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FOREWORD

In 1971, the ANSI N45.8 Committee was organized to develop standards for high reliability air cleaning equipment for
nuclear facilities and corresponding tests to confirm performance of the equipment. Two standards, ASME N509 and

ASME N51

0, were published in 1975 and 1976.

In 1976
Air and G4

design, fabrication, inspection, and testing of air cleaning and conditioning components and appurtenancesfsed in
tems in nuclear facilities. ASME AG-1, approved by the American National Standards Institute\(ANSI) on April

related sys

30,1985 apd issued on February 28, 1986, was the new Code resulting from the increased scope. Thefirst revised ¢
was apprdved by ANSI on May 22, 2017.

This Cofle contains mandatory requirements, specific prohibitions, and nonmandatory guidance for constr
activities. Construction, as used in this Foreword, is an all-inclusive term relating to materijal;:design, fabrication, i

under the accredited organization rules, the Committee was reorganized as the ASME Committee omNuclear
s Treatment. The scope of responsibility increased to include the development of codes and standards for

afety-

dition

iction
spec-

tion, testing, and certification. The Code does not address all aspects of these activities’' and those not specifically
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The Conpmittee on Nuclear Air and Gas Treatment meets regulatly to consider revisions of the Code requirement]
Code requlfirements as dictated by technological development;“Code Cases, and requests for interpretations. O1]
on Nuclear Air and Gas Treatment has the autherity to provide official interpretations of this Code. Requests

Committeq

engineering judgment. The phrase “engineering judgment” refers to techhical judgments made by k
esigners experienced in the application of the Code. Engineering judgments must be consistent with

ser is cautioned to carefully review these Code requirements foxsuitability to specific applications othe
wer and nuclear fuel cycle facilities.

roprietary design.
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for revisiops, new Code requirements, Code Cases, or, interpretations shall be addressed to the Secretary in writing and

shall give full particulars in order to receive consideration and action. (See the Correspondence With the Com

page.)
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CORRESPONDENCE WITH THE COMMITTEE
ON NUCLEAR AIR AND GAS TREATMENT

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interepsts. As such, users of this Code may interact with the Committee by requesting interpretations, proposing revisions
or a cpse, and attending Committee meetings. Correspondence should be addressed to:

Secretary, Standards Committee on Nuclear Air and Gas Treatment
The American Society of Mechanical Engineers

Two Park Avenue

New York, NY 10016-5990

http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Code to incorporateé thanges that appear ndcessary or
desirdble, as demonstrated by the experience gained from the application of-the Code. Approved revisigns will be
publighed periodically.

Theg Committee welcomes proposals for revisions to this Code. Such preposals should be as specific as posdible, citing
the paragraph number(s), the proposed wording, and a detailed description of the reasons for the proposal, indluding any
pertinent documentation.

Proposing a Case. Cases may be issued to provide alternativetules when justified, to permit early implemgntation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases ate effective
immegliately upon ASME approval and shall be posted. on;the ASME Committee web page.

Reduests for Cases shall provide a Statement of Need\and Background Information. The request should iglentify the
Code 3and the paragraph, figure, or table number(s), and be written as a Question and Reply in the same formatjas existing
Cases]Requests for Cases should also indicate thelapplicable edition(s) of the Code to which the proposed Case applies.

Intgrpretations. Upon request, the Standards Committee on Nuclear Air and Gas Treatment (CONAGT) wil] render an
interpgretation of any requirement of the Code. Interpretations can only be rendered in response to a written rgquest sent
to the| Secretary of CONAGT.

Reduests for interpretation should_preferably be submitted through the online Interpretation Submittal |Form. The
form ik accessible at http://go.asme:org/InterpretationRequest. Upon submittal of the form, the Inquirer willlreceive an
autonjatic e-mail confirming-receipt.

If tHe Inquirer is unable/to use the online form, he/she may mail the request to the Secretary of CONAGT af the above
addreps. The request foraninterpretation should be clear and unambiguous. It is further recommended that the Inquirer
submit his/her request-in the following format:

Subje o words
Editio Cite the applicable edition of the Code for which the interpretation is being rqquested.
itable for

Questjon: Phrase the question as a request for an interpretation of a specific requirement qui

g 2 erstanding a z as 2 2 al of 3 ietary design or
situation. Please provide a condensed and precise question, composed in such a way thata
“yes” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Code requirements. If, based on the inquiry information submitted, it is the opinion of the Committee
that the Inquirer should seek assistance, the inquiry will be returned with the recommendation that such assistance be
obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “
device, or activity

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending Committee Meetings. CONAGT regularly holds meetings and/or telephone conferences thatare operfto the
public. Pegsons wishing to attend any meeting and/or telephone conference should contact the Secretary‘ef CONAGT.
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ORGANIZATION OF ASME AG-1

1 GENERAL

The ASME Code on Nuclear Air and Gas Treatment

Section GJ: Filters
Section GK: Mist Eliminators

consipts of Divisions I through IV. All divisions are
broken down into sections designated by two capital

letter}

. Each division is made up as follows:

Divisipn I: General Requirements

w

Divisi
Conl

Section AA: Common Articles

pction AB: System Design Guide

ditioning

ection BA: Fans and Blowers
ection DA: Dampers and Louvers
pction SA:
pction HA: Housings

Ductwork

pction RA: Refrigeration Equipment
pction CA: Conditioning Equipment
ection FA: Moisture Separators

ection FB: Medium Efficiency Filters
ection FC: HEPA Filters

ection FD: Type II Adsorber Cells
ection FE: Type I1I Adsorbers

ection FF: Adsorbent Media

ection FG: Mounting Frames foftAir-Cleaning
Equipment

ection FH: Other Adsorbers

ection FI: Metal Media Filters

ection F]: Low Efficiency Filters

ection FK: Special- HEPA Filters

ection FL: Deep Bed Sand Filters
ection FM: High-Strength HEPA Filters
ction ' FN: Filter Media: High Efficiency

pction [A: Instrumentation and Controls

bn II: Ventilation Air Cleaning and Ventilation Air

Sectiom GMNoble Gas Hotd=tp Media

Division IV: Testing Procedures

Section TA: Field Testing of Air Treatment Systems

Section TB: Field Testing of Gas-Processir

2 SECTIONS

g Systems

Sections are divided.into articles, subartigles, para-
graphs, and, where nécessary, subparagraphs apd subsub-

paragraphs.
3 ARTICLES

Articles are designated by the application lg

tters indi-

catediabove for the sections, followed by Arabic numbers
in units of 1000, such as BA-1000 or RA-20p0. Where

possible, articles dealing with the same {

opics are

given the same number in each section in afccordance

with the following:

Article
Number Title
1000 Introduction
2000 Referenced Documents
3000 Materials
4000 Structural Design
5000 Inspection and Testing
6000 Fabrication, Joining, Welding, Braging,
Protective Coating, and Installafion
7000 Packaging, Shipping, Receiving, Stprage, and
Handling
8000 Quality Assurance
9000 Nameplates and Stamping

Division III: Process Gas Treatment

Section GA:
Section GB:

S
S
S
S
S

Heat Exchangers

Noble Gas Hold-Up Equipment
ection GC: Gas Compressors and Exhausters
ection GE: Hydrogen Recombiners and Igniters
ection GF:
ection GG:

ection GH:

Gas Sampling
Scrubbers
Cyclones

The numbering of articles and the material contained in

the articles may not, however, be consecutive. B

ecause the

complete outline may cover phases not applicable to a
particular section or article, the rules have been prepared

with some gaps in the numbering.

4 SUBARTICLES

Subarticles are numbered in units of 100, such as BA-

1100 or RA-1200.

(19)
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5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as BA-
2130, and generally have no text. When a number such as
BA-1110 is followed by text, it is considered a paragraph.

6 PARAGRAPHS

Paragraphs are numbered in units of 1, such as BA-2131
or RA-2132.

8 SUBSUBPARAGRAPHS

Subsubparagraphs are designated by adding lowercase
letters in parentheses to major subparagraph numbers,
such as BA-1111.1(a) or RA-1111.2(b). When further
subdivisions of minor subparagraphs are necessary,
subsubparagraphs are designated by adding Arabic
numerals in parentheses to the subparagraph designation,
such as BA-1111(a)(1) or RA-1111(a)(2).

7 SUBPARAGRAPHS

Subpardgraphs, when they are major subdivisions of a
are designated by adding a decimal followed
ore digits to the paragraph number, such as
or RA-1111.2. When they are minor subdivi-

9 APPENDICES

he end
brefix.
ofthe
ed by
desig-
M.

Appendices pertaining to each section appear att
of each section and are designated with the'section
Nonmandatory appendices are designated by letters
alphabet, and mandatory appendices ‘are designa
Roman numerals. Metric appendices{carry the same
nators as customary appendices, with the prefix *

xlvi
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ASME AG-1-2019
SUMMARY OF CHANGES

Following approval by the ASME AG Committee and ASME, and after public review, ASME AG-1-2019 was approved by the

Amerjcan National Standards Institute on August 8, 2019.

ASME|AG-1-2019 includes the following changes identified by a margin note, (19).
Page Location Change
xlv Organization of ASME AG-1 Paragraph 1 revised
1 AA-1400 Definitions of manufacturer’s qualified/standard or matgrial and

safe shutdown earthquake editorially revised
27 AA-6324.3 Paragraph editorially revised
27 AA-6324.4 Paragraph editorially reyvised
30 AA-6511 First sentence editorially: revised
39 Table AA-10540-1 Table editorially revised
41 Article AA-A-3000 Editorially revised
50 AA-A-7311 Editorially revised
60 Article AA-C-2000 Editorially~revised
62 Section AB Added
75 BA-1400 Definitions of axial fans, fan arrangement number, inlef/outlet
cones, and stall/surge limit editorially revised
78 BA-4121 Editorially revised
86 BA-A-1400 Editorially revised
91 DA-1480 Definition of fire damper construction editorially revisdd
99 Article DA-9000 Title editorially revised
99 DA-9100 Title editorially revised
102 Figure DA-11,1000-2 Title added
102 Figure DA<II31000-3 Title added
103} Figure-DA-11-1000-4 Title added
103} Figtire DA-I1-1000-5 Title added
104 Figures DA-I1-1000-6 Title added
108 Table DA-A-1000-1 For DA-9000, Item editorially revised
110 SA-1400 (1) Definitions of accessories and grille editorially reviged
(2)-damper-splitter-editorially revised-to-splitter-damper and its

definition editorially revised

115 SA-4410 In subpara. (b), second sentence editorially revised
115 SA-4430 First sentence editorially revised

115 SA-4451 Subparagraphs (c)(1) through (c)(3) editorially revised
116 SA-4455 Added

116 SA-4533 Editorially revised

119 SA-6122 Editorially revised

xlvii
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Page
122

123
126
126
126
133
133

137
142
142
142
143
143
146
147
148
149
150
151
153
154
155
158
158
158
158
160
160
161
167
167
167
168
169
212
218
222
222
226
231

231

Location
Table SA-6400-2

Table SA-6400-3
Article SA-B-1000

Change

In first row, entry in first column corrected by errata to read “Less

than 12”
Definition of t revised
Title added

SA-B-1100 First sentence editorially revised
SA-B-1221 First sentence editorially revised
SA-B-1233 In subpara. (c), reference editorially revised
SA-B-1234 (1) First sentence editorially revised

(2) Reference to CFR editorially revised
SA-B-1330 In third paragraph, second sentence editorially revised
Article SA-C-1000 Title added
SA-C-1100 References editorially revised
SA-C-1210 In subpara. (a)(1), second sentence editdyially revised
SA-C-1300 Second sentence revised

Table SA-C-1300-1
Article HA-2000

HA-4211 Definition of hydrostatic load editorially revised
HA-4220 First paragraph editoridlly ‘fevised

HA-4248 Revised

HA-4434 Last sentence editorially revised

HA-4444 Added

HA-5310 Title editorially revised

HA-6214 Last sentence editorially revised

HA-6312 Editorially revised

Article HA-B-1000 Title added

HA-B-1100 Editorially revised

HA-B-1210 In subpara. (a), second sentence editorially revised
HA-B-1220 Subparagraphs (a) through (c) editorially revised
Article HA-C-1000 Title added

HA-C-1100 Title added

HA-C-1430 Last sentence editorially revised

Article HA-D=1:000 Title added

HA-D-1300 Paragraph HA-D-1330 deleted

HA-D=1350 Second paragraph editorially revised

HA=D-1720 Last sentence editorially revised

Section RA Revised in its entirety

CA'SZZG Ill Dub})dl d. (d), LiuULdLiUll IIidl }\b dl uuud bULUlld SCIILCIILT dt‘l t

Title added
AISI S100 added

Table CA-A-1000-1
Table FA-4100-1
Figure FA-4100-1
FB-1400

FC-1400

Article FC-2000

For CA-9000, Item editorially revised
U.S. Customary symbols for values editorially revised

Callouts editorially revised

In first paragraph, cross-reference editorially revised to AA-1400

(1) Definition of available-to-flow medium area added
(2) Definition of medium face velocity revised
(3) Definition of most penetrating particle size deleted

Revised

xlviii
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Page Location Change

232 FC-3110 Revised
232 FC-3111 (1) Subparagraph (c) corrected by errata to read “B18.21.1/
B18.21.2M

(2) Subparagraphs (e) through (h) deleted
(3) Subparagraphs (i) through (k) revised and redesignated as (e)
through (g)

232 FC-3121 Revised
232 FC-3122 Revised
233 FC-3130 Cross-reference revised
233 FC-3140 Revised
233 FC-3160 Subparagraph (b) editorially revised
233 FC-3170 Added
233 FC-3210 Editorially revised
233 FC-4110 Subparagraph (b) revised
234 Figure FC-4110-1 Revised
234 Figure FC-4110-2 Revised in its entirety
235 Figure FC-4110-3 Revised
233 FC-4130 (1) In subpara. (c), value of crest-to-crest contacts varjation
revised
(2) Value in last'sentence of subpara. (d) revised
237 FC-4141 Revised
237 FC-4142 Revised
237 Figure FC-4142-1 Revised
237 FC-4151 (1)~In subpara. (b), last Celsius temperature revised
(2) In subpara. (c), reference revised
238 FC-4200 Subparagraph (e) revised
238 FC-4300 Revised
238 FC-5100 Revised in ts entirety
239 FC-5130 First pragraph revised
239 FC-5140 Last paragraph revised
240 Table FC-5140:1 Second column revised
240 FC-5160 Second and third paragraphs revised
240 FC-5200 Revised
241 FC-6211 Revised
241 FC-6212 Revised
241 Article FC-7000 Revised
241 Article FC-9000 Title revised
241 FE-9106 Revisedimitsemntirety
242 Mandatory Appendix FC-I Deleted
243 Table FC-A-1000-1 For FC-9000, Item revised
247 FD-4320 Subparagraph (c) editorially revised
249 FD-6400 Editorially revised
249 FD-7300 Subparagraph (b) editorially revised
252 Article FD-11-1000 Title added
252 FD-1I-1300 Definition of test tray assembly editorially revised
252 Article FD-11-2000 In last paragraph, first sentence editorially revised

xlix
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Page
255
256
257
261
263
265
266
268

269
270
270
271
271
273
273
277
278
279
280
284
284
285
294
297
299
301
302
305
306
306
308
308
309
309
310
315
313
317
318
318
318
320
321

Location

Table FD-A-1000-1
FE-1400

FE-4110

FE-4621

FE-9100

Article FE-I1-3000
FE-111-4300

Change

For FD-9000, Item editorially revised
First paragraph revised

Editorially revised

Revised

First sentence editorially revised
Editorially revised

In second paragraph, first sentence editorially revised

Article FE-IV-3000

Figure FE-IV-3000-1
Figure FE-IV-4100-1
FE-IV-4500

Article FE-V-1000
Article FE-V-2000
FE-A-1300
FE-A-1400
FF-5213

Article FF-9000
Table FF-A-1000-1
FG-1200

FG-4220

FG-4310

FG-4330

FH-4230

FH-6400

Table FH-A-1000-1
FJ-1400

FJ-5110

Table FJ-A-1000-1
FK-1330

FK-1400

FK-3130

FK-3T60

EK:3170

Table FK-4111-1

(1) Fifth paragraph and subparas. (a) through (e) editorial
revised
(2) In eighth paragraph, second sentence editorially|revise

Title added

Title added

Last sentence editorially revised

Title added

Last paragraph editorially revised

Editorially revised

Subparagraph (c) editorially<evised
Editorially revised

Title editorially revised

For FF-9000, Item editorially revised
Revised

Editorially:revised

Last paragraph editorially revised

Referehces editorially revised

Third paragraph editorially revised
Editorially revised

For FH-9000, Item editorially revised
Definition of “MERV” deleted

Editorially revised in its entirety

For FJ-9000, Item editorially revised

First sentence editorially revised

Definition of most penetrating particle size deleted
Revised

Subparagraphs (a) and (b) editorially revised
Second sentence editorially revised

U.S. Customary unit for maximum resistance editorially rev

F=4112
Table FK-4112-1
FK-4131
FK-5140
FK-5150
FK-5160
FK-5200
FK-5260
FK-5410

bal} RPN R | 1 1 1l . 1
FITSU AU UIITU pdidgl dPITS TUILUTIAILY TTVISTU

sed

U.S. Customary unit for maximum resistance editorially revised

Editorially revised

Second paragraph editorially revised
Third paragraph editorially revised
Third paragraph editorially revised
Fifth paragraph editorially revised
Third paragraph editorially revised

U.S. Customary unit editorially revised
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Page Location Change

321 FK-5440 Second and fourth paragraphs editorially revised

321 FK-5450 Third paragraph editorially revised

322 FK-5460 Third paragraph editorially revised

323 Article FK-9000 Subparagraph (f) editorially revised

326 FL-1400 Definition of design life editorially revised

326 Article FL-2000 Reference to Industrial Ventilation added

329 FL-4210 Subparagraphs (b), (c), (d), and (e) editorially revised

331 FL-5120 First sentence editorially revised

332 FL-5232 Reference editorially revised

333 FL-6340 Reference editorially revised

335 Mandatory Appendix FL-I Title revised

335 Article FL-1-4000 Title revised

336 FL-1-4200 Subparagraph (b) editorially revised

337 Mandatory Appendix FL-II Title revised

337 FL-11-3100 Subparagraph (c) editorially, révised

337 FL-11-3200 Title revised

343 FL-B-4210 Second sentence editorially revised

345 Section FN Added

354 1A-4110 Editorially revised

358 [A-5220 Editorially révised

358 [A-5230 Editorially*revised

359 [A-6100 Editorially revised

360 [A-9100 Editorially revised

364 Article 1A-C-1000 Title added

366 Article GA-2000 In first paragraph, cross-reference revised

371 GA-4412 Editorially revised

375 GA-5220 Editorially revised

376 GA-6100 Subparagraph (a) editorially revised

377 GA-7100 Subparagraph (d) editorially revised

382 Article GA-B£1000 Title added

384 Article GE-2000 Contents of GC-2100 moved to Article GC-2000 and its
editorially deleted

387 GC4152.1 Title and first sentence editorially revised

387 GG-4211.5 Editorially revised

397 Table GC-A-1000-1 For GC-9400, Item editorially revised

399 Section GD Deleted

400 GE-1400 Detinitions of design-basis accident and thermal/active
recombiner editorially revised

404 GE-4410 Subparagraph (a) editorially revised

411 GE-C-1100 Editorially revised

411 GE-C-1120 Subparagraph (b) editorially revised

415 Section GI Deleted

418 Section GL Deleted

420 GM-5210 Subparagraph (b) editorially revised

420 GM-7100 First sentence editorially revised

li

heading
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421
422
422
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429
429
434
434
437
438
439

439
439
440
444
446
446
446
447
447
447
449
449
449
449
449
450
450
450
452
452
452
453
453
453
454
454
454
454
456
456
456

=2

Location Change

GM-7320 Expression of transmission rate editorially revised

Article GM-9000 Title editorially revised

GM-9100 First sentence editorially revised

GM-B-1200 Editorially reformatted

Article GM-B-5000 Editorially revised

TA-1300 First sentence editorially revised

TA-1400 Definitions of challenge gas and test canister editorially revised

TA-4140 Editorially revised

TA-4160 Editorially revised

TA-4440 First sentence editorially revised

TA-4540 Editorially revised

TA-4550 Last sentence corrected by errata to read “TA=4551 throug
TA-54559”

TA-4560 Editorially revised

Table TA-4610-1

Table TA-4710-1

Article TA-1-1000
Mandatory Appendix TA-II
Article TA-II-1000

Article TA-11-4000
Mandatory Appendix TA-III
Article TA-111-1000

Article TA-111-4000
Mandatory Appendix TA-IV
Article TA-IV-1000

Article TA-IV-2000

Article TA-IV-3000

Article TA-IV-4000
Mandatory Appendix TA<V
Article TA-V-1000

Article TA-V-4000
Mandatory Appendix TA-VI
Article, TAVI-1000
Article.TA-VI-4000
Mandatory Appendix TA-VII
Article TA-VII-1000

First column head editorially reyvised

First column head editorially révised

Title editorially revised

Title revised

Title editorially revised and first sentence revised
Title revised

Title revised

Title editerfally revised and first sentence revised
Title revised

Titlecrevised

Title editorially revised and first sentence revised
Editorially revised

Editorially revised

Title revised and subpara. (c) editorially revised
Title revised

Title editorially revised and first sentence revised
Title revised

Title revised

Title editorially revised and first sentence revised
Title revised

Title revised

Title editorially revised and first sentence revised

Article TA-VII-4000
Mandatory Appendix TA-VIII
Article TA-VIII-4000
TA-VIII-4000

TA-VIII-4100

Nonmandatory Appendix TA-A
Article TA-A-1000

Article TA-A-4000

I'tle revised and subpara. (c) editorially revised
Title revised

Title revised

Title revised

Title revised

Title revised

Revised

Title revised
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457
458
458
458
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Article TA-B-1000
TA-C-1000
TA-C-1100
TA-C-1200

Change

Title editorially added
Title editorially added
Editorially revised
Editorially revised
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Division |
General Requirements

SECTION AA

ARTICLE AA-1000
INTRODUCTION

AA-1100 SCOPE

Thi$ Code provides requirements for the performance,
desigh, fabrication, installation, inspection, acceptance
testing, and quality assurance of equipment used in air
and gas treatment systems in nuclear facilities.

AA-1200 PURPOSE

Theg purpose of this Code is to ensure that equipment
used ip nuclear facilities for air and gas treatment systems
is accegptable in all aspects of design and operation.

AA-1300 APPLICABILITY

Thi$ Code applies only to individual compenents in a
system. This Code does not cover any-functional
system design requirements or sizing‘of complete
systemns, or any operating characteristics of these
systerps. The responsibility for meeting each requirement
of thig Code shall be assigned(to,the Owner or assigned
designee.

The requirements of ASME AG-1 for air and gas treat-
ment [components may.be used for engineered safety
featurjes systems and‘normal systems in nuclear power
generfation facilities, and for air cleaning systems in
other|nuclear\facilities. The design and procurement
speci(iications shall delineate the design, qualification,

and quality assurance requirements appropriate for
the a ?lirqfinn

COMMON ARTICLES

active component: any component’that must [perform a
mechanical motion or change of state during the
course of accomplishing a hutelear safety-related function.

air density: 0.075 1b/f€1.201 kg/m?) for stqndard air.
This correspondscto¥air at a pressure of 2992 in. Hg
(760 mm Hg) at a'temperature of 69.8°F (21fC) with a
specific volunie of 13.33 ft3/lb (0.832 m?/kg).

airflow (cfim, acfm, scfm, acms, scms): expressed in terms of
cubic feet.of air per minute (cfm). Actual cfm [acfm) is a
cubicfoot of air with a density atactual existing ¢onditions.
Standard cfm (scfm) is a cubic foot of air with p standard
density. The terms “acms” and “scms” corregpondingly
apply to cubic meters per second under actual and stan-
dard conditions.

allowable deflection (d,): the deflection resulting from
each of the component loading conditions flefined in
AA-4212.

allowable stress value (S): the maximum stress|limit to be
used in the design.

assembly: two or more devices sharing a common
mounting or supporting structure.

broadband response spectrum: a response speftrum that
describes the motion indicating that multiple|frequency
excitation predominates.

certificate of compliance: a written statement attesting
that the materials are in accordance with spkcified re-
quirements.

certificate of conformance: a document signed or other-
wise authenticated by an authorized individua] certifying

AA-1400 DEFINITIONS AND TERMS

Each Code section shall delineate the definitions and
terms unique to that section. Definitions that have
common application are listed in this Article.

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

the degree to which items or services meet specified re-
quirements.

Certified Material Test Report (CMTR): a document
provided by the Material Manufacturer or Material
Supplier and signed by an authorized individual that
contains sufficient data and information to verify the
physical and chemical properties of the furnished mate-
rial.
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clean air system: an air cleaning system that is designed to
maintain a definite level of air cleanliness within an
enclosed working area.

component: a constituent of any referenced item. For
example, an adsorber is a component of an air cleaning
unit. An air cleaning unit and ducts are components of the
air cleaning system.

component conditions: operating conditions of a compo-
nentreferred to as Service Level A, Service Level B, Service

device: an item, component, or accessory that is used in
connection with, or as an auxiliary to, other items of equip-
ment.

driver: a prime mover that produces rotational power
input to the driven equipment. For the purpose of this
Code, the term driver will be understood to be an AC induc-
tion motor. Other types of drivers are not covered by this
section of the Code.

duct: an air or gas path enclosure.

Level C, orx Service Level D.

contained|space: a building, building space, room, cell,
glove bo¥, or other enclosed volume in which air
supply angl exhaust are controlled.

contamindlted exhaust system: an air cleaning system that
is designgd to remove harmful or potentially harmful
particulatg¢s, mists, or gases from the air or gas exhausted
from a comtained space or process.

contamindlted space: any enclosed or outdoor space with
actual or pgotential airborne concentrations of hazardous
or radioacfive materials that may cause one or both of the
following:
(a) unacceptable damage or dose to personnel and
equipment occupying the space
(b) confamination of other spaces

contamindtion: any unwanted material in the air or on
surfaces. For the purpose of this Code, contamination
is usually pssumed to be hazardous or radioactive.

contamindtion zone: an isolated area that is or that could
become c¢ntaminated and that is designed to facilitate
decontamination.

Contractoit: any organization under contract for-furnishing
items or sgrvices to an organization operating in compli-
ance with this Code. It includes the terms vendor, supplier,
subcontragtor, and Fabricator, and subtiér levels of these
where appropriate, but excludes Material Suppliers and
Material Manufacturers.

decibel (dB): a numerical expression of the relative loud-
ness of a sgund, which is a'dimiensionless quantity, used to
express a level in logarithmic terms of the ratio of a quan-
tity to a referenceAor sound pressure, which is 0.0002
dyne/cm?| for sound power, that reference is 10712 W.

decontamipation: the removal of contamination from the
air or surflaces

effective width: a reduced width of plate that is effective in
carrying loads after the local buckling stress hag been
exceeded. These effective plate regions are adjacent to
stiffeners, or at corners where two 0r more joined
plates stiffen one another. Forty to fifty)plate thickhesses
are normally considered as effective in acting with the
stiffeners.

Engineer: as used in this doeirment, the Engineerlis the
individual or organization~designated by the Owher to
be responsible for the eriginal design or modififation
to the original design of air and gas treatment syptems,
and is responsible for determining the performancq para-
meters for the'System.

engineered-safety feature (ESF): a nuclear air treatment
system,(HVAC system, gas processing system, or cpmpo-
nentthat serves to control and limit the consequerjces of
releases of energy and radioactivity.

equipment: all HVAC components, including ducfwork,
housings, plenums, fans, cleaning and refrigefation
devices, dampers, and structural supports.

Fabricator: as used in this Code, this term refers [to the
organization that assembles, forms, or constructs cpmpo-
nents for use in air or gas treatment systems for the wner
or the Owner’s designee. Fabricators receive materihls for
fabrication from a Material Supplier and Material Manu-
facturer.

floor acceleration: the acceleration of a particular byilding
floor (or equipment mounting) resulting from the motion
of a given earthquake. The maximum floor acceleration is
obtained from the floor response spectrum as thelaccel-
eration at high frequencies (in excess of 33 Hz) pnd is
sometimes referred to as the ZPA (zero period acdelera-
tion).

full-load heat run: a test to determine the driver tempera-

design specification: a concise document defining technical
requirements in sufficient detail to form the basis for a
product, material, or process that indicates, when appro-
priate, the procedure or means that determines whether
or not the given requirements are satisfied. The design
specification includes requirements for performance
and testing.

design working pressure: the maximum allowable working
pressure for which a specific part of a system is designed.

turerise. The driver mustbe run at full load until the driver
temperature stabilizes. Driver winding temperatures are
then taken, or resistance of the windings is taken and the
temperature calculated.

ground acceleration: the acceleration of the ground
resulting from the motion of a given earthquake. The
maximum ground acceleration is obtained from the
ground response spectrum as the acceleration at high
frequencies (in excess of 33 Hz).
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harsh environment: an adverse environment caused by a
postulated design accident event that results in more
severe environmental conditions than would normally
be expected had the accident event not occurred.

hold points: pre-established critical steps in manufac-
turing and testing that require the manufacturer to
advise the QAR (quality assurance representative)
before proceeding further with the work, subject to
the approval of the work up to that point by the QAR.
The i

e hold point except by written agreement from
rchaser or authorized agent.

housing: a duct section that contains one or more compo-
nents| each of which may be used for moving, cleaning,
heatinjg, cooling, humidifying, or dehumidifying the air
or gag stream.

interspace: any space other than the contaminated space
or the protected space where the air cleaning system or
parts may be located. The interspace may be considered
contaminated if its concentration of airborne contamina-
tion islhigher than the concentration inside that part of the
air clganing system located within the interspace. The
interspace may be considered clean if its concentration
of airjorne contamination is lower than the concentration
insidelthe partof the air cleaning system located within the
interspace.

leak tightness: the condition of a component, unit, or
system where leakage through the pressure boundary
isless|than a specified value at a specified differentialpres-
sure.

low cycle fatigue: a progressive fracture or cumulative
fatigup of a material that may occur in lessthan 1,000
cycleg due to a localized stress concentration.

manufacturer’s qualified standard ersmaterial: a standard
or maEerial used by a particular manufacturer that is not
identifiable to an industry-recegnized standard. Where
this type of standard or material is used, proof of accept-
ability will be demonstrated by the manufacturer’s design
calculptions or tests:

Materfial Manufacturer: as used in this Code, this term
referq to an ptganization that certifies that metallic or
nonmetallicsmaterial furnished is in compliance with re-
ents/of the basic material specifications. In addi-

controls one or more of the operations that affect the
material properties required by the material specification,
and verifies the satisfactory completion of all the require-
ments of the material specification performed prior to that
certification.

Material Supplier: as used in this Code, this term refers to
an organization that supplies metallic or nonmetallic
material produced and certified by Material Manufac-
turers, but does not perform any operations that affect

the material properties required by the material specifi-
cation.

maximum deflection value (d,,.): the maximum deflection,
including equipment tolerances, that can be sustained
without impairing system function.

narrow band response spectrum: a response spectrum that
describes the motion indicating that a single frequency
excitation predominates.

ear—elastic
structure will tend to vibrate once it has beg¢n set into
motion. A structure can possess many natural frequencies.
The lowest of these is called the fundamental natural
frequency. Each natural frequency'is associated with a
mode shape of deformation.

nuclear safety function: a term applying to any component,
system, or structure performihg a function thdt is neces-
sary to ensure

(a) the integrity\of the reactor coolant|pressure
boundary or primary coolant boundary

(b) the capability to shut down the reactor|and main-
tain it in a.$afe shutdown condition

(c) the €apability to prevent or mitigate the conse-
quences,of plant conditions that could result ip potential
offsite“exposures

octave: the interval between any two frequendies having
the ratio 2:1.

operating basis earthquake (OBE): the earthquake that,
considering the regional and local geology and Jeismology
and specific characteristic of local subsurfac¢ material,
could reasonably be expected to affect the|plant site
during the operating life of the plant. It is that darthquake
which produces the vibratory ground motion|for which
those functions of the plant necessary for spbsequent
operation without undue risk to the health and safety
of the public are designed to remain functiongl.

Owner: the organization legally responsiblle for the
construction and/or operation of a nucledr facility,
including, but not limited to, one who has applied for,
or who has been granted, a construction permjit or oper-
ating license by the regulatory authority having lawful
jurisdiction.
performance test: a test made on an individual production
item or lot of a product to verify its performande in accor-

periodic maintenance: regularly scheduled equipment
upkeep.

plenum: a section of duct in the airflow path that has a
sufficient cross-sectional area and depth to cause substan-
tial reduction in flow velocities. The plenum may contain
flow adjustment devices and may collect and distribute
several air or gas streams.
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protected space: any enclosed or outdoor space that has its
concentrations of airborne toxic or radioactive materials
limited to acceptable levels by action of a cleaning system.

quality control administration: the management and docu-
mentation that ensures that the specified quality control
examination is performed.

quality control examination: the comparison of the
physical, chemical, or other characteristics of a material,
component, part, or appurtenance to specified acceptance

sound power level (L,,): the amount of power radiated from
a noise source relative to a reference power level. In deci-
bels, itis 10 times the logarithm to the base 10 of the ratio
of the acoustic power in watts to the reference power. The
reference power is 10712 w.

L= 10logW/10™ 12

stiffeners: internal or external members used to reinforce
duct, housing, and plenums, which may be used to

standards

required rgsponse spectrum (RRS): the response spectrum
issued by the user or the user’s agent as part of the user’s
specificatipn for proof testing, or artificially created to
cover futufe applications. The RRS constitutes a require-
ment to b met.

resonance]a structural response to a dynamic input, char-
acterized|by vibration of the structure at its natural
frequency.

response pectrum: a plot of the maximum response of
single degree of freedom bodies, at a damping value
expressed| at a percent of critical damping of different
natural frequencies, when these bodies are rigidly
mounted |on the surface of interest (that is, on the
ground fdr the ground response spectrum or on the
floor for[the floor response spectrum) when that
surface is pubjected to the motion of a given earthquake
as modifidd by an intervening structure.

safe shutdown earthquake (SSE): the earthquake that
produces [the maximum vibratory ground motion for
which stryctures, systems, and components are designed
to perforny their nuclear safety function. It is based upon
evaluation| of the maximum earthquake potential consid-
ering regignal and local geology and seismology and spe-
cific characteristics of local subsurface-material.

service factor: the allowable loadingabove the nameplate
rating at which the driver may be operated without
exceeding the designated,temperature rise of the
driver. Sefvice factor denotes the safety margin built
into a driver.

shutdown:|the procedure of making a reactor subcritical or
the state ¢f a reactor in a subcritical condition.

single failyre: @random occurrence that results in loss of
capability pf'a’component to perform its intended nuclear

transmit loads and reactions to supports.

structural analysis report: a document that, through the
use of applicable and recognized matheniatical tpchni-
ques, verifies the equipment underhconsidegation
possesses sufficient structural integrity to witlstand
the specified combination of notmal, abnormal, and
design basis event loads. Accéptance criteria shall be
defined by the design specifieation.

structures and supports:\the’ entire range of strulctural
elements used to fill either or both functions of cafrying
the weight of components or providing them with|struc-
tural stability. The*term includes hangers, whi¢h are
generally considered to be those elements that|carry
the weightftem above with the supporting members
being mainly in tension. Likewise, the term in¢ludes
supports that carry the weight from below with the
supporting members being mainly in compressioh. The
térm also includes spring-loaded sway braces, snupbers,
and other devices used to provide structural stability
during any of the specified operating conditions.

test response spectrum (TRS): the response that is
constructed using analysis or derived using speftrum
analysis equipment based on the actual motion jpf the
test machine.

total enclosed, air over (TEAOQ): a driver intendg¢d for
cooling by a minimum flow of air over the driver

water gauge: the measure of pressure expressed as height
of water column in inches or millimeters.

witness points: operations in manufacturing and testing
that require the manufacturer to advise thd QAR
before proceeding further so that the subsequent ¢pera-
tion may be witnessed by the QAR.

ARTICLE AA-2000

safety function. Multiple failures resulting from a single
occurrence are considered to be a single failure.

sound: an alteration in pressure, stress, particle displace-
ment, and particle velocity that is propagated in an elastic
material, or the superposition of such propagated altera-
tions.

sound power: the total energy radiated by a source per unit
of time.

REFERENCED DOCUMENTS

Each Code section shall delineate the referenced docu-
ments applicable to that section. References applicable to
Section AA or that have common application are listed in
this section. Unless otherwise shown or noted, the latest
edition and addenda are applicable. Individual facilities
may be designed to different editions and addenda of
the documents than those listed below. It is the respon-
sibility of the end user to reconcile the design basis edition


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

and addenda of these documents to the editions and
addenda provided herein.

AISC 325, Steel Construction Manual, 13th edition

Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings, ninth edition

Publisher: American Institute of Steel Construction (AISC),
130 East Randolph Street, Suite 2000, Chicago, IL 60601
(www.aisc.org)

ASTM D4227-2005, Standard Practice for Qualification of
Coating Applicators for Application of Coatings to
Concrete Surfaces

ASTM D4228-2005, Standard Practice for Qualification of
Coating Applicators for Application of Coatings to Steel
Surfaces

ASTM D4537A-2004, Standard Guide for Establishing
Procedures to Qualify and Certify Personnel Performing
Coating and Lining Work Inspection in Nuclear Facil-
ities

AISI Iruu-ua, Cold-Formed Steel Design Manual, 2003
edifion

Publigher: American Iron and Steel Institute (AISI), 2000
Town Center, Southfield, MI 48075 (www.steel.org)

ASHRAE 52.2, Method of Testing General Ventilation Air-
Cledning Devices for Removal Efficiency by Particle Size

ASHRAE Terminology: A Comprehensive Glossary of
Terms for the Built Environment, www.ashrae.org/
ashfaeterms

Publigher: American Society of Heating, Refrigerating and
Air{Conditioning Engineers, Inc. (ASHRAE), 1791 Tullie
Cirgle, NE, Atlanta, GA 30329 (www.ashrae.org)

ASME|B31.1, Power Piping

ASME]| Boiler and Pressure Vessel Code (“ASME BPVC”)
Section II, Materials
Section III, Rules for Construction of Nuclear Facility
Components
Section V, Nondestructive Examination
Section VIII, Rules for Construction of Pressure Vessels,
Division 1
Section IX, Qualification Standard for Welding, Brazing,
and|Fusing Procedures; Welders; Brazers;and Welding,
Braping, and Fusing Operators

ASMH NQA-1, Quality Assurance Requirements for
Nudlear Facility Applications

Publigher: The American Society of-Mechanical Engineers
(ASME), Two Park Avenue,-New York, NY 10016-5990
(wyw.asme.org)

ASNT| SNT-TC-1A-2006, Recommended Practice for
Perponal Qualifieation and Certification in Nondestruc-
tive Testing

Publidher: Anjetican Society for Nondestructive Testing
(AYNT) 1711 Arlingate Lane, P.O. Box 28518,
Colyimbus, OH 43228-0518 (www.asnt.org)

ASTM D5161A-2004, Standard Guide fof)Specifiying
Inspection Requirements for Coating ahd Lining
Work (Metal Substrates)

ASTM E165-2009, Standard Practice for Liquid| Penetrant
Examination for General Industhy

Manual of Coating Work for Light-Water Nuclear Power
Plant Primary Containment and Other Safety-Related
Facilities, first edition,"Chapter 8, 1979

Publisher: American-Seciety for Testing and| Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astmorg)

AWS A2:4-2007, Standard Symbols for Weldinjg, Brazing,
and*Nondestructive Examination
AWS/A3.0-2001, Standard Welding Terms and Definitions
Including Terms for Adhesive Bonding| Brazing,
Soldering, Thermal Cutting, and Thermal Spraying
AWS A5.8/A5.8M-2004, Specification for Filler|Metals for
Brazing and Braze Welding
AWS C1.1/C1.1M-2000 (R2006), Recommendefl Practices
for Resistance Welding
AWS C3.3-2008, Recommended Practices for Design,
Manufacture, and Examination of Criticpl Brazed
Components
AWS D1.1/D1.1M-2008, Structural Welding Cofle — Steel
AWS D1.3/D1.3M-2008, Structural Welding Codle — Sheet
Steel
AWSD1.6/D1.6M-2007, Structural Welding Code — Stain-
less Steel
AWS D9.1/D9.1M-2007, Sheet Metal Welding|Code
AWS 749.1-2005, Safety in Welding, Cutting pnd Allied
Processes
Publisher: American Welding Society (AWS), 8669 NW 36
Street, No. 130, Miami, FL 33166 (www.aws.org)

DOE HDBK-1 150-')(\(\'2, Nuclear-Air Cleaning Handbook

ASTM A370A-2007, Standard Test Methods and Defini-
tions for Mechanical Testing of Steel Products

ASTM A380-2006, Standard Practice for Cleaning,
Descaling, and Passivation of Stainless Steel Parts,
Equipment, and Systems

ASTM D3843-2000 (R2008), Standard Practice for Quality
Assurance for Protective Coatings Applied to Nuclear
Facilities

Publisher: U.S. Department of Energy, 1000 Independence
Avenue SW, Washington, DC 20585 (www.energy.gov)

ERDA 76-21 (1976), Nuclear Air Cleaning Handbook
Publisher: National Technical Information Service, 5301
Shawnee Road, Alexandria, VA 22312 (www.ntis.gov)

IEEE 112-2004, Standard Test Procedure for Polyphase
Induction Motors and Generators
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IEEE 323-2003, Qualifying Class 1E Equipment for
Nuclear Power Generating Stations

IEEE 334-2006, Standard for Qualifying Continuous Duty
Class 1E Motors for Nuclear Power Generating Stations

IEEE 344-2004, Recommended Practice for Seismic Quali-
fication of Class 1E Equipment for Nuclear Power
Generating Stations

Publisher: Institute of Electrical and Electronics Engi-
neers, Inc. (IEEE), 445 Hoes Lane, Piscataway, NJ

The ASME or ASTM numbers for acceptable materials
designate a chemical composition and a material thickness
limit. A grade designation is usually required to determine
the minimum strength of the material. If the specific grade
material has an assigned minimum yield and tensile
strength, these values shall be used for design purposes.
If values have not been established and assigned, then
tests in accordance with the procedures outlined in
ASTM A370 shall be performed to obtain these values.

