impair
function, has occurred to the equipment or system.

4.2 Pressure Boundary Tests

Pressure boundary tests consist of leak tests for ducts
and housings, including fan and damper housings.

5.2.1 Test Requirements. In-service tests listed in
Table 3 shall be conducted at the specified interval and
test results verified to be within the acceptance limits
of the owner’s test program and section 6 and compared
with the reference values obtained in acceptance tests
in ASME AG-1, section TA-4100.

5.2.2 Visual Inspection. A visual inspection of the
fan and associated components shall be conducted in
accordance with para. 4.1 and Mandatory Appendix I
(section 1-2).
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Table 2 In-Service Test Intervals Table 3 Fan In-Service Tests

Interval Test Frequency Symbol Test Measure Observe Intervat

Monthly Once per 31 days M Visual inspection N X Q

Quarterly Once per 92 days Q Leak test X 10Y

Yearly Once per 366 days Y Mechanical run test X Q

Biennial Once per 2-year period 2Y

10 years Once per 10-year period 10vY Flow rate test X 2Y
Static pressure test X 2Y
Rotational speed test X 2Y]
Vibration test X Q

(a) periodic in-service tests (section 5)
(b) tests following an abnormal incident (section 7)

(c) tests following component replacement, repair, or
modification (para. 3.2.2) These leak tests shall be conducted usingeither the prg

. sure decay or constant pressure method to verify that

3.3]1 Inspection and Test Parameters. Parameters  the Jeak rate for the duct or housing does not excepd
that nged to be observe‘:d, Calculated,.and recorded in  the allowable limits established:foz the system. Testing
order fo meet the requirements of this Standard shall  ¢h.1] be conducted in accordance with Mandatofy

723
¥

be identified for each system. Appendix II. Leak testingperformed to satisfy ASME
3.3.2 System Operating Conditions. Operatingcon-  AG-1, Sections SA (ducts) and HA (housings) may pe

ditiong required for in-service testing shall be deter-  used to meet these test requirements when the tgst

mined|for each system. method is compatible with Mandatory Appendix I

3.33 Procedure Requirements. The owner shallbe 4.3 Vibration Tést
responfsible for the development and implementation of
writtent test procedures that meet the requirements of
this Standard. Each equipment test section consists of
commpn (section 4) and in-service (section 5) test
requirgments and acceptance criteria that apply to each
of the|systems. The owner shall document which
requirgments are applicable (see Mandatory Appendices

I throggh IV for development guidance). instruments are used, reference points shall be cleagly
3.34 In-Service Tests. In-service tests shallbe¢on-  identified on the component being measured to pernpit

ducted| at intervals not to exceed those specified/in sec-  duplication in both location and plane.

tion 5 pr the owner’s test program, whichever is most

limiting. In-service test intervals are maximum intervals

allowefl by this Standard and should not be used as 5 IN-SERVICE TEST REQUIREMENTS

defaulf intervals in the absence of system-specificevalu- 5.1 General

ations.| Specific system test intervals should be deter-

mined fon the basis of system design use. In-service test

Vibrationuneasurements shall be taken on the accesi-
ble motor, fan, compressor, and pump bearing housings
in atléast two different orthogonal planes approximatgly
perpendicular to the line of the rotating shaft. When
the bearing housing is not accessible, the frame of the
component may be used if it will be representative [of
bearing housing vibration. When portable vibratipn

In-service tests shall be conducted at the required time
intervals after the completion of the field acceptarice

intervefs are defined in Tae’2. tests outlined in ASME AG-1, Article TA-4000.
4 COMMON TESTS 5.2 Fan Tests
Testq as specified in paras. 4.1 through 4.3 shall also This section provides the in-service test requirements

for fans and related accessories. Integrated system tegt-

be usedl in section 5 where applicable.
ing shall be conducted in accordance with para. 5.10.

4.1 Visual Inspection

5.2.1 Test Requirements. In-service tests listed [in
Table 3 shall be conducted at the specified interval and
test results verified to be within the acceptance limits

T
with ASME AG-1, Article AA-5000 and the applicable

portions of Mandatory Appendix I. The in-service visual =~ o 0 ooco o program and section 6 and compared

inspections listed in section 5 §ha11 Vel:ify that o unac- with the reference values obtained in acceptance tests
ceptable damage or degradation, which could impair  ;  AGME AG-1. section TA-4100.

function, has occurred to the equipment or system.

5.2.2 Visual Inspection. A visual inspection of the

4.2 Pressure Boundary Tests fan and associated components shall be conducted in
Pressure boundary tests consist of leak tests for ducts ~ accordance with para. 4.1 and Mandatory Appendix I
and housings, including fan and damper housings.  (section I-2).
4
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Insert 1 — Paragraph 1.5 Definitions

acceptable preconditioning: the alteration, variation, manipulation or adjustment of the
physical condition of a component before in-service testing for the purpose of protecting
personnel or equipment or to meet the manufacturer’'s recommendations. This may
include routine and scheduled maintenance for maintaining optimum equipment and
system performance. Preconditioning for purposes of personnel protection or equipment
preservation should outweigh the benefits gained by testing only in the as-found
condition. This preconditioning may be based on the equipment manufacturer’s
recommendations or an |ndustry-W|de operatlng experience to enhance equment and
pers ’ , ed in
advgnce of the in-service test.

Insert 2 — Paragraph 1.5 Definitions

as-found condition: the condition of a component between in-sewice tests without
precpnditioning.

Inseft 3 — Paragraph 1.5 definitions

Ppreconditioning: the modification, manipulation.yor adjustment of a compagnent
performed just prior to in-service tests that would affect the results of the in-service|test.
This|may include activities such as cycling, cleaning, lubricating, agitating or other spécific
mairitenance or operational activities that may-be performed prior to or during in-sefvice
testing that could affect the ability to determine component degradation. This excludes
nornpal scheduled routine maintenance to’keep optimum component performance.

Insert 4 — Paragraph 3.3 Inspection and Test Requirements

AastFfound Sconditions{and Ppreconditioning
Components shall be tested in the as-found condition whenever possible.
Pregonditioning shalknot be performed unless an evaluation is made prior to in-sefvice
testing. See the definitions for preconditioning and acceptable preconditioning.

Insert 5 — Paragraph 1.5 Definitions

unag¢ceptable preconditioning - Any activity performed prior to or during an in-seryice
test which alters one or more measured parameter, such that it results in acceptable
test results. This could include activities such as cycling, cleaning, lubricating, agitating,
or other specific activities performed prior to or during an in-service test that could mask
degradation. The impact may depend on the design of the component. For example,
stem lubrication has essentially no impact on a motor operated damper; however it may
influence the test result of an air operated damper.
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Table 4 Damper In-Service Tests

5.3.2 Visual Inspection. A visual inspection of the
dampers and associated components shall be conducted
in accordance with para. 4.1 and Mandatory Appendix I
(section I-3).

5.3.3 Pressure Boundary Leak Test, Damper Seat.
When dampers have seat leak rate limits, a dynamic
pressure boundary leak test shall be conducted in the
direction the damper is expected to function, in accor-
dance with para. 4.2 and Mandatory Appendix II. Seat

Test Measure Observe Interval
Visual inspection - X 2Y
Leak test X e 2Y
Position indication test - X 2Y
Exercise test . X 2Y
Flow control test . X 2Y
Static timing test X . 2Y
Fire d MTpeT—teSt .. % ¥
Dynanfic time test X c.. 2Y
Interlofk test - X 2Y

5.2.3 Pressure Boundary Leak Test. When a fan

housing is part of the system pressure boundary, a pres-
sure boundary leak test shall be conducted to verify the
leak tightness of the fan housing, shaft seal, and attached
interflaces in accordance with para. 4.2 and Mandatory
Appgndix II. The fan housing, shaft seal, and attached
ces may be tested concurrent with the duct and

5.2.4 System Functional Tests. Paragraphs 5.2.4.1
h 5.2.4.5 shall be conducted in the same time

.2.4.2 Flow Rate Test. The fan flow rate shall be
measjired. Recommended procedures are/contained in
Indugtrial Ventilation (ACGIH) or equivalent.

.2.4.3 Static Pressure Test. Thefan inlet and out-
let static pressure and velocity pressure shall be mea-
sured and the overall fan static pfessure determined.

.2.4.4 Rotational SpeedTest. Direct drive config-
uratigns may be tested at\the fan or motor. When a fan
does jnot have a direct drive coupling to the motor, the
rotational speed of the fan shaft shall be measured.

.2.4.5 Vibration Test. The vibration of each fan
and motor bearing shall be measured in accordance with
para.|4.3:

leakage shall be tested by blanking off or |otherwise
isolating a duct section upstream of thé damper. The
leak test shall be performed with the\damper cycled
closed using its normal closing mechanism [exclusive
of any additional assistance).

5.3.4 Component Functional Tests. Cqmponent
functional tests shall verify’that the damper] is opera-
tional prior to conducting the system functjonal tests
specified in para. 5.3.5:

5.3.4.1 Position Indication Test. Dampgrs having
remote position indicators shall be observé¢d during
operation towerify that the damper position cogresponds
to the remote indicator.

5:314.2 Exercise Test. Power-operated dampers
shally be fully cycled using a control switch or other
actuating device to verify operation. Manuall dampers,
which have a shut off function, shall be fully] cycled to
verify operation. Fire dampers shall be tested in accor-
dance with para. 5.3.5.2.

5.3.4.3 Static Timing Test. Power-operated damp-
ers that are required to operate within a spedified time
limit shall be tested by measuring the time to fully open
or close (as required by the owner’s test program).

5.3.5 System Functional Tests

5.3.5.1 Flow Control Test. Power-operafed damp-
ers that control airflow shall be observed undey throttled
flow conditions to verify freedom of movement and
stable operation.

5.3.5.2 Fire Damper Test. Fire damperp shall be
tested, using a normal or simulated actuation signal, to
verify activation under design flow.

5.3.5.3 Dynamic Timing Test. Isolation dampers
having a required actuation response time shalll be tested

5.3 Damper In-Service Tests

This section provides the in-service test requirements
for dampers and related accessories. Integrated system
testing shall be conducted in accordance with para. 5.10.

5.3.1 In-Service Test Requirements. In-service tests
listed in Table 4 shall be conducted at the specified inter-
val and test results verified to be within the acceptance
limits of the owner’s test program and section 6 and
be compared with the reference values obtained in the
acceptance tests in ASME AG-1, section TA-4200.

tottre fuﬂy OperT ot closed position tas u:\.iuiied by the
owner’s test program) under design flow rate condi-
tions.

5.3.5.4 Interlock Test. Dampers that have an open-
ing or closing function interlocked with other compo-
nents (e.g., fan, other dampers, etc.) shall be tested to
verify interlock action.

5.4 Duct and Housing In-Service Tests

This section provides the in-service test requirements
for ducts and housings.
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Table 5 Duct and Housing In-Service Tests

Table 6 Refrigeration Equipment In-Service Tests

Test Measure Observe Interval Test Measure Observe Interval
Visual inspection . X 2Y [Note (1)] Visual inspection X Q
Leak test X - 10Y Leak tests X Q

Valve position indication test X 2Y

NOTE: Valve exercise test S X 2Y

(1) Loop seal water level in duct or housing drain lines shall be Valve timing test X - Q
maintained to ensure the integrity of the system pressure

boundary at all times. Monthly or more frequent inspection of Flow control valve test X Q

the watprtevetimtire-toopseatTmay beTequited; depemding ftectamcatromtest P 4y Q

on the g$ystem design. Performance test X Q

Vibration test X Q

Rotational speed test X 2Y

5.4.1 |n-Service Test Requirements. In-service tests
listed in Thble 5 shall be conducted at the specified inter-
val and tgst results verified to be within the acceptance
limits of the owner’s test program and section 6. Test
results shall be compared with the reference values
obtained |n the acceptance tests in ASME AG-1, section
TA-4300.

5.4.2 Visual Inspection. A visual inspection of the
ducts, housings, and associated attachments shall be
conductedl in accordance with para. 4.1 and Mandatory
Appendix I (section 1-4).

5.4.3 |Pressure Boundary Leak Test. A pressure
boundary] leak test shall be conducted on filter housings
and applicable ductwork in accordance with para. 4.2
and Manglatory Appendix II

5.5 Refrigeration Equipment In-Service Tests

This se¢tion provides the in-service test requirements
for refrigg¢ration equipment. Integrated system_testing
shall be cpnducted in accordance with para. 5.10.

5.5.1 |n-Service Test Requirements.( In-service tests
listed in Thble 6 shall be conducted at'the specified inter-
val and t¢st results verified to be within the acceptance
limits of fhe owner’s test program and section 6. Test
results shall be compared ‘with the reference values
obtained |n the acceptance tests in ASME AG-1, section
TA-4400.

5.5.2 Visual InSpection. A visual inspection of the
refrigeratfon equipment components shall be conducted
in accordgnce-with para. 4.1 and Mandatory Appendix I
(section I15)!

the fluid system, under normal operating pressufe, for
evidence of leaks in excess of the limits specified fn the
applicable sections of ASME)AG-1 and the owner(’s test
program.

5.5.4 Component Functional Tests

5.5.4.1 Fans,
with para. 5:2.

Fans shall be tested in accorflance

5.5.4:2" Valve Position Indication Test. Valves with
positiett-indicators shall be observed during valve full-
stroke‘operation to verify that the valve position cprres-
ponds to the remote indication.

5.5.4.3 Valve Exercise Test. Power-opefated
valves shall be fully stroked using their remote cpntrol
switch or other actuation device to verify operation.
Manual valves shall be fully stroked to verify freedom
of movement.

5.5.4.4 Valve Timing Test. Power-operated yalves
that are required to operate within a specified timg limit
shall be tested by measuring the stroke time.

5.5.5 System Functional Tests

5.5.5.1 Flow Control Valve Test. Power-opgrated
valves, controlled by flow instrumentation, shhll be
observed under throttled flow conditions to verify free-
dom of movement and stable operation.

5.5.5.2 Mechanical Run Test. The refrigefation
compressor shall be operated with the system opetating

5.5.3 Pressure Boundary Tests

5.5.3.1 Refrigerant Piping and Coils. The refriger-
ant system shall be monitored under normal operating
conditions to verify no unacceptable refrigerant leaks in
excess of the limits specified in the applicable sections
of ASME AG-1 and the owner’s test program.

5.5.3.2 Hydronic Piping and Coils. Hydronic pip-
ing and coils shall be observed to verify no unacceptable
fluid leaks. Testing shall be conducted by inspecting

i the normal heat foad Tange for at teast 15 min and
stable system operation verified.

5.5.5.3 Performance Test. The refrigeration com-
pressor inlet and outlet pressure and temperature shall
be measured with the refrigeration equipment operating
within its design load range.

5.5.5.4 Vibration Test. The vibration on accessible
motor, fan, compressor, and pump-bearing housings in
the refrigeration system shall be measured in accordance
with para. 4.3.
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Table 7 Conditioning Equipment In-Service Tests

Test Measure Observe Interval
Visual inspection X Q
Leak test X Q
Valve performance tests X 2Y
Mechanical run test X Q
Performance test X 2Y
Rotational speed test X 2Y
‘V’;lLIIClI,;UII (oLl X Z
Electric heater performance test X 2Y
Hydronic heating and cooling performance test X 2y

5.5.5.5 Rotational Speed Test. For refrigerant
compressors that have variable speed drives, or that do
not otherwise have direct drive operations, the rotational
speed of the compressor shaft shall be measured (not
requifed for hermetically sealed compressors).

5.6 (onditioning Equipment In-Service Tests

This section provides the in-service test requirements
for cgnditioning equipment. Integrated system testing
shall pe conducted in accordance with para. 5.10.