08854 (wuwieee org)

NCIG-01, Yisual Weld Acceptance Criteria for the Struc-
tural Welding at Nuclear Power Plants, Revision 2
NCIG-03, [raining Manual for Inspectors of Structural
Welds at Nuclear Power Plants Using the Acceptance
Criteria|of NCIG-01, Revision 1

Publisher] Nuclear Construction Issues Group (NCIG);
Department of Energy, Office of Scientific and Technical
Informption, P.0. Box 62, Oak Ridge, TN 37831
(www.opti.gov)

NEMA MG+1-2006, Motors and Generators

Publisher:|National Electrical Manufacturers Association
(NEMA), 1300 North 17th Street, Rosslyn, VA 22209
(www.nlema.org)

PS 1-07, Sgructural Plywood

Publisher| APA — The Engineered Wood Association
(formerly American Plywood Association), 7011
South 1Pth Street, Tacoma, WA 98466 (www.apawoo-
d.org)

SSPC-SP 1P, Near-White Metal Blast Cleaning
Publisher:|The Society for Protective Coatings (SSPCJ, 800
Trumbull Drive, Pittsburgh, PA 15205 (www.sspc.org)

UL 586, UL Standard for Safety High-Efficiency, Particu-
late, Air] Filter Units

UL 900, UL Standard for Safety Aif Eilter Units

Publisher| Underwriters’ Labotatories, Inc. (UL), 333
Pfingst¢n Road, Northbrook, IL 60062-2096; Order
Addresd: Comm 2000, 1L51°Eastern Avenue, Bensenville,
IL 6010p (www.ul.com)

ARTICLE AA-3000
MATERIALS

Results of mill-certified tests pprfnrmpd as abhave esig-
nating these values shall be calculated by the proegdures
in Article AA-4000.

AA-3200 MATERIAL SUBSTITUTION

Substitute materials may be used-provided they are
equivalent to or exceed the statéd requirements. Ir] addi-
tion, other materials permitted\by Section III of the]ASME
Boiler and Pressure Vessel ‘€ode (hereafter referredl to as
ASME BPVC) are acceptdble materials. The maferials
selected shall be evaluated for suitability with sprvice
conditions and compatibility with other material$ used
in the system or‘component.

AA-3300<MATERIAL TESTING

When-required by the design specification, material
shall be tested in accordance with the applicable material
specification. Supplemental material testing, [when
required, shall be performed in accordancel with
Article AA-3000.

AA-3400 CERTIFICATION OF MATERIALS

The design specifications shall require that Mjterial
Manufacturers or Material Suppliers provide Certified
Material Test Reports for all pressure boundary and|struc-
tural materials required for proper function of the air
system components. Specific requirements or add{tional
requirements or both may be provided in each| Code
section.

All other components used in the constructjon of
components and accessories shall be provided yith a
Manufacturer’s certificate of conformance coveripg the
ASME, ASTM, or other material specification, grade,
and class, if applicable.

AA-3100 GENERAL

Materials of construction for all components and acces-
sories shall conform to the ASME or ASTM material speci-
fications listed in Table AA-3100-1. The latest edition of
the material specification should be used, unless other-
wise specified.

Each section of this Code may also delineate material
requirements applicable to that section.

ARTICLE AA-4000
STRUCTURAL DESIGN

AA-4100 SCOPE

This Article contains the minimum requirements for
structural design of equipment for which this Code is ap-
plicable. Nonmandatory Appendices AA-A through AA-C
contain guidance on implementing these rules.
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Table AA-3100-1 Allowable Materials

ASME ASTM
Designator Designator Publication Title
Carbon Steel Plate, Sheet, and Strip
SA-36/SA-36M A36/A36M Standard Specification for Carbon Structural Steel
A242/A242M Standard Specification for High-Strength Low-Alloy Structural Steel
SA-283/SA-283M A283/A283M Standard Specification for Low and Intermediate Tensile Strength Carbon Steel
Plates
SA-285/SA-285M A285/A285M Standard Specification for Pressure Vessel Plates, Carbon Steel, Low- and
TteTTITedtate-Tenstie Strengt
SA-414/SA-414M A414/A414M Standard Specification for Steel, Sheet, Carbon, and High-Strength, Low-Alloy
for Pressure Vessels
A514/A514M Standard Specification for High-Yield-Strength, Quenched and Temppred Alloy
Steel Plate, Suitable for Welding
SA-515/SA-515M A515/A515M Standard Specification for Pressure Vessel Plates,\Carbon Steel, for
Intermediate- and Higher-Temperature Serviceé
SA-516/SA-516M A516/A516M Standard Specification for Pressure Vessel Plates, Carbon Steel, for Moderate-
and Lower-Temperature Service
SA-568/SA-568M A568/A568M Standard Specification for Steel, Sheét;Carbon, Structural, and Hight-Strength,
Low-Alloy, Hot-Rolled and Cold<Rolled, General Requirements fpr
A606 Standard Specification for Steel,"Sheet and Strip, High-Strength, Lpw-Alloy,
Hot-Rolled and Cold-Rolled;, with Improved Atmospheric Corrogion
Resistance
A635/A635M Standard Specificatioeh.for Steel, Sheet and Strip, Heavy-Thickness (oils, Hot-
Rolled, Alloy, Garben, Structural, High-Strength Low-Alloy, and High-
Strength Low-Alloy with Improved Formability, General Requirgments for
A653/A653M Standard Speécification for Steel Sheet, Zinc-Coated (Galvanized) or]Zinc-Iron
Alloy-Coated (Galvannealed) by the Hot-Dip Process
A659/A659M Standdrd Specification for Commercial Steel (CS), Sheet and Strip, Caybon (0.16
Maximum to 0.25 Maximum Percent), Hot-Rolled
A879/A879M Standard Specification for Steel Sheet, Zinc Coated by the Electrolytic Process
for Applications Requiring Designation of the Coating Mass on Eafh Surface
SA-1j008/SA-1008M A1008/A1008M Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, Structyral, High-
Strength Low-Alloy, High-Strength Low-Alloy with Improved Fdrmability,
Solution Hardened, and Bake Hardenable
SA-1j011/SA-1011M A1011/A101TM Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, $tructural,
High-Strength Low-Alloy, High-Strength Low-Alloy with Improved
Formability, and Ultra-High Strength
Carljon Steel Forgings and-€astings
A27/A27M Standard Specification for Steel Castings, Carbon, for General Application
A148/A148M Standard Specification for Steel Castings, High Strength, for Strucfural
Purposes
SA-216/SA-216M A216/A216M Standard Specification for Steel Castings, Carbon, Suitable for Fusiof Welding,
for High-Temperature Service
A668/A668M Standard Specification for Steel Forgings, Carbon and Alloy, for Ggneral

Industrial Use

Carbon Steel Pipe, Tubing, and Fittings

SA-53/SA-53M

SA-105/SA-105M
SA-106/SA-106M

SA-134

SA-135
SA-181/SA-181M

A53/A53M

A105/A105M
A106/A106M

A134

A135/A135M
A181/A181M

Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,
Welded and Seamless

Standard Specification for Carbon Steel Forgings for Piping Applications

Standard Specification for Seamless Carbon Steel Pipe for High-Temperature
Service

Standard Specification for Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS
16 and Over)

Standard Specification for Electric-Resistance-Welded Steel Pipe

Standard Specification for Carbon Steel Forgings, for General-Purpose Piping
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Table AA-3100-1 Allowable Materials (Cont’d)

ASME ASTM
Designator

Designator

Publication Title

Carbon Steel Pipe, Tubing, and Fittings (Cont’d)

Standard Specification for Forged or Rolled Alloy and Stainless Steel Pi

pe

Flanges, Forged Fittings, and Valves and Parts for High-Temperature Service

Standard Specification for Seamless Carbon-Molybdenum Alloy-Steel Boiler

and Superheater Tubes

Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy

Steel for Moderate-and-Hich Temperature-Service.
o3 1 3¢

SA-182/SA-182M A182/A182M
SA-209/SA-209M A209/A209M
SA-234/SA-234M A234/A234M
SA-335/SA-335M A335/A335M
SA-420/SA-420M A420/A420M
SA-450/SA-450M A450/A450M
A519
SA-530/SA-530M A530/A530M
Structurdl Carbon Steel Bars and Shapes
SA-36/SAr36M A36/A36M
A108
A500/A500M
A501
A510/A510M
A575
A576
A588/A588M
Stainless|Steel Plate, Sheet, and Strip
SA-240/SA-240M A240/A240M
SA-480/SA-480M A480/A480M
SA-666 A666
Stainless|Steel Forgings and Castings
SA-217/SA-217M A217/A217M
SA-351/S
SA-484/SA-484M A484/A484M
A743/A743M
A744/A744M

Stainless Steel Pipe, Tubing, and Fittings

SA-213/SA-213M A213/A213M

Standard Specification for Seamless Ferritic Alloy-Steel Pipe for High*
Temperature Service

Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy

Steel for Low-Temperature Service

Standard Specification for General Requirements for Carbpn, and Low Alloy

Steel Tubes
Standard Specification for Seamless Carbon and Allgy,Steel Mechanical Ty

Standard Specification for General Requirements for Specialized Carbon
Alloy Steel Pipe

Standard Specification for Carbon, Structural Steel
Standard Specification for Steel Bar, Carbon and Alloy, Cold-Finished

Standard Specification for\Celd-Formed Welded and Seamless Carbon
Structural Tubing in“Reunds and Shapes

Standard Specificatiot’ for Hot-Formed Welded and Seamless Carbon S|
Structural Tubing

Standard Specification for General Requirements for Wire Rods and Cd
Round Wire, Carbon Steel, and Alloy Steel

bing

and

teel
eel

arse

Standard Specification for Steel Bars, Carbon, Merchant Quality, M-Grafles

Standard Specification for Steel Bars, Carbon, Hot-Wrought, Special Quplity

Standard Specification for High-Strength Low-Alloy Structural Steel, up

o0 50

ksi [345 MPa] Minimum Yield Point, with Atmospheric Corrosion Resistance

Standard Specification for Chromium and Chromium-Nickel Stainless Sgeel

Plate, Sheet, and Strip for Pressure Vessels and for General Applicat

Standard Specification for General Requirements for Flat-Rolled Stainles
Heat-Resisting Steel Plate, Sheet, and Strip

ons

and

Standard Specification for Annealed or Cold-Worked Austenitic Stainless Fteel

Sheet, Strip, Plate, and Flat Bar

Standard Specification for Steel Castings, Martensitic Stainless and Alloy
Pressure-Containing Parts, Suitable for High-Temperature Service

, for

Hmg-Parts

Standard Specification for General Requirements for Stainless Steel Bars,

Billets, and Forgings

Standard Specification for Castings, Iron-Chromium, Iron-Chromium-Nickel,

Corrosion Resistant, for General Application

Standard Specification for Castings, Iron-Chromium-Nickel, Corrosion
Resistant, for Severe Service

Standard Specification for Seamless Ferritic and Austenitic Alloy-Steel Boiler,

Superheater, and Heat-Exchanger Tubes
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Table AA-3100-1 Allowable Materials (Cont’d)

ASME ASTM
Designator Designator Publication Title

Stainless Steel Pipe, Tubing, and Fittings (Cont’d)

A269 Standard Specification for Seamless and Welded Austenitic Stainless Steel
Tubing for General Service
SA-312/SA-312M A312/A312M Standard Specification for Seamless, Welded, and Heavily Cold Worked
Austenitic Stainless Steel Pipes
SA-376/SA-376M A376/A376M Standard Specification for Seamless Austenitic Steel Pipe for High-
Temberature-Service.

SA-403/SA-403M A403/A403M Standard Specification for Wrought Austenitic Stainless Steel, Pipirg Fittings
SA-450/SA-450M A450/A450M Standard Specification for General Requirements for Carbényand Low Alloy
Steel Tubes

A511 Standard Specification for Seamless Stainless Steel Mechanical Tuping and
Hollow Bar
A554 Standard Specification for Welded Stainless Steel Mechanical Tubing
A632 Standard Specification for Seamless and Weldéd Austenitic Stainl¢ss Steel
Tubing (Small-Diameter) for General-Service
Stainless Steel Structural Bars and Shapes
SA-276 A276 Standard Specification for Stainless Steel Bars and Shapes
SA-479/SA-479M A479/A479M Standard Specification forStaihless Steel Bars and Shapes for Use in Boilers and
Other Pressure Vesséls
A493 Standard Specification'for Stainless Steel Wire and Wire Rods for Cold Heading
and Cold Forging
A555/A555M Standard Specification for General Requirements for Stainless Stee} Wire and
Wire Rods
A580/A580M Standard'Specification for Stainless Steel Wire
A581/A581M Standard Specification for Free-Machining Stainless Steel Wire and Wire Rods
A582/A582M Standard Specification for Free-Machining Stainless Steel Bars
Cast{Iron
SA-47 /SA-47M A47/A47M Standard Specification for Ferritic Malleable Iron Castings
A48/A48M Standard Specification for Gray Iron Castings
Al126 Standard Specification for Gray Iron Castings for Valves, Flanges, pnd Pipe
Fittings
SA-536 A536 Standard Specification for Ductile Iron Castings
Nonferrous Alloys
B3 Standard Specification for Soft or Annealed Copper Wire
B8 Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard,
Medium-Hard, or Soft
SB-26/SB-26M B26/B26M Standard Specification for Aluminum-Alloy Sand Castings
B33 Standard Specification for Tin-Coated or Annealed Copper Wire for] Electrical
Purposes
SB-612 BG62 Standard Qpnm’ﬁ'r‘nrinn for f‘nmpncifinn Bronze or Qunce Metal (‘gstings
B68/B68M Standard Specification for Seamless Copper Tube, Bright Annealed
B75/B75M Standard Specification for Seamless Copper Tube
B88 Standard Specification for Seamless Copper Water Tube
B88M Standard Specification for Seamless Copper Water Tube (Metric)
SB-98/SB-98M B98/B98M Standard Specification for Copper-Silicon Alloy Rod, Bar and Shapes
B105 Standard Specification for Hard-Drawn Copper Alloy Wires for Electric
Conductors
SB-108 B108 Standard Specification for Aluminum-Alloy Permanent Mold Castings
B122/B122M Standard Specification for Copper-Nickel-Tin Alloy, Copper-Nickel-Zinc Alloy

(Nickel Silver), and Copper-Nickel Alloy Plate, Sheet, Strip, and Rolled Bar
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Table AA-3100-1 Allowable Materials (Cont’d)

ASME ASTM
Designator Designator Publication Title
Nonferrous Alloys (Cont’d)
SB-152 B152/B152M Standard Specification for Copper Sheet, Strip, Plate, and Rolled Bar
SB-187/SB-187M B187/B187M Standard Specification for Copper, Bus Bar, Rod, and Shapes and General
Purpose Rod, Bar, and Shapes
B206/B206M Standard Specification for Copper-Nickel-Zinc (Nickel Silver) Wire and Copper-
Nickel Alloy Wire
SB-209 B209 Standard - Speciiicatton for ATUITHTUIT and Atumimum-Attoy - sheet andPjate
B209M Standard Specification for Aluminum and Aluminum-Alloy Sheet and P|ate
(Metric)
SB-210 B210/B210M Standard Specification for Aluminum and Aluminum-Alloy Drawh Seanpless
Tubes
SB-211 B211/B211M Standard Specification for Aluminum and Aluminum-Alloy Rolled or Cqld
Finished Bar, Rod, and Wire
SB-221 B221 Standard Specification for Aluminum and Alumintmi-Alloy Extruded Bdrs,
Rods, Wire, Profiles, and Tubes
B221M Standard Specification for Aluminum andAluminum-Alloy Extruded Bdrs,
Rods, Wire, Profiles and Tubes (Metric)
B250/B250M Standard Specification for General Requirements for Wrought Copper Alloy
Wire
SB-308/SB-308M B308/B308M Standard Specification for Alumifium-Alloy 6061-T6 Standard Structurdl
Profiles
B344 Standard Specification*for/Drawn or Rolled Nickel-Chromium and Nickgl-
Chromium-Iron Alleys for Electrical Heating Elements
Other Mdterial
A740 Standard Specification for Hardware Cloth (Woven or Welded Galvanized Fteel

Bolts, Nufs, Fasteners, and Hardware

SA-193/S

SA-194/S
SA-307
SA-320/S

SA-325

SA-354

SA-449

SA-563
SA-574

Coatings

Wire, Fabric)

b

\-193M A193/A193M Standard Specification for Alloy-Steel and Stainless Steel Bolting for High
Temperature or High Pressure Service and Other Special Purpose
Applications
\-194M A194/A194M Standard Specification for Carbon Steel, Alloy Steel, and Stainless Steel Nufs for
Bolts for High Pressure or High Temperature Service, or Both
A307 Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 6¢ 000
PSI Tensile Strength
\-320M A320/A320M Standard Specification for Alloy-Steel and Stainless Steel Bolting for Lgw-
Temperature Service
A325 Standard Specification for Structural Bolts, Steel, Heat Treated, 120/10p ksi
Minimum Tensile Strength
A325M Standard Specification for Structural Bolts, Steel, Heat Treated 830 MPp
Minimum Tensile Strength (Metric)
A354 Standard Specification for Quenched and Tempered Alloy Steel Bolts, Studs,
and Other Externally Threaded Fasteners
A449 Standard Specification for Hex Cap Screws, Bolts and Studs, Steel, Heat Treated,
120/105/90 ksi Minimum Tensile Strength, General Use
A489 Standard Specification for Carbon Steel Lifting Eyebolts
A563 Standard Specification for Carbon and Alloy Steel Nuts
A574 Standard Specification for Alloy Steel Socket-Head Cap Screws
A123/A123M Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel
Products
A153/A153M Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

10
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Table AA-3100-1 Allowable Materials (Cont’d)

ASME ASTM
Designator Designator

Publication Title

Coatings (Cont’d)

A308/A308M Standard Specification for Steel Sheet, Terne (Lead-Tin Alloy) Coated by the
Hot-Dip Process
B633 Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel
B766 Standard Specification for Electrodeposited Coatings of Cadmium
Gasltet Materials
D1056 Standard Specification for Flexible Cellular Materials — Sponge or Expanded
Rubber

AA-4110 Environmental Qualification

Eqyipment shall be qualified to meet the environmental
condifions specified for the equipment in Divisions I and
III of this Code.

AA-4200 DESIGN CRITERIA

Thi$ subarticle contains the load, stress, deflection, and
other [criteria for the design of equipment. Verification of
equipment design shall be based on calculations or tests,
or a cpmbination of both.

AA-4210 Load Criteria

All |oads as specified in the design specification or the
appligable equipment section of this Code shall be,taken
into a¢count in designing equipment and shall include, but
not b¢ limited to, the loads listed in AA-4214:

AA44211 Loads

additional dynamic loads (ADL): lodds resulting from
systeqn excitation due to structurallmotion caused by
safety relief-valve actuation and-other hydrodynamic
loads|due to design basis accident (DBA), small pipe
break|accident (SBA), andintérmediate pipe break acci-
dent (IBA); also, liquid.slosh in tanks and vessels and
mechgnical shock loads:

constnaint of free énd“displacement loads (T): loads caused
by comstraint Of free end displacement that results from
thermfal or ‘ether movements.

deadweight’(DW): the weight of equipment or ductwork

fluid momentum loads (FML)>1oads due to|the force
created by a moving air shdss in the duct where flow
experiences a change in‘velocity (in magnitude or direc-
tion).
live loads (L): loads, occurring during constriiction and
maintenance@and loads due to snow, ponded water,
and ice.

normal Joads (N): loads consisting of normal|operating
pressure differential, system operating pressfire transi-
ents; deadweight, external loads, and inertia loads.

N = NOPD + DW + EL + FML ¢r
N SOPT + DW + EL + FML

normal operating pressure differential (NDPD): the
maximum positive or negative pressure d{fferential
that may occur during normal plant operation] including
plant start-up and test conditions; included ar¢ pressures
resulting from normal airflow and dampef or valve
closure.

seismic loads: loads that are the result of eithgr an oper-
ating basis earthquake (OBE) or a safe shutdgwn earth-
quake (SSE). Both orthogonal components of the
horizontal seismic excitation are applied simulltaneously
with the vertical seismic loading. These seismid forces are
applied in the directions that produce worst-cape stresses
and deflections.

system operational pressure transient (SOPT):| overpres-
sure transient loads due to events such| as rapid
damper, plenum or housing door, and valve ¢losure, or

includimgsupports;stifferrers,; inmsutatiom,attimtermatty or
externally mounted components or accessories, and any
contained fluids.

design pressure differential (DPD): dynamic pressure loads
resulting from a DBA, IBA, or SBA.

design wind (W): loads due to design hurricane, design
tornado, or other abnormal meteorological condition
that could occur infrequently.

external loads (EL): applied loads caused by attached
piping, accessories, or other equipment.

11

other normalloads thatresultin a short duration pressure
differential.

AA-4212 Load Combinations. The load combinations
to be considered for equipment design are given in
Table AA-4212-1.

AA-4213 Service Conditions. The equipment design
specification or the applicable equipment section of
this Code shall identify the loads and shall designate
the appropriate design and service limits for design of
equipment systems. The design and service loads shall
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Table AA-4212-1 Load Conditions

Component
Service Level Load Combination
A N+T
N+ L
B N+ W+ Tand N + OBE + T + ADL
C [Note (1)] N+ W+ Tand N + SSE + ADL
D N + DPD + SSE + ADL

GENERAL NOTES:

requiring repair, which may require removal of the
component from service.

AA-4220 Stress Criteria: Limits

The maximum normal stress limits for the service levels
defined in AA-4212 are stipulated in AA-4320 and in
AA-4330.

AA-4230 Deflection Criteria: Limits

(a) Constrajnt of free end displacement loads, external loads, addi-
tional dynamic loads, and fluid momentum loads are associated
with theservice level of concern and are not, in general, the same
for all sprvice levels.

lar equipment design criteria require additional load

combingtions, those requirements shall be stated in the equip-

ment dgsign specification.

(®)

NOTE: (1) The SSEloadingin Service Level C may be replaced with the
OBE loading if component operability is required during or after a
seismic eveljt and operability can be assured by test or analysis.

be establighed considering all plant and system operating
conditionq anticipated or postulated to occur during the
intended dervice life of the equipment systems.

AA-4214 Design and Service Limits
AA-4P14.1 Design Limits. The limits for design

(a) Level A Service Limits. Level A service, limits are
those sets pflimits that must be satisfied for allloads iden-
tified in the equipment design specification‘to which the
equipmenf may be subjected in the performance of its
specified normal service function.

(b) Leve¢l B Service Limits. Level B service limits are
those sets pflimits that must be.satisfied for all loads iden-
tified in the equipment design specification for which
these serv]ce limits are designated. Equipment must with-
stand load combinations specified for Level B service
limits without dathdge that would require repair.

(c) Level C Service Limits. Level C service limits are
those sets pflimits that must be satisfied for all loads iden-
tified in t i

The maximum deflection d,y, including all equipment
tolerances, that may be sustained so that equipment func-
tion is not impaired shall be determined. This’mayimum
deflection may be defined in the equipment desigr spec-
ification or the applicable equipmentSection of thid Code.
Alternatively, it may be determined by analysis or test, or
both. The allowable deflections for,the load combinptions
of AA-4212 are as shown in<Table AA-4230-1.

AA-4240 Other Criteria

AA-4241 Vibration Isolation. Types of vibration
tion devices and{their efficiencies shall be as speci
the equipment/design specification or the appljcable
equipment.section of this Code. Vibration isojation
devices shall be designed with adequate restraints to
resist tlie loads generated under any service level.

isola-
fied in

AA-4242 Provisions for Relative Movement. Cpnsid-
eration shall be given to the relative motion befween
equipment systems and their supporting elements, as
this will affect ability to function. When clearanges or
travel ranges, or both, are required to accommodate
movements of equipment systems and their supporting
elements, sufficient design margins shall be introduced
to allow for fabrication and installation tolerances.

Table AA-4230-1 Deflection Limits

Service Level Deflection Limit

A [Note (1)] d < 0.6d 0y
B [Note (1)] d < 0.6d 0y
C [Note (2)] dan < 0.9dmax
D [Note (2)] dan < 0.9dmax

ha at-d 1o n ificatiaon xazlad
re—eqtiprrentdesisnspeciteationfor—which
these service limits are designated. These sets of limits
permit large deformations in areas of structural discon-
tinuity.

(d) Level D Service Limits. Level D service limits are
those sets of limits that must be satisfied for all loads iden-
tified in the equipment design specification for which
these service limits are designated. These sets of limits
permit gross and general deformations with some conse-
quent loss of dimensional stability and permit damage

12

GENERAL NOTES:

(a) If particular equipment design criteria require more restrictive
limits on deflections, those requirements will be stated in the
applicable equipment section of this Code.

(b) Deflections shall be limited to prevent transmission of excessive
load to other components such as filter frames, coils, bearings,
and access doors.

NOTES:

(1) Deflections shall be limited to values that prevent buckling in
primary load carrying elements.

(2) Deflections shall be limited to values as described in AA-4323.
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AA-4243 Structural Attachments. Structural attach-
ments may be of either the integral or the nonintegral
type, as defined in AA-4243.1 and AA-4243.2.

AA-4243.1 Integral Attachments

(a) Integral attachments are those fabricated as an
integral part of the equipment. Consideration shall be
given to local stresses induced in equipment by integral
attachments.

(b) Integral attachments used as part ofan assembly for
the sypport or guiding of the equipment may be welded
direct]y to the equipment, provided the design is adequate
for all applicable service conditions and load combina-
tions [set forth in AA-4212 and the requirements of
AA-6300 are met.

I:f\-4243.2 Nonintegral Attachments. Nonintegral
attachments are those that are bolted, pinned, clamped
bear on the equipment. Consideration shall be
to the mechanical connection and local stresses
bd in the equipment by nonintegral attachments.

to, or
given
induc

AA44244 Rotating Equipment. For ductwork system
desigy, frequency of rotating equipment shall be consid-
ered.
AA-4300 DESIGN OF EQUIPMENT SYSTEMS AND

THEIR SUPPORTING ELEMENTS

AA-4B10 General Requirements

AA44311 Acceptability. The requirements for acéept-
ability of the design of equipment systems and. their
suppdrts are given in AA-4311.1 through AA<4311.3.

AA-4311.1 The design shall be such that the allow-
able sfresses will not exceed the limits«given in this subar-
ticle. [Design stress values, S, yield)strength, S, and
ultimgte strength, S, are given in\Article AA-3000 refer-
ences| These values form the basis for determining allow-
able stress, depending on-ahalysis type.

AA-4311.2 For self-limiting loads under Service
Level P, localized material yielding is permitted, provided
that yjelding does'noetform a mechanism that would result
in collapse ofthe"structure.

-4311.3 For configurations where compressive
stressps\octur, critical buckling shall be considered.

rules of AA-4320. Consideration shall be given to the
governing mode of failure. Several analyses that might
include, but are not necessarily limited to, the following,
may be required to determine the limiting case:

(a) elastic analysis based on maximum stress theory

(b) elastic analysis based on maximum deflection

(c) elastic analysis based on allowable buckling stress
(see AA-4323)

AA-4312.2 Linear-Type Systems and Supports:
ysSi Ures. Elastic analysis pased on
maximum stress theory in accordance with t{e rules of
AA-4330 shall be used for the desigh of linear-type
systems.

AA-4312.3 Applicability of Mathematica
The design procedure that may be used shal
analysis or test, or a combination, and is d
upon the nature of the struetural system under considera-
tion. The choice shall-be‘based on the practicglity of the
method for the type, 'size, shape, and complekity of the
equipment, and the reliability of the conclufions. The
analysis methed is not recommended for complex equip-
ment that{calinot be modeled to correctly dgscribe the
static andhdynamic structural characteristics of|the equip-
ment*Furthermore, analysis without testing ay be ac-
ceptable only if structural integrity alone cpn ensure
the design intended function. If mathematicgl analysis
is inadequate for all or part of the design v¢rification,
a suitable test program shall be implemented in accor-
dance with the rules of AA-4350.

AA-4313 Terms Related to Design by Andlysis. The
terms used in the design of equipment sygtems and
their supports are shown in AA-4313.1 through
AA-4313.11.

Analysis.
be either
ependent

AA-4313.1 Gross Structural Discontindity. Gross
structural discontinuity is a geometric or matetial discon-
tinuity that affects the stress or strain digtribution
throughout the entire thickness of the memper. Gross
discontinuity-type stresses are those portipns of the
actual stress distributions that produce ngt bending
and membrane force resultants when integrated
through the thickness. Examples of gross ptructural
discontinuities are junctions between parts df different
diameters or thicknesses, and flange-to-shell junctions.

AA=-4313.2 Normal-Stress—Normal-stress is the

AA-4312 Basis for Determining Stresses in Design by
Analysis. The theory of failure for combining stresses for
the design of equipment systems and their supporting
elements used in the rules of this subarticle is the
maximum stress theory. In the maximum stress theory,
the controlling stresses are the membrane and bending
stresses.

AA-4312.1 Plate- and Shell-Type Components:
Analysis Procedures. The analysis procedures for plate
and shell-type systems shall be in accordance with the

13

component of stress normal to the plane of reference,
also referred to as the direct stress. Usually the distribu-
tion of normal stress is not uniform throughout the thick-
ness of a part. Therefore, the normal stressis considered to
be made up of two components, one of which is uniformly
distributed and equal to the average value of stress across
the thickness under consideration, and the other of which
varies from this average value with the location across the
thickness.
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AA-4313.3 Membrane Stress. Membrane stressis the
component of normal stress that is uniformly distributed
and equal to the average of stress across the thickness of
the section under consideration.

AA-4313.4 Bending Stress. Bending stress is the
variable component of normal stress described in
AA-4313.2. The variation may or may not be linear
across the thickness.

Shear stress is the compo-

member has been reached. Any increase in load must
be accompanied by a stable primary structure until a
failure mechanism defined by the lower bound
theorem of limit analysis is reached in the primary struc-
ture.

AA-4313.11 Collapse Load: Lower Bound. The
collapse load is the load at which deformations of an
ideally plastic structure increase without bound. If, for
a given load, any system of stresses can be found that

nent of stress tangent to the plane of reference.

AA-4313.6 Primary Stress. Primary stress is any
normal skress or a shear stress developed by an
imposed lpading that is necessary to satisfy the laws of
equilibripm of external and internal forces and
moments.| The basic characteristic of a primary stress
is that it islnot self-limiting. Primary stresses that consid-
erably excped the yield strength will result in failure or, at
least, in gfoss distortion. A general primary membrane
stress is one that is so distributed in the structure that
no redistrfbution of load occurs as a result of yielding.
An example of primary stress is general membrane
stress in g circular cylindrical shell due to distributed
live loads.

AA-4313.7 Secondary Stress. Secondary stress is a
normal sfress or a shear stress developed by the
constraint| of adjacent material or by self-constraint of
re. The basic characteristic of a secondary
stress is that it is self-limiting. Local yielding and
minor distortions can satisfy the conditions that cause
the stress|to occur, and failure from one application’of
the stress |s not to be expected. An example of secondary
stress is bgnding stress at a gross structural discontinuity.

AA-4313.8 Peak Stress. A peak stress includes an
increment added to primary or secondary stresses by
a stress riper, such as a notch.

AA-4313.9 Free End Disptacement. Free end dis-
placement consists of the xelative motions that would
occur betyveen an attachment and connected structure
nt if the two.members were separated. Exam-
ples of such motions are those that would occur because of
relative thermal expansion of ductwork, piping, equip-
ment, and equipment supports, or because of movements
imposed ypon-the equipment by sources other than the

everywhere satisiies equilibrium and nowhere_ej}ceeds
the material yield strength, the load is at or jbelgw the
collapse load. This is the lower bound thegreém of limit
analysis, which permits calculation of ajlower bouind to
the collapse load.

AA-4320 Design Verification of Plate- and Shell-
Type Components.and Their Suppgrting
Elements

AA-4321 Stress Analysis. A detailed stress analysis of
all major structuralplate- and shell-type componenits and
their supportinglelements shall be prepared in sufficient
detail to show/that each of the stress limitati¢gns of
Table AA-4321-1 is satisfied when the component and
its supporting elements are subjected to the load dombi-
nations of AA-4212.

AA-4322 Stress Limits

AA-4322.1 Design Loads. The maximum nprmal
stress limits are satisfied for the design loading combina-
tions as stipulated in AA-4212, or as stated in the ¢quip-
ment design specification if the requirements of egs. (1)
and (2) are met (see AA-4322.2 for service limit{ asso-
ciated with the service levels of AA-4212).

Table AA-4321-1 Plate- and Shell-Type Components:
Primary Stress Allowables

Stress Category

piping.

AA-4313.10 Limit Analysis. Limit analysis is a
method used to compute the maximum load or combina-
tion of loads a structure made of ideally plastic (nonstrain
hardening) material can carry. Among the methods used
in limit analysis is a technique that assumes elastic,
perfectly plastic, material behavior, and a constant
level of moment or force in those redundant structural
elements in which the level of membrane yield, plastic
hinge formation, or critical buckling load in the

14

Service General Membrane, Membrane and Bending,

Level o4 [Note (1)] o1 + 0, [Note (2)]
A 1.0S [Note (3)] 1.58
B 1.08 1.58
C 1.2§ 1.8S
D Lesser of 1.5S or Lesser of 2.255 or 0.6S,

0.4S, [Note (3)]
NOTES:

(1) General membrane stress oy is the average membrane stress
across the solid section, excluding discontinuities and concentra-
tions.

(2) Bending stress o is the linearly varying portion of stress across
the solid section under consideration, excluding effects of discon-
tinuities and concentrations.

(3) S=design stress; S, = ultimate stress. See Article AA-3000 refer-
ences.
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Table AA-4323-1 Linear-Type Systems:
Primary Stress Allowables

Stress Category

(d) Level D Service Limits. Level D service limits are
satisfied for the service conditions of AA-4214.2(d) for
which these limits are designated in the equipment

design specification if the requirements of eqgs. (3) and
Stress From 4 t
General Constraint of (4) are met.
Service Load-Induced Free End o] < lesser of 1.5S or 0'4Su (3)
Level Stress Displacements
A § [Note (1)] 38 01 + 0y < lesser of 2.25S or 0.6S,, 4
B S 35
C fNotet23% TSS NA wiere
D [Note (2)] 128, &), not ¢ NA S, = specified minimum ultimate tensile gtrength of
F » ot to material found in Article AA-3000 references.
0.7S, =
exceed £(S)
B

GENERAL NOTE: NA = not applicable.

NOTES
(1) S yefers to the primary allowable stresses developed in ASME
BRVC, Section III, Division 1, Subsection NF, NF-3322.1
thijough NF-3322.8.
F.|= allowable tensile stress
S, |= ultimate stress
S, |= yield stress
Values [are found in Article AA-3000 references.
(2) Logpds shall not exceed 0.67 times the critical buckling load of the
primary framing system.

01 < 1.0S €Y
61+ 65 < 1.58 (2)
wherg
S E design stress value from Article AA-3000 refer-
ences
01 F membrane stress
0, F bending stress

AA-4322.2 Service Limits./The maximum normal
stress|limits for Service Levels A through D are as stipu-
lated pelow.

(a)|Level A Service/Eimits. Level A service limits are
satisfied for the service conditions of AA-4214.2(a) for
whiclf these limits are designated in the equipment
desig specifieation if the requirements of eqs. (1) and
(2) are miet;

(b)|Level B Service Limits. Level B service limits are

Other terms are as defined in, AA-4322.1.

AA-4323 Buckling and Stress-Limits Set by Buckling
Stress Criteria. The allowablé deflection due t¢ compres-
sive loads shall be limitedto prevent post-buck]ing failure
in the plate. Buckling_ stresses shall be verifipd against
Service Level D alloewable values of Table AA{4323-1.

AA-4323(1 Local Yielding and Buckling. The
maximum-stress for the load-carrying cgpacity of
plates shall be based on the post-buckling bghavior of
the plate:

(a) ‘When buckling governs, deflection$
¢omputed based on effective width concept.

(b) When local yielding governs, deflections shall be
computed based on the average or reduced spction.

AA-4323.2 Lateral Buckling. Critical laterpl buckling
stresses shall be computed based on momenit resisting
capacity.

shall be

AA-4323.3 Flexural Buckling. Maximum stresses
shall be computed based on stability considerations.

AA-4323.4 Torsional Buckling. Maxinfum shear
stresses shall be computed based on the torsionjal capacity
of the section.

AA-4330 Design Verification of Linear-Type
Systems by Analysis

AA-4331 Stress Analysis. A detailed stress pnalysis of
all major linear-type equipment shall be prepared in suffi-
cient detail to show that each of the stress linfitations of

AA-4332 is satisfied when the equipment is sybjected to
the load combinations of AA-4212

satisfied for the service conditions of AA-4214.2(b) for
which these limits are designated in the equipment
design specification if the requirements of eqgs. (1) and
(2) are met.

(c) Level CService Limits. Level C service limits are satis-
fied for the service conditions of AA-4214.2(c) for which
theselimits are designated in the design specification if the
requirements of egs. (1) and (2) are not exceeded by more
than 20%.
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AA-4332 Stress Limits

AA-4332.1 DesignLevel Aand Level B Limits. Design
Level A and Level B limits are identical and are given in
ASME BPVC, Section III, Division 1, Subsection NF. The
allowable stress for the combined mechanical loads
and effects that result from constraint of free end displace-
ments (see AA-4313.6), but not thermal or peak stresses,
shall be limited to 3 times the stress limits of ASME BPVC,
Section III, Division 1, Subsection NF.
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AA-4332.2 Level CLimits. The stress values for Level
C limits may be increased by 50% over the values given in
ASME BPVC, Section III, Division 1, Subsection NF.
Constrained free end displacement and differential
support motion effects need not be considered.
Primary stresses shall not exceed 0.67 times the critical
buckling strength of the primary framing system. In such
analysis, local instabilities, such as compression, flange,
and web buckllng shall be evaluated. In addition,

AA-4342 Functionality of Electrical Systems. Oper-
ability of electrical systems and their supporting elements
shall be ensured using the method outlined in AA-4350.

AA-4350 Design Verification by Seismic
Qualification Testing

AA-4351 General. Design verification by seismic quali-
fication testing shall be in accordance with the rules of this
subarticle. Seismic tests are to be performed by subjecting

overall bug = )
€ equIpment to vibratory motion that conservgtively
uated. . . .
simulates that postulated at the equipmentjmrounting

AA-4332.3 Level D Limits. If the equipment design
specification specifies service loads for which Level D
limits are|designated, the following rules shall be used
in evaluafing them independently of all other design
and servide loadings:

(a) The|allowable stresses presented in ASME BPVC,
Section III} Division 1, Subsection NF, may be increased
by a factof of 1.2 (S,/F,), but not to exceed a factor of
0.7 (S./Fj), where S, is the specified minimum yield
strength pf the material, F, is the allowable tensile
stress, and S, is the ultimate tensile stress.

(b) Prithary stresses shall not exceed 0.67 times the
critical bjuckling strength of the primary framing
system. Ih such analysis, local instabilities such as
compressipn, flange, and web buckling shall be evaluated.
In additiop, overall buckling in compression members
shall also pe evaluated.

AA-4340( Functionality Requirements

The strgss limits specified by this Code do not ensure
that the equipment will be able to perform the(required
safety fungtion. Functionality is ensured by following the
rules stipylated below.