5.6.1 In-Service Test Requirements. In-service tests
listed|in Table 7 shall be conducted at the specified inter-
val and test results verified to be within the acceptance
limit{ of the owner’s test program, section 6, and com-
pared with the reference values obtained in the accept-
ance fests in ASME AG-1, section TA-4500.

5.6.2 Visual Inspection. A visual inspection of the
condjtioning equipment components shall'be conducted
in acdordance with para. 4.1 and Mandatory Appendix I
(sectipn I-6).

5.6.3 Pressure Boundary Leak Test, Hydronic Piping
and (oils. With the conditioning system at normal
operdting pressure, hydronic piping, coils, and pressure
vessels shall be obseryed to verify no unacceptable fluid
leaks|in excess of(the" limits specified in the applicable
sectigqns of ASME*AG-1 and the owner’s test program.

5.6.4 Component Functional Tests

8.6.4.1 Fans. Fans shall be tested in accordance

shall be conducted (refer to Nonmandatory Appendix C
for guidance on scope and<verification meth¢ds).

5.6.5.2 Flow Control' Valve Test. Powet-operated
valves, controlled by flow instrumentation, shall be
observed under thyottled flow conditions to verify free-
dom of moverhént, stable operation, and abilitly to main-
tain the required flow rate.

5.6.5.3 Mechanical Run Test. The cor|ditioning
system~pumps shall be operated, at the refeqence flow
rate,) for at least 15 min and stable system [operation
verified.

5.6.5.4 Performance Test. With the conditioning
system pump operating at the reference flow rpte, pump
differential pressure and flow rate shall be measured.

5.6.5.5 Rotational Speed Test. Direct drive config-
urations may be tested at the motor or shaft. For condi-
tioning system pumps that have variable speed drives,
or that do not otherwise have direct drive operitions, the
rotational speed of the pump shaft shall be measured.

5.6.5.6 Vibration Test. The vibration of fach bear-
ing on the pump and associated motor in the fondition-
ing system shall be measured in accordqnce with
para. 4.3.

5.6.5.7 Electric Heater Performance Test. With
design flow rate through the heater bank, thg electrical
supply voltage, amperage, phase balance, andl differen-
tial temperature shall be measured.

5.6.5.8 Hydronic Heating and Cooling Performance

with para. 5.2-

5.6.4.2 Refrigeration. Refrigeration components
shall be tested in accordance with para. 5.5.

5.6.4.3 Valve Performance. Conditioning system
valves shall be tested in accordance with paras. 5.5.4.1
through 5.5.4.3.

5.6.5 System Functional Tests

5.6.5.1 Hydronic System Flow Balance Verification
Test. A verification of the hydronic system flow balance

Test. With the conditioning system operating at design
air and hydronic flow rate, at the available heat load
conditions, the air side flow, differential pressure and
temperature, and the hydronic side flow, differential
temperature and pressure, shall be measured.

5.7 Moisture Separator, Prefilter, HEPA Filter Bank
In-Service Tests

This section provides the in-service test requirements
for installed moisture separator, prefilter, and HEPA fil-
ter banks.
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Table 8 Moisture Separator, Prefilter, HEPA Filter
Bank In-Service Tests

Table 9 Type Il and Type lll Adsorber Bank In-
Service Tests

Test Measure  Observe Interval Test Measure Observe Interval
Visual inspection R X 2Y Visual inspection e X 2Y
Differential pressure test X . M Differential pressure test X M
In-place leak test [Note (1)] X 2Y [Note (2)] In-place leak test [Note (1)] X 2Y [Note (2)]
Electric heater performance test X 2Y
NOTES: Laboratory test of adsorbent media X 2Y

(1) In-place leak tests are not required on systems used for 100%

recircul§Tion (€.g., reactor contamment cleanup units), unless
the atmpspheric cleanup rate is time dependent.
(2) Or afterfcomplete or partial filter bank replacement.

5.7.1 |n-Service Test Requirements. In-service tests
listed in Tpble 8 shall be conducted at the specified inter-
val or after complete or partial bank replacement. Test
results arp to be verified to be within the acceptance
limits of the owner’s test program and section 6 and
comparedl with the reference values obtained in the
acceptande tests in ASME AG-1, section TA-4600.

5.7.2 Visual Inspection. A visual inspection of the
installed moisture separator, prefilter, and HEPA filter
banks shdll be conducted in accordance with para. 4.1
and Manglatory Appendix I (section I-7).

5.7.3 Bystem Functional Tests

5.7.3]1 Differential Pressure Test. With the system
operating] at design flow rate (+10%), the differential

pressure ficross each moisture separator, prefilter, and
HEPA filer bank shall be measured.

5.7.3.2 In-Place Leak Test. With the system
operatinglat design flow rate (+10%), the challenge aero-
sol leak rdte of each HEPA filter bank shall be measured
in accordgnce with Mandatory Appendix 1II.

5.8 Type|ll and Type Ill Adsorber Bank In-Service
Testq

This se¢tion provides the in*service test requirements
for installed Type II and Type III adsorber banks.

5.8.1 |n-Service Test-Requirements. In-service tests
listed in Thble 9 shall’be conducted at the specified inter-
val and verified.to be within the acceptance limits of
the ownef s test program, section 6, and compared with

NOTES:

(1) In-place leak tests are not required on systems used, for[100%
recirculation (e.g., reactor containment cleanup ufits), upless
the atmospheric cleanup rate is time dependent.

(2) Or after complete or partial adsorber bank replacement.

5.8.3.2 In-Place Leak Teést.” With the system
operating at design flow rate.(x10%), the challenge gas
leak rate of each adsorber/bank shall be measuted in
accordance with Mandatory Appendix IV.

5.8.3.3 Electric Heater Performance Test. |With
design air flow{(10%) through each heater bank, the
electrical supply voltage, amperage, phase balance of
each heater.gircuit, and differential temperature apd air
flow acrossthe heater coil shall be measured.

5.9 "Adsorbent In-Service Tests

This section provides the in-service laboratory test
requirements for radioactive iodine penetration pf the
adsorbent bed.

5.9.1 In-Service Test Requirements. In-servicelabo-
ratory tests shall be conducted, using representative
samples of adsorbent, at least every 2 years or 720 hr'
of accumulated service time, whichever is soonel. This
test measures the penetration of radioiodine thfough
adsorbent. Laboratory test results shall be verified to be
within the acceptance limits of the owner’s test program.
Sample locations shall be selected to ensure samples are
representative of the overall condition of the adsgrbent
in the adsorber bank. If the entire bank of adsqrbent
is being replaced, an in-service laboratory test s not
required.

5.9.2 Laboratory Analysis. A laboratory analysis of
the adsorbent shall be conducted in accordance with
ASTM D 3803-89 to measure the ability of the adsgrbent

the referehcé values obtained in the acceptance tests in
ASME AG-1, section TA-4700.

5.8.2 Visual Inspection. A visual inspection of the
Type II and Type III adsorber banks shall be conducted
in accordance with para. 4.1 and Mandatory Appendix I
(section I-8).

5.8.3 System Functional Tests

5.8.3.1 Differential Pressure Test. With the system
operating at design flow rate (+10%), the differential
pressure across each adsorber bank shall be measured.

to remove radioiodine. Test bed depth used in the labora-
tory test shall be the same as the nominal adsorber depth
in the adsorber bank being tested. The laboratory test
should be performed at a face velocity of 40 ft/min,
unless the actual system face velocity is greater than
44 ft/min. Otherwise, the test shall be conducted at the
actual face velocity.

! A documented history of adsorbent degradation may be used
in the evaluation of the design specification or technical specifica-
tion to establish a longer adsorbent sample interval.
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Samples shall be representative of the adsorbent in
the bank and drawn from the bank test canisters or from
the bank itself.

An in-place leak test of the bank shall be conducted
following sample removal in accordance with para. 5.8,
unless it can be demonstrated that the removal of the
sample does not create a potential leak path around or
through the adsorber bank.

5.10

5.10.1 In-Service Test Requirements. Each system
shall pe tested to verify that the functional performance
withjn the range of design operating conditions is
achieyed. Integrated system tests shall be conducted
to chgallenge all integrated control functions, including
interlpcks, computer logic, and manual or automatic
ation circuits (damper position changes, fan starts
and gtops, compressor and pump starts or stops, valve
posifion changes, heater energization or de-
energlization). These actuations can be from a number
of different sources, including radiation, temperature,
chlorne, and pressure sensors; manual controls; and
emergency safeguard signals. Sensor operation shall be
verified in addition to control circuitry. Integrated sys-
tem testing shall verify that the intended design function
of the system is achieved in accordance with the owner’s
test program. The maximum test interval for integrated
systein tests shall be 10 years. However, the frequency
may heed to be shorter based upon evaluations of the
systemn’s function.

5.10.2 HEPA Filter Bank and Adsorber-Bank Inte-
gratefl System Test Requirements. All potential HEPA
filter bank and adsorber bank bypass flow paths, includ-
ing hpusing bypass ducts and associated dampers, shall
be cHallenged to verify that leak rates are within the
owner’s test program. Bypass-flow paths may be chal-
lengdd during the in-plageleak testing, specified in
parag 5.7.3.2 and 5.8.3.2,{by; ensuring that the challenge
aerospl or gas injection:and sample ports encompass all
potential bypass leak paths. If a potential bypass flow
path [is not challenged during these in place tests, a
separpte test shall be performed, using the methods out-
lined|in Mandatory Appendix III or 1V, to verify that
the HEPAfilter banks or adsorber banks are not being
bypassed in excess of the limits specified in the owner’s

verification methods). The maximum interval for air sys-
tem flow verification testing shall be 10 years.

6 ACCEPTANCE CRITERIA

Results of tests described in section 5 shall be subject
to the acceptance criteria in section 6 and the owner’s
test program. Acceptance criteria are specified in section
5 only when they affect the quality of other tests. When

: he-appheable-aceeptance crite-
ria, the corrective actions required by section|8 shall be
initiated. In-service test results shall be'compared with
the acceptance test reference values. Comparison should
include a trend analysis designed to predict dggradation
rates of the components under test. Projected degrada-
tion rates that indicate probable‘loss of intended design
function prior to the next_scheduled in-service test
should require corrective action prior to the|predicted
loss of intended design function in accordgnce with
section 8.

6.1 Visual Inspection

Inspection ‘results are acceptable when th¢re are no
indications of improper installation, physical damage,
structural distress, or degradation that would impair
thedbility of the equipment or system to pprform its
intended function.

6.2 Pressure Boundary Tests

Pressure boundary test results are acceptgble when
there are no leaks in excess of the limits specified in the
applicable sections of ASME AG-1 and the owner’s test
program.

6.3 Functional Tests

Functional test results are acceptable when fthey meet
the requirements of the applicable sections|of ASME
AG-1 and the owner’s test program.

7 TESTING FOLLOWING AN ABNORMAL INCIDENT

Following an abnormal incident in which the system
has been challenged, the applicable acceptange tests in
ASME AG-1, Article TA-4000 shall be conducted to ver-
ify that the system is fully operational. This refjuirement
shall apply only to those components that may have

test program.

NOTE: Some bypass leak paths may not be measurable using
Mandatory Appendix III or IV. Use of other innovative testing
methods may be required.

5.11 Air System Flow Balance Verification Test

A verification of the system airflow balance shall be
conducted. Recommended procedures include
SMACNA, NEBB, ACGIH, AABC, or equivalent (see
Nonmandatory Appendix C for guidance on scope and

been affected by the incident. An evaluation shall be
conducted and documented to determine the extent of
the required actions to be initiated.

8 CORRECTIVE ACTION REQUIREMENTS

Corrective action is required when test results do not
meet the acceptance criteria specified. For equipment
that is replaced, modified, or repaired, such that the
reference values change, a new set of reference values
shall be obtained in accordance with the requirements of
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para. 3.2.2 and ASME AG-1, Article TA-4000. Additional
guidance for corrective actions is included in
Nonmandatory Appendix A.

9 QUALITY ASSURANCE
9.1 General

In-service testing of nuclear air treatment, heating,
ventilating, and air-conditioning systems shall be con-

9.3.1 Procedures. Written test procedures shall be
used to document the in-service testing performed and
the test results obtained in accordance with section 5 of
this Standard.

9.3.2 Reports. A written report shall be provided
to document the in-service testing performed in accor-
dance with section 5 of this Standard. The report shall
contain, as a minimum, the following:

ducted in|

NQA-1.

(a) the system name test/inspection procedure(s)
accordance with a documented quality assur- . C Al
. . used, date of test results, and the test performer §\pginted
ance program meeting the requirements of ASME .
name and signature
(b) identification of instruments, equipment, [tools,

9.2 Pers¢nnel

Tests sHall be conducted by personnel who have dem-
onstrated competence as evidenced by documented
experience and training. Personnel shall be qualified in
accordange with ASME NQA-1 or ANS 3.1.

9.3 Documentation

In-servfice test procedures shall document the test
results specified in section 5 of this Standard and include
a record jof test failures with subsequent corrective
actions anmd analysis of test data trends. These records
shall be maintained for the life of the facility.

and documents to the extent that they, or their equiva-
lent, can be identified for future examinations

(c) observations and dimensional checks specified by
the respective test data and any{réports developedl dur-
ing the inspection and testing

(d) conclusions and fecommendations by ¥
examinations and testing personnel

(e) reference to<previous reports if this report
reinspection andl, testing

(f) test configuration and system operating dondi-
tions

(¢) test data and results

isual

is for

10
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MANDATORY APPENDIX |
VISUAL INSPECTION CHECKLIST

GENERAL

(b) access door seals and gaskets

A
in th
procq
items
sectid
equip
dancg

1-2

(a)
(b)
(c)
(d)
(e)
()
(g)
(h)
(i)
(4)
(k)
1)
(m
(n)
(0)

I-3

(a)
(b)
(c)
(d)
(e)
f)
(g)

bpecific inspection checklist for each component
e system shall be included in the in-service test
dures. This Mandatory Appendix lists typical
for each component to be visually inspected in
n 5 (in-service tests), if applicable to the installed
ment. The inspection shall be conducted in accor-
with para. 4.1.

FAN INSPECTION CHECKLIST

housing and duct interface

fan impellers

fan drives and guards/covers
fan inlet and outlet connections
interference with moving parts
fan shaft seal

drive adjustment and condition
lubricant levels
supports and attachments
bolting and fasteners
instrumentation
electrical connections

control system components
pneumatic connections
provisions to access for testing'and maintenance

DAMPER INSPECTION CHECKLIST

housing and duct interface

actuator linkage, motor, and controller
interference with-moving parts
damper shaft seal

blade edge seals and damper seat
limit switChes

supports and attachments

(h)

belting and fasteners

(c) access door latches

(d) housing internal access ladders and"pl

(e) sample and injection ports, location, an

(f) supports and attachments

(¢) bolting and fasteners

(h) instrumentation and connections

(i) electrical connections

(j) housing/duct penetration seals

(k) loop seals (water-level) and drain conn

(I) lighting conduits and socket housing s
mounted)

(m) HEPA filter /adsorber mounting fram
ous seal welds

(n) mounting frame penetrations seal weld

(0)“mrounting frame seating surface (weld s
ness; scratches)

(p) sample canister installation

() mounting frame clamping devices

(r) provisions to access for testing and ma

(s) lighting for test and maintenance avail

I-5 REFRIGERATION EQUIPMENT INSPECT
CHECKLIST

(a) housing or duct interface with refr
equipment

(b) fan, pump, compressor belt, and coupli

(c) interferences with moving parts

(d) drive adjustment and conditions

(e) fluid leaks

(f) lubricant levels

(g) supports and attachments

(h) bolting and fasteners

(i) instrumentation

(j) electrical connections

ntforms
d caps

lections
pals (flush

b continu-

led
atter, flat-

iIntenance

hble

ON

igeration

hg guards

(i)
()
(k)
)