AA-434] Functionality of Mechanical Systems. The
methods ¢f AA-4341.1, AA-4341.2; or AA-4341.3 shall
be used tp ensure operability (ofymechanical systems
and their pupporting elements,

AA-4341.1 The ServiecelLevels C and D stress limits of
AA-4322 and AA-4332 shall be reduced to the Levels Band
C stress linits, respéctively.

AA-4341.2 The deflections at all critical locations
shall be calculated and ensured to be within the allowable

during the OBE and an SSE. In addition, ‘other|loads
that may occur concurrently with the seismic [event
shall be accounted for (see AA-4212). The rules ¢f this
subarticle are consistent with and‘eomplementary to
IEEE 344.

AA-4351.1 Equipment Mounting. The equipmlent to
be tested shall be mounted on the test machink in a
manner that simulates<the intended service moynting.
The mounting method-shall be the same as that recom-
mended for actual‘service, which includes the rpcom-
mended bolt Size"and configuration, weld patterp, and
type. The effect of all attached hardware such as eleftrical
connectiohs; conduit, sensing lines, piping, and dugtwork
shall.be<considered. The method of mounting the gquip-
ment\to the test machine shall be documented andl shall
include a description of any interposing fixturgs and
connections. Effect of such fixtures and conneftions
shall be evaluated if they are only used during qualification
and not for inservice mounting. Equipment orienftation
shall be along the major and minor axes for each test fondi-
tion unless specified otherwise by the equipment ¢lesign
specification or the applicable equipment section pf this
Code.

AA-4351.2 Equipment Monitoring. Sufficient [moni-
toring equipment shall be used to evaluate the perfor-
mance of the safety function of the equipment Hefore,
during, and after the test. In addition, sufficient vibjration
monitoring equipment shall be used to allow detefmina-
tion of the applied vibration levels. In addition to thejmoni-
toring of the test machine, as many points ¢f the
equipment shall be monitored as needed to provide|infor-
mation for evaluating the test results.

AA-4351.3 Exploratory Tests. Exploratory vibjration

values in AA-4238-TheseeriticaHocationsshattbegiverin
the applicable equipment section of this Code or by the
equipment design specification, or by both. Furthermore,
for equipment where buckling is of concern, deflection
checks shall be performed for the component or
support load condition as specified in AA-4323.

AA-4341.3 The functionality of the equipment shall be
ensured using the method outlined in AA-4350.

tests required for all qualification tests except multiple
frequency tests (see AA-4356) shall be run on equipment
toaid in the determination of the test method that will best
qualify or determine the dynamic characteristics of the
equipment. As per AA-4352, the type of test required
to qualify equipment for various applications shall be
dependent on the nature and dynamic characteristics
of the equipment and the required response spectrum
(RRS). Ifit can be shown that the equipment is not in reso-
nance at any frequency within the frequency range of
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interest, it shall be considered to act as a rigid body and
analyzed or tested accordingly. If there are resonances,
one of the various methods of AA-4352 or other justifiable
methods shall be used.

The exploratory test shall be in the form of a low level
(the level shall be chosen to give a usable signal to noise
ratio on the vibration sensing equipment) continuous
sinusoidal sweep at a rate no greater than 2 octaves
per minute over the frequency range equal to or
greate i
configuration of the equipment is such that critical
natural frequencies cannot be ascertained due to either
the cqmplexity of the equipment or the inaccessibility
of crifical parts, the exploratory test is not adequate. If
the cdnfiguration of the equipment is such that critical
naturl frequencies cannot be ascertained, seismic quali-
ficatign shall be accomplished by proof testing with a
randojm input motion that shall generate a test response
spectjum (TRS) to envelop the RRS. An acceptable alter-
nativd shall be to qualify the equipment by a fragility test
as degcribed in AA-4351.7.

It must be noted that for certain equipment, due to
geometric or material nonlinearities, a low level resonant
frequg¢ncy search may not be a conclusive determinant of
equipment resonances. In those cases, a higher level input
shallA];e used and the exploratory tests rerun.

-4351.4 Seismic Qualification Tests. Seismic
cation tests designed to show acceptable perfor-
manc¢ of equipment during and following an SSE shall
be pr¢ceded by one or more OBE tests. The number of
OBE tests shall be given in the equipment design-speci-
ficatipn and shall be followed by one SSE‘test. Each
mininjum test duration shall be given in the‘equipment
desigy specification.

qualif]

AlA-4351.5 Equipment Loads/During Testing.
Seisnjic qualification tests,of‘equipment shall be
perfomed with the equipmentsubjected to the combined
loads [identified in AA-4212,“These loads shall be simu-
lated pnd shown to be.€qual to or greater than those
expected. If any load.is-hot included during these tests,
justififation for the.absence of the load shall be provided.

to the partlcular response spectrum or time history
defined for the mounting location of the equipment. An
attempt to determine the failure threshold of the equip-
ment need not be made. The equipment shall be tested to
the performance requirement of the equipment design
specification and need not be tested to its ultimate
capability.
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AA-4351.7 Fragility Testing. Fragility testing shall
be used to qualify the equipment by determining its ulti-
mate capability for performing its function. Equipment
fragility shall be demonstrated by using sine beat, contin-
uous sine, transient, or multifrequency excitation to
random-type waveforms. A measurement of the equip-
ment’s fragility level for a particular excitation demon-
strates its ultimate capability to perform its function
while subject to that motion.

be tested
ither the
ments or
mounted
simulates
intended

under 51mulated operating condltlons to
levels dictated by expected servicerequir
their ultimate capability. The devices shall b
on the shake table in a manner that dynamicall
the in-service mounting conditiens?If a device
to be mounted on a panel, the panel shall be inclfided in the
test setup, or the response atthe device mountipglocation
shall be monitored in the-assembly test (see AA-§#351.9),in
which case the deyice shall be mounted direftly to the
shake table if thedn*service excitation can be [simulated.
Devices shall be tested using the methods dgscribed in
AA-4352.

AA=4351.9 Assembly Testing. Large compllex assem-
blies shall be tested under simulated operating conditions
and‘monitored for proper functional performance;
however, it may not always be practical to simulate all
systems simultaneously. Itis acceptable to test quch equip-
ment in an inoperative mode with the actual or]simulated
devices installed. The test shall determine th¢ vibration
response at the device location by either direcf measure-
ment at full excitation or determination of tie transfer
function from the assembly mounting points to the
device mounting point. The resulting vibration response
of the device at its location in the assembly shall be less
than the vibration to which the device is qualifi¢d. The test
methods described in AA-4352 shall be used.

AA-4352 Test Methods. Present test methpds gener-
ally fall into two major categories: proof testing (see
AA-4351.6) and fragility testing (see AA-43p1.7). The
choice of method will depend upon the nature ofthe equip-
ment and the expected vibration environment. Considera-
tion shall be given to the choice of single axis ¢r multiple
axis testing as described in AA-4358.

A proof test seismic simulation waveform ghall

A RRS or the
appllcable portlons thereof using smgle or multiple
frequency input motion

(b) have a peak amplitude equal to or greater than the
zero period acceleration (ZPA) of the RRS

(c) have atest duration in accordance with the require-
ments of AA-4357

AA-4353 Artificially Broadened Required Response
Spectra. If single frequency tests are to be conducted
to artificially broadened response spectra, tests shall
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be conducted at frequency intervals on either side of the
center frequency of the response spectra. If the center
frequency in the broadened area is f, testing shall be
conducted at this frequency and also at the frequencies
fo = Af., fo £ 20f, ..., fo £ nAf., where Af; corresponds
to a % to % octave interval, until the entire broadened
area has been covered. The TRS generated during each
individual test shall have at least the same amplitude
as the original narrow-band response spectrum.

AA-4355.4 Decaying Sine Test. A test at any
frequency shall consist of the application of decaying sinu-
soids of peak acceleration corresponding to that for which
the equipment is to be qualified. The decaying sinusoids
consist of a single frequency of exponentially decaying
amplitude, as shown in Figure AA-4355.4-1. The peak
amplitude and decay rate are chosen to obtain a TRS
from the shake table motion that envelops the RRS
(see AA-4355.1). The peak amplitude of the sinusoid

AA-4358 Damping Selection. The damping value used t ~EXgept at

in analyzing the test machine motions that generate the
TRS shall pe the same damping value as that of the RRS.

AA-4355 Single Frequency Tests. If it can be shown
that the eguipment has no resonances, only one reso-
nance, or|distinct resonances that are widely spaced
such that|the resonance interaction does not reduce
the fragility level, single frequency testing may be used
to qualify [the equipment.

AA-4355.1 Derivation of Test Input Motion. For any
input wavgform, the shake table motion shall produce a
TRS acceldration at the test frequency that is at least equal
to that given by the RRS. Additionally, the input motion
shall be adjusted to produce a TRS that envelops the RRS at
all frequgncies, as described in AA-4353. Also, the
maximum|acceleration of the shake table motion shall
be at leasf equal to the ZPA value of the RRS.

AA-4355.2 Continuous Sine Test. A test at any
frequency|shall consist of the application of a continuous
sinusoidal|motion corresponding to the maximum acgel-
eration to|which the equipment is to be qualified.forthe
appropriate duration (see AA-4357). The selection of the
peak inpufacceleration and the length of time the test is to
be run shall produce atleast the maximum.esponse accel-
eration giyen in AA-4355.1. The peak input acceleration
must be atlleast equal to the ZPA of the RRS, except at low
frequencigds where the RRS is belpw'the ZPA for which the
value of tHe RRS must be met/(see’ AA-4358 for require-
ments on fhe axial relationships for the test).

AA-4355.3 Sine Beat'Test. A test at any frequency
shall consist of the application of sine beats of peak accel-
eration cofresponding to that for which the equipment is
to be qualified.-The sine beats consist of a sinusoid at the
frequency and amplitude of interest, as shown in

low frequencies where the RRS is below the(ZFA for
which the value of the RRS must be met.

For a test at any frequency, a series of decaying sinu-
soids are used with a sufficient pause between thg sinu-
soids so that there is no significant’superpositjon of
equipment response motion. The fréquencies of irfterest
are the natural frequencies of the’equipment being tested
(see AA-4358 for requirements‘on the axial relatiopships
for the test).

AA-4356 Multiple Frequency Tests. When the sgismic
ground motion haS/mot been strongly filtered, the floor
motion retains,the broadband characteristic. In that
case, multifrequency testing shall be used for qualifi¢ation.
It is used @s a'general qualification method as longfas the
TRS envelops the RRS. Specific input excitation to the test
machine shall include a time history motion consisting of
random and complex wave shapes.

The test machine input excitation waveforms desfribed
in the following subparagraphs shall be employed to test
toan RRS level. Other inputs that are not specifically|refer-
enced here may also be employed, provided thaf they
envelop the RRS.

AA-4356.1 Derivation of Test Input Motion. Fpr any
waveform, the test machine motion must be adjusfed so
that the TRS envelops the RRS over the frequency|range
for which the particular test is designed; and, as a
minimum, the test machine acceleration must|equal
the ZPA of the RRS. This comparison must be [made
using equivalent values of damping. The adjustmjent of
the input motion to produce an envelope speftrum
shall be made considering the following factors:

(a) The RRS may have motion amplification
narrow or broadband of frequencies.

(b) The input excitation waveform may be qne of
several multiple frequency types.

ver a

Figure AA435531—Thenumbereofeyelesperbeat
and the peak amplitude of the beat are chosen in accor-
dance with the criteria of AA-4355.1. The peak amplitude
of the beat shall at least be equal to the ZPA of the RRS,
except at low frequencies where the RRS is below the ZPA
for which the value of the RRS must be met.

For a test at any frequency, a series of beats are used to
represent low cycle fatigue effects, with a sufficient pause
between the beats so that there is no significant super-
position of equipment response motion (see AA-4358
for requirements on the axial relationships for the test).

(c) The equipment being tested may have one of many
possible dynamic characteristics.

For assemblies or devices where the dynamic response
results from numerous interacting modes, the shake table
input excitation must be adjusted so that the TRS envelops
the RRS over a frequency range that includes all natural
frequencies of the equipment up to the ZPA.

AA-4356.2 Time History Test. A test may be
performed by applying to the equipment a specified
time history that has been synthesized to simulate the
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Figure AA-4355.3-1 Sine Beat Frequency and Amplitude
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Generafing Stations, by permission of The Institute of Electrical and Electronics Engineers, Inc.

Figure AA-4355.4-1 Sine Amplitude Decay Rate
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Figure AA-4356.4-1 Response Spectrum of Composite Excitation
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Sine beat spectrum

Random spectrum

Accdleration

&

\-'—' —— e ——

Required spectrum

GENERAL N
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required ipput to the equipment. It shall be demonstrated
thatthe acfual test machine motion was equal to or greater
than the repquired motion.

A time History record may be synthesized to match the
RRS using simulation techniques. The duration of the
input exditation must be sufficient to simulate the
effects of p seismic event. Alternatively, the equipment
design specification may contain time history data’for
use in tesfing.

AA-4356.3 Random Motion Test. A.test shall be
performed by applying to the equipment@ random excita-
tion, the aplitude of which is controlled in 1/3 octave or
narrower [frequency bandwidth_filters with individual
output gain controls. The excitation shall be controlled
to providd a TRS that equals\0or’exceeds the RRS.

The pedk value of thenput excitation shall equal or
exceed the ZPA of the*RRS. The duration of the
random excitation shall be as described in AA-4357.

AA-4356.4 -Random Motion With Sine Beat Test. To
meet an RRS thatincludes a moderately high peak random
excitation,|it\is acceptable to adjust the random input, as
described in AA-4356.3, to equal or exceed as much of the
RRS as possible without using a peak input acceleration
substantially greater than the ZPA. A sine beat or beats
shall be superimposed with random input motion to
provide a composite excitation, so that the TRS equals
or exceeds the entire RRS over a frequency range that
includes the natural frequencies of the equipment up
to the ZPA frequency (see Figure AA-4356.4-1). The
optimum number of oscillations per beat shall be deter-
mined from a plot showing the ratio between the %% and

Frequency

DTE: Reproduced from IEEE 344-1975, Recommended Practice for Seismic Qualification of Class 1E Equipment for Nucleaf
tations, by permission of The Institute of Electrical and Electronics Engineers, In¢.
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Power

5% spectrum damping values and the oscillatiops per
beat,sas‘shown in Figure AA-4356.4-2.

When more than one frequency of sine beats is re
to;meet the bandwidth of a spectrum, the beats s}
initiated simultaneously. However, if the bandwidth of the
peak value of the RRS has been widened to accoynt for
uncertainty due to building frequency analysils, the
beats shall be applied in sequence or the technigies of
AA-4353 shall be applied.

AA-4356.5 Complex Wave Test. This test njay be
performed by subjecting the equipment to a njotion
that has been generated by summing a group df sine
beats or decaying sinusoids. The frequencies pf the
component signals shall be spaced at %4 octqve or
narrower frequency intervals to cover the range required
by the RRS. The decaying sinusoids shall have indifidual
decay rate controls covering the range of 4% to 10%. Each
frequency must have individual amplitude and jphase
controls. All frequencies shall be initiated simultan¢ously
with the phase controls set to shape the peak amplitjude of
the composite waveform. The decay rate shall be yaried,
i ied to
optimize the fit of the TRS to the RRS. The peak accelera-
tion of the test table during composite waveform excita-
tion shall be greater than or equal to the ZPA of the RRS.
The test shall consist of several applications of the motion
spaced apartin time so that no significant superposition of
response motion occurs. The number of applications of the
motion must be justified as being representative of the
strong motion portion of the SSE. The number of applica-
tions shall be such that the total duration of the middle-

juired
all be
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Figure AA-4356.4-2 Oscillations per Beat
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GENERAL NOTE: Reproduced from IEEE 344-1975, Recommended Practice for Seismic Qualification of‘€lass 1E Equipment for Nijiclear Power

Generafing Stations, by permission of The Institute of Electrical and Electronics Engineers, Inc.

frequgncy components equals the duration of the SSE (see
AA-4357).

AA-4356.6 Other Tests. The following factors shall
be copsidered to justify the test method employed to
qualify equipment:

(a) |bandwidth of the RRS compared to that of the TRS
and efjuipment characteristics and responses

(b) |duration of the test compared to the defined seismic
event

(c) peak acceleration of the test input and-the*ampli-
ficatidn observed

(d) |natural modes and frequencies of vibration of the
equipnent

(e) |typical damping of the equipment

(f) |fragility levels

(g) |total number of cycles,and.the simulation of fatigue
failuré

AA44357 Test Duration. The number of required OBE
eventp per 40-yr-plant-life shall be a minimum of five
unlesq stated otheérwise in the equipment design specifi-
cation.

Thg numberof tests run as proof tests (see AA-4351.6)
shall Have an appropriate input level to fulfill the require-

AA-4358.Single- and Multiaxis Tests. Singl¢-axis tests
are permitted if the tests are designed to refl¢ct conser-
vativelyythe seismic event at the equipment|{mounting
locations, or if the equipment being test¢d can be
shown to respond independently in each of| the three
orthogonal axes or otherwise withstand tle seismic
eventatits mountinglocation. Thisis the case if gquipment
axis coupling is zero or very low. For example, ifa device is
normally mounted on a panel that amplifies moftion in one
direction, or if a device is restrained to have moltion in one
direction, single-axis testing of the device is permitted.

If the preceding considerations do not apply, multiaxis
testing shall be used. The minimum is biaxial t¢sting with
simultaneous inputs in a principal horizontal akis and the
vertical axis. Independent random inputs are| preferred
and, if used, the test shall be performed in|two steps
with the equipment rotated 90 deg in the horizontal
plane for the second step. If independenft random
inputs are not used (such as with single-frequency
tests), four tests shall be run. First, with thq inputs in
phase; second, with one input 180 deg out] of phase;
third, with the equipment rotated 90 deg hq@rizontally
and the inputs in phase; and fourth, with the sgme equip-
ment orientation as in the third step but with| one input

mentd-efidA-4351.4.-The OBE tests-shallbe-followed ]'\y at

least one SSE test. The duration of each test shall at least
equal the strong motion portion of the original time
history used to obtain the RRS for the SSE and shall be
a minimum of 30 sec for a multifrequency test, and a
minimum of 15 sec for a single frequency test. Credit
may be taken for any test preceding the SSE test if it is
shown to be greater than or equal in severity to the
required OBEs. Fragility test durations shall at least
equal the time duration for the strong motion portion
of the SSE to properly account for vibration buildup.

180 deg ogut of nhase.
o P

AA-4360 Design of Bolts

The number and cross-sectional area of bolts required
for the load combinations of AA-4212 shall be determined
in accordance with ASME BPVC, Section III, Division 1,
Subsection NF, NF-3324.
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AA-4400 DOCUMENTATION REQUIREMENTS

The equipment design verification shall be documented
by a certified design verification report (DVR), in accor-
dance with the rules given in this section. This document
may be based on one of three types of verification, or a
combination of these:

(a) design verification stress report

(b) design verification test report

(c) design verification by comparative evaluation

AA-4440 Report Content

AA-4441 Design Verification Report. The DVR shall
address all of the following items:

(a) description of analytical method used

(b) description of mathematical model in sufficient
detail to allow reconstruction of the model by referring
only to the report content

(c) list of the static loads considered

(d) method of developing dynamic loadings, including

Factors[considered in choosing a particular type of
design veffification shall be included in the DVR.

AA-4410 | Certification of Design Verification

A certif]cate of design verification shall be provided
with the JVR. This certificate shall include

(a) dedcription and identification of equipment
covered the DVR, including the name of the plant,
the plant location, the Owner, location of the equipment
in the plapt, and its function

(b) statpment of compliance with Article AA-4000 and
the equiptpent design specification requirements

(c) datd, revision, and report identification number of
the analysfis or test program

(d) narphes and signatures of responsible persons
performing, reviewing, and approving the design verifica-
tion

AA-4420

The DVR shall include a detailed description of the
equipmenlt being qualified. Outline drawings showing
equipment interface points, anchor locations, weights,
and locations of major components shall be included.
In additioh, plant-specific information such as building
location ahd elevation shall be reported-if;appropriate.
Any apprppriate tag numbers and equipment model
numbers, fwhere applicable, shall be included.

Equipment Description

AA-4430

AA-443
safety-relz
be fully de

AA-443

Safety-Related Eeatures

1 Safety-Related Functions. Equipment
ted functions-in all modes of operation shall
scribed in-the’DVR.

p CriticallComponents. All components critical
to the performance of the safety-related functions of the
equipment shall be identified in the DVR.

(1) identification of response spectra and damping
values used
(2) method of combining modes
(3) method of combining spatialp)componehpts of
dynamic loads
(4) assurance that rigid bodysmotions are in¢luded
(e) load combinations considered, including interface
loading effects and differential ‘ movement of myltiple
equipment supports
(f) evidence of verification of all computer programs
used
(g) justification’ef methods and assumptions uged for
manual calculations
(h) results. of analyses, including
(1) failore mode analysis.
(2)>description of significant mode shapégs and
natural frequencies.
(3) location and value of maximum stresses.
(4) location and value of maximum deformations.
(5) allowable interface loads.
(6) reaction data at equipment supports; these data
may be reported in a summary form only if founglation
loads are to be included. Otherwise, detailed listihgs of
individual support reactions for each load case consldered
shall be included.
(7) summary of maximum anchor bolt or anchor
weld stresses compared to allowable limits.

AA-4442 Design Verification Test. The DVR
address all of the following items:

(a) detailed test procedure used for the equij
design verification test (DVT)

(b) identification of the test facility performing the test
and the test dates

(c) list of test equipment used and certified calibjration
records for each

(d) laboratory mounting details for the equipment

shall

ment

AA-4433 Failure Modes and Evaluation Criteria. For
all critical components listed, the potential failure modes
being considered in the design shall be described in the
DVR. In addition, the evaluation criteria used to verify that
the critical components will not enter a failure mode shall
be defined in the DVR.

22

tested and a comparison of this to in-service mounting;
justification for all differences must be addressed

(e) method used to simulate significant in-service
interface loads, if applicable

(f) variables to be measured during and after dynamic
motion and the accuracy required for each measurement

(g) number, type, and location of each sensor used to
measure important equipment function and motion

(h) description of vibration input to the test equipment
including
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(1) single or multiaxis
(2) single or multifrequency
(3) if multifrequency, type used (sine beat, random)
(i) evidence that all significant modes were adequately
excited
(j) evidence that, for multifrequency tests, the test
response spectra (TRS) enveloped the required response
spectra (RRS)
(k) data showing that the functions as defined in
AA-4

AA-5120 Responsibility for Procedures

When an inspection or test is required by
Article AA-5000 or by any other section, written inspec-
tion or testing procedures shall be developed by the
parties performing the test or inspection subject to the
specific requirements of this Code. The inspection or
testing shall be performed by personnel qualified in accor-
dance with Article AA-8000 and with applicable portions
of the other sections.

31 were not compromised during or after the simu-
Hynamic loading
results of measurements performed to verify equip-
functionality
maximum equipment response (displacement)

during most violent tests

(n)] maximum reactions at equipment supports
(meadured or calculated)

(o) |list of all anomalies during the DVT and the resolu-
tion off each

(p) |lequipment modifications made during the DVT, if
any, ahd justification for using test data without retesting,
or ful] report of any retesting accomplished

(q) |[summary of results of DVT and conclusions drawn

AA-4443 Design Verification by Comparative Evalua-
tion Report. If the equipment design being verified has
been previously verified to different criteria, or if the
equipment design is similar to a design previously veri-
fied, if may be acceptable to verify the current design by
comparative evaluation.

Whether the basis for design verification is analysis or
test, dll of the points required by AA-4441 or AA-4442
must|be addressed. In addition, any differences
betwden the previous design verification ‘method and
the rgquirements of Article AA-4000 must be identified
and jystified as conservative. Any differences in equip-
ment|design between the previously verified design
and the design being considéred must also be shown
to be [conservative.

lated
0]
ment

(m

ARTICLE AA-5000
INSPECTION AND TESTING

AA-5
AA-5

This Article contains general requirements for the
examination, inspection, and testing of materials and
equipment.

The requirements of this Article are applicable to the
extent they are specifically invoked by other Code
sections. Unique requirements are given in each section.

100 -GENERAL

23

AA-5130 Measuring and Test Equipment

Control and calibration of measurihg,and fest equip-
ment (M&TE) shall be in accordance with ASME NQA-
1, Part I, Requirement 12.

AA-5200 VISUAL INSPECFION
AA-5210 Scope

This Article contains methods and requirgments for
visual inspection. The criteria for interprgtation of
visual inspéection are not included in this Article, since

such criteria are included in the other Code dections.

AA-5220 Description of Method

Visual inspection is generally used to determine such
things as surface condition, alignment of matinig surfaces,
shape, or evidence of leaking.

AA-5221 Direct Visual Examination. Direct visual
examination usually may be made when access is suffi-
cient to place the eye within 24 in. (610 nim) of the
surface to be inspected and at an angle not less than
30 deg to the surface to be examined. Mirrojrs may be
used to improve the angle of vision, and aidq such as a
magnifying lens may be used to assist inspedtions. The
specific part, component, vessel, or sectidn thereof
shall be illuminated to a minimum of 50 fc ($40 1x) for
general inspection and to a minimum of 10( fc (1 080
Ix) for the detection or study of small ahomalies.
Visual inspection personnel shall successfully pass an
annual visual examination to ensure natural oyf corrected
near distance acuity so that they are capable |of reading
standard ]-1 letters on standard Jaeger-type test charts for
near vision.

110 Scope and Applicability AA-5299—R Visratd om—t
. yme cases,

remote visual examination may have to be substituted
for direct examination. Remote visual inspection may
use visual aids such as mirrors, telescopes, borescopes,
fiber optics, cameras, or other instruments. Such
systems shall have a resolution capability at least equiva-
lent to that obtainable by direct visual observation.
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AA-5230 Requirements

When required by the referencing Code section, visual
inspections shall be performed.

AA-5240 Inspection Checklist

When required by the referencing Code section, a check-
list shall be used to plan visual inspections and to verify
that the required observations were performed. This

Gaskets in bolted connections shall be visually exam-
ined for uniform compression.

AA-5500 FABRICATION TOLERANCES

Equipment and components shall be examined for
conformance to tolerances required by this Code and
by the design specification. Refer to other Code sections
for specific requirements.

checklist shall establish minimum inspection require-
ments to be followed by the manufacturer.

AA-5250

When required by another section of this Code, a
written rgport shall be provided and shall contain the
following ps a minimum:

(a) the fnspection procedure used, date of the inspec-
tion resulfs, and inspector’s signature

(b) identification of instruments, equipment, tools, and
documents to the extent that they or their equivalents can
be identified for future examinations

(c) obsg¢rvations and dimensional checks specified by
the respe¢tive test data and reports developed during
inspection| and testing

(d) conflusion and recommendation by visual inspec-
tion and tgsting personnel

(e) refefrence to previous reports if this report is for
reinspectipn and testing

Reports

AA-5300| WELDED CONNECTIONS

Examingtion, inspection, and testing of welds shallbe' in
accordancp with Article AA-6000 and other sections of this
Code.

AA-5400
AA-5410

BOLTED CONNECTIONS
Before Bolting

Flange deating surfaces shall be visually examined for
cleanlinesg and acceptablétsurface finish. Flange faces
shall be ekamined for,eompliance with tolerances for
mutual pdrallelism ahd-axial alignment, as well as for
planarity ¢f each flange.

Gaskets|shallsbe‘visually examined to ensure confor-
mance wjth specified dimensional tolerances and
freedom from tears, breaks, or other defects

AA-5600 PRESSURE AND LEAK TESTING

Pressure and leak testing of equipment andCompg@nents
shall be performed in accordance with the requiremgnts of
this Code. Refer to the other Code sections for specific
testing requirements.

AA-5700 PERFORMANCE _AND FUNCTIONAL
TESTING

Testing shall be performed to ensure that prototype and
production equipment’possess dynamic and fundtional
characteristics ¢hat meet requirements of this| Code
and of the design“specification.

Among thecharacteristics that may be determir
testing aréfluid flow rates and pressures, air filter g
mance, €lectrical quantities, bearing operation,
balanee, and sound power level.

ed by
erfor-
rotor

AA-5800 SEISMIC TESTING

Refer to AA-4350 for the requirements of strulctural
design verification by testing.

ARTICLE AA-6000
FABRICATION, JOINING, WELDING, BRAZI
PROTECTIVE COATING, AND INSTALLATI

NG,
ON

AA-6100 GENERAL
AA-6110 Scope and Applicability

This Article contains general requirements for thq fabri-
cation, joining, welding, brazing, protective coating, and
installation of components, parts, and equipment.

The requirements of this Article are applicable [to the
extent they are invoked by the other sections. Unique re-

AA-5420 After Bolting

Bolts in all bolted connections shall be examined to
ensure bolts are in place. A uniform sampling of 25%
of all bolts in a bolted connection shall be tested with
a calibrated torque wrench.

Torquing requirements shall be established for each
bolted connection.

If any bolt in the sample fails to meet torque require-
ments, all bolts in the connection shall be retorqued.
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quirements are given 1n each Code section.

AA-6120 Materials

AA-6121 Material Selection. Materials to be used in
the fabrication of components, parts, and appurtenances
shall conform to the requirements of Article 3000 of each
Code section.

AA-6122 Material Identification. Materials to be used
in the fabrication and installation of components, parts,
and appurtenances shall be identified on fabrication
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and installation plans and specifications as required in
Article AA-8000.

AA-6123 Repair of Material With Defects. Material
with defects that are discovered or produced during
the fabrication and installation processes may be used,
provided the defects are repaired in accordance with
the requirements of Article AA-8000, and for weld
repairs, in accordance with AA-6300.

AA-6
Processes

Qudlity control procedures shall be prepared and main-
tainefl current for all fabrication and installation
procgsses in accordance with the requirements of
Articl¢ AA-8000.

AA-6
AA-6

Material may be cut to shape and size by any means that
doesrjotdegrade the mechanical or chemical properties of
the miaterial below the minimum specified values. The
meth¢d or methods selected shall not create critical
stress| areas, such as less than accepted corner radii.

When thermal cutting is used, consideration shall be
given |to preheating the material.

Forming and bending of pressure-retaining parts that
are tol meet requirements of ASME BPVC, Section III-ar
Sectign VIII shall conform to the applicable Article)or
Articles of the applicable section of this Code.

P00 FABRICATION PROCESSES
10 Cutting, Forming, and Bending

AA-6

Forping tolerances shall be defined.in'the design spec-
ification, drawings, and manufacturer’s design docu-
menty.

Formed parts outside the tolerances specified after the
completion of all forming,.assembly, and welding opera-
tions phall be rejected. Reépairs may be made to formed
parts [to correct unaegeptable tolerances in accordance
with AA-6123.

P20 Forming Tolerances

AA-6230 Fitting and Aligning

Parfs thatjare to be assembled or joined by mechanical
means (e.g., bolts) or welding shall be fitted, aligned, and

(b) The temporary material is compatible for welding
to the component material, and the attachment and subse-
quent removal do not reduce the component’s structural
integrity below the minimum specified value.

(c) The welder and welding procedure shall be quali-
fied in accordance with AA-6300.

(d) The immediate area around the temporary attach-
ment shall be marked in an acceptable manner so that,
after attachment removal, the area can be examined in
i i icle AA-5000.

(e) The temporary attachment shall béydompletely
removed by mechanical means such~as njachining,
shearing, clipping, or grinding, or by |thermpl cutting,
in accordance with AA-6210.

AA-6240 Welded Joints

Manufacturer’s fabricatien drawings shall provide
complete information-segarding location, fype, size,
and extent of all welds. Field and shop welds shall be
clearly identified.

Members todbe joined by welding shall be bijought into
correct aligiment when necessary and held in position by
bolts, clamps, or temporary weld attachments njeeting the
requirements of AA-6230, until the welding is gompleted.

Welding shall conform to the requirements of AA-6300.

AA-6250 Mechanical Joints

AA-6251 Fasteners and Threaded Joints.|Fasteners
and threaded joints shall be provided with locking
devices or other means to prevent loosening|under the
vibratory loads expected during system operfation. The
threads of all bolts or studs shall be engaged for the
full length of the thread in the nut unless specified other-
wise on manufacturer’s design drawings or spetfifications.
Thread engagement of all bolts and studs shall e as speci-
fied on the drawings.

AA-6252 Structural and Pressure B
Fasteners. Type, size, and spacing of structura
sure boundary fasteners shall be selected td meet the
maximum stresses anticipated for the worst lgad combi-
nation and shall be documented by calculatiopns.

AA-6253 Thread Lubricants. Any lubfricant or
compound used in threaded joints shall be &cceptable
for the service conditions and shall not react upfavorably

oundary
and pres-

when necessary, retained in position during assembly.

Attachments that are welded to the component during
construction but are not incorporated into the final
component, such as alignment lugs or straps, tie
straps, braces, preheat equipment, and postweld heat
treatment equipment, are permitted provided the
following requirements are met:

(a) Attachment material shall be identified by ASTM or
ASME specification number and shall be certified when
required by another Code section.
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With any contact material. contact surtaces within fric-
tion-type joints shall be free of oil, paint, lacquer, galva-
nizing, or other plating.

AA-6254 Removal of Thread Lubricants. All thread
lubricants or compounds shall be removed from surfaces
that are to be welded.

AA-6255 Bolted Connections. Surfaces of bolted parts
in contact with the bolt head and nut shall not have a slope
of more than 1:20 with respect to a plane normal to the
bolt axis. Where the surface of a high-strength bolted part
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has a slope of more than 1:20, a beveled washer shall be
used to compensate for the lack of parallelism. Bolts
loaded in pure shear shall not have threads located in
the load-bearing part of the shank unless permitted by
the design specification or manufacturer’s specification.

AA-6256 Precautions Before Bolting. All parts
assembled for bolting shall have contact surfaces free
from scale, chips, or other deleterious material. Surfaces
and edges to be joined shall be smooth, uniform, and free
from fins,[tears, cracks, and other defects
degrade the strength of the joint.

AA-625F Bolt Tension. All high strength structural
bolts shal| be tightened to a bolt torque equal to that
given in tHe design specification or manufacturer’s spec-
ification. Tightening shall be done by the turn-of-nut
method orfwith properly calibrated wrenches. Bolts tigh-
tened by rheans of a calibrated wrench shall be installed
with a hardlened washer under the nut or bolt head, which-
ever is the element turned in tightening. Hardened
washers dre not required when bolts are tightened by
the turn-df-nut method, except that hardened washers
are requifed under the nut and bolt head when the
bolts are used to connect material having a specified
yield poinf less than 40.0 ksi (276 MPa).

AA-6258 Locking Devices. Threaded fasteners, except

(c) Records. Each manufacturer shall maintain a record
of the results obtained in welding procedure and welder
and welding operator performance qualifications. These
records shall be certified by the manufacturer and shall be
accessible for review.

(d) Base Metal

(1) Base metals to be joined by welding shall be one
or a combination of those listed in Article 3000 of each
Code section.

anti-spatter compounds may remain on the metal to be
joined provided the welding procedure ds qudlified
with these materials present.

(e) Filler Metals. Filler metals selected shall be onje or a
combination of those listed in ASME BPVC, Section |, Part
C and shall be compatible with the Welding procesf used
and the base metal designated{on the manufacturer’s
drawings.

(f) Processes. Joining precesses under this specification
shall include oxyfuel gas welding (OFW), shielded metal-
arc welding (SMAW), submerged-arc welding (SAW), gas
metal-arc welding - (GMAW), flux-cored arc we¢lding
(FCAW), gas tungSten-arc welding (GTAW), plastha-arc
welding (PAW), resistance welding (RW), styd-arc
welding (SW), and carbon-arc welding (CAW).

(g)./Térms and Definitions. Terms and definition$ shall
be interpreted in accordance with ANSI/AWS A3.p.

{h) Symbols. Symbolsused on the manufacturer’s/draw-
ings shall be in accordance with ANSI/AWS A2.4.

.(when co patlbl'e with service temperature), locknuts, (i) Safety Precautions. Safety precautions shall copform
jam nuts, pnd drilled and wired nuts are all acceptable o
locking devices. Upset threads may serve as locking to the latest edition of ANSI/AWS Z49.1.
: [ ' (j) Standard Units of Measurement. The values stgted in
devices. .
U.S. customary units are to be regarded as the stapdard.
The metric (SI) equivalents of U.S. customary upits as
AA-6300| WELDING REQUIREMENTS given are approximate.
AA-6310 |General (k) Welding Procedure and Performance Qualification
(1) Qualification of the manufacturer’s w¢lding
(a) Scope. The requirements of AA-6300 apply to the procedure specifications and welder and wglding
preparatipn of welding procedure specifications, the operator performance shall be in accordance with the re-
qualificafion of welding procedures, welders, and quirements of one or more of the following, as defihed in
welding operators for all types of manual and machine each Code section:
welding processes, dnd to the workmanship, weld (-a) ASME BPVC, Section IX
quality, a)pd inspegction of weldments produced during (-b) AWS D1.1
the manuffacture of\equipment and components. (-c) AWS D9.1
The reqliirements of this subarticle are applicable to the (-d) AWS C1.1
extent the} are'invoked by the other sections. Unique re- (-e) AWS C1.3
quirements are given In each section. (/) AWS D1.3
(b) Responsibility. Each manufacturer is responsible for (-g) AWS D1.6

the welding done by its organization and shall conduct the
tests required in this Code to qualify the welding proce-
dures used in the construction of the weldments built
under this Code, the performance of welders and
welding operators who apply these procedures, and
the inspections required for workmanship and weld
quality verification.
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(2) Welding of performance qualification test
samples shall be performed in accordance with the manu-
facturer’s qualified welding procedure for the process
used.

(3) Welding procedure qualification of coated base
metals qualifies the procedure for uncoated base metals,
but not vice versa.
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(4) Base metal sensitization shall be considered in
selecting the welding process and filler metals for
welding procedures developed for welding stainless steel.

AA-6320 Workmanship
AA-6321 Preparation of Base Metal

AA-6321.1 Surfaces and edges to be welded shall be
free from fins, tears, cracks, and discontinuities that would
adversely affect the quality or strength of the weld.

AA-6324.2 Weld profiles shall be in accordance with
the acceptable weld profiles shown in Figure AA-6324.2-1.

AA-6324.3 The faces of fillet welds may be slightly
convex, flat, or slightly concave, as shown in
Figure AA-6324.2-1, illustrations (a) and (b), with none
of the unacceptable profiles shown in illustration (c).

AA-6324.4 Groove welds shall preferably be made
with slight or minimum reinforcement except as may

Surfages to be welded and surfaces adjacent to a weld
shall dlso be free from loose mill scale, slag, rust, moisture,
greas¢, and foreign material that would prevent proper
weldihg. Mill scale that can withstand wire brushing, a
thin rust-inhibitive coating, or anti-spatter compound
may remain.

AA-6321.2 Galvanized surfaces need not have the zinc
coatirlg removed before welding, provided the welding
proceflure is qualified with the galvanizing present.

AA-16322 Joint Fit-Up

AA-6322.1 Joints to be welded shall be brought into
corredt alignment within the tolerances required by the

qualifled welding procedure.

-6322.2 When tack welds are used to assemble the
joint fpr welding and are incorporated into the final weld,
they ghall be made with electrodes meeting the require-
mentq of the final welds.

-6322.3 Tack welds not incorporated into.the final
welds| shall be removed.

AA46323 Weld Cleaning

-6323.1 Where cleaning of basenietals is required,
it sh‘:E} be accomplished by wire brushing, grinding,
blasting, solvents, or other suitable means that are unin-
juriouls to the material or weld quality.

AA-6323.2 Before welding over previously deposited
metal} slag, if present,shall be removed and the weld and
adjacgnt base metal shall be brushed clean. This require-
ment fhall apply not only to successive layers, but also to
succe§sive beads and to the crater area when welding is
resunjed after any interruption.

be otherwise provided. In the case of butt gnd corner
joints, the reinforcement shall not exceed |5 in. (3.2
mm) in height and shall have a gradual transition to
the plane of the base metal 'Surface. See
Figure AA-6324.2-1, illustration~d). They shpll be free
of the discontinuities shown for butt joints in illustration

(e).