I-4

(a)

ducts

instrumentation

electrical connections

pneumatic connections

provisions to access for testing and maintenance

DUCT, HOUSING, AND MOUNTING FRAME
INSPECTION CHECKLIST

housing and duct connections (no caulking on

, housings, and mounting frames associated with

nuclear air treatment systems)

1.\ . 1 ‘
(A CUIILIUIL D_)/b'ltlll CUIITPOUITETIS

(I) pneumatic connections and tubing (no

crimping)

(m) provisions to access for testing and maintenance

I-6  CONDITIONING EQUIPMENT INSPECTION

CHECKLIST

(a) housing or duct interface with conditioning

equipment
(b) drive and coupling guards
(c) interferences with moving parts

11
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(d) drive adjustment and condition

(e) fluid leaks

(f) lubricant levels

(g) supports and attachments

(h) bolting and fasteners

(i) instrumentation

(j) electrical connections

(k) control system components

(I) pneumatic connections and tubing (no crimping)

(e) sealant or caulking (none allowed)

(f) moisture separator, prefilter, and HEPA filter ori-

entation (vertical)
(g) bolting and fasteners

(h) provisions to access for testing and maintenance

-8 TYPE Il AND TYPE Ill ADSORBER BANK
INSPECTION CHECKLIST

(m) drg
(n) pro

-7 MO

ins and spray nozzles not plugged
visions to access for testing and maintenance

STURE SEPARATOR BANK, PREFILTER

BANK, AND HEPA FILTER BANK INSPECTION

CHE

(a) mo
gaskets

(b) moi
drains

CKLIST

sture separator media, frame, clamps, and

sture separator water collection system and

(c) prefilter media, frame, clamps, and gaskets/seals

(d) HE
seals

PA filter media, frame, clamps, and gaskets/

(@) Type Il media, frame, screen, clamps, and, g

(b) sealant or caulking (none allowed)

(c) Type III media, screens, and frame

(d) test canisters

(e) bulk loading equipment

(f) fire protection system piping,'nezzles, and i
mentation

(g) bolting and fasteners

(h) provisions to access'for testing and mainte

I1-9 ACCEPTANCE CRITERIA

skets

hstru-

nance

The acceptarieecriteria for these inspections shal| be in

accordance with section 6 and the owner’s test pro

pram.

12
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MANDATORY APPENDIX Il
DUCT AND HOUSING LEAK TEST PROCEDURE

-1 GENERAL

(d) pressure-indicating device

This procedure is used to test the leak tightness of the
ducts| and housings, including installed fan housings,
damper housings, and fan and damper shaft seals.

II-2 [SUMMARY OF METHOD

ts and housings that form the pressure boundary
of th¢ system shall be leak tested with air using one of
the mjethods listed in this procedure. Either method may
be uspd and will produce a similar test result. The con-
stant pressure method is useful for testing small volumes
and is conducted at the maximum operating pressure
for tHe system. The pressure decay method is useful in
testirlg large volumes and is conducted by pressurizing
to 1.25 times the maximum operating pressure, then
ing the pressure to decay for a fixed period of time
il the pressure decreases to 75% of the maximum
operdting pressure, whichever occurs first. Fans, damp-
ers, aphd other components that are part of the pressure
bounflary shall be installed and tested with the pressure
bounflary to verify interface connection leak tightness.
If thel measured leak rate is in excess of the aéceptance
criterja, the leaks shall be located by one of the methods
listed|in this procedure. After leaks are repaired, the duct
and housing shall be retested to verfify"leak tightness.

NOTHE This test procedure is written(as if the operating pressure
were positive, but it would be identical for negative pressure sys-
tems With appropriate change inrsigns used in the data collection
and cqlculations.

1I-3 | PREREQUISHES

Copstructionjmodifications, and repairs affecting the
test Qoundaty‘shall be complete and the inlet and dis-
charge openings of the duct or housing sealed before
the tgstiis-started. All electrical, piping, and instrument

(e) flowmeter or totalizing gas volumesmijeter (con-
stant pressure method)

(f) temperature-indicating device

(¢) bubble solution for detecting air lealds (bubble
method)

(h) optional portable eleetronic sound
equipment (audible leak niethod)

(i) barometer

Hetection

1I-5 PROCEDURE
1I-6 CONSTANT PRESSURE TEST

(a) Connect the pressurization source to the duct or
housing:

(b), Connect the flow meter or totalizing gas volume
meter between the pressurization source angl housing
(downstream of the throttling valve, if used)

(c) Install temperature- and pressure-indicating
devices so that they will indicate representatiye temper-
ature and pressure inside the duct or houging being
tested.

(d) Seal test boundaries and close access dgors in the
normal manner. Do not use temporary sealant,|duct tape,
or similar temporary materials except for spaling the
temporary blank-off panels.

(e) Start the pressurization source and operpte it until
the maximum operating pressure is achieved| Maintain
pressure constant with the flow control deviceuntil tem-
perature remains constant within +0.5°F (0.25°C) for a
minimum of 10 min. Record the initial stabiljzed pres-
sure, temperature, and barometric pressure.

(f) Measure the flow rate of the air being|added to
or removed from the duct or housing while mpintaining
the maximum operating pressure within +(.1 in. wg
[0.025 kPa (gage)]. When using the flow meter, record

connections shall be complete, and all permanent seals
shall be installed before the test is started. For pressure
decay testing, the volume of the pressure test boundary
must be determined.

-4 TEST EQUIPMENT

(a) pressurization source (pneumatic, test fan with
flow control, etc.)

(b) covers to seal test boundaries

(c) clock or timer

13

flow Teadings once a minute for a o5-min continuous
period, and average the readings to calculate the mea-
sured leak rate. When using a totalizing gas volume
meter, measure the total volume of air for a 10-min
continuous period, and divide the measured volume by
time (10 min) to calculate the measured leak rate. Record
final pressure, temperature, and barometric pressure.
(g) Convert the final calculated leak rate to standard
cubic feet per minute (cubic meters per second) in accor-
dance with the method illustrated in Industrial
Ventilation (ACGIH) (see references in section 2).
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1I-7 PRESSURE DECAY TEST P; = final pressure within test boundary, Ib/ft*
(a) Connect the pressurization source (with a leak ABS [Pa (absolute?] ) )
tight shutoff valve) to the duct or housing. P; = initial pressure within test boundary, 1b/ft
(b) Install the temperature- and pressure-indicating ABS [Pa (absolute)]
devices where they will indicate the representative tem- Qug = average leak rate, ft’/min (L/s)
perature and pressure inside the duct or housing being [air density is 0.075 Ib/ft’ (1.201 kg/m’)]
tested. R = gas constant for air
(c) Seal test boundaries and close access doors in the = 53.35 ft-Ib/1b-°R (0.286 k] /kg-K)
normal manner. Do not use temporary sealants, duct T; = absolute temperature at end of test, °R (K)
tape, or similar temporary materials except for sealing T; = absolute temperature at start of test; °R (K)
the tempgrary blank-off panels. V = volume within test boundary, ft* (m?)
(d) Staft the pressurization source and operate until At = time difference, min

the pressyre is 1.25 times the maximum operating pres-

sure (but
sure). Ma
device un|
(0.25°C) f
NOTE: If
is less than
and final t¢
average tes

Pr= (0
Pi = (C
where
OPmax
Py

P;
SCp

(e) Rec
barometri
(f) Rec

sure deca

not to exceed the structural capability pres-
ntain this pressure constant with a flow control
il temperature remains constant within +0.5°F
pbr a minimum of 10 min. Close shutoff valve.
he structural capability pressure for the duct or housing
1.25 times the maximum operating pressure, the initial
5t pressure shall be calculated as follows to achieve an
pressure equal to the maximum operating pressure:

180 X OPpa) + [(1.25 X OPpay) — SCP]
Pmax_pf) + OPmax

maximum operating pressure
final test pressure

initial test pressure

structural capability pressure

brd the initial time, pressure, temperature, arid
c pressure.

brd pressure readings once a minute until'pres-
s to 75% of the maximum operating pressure

or for a miinimum of 15 min [see Note in_(d) above].