AA-6330 Inspectionand Testing of Welds
AA-6331 Butt and'Fillet Welds

AA-6331.YProduction welds shall be insppcted. As a
minimum, visual inspection shall be made. Welds that
conform te/the following criteria shall be accgptable:

(a). fusion: complete fusion is required
(b) “penetration: required joint penetration ajs specified
for.the application
(c) reinforcement of welds in butt joints: a mpximum of
0.125 in. (3.2 mm) face reinforcement and 0.1125 in. (3.2
mm) root reinforcement
(d) throat and convexity of fillet welds: a minimum weld
leg size, as required on the design drawings, with
maximum convexity not to exceed 0.125 in. (B.2 mm)
(e) porosity or slag inclusion: a maximurh of three
visible pores or slag inclusions, or both, that do not
exceed 0.25t/in. (0.25¢t/25.4 mm) of wdld, and a
maximum of one visible pore or slag inclysion that
does not exceed 0.5t/in. (0.5t/25.4 mm] of weld,
where t is the thinner base metal thickness
(f) undercut: no undercut exceeding 0.15¢,
0.125 in. (3.2 mm) or thinner, or exceeding *
mm), where t exceeds 0.125 in. (3.2 mm)
(g) cracks: no cracks are permitted

where t is
2 in. (0.79

AA-6331.2 Completed welds shall b¢ visually
inspected for location, size, and length in afcordance
with the requirements of applicable manufactufer’s draw-

AAR-6323.3 Upon completion, the weld and adjacent
areas shall be cleaned of all slag, excessive spatter, soot,
dirt, or any residue from welding. Welds shall be left in a
condition ready for subsequent inspection.

AA-6324 Weld Quality

AA-6324.1 The sizes and lengths of welds shall be no
less than those specified by design requirements and
detail drawings.
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ings and specifications.

AA-6331.3 When specified by the Engineer, the weld
acceptance criteria of NCIG-01 may be used in lieu of the
criteria of AA-6324 and AA-6331.1 for structures and
supports fabricated to the requirements of the AISC Spec-
ification for the Design, Fabrication and Erection of Struc-
tural Steel for Buildings and AWS D1.1.

(19)
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Figure AA-6324.2-1 Acceptable and Unacceptable Weld Profiles

Size

Size
Size

GENERAL NPTE: Courtesy of the;American Welding Society.

AA-6332 Resistance Spot Welds. The diameter of the
spot and ctrosssection of the nugget shall be in accordance
with the sigzes’Specified on detail drawings and in welding

(a) DBBiFﬂble Fi"ei ‘A‘e'd P’e#il..n il A
oY wy
| Size Size Size Size Size
Insufficient Excessive Excessive Overlap Insufficient, Inadequate
throat convexity undercut leg penetration
{c) Unacceptable Fillet Weld Profiles
= G 2
o/ {
~ %
;N |
’ {d) Acceptable Butt Weld Profile
2 f 4 ‘\/\,
\ / ]
N _J \ ’
7= Pathed
I, \\ % / ‘\
N TN
Excessive Insufficient Excessive Overlap
convexity throat undercut

(e) Unacceptable Butt Weld Profiles

tion. After welding, stud ferrules shall be broken fifee for
visual inspection.

procedure specifications.

AA-6333 Stud Welding

AA-6333.1 The design of studs shall be suitable for arc
welding to steel members with automatically timed stud
welding equipment. An arc shield shall be furnished for all
studs and pins over 10 gauge diameter. At the time of
welding, the studs shall be free from rust, rust pits,
scale, oil, paint, galvanizing, plating, and other deleterious
material that would adversely affect the welding opera-

AA=6333.2 Stud weld reinforcement shait be as speci-

fied by the manufacturer’s drawings and procedure.

AA-6334 Nondestructive Testing (NDT) Methods and
Acceptance Criteria

AA-6334.1 When nondestructive testing other than
visual inspection is required, it shall be so stated in
the manufacturer’s drawings and specifications.

28


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

AA-6334.2 Surface inspection, when required, shall
be performed using the dye penetrant method. The stan-
dard methods set forth in ASTM E165 shall be used for dye
penetrant inspection, and the acceptance criteria shall be
in accordance with AA-6331.

AA-6334.3 For detecting surface or subsurface
discontinuities, radiographic or ultrasonic inspection
may be used. Radiographic or ultrasonic inspection
shall be used only when joint designs require multiple

ments are given in the applicable equipment section of
this Code.

(b) Responsibility. Each manufacturer is responsible for
the brazing done by its organization and shall conduct the
tests required in this subarticle to qualify the brazing
procedures used in the construction of the brazements
built under this Code, the performance of brazers and
brazing operators who apply these procedures, and the
inspections required for workmanship and braze

pass yelds. The standard methods set forth in ASME
BPVC) Section V shall be used for inspection and accep-
tance| criteria and shall be in accordance with the
followling:

(a) |INo cracks are permitted.

(b)|Not more than three individual discontinuities,
with the greatest dimension being less than %, times
the bdse metal thickness per linear inch (25.4 mm) of
weld, Jare permitted.

AA-6335 Inspector Qualifications

AA-6335.1 Personnel performing visual inspections
shall jmeet the requirements of ASME NQA-1, Part I,
Requirement 2 to a Level I capability and be working
under| the supervision of a Level II or III individual, or
shall be Level II or III individuals.

-6335.2 Personnel performing nondestructive
testing shall be qualified in accordance with SNT-TC=
1A. Only individuals qualified for NDT Level I and
workihg under an NDT Level II or III individual, or\indi-
viduals qualified for NDT Level II or III, mayperform
nondgstructive testing.

AA-6335.3 Personnel performing visual inspections
tothefequirements of AA-6331.3 shall'be trained in accor-
dancelwith NCIG-03 with regard td theé'acceptance criteria
of NC|G-01.

AA16336 Repairs. Defects'in welds or base metals may
be repaired in accordance“with the applicable welding
code jJand the applicable equipment section of this
Code|Weld repairsishall be performed by qualified
weldqrs using qualified procedures and inspected to
the OIEginal acceptance criteria.

AA-600" BRAZING

guality verification

(c) Records. Each manufacturer shall maintaln arecord
of the results obtained in brazing procedure, #and brazer
and brazing operator performance qualificatipns. These
records shall be certified by the'manufacturer and
shall be accessible for review.

(d) Base Metals. Base metalg™to be joined
shall be aslisted in each section of this Code and
to that section.

(e) Filler Metals. Filler'metals selected shall be one or a
combination of those listed in ASME BPVC, Sectlion II, Part
C or ANSI/AWS A5.8 and shall be compatiblp with the
brazing progess used and the base metal des]gnated on
the manufacturer’s drawings.

(f) Praeesses. Joining processes under this splecification
shall*include torch brazing (TB), furnace brgzing (FB),
induétion brazing (IB), resistance brazing (RB), and dip
brazing (DB).

(g) Terms and Definitions. Terms and definitions shall
be interpreted in accordance with ANSI/AWS A3.0.

(h) Symbols. Symbolsused on the manufacturer’s draw-
ings shall be in accordance with ANSI/AWS A2.4.

(i) Safety Precautions. Safety precautions shgll conform
to the latest edition of ANSI/AWS Z49.1.

(j) Standard Units of Measurement. The valug¢s stated in
the U.S. customary units are to be regarded ap the stan-
dard. The metric (SI) equivalents of U.S. customgry units as
given are approximate.

(k) Brazing Procedure and Performance Qualification

(1) Qualification of the manufacturer|s brazing
procedure specifications, and brazer and brazing operator
performance, shall be in accordance with thle require-
ments of one or more of the following:

(-a) ASME BPVC, Section IX
(-b) ANSI/AWS C3.3

(2) Brazing of performance qualificjtion test

samples shall be performed in accordance with|the manu-

by brazing
applicable

AA-6410 General

(a) Scope. The requirements of AA-6400 apply to the
preparation of brazing procedure specifications, the quali-
fications of brazing procedures, brazers and brazing
operators for all types of manual and machine brazing
processes, and the workmanship, braze quality, and
inspection of brazements produced during the manufac-
ture of equipment and components. Brazing shall be in
accordance with this subarticle unless specific require-

29

facturer’s qualified brazing procedure for the process
used.

AA-6420 Workmanship

AA-6421 Preparation of Base Metal. Surfaces and
edges to be brazed shall be free from fins, tears,
cracks, and discontinuities that would adversely affect
the quality of strength of the brazement. Surfaces to be
brazed and surfaces adjacent to a brazement shall also
be free from loose mill scale, slag, rust, moisture,
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grease, and foreign material that would prevent proper
brazing.

AA-6422 Joint Fit-Up. Joints to be brazed shall be
brought into correct alignment within the tolerances
required by the qualified brazing procedure.

AA-6423 Cleaning

AA-6423.1 Where cleaning of base metals is required,
it shall be accomplished by wire brushing, grinding,
blasting, splvents, pickling, or other suitable means.

AA-6423.2 Upon completion, the brazement and adja-
cent areas|shall be cleaned of flux residues and oxide scale
formed dyring the brazing process.

AA-6430( Inspection and Testing
AA-643] Visual Examination

AA-6431.1Visual examination of brazed joints is used
for estimaging the soundness by external appearance, such
as continufty of the brazing filler metal, size, contour, and
wetting offfillet along the joint, and, where appropriate, to
determineif filler metal flowed through the joint from the
side of application to the opposite side.

AA-6431.2 Brazed joints shall be inspected by visual
means prigr to mechanical or section tests. As a minimum,
visual insgection shall be made. The results of the visual
examinatipn shall meet the following requirements:

(a) Brate metal shall be present atall edges of the joint;,

(b) No hinfused brazing filler metal shall be present.

(c) Undgrcutting shall have a maximum depth of 5% of
the base njetal thickness, or 0.010 in. (0.254 mm), which-
ever is less.

(d) Individual pores shall have a maximum, diameter of
0.015 in. (0.381 mm), and the minimum_space between
such pores shall be 0.5 in. (12.7 mm):

(e) Thefsum ofall pore diameters'shall be a maximum of
0.030 in. (0.762 mm) in eachdinear inch of joint.

(f) No dracks are permitted.

AA-6431.3 Mechanical or section tests, when
required, shall be aseemplished in accordance with the
applicable| code specified in AA-6410.

AA-643P NDT Methods and Acceptance Criteria

AA-64 When nondestructive testing other than
visual inspection is required, it shall be so stated in
the manufacturer’s drawings and specifications.

AA-6432.2 Surface inspection, when required, shall
be performed using the dye penetrant method. The stan-
dard methods set forth in ASTM E165 shall be used for dye
penetrant inspection, and the acceptance criteria shall be
in accordance with AA-6431.
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AA-6432.3 For detecting surface or subsurface
discontinuities, other nondestructive methods may be
used. The standard methods set forth in ASME BPVC,
Section V shall be used for NDT inspection. The extent
of examination and acceptance criteria shall be stipulated
in the procurement documents.

AA-6433 Inspector Qualifications

AA-6433.1 Personnel performing visual inspections
all-meetthe Hemen —Part I,
Requirement 2, to a Level I capability and‘shpll be
working under the supervision of a Level Il ©ox, HI Indivi-
dual, or shall be Level II or III individuals.

aa a o ASME

NLOA

AA-6433.2 Personnel performing NDT shall bg qual-
ified in accordance with SNT-TC-1A.Only individual$ qual-
ified for NDT Level [ and workingdinder an NDT LevEl I or
Il individual, or individuals.qualified for NDT Leve¢l II or
I1I, may perform NDT.

AA-6434 Repairs. Defects in base metals or Hrazed
joints may be repaired in accordance with written
repair proceduf'es mutually agreed upon betweg¢n the
manufacturer and purchaser. Repairs shall be performed
by qualified,brazers in accordance with the qualified
brazing,procedure specification. Repairs shall be
inspécted to the original acceptance criteria.

AA-6500 CLEANING AND COATING
AA-6510 General

The design specification shall specify the required
coating service levels for both internal and external
surfaces of the equipment. Coating level designpation
shall be determined based on equipment location] func-
tion, and effect of coating system on intended comgonent
or system performance.

The design specification shall contain the Oyner’s
plant-specific quality assurance requirements and|licen-
sing commitments.

ASTM D5144, Standard Guide for Use of Protgctive
Coating Standards in Nuclear Power Plants, prgvides
useful guidance in determining appropriate s¢rvice
levels for protective coating used in nuclear power
plants. ASTM D5144 also provides definitions for|perti-
nent terms used for classification of coating systems

v, SRR N MvATOlS

SAVAS Uc ped DEIOW.

The main criteria for coating systems are to provide
corrosion protection, facilitate decontaminability of the
exposed surfaces to radioactive nuclide contamination,
and provide assurance that coatings will not fail in a
manner that will compromise the function of a structure,

system, or component.

AA-6511 ServiceLevellAreas. Service Levell areasare
areas inside the reactor-containment where coating
failure could affect the operation of post accident

(19)
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fluids and, thereby, impair safe shutdown. Service Level I
protective coating system shall conform to the design
specification.

AA-6512 Service Level Il Areas. Service Level II areas
are areas where coating failure could impair, but not
prevent, normal operating performance. The function
of Service Level Il protective coatings is to provide corro-
sion protection and facilitate decontaminability in those
areas outside the reactor-containment subject to radiation

design specification. ASTM D5144 provides guidance for
requirements for surface preparation and coating appli-
cations for safety-related work. Coating work process re-
quirements may also be established for Service Level II
coating work based on criticality. The following Society
of Protective Coatings' documents provide useful infor-
mation relevant to coating work processes: SSPC-SP COM,
“Surface Preparation Commentary”; SSPC-PA 1, “Shop
Field and Maintenance Painting”; and SSPC-PA Guide 3,

“A Guide to Safety in Paint Application” Additionally,

exposfire and radionuclide contamination. . , s . .
the coating manufacturer’s published technicil require-
AA+6513 Service Level lll Areas. Service Level 11l areas ments for the given coating or coating-syst¢m should
are argas outside the reactor containment where coating be considered when developing coatinglwork process re-

failurg could adversely affect the safety function of a
safetytrelated structure, system, or component. Service
Level|lll coatings may include linings used in areas
such s service water systems, essential cooling water

heat ¢xchanger channel heads, and emergency diesel
generftor air intakes.
AA16514 Stainless Steel and Galvanized Surfaces.

Stainl
coate
surfa
level

instal

bss steel and galvanized surfaces are not normally
l. When protective coatings are applied to these
es, the applicable requirements for the service
hrea for protective coatings where they will be
ed shall apply.

AA-6

AA16521 General. Clearly define the areas to which
protective coatings are to be applied, and identify
those |areas where coatings are not to be applied.

520 Design Considerations for Coating

AA16522 Coating System Selection and-Evaluation.
Coating system selection should be consistent with
plantispecific design specification_for the intended
coatifg service level area application. ASTM D5144
providles useful information on felévant standards for
selectling, testing, and evaludting coatings for use in
nuclear power plants. Wheh possible, coating systems
shoulfl complement the coatings already in use at the
facilify (i.e., currently;or previously used materials
shouldl be considered for use whenever possible to mini-
mize {mpact on future maintenance coating).

AA-16523_Surface Preparation. Surface preparation for
both yncoated (new) and previously coated surfaces shall
be eqfial’to or better than that used in the qualification

quirements.

AA-6530 Repair of Coating’System

(a) Safety-related (Serwice Level I and IIl) coating
systems that require tepair due to damage jor defects
in the original coating’system shall be repairefl in accor-
dance with the reqnirements of this subarticle.

(b) Non-safety-related coatings should be 1fepaired in
accordance with the applicable sections of this|subarticle
and the coating manufacturer’s written ingtructions
unless. otherwise stipulated in the plant-spedific design
spegification.

{(€) Galvanized surfaces that have been dammaged and
require repair with a protective coating system shall
be repaired in accordance with the requirpments of
this subarticle for the applicable coating servicglevel loca-
tion.

AA-6540 Cleanliness

Equipment internals shall, as a minimumn, be shop
cleaned and be prepared for shipment per the require-
ments of ASME NQA-1. Cleanliness levels shall be the
same as for the fluid systems of which the ¢quipment
isapart. The design specification shall identify the internal
cleanliness levels of the associated fluid sygtem. As a
minimum, ASME NQA-1, Part I, Subpart 2.1, Clgss D clean-
liness level shall apply.

AA-6541 Component Cleanliness

AA-6541.1 Cleanliness of Moisture S¢
Metal parts of the moisture separator shall |
and degreased in accordance with ASTM A3

parators.
e cleaned
80 before

testing of the coating system intended for use. In those
cases where qualification testing of the coating system
was not required, then surface preparation requirements
may be specified in the design specification based on the
desired service life required for the applied coating
system.

AA-6524 Coating Work Processes Requirements. Re-
quirements for surface preparation and coating applica-
tions processes for safety-related (Service Level I and III)
coating work shall be established in accordance with the
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any welding:

AA-6541.2 Cleanliness of Filter Cells. Metal surfaces
shall be cleaned and degreased in accordance with ASTM
A380 before any welding, installation of gaskets or seal
pads, and filling with adsorbent.

! Formerly known as Steel Structures Painting Council. Referenced
SSPC documents can be found in the SSPC publication “Systems and
Specifications — Steel Structures Painting Manual,” Volume 2.
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AA-6541.3 Cleanliness of Type Ill Adsorbers. All
surfaces shall be cleaned prior to acceptance. No
halogen bearing materials or carbon steel tools shall
be used to clean the stainless steel surfaces. Cleaning
shall be performed in accordance with the procedures
contained in Article AA-6000 and the manufacturer’s
written procedure.

AA-6541.4 Cleanliness of Mounting Frames. All
surfaces shall be cleaned per Article AA-6000 prior to

(3) Where special circumstances make it impractical
to employ blasting, alternative methods of surface
preparation may be used, provided the surface prepara-
tion is adequate for the coating system and the intended
service.

(b) Surface preparation of metal surfaces for air
cleaning equipment and material located outside the
containment building shall conform to the following re-
quirements:

[17 All welds shall be continuous free from spatter

acceptande. No halogen bearing materials or carbon
steel toolq shall be used to clean frames constructed of
stainless sfeel. Cleaning shall be performed in accordance
with the rhanufacturer’s written procedure.

AA-6%41.5 Cleanliness of Control Panels. Cleaning
and coatir]g shall be in accordance with AA-6500.

AA-6542 Surface Preparation. Surface preparation,
finishing, and coating of all equipment and components
shall be i1} accordance with the design specification. In

lieu of specified standards, cleaning, finishing, and
coating shlall be in accordance with the manufacturer’s
written prpcedures. Surface preparation, finish, and coat-
ings that gre compatible with the environmental condi-
tions shall be provided in the design specification.

AA-6543 Cleaning and Finishing. This subarticle
covers the cleaning prior to surface preparation,
coating, o1] painting. Surfaces shall meet the following re-
quirements:

(a) Surfaces shall be free of particle contaminants such
as sand, njetal chips, weld slag, or weld spatter.

(b) All durfaces to be coated shall be clean and freefrom
oil, greasd, soil, dust, or foreign matter before further
mechanicfl or chemical surface preparation. Solvent
cleaning shall be in accordance with thefrequirements
of SSPC-SP 1. Halogen based materials.or chlorinated
degreaser$ shall not be used for surfaee preparation.

AA-6%43.1 Surface Preparation

(a) Surfface preparation‘of’metal surfaces for air
cleaning ¢quipment and/miaterial located inside the
containmgnt building.shall conform to the following re-
quirements:

(1) A]l weldsishdll be continuous where feasible, free
from shafp projections and spatters, and blended
smoothly|into the base metal. The surface shall be

and sharp projections, and blended smoothly inta thie base
metal.

(2) The minimum surface prepardtion shpll be
commercial blast cleaning as specified.in SSP(-SP 6
and to a visual degree of cleanness)as described in
SSPC-VIS 1.

(3) The abrasive shall bé\selected to prody
anchor pattern that is compatible with the c
system used and acceptable-to the coating manufa

(4) Where special circumstances make it impr;
to employ blasting, ‘alternative methods of syrface
preparation may’be used, provided the surface prepara-
tion is adequate’for the coating system and the intended
service.

(c) Surfaees prepared for coating shall not be allowed
to deteriorate below minimum surface preparatipn re-
quiremients or to be contaminated in any way befween
completion of the preparation phase and coating applica-
tion. If visible deterioration has occurred, the syirface
preparation shall be repeated.

ce an
ating
turer.
hctical

AA-6543.2 Coating and Application. Coating and
application shall be in accordance with the following re-
quirements:

(a) Coating material mixing and thinning procgdures
shall conform to those outlined in SSPC-PA 1 4nd to
the recommendations of the coating manufacturet.

(b) Application equipment, its use, and its maintgnance
shall conform to the requirements of SSPC-PA 1 and|to the
recommendations of the coating manufacturer.

(c) Coating materials and application equipmen} shall
be suitable for the intended purpose and shall be |main-
tained in satisfactory operating condition for the proper
coating application.

(d) Application of coating shall conform to the require-
ments of SSPC-PA1 and to the recommendations jof the

cleaned in accordance with SSPC-SP 10, as appropriate.
The abrasive shall be selected to produce an anchor
pattern that is compatible with the substrate and the
coating system used and acceptable to the coating manu-
facturer.

(2) All loose foreign material shall be removed.
Crevices, gouges, deep pitting, and joints shall be filled,
where required, with a suitable material compatible
with the substrate and the coating system used.
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Sting fachie
coating-mantufacturer

(e) The dry film thickness of each coat and of the entire
coating system shall conform to the requirements of the
design specification.

(f) No coating materials shall be applied to the coil heat
transfer surfaces unless specifically required by the design
specification.

(g) Quality assurance and quality control for coating
materials, surface preparation, and coating application,
including procedures and personnel qualifications neces-
sary to provide specified documentation and adequate
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confidence that the coating work will satisfy service condi-
tions, shall conform to the design specification require-
ments.

AA-6544 Coating of Filter Mounting Frames. Coating
of the frames, if applicable, shall be in accordance with
AA-6500.

AA-6550 Quality Assurance Requirements and
Documentation

quality control process with respect to safety-related coat-
ings work. Quality control requirements may also be
established for Service Level Il coating work based on
criticality.

AA-6555 Coating Applicator’s Qualifications. Per-
sonnel applying protective coatings in safety-related
coating applications (Service Levels I and I1I) shall be qual-
ified in accordance with the plant-specific quality assur-
ance program or design specification. ASTM D4227

(a) |Safety-related (Service Level I and III) coating work
shall gonform to the quality assurance requirements of the
design specification. Service Levels I and III coating work
is conpidered a special process as defined in 10 C.F.R. 50,
Appendix B, Criterion 9.

(b) |Quality assurance requirements for Service Level I
coatings are not mandatory (unless otherwise committed
to in plant-specific quality assurance program or design
specifjcation) and should be established based on the criti-
cality |of the work scope.

(c) |IDocumentation shall be provided to the Owner in
accordlance with the requirements of Article AA-8000.

AA46551 Quality Assurance Program. A quality assur-
ance program for safety-related (Service Levels I and III)
coatinlg work shall be established in accordance with the
design specification. ASTM D3843 provides guidance for
achieving the objectives of the Owner’s Quality Assurance
Program with respect to safety-related coatings work,
Qualitly assurance requirements may also be established
for Sdrvice Level II coating work based on criticality.
Servig¢e Levels I and III coating work is considered a
specidl process as defined in 10 C.F.R. 50,-Appendix B,
Criterjon 9.

AA-16552 Inspection. Coating work'shall be inspected
by pratective coatings inspection personnel qualified and
certiffed in accordance with the plant-specific quality
assurpnce program or desigw specification. Safety-
related (Service Level I and-1II) coating work shall be
inspegted in accordance.with plant-specific quality assur-
ance program or design specification. ASTM D5161
provigles guidanee.in selecting appropriate inspection
attribfites for £oating inspection work.

AA46553“Coating Inspector’s Qualification. Personnel

performing’inspection work for safety-related coating (a) Where equipment requires component

(concrete substrates) and ASTM D42Z8 (steel Jubstrates)
provide an acceptable means for qualifying pesonnel for
applications of protective coatings for safefty-related
coating work.

AA-6556 Control of Coating(Manufacturipg. Unless
otherwise stipulated in plant-specific quality|assurance
program or design specification, coating matg¢rials used
in safety-related applications shall be manufactured
under the provisionss0f’10 C.F.R. 50 (2019),[Appendix
B, or be commercially dedicated for use in a safety-
related application/ ASTM D3843 provides an pcceptable
means for eStablishing quality assurance crjiteria and
documentation requirements to be imposed pn coating
manufacturers of safety-related coating matefials.

AA<6600 INSTALLATION REQUIREMENT(S
AA-6610 Handling and Rigging

(a) Handling and rigging requirements for pssembled
components or subassemblies shall be identified in manu-
facturer’s installation procedures in accordance with
Article AA-7000. Manufacturer’s procedyres shall
include the classification of the item to be Handled as
defined in ASME NQA-1.

(b) Items that will be handled or support
installation by a crane or other lifting devid
equipped with lifting eyes or other means t¢ maintain
the item in proper orientation without exceedling struc-
tural design integrity of the assembly while beipg handled
or supported. The design specification shall identify any
special rigging requirements or restrictions for|final erec-
tion.

ed during
e shall be

AA-6620 Field Assembly

assembly

dance with the plant-specific quality assurance program
or design specification. ASTM D4537 provides an accept-
able means for qualifying personnel for inspection of
safety-related coating work.

AA-6554 Quality Control Process. Quality control
procedures for Service Level I and III coating work
shall be established in accordance with the plant-specific
quality assurance program or design specification. ASTM
D3843 provides guidance for achieving the objectives of a
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ufacturer
shall provide detailed written procedures for making
the proper final assembly. Installation procedures shall
include requirements for all other interfacing services,
such as electrical, piping, supports, and ductwork. Instal-
lation procedures shall also address assembling, setting,
erecting, leveling, aligning, securing, doweling,
connecting, cleaning, lubricating, final adjusting,
inspecting, and all other operations necessary to make
the equipment operable.
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(b) The equipment manufacturer shall be responsible
for advising the Owner or designee of field connections or
services required for the proper and safe operation of the
equipment as specified in the design specification. These
requirements shall be explained in the installation proce-
dures. The equipment manufacturer shall make provi-
sions in the design of its equipment for the required
field connections.

(c) Alignment markings where required for the proper

AA-7120 Responsibility

The requirements for the activities covered by this Code
are identified in this Article and in each Code section. The
establishment of practices and procedures, and the
providing of resources for personnel, equipment, and
services necessary to implement the requirements of
this Code, may be delegated to other organizations,
and such delegation shall be documented. However, it
is the responsibility of each organization performing

field positianing and connection of parts or suhassemblies
shall be sjown on the manufacturer’s installation draw-
ings.

AA-6630

(a) Fie
specified i
or this Cg
writing b
Owner’s
meet the
or this Co

Temporary Field Attachments

d attachments to equipment and ducts not
h the design drawings, the design specification,
de are permitted only when authorized in
y the equipment manufacturer, Owner, or
lesignee. The method of attachment shall
requirements of the drawings, specifications,
e, as applicable, and neither the attachment
nor the nethod of attachment shall adversely affect
present oy future performance, reliability, or structural
integrity df the item or the installed system. Temporary
attachments shall be removed before delivery or final
acceptance of the installed system, whichever is applica-
ble.

(b) Ung
equipmer

uthorized attachments shall not be made to
t or ducts and, when discovered, shall be
a manner that will not affect the immediate

of such attachment. The metho6d of removal or
oth, if necessary, shall be(authorized by the
manufacturer or the Qwner or the Owner’s
If the attachment does adversely affect
or future performance or reliability, and
removal of the attachment @r repair does not eliminate
the adverde result, the/item affected shall be replaced.

ARTICLE AA-7000

PACKAGING,SHIPPING, RECEIVING, STORAGE,
G

and instructions issued for the project and to, copform
to the requirements of this Code as it iscapplic
its work.

work covered by this Code to comply with proc]éiures

le to

AA-7200 GENERAL REQUIREMENTS

This Article contains requirements that are|to be
fulfilled by organizations¢responsible for perfofming
any segment of work described in each Code sectjon.

This Article establishes measures acceptable fpr the
packaging, shipping; réceiving, storage, and handling of
air and gas treatment items to be incorporated [n the
nuclear power¢{lant and for the inspections, examina-
tions, testing;and documentation to verify conforjnance
to specified requirements.

This Article is intended to supplement ASME N
Part If, Subpart 2.2. The provisions of this Articld
replace these respective sections and subsecti¢ns of
ASME NQA-1, Part II, Subpart 2.2. The balance of
ASME NQA-1, Part I, Subpart 2.2, shall apply and be
part of this Code.

Terms used in Article AA-7000 that relate to d
assurance are defined in ASME NQA-1, Part II, Sy
2.2, Terms and Definitions. Additional term
defined in Part I, Article 400.

QA-ll
shall

uality
bpart
s are

AA-7210 Planning, Procedures, and Instructions

The design specification and drawings for air and gas
treatment items shall include provisions for afcom-
plishing the packaging, shipping, receiving, storage, and
handling activities described in this Code. The prepajration
and control of procedures and work instructions foi these
activities shall be provided. Sufficient details shall be
included to ensure compliance with the provisipns of
Article AA-7000 and each Code section.

AA-7100 GENERAL
AA-7110 Scope and Applicability

This Article contains general requirements for packa-
ging, shipping, receiving, storage, and handling of compo-
nents, parts, and equipment.

The requirements of this Article are applicable to the
extent they are invoked by the other Code sections. Unique
requirements are given in each respective Code section.

34

AA-7220 Personnel Qualifications

Those personnel who perform inspection, examination,
and testing activities at the job site to ensure compliance to
this Code shall be qualified in accordance with ASME NQA-
1, Part I, Requirement 2. Offsite inspection, examination,
or testing shall be audited and monitored by personnel
who are qualified in accordance with ASME NQA-1,
Part [, Requirement 2.


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

AA-7230 Classification of Items

The requirements for activities covered by this Article
(packaging, shipping, receiving, storage, and handling) are
divided into four levels with respect to protective
measures to prevent damage, deterioration, or contami-
nation of the items, based upon the important physical
characteristics and not upon the important functional
characteristics of the item with respect to safety, relia-
bility, and operation. It should be recognized, however,

to minimize damage in transit, precaution required when
handling items during loading and transit, and identifica-
tion and inspection on overseas shipments.

The mode of transportation used shall be consistent
with the protection classification of the item and with
the packaging methods used.

ARTICLE AA-8000
QUALITY ASSURANCE

that yithin the scope of each level there may be a
range| of controls and that the detailed requirements
item are dependent on the importance of the
item fo safety or reliability. Items, once classified, shall
be resgtricted to that level or higher for each of the packa-
ging, fhipping, receiving, storage, and handling opera-
tions.|Any package unit or assembly made up of items
of different levels shall be classified to the highest
level flesignated for any of the respective parts, unless
the higher level subassembly or part can be packaged
to its|respective level while still attached to the total
assen]bly or is totally protected within the assembly.
The bplance of the unit or assembly may be classified
to a lpwer level. If the unit is disassembled, a level
shall be indicated for each part.

Iterhs covered by this Code are given the appropriate
proteftion classification level in accordance with the
provigions of ASME NQA-1, Part II, Subpart 2.2, Article
202 apd these levels and detailed requirements are delix
in each equipment section of this Code.

AA-7300 PACKAGING
AA-7310 General

Thig subarticle contains the requirements for packaging
items|for protection against corrosion, contamination,
physifal damage, or any effect that would lower the
quality or cause the item to.deteriorate during the
time if is shipped, handled;and stored.

Implementation of AA<7300 is accomplished by
applylng the appropriate criteria contained in ASME
, Part 11, Subpart 2.2, concerning cleaning, preser-
vatives, desiccants, inert gas blankets, cushioning, caps
and plugs, batrief and wrapping materials, tapes, blocking
and bracing; containers, marking, other quality assurance
providions; and documentation.

AA-8100 GENERAL
AA-8110 Scope and Applicability

This Article contains general Tequiremer
quality assurance of components, parts, and ¢
Therequirements of ASMEINQA-1 apply tothec
parts, and equipment eovered by this Code.

The requirements of-Article AA-8000 are apjplicable to
the extent they are specifically invoked by gach Code
section. Additional or supplemental requirerhents may
also be givefi'in each Code section.

ts for the
quipment.
bmponent,

AA-8120. Responsibility

The ‘organization invoking this Code for the design,
construction, and acceptance testing of equipment,
parts, and components used in air and gas [treatment
systems in nuclear facilities shall be responsiblg for speci-
fying any additional requirements and appfopriately
relating them to specific items or services.

Material
cturers

AA-8130 Responsibilities of Fabricators,
Suppliers, and Material Manuf

(a) Some or all of the responsibilities of lowe} tier orga-
nizations may be assumed by any higher tier orjganization
(e.g., the Owner may assume some of the respdnsibilities,
such as certifying test results, of the Materia] Manufac-
turer). The organization assuming lower tier] responsi-

bility shall meet the requirements noted herein for
that organization.
(b) Inaddition to the specific responsibilitied delegated

to the Fabricator, Material Supplier, and Matefial Manu-
facturer by the Owner or designee, the folloving shall
apply:

(1) Each member of the chain depicted in

AA-7320 Level of Packaging

The packaging criteria are divided into four levels corre-
sponding to the levels designated by AA-7230.

AA-7400 SHIPPING

This subarticle covers the requirements for loading and
shipment of items as defined in AA-7230. Described herein
are environmental protection during transit, procedures

35

Figure AA-8130-1 shall be responsible for evaluating
and qualifying the suppliers of contracted services or
material from the next level down, i.e.,, the Fabricator
shall be responsible for evaluating and qualifying the
Material Supplier’s Quality Assurance Program, and so
forth.

(2) Each member of the chain depicted in
Figure AA-8130-1 shall be responsible for notifying the
party that qualified their program of planned modifica-
tions that might affect the quality of the delivered product.
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Figure AA-8130-1 Hierarchy of Responsibility

Owner

material shall also be controlled in accordance with this
paragraph.

AA-8220 Identification and Completed Material

(a) ldentification of material from the Material Manu-
facturer shall consist of marking the material with its ap-
plicable specification and grade, heatnumber or heat code,
and any additional marking required by this section to
facilitate traceability of the results of all tests and exam-

Fapricator

Material
Supplier

Material
Manufacturer

(3) The Fabricator, Material Supplier, and Material
Manufactyrer shall be responsible for establishing and
maintaining an identification and verification program
for the trafeability of material while under their conttol.

(4) The Fabricator, Material Supplier, and Matetial
Manufacturer shall be responsible for controlling
quality dyring manufacture and fabrication, including
control of manufacturing processes, testing,examination,
repair, andl treatment of the material/ineluding subcon-
tracted sefvices.

AA-8200|IDENTIFICATION-AND CONTROL OF
ITEMS

AA-8210 |Documentation

Documgnts foryprocurement of material and subcon-
tracted servicesishall include requirements necessary
to ensure [their‘compliance with ASME NQA-1 and the

INations performed on It, €Xcept that, for those materials
for which the Material Manufacturer’s certificates of
conformance are allowed, heat number or heat\cod¢ iden-
tification need notbe indicated either on the materiall or on
the certificates. Alternatively, a marking symbol of code
that identifies the material with the.material certification
may be used, and such symbol or,code shall be explained in
the Certified Material Test Repaxtor Certificate of Cpnfor-
mance, as applicable. Certificates of conformancg shall
meet the requirements of’'NQA-1, Requirement 7] para.
503.

(b) Physical idefitification on individual materiall used
in the assembly.0of a’component by heat number or c¢de, or
specification.and grade, need not be done provided the
completed.assembly is marked with a unique idertifica-
tion number that is traceable to documentation that iden-
tifies(the material used in the assembly bly the
requirements of (a).

AA-8230 Marking Requirements for Small
Products

(a) Except as required by the material specifi¢ation,
small parts need not be individually marked prdvided
they are packed in packages or containers that are
clearly identified by legible marking to ensure pgsitive
identification of the material up to the point of uge.

(b) Welding and brazing materials shall be clearly iden-
tified by marking on the package or container to ¢nsure
positive identification of the material. The package or
container marking shall include the heat ¢r lot
number, as applicable, a control marking code that iden-
tifies the materials with the Certified Material Test Report,
and other information such as specification, gradg, clas-
sification number, supplier’s name, and trade desigrjation.

AA-8240 Certified Material Test Reports

additionalrequirementsof-thisparagraph—Measures
shall be established to ensure that all purchased and fabri-
cated material and services conform to the requirements
of this paragraph.

Measures shall be established for identification and
control of material, including partially processed material,
throughout the manufacturing and fabrication process
and during shipment. These measures shall ensure that
identification is maintained either on the material or
onrecords traceable to the material through manufacture
and fabrication. Welding filler metal for use in repair of the

The Certified Material Test Report, when required, shall
include the actual results of all required chemical analyses,
mechanical tests, and examinations.

AA-8250 Records of Examinations and Tests

All characteristics required to be reported by the mate-
rial specifications and by this section shall be traceable to
the results recorded. Records shall identify the procedure
and revision to which an examination or test was
performed and include the recorded results of
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examinations and tests. Measures shall be established so
that the status and results of any required examination
and test can be determined for the material.

AA-8300 QUALITY ASSURANCE RECORDS

Documentation required by this section and each of the
other sections shall be prepared, maintained, and
submitted to the Owner for recording as required by
the applicable section and ASME NQA-1.

The nameplate shall be attached by a method that will
notaffect the structural or operational integrity of the item
and that shall ensure permanent attachment during the
life expectancy of the component.

AA-9220 Location of Nameplates

The location of the nameplate shall be shown on the as-
constructed drawing. It should be readily visible when the
component is installed. Nameplates shall be located so

ARTICLE AA-9000
NAMEPLATES AND STAMPING

AA-9

Thi
plates

J00 SCOPE AND APPLICABILITY

b Article contains general requirements of name-
for components and equipment.

The requirements of this Article are applicable to the
extent they are specifically invoked by the other Code
sections. Unique requirements are given in each Code
sectiop.

Stajmping is required only for those components
constfucted in accordance with ASME BPVC. No other
third |party inspection or certification is required by
this Cpde.

AA-9200 REQUIREMENTS

Each item shall have a nameplate, except as otherwise
permiftted by this Code. Nameplate information shall'be as

requited by (a) through (e).

(a) [manufacturer’s name

(b) |manufacturer’s serial number and, if applicable,
mode] number

(c) |capacity in appropriate units

(d) |operating temperature and\pressure

(e) |other data prescribed-by the specific equipment

sectiop of this Code

Thd data shall be in chracters not less than %, in. (2.4
mm) high. All nameplate marking shall be stamped,
etchem, cast, or impressed on the nameplate. Nameplates
shall bbe of a noricorrosive material. Stamping directly on
items| wheré.permitted by the respective equipment
sectidn of this Code and used in lieu of a nameplate,
shall pé done with blunt-nosed continuous or blunt-

TsTtattor does Mot ODSCUTE MAaIMepiate data:

ARTICLE AA-10000

REPAIR AND REPLACEMENT OF COMPONENTS

AA-10100 GENERAL
AA-10110 Scope

This Article establishes the requirements for
replacement activities for components designe
quirements of‘this Code.

repair and
1 to the re-

AA-10120<Applicability

This\Article applies to repairs and replagements of
comiiponents designed to the requirements of|this Code.
Further, this Article may apply to componentf designed
to the requirements of ASME N509.

This section covers repair and replacement of items not
subject to the requirements of ASME BPVC, Jection XI,
Rules for Inservice Inspection of Nuclear Pdwer Plant
Components.

Routine maintenance replacements (see AA-
excluded from this Article of the Code.

10410) are

AA-10121 Criteria. The repair or replacemgnt activity
is within the scope of this Article if all three of fhe criteria
listed below apply.

(a) The subject activity applies to a part of ah air or gas
treatment system.

(b) The subject activity involves a componeht, compo-
nent part, or a load-bearing member of a cpmponent
support.

(c) The subjectactivity is a repair or replaceent other
than a routine maintenance replacement iteny.

AA-10122 Code Edition Reconciliation. Th¢ repair or

nosed 1nterrupted dot die stamps. THe selected
marking method shall not result in any harmful contam-
ination or sharp discontinuities.

AA-9210 Attachment of Nameplates

Ifthe nameplate is marked before itis affixed to the item,
the manufacturer shall ensure that the nameplate with a
correct marking has been applied to the appropriate item.
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replacement activities shall meet the requirements of the
original ASME AG-1 construction Code or as allowed in (a),
(b), and (c).

(a) Alater edition of the construction Code may be used
in lieu of the original construction Code edition if appro-
priate documentation is prepared in accordance with (c).

(b) If the repair cannot be performed in accordance
with the original construction Code, alternative techni-
ques and processes may be used provided reconciliation
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as described in (c) is provided to demonstrate the
adequacy of the substitute for its intended purpose.
(c) Ifalater edition of the construction Code is used for
a replacement, the following requirements shall be met:
(1) Only the technical requirements affecting the
material, design, fabrication, and examination of the re-
placement need to be reconciled.
(2) For design purposes, the reconciliation shall
include a structural analysis report or other method
that dem

(g) the testing requirements after completion of the
repair.
AA-10400 REPLACEMENTS
AA-10410 Routine Maintenance

The following replacements are considered routine
maintenance items and are not covered by this Article:
(a) instruments other than nuclear safety-related

anstrates satisfactory use of the specified
loading conditions.

(3) Anhy changes in mechanical interfaces, fits, and
tolerances|required by the later edition of the construction
Code shalllbe reviewed to ensure they do not impact the
required performance.