(g) Reg
barometri
(h) Cal
in U.S. cu

ord final time, pressure, temperature, and
c pressure.

rulate leak rate from thee following equation
stomary units:

_(Pi Pg v
Quvg = T, <P\R x At x 0.075

For SI {inits, see the*following equation:

RN v
MET\T, T\R x At x 60 x 1.201

|

b — t;

1I-8 ACCEPTANCE CRITERIA

Pressure boundary test(results are acceptable
there are no leaks in excéss-of the limits specified
applicable sections of ASME AG-1 and the owner|
program. If the calculated leak rate exceeds the a
ance criteria spetified in the owner’s test program,
leaks in accordance with one of the techniques ou
in section =9 or II-10.

11-9. “BUBBLE LEAK LOCATION METHOD

(a) Pressurize the test boundary to the maxi
operating pressure for the system.

(b) With the test boundary under continuous
sure, apply bubble solution to areas to be tested. Id
places where bubbles are found, and perform corr
actions.

(c) Following corrective actions, retest in accor
with section II-6 or II-7.

1I-10 AUDIBLE LEAK LOCATION METHOD

when
in the

s test

Ccept-

ocate

tlined

mum
pres-
entify

betive

Hance

(a) Pressurize the test boundary to the maxijmum

operating pressure for the system.
(b) With the test boundary continuously pressul
locate audible leaks (electronic sound detection €
ment optional), and perform corrective actions.
(c) Following corrective action, retest in accor

where

14

with section 1I-6 or 1I-7.

rized,
quip-

Hance
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MANDATORY APPENDIX IlI
HEPA FILTER BANK IN-PLACE LEAK TEST PROCEDURE

GENERAL

lll-5 PROCEDURE

Th

-2

Th
aeros
quali]
lenge
of thg
and
bank

-3

(a)
(b)
with
(c)
fied t
with

-4

(a)

(b)

(c)
testin
beap
light
(
(
(

NOTE
respor|

s procedure is used to leak test HEPA filter banks.

SUMMARY OF METHOD

P system is operated at design flow rate. Challenge
bl is injected upstream of each bank through the
ied injection ports. The concentration of the chal-
aerosol is measured upstream and downstream
e HEPA filter bank. The ratio of the downstream
pstream concentration represents the HEPA filter
leak rate.

PREREQUISITES

Visual inspection of components.

Airflow capacity shall be verified in accordance
para. 5.2.4.2.

The injection and sample locations shall be quali-
provide uniform air-aerosol mixing in accordance
ASME AG-1, Appendix TA-V.

TEST EQUIPMENT

challenge aerosol generator

challenge aerosol measuring/instrument
challenge aerosol (e.g., DQP jaerosol) for in-place
g leak testing of installed HEPA filter systems shall
olydispersed liquid aerosol having an approximate
scattering droplet Size distribution as follows:

1) 99% less than3“um diameter

D) 50% less than 0.7 wm diameter

B) 10% lessthan 0.4 pm diameter

Sample lifie length should be minimized to reduce sample
se time, and the lengths of the lines should be approxi-

mately

equal.

(a) Connect challenge aerosol generatox, to|
tion port.

(b) Place the challenge aerosol-measuting i
sample probes upstream and downstream of
to be tested.

(c) Start the system, andverify stable flow 1]
+10% of design flow rate!

(d) Measure the upstréam and downstreal
background concentration. The preinjection b3
levels shall be stable to ensure correct in
response and shall not interfere with the dete
ity to detect Jeaks in excess of the maximur
by the acceptance criteria.

(e)¢Start the challenge aerosol injection.

(f); Record the upstream and downstream
tions. Repeat until at least three of the reg
stable.

(g) Stop the injection.

(h) Using the final set of readings meeting th
and tolerance criteria, calculate the bank leak
the following equation:

L =100
= 100 (&

where

Cs = downstream concentration
C, = upstream concentration

L = percent of leak

-6 ACCEPTANCE CRITERIA

The acceptance criteria for these inspections
accordance with section 6 and the owner’s test

the injec-

hstrument
the bank

hte within

m aerosol
ckground
strument
tor’s abil-
h allowed

oncentra-
dings are

e stability
rate using

shall be in

program.

15
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MANDATORY APPENDIX IV
ADSORBER BANK IN-PLACE LEAK TEST PROCEDURE

IV-1 GENERAL

(b) Place the challenge gas-measuring instrument

This prpcedure is used to leak test adsorber banks.

IV-2 SUMMARY OF METHOD

The sygtem is operated at design flow rate. Challenge
gas is injected upstream of each bank through the injec-
tion port. [The concentration of challenge gas is measured
upstream|and downstream of the bank. The ratio of the

downstr

m and upstream concentrations represents

the bank Jeak rate.

IV-3 PREREQUISITES

(a) Vis
of adsorb|
recomme

(b) Air
with para

(c) The)
uniform
ASME A

IV-4 TE

(a) cha
(b) cha

IV-5 PR

(a) Cor
port.

al inspection of the components. (If samples
ent are to be taken for laboratory testing, it is
nded to remove such samples at this time.)
low capacity shall be verified in accordance
. 5.2.4.2.

injection port shall be qualified to provide
air-aerosol mixing in accordance with
-1, Appendix TA-V.

5T EQUIPMENT

lenge gas generator
lenge gas-measuring instriument

OCEDURE

nect challenge{gas generator to the injection

sample probes upstream and downstream of the
to be tested.

(c) Start the system, and verify stable flow rat
within +10% of design flow rate.

(d) Measure the upstream and downstream cha
gas background concentration. The, preinjection

bank
e and

lenge
back-

ground levels shall be stable to ehsute correct instryiment

response and shall not interfere\with the detector’
ity to detect challenge gas‘leaks less than the max
allowed by the acceptance criteria.

(e) Start the challenge gas injection.

(f) Record theapstream and downstream conc
tions, as rapidiynas instrument response time a

5 abil-
mum

Pntra-
lows,

until sufficient data have been recorded to allow callcula-

tion of adsorber bank leak rate. Care must be tal
obtain sufficient readings quickly after injection.
(). Terminate challenge gas injection.
¢h) Using the upstream and downstream conc
tion data, calculate the adsorber bank leak rate
the following equation:

L = 100(<
= 100

where

C; = downstream concentration
C, = upstream concentration

L = percent of leak

IV-6 ACCEPTANCE CRITERIA

en to

Pntra-
using

The acceptance criteria for these inspections shall be in

accordance with section 6 and the owner’s test pro

pram.

16
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NONMANDATORY APPENDIX A
CORRECTIVE ACTION GUIDANCE

Corrective action may consist of replacement, repair,

If the cause of the test failure cannot be determined

modification, maintenance, or analysis to demonstrate
that the equipment will fulfill its design function. A
revis¢d set of reference values, as described in para. 3.2,
should be established after the corrective action has been
taken.