(4) Afministrative requirements do not need to be
reconciled

(5) The administrative requirements of either the
constructlon Code of the item being replaced or the
constructjon Code of the item used for replacement
shall be njet.

AA-10200 WELDING

Prior td authorizing repairs/replacements involving
welding, 4§ Welding Procedure Specification (WPS) to
make the ilepair/replacement shall be prepared and eval-
uated for suitability. If the repair/replacement is due to
failure of|a weld, this evaluation shall consider the
cause(s) of failure in the determination that the selected
procedure] is suitable.

Welding procedures and welders shall be qualified-in
accordance with the welding requirements specified by

the construction Code for the particular component.
AA-10300 REPAIRS
Repair pperations shall be perpformed according to

written in§tructions that delineate the following essential
requirements below, as applicable:
(a) the [description of the-flaw.
(b) the|procedures that will be used to perform the
repair (e.g, special preeess welding, heat treatment).
(c) the ¢valuatienrfor the suitability of the repair proce-
dures.
(d) the

measuring

flawTémoval/isolation method, the method of
any cavity created by removing the flaw, and

;llbtl ulllClltD
(b) electrical wire and cable, including termin
and markings
(c) seals, packing, gaskets, and valve/damper spats
(d) non-load-bearing members of component supports
(e) consumable items

htions

AA-10420 Suitability

The Owner shall review-the applicable replac
component design docunients against specificati
quirements and resolveany differences that affect g
mance.

bment
bn re-
erfor-

AA-10422_ Component Failure Analysis. A comyjonent
failure analysis of the original items shall be performed if
the original‘item failed in service. The cause(s) of failure
shall-befddentified. Any recommended change to prevent
recurrence shall be incorporated into the specification.

AA-10423 Monitoring Plan. In cases where the
cause cannot be identified, a monitoring plan for
placement component shall be established and
mented. This plan shall include the following:

(a) identification of component parameters to be
tored

(b) description of and location within the system
instrumentation required to perform the monitorin
tion and to record the data

(c) frequency of physical inspection and sampling
activities

(d) criteria for determining the end of the replackment
and component’s useful life (prior to complete failurg) and
steps to be taken when such determination has beerfmade
that the useful life is at an end

ailure
e re-
mple-

moni-

of the
b func-

AA-10430 Additional Documentation

In addition to the requirements of AA-10420, wWritten

dimensional requirements for reference points during and
after the repair.

(e) the preservice examination requirements after the
repair.

(f) the Nondestructive Examination (NDE) method
that revealed the flaw shall be repeated. If the repair
includes the complete removal of the flaw, the NDE
method required by the construction Code revealing
the flaw need not be repeated.

38

procedures, instructions, or similar documents shall be
available that include the documents described below.
If the installing contractor is other than the Owner, all
such documents shall be Owner approved prior to
commencement of the work.

AA-10431 Replacements Involving Welding or
Brazing

(a) the construction Code governing the installation of
the replacement
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Table AA-10530-1 Lifetime Repair and
Replacement Records

Index to lifetime records

Manufacturer’s data reports, if applicable
Design specification

Stress report

Material certification

Suitability evaluation report

System pressure test reports

AA-10500 RECORDS
AA-10510 General Requirements

The provisions of ASME NQA-1, Requirement 17,

Quality Assurance Records, shall apply.
AA-10520 Records Index

The records shall be indexed. The records and the

indices thereto shall be accessible.

O XN W

Final NDE reports
Welding and brazing procedures and PQRs

(b)
or brg
qualif]

(c)

(d)

(e)

0]

(9)

AA

Joining

(a)
instal
(b)
Contr:
(¢
(d)

applicable welding procedure specifications (WPS)
zing procedure specifications (BPS) and procedure
cation records (PQR)

applicable heat treatment procedures

applicable NDE procedures

applicable procedures for preservice examination
applicable system pressure test procedures
acceptance criteria

10432 Replacements Involving Mechanical

the construction procedure or Code governing the
ation of the replacement

torque or tension values in accordance with the
hctor’s Installation Manual, site procedures, or both
applicable procedures for preservice examindtion
applicable system pressure test procedures

AA-10530 Lifetime Records

The records listed in Table AA-10530-1"sha
fied as lifetime records. The installing.Contrac
responsible for the retention arid’maintenang
records while they are under\the Contractoy
The Owner shall be respousible for retention
tenance of those records transferred from the (
The Owner shall define‘when the actual tra
occur.

AA-10540 Nonpermanent Records

be classi-

r shall be
e of those
's control.
and main-
ontractor.
hsfer shall

The recotds listed in Table AA-10540-1 shalll be classi-

fied as\nonpermanent records. The org
performing the repair or replacement activi
résponsible for their retention for the period
in Table AA-10540-1. In no case will there
for nonpermanent records to be maintained
than 10 yr after the installation is complete.

hnization
y shall be

specified
be a need
for longer

(19)

Table AA-10540-1 Nonpermanent Repair and Replacement Records

Record

Retention Period

Quality assurance (QA) program manual

QA procedures

Installation and NDE procedures

Personnel qualification records

Audit reports

Calibration records

Process sheets, travelers, or checklists

3 yr after superseded or invalidated
3 yr after superseded or invalidated
10 yr after superseded or invalidated
3 yr after superseded or invalidated
3 yr after completion of report

Until recalibration

10 yr after completion

39


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

NONMANDATORY APPENDIX AA-A
DESIGN AND QUALIFICATION BY ANALYSIS

ARTICLE AA-A-1000
INTRODUCTION

In many cases, the primary acceptance criterion for
design verjification is maintenance of structural integrity.
If such is the case, analysis is a very practical means of
demonstrating acceptability of equipment. Analysis has
the advarftage of being relatively simple, and it has
good reprpducibility and auditability. Furthermore, if a
piece of efjuipment similar to one previously analyzed
is to be ipvestigated, a significant reduction in effort
may be afhieved simply by revision of the existing
analysis.

Structufal analysis is accomplished by manual engi-
neering calculations, finite element calculations, or a
combinatipn of the two. The objective of this Appendix
is to provide some insight for the designer in application
of conventional finite element techniques to sometimes
unconvertional equipment designs found in HVAC
systems. Nlanual calculations are adequately covered in
engineering texts and the literature. Several categoriés
of HVAC efijuipment are discussed, and specific examples
are given for an air handling unit and a duct support.

In chodsing an analysis method, manual or finite
element, nany factors must be considered. Some of
these factpors and the methods of choice are listed in
Table AA-A-1000-1.

ARTICLE AA-A-2000
FINITE ELEMENT METHOD

The prdgcise solution_of complex discrete-parameter
structurall analysis’ problems is commonly referred to
as the finite element method (FEM). The energy
concept is|commonly used in formulating the problem’s
solution. Theload vectors, stiffness, mass, and, sometimes,

Use of the FEM is no more powerful nor accuratp than
the designer’s skill and knowledge of its-Use. |[Many
modeling decisions and assumptions must be |made
with the awareness of the resulting impact.on the sglution
accuracy. Considerations particular torHVAC equipment
are discussed in detail in Article AA3A=4000. The depigner
follows these steps in performingd finite element anplysis:

(a) The decision is made thatithe FEM is a valid njethod
for the problem.

(b) The equipment design is reduced to a mathenpatical
model by

(1) locating/major structural elements such asfframe
members and{sheet metal (frame members are fepre-
sented by beam elements and sheet metal by plate or
shell elements)

(2)docating nodes (intersection points of stryctural
elemients, anchorage points, external loading points,
device mounting points)

(3) defining connectivity (identifying nodes af ends
and corners of structural elements)

(4) defining material properties

(5) locating and defining supported masses

(6) defining internal and external loadings

(c) The above information is coded and enteredl on a
computer for subsequent analysis.

(d) The resulting output is examined, combinefl, and
evaluated to determine if stresses, displacements, etc.,
are within allowable limits.

Guidelines specifically related to HVAC equipment
undergoing a FEM analysis are given in the follpwing
Articles.

damping matrices are constructed from geometry and
loading information developed by the designer. For all
but the simplest problems, this matrix work is done
entirely by a finite element computer program. The
FEM program then performs all of the matrix manipula-
tions necessary to arrive at a solution. For example, given
the structural geometry, boundary conditions, and exter-
nally applied forces and/or displacements, the program
will compute the displacements, support reactions, and
internal forces for the equipment components.

Table AA-A-1000-1 Analysis Considerations

Analysis Consideration Manual FEM
Problem size Small Large
Problem complexity Simple Complex
Nature of loading Static, simple, Static,

dynamic dynamic
Number of combined loads Few Many
Existence of irregularities (holes, Few, simple Many,
discontinuities) complex
Design iterations Few Many
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ARTICLE AA-A-3000
EQUIPMENT CONSTRUCTION

Equipment for air and gas treatment systems is gener-
ally fabricated with metal that lends itself to linear-elastic
or inelastic analysis techniques. Framing systems for such
equipment are generally constructed of AISC-standard
cold-rolled shapes or formed shapes made by bending
sheet metal steel. The standard shapes used are primarily
angles, structural tubing, and channels, although W

installed using detachable connections such as bolts,
screws, clamps, racks, or rollers.

ARTICLE AA-A-4000
MODELING TECHNIQUES

Finite element modeling of HVAC equipment involves
many considerations that are beyond the scope of this
Appendix. The analyst must have a working knowledge

sectigns are often used as floor members. Bent-up
shapds are used in a wide variety of forms such as
angleq, channels, hat sections, U, C, and Z sections. Struc-
tural nembers, as in the case of sheet metal, may be made
of cafbon steel or stainless steel. These structural
memlbers and sheet metal may be connected using
welded, bolted, riveted, Pittsburgh lock, or mechanical-
type donnections.

For|welded-type connections, the gas-arc weld process
using standard E50, E60, or E70 electrodes is commonly
used. Common types of welds are fillet welds, butt welds,
groovge welds, and plug welds. Sheet metal may be welded
to striyictural framing members using intermittent welds.

Bolfs used in the construction of housings and struc-
tural jomponents of equipment are usually of low strength
coated carbon steel and are generally small in diameter
[less than %, in. (18 mm)]. Anchor bolts used to hold down
a franing system may be of either low strength or high
strength steel.

Eqdipment may be wall or floor mounted, or suspended
from the ceiling. External supports are usually used for
wall dnd ceiling supported equipment and semetimes
for flpor mounted equipment where the equipment
must pe elevated. Most external supports are trapeze-
type moment frames or simple trusses-or, in the case
of walll mounted units, cantilever supports may be
used.|Cantilever supports are usually braced against
side syay. Supports may be attached to clips, baseplates,
or cast-in-place embedments. Floor mounted equipment,
especfally large air handlihg units, often has no external
suppdrts. Integral supports such as base-frame footings,
runnejs, or clips are)bolted directly to the floor.

Equipment may-be attached to existing structures with

or andhdpbolts. Installed anchors are drilled-in expansion
dlld grouted d OI' DO OI' DO pDlaCEd IO
existing inserts.

Nonstructural components must be supported. These
include, but are not limited to, filters, cooling coils,
heating coils, fans (or fan internal components, such as
bearings, shafts, fan wheels, and inlet and outlet
cones), motors, screens, registers, grilles, dampers, tran-
sitions, ductwork connections, control and monitoring
instruments, tubing and piping, compressors, chillers,
and access doors and panels. Since most of these compo-

nents must be removable for servicing, they are generally

of thebehavior of the structure amd—its tomponents
under various types of loadings and the goveri}ing accep-
tance criteria for the particular load conibination.
(a) This Article addresses the formulation] of equip-

ment models for five categories of HVAC equ]pment:

(1) air-handling units (AHU)

(2) fans

(3) instruments and ‘controls (I & C) cabjinets

(4) duct supports

(5) equipment supports (e.g., refrigerat
ment, filters, cooling coils, heating elements,

(b) The equipment may be separated in

modeling systems such as

(1).the framing system or skeleton, W
consist\of structural members modeled us
type, finite elements

(2) sheet metal housing covering the ptructural
framing, which may be modeled using plate-type finite
elements; in some cases, the structural framihg may be
formed by making standing seams from [the sheet
metal housing without the use of additional |structural
load-bearing members; these membery may be
modeled using beam-type finite elements

(3) the connections between the structyiral frame
and sheet metal housing, which may be modeled using
shear-type finite elements or appropriate boundary
conditions

(4) nonstructural components within tHe housing
and their local support systems; these components
may be modeled using an equivalent mass and stiffness
with appropriate boundary conditions, and the local
supports may be modeled using beam-type finite elements

(5) equipment supports consisting of structural
members attached to the floor using anchorg or welds;
the supports may be modeled using beam-{ype finite
elements, and the anchors and welds are modeled by

on equip-
btC.)
0 various

hich may
ng beam-

AA-A-4100 AIR HANDLING UNIT (AHU) MODEL

Formulating a model for an AHU requires a fabrication
and assembly drawing showing the external framing and
internal components. The external framing could be
modeled using beam-type elements with the skin repre-
sented by plate-type elements. In developing a plate mesh,
care should be exercised in keeping the aspectratio of each
element to a minimum (preferably below 2). Provision

41
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should be made for representing internal components
such as heating elements, cooling coils, filters, and
dampers by an appropriate mass and stiffness representa-
tion at nodal points where these components are attached.
Supports for such components are modeled using beam-
type elements with the proper boundary conditions repre-
senting a fixity, release, or a combination for developing
end forces and moments. The attachment of the equip-
ment skid to the floor should also be represented to

in Figure AA-A-4300-1. This model can be used to
perform a deadweight and dynamic analysis.

AA-A-4400 DUCT SUPPORTS

Duct supports can be modeled using beam elements;
however, duct mass and flexibility should be properly
simulated. The natural frequency of the ductwork can
be dominated by either hanger displacement or duct
deflection. The interaction of the ductwork with the

obtain the proper reaction loads and overturning
moments.lAn example of a mathematical model for an
AHU is shown ahead in Figure AA-A-7200-1. This
model car be used to perform a deadweight analysis,
an internal pressure analysis (with the internal pressure
applied o] the plate elements of the AHU), external duct
and piping loads applied at the connections to the AHU,
and dynarpic loads, as applicable.

AA-A-4200 FAN MODEL

A modelfor fans is developed using the assembly draw-
ings and fan component specifications. Components of
structural [importance to the model include the support
framework, the bearing supports, fan shaft, and the fan
housing sheet metal. Nonstructural components such
as the fan| wheels and the bearings are represented in
the mode|s by masses lumped at appropriate nodes.
The fan hodel is composed of nodes connected by
beam and plate finite elements. The base, vertical
supports, g3nd the bearing supports are modeled with pris-
matic bearp elements. The fan shaft is modeled as a simply.
supported| beam with a node in the center at which the
mass of the fan wheel is lumped. The fan housingsis bolted
or welded to the supporting framework. Nodes are
included jn the model at the approximate locations
where th¢ beams of the framework ate)connected to
the platesfused to model the fan housinig. Nodes repre-
senting arJchor bolts are restrained against translation.
A typical mathematical model.used to analyze the fans
is shown [in Figure AA-A-4200-1. This model can be
used to de¢termine the dynamic behavior and perform
a detailed|stress analysis)of the fan.

AA-A-4300 INSTRUMENTS AND CONTROLS (1 & C)
CABINETS

ting a model for an 1 & C cabinet requires an
(=] 1

Formul

supports should be represented through appropriate
spring and mass boundary conditions. A sample’model
for duct supports is shown in Figure AA<A-4400-1.
This model may be used to perform a deadweight, cgncen-
trated load, and dynamic analysis.

AA-A-4500 EQUIPMENT SUPPORTS

Equipment supports can'be modeled using
elements. The mass andrstiffness of the equip
should be included with.the beam elements that rep
the framework. Thé attachment of the frame to th¢ floor
should be represented through accurate boundary fondi-
tions. A samplelof such a model, a refrigeration system
support, is'shown in Figure AA-A-4500-1. This model
can be used for evaluating the equipment suppqrt for
deadweight, operating loads, and dynamic loads.

beam
ment
Fesent

ARTICLE AA-A-5000
ANALYSIS

The structural and stress analyses necessaty for
designing the equipment and supports lisled in
Article AA-A-4000 should be performed usirg the
methods outlined in this Article. Other methods
meeting the intent of this Article may also be|used.
These analyses would use the models similar to[those
shown in Article AA-A-4000.

AA-A-5100 STATIC LOADS

Equipment and supports can be analyzed for
loads, which may include the following loads d
in AA-4211:

(a) deadweight

(b) design pressure differential load

(c) live loads

static
pfined

assembly and fabrication drawing showing the cabinet
framework, component supporting structures, I & C
components, and their attachment to the supporting
structures. The cabinet framework can be modeled
using beam elements and the panels using plate elements.
The I & C support structures may be modeled using beam
or plate elements at their proper locations. The compo-
nent mass must be incorporated in the finite-element
representation. A model of an I & C cabinet is shown

42

(d) constraint of free end displacement loads (static or
static equivalent)

(e) external loads (static)

(f) inertia loads (static equivalent)

(g) design wind load
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Figure AA-A-4200-1 Isometric View of a Typical Fan Model

43
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Figure AA-A-4300-1 Isometric View of a Typical | & C Cabinet Model
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Figure AA-A-4400-1 Isometric View of a Typical Duct Support Model
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Figure AA-A-4500-1 Isometric View of a Typical Refrigeration Equipment Support

<

AA-A-5200 DYNAMIC ANALYSIS
AA-A-5210 Dynamic-Loads

Dynamif analysestshould be performed to determine
the stressds and /dxdéflections of equipmentand supports
for the applicable dynamic loads, which may include the
following |oads defined in AA-4211:

AA-A-5230 Input Motion

(a) The input motion representing the dynamik load
will be applied at the location or locations at which
the equipment and supports are supported from the
primary structure (often a building floor, beam, or
wall). If the equipment and supports are attachjed to
an intervening component, the flexjbility of the compo-

(a) seismic Toads
(b) additional dynamic loads

AA-A-5220 Dynamic Analysis Techniques

Dynamic analysis can be performed using either
response spectrum or time history techniques. Equivalent
static analysis can also be performed, if justified. Dynamic
analysis methodology outlined in ASME BPVC, Section III,
Nonmandatory Appendix N can be used to verify the
adequacy of the equipment and supports.

nent providing the load path to the primary structure
will be considered in defining the input motion.

(b) If the equipment and supports are connected to
more than one supporting structure having different
motions, the dynamic analysis should be performed
using response spectra that envelop the individual
response spectra for each support as input motion. If
significant, the relative difference in displacements
between support locations may also have to be consid-
ered.
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AA-A-5240 Two-Step Analysis

Stresses and loads in the equipment and supports due to
dynamic loads may be determined by a twostep analysis.
In the first step, the equivalent dynamic loads and accel-
erations, or both, applicable to the various elements of the
equipment and supports, are determined from the
dynamic analysis of a simplified model. In the second
step, these loads are applied statically to a detailed
model to determine the design stresses and loads, or both.

AA-A-6300 SUPPORT LOADS

Equipment models must allow estimation of loads at all
interfacing support points. (Characteristics of the
supports must be included in the model.) The resultant
support loads must be coordinated through the equip-
ment support interface points to those responsible for
design of the supporting structure.

AA-A-6400 CONNECTION LOADING

ARTICLE AA-A-6000
EVALUATION OF RESULTS

The results of the analyses should be presented in a
format with convention, nomenclature, bases, modeling,
and irjput data clearly stated. The analyses must be veri-
fied and the reproducible input preserved in accordance
with gppropriate quality assurance requirements. Docu-
mentdtion must meet the requirements of AA-4400.

AA-A-6100 STRESSES

Stre
requi
servi
level
of AA
larly,
must
limitg
AA-43
given

sses should be combined in accordance with the
rements of AA-4212 to allow evaluation of all
e level stresses against the respective service
imits of Table AA-4321-1 and the requirements
4321 for plate-andshell-type components. Simi-
all service level stresses for linear-type systenis
be evaluated against the respective service level
of Table AA-4323-1 and the requirements’ of
23. Acceptance criteria for these evaluations are
in AA-4214.

AA-A6200 DEFLECTIONS
AA-A+6210 Linear

Bedause of critical operating’or functional require-
mentg, the equipment specifications may place limits
upon the deflections at.identified points of the equipment
underjgoing analysis.<Thé equipment must be modeled to
provide this information at these specific points. The final
analysis must,denmonstrate that the deflection will not
excee(l the stated limit for the respective service levels
identified(

Assumptions regarding connections (integnal struc-
tural connections and attachment of deviced) must be
evaluated upon completion of the analyses. The analyses
results must be used to ensure that\internal|structural
connections and connections'‘that attach individual
devices to the equipment are ddequate.

AA-A-6500 DEVICEA.OADING

The method of antalysis described in this Appgndix is not
intended for, nor is’it generally adequate for, dperational
qualificationfefactive equipment. However, proper atten-
tion to madeling and to the type of output required will
allow the-analysis to provide information as to the static or
dynamie field to which the device must be qualffied. After
idemtification of this environment, the device can be qual-
ified by the method given in AA-4351.8.

ARTICLE AA-A-7000
SAMPLE PROBLEMS

AA-A-7100 SCOPE

This Article presents sample analyses of an a
unit (AHU) and a duct support.

r handling

AA-A-7200 SAMPLE AHU ANALYSIS

Computer generated plots of the mathematic
a sample AHU are shown in Figure AA-A-720041, illustra-
tions (a) and (b). Illustration (a) shows the [structural
framework, internal bracing, and duct attachment
frames. Illustration (b) shows the triangular plate finite
element mesh used to model the external slheet metal
skin of the AHU. There are a number of components
on the inside of the unit, such as a filtef, heating

hl model of

AA-A-6220Nomtinear

Normally, Service Levels Cand D will notrequire evalua-
tion of linear (elastic) deflections. However, deflection
limits that are controlled by buckling stress criteria are
imposed. These limits must be satisfied as required by
AA-4323.

47

element, cooling coil, and dampers. Some of the compo-
nents have attachment frames that add stiffness to the
structure and are therefore included in the model. The
masses of the components are included in the model
by lumping mass at appropriate nodes. The AHU is
attached to the floor via an integral base composed of
channel skids. The channels are included in the model
as beam elements. The left end of the AHU is attached
to a wall. There is no sheet metal covering on that end
of the unit. Several gaps will be noticed in the mesh in
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other places on the unit. It is at these locations that ducts
attach to the AHU; therefore no elements are necessary.
One feature of the model that should be noted is that, in
each plane of the triangular plate mesh, the elements are
oriented as randomly as possible to prevent development
of an unrealistic stiffness bias in one direction.

The model geometry, boundary conditions, and loads
are coded and entered into a finite element computer
program. The program calculates deflections, natural
frequencie 3 gra
a responge analysis by combining modal responses
with a mgthod defined by the analyst. The static and
dynamic results are then combined to calculate individual
element sfresses, frame deflections, and support reac-
tions. Aldo, accelerations may be calculated at the
model nodes.

AA-A-73Q0 DUCT SUPPORT (HANGER) SAMPLE
PROBLEM

A duct gupport would appear to be a simple piece of
hardware|to evaluate. In fact, many variables must be
considered because they may have significant effects
on the outgome of the analysis. Among these variables are

(a) duct support frame

(b) frame connection details

(c) brading

(d) basgplates

(e) duct size and span lengths

(f) duct construction

(g) supported accessories and insulation

(h) adjdcent supports and duct branches

The follpwing paragraphs give a step-by-step descrip-
tion of on¢ possible method for analysis.

AA-A-7310 Hanger Model

The har|ger is modeled from an_ asinstalled drawing
that documents geometry, member.sizes, joint fittings,
baseplate$, welds, and anchor-belts. A typical as-built
drawing i§ shown in Figure AA<A-7310-1.

AA-A-7
as comple

11 Baseplates.‘Baseplates are modeled either
ely restrained-or as ground springs if the base-
plate flexibility is,sufficient to significantly affect hanger
frequency] The model should provide all possible compo-
nents of bpseplate loading. See Figure AA-A-7311-1.

spring rates of the hanger are calculated in each principal
direction.

AA-A-7322 Effective Hanger Weight. A unit load is
applied to the hanger in each principal direction. The
average duct displacement is determined for each case,
and the effective hanger weight is calculated in each prin-
cipal direction as the product of the effective spring rate
from AA-A-7321 and the average duct displacement.

ad case of
hat(saftisfies

_Vo Nl o ~ DW d - )d dCh
AA-A-7321, the maximum allowable load t
the following criteria is determined:

(a) An interaction equation relating rfeaction
from the hanger model at the baseplate location to
able baseplate or anchor bolt loads is“satisfied.

(b) Aninteraction equation relating member end loads
from the hanger model to appropriate weld strgss or
allowable joint fitting loads-is;satisfied.

(c) Integrity of transverse braces is verified
member end loads from the hanger model.

(d) Duct displacements are within allowable vdlues.

(e) Member stresses from the hanger model are Wwithin
allowable values.

AA-A-7324 Duct Beam Properties. The equiyalent
beam properties of rectangular ducts are deterrpined.
The duct is fabricated with walls slightly buckled; fthere-
foré, only the corner area is considered when calcylating
bending properties. The effective corner length cap vary
with duct construction (see Figure AA-A-7324-1)). The
shear modulus is reduced to account for shearfng of
gasket material and for web buckling. Equiyalent
corner length and shear moduli are best determined
by modal test curve fits.

The equivalent beam properties of round dudts are
determined. The full cross section is assumed effective
in bending. The shear modulus is reduced to adcount
for gasket material and for web buckling. Effective
beam properties vary with ductwork constructign and
are best determined by modal test curve fits.

AA-A-7325 System Model. A system model of thie duct
run is developed using equivalent springs and magses at
each duct location. The intermediate nodes befween
hanger locations are included to model significant
midspan masses such as dampers |(see
Figure AA-A-7325-1).

loads
hllow-

using

AA-A-7312 Connections. If special joint fittings are
used, joint flexibility members are included in the
hanger model.

AA-A-7320 Analysis

AA-A-7321 Spring Calculations. A unit load is applied
(divided evenly among the four duct nodes) to the hanger
model in each principal direction. The average duct dis-
placement is determined for each case, and the effective

50

The fundamental frequency of the duct run is then
determined; these results are used to determine appro-
priate seismic loads for the duct supports.

The load cases are combined and loads in the hanger
springs are determined. Each hanger is evaluated using an
interaction equation relating hanger loads to allowable
loads generated in AA-A-7323. The ductwork layout
and system model may be adjusted until all hangers

qualify.
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test. Alternatively, duct integrity can be evaluated by
relating maximum corner stress to theoretically equiva-
lent allowable stress generated by test or analysis.

The integrity of the duct itself is evaluated using
member end loads from the system model. Interaction
equations can be used to establish that the duct is
within allowable load limits established by analysis or

51
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Figure AA-A-7311-1 Ductwork Support Baseplate Model
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Figure AA-A-7324-1 Effective Duct Cross Section
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Figure AA-A-7325-1 Typical Duct System Model
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NONMANDATORY APPENDIX AA-B
SEISMIC QUALIFICATION BY TESTING

The tes|
provides
test progr

The tes
develope
minimum
level of un

The conj
preparing
tory testp
to-one cor
test plan

The disd
represent
specific ec
particular
should be

ARTICLE AA-B-1000
TEST PLAN

t plan is an important document in that it
he control for performing all aspects of the
hm.
[ plan outline contained in this Appendix is
d as an effort to provide guidance for
acceptability requirements and to instill a
formity without asserting mandatory controls.
mentary is provided for guidance to the user in
a test plan in accordance with the nonmanda-
an outline. The commentary is arranged in one-
respondence with the items shown in the typical
utline.
ussion is general in nature and is intended to be
tive only; the development of a test plan for
uipment may vary due to unique features of
equipment, but the level of presentation
equivalent to that shown herein.

This copnmentary addresses only qualification testing

done in {
testing, m|
analysis.

OUTLI

laboratory. It does not address ingsitu
odal survey methods, or combined test and

ARTICLE AA-B-2000
NE FOR TYPICAL SEISMIC TEST PLAN

AA-B-2190 PURPOSE

AA-B-2200 SCOPE

AA-B-2300 TEST SPECIMENS

AA-B-24090SPECIAL EQUIPMENT OR FIXTURES (IF

AA-B-2600 TEST REQUIREMENTS

(a) number of simultaneous axes for test [bia:
triaxial)
(b) test machine capabilities
(1) force
(2) displacement
(3) frequency
(4) stiffness (machine/system/specimen cg
response)
(5) control (ability to produce required
motion)
(c) excitation
(1) type
(2) duration
(3)Aevel
(d)ihstrumentation
(1) control
(2) structural monitoring
(-a) accelerometers
(-b) strain gauges
(-c) load cells
(-d) stress coat
(-e) low voltage differential transmitters
(-f) other
(3) equipment monitoring
(-a) flow rates
(-b) contact chatter
(-c) input or output
(-1) voltage
(-2) amperage
(-d) component cycling
(-e) pressure boundary
(-f) pressure level

rial or

upled

input

AA-B-2700 ACCEPTANCE/FAILURE CRITERI{-\

REQUIRED)

AA-B-2500 TEST SETUP

(a) specimen orientation
(b) specimen/fixture interface

(c) test

machine interface

(d) services for specimen operation
(e) special external loads

56

AA-B-2800 TEST PROCEDURE

(a) calibration

(1) specimen

(2) test equipment/instrumentation
(b) sequence of tests

(1) exploratory tests

(2) order of specimens tested

(3) order of applied tests

(-a) inspection
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(-b) operation under normal conditions

(-c) operation under extreme conditions

(-d) aging, if applicable (thermal, radiation,
mechanical cycling)

(-e) dynamic testing with in-process functional
testing (OBE and SSE levels)

(-f) postaccident testing, if applicable

(-g) inspection of equipment

(-h) fragility testing, if required

(2) the Contractor’s responsibility for retest,
whether required because of failure of test items, test
fixtures, test equipment, or other causes

(3) whether the testing is straightforward qualifica-
tion testing to specific requirements, or whether it is of a
research and development nature (involving time and
materials)

(g) any other identifiable boundaries or parameters
that will enhance the Contractor’s ability to understand

(c] in-pracess evaluation the requirements,_estimate and schedule the testing
(1) test input (comparison of TRS versus RRS)
(2) monitoring of seismic response AA-B-3300 TEST SPECIMENS
(B) monitoring of equipment function ) ) L £ .
(%) data acquisition A unique identification and quantiti€s of the specific
(d) |test data items to be tested should be prévided. THis should
(1) data obtained or used as input include, where appropriate, tag-humber, m¢del, type,
(k) type of record class, size, or other distingdishing identificatipn.
(B) format of data
() level of reduction AA-B-3400 SPECIALZEQUIPMENT OR FIXTURES

>
P
=]

2900 FINAL REPORT

ARTICLE AA-B-3000
COMMENTARY ON OUTLINE FORTYPICAL SEISMIC
TEST PLAN

AA-B}3100 PURPOSE

The
that c

purpose should be a brief and distinct statement
early identifies the objectives of the test program.

AA-Br3200 SCOPE

Thi§ section should precisely definéithe boundaries
of the¢ test requirements for the /Specific equipment
and tpst(s). Inclusion of sufficiedt detail in this section
will ultimately result in increaséd,efficiency and will mini-
mize the possibility of changes. It should include, where
appropriate, concise, detdiled statements concerning the
followling:

(a) |a general deseription of the specific test item(s) to
be tedted

(b) |any requiitements for design, fabrication, modifica-
tion, packaging; handling, or shipping of testitems and test
fixtures

(C] mnfing/incfn"nﬁnn oftestitemsandtestfixtureson

Any special equipment or test fixtures should be iden-
tified, and an agsignment for their responsibility should be
made. If notprovided by the Contractor, these gquipment
or fixtures.must be provided to the Contraftor (with
adequate‘instructions for use), or, if the Comtractor is
to buyor fabricate them, adequate definition must be
provided for fabrication purposes.

AA-B-3500 TEST SETUP

The test plan should include a complete desfcription of
the total test setup, including, but not limifed to, the
following:

(a) Specimen Orientation. Depending upon fhe size of
the test items and the capabilities of the test machine, it
may be possible to test multiple axes (two or three). For
very large equipment, it may be possible to te§t only one
axis at a time; however, qualification by single-gxis testing
should be avoided (see AA-4358). The test itemms may be
designed such that they will function in only ore attitude,
thus requiring that the test machine be manilpulated to
excite certain axes of the test items.

Whatever the requirements, the orientation of the
specimen must be identified, consistent with|its opera-
tional limitations and the capabilities of the tedt machine.

(b) Specimen/Fixture Interface. Where a special test
fixture is required, the specimen/fixture intefface must

test machine

(d) testsetup, including special control and data acqui-
sition instrumentation and recording requirements

(e) any data organization, data reduction, data proces-
sing, or data analysis required by the Contractor

(f) contractual terms

(1) the Contractor’s responsibility for providing

labor or other resources for repairs, modifications, or
other corrective actions

57

be defined, and any performance requirements placed
upon the fixture, such as stiffness, must be identified
and verified prior to or during the test. Methods of attach-
ment of the specimen to the fixture, such as hole patterns,
welding, materials, or other items, must be specified and
must represent the actual installation.

(c) Test Machine Interface. The specimen/test machine,
or fixture/test machine interface(s), or both, must be
specified. This interface must represent, to an acceptable
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degree, the anticipated attachment characteristics of the
actual installation.

(d) Service for Specimen Operation. Where the testing is
required to demonstrate continued operation during and
following a seismic excitation and where this operation
can only be verified by measuring an equipment opera-
tional output such as fluid flow, electrical current or
voltage, and heating or cooling capability, external
services may have to be supplied. These services may
be an oil i i
source, elgctrical load, or other services. These require-
ments shduld be clearly defined in the test plan.

(e) Spefial External Loads. Some test items, during
normal operation, are acted upon by mechanical or
other loads produced by other equipment. These loads
may result from operation of attached motors, fans,
hydraulic,|[mechanical, or pneumatic actuators, or other
reactive types of equipment. Where these force,
momentuin, or torque producing attached components
are significant, the magnitude and orientation of these
reactions must be simulated.

AA-B-3600 TEST REQUIREMENTS

(a) Numpber of Simultaneous Axes for Test. Depending
upon the [size of the test item and the capabilities of
the test npachine, it may be possible to test multiple
axes: thrde simultaneous axes of test are preferable.
For very large equipment, it may only be possible to
test two ¢r even a single axis, contingent upon test
machine dapabilities and availability. Justification must
be developed for testing with single-axis input metion
(AA-4358]). This justification could be based upon a
unique fegture of the test item (directional sensitivity).
It may be|possible to increase the excitation level and
test the irjdividual axes separately whére) the test item
is too large for existing test machines.

(b) Test Machine Capabilities. Before a Contractor is
selected fo perform the seismic testing, a thorough
review of st machine capabilities should be made. Assur-
ance should be established)that the test machine selected
can meet the requireménts. It should be determined that

(1) the test machine has the capability, including
reserve, to providesthe necessary force to drive the
test table gnd the test item to the required accelerations.

(2) njachine displacement capabilities are accept-

be required prior to selection of a test table. This is rec-
ommended in lieu of theoretical plots, such as the usual
force/frequency/velocity/acceleration charts. A degree of
informed judgment is necessary in the critique of actual
response plots to recognize what is and what is not ac-
ceptable.

(4) theplotrecommended in (3) will provide clues to
the existence of unwanted system resonances in the
frequency range of interest. This plot incorporates parti-

i i i i rings,
servos, and actuators into an integral response. [tdops not,
however, include the effects of the mass and cerjter of
gravity of the test item, which may be significant. A judg-
ment should be made as to the necessity of.securinga plot
as mentioned in (3) using a simulated)test item, before
committing to a particular test miachine. Large test
item weights or high centers ofigravity, or both, comlpared
to that of the test table are major factors entering info this
decision.

(5) the plot recommended in (3) will sho
control capabilities of'the bare test table. If a
made using a simtlated testitem as in (4), control cg
ities will be even better demonstrated.

(c) Excitation. All aspects of the required excitation
should be‘defined as follows:

(1L)<The type of excitation, such as sine sweep, sine
dwellysine beat, time history, response spectra (either
synthesized or extracted from a particular| time
history), complex wave, or other, should be shown in
the test plan.

(2) The duration of the excitation, the sweep rpte, or
the number of beats as well as the cycles per beat shguld be
identified as appropriate.

(3) The full acceleration level of the excitatiqn and
any intermediate level(s) that may be required shou|d also
be included in the plan.

(d) Instrumentation. Instrumentation is generally of
three types: control, structural monitoring, and fungtional
monitoring.

(1) Control instrumentation is necessary to p
systems responsible for controlling the test inpu
equipment is an integral part of the test machine

(2) Structural monitoring may be required Where
limitations of accelerations, stresses, strains, displace-
ments, or forces are important to the function pf the
test item, or are required by a code or specifidation.

rovide
. This

able. Because Timamny test MTACHINES are diSpracenent
limited in the low frequency range, if the test requirements
include frequencies below 5 Hz, a check of the machine
displacement capabilities should be made and compared
to those required.

(3) machines that are displacement-limited at the
low end of the frequency stroke capability. Similarly,
high frequency response, especially precise control at
high frequencies, is often difficult to attain on very
large machines. It is recommended that a plot of test
table response (throughout the frequency range involved)

58

Well-known standard components are available for
measuring these parameters, either statically or dynami-
cally.

(3) Pass/fail indicators for some equipment func-
tions may involve special measurements of equipment
output. Both standard and nonstandard equipment
may be used for these measurements.
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AA-B-3700 ACCEPTANCE AND FAILURE CRITERIA

Acceptance and failure criteria are not always readily
quantifiable. Engineering judgment to identify and assign
somewhat arbitrary, but meaningful, limits to measurable
parameters is sometimes required. Other cases are more
easily defined. The equipment specification or specific
code section may be explicit as to what constitutes
failure. An interruption of flow rate, voltage, current,
or other equipment output may be considered a

factors, that the equipment continues to function (or
that a failure is identified), and that the type, quality,
and quantity of data is acceptable. Failure to perform
in-process monitoring may resultin additional tests, addi-
tional time, and unnecessary wear and tear on the test
item.

(d) Thedataitems (stresses, strains, flow rates, voltage,
current, chatter time, etc.), type of data record (perma-
nent, nonpermanent, oscillograph, magnetic tape, hard
record maovies vidpntnpp etc]) data format and the

Eallur 3,.and these par}flmeters ?rle r.eadllyfmeasurable. degree to which the Contractor is to reduce(or
xcegsive conta.ct C a.tter, violation of a pres§ure process the test data must be specified:

boundary, excessively high or low pressures, or failure

for a component to cycle may also constitute failure.

Failurg criteria should be realistic; and, if possible, allow-
ances|should be made for insignificant anomalies that are
unimportant to the function of the equipment, consistent
with the service level being tested. Acceptance and failure
criterfa must be identified in the test plan.

AA-B3800 TEST PROCEDURE

The test procedure should be given in the test plan. It
should be defined in considerable detail and preferably in
the sgquence in which it will be performed.

(a) |Any required calibration of either the test item, test
equipment, or instrumentation must be included in the
test pfocedure.

(b) |The order of test items, the sequence of testing, and
a defipition of the specific tests must be clearly defined.

(c) |A constant evaluation of the in-process work.must
be made and should be a distinct requirement of.the test
proceflure. Feedback or process sampling mustbe contin-
uous fo ensure that the test input is accurate, that the
specimen response is consistent with other known

otherwise

AA-B-3900 FINAL REPORT

The final report, upon successful compleffion of the
testing, shall serve as a qualification documgnt for the
test item. The basis for«the qualification detqrmination
must be fully explained. The final repoft should
contain, as a minimum

(a) the objective of the test

(b) a description of the test item and its fu

(c) adesgription of the specific function(s) oy
to be verified by the test

(d)..the test procedure

(e), a synopsis of the test results

(f) an appendix for the test data that contains selected
data and references the location of data tak¢n but not
submitted

(g) summary, conclusions, and recommendations

(h) all test anomalies along with their disposition

(i) any other pertinent supporting data

(j) signature (preferably a Professional Engiheer attes-
tation) and date

nction
feature(s)
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NONMANDATORY APPENDIX AA-C
QUALIFICATION BY A COMBINATION OF ANALYSIS AND
TESTING

ARTICLE AA-C-1000
INTRODUCTION

Many ffctors control the design of a qualification
program. [f qualification is to be achieved by analysis
only, all assumptions used in the analysis mustbe justified.
Iftesting alone is used for qualification, all applicable loads
shall be silnulated during the test, unless it can be shown
that the simultaneous application of certain loads is not
necessary [for assuring the safety function.