Regults of a failed test should not be resolved simply
by a quccessful repetition of the test. A successful repeti-
tion gf the test should be preceded by corrective action.

by inspection or analysis, the corrective actior] may con-
sist of recalibration of test instruments afid syibsequent

retesting. If it is determined that the tesb fai

Ijare is due

to an equipment malfunction, instead of diffictilties with

the test equipment, or test procedure, the

gquipment

should be declared unavailableor service unfil the spe-

cific cause has been detetmined and the
corrected.

ondition
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NONMANDATORY APPENDIX B
CHALLENGE GAS SUBSTITUTE SELECTION CRITERIA

Alternative test agents (challenge gas) may be used

use as one of the following: R-11, R-12, R-112, or R-112a.

to perforr
Mandatot
upon me
(a) Thq
results as
R-112a.
(b) The
vated car
of the fol
(c) The)

sensitivity

n in-place testing of adsorbers, as required in
v Appendix IV, when their selection is based
ting the following characteristics:
test agent gives similar in-place leak test
one of the following: R-11, R-12, R-112, or

test agent has similar retention times on acti-
bons, at the same concentration levels, as one
owing: R-11, R-12, R-112, or R-112a.

test agent has similar lower detection limit
r and precision in the concentration range of

(d) The test agent exhibits chemical and radiol
stability under the test conditions.

(e) The test agent causes no degradationof-the c
and its impregnant(s) or of other nuclear air trea
system components under the test eonditions.

(f) If the alternative test agentwisstoxic, then if
be listed in the National Institute for Occupaf
Safety and Health (NIOSH)<Registry of Toxic Effe
Chemical Substances (RETECS), formerly known
Environmental Protection Agency’s “Toxic Sub{
Control Act” (TSCA)Gnventory for commercial u

bgical

hrbon
fment

shall
ional
cts of
hs the
tance
be.
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NONMANDATORY APPENDIX C
TEST PROGRAM DEVELOPMENT GUIDANCE

C-1 OVERVIEW

Examples of system performance functions, which

Th¢ scope of the periodic in-service test program for
nuclepr air treatment, heating, ventilating, and air condi-
tionifg systems should be developed commensurate
with fhe safety significance of the system performance
functjon(s). The overall depth of the performance-moni-
toring effort should be flexible, with various tests being
addefl, modified, or deleted as results and industry
expetfience warrant. This Nonmandatory Appendix pro-
vides| guidance in developing a test program that will
meet|the requirements of this Standard.

C-2 |DEFINITIONS

Thp following definitions are applicable to this
Nonrhandatory Appendix:

analyyed system configuration: the alignment and condi-
tion (on or off) of various components, hand switches,
contrpls, valves, piping, etc., that have been analyzed as
being capable of accomplishing a specific system
functjon.

analyyed system performance: the predicted performance
as determined in the appropriate analysis-(safety, sys-
tem, pr component analysis) or the adeeptable limit as
definpd in the Technical SpecificatigitBasis. This value is
in thg conservative direction whén related to the design
limit {with the difference between the two defining the
analyjsis margin.

design basis: that information which identifies the specific
functjons to be performed by a structure, system, or
component of a fdcility and the specific values or range
of values chosenfor controlling parameters as reference
bounfls for the/design. These values may be restraints
derivpd ffom generally accepted “state-of-the-art” prac-
tices [forrachieving functional goals or requirements

might be applicable to nuclear air treatmenf, heating,
ventilating, and air conditioning systenis;, irjclude the
following:

(a) provide a habitable environmerit (temjperature,
humidity, filtration, ventilation) for facility pprsonnel

(b) provide an acceptable environment (temperature,
humidity, ventilation) to support equipment dperability
and environmental qualification requirementf

(c) prevent the uncontrolled release of airbgrne radio-
activity and limit offsite dose in accordgnce with
10 CFR 50 Appendix I, 10 CFR 20, and 10 CKR 100

C-3 TEST. PROGRAM DEVELOPMENT

Thie*owner should perform a detailed review of all
design basis documentation applicable to eagh system.
Subsequent to this review, a Test Basis Documént should
be prepared for each nuclear air treatment, hedting, ven-
tilating, and air conditioning system in the |facility to
identify the following:

(a) system performance function(s).

(b) analyzed system configuration for each
performance function.

(c) the critical performance parameters
define acceptable system operation for each
ance function.

(d) the parameter design limits. These are the design
or analysis limits which govern the system pefformance
and bound the system.

identified

that will
perform-

NOTE: The Nuclear Management and Resources (Jouncil, Inc.
(NUMARC) sponsored document “Design Basis|Document
Guidelines,” NUMARC 90-12, October 1990 and USNRC NUREG-
1397, “An Assessment of Design Control Practices pnd Design
Reconstitution Programs in the Nuclear Power Industry,” February
1991 can provide further detail on methods for detefmining the
various design basis functions.

derived from analysis (based on calculation and/or
experiment) of the effects of a postulated accident for
which the structure, system, or component must meet
its functional goals (REF: 10 CFR 50.2).

parameters: the variables or measurable qualities of a
system or component that are used to define acceptable
operation or can be restricted to ensure that performance
remains within design limits.

system performance function: the goal or task that the sys-
tem is required to accomplish or support.

19

C-4 AIR/HYDRONIC SYSTEM BALANCE
VERIFICATION GUIDANCE

Under the scope of the Preoperational Test Program,
all nuclear safety related air treatment, heating, ventilat-
ing, and air conditioning systems are tested, adjusted,
and balanced to the requirements of ASME AG-1,
Section TA. It is not the intent of this Standard to man-
date the reperformance of the initial testing, adjusting,
and balancing program. This Standard, however, does
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Table C-1 Performance Parameters and Parameter Design Limits

Performance Function

Performance Parameters

Parameter Design Limit

C-5.1(a) and (b)

Heat Removal
Total system airflow
Air temperature at coil outlet
Chilled water flow to coil
Chilled water supply temperature
Control room ambient air temperature

Radiation Protection

850,000 Btuh
30,000 SCFM (min.)
60°F (max.)

114 GPM (min.)
45°F (max.)

80°F (max.)

require a
hydronic
related ful

The ke
for perio
is the prq
function(
formance

Outside airflow (pressurization)

Outside airflow

HEPA filter bypass leakage

Adsorber bypass leakage

Adsorbent methyl iodide removal efficiency
Humidity control at adsorber

Control room complex pressure

Isolation damper leakage
Isolation damper closure time
Filter unit total pressure drop

400 SCFM (min.)

900 SCFM (max.)

1% (max.)

1% (max.)

99% (min.)

70% (max.)

+0.25 in. wg (relativeto all
adjacent areas)

Bubbletight at.15 in. wg

25 sec (maxd)

8 in. wg (max.)

periodic verification that the degree of air/
bystem balance necessary to achieve the safety
nctions of the system(s) has been maintained.
 to determining the scope and methodology
lic system air/hydronic balance verification
per initial identification of the critical safety
) of the system and determination of the per-
parameters required to be measured and com-

pared with previously established reference values. The

goal of t}
assurance
being ach

e monitoring effort is to provide reasonable
that the system performance functions are
ieved.

C-5 SAMPLE TEST PROGRAM

Given
HVAC Sy
chilled w
(electric p|
trols, etc.
structured

sample Control"Room Complex Emergency
stem, consisting of a fan, ductwork, dampers,
ater coolingcoils, nuclear air filtration unit
reheater, prefilter, HEPA filters, adsorber), con-
the- System Test Basis Document might be

| as-follows:

C-5.1 System Performance Functions

(a) Provide.a habitable environment for control
complex‘personnel in the event of a design
accidernt.

room
basis

(b)\Maintain the control room complex envirofment

to-enhsure equipment operability.

(c) Limit radiological dose to control room complex

personnel in accordance with GDC-19 requireme

C-5.2 Analyzed System Configuration

To achieve Performance Functions in paras. C;
through (c), one Essential Air Filtration unit in s¢
normal ventilation system isolated, and an ess
chilled water system in service.

C-5.3 (Critical Performance Parameters and
Parameter Design Limits

For critical performance parameters and para
design limits, see Table C-1.

Based upon the identified critical performance p
eters for the sample Control Room Complex Emer|
HVAC System, the periodic in-service test pro
would be appropriate as shown in Table C-2.

hts.