ARTICLE AA-C-2000
QUALIFICATION BY ANALYSIS ONLY

Analyti¢al calculations alone may be adequate as a
qualificatipn method for the following:

(a) equjpment that requires only that structural integ-
rity be maintained to ensure the performance of the safety,
function

(b) equjpment that is structurally simple

(c) equjpment having a response that is lin€éar or a
simple noplinear behavior

(d) eqdipment in which the superposition of load
conditiong, or combinations, or both, are too complex
for testing

ARTICLE AA-C-3000
QUALIFICATION,BY TESTING ONLY

Qualificition by testing/only is recommended when the
following fonditions ‘are fulfilled:

(a) The|struetural configuration of the equipment is
highly confpleXand beyond the capability of mathematical
modeling fechniques.

(b) The applicable loads are of a simplemature, pr it is
possible to simulate them.
(c) The test machine allows the simulation of pctual
mounting.
(d) Itis possible to monitor the functional capabllity of
active equipment during thestest.

ARTICLE AA-C-4000
SUPPORTING TEST

AA-C-4100:COMMON APPLICATIONS

Supporting tests may be used to determine

(a)déflection limits within which operability is{main-
tained

(b) dynamic parameters needed for constructjng or
verifying mathematical models

(c) damping values

(d) assumptions to be used in the analysis

(e) the amount of nonlinearity involved

AA-C-4200 DYNAMIC AND STATIC SUPPORTING
TESTS

Supporting tests may be static or dynamic. A dynamic
testshall be conducted using a test machine or singl¢ point
exciters.

After collecting the needed information|from
supporting tests, analytical techniques shall be ufed to
show, in a reliable way, that the structural integtity or
operability of equipment, or both, are maintainjed. It
must be noted that, without supporting tests, analytical
calculations may not provide sufficient evidence foil oper-
ability assurance.

(b) The response of the equipment is expected to be
highly nonlinear.

AA-C-3100 TESTING PROGRAM CONSIDERATIONS

When a qualification by testing program is being consid-
ered, the following factors are important to the validity of
the program:

(a) The test machine is capable of producing the
required motion.

AA-C-4210 Dynamic Supporting Tests

For dynamic supporting tests, the equipment shall be
excited by dynamic forcing functions by using a shake
table or single point exciters applied at a sufficient
number of points. The excitations shall be of sufficient
strength to excite all significant modes. Typical data
obtained from these tests are

(a) dynamic characteristics of the equipment (natural
frequencies, mode shapes, and damping factors)
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(b) cross-coupling effects, i.e., the response in any
direction due to the excitation in any other direction
(in the locations where installing accelerometers is
impractical, the cross-coupling may be estimated based
on the response at the available locations)

(c) the significance of the response of the equipment to
vibratory motion to determine the necessity of combining
the nozzle loads with seismic loads

AA-C-4220 Static Supporting Tests

Static supporting tests are conducted by applying static
forces to the equipment. Typical data obtained from these
tests are

(a) static deflections and flexibility parameters that are
needed for constructing a mathematical model

(b) distortions, due to nozzle loads, for example, and
the deformation limits within which the equipment
would maintain its functionality

61


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

(19)

ASME AG-1-2019

SECTION AB
SYSTEM DESIGN GUIDE

isola-

ARTICLE AB-1000 leak detection and isolation system: the control and ihstru-
INTRODUCTION mentation system that detects and monitors leakage from
the reactor coolant pressure boundary and(nitiates
AB-1100 |SCOPE tion of the leakage source.

This sedtion provides supplementary guidance for the
performance, design, installation, testing, and mainte-
nance of pir treatment systems in nuclear facilities.
This sectifon is not intended to replace or supersede
any other [section of this Code.

AB-1200 |PURPOSE

The purpose of this section s to provide guidance for the
performaice, design, installation, testing, and mainte-
nance of 3ir treatment systems in nuclear facilities in
accordange with the requirements of this Code and to
capture the applicable system design information
contained [in ASME N509.

AB-1300 |APPLICABILITY

The components and arrangements described.in.this
section can be used in both pressurized watet reactor
(PWR) and boiling water reactor (BWR) nuclear.air treat-
ment syst¢ms.

AB-1400 |DEFINITIONS AND TERMS

The defjnitions provided in-this section supplement
those listefl in AA-1400 and ifnother sections of this Code.

air treatment system: the System that maintains tempera-
ture and hiimidity andir'emoves contaminants from the air
through tHe use of,components such as moisture separa-
tors, heatdrs, HEPAfilters, and carbon adsorbers.

boiling w¢
nuclear fi

ter reactor (BWR): a power plant that uses

sion to produce steam to drive turhines and
+

h BWR
olant.

bf the

light water reactor (LWR): anuclear reactor such as
or PWR that uses ordinary or “light” water as a ¢

primary containment: the portion or portions
containment system designed to withstand ahd/or
control the pressures resulting from a postylated
rupture of the reactofcoolant pressure boundaiy and
provide an essentfal leak-tight fission product bayrier.

secondary contdinment: the portion of the contaihment
system that\encloses the primary containment and is
designed to-provide holdup, treatment, and a conJrolled
release point for fission products that may escape pijfimary
contaihment.

system: the set of components required to perfprm a
design function.

ARTICLE AB-2000
REFERENCED DOCUMENTS

The codes and standards listed below shall supplpment
those listed in Article AA-2000. Unless otherwise [speci-
fied, the latest edition shall apply.

AMCA Publication 201, Fans and Systems

ANSI/AMCA Standard 99-10, Standards HandbooK

Publisher: Air Movement and Control Association
national, Inc. (AMCA), 30 West University
Arlington Heights, IL 60004 (www.amca.org)

Inter-
Drive,

2014 ASHRAE Handbook—Refrigeration
Publisher: American Society of Heating, Refrigeratifg and
Air-Conditioning Engineers, Inc. (ASHRAE), 179 1TTullie

generate electrical power.

design basis accident (DBA): a postulated accident that a
plant mustbe designed and built to withstand per 10 C.F.R.
100. For DBAs not covered by this definition, the Owner is
responsible for defining the applicable DBA.

exfiltration: the movement of air out of a building.
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Circle Northeast, Atlanta, GA 30329 (www.ashrae.org)

ASME B31.5, Refrigeration Piping and Heat Transfer
Components

Publisher: The American Society of Mechanical Engineers
(ASME), 2 Park Avenue, New York, NY 10016-5990
(www.asme.org)

NFPA 90A-2009, Installation of Air-Conditioning and
Ventilation Systems
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which is designed to maintain a habitable environment for
equipment maintenance and facilitate personnel entry
into containment as required prior to and during unit
shutdown.

ARTICLE AB-4000
TYPICAL AIR TREATMENT SYSTEM

ARTICLE AB-3000
FUNCTIONAL DESCRIPTION

Thig Article provides a brief description of the air treat-
ment $ystems used at nuclear power facilities. The design
requiements are specified or established by the license
basis pf each facility.

AB-3100 POWER GENERATION FACILITIES

Air [treatment systems are used to maintain habitable
condifions in critical areas under DBA conditions and limit
exposure during normal plant operation. Both of these
functipns are designed to meet a facility’s licensing re-
quirements. The systems described herein are not
intended for all nuclear facility air treatment systems.

AB-3110 Air Treatment Systems for DBA
Requirements

Air treatment systems must operate under postulated
onditions. The stand-by gas treatment ;System
(SGTY) is representative of similar filtrafion systems
comnjonly used at BWR sites. It is an atmospheric

primdry contaifiment are filtered before discharge to
outdopr atmdsphere via a vent stack, thus keeping radio-
active|releases below acceptable limits in accordance with
reguldtions.

An SGTS incorporates some or all of the‘cqmponents
that may be used in any other air treatment system.
The safety significance is determined.by the spdcific appli-
cation and facility requirements. Fhe SGTS tredts air from
the primary or secondary containment to reduce radio-
activity prior to discharge’to the outside atmosphere.
This treated air must be within the limits specified in
10 C.F.R. 100. The S$ignals that activate |the SGTS
include but are not liniited to

(a) leak detection

(b) low reactor water level

(c) high~drywell pressure

(d) high‘radiation on the reactor building refuel floor

(e).high radiation in the reactor building secondary
containment exhaust

The SGTS maintains a negative pressure of .25 in. wg
(0.06 kPa) or greater in the secondary containjment rela-
tive to the outside atmosphere when the §econdary
containment is isolated within a specified tinmle frame.

Other systems similar to the SGTS designed| to clean a
building’s air may have positive or negative pfessure re-
quirements relative to the atmosphere or to other areas of
the building.

AB-4200 SYSTEM BOUNDARIES

The boundaries include all components pnd areas
between the entry and exit devices.

AB-4300 SYSTEM INTERFACES

The air treatment system interfaces with dther plant
systems. These may include typical controls| electrical
power, fire protection, and building systems such as
normal ventilation systems. These interfaceg maintain
the air treatment design requirements.

AB-3120 Normal Operation Systems

Air treatment systems filter potentially contaminated
areas to limit the release of airborne contaminants to
the atmosphere. These systems are usually designed to
maintain the building at a slightly negative pressure to
prevent exfiltration of contaminants at LWR sites. They
are provided in the reactor, radwaste, turbine, fuel hand-
ling, and other auxiliary buildings. Another air treatment
system is the containment ventilation and release system,

The SGTS has mterfaces which the air treatment system
may or may not incorporate, including but not limited to
the following:

(a) logic and control system. Various controls are
needed to initiate a secondary containment isolation
and start the SGTS. Additional controls are needed to
monitor the operating SGTS parameters such as tempera-
ture, flow, building negative pressure, damper positions,
presence of fire in the filter train, etc.
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(b) process radiation monitoring system. The normal
operating reactor building HVAC (RBHVAC) system
includes redundant safety-related radiation monitors
that initiate the SGTS when radiation levels in the
reactor and/or fuel handling building exhaust stream
exceed predetermined postaccident set points.

(c) main control room panels. SGTS parameters are
monitored remotely and the SGTS may be manually
initiated from the main control room. Various dampers
and/or value i i i

(d) radjoactive drain system. The drain lines from the
filter houping of the SGTS are connected to the high
conductivity waste system.

(e) maleup water system for loop seals.

(f) electric power distribution system. The SGTS is fed
power for funning the fans, dampers, and logic and moni-
toring sysfem equipment.

(g) atmpspheric control system. This system provides a
method fof inerting and de-inerting the primary contain-
ment prigr to and after power operations. The use of
nitrogen gnsures that hydrogen and oxygen concentra-
tions are ero prior to an unanticipated occurrence.

(h) The|fire protection system monitors the SGTS for
smoke or fire and either sounds an alarm or automatically
isolates the operating SGTS unit, initiating a fire suppres-
sion system or providing an alarm indication for such
initiation.

(i) RBHVAC system. The RBHVAC shuts down and
isolates thle reactor building and initiates the SGTS and
alignment

(j) stack. The SGTS typically discharges to the plant
ventilation} stack.

AB-4400| SYSTEM DESIGN

A typical air treatment system will be in either standby
mode or cpntinuous operation. Depending on the design
basis, redundancy and seismic_consideration may be
imposed uton the design. The system should incorporate
some or a|l of the components.described in AB-4410(a)
through AB-4410(f) to aeconiplish its design function.

An SGTYtypically consists of two 100% redundant inde-
pendent tifains powered by independent class 1E sources
(commonl]y standby diesel generators). The SGTS is
usually lodated-inthe reactor building, a seismic Category
I structurd, and-is procured to seismic safety-related re-

On other air-cleaning units, prefilters are recommended
only when it is desired to increase HEPA filter life.

(b) HEPA filters are required in all air-cleaning units
when filtration of inlet particulate matter requires a
minimum factory-tested efficiency of 99.97% on 0.3
um challenge particles.

(c) Adsorbers are required when air-cleaning units are
designed for removal of adsorbable elements and
compounds.

i when
[eater
than 1 lb. (0.45 kg) of water per 1,000 cfm~(170p m*/
h) of airflow.

(e) Heaters should be used for air-cleaning units with
adsorbers when the relative huniidity of air §o the
adsorber must be controlled to less'than or equal tq 70%.

(f) Postfilters should be provided to retain carbop fines
when adsorbers are used-invair-cleaning units. [If the
system design does not require a series of HEPA filter
banks, the post filter may' be a medium efficiency] filter.
If there is an upstream HEPA filter bank, the ude of a
HEPA filter downistream for carbon fine filtration will
necessitate injection and sample manifold use during
in-place leak testing.

Each filter train may include a moisture sepqrator,
heater, ‘prefilter, HEPA filter, inlet space heatef with
fan, charcoal adsorber, fire protection, post filtef, and
adsorber cooling system.

AB-4420 SGTS Required Design Parameters

The following design parameters should be speci
meet the requirements of this section:
(a) volumetric airflow rate, cfm (m>/h)
(1) minimum flow rate
(2) maximum flow rate
(3) design flow rate
(b) design pressures, in. wg (Pa)
(1) maximum operating pressure
(2) leak test pressure
(3) maximum design pressure
(4) structural capability pressure (usually
mined by component designer)
(c) pressure-time transient (if applicable), in. wg/sec
(kPa/sec)
(d) maximum and minimum gas temperature, °
and-density, 1b/ft> (kg/m>)

fied to

Heter-

F (°C),

quirements—Theductwork{or piping) mreets tdemnticat
system requirements.

AB-4410 SGTS Typical Components

SGTS air-cleaning units typically include the following
internal components:

(a) Prefilters are required in air-cleaning units when
design inlet particulate concentrations may render the
HEPA filter prematurely ineffective due to an unaccept-
able increase in pressure drop affecting design flow rate.
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(e) maximum inlet relative humidity, %

(f) entrained liquid water (mass flow rate), Ib/min
(kg/min)

(g) concentrations of specific contaminants in
airstream

(h) required decontamination factors for each
contaminant

(i) component radiation integrated life dose (rad) and
maximum dose rate (rad/hr)
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(j) maximum dirty filter pressure differential, in. wg
(kPa)

(k) structural loadings

(1) duct, fans, and housing maximum permissible leak
rate, cfm (m®/h), and associated operating pressure, in. wg
(kPa)

(m) environmental design conditions including
temperature, pressure, and relative humidity

(n) expected duration and environmental conditions of

AB-4600 SYSTEM INTERLOCKS AND ALARMS

System startis automatic onreceiptofanaccidentsignal
(indicating a LOCA, fuel handing accident, etc.) or manual
from the main control room. Interlocks between the oper-
ating and redundant filtration trains are provided to start
the standby train on failure of the operating train or upon
loss of power to the operating fan. There are alarms for
high filter differential pressure (dp) and loss of airflow and
there are filter dp and airflow indications for the proper

storage area i i .
(0) |particle size distribution and quantity of aerosols functioning of the system in the main controlropm and/or
and c¢ntaminants under normal and accident conditions on a local control panel, depending on thelsystem de51gr.1.
(if knpwn) Interlocks and alarms may ensure preper dagnper posi-
(p) |safety classification tions or alignment, fan status, system ‘airflow, building
(q) |[number of adsorber test canisters per adsorber dp, ?md functioning of supporgypguipment su(.:h asa
bank cooling system). Interlocks and.alarms are pfovided to
(r) [heater capacity, watts, voltage, and temperature protect the system from abhormal operating [conditions
differ¢ntial, if applicable and ensure that the desigi objectives of the system
(s) ffire suppression system requirements (i.e., internal temperature, humidity, prespure drop
across filtration system components, electrical operating

decay heat cooling air required, cfm (m3/h)

¥
AB-4500 SYSTEM OPERATION

A tyjpical air treatment system may be in either standby
moder continuous operation. The operational character-
istics hould be derived from the specific design require-
mentq of the system and facility.

For|example, the SGTS is maintained in standby condi-
disready to function during abnormal plant opera-
oth filter trains start automatically upon receipt of

the secondary containment or refueling floor
tion exhaust signal. Either filter.train can also

10 Recommendation for Control of Heat of
Radioactive Decay and Heat of Oxidation

Wh
condi

bn the systém is shut down following an accident
ion and. the heat of radioactive decay or heat of
oxidafionCor~both may be significant, a means should
be prpvided to remove this heat from the adsorbent

parameters for fanyand heater) are met.

ARTICLE AB-5000
COMPONENT DESIGN

AB-5100 FILTER TRAIN COMPONENTS
AB-5110 Description

The filter train is a sequential collection of ajr cleaning
and dehumidifying components enclosed by|a housing
that may provide connections to adjacent [ductwork
and piping. Each of these components may be used for
moving, cleaning, heating, or dehumidifying thelairstream.
In order to properly design an air treatment system, the
makeup of the process stream should be identified. The
presence of other particulates, gases, and chemicals
should be determined. All the contaminants, both parti-
culate and gaseous, should be evaluated, inclyding their
concentration levels and particle sizes. Volat]le organic
compounds, entrained water, and acids may plso affect
the performance of various system compohents and
should be addressed in the design of the system and
its individual components. To properly desigh and size
the system, the design flow should be considerfed as well.

5120-Abplicati

AR
[al®d

beds to [imit temperatures to prevent significant
iodine desorption. For this purpose, a minimum circula-
tory airflow should be available for all operational modes
of the air-cleaning unit and should be based on the
maximum possible radioactivity loading on the adsorbent
beds. Water deluge systems are not acceptable for this
purpose.
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This subarticle considers the design of and require-
ments for air treatment systems used to retain filters
and/or adsorbers. Some systems may have only a
single bank of HEPA filters with a bank of prefilters
(to extend the life of the HEPA filter). Some systems
may incorporate multiple banks of HEPA filters for redun-
dancy. Radioactive gaseous (e.g., iodine) releases should
be controlled, and this may require one or more banks of
adsorbers. The adsorber bed design is based on residence
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time, iodine loading, and adsorbent efficiency. A bank of
demisters may also be used, resulting in as many as six or
more banks of components in series fabricated into a
single filter housing. For more detailed design guidance
and requirements for these components, see other appli-
cable articles or paras. in this section and the applicable
sections of this Code.

AB-5130 Cautions and Concerns

aisle space if it can be used while servicing the air treat-
ment unit, or it may serve as the clear space for an adjacent
air treatment unit.

(e) Clearance of 18 in. (0.45 m) is recommended above
the housing to allow for installation and inspection. For
systems containing Type III adsorbers, adequate clear-
ance should be provided above the adsorber to easily
allow proper filling and removal of the adsorber media.

(f) Internal elevated work gallerles for personnel entry

w1th OSHA (Occupatlonal Safety and Health Act) e

ments.

sure, test pressure, transient pressure conditions due to
rapid clospire of dampers, or anticipated system upsets
that woyld render the system inoperable. The
maximum design pressure should be equal to or
greater than the maximum pressure differential after
allowing for the venting effect of permanent openings
and pressfire relief devices in the system. The Designer
should refer to Section AA and applicable individual
Code sectjons for guidance. When testing the system,
the comniissioning agent should include the dirty dp
drop acrogs those sections where filters are not installed.

NOTE: Filtefs are usually installed after construction to prevent
premature Joading.

AB-5140 | Recommendations for Installation

Air treafment systems should be set in place without
filter elenjents installed. This is to prevent damage to
the filtering elements and their clamping mechanisims
during ingtallation. Additionally, it is good practice to
install an|initial set of prefilter elements (excluding
carbon adsorbers) immediately after installation. This
initial filt¢r set will remove construction debris. Prior
to system start up, the initial cogstruction filters
should be|discarded.

AB-5150

Air treapment systemsshould be designed for ease in
maintenar|ce, testing, and inspection.

(a) Air freatmentssystems that allow personnel entry
should be pither located at floor level or equipped with a
permanent service gallery at least 4 ft (1.2 m) wide with
permanent Stairs or fixed ladders.

(b) Airt
entry should be located ata helght above the floor or work
gallery level convenient for access, based on human
factors and the design of the housing.

(c) The area in which the air treatment unit is located
should be served by a clear aisle wide enough to accom-
modate servicing of internal components and equipment.

(d) A clear area adjacent to the housing door or hatch
should be provided to allow servicing of the air treatment
unit; a space atleast 4 ft (1.2 m) wide by 7 ft (2.1 m) high is
recommended. The clear work space may also serve as

Recommendations'for Maintainability
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hatches at strategic points to allow for cleaning.

(h) In personnel entry systems/ there should be a

space, the desigrershould consider how susceptible to
damage permaneritly installed testing manifolds qre.

(i) Some design features that contribute to kgeping
maintenance exposures as low as reasonably achigvable
(ALARAYJare

(1) location

(2) shielding

(3) use oftechniques such as bag-in/bag-out tq
mize airborne contamination

mini-

AB-5160 Recommendations for Fire Detection

Atwo-stage fire detection system should be installed for
each adsorber unit. Detailed requirements for the instru-
ments are contained in Section IA.

Temperature sensors should be installed upstreajm and
downstream of the adsorber unit for the first stage plarm.
Downstream temperature sensors should be desighed to

temperature reaches about 165°F (74°C).
A carbon monoxide (CO) detector should be 1nst

second stage alarm to ensure coverage ofthe total bed as
well as localized hot spots that may occur within the bed.
Locating the sensor within the adsorbent bed is not rec-
ommended. The CO detector system should sound an
alarm for taking necessary actions, such as initiating
fire control systems and isolating the system to
contain the fire and minimize the release of potentially
harmful contaminated gas and/or particulates to the en-
vironment.
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AB-5170 Recommendations for Fire Protection

(a) Air treatment systems should be designed, fabri-
cated, and installed to minimize the use of combustibles.
Filter media, sealants, gaskets, and insulation should meet
the requirements in applicable sections of this Code. Fire
protection in or around housings should be designed to
accomplish the following objectives:

(1) prevent fires from affecting the operation of the
ventilation system

AB-5200 HEATERS
AB-5210 Description

Heaters are installed in filtration systems primarily to
reduce the relative humidity of the air entering the carbon
adsorber. Heaters are not typically required for filtration
systems that do not utilize carbon adsorbers. For more
detailed design guidance for this component, see
Section CA.

(2) protect the filtration function
(B) prevent the release of material that has accumu-
lated pn filters

(b) |The potential for nozzle plugging or corrosion in
housihg deluge systems should be considered during
desigy.

(c) |General area sprinklers should be provided within
all pro¢cess areas.

(d) |Process hazards inside and outside housings should
be controlled.

(e) |Plant fire protection procedures should include re-
quiremnents to take appropriate action.

(f) Fire protection systems, when provided, may use
water| deluge, inert gases [e.g., halon, carbon dioxide
(COZ)|l, or other extinguishing agents as appropriate
for thp hazard.

(g) |If water deluge systems are used, deluge nozzles
shoulfd be permanently mounted within the housing
and lpcated to ensure that both deep-seated and
surfage fires can be extinguished. Nozzles should be
piped|to an accessible location outside the housing-and
provifled with redundant leak-tight isolation-putside
screw and yoke valves and a connection/stitable for
manual attachment to the plant’s fire protection
systern. Permanently connected fire protection systems
are npt recommended, but may(be'used in lieu of
manugl hose connections.

(h) |Ifthe fire hazard analysisrequires thata fire protec-
tion system be provided for.an/air treatment unit, the fire
prote¢tion system should\be manually actuated. Auto-
matid water deluge”syStems are not recommended
becaufse spurious actuation of automatic detection and
prote¢tion systems may significantly degrade adsorber
capalility and{damage the adsorber. If permanently
connectedHire protection systems are installed, provision
shouldl bemade to activate an alarm upon initiation of flow

AB-5220 Applications

The decision to use heaters in the system
based on the requirements of test gonditiond for main-
taining carbon efficiencies as defined in the d¢sign spec-
ification. If the heaters are creditedfor maintaining carbon
efficiencies, heaters should/be installed and designed to
reduce the relative humidity of the incoming air to no
greater than 70%. If the carbon efficiency i credited
for relative humidity of incoming air at 95%0, heaters
are not required in the system. Their use may decrease
the radioiodine/removal performance of the darbon.

The heatershould be sized for the maximum pirflow for
which the filtration system is designed. Deperjding upon
the design airflow of the filtration unit, the hedter should
be designed with either single-stage or multiple-stage
control. For smaller systems [i.e., 1,500 cfm (2550
m3/h) or less], a single-stage control system will
usually be adequate. For larger systems tha{ routinely
see a significant variance in inlet condit{ons (e.g.,
airflow, humidity), a multistage silicon controller rectifier
(SCR) may be more appropriate. For a single-stage on/off
control system, the heater will typically be on at all times
the system is in operation. An alternative is tp have the
heater turn on only when the relative humidity ileaches the
set point. For larger systems in which inlet fonditions
vary, the multistage SCR will turn the heatef on or off
in steps to match either the changes in airflow or the
changes in inlet relative humidity.

should be

AB-5230 Cautions and Concerns

Airflow distribution through the heater is very impor-
tant. The heater should be installed in a locatfion where
there are minimal disturbances upstream gnd down-
stream of the heater. Heaters should not be ipstalled in
close proximity to other components that may pe affected

of extinguistimgagent{eg; water; tratom, tarbordioxide):

(i) Ifcarbondoesbecome wet, the wet carbon should be
removed from the adsorber to prevent structural damage
tothe adsorber due to chemical interaction. Before placing
the air-treatment unit back in service, the adsorber
housing should be thoroughly dried and visually inspected
for corrosion damage, and adsorber leak testing should be
performed per Section TA and ASME N511.

See applicable sections of this Code and referenced stan-
dards for guidance on fire protection.
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by the radiant heat from the heating elements.

AB-5240 Recommendations for Installation

The location of the heater relative to other filtration
components is also important. Although both prefilters
and HEPA filters are designed to withstand high levels
of humidity, the heater should be located downstream
of any moisture separators and immediately upstream
of the particulate filters.
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AB-5250 Recommendations for Maintainability

Adequate space both upstream and downstream of the
heating coil should be provided for inspection. For inser-
tion type heaters, adequate pull space should also be
provided in the event the heater needs to be replaced.

AB-5260 Recommendations for Fire Protection

Where adequate airflow is provided and overtempera-
ture switches are insta ing
temperature element, electric heaters should not require
any additipnal fire protection.

AB-5300
AB-5310

Fans arg a critical component of any air treatment
system, ds they supply the energy to move gases
through the system. For more detailed design guidance
for this cdmponent, see Section BA. Additional detailed
engineerirlg information can be found in AMCA standards
and publidations.

FANS

Description

AB-5320

The primary types of fans used in nuclear air handling
applicatiops are centrifugal and axial. Centrifugal fans
have a radially outward flow path through the impeller
while axidl fans have airflow parallel to the shaft axis.
Both centrifugal and axial fans are available with
several different discharge designations, drive arrangé-
ments, far] bearing support configurations, motor }oca-
tions, and|intakes. ANSI/AMCA Standard 99-10-defines
fan discharge designations, drive arrangements, and
inlet box gnd motor positions.

Applications

AB-5330 | Cautions and Concerns

A majorfchallenge in designing-the’fan for an air treat-
ment systdm is addressing the wide range of system resis-
tance expgcted during normal\operation. It is necessary to
consider bpth clean filter peration (to ensure proper resi-
dence timp is maintained in adsorbers) and dirty filter
operatior] (to ensure the fan can operate safely at
maximum|system\reSistance) because of the anticipated
extended ppefating times and particulate loading of the
HEPA filtefs‘inside an air filtration system. System resis-

Fan manufacturers typically rate fan performance at
standard conditions (29.92 in Hg, 70°F, 0% humidity,
which correlates to a density of 0.075 lbm/ft?). It is
the responsibility of the Owner’s Design Engineers to
determine the range of environmental conditions in
which the air treatment system operates and clearly
show that information in the design specification. Fans
that operate in postaccident conditions may be subjected
to elevated temperatures, pressures, and moisture. In

ign si i g iati i lated
operating environments exist, sets of fan perfoximance
curves showing developed pressure, yolumetric
airflow, efficiency, and brake horsepower foreach| oper-
ating scenario should be generated. Even.if systerps are
only operated postaccident, fan performance dgta for
normal conditions is needed so system performance
can be tested and validated as¢part of site acceptance
and maintenance programs:

Many specific applications-tequire accessories to allow
the fan to function properly for the intended appli¢ation.
These items include but are not limited to

(a) backdraft«dampers

(b) shaft seals

(c) inlet boxes

(d) shaft or inlet guards

Formore detailed design guidance for these fcces-

sories,;'see Section BA.

AB-5340 Recommendations for Installation

Fans may be located on the upstream or downgtream
side of the air filtration equipment. Fans are upually
located on the clean side of filtration and gas clganing
equipment to reduce the dust and contaminant lgading
on the fan wheel and casing. In typical HVAC applications,
fans are located on the cool side of the process to pfolong
motor and bearing life.

[tis important to note that placing the fan on the flown-
stream side of the filtration equipment puts the filtration
system under negative pressure, which provides a[possi-
bility for unfiltered inleakage to get into the system and be
distributed by the fan. However, placing the fan ¢n the
upstream side of the filtration equipment puts the|filtra-
tion system under positive pressure, which resiylts in
leakage out to the surrounding environment an¢l may
subject the fan to contaminated air. Although the b¢nefits

tance curves generated by the Design Engineer should
include losses from all ductwork, dampers, coils, housings,
and filters (both clean and dirty) associated with oper-
ating the air treatment system. It is often necessary to
perform several iterations of the system resistance
curve, starting with preliminary information and
concluding with final design information as it becomes
available from suppliers.
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and detriments of each anign dnpnhd on-the nppli ation

and location, a review of the end use configuration will
typically determine which position is optimal.
Nonmandatory Appendix SA-B contains tables that iden-
tify leakage classifications and duct configurations for
systems relative to component placement. While
Nonmandatory Appendix SA-B may be useful for sheet
metal housings, some applications specify that housing
must be leak tight. In those cases, the housing must be
seal-welded and designed for the worst-case positive
or negative pressure.
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The following factors should be considered when
selecting fan drives and arrangements:

(a) The fan must physically fit within the specified
space, with proper distance from inlets or outlets to
housing walls, ductwork transitions, or other system
components that may affect fan operation. AMCA Publica-
tion 201 details proper fan inlet and outlet design para-
meters. Accessibility for maintenance should also be
considered during the design phase.

(h) Divect=du -

allow|more performance adjustability and may feature

asma
tenan

ler packaging space, but tend to require more main-
Ce than direct-driven fans. Using belts in a harsh en-

vironment is generally not recommended. If performance

adjust
table
nativdg
©
moto
poten
mancg
are n
conta

ability during operation is required, fans with adjus-
plade pitch and/or variable speed drives offer alter-
s to a belt-driven design.

Placement of the fan components (i.e., bearings,
, drive, and sheaves) relative to airstream and
Fial contaminants is critical for fan functional perfor-
. Particulates may damage bearings or motors that
bt completely sealed, and radioactive or toxic

minants may make fan maintenance difficult due

to radiation exposure to personnel. In addition, bearing
placeent may result in a large operating temperature
differlence, depending on proximity to the fan and
airstream.

AB-5850 Recommendations for Maintainability

Far]l maintenance procedures are based on several
factoqfs, including fan arrangement, room congestion,
and efjuipment design and features. For example, belt-
driven} fans require periodic belt inspection;tensioning,
and replacement to ensure reliability, The ability to
inspeft fan components without exeessive equipment
disasdembly allows identification of potential problems
beforg they occur.

Wheen fan bearings are{within a closed housing,
extendled lubrication lines'may be used to perform preven-
tive mlaintenance withoutentering the housing. However,
the anpount of grease.consumed by the bearings should be
considered relative to the grease line length. Long grease
lines may exténd'the dwell time for the grease before it
reaches thetbearing, and this may result in separation of
the oil and-thickeners, thereby reducing the lubrication
effect S additic ines ire purging tc
remove air pockets upon initial installation. An alternative
to grease lines for bearings that are inaccessible are
mechanical automated greasers that can be mounted
locally to the bearings. Many facilities also prefer to
have accelerometers and temperature sensors
mounted directly on bearing housings to monitor vibra-
tion and bearing life over operating time.
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AB-5360 Recommendations for Fire Protection

Fans do not generally require any specific fire protec-
tion measures. However, their power source may be tied
to control circuitry that secures their operation coinci-
dental with a smoke alarm. Ensure that the fan motors
are properly protected against overload conditions.

AB-5400 VALVES, PIPING, COOLING COILS

Valves, piping, and coils may be used as part
drains, fire protection systems, or heatin
processes. Additional guidance cambe foun
B31.1; ASME B31.5; ASME BPVC, Sections VIII a
sion 1; and NFPA standards.

AB-5420 Applications

In an air treatment'$ystem, valves may be usg
tain an air pressureboundary, a water pressure
or both. Article. HA-4000 and Nonmandatory
HA-B contdin requirements on fire prote
housing drains that are applicable for desig

of housing
/cooling
in ASME
nd III, Divi-

d to main-
boundary,
Appendix
ction and
h require-

ments,

Inahair treatment system, piping may be usef as part of
either the fire protection system, the housing afnd conden-
sate drain system, or the process flow system. Depending
on the design and function, the piping may maintain an air
pressure boundary or a water pressure bounddry or both.

An air treatment system may also perforth a condi-
tioning function. In that case, coils may be ysed as an
air-to-water heat exchanger (or air-to-refrigerant).
Section CA contains requirements for coils.

AB-5430 Cautions and Concerns

Valves used for shut-off or isolation should He full port,
globe style valves, suitable for system prepsure and
temperature design service conditions and plant design
basis. The valve material should match that of the
piping to which it is attached, unless considegration has
been given to the corrosion potential between the dissim-
ilar metals.

Piping for drain lines that are part of th¢ pressure
boundary of the air treatment unit and used for[conveying
water or air should be designed, fabricated, and tested in

ithASM A ASME BPVC,

Section III, as applicable.

Refrigerant piping should be designed, fabricated, and
tested in accordance with ASME B31.5. Additional
guidance is found in the 2014 ASHRAE Handbook—
Refrigeration.

Piping for process flow should be designed, fabricated,
and tested in accordance with ASME B31.1 or ASME BPVC,
Section III, as applicable.
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AB-5440 Recommendations for Installation

Valves and piping should be installed by qualified per-
sonnel to the applicable specification requirements.

Valves and piping should be located so as not to impede
access for maintenance activities.

Manually operated valves should be located in readily
accessible locations.

AB-5450 Recommendations for Maintainability

AB-5530 Cautions and Concerns

This Code allows for various types of longitudinal seam
design, including both welded and mechanical lock-type
seams. Welded seam ductwork is generally preferred for
air treatment systems carrying radioactive matter.
Mechanical lock-type seams will usually require an elas-
tomeric sealant for ductwork to meet leakage require-
ments. Any sealant used should be qualified for its
applicable environment.

Valves gnd piping should be maintained in accordance
with applikcable facility procedures and commitments.

Isolation valves should be provided where beneficial to
aid maint¢nance activities and component replacement.

Valves should be oriented to facilitate in-place mainte-
nance actiyities.

Loop sepls, when provided, should include provisions
for filling.

AB-5460( Recommendations for Fire Protection

Piping
systems s

hnd valves associated with fire protection
hould conform to the applicable NFPA stan-
dards. The Engineer specifying the equipment should
determing which NFPA standards apply to the system
being designed and require these in the design specifica-
tion.

AB-5500
AB-5510

DUCT AND DAMPERS
Description

A ductwork system provides an enclosed passage
through which air is transferred from point/to\point
and does ot typically include air treatment components
such as filters or adsorbers. A damper is_an operable
device usg¢d to control pressure or flow by varying the
air path afea. Ductwork requirementsj)are dictated by
Section SA. Additional information® can be found in
SMACNA pO06. Damper requirements are dictated by
Section DA.

AB-5520

Ductwo
from the 4

Applications

'k is typically used for transporting air to and
ir treatmeént housing. Ductwork systems may
contain fgatures and accessories including plenums,
extractors| grilles, diffusers, flexible connections, insula-

In leakage-critical applications, field connectipns to
duct supports should not cause a pressurehoundary
breach.

Section DA and Mandatory Appendix\DA“I shopild be
used to quantify required damper Jeakage for a|given
application. For example, a flow centrol damper|(with
no isolation function) that alse’serves as ductwdrk air
pressure boundary in a centaminated enviropment
while carrying clean air_undeér negative pressurf may
require a zero-leakage of low-leakage frame (Class A
or Class B) with a seaf)leakage requirement of Class IV.

AB-5540 Recommendations for Installation

Ensure thataccess doors and/or panels are provided in
the ductwerk for surveillance of dampers or other gquip-
ment _incthe air treatment system requiring insppction
and/er maintenance, as well as possible ducfwork
cleaning.

When using companion angle frames to connecf duct-
work sections, consider gasket material selection and
design that allow consistent installation on all sections
without relying on “skill of the craft” to determine accept-
able leak-tight connections. One solution is to provide the
gasket’s nominal compression value in the form of|thick-
ness gauges to verify proper field installation. Apother
solution is to use a gasket that exhibits incrdasing
compression force due to nonconstant cross s¢ction
geometry and provide a fixed torque value for all cpmpa-
nion frame fasteners. This allows the gasket to havelinitial
soft compression that fills gaps from varying syirface
profiles, but then firms up as bolts are tightlened,
which allows consistent torque values while avgiding
excessive gasket extrusion from the companion|angle
frame perimeter.

AB-5550 Recommendations for Maintainability

tion, testing ports, and access panels. Duct supports
transmit loads from the ductwork to appropriate load-
bearing structures. Air ducts for air treatment systems
are typically manufactured of coated carbon steel
(often galvanized) or stainless steel.

Dampers may be used in an air treatment system for
flow control, pressure control, fire control, balancing,
isolation, backdraft prevention, or pressure relief.
Dampers come in various configurations, illustrated in
Figures DA-1I-1000-1 through DA-II-1000-6.
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Ductwork systems typically require little maintenance,
with the exception of occasional cleaning and the replace-
ment of companion frame gaskets, access door and/or
panel gaskets, or flexible connections.

AB-5560 Recommendations for Fire Protection

Ductwork and dampers do not typically require any
special fire protection if no flammable particulate is
being carried by the air. Fire damper construction is speci-
fied in Section DA.
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AB-5600 INSTRUMENTATION
AB-5610 Description

All systems require some form of instrumentation.
Instruments are used to monitor, control, and transmit
alarms based on various system changes. For more
detailed design guidance for this component, see
Section IA.

AB-5660 Recommendations for Fire Protection

Other than monitoring for a carbon bed fire, there are no
specific recommendations regarding fire protection of
instruments. However, instruments may be used to
initiate action in the event of a fire. Examples are to
trip the fan off in the event of a fire or to open or
close certain dampers when smoke is detected.

AB-5700 HOUSINGS

AB-5620Applications

Thq following are some of the applications for which
instruments are used for measurement and monitoring:

(a) |airflow

(b) |fluid flow

(c) |air temperature

(d) |fluid temperature

(e) |differential pressure

(f) pressure

(g) |humidity

(h) |vibration

(i) fire and/or smoke

(j) farbon monoxide

AB-5

Insfruments should be installed in locations that allow
the d¢vices to measure a representative sample of the
condifion within the air treatment system for which
they gre intended. Care should be taken not to install
ents in dead air spaces, in areas of nonuniform
, or in areas of extreme turbulence.

If ppssible, instruments should be installedfrom the
outside of the housing through either a(flanged or a
threalded connection. This will make replacement
easier] in the event that the instrumeftation fails.

Each instrument must be selected.to operate properly
withir) the environment in which it*will be installed. The
rangefnd accuracy of the instrument should be selected to
matcH the requirements of the‘value being measured. For
example, a differential pressure gauge with an accuracy of

530 Cautions and Concerns

AB-5710 Description

This section provides guidance for aif treatmgnt system
housings, which are the portions of\air treatfnent units
that enclose air treatment components and provide
connections to adjacent duetwork. For additional
guidance, see Section HA.

AB-5720 Applications

Housings enclose.and provide access to thg different
components ofair treatment, air conditioning, dr air hand-
ling units, such as HEPA filters, prefilters, adsorbers,
moistureseparators, cooling and heat|ng coils,
dampetrs, mounting frames, and fans. They also
connect to adjacent ductwork, instrumentation} and ancil-
lary-systems.

AB-5730 Cautions and Concerns

Housings should be designed and construct
stand structural and pressure loadings acd
Section HA.

For systems protected with water deluge fireprotection
systems, drains should be of a number and sizp that may
readily remove water from the unit when the fire protec-
tion system is fully activated.

Drain lines should be welded to the unit houding and be
of the same material alloy as the unit housing.

Loop seals should be used when moisture peparators
and/or condensing cooling coils are used. lloop seals
should be properly designed considering the

ed to with-
ording to

r location

bor drains
ia. When
Hrain lines

the valve

0.5% |s not required‘when measuring the pressure drop - : )
acrosd a HEPA filter and corresponding positive or negative pressjire.
Each housing compartment should have fl
AB-5640 Recommendations for Installation that meet all allowable air leakage crite
o piped to a common drain system, individual
See|Table’/IA-C-1220-1 for guidelines for the type and  gshoyld include valves or be otherwise protedted. There
locatibniof the instruments used in an air treatment 1 111 1 c M .
SITUOUIU DT tuuusu SPdLE 1T UIIT ULIIC uuumug L
system.

AB-5650 Recommendations for Maintainability

Routine maintenance and calibration of instruments
should be performed in accordance with the manufac-
turer’s recommendation.
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to be able to manipulate it in case of a fire. Check
valves are not recommended.