5.1(a)
rvice,
bntial

meter

pram-

gency
gram
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Table C-2 Periodic In-Service Test Programs

Test Applicable

Test Section Test Description to System? Test Frequency
5.2 Fans Yes .
5.2.2 Visual Inspection Yes Q
5.2.3 Pressure Boundary Leak Test Yes 10Y
5.2.4.1 Mechanical Run Test Yes Q
5.2.4.2 Flow Rate Test Yes 2Y
5.2.4.3 Static Pressure Test Yes 2Y
J. L. 5.5 RULGL]UIIGII S}JCC\J TC)I. \IIC) ‘ll
5.2.4.5 Vibration Test Yes Q
5.3 Dampers Yes e
5.3.2 Visual Inspection Yes 2Y,
5.3.3 Leak Test, Damper Seat Yes 2Y
5.3.4.1 Position Indication Test Yes 2Y
5.3.4.2 Exercise Test Yes 2Y
5.3.4.3 Static Timing Test Yes Q
5.3.5.1 Flow Control Test Yes 2Y
5.3.5.2 Fire Damper Test Yes 2Y
5.3.5.3 Dynamic Timing Test Yes 2Y
5.3.5.4 Interlock Test Yes. 2Y
5.4 Duct and Housing Yes L.
5.4.2 Visual Inspection Yes 2Y
5.4.3 Leak Test Yes 10Y
5.5 Refrigeration Equipment Note (1)

5.5.2 Visual Inspection
5.5.3.1 Leak Test, Refrigerant Piping and Cails
5.5.3.2 Leak Test, Hydronic Piping and Cgils
5.5.4.1 Fans
5.5.4.2 Valve Position Indication Test
5.5.4.3 Valve Exercise Test
5.5.5.1 Flow Control Valve Test
5.5.5.2 Mechanical Run Test
5.5.5.3 Performance Test
5.5.5.4 Vibration Test
5.5.5.5 Rotationab\Speed Test
5.6 Conditioning Equipment Note (2)
5.6.2 Visual Inspection
5.6.3 Leak Test, Hydronic Piping and Coils
5.6.4 Component Functional Tests
5.6.5.1 Hydronic System Flow Balance
Verification Test
5.652 Flow Control Valve Test
5.6.5:3 Mechanical Run Test
5.6.5.4 Performance Test
5.6.5.5 Rotational Speed Test
5.6.5.6 Vibration Test
5.6.5.7 Electric Heater Performance Test - -
5.6.5.8 Hydronic Heating and Cooling Yes 2Y
Performance Test
5.7 Moisture Separator, Prefilter, HEPA Filter
Bank
5.7.2 Visual Inspection Yes 2Y
5.7.3.1 Differential Pressure Test Yes ]
5.7.3.2 In-Place Leak Test Yes 2Y

21
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Table C-2 Periodic In-Service Test Programs (Cont’d)

Test Applicable

Test Section Test Description to System? Test Frequency
5.8 Type Il and Type Ill Adsorber Bank R -
5.8.2 Visual Inspection Yes 2Y
5.8.3.1 Differential Pressure Test Yes M
5.8.3.2 In-Place Leak Test Yes 2Y
5.8.3.3 Electric Heater Performance Test Yes 2Y
5.9 Adsorbent
5.9.2 Laboratory Analysis Yes 2Y

[Note (3)]
5.10.1 In-Service Test Requirements Note (4) C
5.10.2 HEPA Filter Bank and Adsorber Bank Yes 2Y
Integrated System Test
5.11 Air System Flow Balance Verification Test Yes 10Y
NOTES:

(1) Refrigeration equipment is scoped and tested with the Essential Chilled Water Systéni.
(2) Conditioning equipment, with the exception of the control room complex Essentidl Cooling Coil, is

scoped and tested with the Essential Chilled Water System.

(3) Laboratory analysis of the adsorbent is required at least every 2 years of, 720 hr of accumulated
service time, whichever is sooner.
(4) Measurements for control room complex pressure and ambient room/temperature are incorporated
into para. 5.10, Integrated System Tests.
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NONMANDATORY APPENDIX D

08-452

ADSORBER BANK IN-PLACE LEAK TEST PROCEDURE USING PULSE MODE

INJECTION WITH CONTINUOUS MONITORS

D-1 GENERAL

Thi

D-5 PROCEDURE
(a)—Connect challenge-gas-generator to

adsorber banks, using continuously
mgnitoring test instruments and pulse
injections.

SUMMARY OF METHOD

he system is operated at design flow
The challenge gas is injected

upstream and downstream of the bank with
thg tracer gas detectors and, if required, on
uitichannel data recorder. Mechanical
legkage is determined from the ratio of
downstream concentration to upstream
cohcentration for each pulse mode
injection. The averages of the mechanical
leaks of the pulses are reported.

D-3 PREREQUISITES

(r) Visual inspection of the
components. (If samplés,of adsorbent are
to |be taken for laboratory testing, it is
regommended to remove such samples at
this time.)

) Airflow‘capacity is verified in
ac¢ordance.with paragraph 5.2.4.2,

)  The injection port is qualified to
provides uniform air-aerosol mixing in
actordance with ASME AG-1, Appendix
TAV:

the injection port.
(b) Ptace the challenge gas constant
monitoring instrument ' sample probes
upstream and downstream of the bank to
be tested.
(c} Connect the multichannel data
recorder to the'dpstream and dpwnstream
continuous ~‘monitoring instryments, if
required.
(d} Start the system, and verify stable
flow sate to be within £ 10% of design flow
rate.
(e} Measure the upstream and dpwnstream
background concentrations.

(f) If the preinjection background levels
interfere, fake actions required to
reduce background concentrations to

an acceptable level before proceeding.
Such actions may include idpntification
and mitigation at the source, such as
degreasing, painting, refrigeration
equipment maintenance activities. In
the absence of point pf source
releases, run the system until
background ievels reach an |acceptable

level.
{g) Inject chalienge gas [for 10-20
seconds (as required). Adjust the

generator and injection time to produce as
a minimum, the predetermined minimum
upstream concentration peak that is within
the linear range of the detector.

{h) Monitor both the upstream and
downstream readings, read and|record the
peak upstream and ownstream
concentration readings. If the jownstream

D-4 TEST EQUIPMENT

{a) Challenge gas generator

{b} Challenge gas constant monitoring
instrument(s).

{c) Multichannel data recorder, if
required

detector peaks at the same time as the
upstream detector, the ratio of the peak
values detected should be used for
calculation of leakage.

if the two detectors do not peak at the
same time, (i.e., the downstream detector
peaks at some time after the peak on the
upstream detector) this may indicate
challenge gas hreakthrough and [/ or
desorption. If this occurs, the use of the
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optional multichannel data recorder may
help in discriminating between a possible
mechanical leak and breakthrough or
desorption.
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L =100 (—-5)
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(i After the initial pulse, aliow
adequate time for the upstream
concentration to decrease and stabilize
prior to each additional pulse. If
necessary, re-zero the detectors between
pulses. Repeat injections at least three
more times and record the upstream and
corresponding downstream concentration
readings.

) Using the upstream and

08-452

Where
Cu = downstream concentration
Cu = upstream concentration
L = percent of leak

D-6 Acceptance Criteria

The acceptance criteria for these

dO{nstrearn—mmmm—dm y
the| adsorber bank leak rate using the
follpwing equations:

Cu

inspections shall be in accoraance with
Section 6 and the owner’s test program,
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Guidance for the Use of a Multichannel Data Recorder to Determine Bank Leakage During
Pulse Testing of an Adsorber Bank

The application of a multichannel data recorder is optional when there is no need to distinguish a
leak from either desorption or breakthrough; but it is recommended to plot the variations in test
agent concentration with time for individual puise tests and to compare the trace for any resulting
leak to that of the leak-identifying upstream concentration.

The use of a data recorder is required when it is difficult to determine whether a leak is present,
prior to rapid desorption, or quick breakthrough of the .

Figures 1|and 2 illustrate how the data recorder may be used to determine whetheraleak is
present under conditions involving quick breakthrough.

Figure 1:
Traces of Challenge Gas Concentration for Pulse Test That Demonstrates No Leak and
Quick Breakthrough
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