Drains should be protected against freezing, if applica-
ble.

AB-5740 Recommendations for Installation

Filter housings should be located inside the building to
minimize the spread of contamination.
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Horizontal airflow with filter faces in a vertical position
is recommended.

Layout of the housing and banks of components within
the housing should provide for access to both sides of each
bank of components for maintenance and testing and for
uniform airflow through each bank of components.

Mounting frames for all components (moisture separa-
tors, prefilters, heaters, HEPA filters, adsorbers, and post

The general area surrounding the housing should be
sufficient to allow it to be cordoned off as a contamination
zone to facilitate the safe removal and replacement of filter
elements and/or bulk activated carbon.

Housings should not be suspended in free overhead
space or placed on the roof of buildings that do not
have adequate roof access. Building roof locations are
generally undesirable, but when such locations must

filters) should be of all-welded construction and welded

into the h
between f

Housing
elementsi
elements 3
tion.

AB-5750

Housing

rame and housing.
s should be rigged into place without filter
h place. Thisis to prevent damage to the filtering
nd their clamping mechanisms during installa-

Recommendations for Maintainability

s should be designed for ease in maintenance,

testing, and inspection. Sufficient space should be

provided f

or removal and replacement and maintenance

of comporjents.
AB-5760 | Recommendations for Fire Protection

Fire protection requirements should be considered
depending on the individual component requirement.
Refer to HA-4248 for fire protection recommendations
for systens.

ARTICLE AB-6000
INSTALLATION

AB-6100 |SYSTEMS

Generallly applicable criteria for the-installation of

assemble
the field
AA-6600.
provide d¢
and main{
sections r
as well as

components and subassemblies as well as
assembly of components is specified in
This Code requires ghat the manufacturer
tailed manuals for ¢he operation, installation,
enance of all housing-related items. Certain
efer to the requirements of NFPA 90A-2009
those of AA<6600.

Additional guidahce for the location and installation of

nuclear ai
found in I

- treatment systems and components may be
OE*HDBK-1169-2003.

be used, housings should

ne en Qnmen Neo -1 QO1-110 nlred

ings are susceptible to water intrusion during peri
rain and snow melt. Housings in outside locatiens

as condensers in cold weather, depending on,the r¢

humidity of the process stream they serve, and t
result in damage to filter components;especially d
adsorbers.

In addition to adequate spacé@djacent to the hg
the provision of overhead clearance for bulk-1
adsorber systems shouldybe-considered.

be adequately protected from

hous-

lative
is can
arbon

using,
baded

During housing layeut, sufficient space shoyld be

provided for inlet and-outlet duct transitions to
adequate airflow~distribution and proper fan p|
mance.

AB-6300"COMPONENTS

Applicable criteria for the installation of asse
components and subassemblies as well as the
assembly of components is specified in AA-660(
Code requires that the manufacturer provide de
manuals for the operation, installation, and mainte
of all housing-related items. Additional guidan
component installation may be found in DOE H
1169-2003.

ssure
erfor-

mbled

field
. This
tailed
nance
ce for
DBK-

Prior to component installation, housing moynting

frames, clamping devices, and individual compd
should be thoroughly inspected for compliance
design specifications.

nents
fo the

HEPA filters and prefilters (as applicable) shotpild be

installed with pleats vertical to prevent saggin
damage over time.
Individual clamping of filter elements and m

g and

dular

adsorber elements should be provided for in the

housing design. Common clamping of these comp
is discouraged.
Installation of adsorbent in bulk-loaded systems

nents

(Type

AB-6200 HOUSINGS

Access for maintenance, including periodic surveillance
testing, should be considered when locating housings.
There should be sufficient space adjacent to the
housing to allow for change out of components and
testing activities. All possible interferences to housing
access (including piping, seismic supports, and ductwork)
should be studied carefully during the housing layout
process.
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Hshoutdbeperformed-imaccordance wittraprocedure
that assures the adsorbent is loaded at its maximum
packing density.

ARTICLE AB-7000
TESTING

Article AA-5000 specifies generally applicable criteria
for the inspection and testing of materials and equipment.
Article TA-4000 specifies the field acceptance tests
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necessary to verify compliance with the Owner’s design
specifications.

Provisions for testing should be considered from the
beginning of the design process and documented in a
system test plan.

Adequate test ports, both in number and location,
should be provided for in the design to facilitate the
following:

(a) housing leak tests/structural capability tests

(b) mounting frame leak tests (if rpqnirprﬂ

probe length of the hot wire anemometer limits access
to filter elements. When laying out housing test ports,
the limitations of available measurement equipment
should be considered. For example, side-access test
ports may be insufficient in a two-wide HEPA filter
housing to accommodate limited probe length. In these
cases, top-access test ports may be preferable.

Manufacturer-qualified injection and sampling mani-
folds should be clearly identified.

Where proper cnmpling manifold operation depends on

(c) lairflow capacity measurement

(d) |airflow distribution measurement

(e) |air/aerosol mixing measurement

(f) Injection and sampling during the in-place leak test

All test, injection, and sampling ports should be clearly
identified both on drawings and on equipment.

Degending on the outcome of certain acceptance tests,
changgs to test portlocation may be necessary. Therefore,
consideration should be given to the provision of alterna-
tive t¢st, injection, and sampling ports, especially when
field modifications may require additional engineering
analyjgis.

For[systems not designed for personnel entry, access to
internlal system components is limited by the location and
numbpr of available test ports. Certain acceptance tests
such ps airflow distribution require access to each
filter|element. The low velocities internal to the
housihg typically permit measurement of the airflow
distripution by a hot wire anemometer. However, the

sampling flow rate, or if any other restriction§ fdr manifold
use are specified by the manufacturer, this ifjfformation
should be clearly marked at the mtanifold|sampling
point on the housing.

ARTICLE AB-8000
TYPICAL STANDBY GAS. TREATMENT FIL[TRATION
SYSTEM

AB-8100 Air/Treatment Systems for DBA
Requirements

Air treatment systems shall operate under postulated
DBA «enditions. The SGTS is representative|of similar
filtration systems commonly used at BWR sitps. It is an
atmospheric cleanup system used in case of gdccident in
the containment building housing the reactoi]. A typical
SGTS is shown in Figure AB-8100-1.
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Division I
Ventilation Air Cleaning and
Ventilation Air Conditioning

BA-1100 SCOPE

ARTICLE BA-1000 BA-1400 DEFINITIONS 'AND TERMS

SECTION BA
FANS AND BLOWERS

INTRODUCTION axial fans: fans in whieh the airflow is parallel to the
rotating shaft. The three groups of axial fans arq propeller,
tubeaxial, and vaneaxial.

Thip section provides requirements for the perfor- blocked tight/shut off: a condition of fan operat]on accom-
mancg, design, fabrication, installation, inspection, accep-  panied by alcomplete closure of the inlet or outlet, permit-
tance [testing, and quality assurance for fan equipment ting no-airflow.
used ih air and gas treatment systems in nuclear facilities. brake horsepower: the power delivered to thd fan input

shaft (does not include any drive losses other than the
BA-1200 PURPOSE fan bearings).

The purpose of this section is to ensure that fan equip? centrifugal fan: a fan rotor or wheel with blad¢s within a

ment |s acceptable in all aspects of design and operation. scroll-type housing that includes driving njechanism

supports for either belt drive or direct conngction. Air

BA-1300 APPLICABILITY enters the housing through one or two inlets concentric

Thi} section applies only to fans acting as individual
compénents in a system and includes.the driver, drive,
and rfelated fan accessories. This section does not
cover [equipment whose primary purpose is to compress
air or|gas. Although fans used in‘nuclear facilities may

with the rotating shaft. Air is expelled through|the wheel
blades into the surrounding housing and the [fan outlet.

critical speed: the speed that corresponds tp the first
natural frequency of the rotating element|(impeller
and shaft assembly) when mounted on rigid supports.

produce a change in density of air or gas being moved, design pressure: the maximum allowable prpssure for

henc¢ providing compression or rarefaction, the which a specific component is designed.
primdry purpose of the'fans is to move air or gas. No
limitd on speed, ¢ompression, density, temperature,
power, or size restrict the applicability of this section.
Thif section{does not cover any functional system
desigh requirements, sizing of complete air handling

design speed: the maximum speed (revolytions per
minute) of the fan’s continuous operation.

design temperature: the maximum air tempgrature at
which a fan can be continually operated.

systems;.oT any operating characteristics of these direct connected: a method of connection whereby the
syste MWWWTMMWed in line

gravity roof ventilators, and positive displacement-type to operate at the speed of the driver.

air moving units are not within the scope of this Code.
The responsibility for meeting each requirement of this

section shall be assigned by the Owner or designee using

Nonmandatory Appendix BA-B as a guide.

dynamic losses: losses in the total pressure that result from
disturbances in the airflow caused by change in direction
or velocity of the airstream, or both, such as an unducted
fan inlet or outlet.

fan: an air moving device composed of a wheel or blade
and housing. Fans transfer mechanical energy and cause
the flow of air by increasing the total pressure of the
moving air.
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fan air density: the density of the air corresponding to the
pressure and temperature at the fan inlet.

fan arrangement number: an Air Movement and Control
Association (AMCA International) standard configuration
designation that indicates bearing location, means of
motor support, position of motor, and method of coupling
the motor to the fan. Arrangements are shown in AMCA
99-2404, 99-2410, and 99-3404.

fan flow rate: the volumetric rate at fan air density.

operating temperature: the air temperature in the fan
during normal conditions.

orientation: the designation of rotation and discharge of a
centrifugal fan. Direction of rotation is as viewed from the
drive side for all fans. Rotation is defined as clockwise or
counterclockwise. Discharge is defined as up blast, down
blast, top horizontal, bottom horizontal, top angular up or
down, and bottom angular up or down. Orientations are
given in AMCA 99-2406.

fan operating range: the stable portion of the performance
curve whdre the fan will operate free of a stall or surge
condition.

fan performance curves: curves that give static or total
pressure and power input over a range of air volume
flow rate Jat a stated inlet density and fan speed. Fan
performarjce curves may include static and mechanical
efficiency| The range of air volume flow rate usually
extends from shutoff (zero airflow) to free delivery
(zero static pressure).

fan power
any eleme
of the fan,

input: the power required to drive the fan and
hts in the drive train that are considered a part

fan static pressure (Py): the difference between the fan total
pressure and the fan velocity pressure (corresponding to
average vdlocity through outlet). Therefore, the fan static
pressure if the difference between the static pressure at
the fan ouftlet and the total pressure at the fan inlet.

fan total g
pressure 4
fan inlet.

ressure (P;): the difference between the total
t the fan outlet and the total pressure at\the

free delively condition: a condition during which the fan
static prespure is zero and flow rate is at a maximum value.

inlet bell (bell mouth): a fan or duct inlet epening made in
the shape pf a bell opening to streamline‘the inlet airflow,
minimize gir turbulence, and theyeby-reduce the inlet loss
in air pregsure.

inlet/outlet cones: conical dlict sections added to the inlet
or outlet of axial fans. The'inlet cone minimizes air turbu-
lence. The| outlet coné\recovers static pressure.

inlet trangitions (boxes): sections of ducting added to ings
centrifugal fansinplace of standard duct elbows, designed . . .

. . . o . Publisher: American Bearing Manufacturers Assoc
to provide|ptedictable fan inlet conditions. Inlet box posi- (ABMA), 330 N. Wabash Avenue, Suite
tions are showmimAMEA99-2405: - - :

peak design temperature: the maximum temperatire at
which a fan can operate for a specific time.

enclo-
of the
of the
trans-

scroll casing, housing, volute: stationary protective
sures designed to divert the flow of air into.the inlet
impeller and to direct the flow from the discharge
impeller. The enclosure may also afféct the energy
formation of the airstream.

stall/surge limit: the stall limit\s that point of an axjial fan
near the peak of the pressare curve at a particular|blade
angle that corresponds-te the minimum flow rate atwhich
the fan may be operated without separation of ajirflow
over the blades.‘The surge limit is that point of a ¢entri-
fugal fan near the peak of the pressure curve that [corre-
sponds to the-minimum flow rate at which the fan gan be
operated without instability.

systemresistance curve: the plot of the total of all system
pressure losses, such as filters, coils, dampers, and duct-
work versus airflow.

h inlet
1 to or
erfor-

variable inlet vanes: moveable vanes located in a fa
that form an integral part of the fan (whether adde
incorporated as part of an inlet bell) to control fan
mance.

ARTICLE BA-2000
REFERENCED DOCUMENTS

The codes and standards listed below shall suppl
those listed in Article AA-2000. Unless otherwise
fied, the latest edition shall apply.

Pment
speci-

ABMA 9, Load Ratings and Fatigue Life for Ball Beprings
ABMA 11, Load Ratings and Fatigue Life for Roller] Bear-

iation
000,

maximum speed: see design speed.

operating point: a point on the fan performance curve that
represents the fan performance for a given system.

operating pressure: the pressure under normal conditions.

operating speed: the actual speed (revolutions per minute)
at which the supplied fan is to perform. This may be a
range of speeds for variable frequency drives and variable
speed drives.
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Chicago, IL 60611 (www.americanbearings.org)

AMCA 99, Standards Handbooks

AMCA 201, Fans and Systems

AMCA 210, Laboratory Methods of Testing Fans for Rating

AMCA 300, Reverberant Room Method for Sound Testing
of Fans

AMCA 301-2005, Methods for Calculating Fan Sound
Ratings From Laboratory Test Data
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Publisher: Air Movement and Control Association Inter-
national, Inc. (AMCA International), 30 West University
Drive, Arlington Heights, IL 60004-1893 (www.am-
ca.org)

ASHRAE 68, Laboratory Method of Testing to Determine
the Sound Power in a Duct (AMCA Std. 330)

Publisher: American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Inc. (ASHRAE), 1791 Tullie
Circle, NE, Atlanta, GA 30329 (www.ashrae.org)

BA-3400 CERTIFICATION OF MATERIALS

The manufacturer shall make available, when required
by the design specification, certified test reports of chem-
ical and physical properties of material and hardware
used for all stress components of fans and related acces-
sories, including fan wheel components, fan shafts, and
driver support plate, but excluding fan drivers, drives,
and bearings.

ARTICLE BA-3000
MATERIALS

BA-3100 GENERAL

Materials for fan components and accessories shall be in
conformance with the ASME or ASTM materials listed in
Table|AA-3100-1.

BA-3110 Material Stress Values

Thg ASME or ASTM designation in Table AA-3100-1
speciffes a chemical composition and a material thickness
limit. A grade designation is usually required to determine
the mjnimum strength of the material. If the specific grade
mateyial has an assigned minimum yield and tensile
strength, these values shall be used for design purposes.
If valges have not been established and assigned, then
tests [in accordance with the procedures outlined)in
ASTM|A370 and Article AA-5000 shall be performed to
obtaiph these values. Results of mill certified tests
performed as above designating these values may be
used. [Maximum allowable design stress values shall be
calculpted by the procedures in Article*AA-4000. These
procedures require the use of anr allowable stress for
normal structural requirements; and correction of allow-
able sfress for conditions where’buckling can take place
and fofr the several servicedevels. When the minimum yield
valueg have been established by test or by ASTM mini-
mumyg, then the allowable stress S or S, used in Article
AA-4(00 shall bes60% of yield.

BA-3200 SPECIAL LIMITATIONS ON MATERIALS

Aluminum and zinc shall not be used in the presence of

BA-3410-Centrifugat Fans—

A manufacturer’s certificate of conforman
provided for scrolls, housing side sheets, i
plates, back (center) plate, weld fillet matg
support framing integral to the fan.

e shall be
hlets, side
rials, and

BA-3420 Axial Fans

A manufacturer’s certificate of conformange shall be
provided for fan casing,guide vanes, weld filler material,
and driver support.components.

BA-3500 PURCHASED MATERIALS

All purchased items shall meet the requirfements of
BA-3100, BA-3110, BA-3200, BA-3300, and BA-3400.

BA-3600 DRIVER MATERIALS

Driver materials shall be selected such that the drivers
meet the electrical and mechanical requirements of ANSI/
IEEE 323, ANSI/IEEE 334, ANSI/IEEE 344, and NEMA MG-
1, as required by the design specification.

ARTICLE BA-4000
DESIGN

Design of fans shall be in accordance with the require-
ments of this section and of those portions of fection AA
invoked in this section. Guidance on fan system design
consideration is contained in Nonmandatory| Appendix
BA-A.

BA-4100 DESIGN CONDITIONS
BA-4110 Performance

Fans shall be selected to provide the specifief flow rate

corrostve vapors. Al atertals sitatt be compatible with
operating environmental conditions.

BA-3300 DESIGNATION OF MATERIALS

The ASME or ASTM material numbers and grade for the
fan components selected from BA-3410 and BA-3420 shall
be identified.
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and pressure requirements while operating in the stable
region of the fan curve. Fans shall not be selected to
operate in the stall or unstable region of the fan curve.
Details of fan inlet and discharge conditions shall be
considered and documented in support of fan sizing
and selection. Fans shall be sized with consideration of
dynamic losses that may be encountered. System charac-
teristics shall be considered using AMCA 201. The
following fan data shall be established in support of
the fan selection:
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(a) fan type and blade shape

(b) airflow, actual ft3/min (m?*/min)

(c) total pressure to be developed, in. wg (mm wg)

(d) maximum allowable discharge velocity, ft/min
(m/min)

(e) air density at which the fan is to be rated, Ib/ft>
(kg/m?)

(f) maximum air density expected, Ib/ft> (kg/m?)

(g) operating temperatures, °F (°C)

(h) detai ntake i :
affect fan performance

(i) parallel fan operation, if required

(j) peald design temperature

(k) fan pperating range, if required

BA-4120 |Environmental Conditions

BA-412l General. Fans (including drivers, drives,
bearings, ind accessories) shall be designed to operate
continuously, including while exposed to the environ-
mental conditions caused by postulated accidents, for a
period of 30 days, as determined by the design specifica-
tion. This gpplies to fans used during normal plant opera-
tion and tq fans on standby status intended for operation
under accient conditions only. The 30 days of continuous
operation pre in addition to the projected life of the plant
for fans uged during normal plant operation, and in addi-
tion to expected operation including operation during
periodic tpsting and maintenance for fans on standby
status.

BA-4122 Aging. The aging mechanisms listed, in
BA-4123 ghall be applied to the equipment and cofmpo-
nents. Des]gn qualification shall be specified in accordance
with ANSIYIEEE 627. A list of recommended spare parts
and their eixpected life shall be provided forthe'equipment
and comp@nents that are not expected to'last for the life of
the plant finder specific environmental-conditions.

BA-4123 Environmental Considerations. The
following|aging mechanismgs\affecting life expectancy
shall be c¢nsidered as a minimum:

(a) radijation

(b) temperature variation range

(c) preqsure vafiation range

(d) coryfosivetchemicals and moisture conditions

(e) erodive particles in airstreams

(f) dut) r‘yr‘]nc

BA-4130 Loading

BA-4131 Load Definition. Loads applicable to fan
design are described in AA-4211 and AA-4212. The spe-
cific conditions indicated in BA-4131.1 and BA-4131.2
shall be considered.

BA-4131.1 Normal Loads. Normal loads consist of

the following:
(a) positive or negative pressure differential transients
mmnaosed-onthe nhao 1 ] an pres-

(b) forces imposed on the fan in any of its mofes of
operation, including a single failure of ahy,interpcting
component

(c) loads imposed on fan inlet and outlet by
connections

(d) loads imposed on fan, driver, or both, by eleftrical
conduit connections
(e) loads imposed on the-fan bearings

duct

BA-4131.2 Loads(lmposed on Driver and Fan|When
Starting. Loads imposed on the driver and fan njay be
caused by fan pinwheeling (inadvertent reverse rotation)
caused by backflow of air while on standby status.

BA-4132 Missile Protection. Fans shall be desighed to
preventcany internally generated missiles from |pene-
trating the fan housing unless other external protection
isprovided. Consideration shall be given to the orientation
of the fan inlet and outlet openings with respect fto the
protection of other equipment that is to occupy the
adjoining space.

BA-4133 Construction. As a minimum, the fan
construction shall be capable of meeting the maximum
conditions in which fan pressure and outlet vdlocity
are specified.

Fans shall be designed in accordance with the stryctural
requirements given in Article AA-4000. Structuyal re-
quirements, load definitions, and structural design veri-
fication specific to fans are given in BA-4131, BA14431,
BA-4432, and BA-4433. Additionally, construction shall
comply with the stress and deflection criteria associated
with the loads given by BA-4433.

BA-4140 Leakage
BA-4141 General. Fans are subject to the lepkage

BA-4124 Environmental and Seismic Qualifications.
Fans, including drivers, drives, bearings, and accessories
shall be seismically and environmentally qualified in
accordance with qualification requirements of this
section, and imposed under Article AA-4000.
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criteria when the location of the fan and direction of
leakage impose a contamination burden in the space
housing the fan or the space supplied with air by the
fan. Leakage testing shall be as given in BA-5142.

BA-4142 Fan Housing Leakage. Housings subject to
the leakage criteria, including penetrations such as
cable connections of axial fans, shall be made airtight,
according to the method outlined in BA-5142.1.
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Table BA-4162-1 Maximum Allowable Displacement

Rotational Speed, Double Amplitude Displacement,

listed in Table BA-4162-1, measured with a meter filtered
to the fan rotational speed.

rpm mils (mm) BA-4163 Axial Fans. The double amplitude radial dis-
600 3.2 (0.081) placement measured on the fan housing at both the inlet
720 2.7 (0.068) and discharge locations at the designated speed shall not
900 2.1 (0.053) exceed 1.0 mil (0.025 mm), measured with a meter filtered

1,200 1.6 (0.040) to the fan rotational speed.

1,800 1.1 (0.027)

3,600 0.5 (0.012) BA-4200 SELECTION

GENERALNOTE: Displacement may be interpolated for other speeds.

BA{4143 Shaft Leakage. Shafts subject to leakage
criterja shall be limited to 0.01% of the normal airflow
per ifjch (25.4 mm) of fan operating pressure, or 0.5
scfm (0.0142 m>/min), whichever is greater.

BA-4150 Support Boundary

The support boundary for the fan shall be the point of
attachment of the fan housing or base to its foundation.

BA14151 Centrifugal Fan Support Boundary. The
suppdrt boundary for a centrifugal fan is the attachment
point [for the fan base to the building, or the structural
memlbers of an air handling unit, or structural steel
within the building. The following data shall be specified:

(a) |size, number, and type of anchorage attachment

(b) |anchorage loads to be imposed on the attachment
pointy

BA44152 Axial Fan Support Boundary. The-Support
boungdlary for an axial fan is at the inlet_and outlet
mounfing flanges unless the axial fan is base mounted.
The sppport boundary for a base-meunted axial fan is
the atfachment point for the fan housing to the building,
or the[structural members of anvair handling unit, or struc-
tural qteel within the building. The following data shall be
specifjed:

(a) |size, number, and-type of anchorage attachment

(b) |anchorage loads to be imposed on the attachment
pointy

BA-4160 Vibration
BA4{4161-General. Fan wheels shall be dynamically

BA-4210 Fans

BA-4211 General. This subarticle details pifinciples to
be used in the application of fans tb,systems [in nuclear
facilities.

BA-4211.1 Application,Each fan shall hav¢ a title and
a numbering that uniquelyzidentifies that fan

BA-4211.2 Duty._The duty of the fan} shall be
described by the gperating and idle time perjiods, their
frequency, and thé corresponding fan load charpcteristics.

BA-4211.3 ‘Fan Configuration. The fan fischarge,
drive arrangement, and rotation shall be irjcluded in
the design specification.

BA-4211.4 Fan Environment. The environmental
conditions, including airstream and gas streamh contami-
nants, of BA-4120 that can affect the operability, service
life, maintainability, or need for special featjures as to
construction or materials of the fan shall b¢ included
in the design specification.

BA-4211.5 Special Limitations. Special ljmitations,
such as space, weight, outlet velocity, fan sp¢ed, sound
power level, and driver nameplate horsepower]| that influ-
ence fan selection shall be considered and inclided in the
design specification.

BA-4212 Performance Rating. Fan performgnce rating
shall consist of the following information for all fan oper-
ating points, as a minimum:

(a) flow rate at fan inlet, actual ft*/min (n]?/min)

(b) fan total and fan static pressure, in. wg (mm wg)

(c) fan air density, Ib/ft® (kg/m?)

(d) fan air temperature, °F (°C)

(e) fan operating speed, rpm

(f) fan power input, hp (kW)

balanted pT tor—to—famr aaaculb}y. Frat ba}auLius shratt
be performed on the completed assembly. All test
results shall be documented. After installation, fans
shall be checked and rebalanced, if necessary, to
correct changes due to handling, shipping, and final
support structure conditions.

BA-4162 Centrifugal Fans. The double amplitude
radial displacement measured on the bearing caps at
the designated fan speed shall not exceed the values

BA-4213 Pressure Relationships. Fans shall be rated
using either fan static pressure or fan total pressure. Fan
pressure relationships are illustrated in AMCA 201.

BA-4214 Operation at Reduced Flow. Fans shall be
selected to satisfy the maximum performance require-
ment. Operation at reduced flow shall be evaluated
during the initial fan selection to ensure stable fan opera-
tion over the entire range of expected fan operation.
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BA-4220 Drivers

BA-4221 Information Required for Driver Selection.
Information required for driver selection shall consist
of the following, as a minimum:

(a) fanspeed torque curve with operating brake horse-
power point identified

(b) fan inertia applied to the driver shaft

(c) external forces acting on the driver shaft

(d) driver rated electrical power source

Bearings shall be provided with grease fittings, usable in
accessible areas without interrupting fan operation.

BA-4322 Axial Fans

BA-4322.1 General. The fan construction shall
include adjustable-pitch bladed wheels mounted upon
the driver’s extended shaft and located inside the
flanged fan casing. The driver shall meet the requirements
of BA-4220 and BA-4320.

Il daas 1.l 4 4 +lo £ 1 H laal
(e) env rOnmental requirements LICCULL l\: CAUITS lJCllCLl (ll,llls LIIC 1alr uuualus Dllat me?t
(f) driver and fan physical orientation the requirements of BA-5142.1 as to fan housihg air
(g) applicable standards such as IEEE and NEMA re- leakage.
BA-4322.2 Fan Housing. The fan housing magerials

quirements
(h) spage heater requirements
(i) minimum air velocity over driver when required

BA-4222 Special Limitations

BA-4222.1 Centrifugal Fans. Belt drives shall be
permitted|only in areas that are accessible for mainte-
nance dufing normal and accident conditions. The
number of belts selected shall allow for a single belt
failure without loss of function. In use of either direct
or belt driyes, the equipment shall be capable of operating
under thd specified conditions while performing its
intended function. Drives in which gear reducers are
used shall|not be allowed. Systems that are air balanced
using varipble pitch diameter sheaves shall be provided
with fixed|diameter sheaves for long-term operation.

BA-4222.2 Axial Fans. Axial fans shall be selected fort

and design shall meet the requirements of BA{4100,
BA-4200, and BA-6110.

BA-4322.3 Blade Angle:Adjustable pitch hlades
shall have corresponding blade angles indicated ¢n the
fan performance curve\Blade position designations
appearing on the fan clrve shall bear a correspondence
with a permanent ifideX located at the blade hub c¢nnec-
tion. After setting the blades, the locking device shall be
torqued and, secured in place.

BA-4322.4 Bearings. Bearings shall be antif
type. Bearing L-10 life under actual operating congd
shallbe at least 100,000 hr. Bearing life shall be
lished in accordance with ABMA 9 or ABMA 11.
the bearing size is limited by driver dimengional
constraints and the driver bearings are also the fary bear-
ings, an L-10 life of less than 100,000 hr is permigsible.

iction
itions
pstab-
When

direct Z:jon 1ecteddoperation, in accordance with AMCA\99- This limitation shall be documented.
3404, desygnated arrangement No. 4. Bearings shall be provided with grease fittings. For
drivers within the fan casing, both supply and jpurge
BA-4300( CONSTRUCTION lines shall be extended to outside the fan cas|ng to
BA-4310 |General permi‘F bearing lubrication without interruptifgg fan
operation.
This pagagraph contains general requirements for the
constructipn of fans, fan drivers\drives, and accessories. =~ BA-4330 Drivers and Drives
BA-4320|Fans BA.-4.331. Types of Drives. The drives shall be subjject to
the limitation of BA-4222.
BA-432] Centrifugal Fans . . .
' ' BA-4332 Drive Alignment and Adjustment. Direct
'BA'4 B21.1 General. The .housmg materials and drives shall make use of metal shims to provide finallalign-
design shall meet the requirements of BA-3100,  ments. Belt drives shall be provided with an adjustable
BA-4100, BA<4200, and BA-6110. driver base to allow a full range of belt tension adjusfment.
Spark.r sistant r‘nncfrnr‘Hnn’ where cpnr‘iﬁnﬂr shall

meet the requirements of AMCA 99-0401.

BA-4321.2 Bearings. Bearings shall be self-aligning,
antifriction, and shall have an L-10 service rating life of at
least 100,000 hr in accordance with the load and speed
conditions. Bearing rating life shall be established in
accordance with ABMA 9 or ABMA 11.

When the driver bearings are also the fan bearings, an L-
10 life less than 100,000 hr is permissible. This limitation
shall be documented.
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BA-4333 Mechanical Design Requirements for
Drivers

(a) Bearings shall be antifriction type. Bearing L-10 life
under actual operating conditions shall be atleast 100,000
hr. An L-10 life of less than 100,000 hr may be used when
limited by driver constraints. Bearing life expectancy shall
be documented.
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Bearings shall be provided with grease fittings. For
drivers located within fan casing, both supply and
purge grease lines shall be extended to outside the fan
casing to permit bearing lubrication without interrupting
fan operation.

(b) Maximum sheave arrangement shall be limited per
NEMA MG-1.

(c) Drivers shall conform to NEMA MG-1.

BA-4334 Electrical Design Requirements

BA-4342 Centrifugal Fans

BA-4342.1 Variable Inlet Vanes. Variable inlet
vanes, when used, shall be capable of reducing the
rated volume flow to at least 30% of design, and shall
be flanged and bolted to, or built as an integral part of
the fan inlet. Manual actuation shall be with a locking
quadrant. Electric, pneumatic, or noncombustible electro-
hydraulic actuators for remote or automatic operation of
variable inlet vanes shall be mounted on the fan housing or

(a)|All drivers shall be designed for single voltage
supply.

(b) |Drivers shall conform to NEMA MG-1.

(c) [Provision shall be made for solid grounding of the
driver.

BA14335 Application. All fan drivers shall be selected
to reafh operating speed under the lowest voltage condi-
tions ps defined in the design specification.

BA-4340 Accessories

BA-

Axial

(a)

4341 Accessories Common to Centrifugal and
Fans

Fanlifting lugs or eye bolts shall be provided on fans
and dfivers 50 1b (22.7 kg) and heavier in weight.

(b) |Inspection panels where called for by the design
speciffication shall be provided in fan housings having
12 in. (30.5 cm) and larger in diameter. Panels
be of a size that will allow maintenance on compo*
nents|located within the fan housing. Quick-opening
latches shall normally be used, except thattwhen
leakage criteria are required per BA-4142; bolted and
gaskefed seals shall be used. Latches shall’be able to
be refained on the panel or fan to_prevent loss of
latchefs in the fan housing.

(c) |Arrows clearly indicating the direction of fan rota-
tion ahd airflow shall be permanently displayed on each

by provis Feee
conditions of BA-4121.

(f) Provisions shall be made for the installation of ther-
mocouples on fan and driver bearings of fans that are inac-
cessible for unscheduled inspection when required by the
design specification.
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shall be provided with a common structural support base.
When remote inaccessible actuation is requiregl, the vane
actuation position shall be displayed atan accegsible loca-
tion. Fan performance characteristics'with iplet vanes
shall be determined in accordance with Articl¢ BA-5000.

Vane assemblies for double inletfans shall befconnected
through a common control shaft for simultanepus opera-
tion.

BA-4342.2 InletScreen Guards. Guards fof bolting to
the faninlet or outlet shall meet the material requirements
of BA-6100.

BA-4342.3 Vibration Isolators. Vibration isolators
shall not be used and fans shall be mounted rigidly
unless.provisions are made to withstand the fofces gener-
ated, or amplified during a seismic event.

BA-4342.4 Guards. Shaft and bearing gudrds and V-
beltdrive guards shall be of the quick-removal design type.
V-belt guards shall permit checking the fan spepd without
guard removal.

BA-4342.5 Inlet Transitions. The inlet
connections shall be flanged. The housing
flange shall be drilled to match the fan inlet

Iange.
BA-4342.6 Shaft Seals. Shaft seals, whern required,
shall meet the leakage criteria of BA-4143.

hnd outlet
fonnected

BA-4343 Axial Fans

BA-4343.1 Inlet/Outlet Cones. Flanged iplet/outlet
cones shall be fabricated of the same material|as the fan
housing. The housing connected flange of the cdne(s) shall
be drilled to match the fan inlet/outlet flangd(s).

BA-4343.2 Inlet Bells. Flanged inlet bellg, drilled to
match the fan housing inlet flange, shall meet the require-
ments of BA-3100. Inlet bells should always bg¢ provided

O d W

BA-4343.3 Inlet and Outlet Screen Guards. Guards
for bolting to the fan inlet or outlet shall meet the material
requirements of BA-6100.

BA-4343.4 Mounts. Fan mounts shall be welded to
the casing and shall be designed to support the weight of
the fan and driver in the specified mounting arrangement
and in consideration of all internal and external dynamic
forces.
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BA-4343.5 Vibration Isolators. Vibration isolators
shall not be used and fans shall be mounted rigidly
unless provisions are made to withstand a seismic event.

BA-4343.6 VariableInlet Vanes. Variable inlet vanes
shall not be used for axial fans unless provisions are made
to prevent overloading the driver.

BA-4400 REPORTS AND CALCULATIONS
BA-4410

BA-441] Rating Calculations. Calculations and tests
used to obtain fan ratings shall include the effects on
performarI]ce of all shaft and bearing blockages, acces-
sories, angl other means of control associated with the
fan. Fan gower requirements shall include the effects
of bearing friction and any other losses due to the
drives thaf are supplied as an integral part of the fan.

BA-4412 Documentation of Final Rating Data. As a
minimum| the rating data and the bases identified in
BA-4212 ghall be included.

In additjon to the listed or tabulated point of rating, a
constant-g§peed performance curve shall be prepared,
which coptains complete identification information
such as fah size, type, inlet and outlet area, system and
fan duty, fan speed, and fan air density. The performance
curve shall show fan total pressure, fan static pressure,
and fan hgrsepower versus flow rate from free delivery
to shutoff] The operating point of rating as well as the
permissible operating range over which stable operation
will occur shall be clearly identified. Unstable portioh$-of
the perforfnance curve shall be clearly labeled.

BA-4420

When required, a sound level data(report shall be
prepared.|The sound level data in the/report shall be
expressed as sound power level in)dB (referenced to
1072 W) for eight octave bands. The report shall state
whether fhe data were obtained from tests of the
actual fan pr by calculatiomfrom test data of a similar fan.

Sound Level Data Report

BA-4430

BA-443] Verification by Analysis. When verification
of design Hy analysis is selected, the results of the analysis
shall be in|the form of a design verification report (DVR).

Structural.Verification Considerations

(d) shaft

(e) bearing supports

(f) driver supports

(g) weld filler material

(h) driver

Maximum shaft deflection shall not exceed 90% of the
radial clearance between blade and housing. No deflection
shall be allowed to exceed the limits of AA-4341.2.

BA-4432 Verification by Testing. When verification by
esting 1s selected, a design verilication test prodedure
(DVTP) shall be established. The test procedurg, as a
minimum, shall identify the specific components|to be
tested and the respective test methodsyand acceptance
values. Upon completion of the testsya DVR shfall be
prepared. The DVR shall comply with’AA-4442. Equip-
ment shall be deemed to have/successfully pass¢d the
tests if the equipment meets the'acceptance requirements
identified in AA-4442 whersubjected to the selected load
combinations.

BA-4433 Special Considerations

(a) The maximum deflection that may be sustained
without lossof equipment function during normal o acci-
dent conditions shall be determined by analysis dr test.
The allowable deflections in any plane for the load djombi-
nations of BA-4131 shall not exceed the limits expressed
bytand measured according to BA-4162 and BA-4163.

(b) Fan supports shall be designed to withstand the
loads described in BA-4131. Foundation and supports
shall be designed so that the natural frequency of vibjration
ofthe overall supporting structure is atleast 25% lower or
25% higher than the rotational frequency of the fan or
driver.

ARTICLE BA-5000
INSPECTION AND TESTING

Inspection and testing of fans shall be in accordance
with the requirements of this Section and of AA{5100,
AA-5200, AA-5400, and AA-6430.

BA-5100 FAN INSPECTION AND TESTING
BA-5110 General Testing Requirements

The DVR shall comply with AA-4441. Equipment shall be
deemed to be design verified if the stress conditions and
deflections identified in BA-4131 and AA-4341.2 are not
exceeded under the applicable load combinations.

The DVR shall address, as a minimum, the stress and
deflection of the following fan components in both the
normal and accident conditions:

(a) housings, including flanges and mounting supports

(b) wheel blades

(c) wheel hub
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BA- atings
may be based on test results of a fan that is identical
as to type and size, or of a smaller, geometrically
similar fan that has been tested in accordance with
AMCA 210. Performance ratings established for a fan
may be applied to several identical fans of the same
type and size, with the same nominal dimensions, irre-
spective of fan orientation.
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BA-5112 Test Facilities. Equipment shall be tested in a
facility that provides for testing in accordance with the
requirements of this Code.

BA-5112.1 Facilities. The facility shall have the space,
power, and instrumentation to conduct full-scale perfor-
mance or mechanical operating tests without compro-
mising the data or intent of the test.

BA-5112.2 Instrument Calibration. An updated
listin i i i
be maintained along with a description of methods
used tp calibrate each instrument, the calibration interval,
and the date of the last calibration. Calibration intervals
shall be a maximum of 1 yr or the manufacturer’s
minimum requirement, whichever is less. Calibration of
instryments shall be traceable to the National Bureau
of Stahdards.

BA-5112.3 Qualification Records. Records shall be
mainthined in the test facility to verify that all test facility
qualifjcation requirements are met.

BA15113 Documentation. Documentation shall be
requited for all performance testing, including a report
that details witness test procedures and test setups.

BA-5
Per
sure,

BA{5121 Test Codes. All performance tests shall\be
condycted in accordance with AMCA 210. These ‘tests
shall include the effects of the drive, fan, and acCessories.

|20 Performance Acceptance Tests

formance tests to determine a fan’s flow rate, pres-
hind power consumption shall be conducted.

BA45122 Test Setups. Prior to testing, a test procedure
containing details of all test setups and test methods shall
be estfablished based on AMCA 210«

BA-5123 Measurements. Test measurements shall be
in acdordance with AMCA 210/and shall yield results
within the limits set by AMGA 210, Appendix D. A fan
perfofmance test shall consist of the following measure-

0 pitot tube or by piezometer rings.

BA-5123.3 Power. Measurements shall be made to
determine shaft input power to the fan in accordance
with AMCA 210. For the purposes of this Code, a
driver with complete test results in accordance with
IEEE 112 meets the requirements of a calibrated driver.

BA-5123.4 Fan Speed. The fan speed shall be
measured in accordance with AMCA 210.
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BA-5123.5 Other. Measurements such as tempera-
ture and barometric pressure associated with inter-
mediate calculations shall be made in accordance with
AMCA 210.

BA-5130 Sound Tests

Sound test data shall be obtained in accordance with
either of the following methods.

BA-5131 Semi-Reverberant Room Method. Sound
power level ratings shall be taken in accordance with
AMCA 300.

BA-5132 Induct Method. Sound,power leyel ratings
shall be taken in accordance with ASHRAE 6§.

BA-5140 Mechanical Tests

Mechanical tests shall®hé conducted to verify the basic
integrity and functionof mechanical parts. These tests
include the following!

BA-5141 Overspeed Tests. The impeller of epch centri-
fugal fan shall be overspeed tested to a minimyim of 15%
above its operating speed for a 3 min to 10 mih duration.
The impeller of each axial fan shall be overspeedtested toa
minimum of 25% above operating speed for a|1 min to 3
min-duration. This test is done with wheel mojinted on a
mandrel, not on fan bearings.

BA-5142 Leakage Tests

BA-5142.1 Housing. Housing leakage testis required
by BA-4141 shall be conducted on the fan housing, pres-
surized to alevel atleast 1.25 times the fan operpting pres-
sure, using a soap solution at all welds and joints. The
acceptance criteria shall call for the abserfce of any
visible bubble formation.

BA-5142.2 Shaft. Shaft leakage tests rgquired by
BA-4143 shall be conducted on the fan witl the shaft
and seal assembled, the shaft rotating at the normal
fan operating speed, the fan openings sealpd closed,
and the fan subjected to the normal fan operating pres-
sure. The fan wheel shall be removed prior tp the shaft
leakage test, or provision shall be made to account for the
increase in air temperature if the fan wheel is l4ft in place.

BA-5143 Fan Vibration Test. Fans shall

RA_4 0 b o
vav) 6

be given a
g H b - ¥ to taking
the vibration measurements, the fans shall be operated
at the normal operating speed for a run in period until
the bearings reach a stable equilibrium temperature, at
which point the temperature no longer rises. Vibration
readings taken on the bearing caps on centrifugal fans,
and on the fan housing on axial fans, shall be no
greater than those given in BA-4162 and BA-4163, respec-
tively.


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

BA-5144 Mechanical Running Test. All fans shall be ARTICLE BA-7000
given a mechanical running test for at least 1 hr, after PACKAGING, SHIPPING, RECEIVING, STORAGE,
which all parts and accessories shall be inspected to deter- AND HANDLING

mine any sign of excessive wear or mechanical defect.

BA-5145 Seismic Test. Seismic testing, when required, BA-7100 GENERAL

shall be performed in accordance with AA-4350. Packaging, shipping, receiving, storage, and handling of

- fans shall be in accordance with the requirements of this
BA-5150 Test Results and Reports section and of Article AA-7000 unless otherwise required
All test results shall be certified and documented. by the design specification
BA-5200| DRIVER INSPECTION AND TESTING BA-7200 PACKAGING
BA-5210 [First Unit of a Design Fans shall be prepared for shipment injaccérdande with

ASME NQA-1, Protection Level C, when shipped |[direct
without the driver, or when shipped with the @river
installed to a supplier who will,assemble the fan with
another piece of equipmeant.\\When the fan is|to be
shipped to the jobsite with‘the driver installed, pr¢para-
tion shall be in accordance with Protection Level [B.

First unjts of a design shall be given a complete test per
IEEE 112.|For a totally enclosed, air over (TEAO) driver,
the full-load heat run shall be taken. For axial fans, TEAO
motors ar¢ mounted inside of the fan housing and there-
fore the mptor heat run must be run as part of the fan test,
if required by the design specification. Test data shall be

d ted.
ectmen BA-7300 SHIPPING
BA-5220| Succeeding Units of a Design This paragraph relates to transportation methodp from
Each subsequent driver shall be given a routine test per the manufacturer or supplier to the job site. Shipping shall
IEEE 112.|Test data shall be documented. comply with the provisions of AA-7100, AA-7200, and
AA-7300:
ARTICLE BA-6000 BA-7400 RECEIVING

FABRICATION AND INSTALLATION OF Receiving at the job site or intermediate location, fwhere
ENTRIFUGAL AND AXIAL FANS additional work is to be performed or for long term

Fabrication and installation shall be in accordance(with storage, shall be accomplished in accordance wifh the
the requirpments of this section and of Article AA-6000.  provisions of Article AA-7000. It shall be the requir¢ment,
at any receiving point, to have adequate descriptipns of
BA-6100 | FABRICATION items to permit suitable inspection for conformance,

damage acknowledgement, and proper documentation.
Written|fabrication procedures shallbé established and

used during the fan manufacture. All heat treating require- BA-7500 STORAGE
ments shall be indicated on drawings or in the fabrication
procedures. Fans shall be stored in accordance with ASME NQA-1.

. . When the fans are packaged to Protection Level ¢, they
BA-6110 |Selection of Materials shall be stored in accordance with Storage Level 3.|When

Materigls shall cohform to the requirements of  Packaging is Protection Level B, the fans, drivery, and

Article BAF3000. accessories shall be stored in accordance with Sforage
The malerial designations shall be provided on the  Level 2.

fabricationl drawings. One copy of the storage procedure shall be attached to

t t t - torage

BA-6200 INSTALLATION procedure shall cover both short term and long term (over

6 months) storage maintenance programs.
Installation shall be in accordance with the require-

ments of AA-6600. BA-7600 DRIVERS SHIPPED SEPARATELY
BA-7610 Short-Term

Any driver that is to be used within 6 months of ship-
ment shall be packaged according to good commercial
practice, shipped within an enclosed carrier, and

84
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stored in a weather-tight ventilated and heated building,
equivalent to ASME NQA-1, Storage Level 2.

BA-7620 Long-Term (Over 6 Months)

Any driver thatis to be stored for a period of 6 months or
longer must be packaged per ASME NQA-1, Protection
Level B. If the driver is equipped with space heaters,
the space heaters may be energized in storage, in lieu
of providing moisture barrier wrapping and internal des-

(e) seismic and environmental qualification reports
(f) operating, installation, and maintenance manuals
(g) performance curve

(h) data sheet

(i) sound report (if required)

ARTICLE BA-9000
NAMEPLATES AND OPERATING AND
MAINTENANCE MANUALS

iccan

ARTICLE BA-8000
QUALITY ASSURANCE

BA-8100 GENERAL

Fanls, fan drivers, drives, and related fan accessories
cover¢d under this section shall be manufactured, fabri-
cated,|installed, inspected, and tested in accordance with
the prpvisions of a quality assurance program meeting the
requifements of Article AA-8000.

BA-8
BA-8

Dodumentation shall be established to verify that the
certified fan performance curves were generated in accor-
dancel with AMCA 210.

P00 REQUIRED DOCUMENTATION FOR FANS

P10 Certified Fan Performance Curves

BA-8220 Material Certification

Material test reports are required in accerdance with
BA-3400.

Permanent documentation shall be\established and
shall [include as a minimum: prgcurement records,
receiying records, manufacturing jrecords, inspection
reports, material control records,‘and Certified Material
Test Reports for which certifi¢ation is required. Perma-
nent dlocumentation shalkbe maintained for the life of
the plant.

BA-8300 DRAWINGS AND DOCUMENTATION

The design\specification shall list the documentation
requiements for the fans and list when this documenta-

the Owner or designee.

(a) material certifications and test reports

(b) fan drawings, including outline drawings, wiring
diagrams, and material lists

(c) welding procedures, applicable welding code, listed
in AA-6300

(d) reports for tests and inspections required by
Article BA-5000
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BA-9100 GENERAL

All items manufactured under thejreqtirem¢nts of this
section shall be identified to ensure’compliande with the
requirements of AA-8200 andsArticle AA-900:1:. Records,
as necessary to ensure compliance with AA-82(0, shall be
maintained by the responsiblé organization in dccordance
with the approved quality assurance prograni.

BA-9200 FANS

BA-9210 Required Nameplate Data

Each:fan assembly shall be provided with a legibly
marked /hameplate giving the identifying name, normal
fanl/capacity, manufacturer, fan type, size| rotation,
fating, maximum speed, and mark numbers, asfapplicable
to this section and Article AA-9000.

BA-9220 Drivers

Each driver shall have one or more engraved or
embossed nameplates of stainless steel, which as a
minimum shall convey the data required by NEMA MG-1.

BA-9300 ACCEPTABLE METHODS FOR MARKING
ACCESSORIES

Each accessory shall be marked with the n
manufacturer or a distinctive marking, which
code, by which it is identified as the product of 3
manufacturer.

hme of the
may be in
particular

BA-9400 OPERATING AND MAINTENAN
MANUALS

The manufacturer shall provide an operatingand main-
~The manual

CE

shall include

(a) recommended spare parts list, including a descrip-
tion of each part and a drawing that identifies the location
of each part

(b) recommended maintenance procedure, including a
periodic servicing schedule
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NONMANDATORY APPENDIX BA-A
FAN SYSTEM CONSIDERATIONS

ARTICLE BA-A-1000
FAN SYSTEM CONSIDERATIONS

BA-A-11J0 SYSTEM CHARACTERISTICS

System
aerodynar
in relation|
characteri
resistance
resistance

Fesistance is an expression that establishes the
hic and friction losses of an air handling system
to the flow rate through that system. A system
stic can be described as having a fixed system
or a variable system resistance. A fixed system
is one in which the system resistance usually

varies as the square of the change in flow rate and all oper-

ating poin
line. A var
one active
the ratio o
The entirg
mined be
the fan s¢g
the fan pe

s always fall along the same system resistance
able system resistance is one in which at least
component of the system is capable of varying
f flow to resistance pressure, such as a damper.

range of system operation should be deter-
fore a fan selection is made to ensure that
lected will operate on the stable portion of
rformance curve.

BA-A-12Q0 SYSTEM EFFECTS ON FAN

Actual o
outlet cof
and swirl{
performar
to be aff
should be¢
effect fact]

AMCA 201.

PERFORMANCE

ystem configurations often provide inlet and
ditions that cause uneven velgocity profiles
. This can seriously alter the fan’s predicted
ce. The amount a fan’s (performance is likely
bcted is called a system effect factor and

added to the system resistance. System
ors for fan systems may be estimated using

BA-A-13

0 FAN'AND SYSTEM MATCHING

If the systemresistance curve, composed of the resis-
tance to flow{ of the system and the appropriate system

the designed cfm when installed in the system. Thejp
intersection of the system resistance curve-andt

performance curve determine the actual flow’'ratq.

BA-A-1400 FAN-SYSTEM CAPACITY CONTR

A fan and system operate at'the intersection
system resistance curve and*the fan perforn
curve. This principle always holds true. Ther
once a fanisinstalled, the only way to change the ops
pointisto change eitherthe system resistance curvel
fan performance cutve.

The principalymethod of changing the system cy
through use_ of a control damper. Since a control d
simply adds)or removes the amount of restriction
airflow within the system, the fan continues to ope
some point on its original performance curve. The
amoutlet or inlet damper to control an axial fan shot
be permitted unless loading conditions are comy
evaluated, as excessive dampering may cause

(a) the fan blades to stall, which may cause s
instability and possible fan failure

(b) the driver cooling capability to be reduced,
may cause an overloading condition

(c) the fan power characteristic to increase at re
flow rates, which may cause an overloading conditio
acceptable methods to change the fan performance]
of a fan are variable inlet vanes on a centrifugal {3
blade angle change on an axial fan.

BA-A-1500 MULTIPLE FAN SYSTEMS

When fans of equal rating operate in series
handles the same flow rate and approximately or]
of the total system pressure. When fans of equal
operate in parallel, each fan handles one-half the

bint of
he fan

DL

pf the
hance
pfore,
rating
orthe

rve is
hmper
to the
Fate at
use of
Id not
letely

ystem
which

duced
n. The
curve
n and

each
e-half
rating
total
ivers

flow rate at the same pressure. Fans and di

effect fact

or, has been accurately determined, the fan

selected will develop the equivalent and necessary pres-

sure to me

et the system requirements, and should deliver

86

should be sized so that if one fan should fail, the remaining
fan remains stable and does not overload its driver.

(19)
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NONMANDATORY APPENDIX BA-B
DIVISION OF RESPONSIBILITY

Thi
assuni
Code
an ar

5 Appendix is intended to identify the roles normally
ed by the organizations responsible for fulfilling
requirements when not specifically addressed in
icle or subarticle. These are guidelines to assist

with Code compliance and are not to be cofstrued as

legal or contractual responsibilities unless™9
by the Owner or designee.
Table BA-B-1000-1 begins on the“following

o invoked

page.

87
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Table BA-B-1000-1 Division of Responsibility

BA-

Item

Responsible Party

3200
3400
4110
4110(a)
4110(b)

4110(c)
4110(d)
4110(e)
4110(f)
4110(g)

4110(h)
4110(i)
4110(j)
4121
4132

4133
4141
4151
4151(a)
4151(b)

4210

42111
4211.2
4211.3
4211.4
4211.5

4212(a)
4212(b)
4212(c)
4212(d)
4212(e)
4212(f)

4220

4221(a)
4221(b)
4221(c)
4221(d)
4221(e)

4221(f)
4221(g)
4221(h)
4221(i)

4341(d)
4411

Limitations on materials Engineer
Certificate of conformance Manufacturer
Performance Engineer
Fan type and blade shape Engineer
Airflow Engineer
Total pressure Engineer
Maximum discharge velocity Engineer
Air density at rating Engineer
Maximum air density expected Engineer
Operating temperature Engineer

Details of intake and discharge transitions
Parallel fan operation

Peak design temperature

Post accepted design time

Internally generated missile analysis

Loading conditions

Leakage criteria, ducting
Centrifugal fan support boundary
Size and type of anchorage
Anchorage loads

Fans

Title and numbering
Duty cycle

Fan configuration
Environment
Limitations

Flow rate

Fan pressure
Air density

Air temperature
Fan Speed

Fan power input

Drivers

Speed torque curve
Inertia

External forces

Engineer/Manufacturer
Engineer

Engineer

Engineer

Manufacturer

Engineer

Engineer
Engineer/Manufacturer
Engineer/Manufacturer
Manufacturer

Engineer/Manufacturer
Engineer
Engineer
Engineer
Engineer
Engineer

Engineer
Engineer
Engineer
Engineer
Manufacturer
Manufacturer

Engineer/Manufacturer
Manufacturer
Manufacturer
Manufacturer

Power source
Environmental

Driver and fan orientation

Standards

Heater requirements

Air velocity over driver

Inspection panel requirements predetermined life
Rating calculations

Engineer/Manufacturer
Engineer

Engineer/Manufacturer
Engineer

Engineer
Engineer/Manufacturer
Engineer

Manufacturer

88
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Table BA-B-1000-1 Division of Responsibility (Cont’d)

BA- Item Responsible Party

4412 Documentation of rating Manufacturer

4421 Sound level data report Manufacturer/Engineer
4431 Design verification stress report Manufacturer

4432 Design verification test procedure Manufacturer

4432 Design verification test report Manufacturer

5112.3 Periodic inspections of test facility for qualification Engineer

5113, $150, 5200 Final test report Manufacturer

5122 Test procedure details Manufacturer

6100 Fabrication procedures Manufacturén

7000 Packaging, shipping, receiving, storage, and handling procedures Mangfacturer

8000 Documentation for Code verification Manufacturer/Enginder
8220 Material certification report contents Manufacturer

9400 Operating and maintenance manuals Manufacturer

89
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SECTION DA
DAMPERS AND LOUVERS

ARTICLE DA-1000
INTRODUCTION

DA-1100 [SCOPE

This seftion provides requirements for the perfor-
mance, des$ign, fabrication, installation, inspection, accep-
tance testing, and quality assurance for dampers and
louvers ysed in air and gas treatment systems in
nuclear fafilities.

DA-1200 |[PURPOSE

The purpose of this section is to ensure that dampers
and louvefs are acceptable in all aspects of design and
operation,

DA-1300
DA-1310

Valves whose design, manufacture, test, and installation
are covered by ASME BPVC, Section Il or ASME B31.4 are
excluded ffom this section even though they maybe'used
to perfornp the function of a damper.

APPLICABILITY

Exclusion of Items

DA-1320

While certain minimum functional-requirements of
damper a¢tuators and accessories-are included in this
section, it s not intended to inClude specific dimensional
or materigl design requirements for these items.

Exclusion of Specific Designs

DA-1330

Thereq
that comp
DA-1410.

Boundary. Limits

irements’of this Code are limited to those parts
Fise a‘damper or louver assembly as defined in
While’ general requirements are included for

damper: an operable device used for the purppse of
controlling pressure, flow volume, or flow direction in
air or gas systems.

damper and louver actuators (operators):

(a) heat or temperature operated.actuator: a flevice
utilizing heat or temperature,to release the dgmper
blades.

(b) manual actuators: devices that permit the blg
a damper to be positioned@’by the direct or indirect
cation of manual force,including such devices as
chain falls, gearboxes, and screw jacks.

(c) power-operated actuators: devices utilizing an
external energy source to position the damyer or
louver blades'in response to a controlled signal.

(d) self-sontained actuators: devices and/or forcgs such
as counterweights, springs, gravity, or airstream pré¢ssure
used to actuate the blade(s).

des of

appli-
evers,

damper assembly: an assembly consisting of a damper,
integrally mounted actuator, and any accessories reguired
for its operation. The term also refers to a combination of
two or more damper assemblies with interconnpcting
linkage to permit operation as a single unit.

louver: a fixed or adjustable device comprised of m
blades that, when mounted in an opening, permits th
of air but inhibits the entrance of other elements, s
rain or snow.

hitiple
e flow
lich as

DA-1420 Function
back draft prevention: preventing reversal of flow|

ers to
m.

balancing: fixing the position of one or more damg
establish a flow or pressure relationship in a sys

fire control: interrupting airflow automatically in thq event
of afire so as to restrict the passage of flame through|a part
of an air system to maintain the integrity of fire ratgd sep-

mating fl
limits are the damper or louver assembly, flange, or frame.

neges and similar sunnorts the houndary
o rr 4 J

DA-1400 DEFINITIONS AND TERMS
DA-1410 Components

accessories: solenoid valves, position switches, indicating
lights, pressure regulators, and other similar components
specified as part of the damper or louver assembly.

90

aration.

flow control: varying or maintaining volumetric flow
within a system in response to a signal.

isolation: separating a system or a portion of a system from
selected flow paths.

pressure control: varying or maintaining a pressure within
a system or space in response to a signal, or varying or
maintaining a differential pressure between parts of a
system or between spaces in response to a signal.
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pressure relief: limiting differential pressures across a
duct, casing, or building wall to a predetermined value.

tornado control: controlling airflow automatically to
prevent the transmission of tornado pressure surges.

DA-1430 Configuration

See Mandatory Appendix DA-II for illustration of the
following terms.

frame design pressure: the maximum positive or negative
differential pressure that may occur between the inside
and outside of the damper frame, which is the sum total of
the operating pressure and all other possible additional
pressure differentials.

operating pressure: the maximum positive or negative
differential pressure that may occur during normal opera-
tion. Included are pressures of normal design airflows and
impact pressures from rapid changes of other devices in a

adjugr ble louver: a louver in which the blades may be
reposjtioned.

curtaip-type damper: a damper with interlocking blades

that fgld together, and open and unfold to form a contin-
uous festrictive barrier such as in a curtain type fire
damper.

fixed Jouver: a louver in which the blades do not move.

opposgd blade damper: a multiblade damper having blades
that rptate in opposite directions.

parallel blade damper: a multiblade damper having blades
that rptate in the same direction.

poppef damper: a single-blade damper with linear blade
movement always perpendicular to the seat.

singld-blade damper: a damper having one centrally
pivotdd, balanced blade or one edge-pivoted unbalanced
blade.

slide date guillotine damper: a damper with blades which
move perpendicular to the airstream and are supported by
parallpl guides.

wing blade damper: a damper with one or more pairs of
edge-pivoted blades rotating in opposite dinections about
a comfmon central support member.

DA-1440 Leakage and Blade Operating
Positioning

fail-sdlfe position: the positionrassumed by the blades upon
loss of the controlling signal:

frame| leakage: the amiount of air or gas that will pass
through the frame-(external pressure boundaries) of a
dampegr at a specific-differential pressure across the pres-
sure houndary. with the damper either open or closed.

normql operating position: the normal operating position
of thell6uver or damper blades in response to a control

SYSLEIIL.

pressure drop: the system static pressure loss in|fluid pres-
sure caused by the flow of air or gas-through a full or
partially open component.

DA-1460 Temperature

ambient design temperattres: the highest and lowest
temperature surroundijng-the exterior of the lamper or
louver.

internal design temperatures: the highest apd lowest
temperaturecof the air or gas passing through the
damper or_louver.

DA-1470- Tests

perfaermance test(s): a test(s) made on an indiv
of components to verify performance in accor
specified requirements.

qualification test(s): a test(s) that establishep the suit-
ability of a component for a given application} generally
made on either a prototype or a sample from a typical
production lot of the component.

dual or lot
ance with

DA-1480 Construction

fire damper construction: construction suitable to pass the
criteria of UL 555 for fire dampers for dynamijic systems
and labeled under the UL Follow-Up Service requirements
for fire resistance construction for 1% hr or B hr.

Fements of
PDA-3120.

NOTE: Such construction will satisfy the requi
DA-3211, DA-4220, and the temperature limits of

bnent and
Qir or gas

gastight construction: fabrication of a comp
component housing to prohibit passage of
through the external pressure boundaries.

DA-1490 Torque

signal.
seat leakage: the amount of air or gas that will pass

between or around the blades when in a closed position
at a specific differential pressure across the blades.

DA-1450 Pressure

blade design pressure: the maximum positive or negative
differential pressure that may occur across the blades,
which is the sum total of the operating pressure and
all other possible additional pressure differentials.

91

breakaway torque: the torque required to move the blades
from the closed and sealed position with the operating
design pressure being applied across the closed blades.

dynamic torque: the torque required to move the damper
orlouver blades in either direction while being acted upon
by the forces, at all blade positions from full open to near
closed, created by the airflow and the pressure drop.

friction torque: the torque required to overcome friction of
such items as bearings, stuffing boxes, linkage, etc.

(19)
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seating torque: the torque required to properly seat the
seals and limit the leakage to the specified amount.

ARTICLE DA-2000
REFERENCED DOCUMENTS

The codes and standards listed below shall supplement
those listed in Article AA-2000. Unless otherwise speci-
fied, the latest edition shall apply.

DA-3140 Seal Materials

Seal materials shall conform to the requirements of
DA-4260.

DA-3200 SPECIAL LIMITATIONS ON MATERIALS

DA-3210 Metals

DA-3211 Physical Properties Reduction. The reduc-
tion in the physical properties of metals athigher tempera-

AMCA 50Q-D, Laboratory Methods for Testing Dampers
for Ratihg

AMCA 500r-L, Laboratory Methods for Testing Louvers for
Rating

Publisher:
nationa
Drive, A
ca.org)

Air Movement and Control Association Inter-
Inc. (AMCA International), 30 West University
rlington Heights, IL 60004-1893 (www.am-

NFPA 90A
tioning

, Standard for the Installation of Air-Condi-

hnd Ventilating Systems

Publisher:|National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169-7471
(www.nifpa.org)

UL 555, U
UL 555C,

. Standard for Safety Fire Dampers

JL. Standard for Safety Ceiling Dampers

Publisher} Underwriters Laboratories, Inc. (UL), 333
Pfingst¢n Road, Northbrook, IL 60062-2096; Order
Address: Comm 2000, 151 Eastern Avenue, Bensenville,
IL 6010p (www.ul.com)

tures must be recognized and factored into the degign of
dampers used in high temperature application; particu-
larly where fire hazard is involved.

DA-3212 Galvanic Corrosion. The possibiliity of
galvanic corrosion due to the relative potentials of
aluminum, copper, and their allpys should be cons{dered
when used in conjunction with ‘each other, or with steel or
other metals and their allays,

t shall
inless
igned

DA-3213 Corrosive Vapors. Aluminum and zin
not be used in the, presence of corrosive vapors
protected by coatitigs or other suitable means de
to prevent detérioration of the metal.

DA-3220.‘Nonmetallic Materials

Theuse of nonmetallic materials such as plasticyg, elas-
tomers, and similar substances is permitted In the
construction of components provided that in the selection
of these materials, consideration is given to

(a) destruction where fire hazards exist, including toxi-
city

(b) degradation of properties caused by tempefature
increase, radiation exposure, chemical exposurg¢, and
ARTICLE DA-3000 aging
MATERIALS (c) maintainability
DA-3100 |ALLOWABLE MATERIALS DA-3230 Deterioration of Materials in Servige
DA-3110 |Materials of Construction It is the responsibility of the Owner or the Owner’s
) ) ] designee to identify the environment in which the compo-
Materials 1_15'3‘1 in the cqmstruction of frar_nes, blades,  nentsmustoperate so that the manufacturer can selct the
shafts, anfl linkages shall.conform to requirements of  gr3de of materials to meet the conditions stated fin the
specificatipns for materials given in Table AA-3100-1. design specification.
DA-3120 Allgwgple Stress DA-3300 CERTIFICATION OF MATERIALS
Allowablle'stress values for the design of frames, blades, . .
The manufacturer shall make available, as a minimum,

shafts, andtinkages are specififed I Article AA-4000.

At temperatures above 650°F (343°C) for ferrous mate-
rial or 200°F (93°C) for nonferrous material, the special
limitations cited in DA-3211 shall apply.

DA-3130 Bearing Materials

Bearing materials shall conform to the requirements of
DA-4250.
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certified test reports of chemical and physical properties
of material and hardware for stress components such as
related accessories including frames, blades, shafts, and
linkages. For those ASTM materials which do not have
physical testing required by the ASTM specification,
testing should be performed per ASTM A370.

All other components used in the construction of the
damper shall be provided with a manufacturer’s certifi-
cate of conformance covering the ASME or ASTM material
specification, grade, and class, if applicable.
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ARTICLE DA-4000
DESIGN

DA-4100 GENERAL DESIGN

Design of dampers and louvers shall be in accordance
with the requirements of Section DA and of those portions
of Section AA invoked in Section DA.

DA-4110 Requirements of Design Specifications

DA-4120 Requirements of the Manufacturer

When required by the design specifications, documen-
tation provided by the manufacturer to the Owner or
designee shall include the following, as applicable:

(a) mounting connection details

(b) weight and center of gravity

(c) service connections, size, type, and locations

(d) pressure drop at rated flow

(e) maximum seat and frame leakage at design pres-

Dedign specifications prepared by the Owner or
desighee in sufficient detail to provide a complete
basis [for design and manufacture in accordance with
this Cpde shall include the following, as applicable:

(a) [reference to this Code

(b) |function, as defined in DA-1420

(c) |configuration, as defined in DA-1430

(d) |[maximum allowable seat and frame leakage and the
speciffc differential pressures, as defined in DA-1440 and
Mandptory Appendix DA-I

(e) |pressures, as defined in DA-1450

(f) kemperatures, as defined in DA-1460

(g) |[volumetric flow rate at defined temperature, pres-
sure, ind density

(h) [maximum relative humidity of the air or gas stream

(i) Imaximum design pressure drop at design volu-
metri¢ flow rate

(j) |composition, concentration, and nature of the
entrained contaminants in the air or gas stream

(k) [normal operating position and fail-safe positien of
blade

(1) |installation parameters

(m)| mounting configuration and suppott,i.e., flange
mounted, inside-of-duct mounted, wall or, cantilevered
mounging

(n) |orientation of damper and direction of airflow

(o) |blade orientation relative to-frame

(p) |maximum closure and-gpening time

(q) |actuator data, as required by DA-4300

(r) |anticipated numberof operating cycles (e.g., specify
number for two-position or state “continuous operation”
for mpdulating service)

(s) |allowable materials per Article DA-3000

(t) Ispecial‘\requirements for blades, frames, linkages,
seals, [and_bearings

(u) |accessories required and mounting location

sures

(f) maximum closure and opening time at stz
tions

(g) materials of construction

(h) bearing design life

(i) seal design life

(j) actuator torque supplied

(k) damper or louver«torque required

(1) actuator environmental and seismic qualifications

(m) verification. of(structural integrity, pefformance,
and qualification Gh accordance with Article AA-4000

(n) actuatoir¢position or orientation

(o) UL firevesistance rating and UL installati
tions

(p).manufacturer’s recommended replacernent parts
list

ted condi-

bn instruc-

DA-4130 Performance Requirements

DA-4131 Seat Leakage. Seat leakage shall he equal to
or less than the amount shown in Mandatory] Appendix
DA-I for the class specified in the design spedification.

DA-4132 Frame Leakage. Frame leakage sh
to or less than the amount shown in Mandatory
DA-I for the class specified in the design sped

llbe equal
Appendix
ification.

DA-4133 Pressure Drop. Pressure drop shall be less

than or equal to that stated in the design spgcification
at the design volumetric flow rate.

DA-4134 FireRatings. Fire dampers shallhgvea 1% hr
or 3 hrrating in accordance with UL 555 as detdrmined by
NFPA 90A and NFPA 803.

DA-4135 Fire Damper Closure. The fire da
close against the specified volumetric flow rate|
fied operating pressure.

DA-4136—Cyele Fime-Thedampermusteyele full open

mper shall
and speci-

(v) any and all anticipated internal and external load-
ings other than pressures

(w) combination of loading conditions, seismic re-
quirements, and the design transients applicable to the
appropriate service level per Article AA-4000

(x) radiation integrated life dose and maximum dose
rate (rad/unit time)

(v) finish and coating requirements

(z) fire resistance rating as 1% hr or 3 hr
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to full closed or full closed to full open within the time
specified in the design specification.

DA-4200 TECHNICAL REQUIREMENTS

DA-4210 Structural

DA-4211 General. Dampers or louvers shall be
designed in accordance with the structural requirements
given in Article AA-4000. Structural requirements and
load definitions are given in DA-4212 through DA-4214.
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DA-4212 Support Boundary

DA-4212.1 Methods of Support. A damper or louver
assembly may be supported by one or more of several
methods. It may be line supported as an assembly inserted
into a run of duct; it may have its support at its end attach-
ments to the duct and be totally supported by that line of
duct; or it may be flange mounted to a bulkhead type of
building structure or auxiliary structure.

(a) Line-Supported Assembly. The support boundary for

normal equipment interface load: the normal externally
applied load or loads from other equipment attached
to the assembly.

operating pressure load: the load resulting from the
maximum positive or negative differential pressure
that may occur during normal operation. Included are
loads imposed by normal design airflows and impact pres-
sures resulting from rapid change of other devices in a
system.

this case shall be the intertace [langes or other mechanical
connections designed to transfer all components of load
across thel joints.

(b) Bulkhead- or End-Supported Assembly. The support
boundary for this case shall also be the interface flanges or
other mechanical connections or structural connections
designed fo transfer all components of load.

(c) Sidg-, Top-, or Bottom-Supported Assembly. The
support bpundary for this case shall be the attachment
point for the assembly. Although support to the building
superstrugture, auxiliary steel, equipment foundation, or
other strukture represents ground for the damper, that
support is| not included in the scope of this section.

DA-4212.2 Documentation. The damper or louver
manufactyrer shall be responsible for providing all infor-
mation nefessary to define the support boundary inter-
faces. The|interface control information to be specified
shall include but not necessarily be limited to the
following:

(a) identification of any special support requirements
as well as the configuration and size of the damper flanges:

(b) magnitudes and directions of all loads impaséd on
the anchofage points, including all static, dyndmjc, and
operationgl loads resulting from the installed assembly.
Load data| shall be provided in a form that shall allow
combinafions to be considered-as/required in
Article AAF4000.

(c) othdr information, such as bending moments, shear
forces, axigl loads, torsional mements, or stiffness require-
ments necpssary to ensure that'the damper or louver can
perform itp required function'under all design conditions.

DA-421
AA-4211 4
DA-4
include th

8 Loads. l.eads to be considered are as given in
nd AA-42’12 with the following clarifications.

P13/-Normal Loads. Normal loads, N, shall
e following:

DA-4213.2 Thermal Loads. Thermal loads;yJ
include loads resulting from constraint of forces. ax
placements caused by temperature variations:.

DA-4213.3 Other Loads. Other specific load
tions such as shock loads due to.pressure tran
shall be provided in the design specification to|allow
loads to be combined for the sévvice levels as required
under AA-4212 and compated to the applicable service
limits required under AA-4214 and AA-4230 and|other
criteria imposed under AA-4240 and stress linjits of
this section.

DA-4214 Structural Verification. The technicgl and
documentatien requirements of Article AA-400( shall
apply to verification of design by analysis, test, or compar-
ison.

shall
d dis-

fondi-
ients

DA-4215 Special Considerations

(a) Frame deflection under normal and upset] plant
conditions (Service Levels A and B) shall not exceed
Yseo of the span in any direction, or % in. (3.175{ mm),
whichever is less.

(b) Blade edge or centerline deflection under normal
and upset plant conditions (Service Levels A and B) shall
not exceed Y of the blade length (or diameter) o Y in.
(3.175 mm), whichever is less.

(c) The blade edge and centerline deflection
loads due to normal plant conditions shall not
the leakage criteria to be exceeded.

(d) Firedamper design shallbe based onloads imposed
on damper blades when closing with design volumetric
flow rate and pressures present.

under
allow

DA-4220 Thermal Expansion

To prevent binding and restraint of free moveme

dacian chall nravida for tha ralativa motione that
eeSHER-SHa—pFrevae—+er—the—Feratve-notHeRs—that

ht, the
occur

actuator load: the load or loads imposed by the actuator to
a specific area of the assembly.

deadweight load: the load imposed by the weight of all
components of the assembly.

externally concentrated load: the load or loads imposed by
the application of an external force to a limited area of the
assembly.
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between components due to variations of temperature
and coefficients of expansion. Such provisions for differ-
ential expansion shall include, as a minimum, the
following:

(a) blade end clearances

(b) bearing clearances

(c) longitudinal movement of the shafts

(d) sealing capabilities


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

DA-4230 Torque DA-4250 Bearings

DA-4231 Torque Determinations. In determining the DA-4251 General Application
torque required to actuate the blades, the manufacturer
shall consider the blade position and direction of the
applied torque to produce the desired movement. At
the maximum specified operating pressure this determi-
nation shall include, as a minimum, the following torque

(a) Bearings shall permit axial shaft movement to
provide for operating clearances and differential expan-
sion in both vertical and horizontal installations.

(b) Bearing materials shall be selected for the loading
and environmental conditions to which the bearings will

components: . b
(a) breakaway torque € subjectea.
(b) |dynamic torque DA-4252 Bearing Types

(c) |friction torque

(d) |seating torque DA-4252.1 Metallic Sleeve Bearings.Sintdred sleeve

bearing material shall be lubricant-impregnated bronze or

_ DA 4_232 Actuator Tprque. The actuator and asso- stainless steel. Solid sleeve bearing materigl shall be
ciated linkage 1shall deliver to the damper or louver a  bronze or stainless steel and_shall be lubrichted prior
minimum of 17 times the maximum torque as deter-  to shipment, and provisions should be made fpr lubrica-

mined in DA-4231, except for self-contained actuators tion in the field.
used fo counterbalance a specific force, and shall be
desiged to match the required torque. Actuators shall
be evlaluated in both directions for the maximum
torqug, at the beginning of the blade movement, while

DA-4252.2 Nonmetallic Sleeve Bearing$. Nonme-
tallic sleeve bearings, i.e., phenolic, nylon, ahd similar
materials, may Be used subject to the limitations of

strokihg the blades through the full range of movement. DA-3220.
Orienfation of dampers shall be taken into consideration DA-4252.3 Rolling Element Bearings. Pilemounted
when|selecting operators and actuators. bearing assemblies, flanges, or pillow blocKs shall be

. self-aligning and mounted in such a manneyr as to be
DA-4p40 Linkage replaceable. Grease fittings shall be provided when the
DA{4241 Linkage Components. The linkage includes lubricant must be periodically renewed. Flanges and
the afms, brackets, pivots, bars, levers, and fasteners pillow blocks are to be made of steel, mallgable iron,
requited to perform the following functions: or cast iron.
(a) |interconnect t'he blgdes of multibladed dampers or DA-4253 Bearing Design
louvers so they act in unison

(b)|interconnect the actuator and blades-So as to (a) Bearing running surfaces of sleeve beafings shall
provide the desired operation have a finish as recommended by the bearing manufac-
turer.

DA{4242 Linkage Design. Linkage design shall include
the following minimum requirements:

(a) |Brackets, arms, and levers shall be of a length and
stiffngdss to provide stable operation of the blades at the
maxipum specified operating pressure and airflow
witholit flutter or binding.at all blade positions.

(b) |The linkage system shall be designed to transmit
sufficjent torque-to_each blade to set the seals of each
and eyery blade at the maximum specified operating pres-
sure and airflow’to limit leakage to less than the specified
leakage.

(c)|Allinkage components shall be designed to
transmit a minimum of 1/ times the torque required

(b) Sleeve bearings shall be contained to pr¢vent axial
displacement and to prevent rotational movement except
between the intended bearing surfaces.

(c) Sleeve bearings shall have a bearing lopd surface
diameter difference as recommended by tHe bearing
manufacturer to provide rotational clearance

(d) Sleeve bearing wall thickness shall belas recom-
mended by the bearing manufacturer.

(e) Rolling element bearings shall be sizefl to allow
bearings to be slipped onto the shaft. The maxithum clear-
ance in shaft diameter shall be as recommen

by DA-4231 without exceeding the allowable stress ston.
listed in Article AA-4000. DA-4254 Bearing Loading
(d) Ifalinkage system is designed to be field adjustable, . _ .
suitable locking devices such as jam nuts, etc., shall be (a) Sleeve bearingloading on the radial and thrustload
provided. areas shall not exceed 67% of the bearing manufacturer’s
(e) The linkage system shall be designed to be compa- recommended sta.tic 103('1 rating. o
tible with the actuator selected for the application. (b) Sleeve bearing radial load area shall, as a minimum,

be equal to one-quarter of the diameter times the length
supported by the bearing housing or damper/louver
frame.
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(c) When sleeve bearings are subjected to thrust loads,
a thrust washer shall be used to transmit the load to the
bearing, or the load transmitting member shall meet the
requirement of DA-4252.1.

(d) Maximum radial or thrust loading on rolling
element bearings shall not exceed the bearing manufac-
turer’s recommended static load rating.

(e) The calculated load on each bearing shall consist of
all design forces applied to that bearing, including that of
the actuatpr_and linkngp

DA-4280 Mounting of Actuators and Accessories

DA-4281 Mounting Structure. Each actuator and/or
accessory shall be provided with a rigid structure suitable
for mounting such devices.

DA-4282 Accessibility. The arrangement of actuators
and accessories shall provide accessibility for removal and
replacement of each component.

DA-4283 Mounting Structure Material. The structure

DA-4260| Seals

DA-426[L General. Seals may be used to reduce seat
leakage and frame leakage to the degree required by
the desigh specification. The control of seat leakage
requires seals such as metal or elastomer blade edges,
stops, or seats. Control of frame leakage may require
shaft sealq such as stuffing boxes or cover plates.

DA-426R Design. The seal design shall maintain the
specified lpakage limits during the design life of the seal.

Where the design life of the assembly exceeds the life
expectancy of the seal material, the seals shall be replace-
able, and the means of attaching the seal or installing the
packing inla stuffing box shall be so designed to facilitate
their repldcement. When environmental or system condi-
tions prevent the use or the replacement of elastomer
seals, metgl seals or seats shall be considered.

DA-426B Material. Selection of seal material by the
damper manufacturer shall be based on specific
system design performance requirements and environ-
mental conditions to which it is exposed.

Physical characteristics of the seal material~such as
compressipn set, tensile strength, hardness, and elasticity,
must be verified by generic or individualtests prior to
determining the material to be used for a particular
seal as well as determining the deSign life of that seal.

The desjgn life of the seal is the length of time that the
seal will fynction properly while the seal material experi-
ences mild degradation of-its-molecular structure caused
by the agihg process of-the environment.

DA-4270| Frame<Construction

DA-4271 Frame Construction Class A, B, or C.
Dampers fequiring frame construction to Leakage Rate

for mounting actuators and accessories shall be fabrjicated
of material listed in DA-3110. Structures shall be degigned
as required by Article AA-4000.

DA-4284 Attachment of Actuators and Access
Actuators and accessories shall be)attached f{
mounting structure with removable fasteners, of
rials listed in DA-3110, sizedst6 conform to the
limitations stated in Article~AA-4000.

DA-4285 Linkage Adjustability. The act
mounting or linkage shall permit adjustmsg
achieve the requited positioning of the blades a
end of the actuator movement.

ories.
o the
mate-
Stress

lator
nt to
[ each

DA-4300.ACTUATORS

DA-4310 Power-Operated Actuators

DA-4311 Torque Required. The actuator shpll be
capable of providing the torque required by DA-4232.

DA-4312 Forces and Loads on Actuators. Detefmina-
tion of actuator capability shall include considerafion of
forces transmitted to the actuator directly, through the
mounting, and through the linkage; especially side
loads on extended rods, and impact loads caused bylaccel-
eration and deceleration of blades.

DA-4313 Acceleration and Deceleration Loads.
Actuator design shall include consideration of|loads
caused by acceleration and deceleration of connected
components such as blades, springs, and counterbalpances.

DA-4314 Actuator Voltage or Pressure Load
The actuator rating shall be based on the minimum|speci-
fied voltage or pressure.

DA-4315 Power Actuator Specification Require-
ments. The design specification shall include the following

Class A or B (s€e Mandatory Appendix DA-1J shall be
provided with stuffing boxes, gasketed cover plates, or
other sealing devices to reduce frame leakage to less
than or equal to that stated in the design specification.
Frame Class C shall have no consideration of leakage.

DA-4272 Gasket and Packing Material Requirements.
Gasketand packing materials shall conform to the require-
ments of DA-3220, DA-3230, and DA-4263.

96

as a minimum to establish requirements for actuator
performance:
(a) function
(1) two-position or modulating
(2) fail open, closed, or last position
(3) power to open or power to close
(b) power source
(1) type (such as electric, pneumatic, hydraulic)
(2) characteristics (such as voltage, pressure, and
their ranges)
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(c) control signal characteristics

(d) frequency of actuation

(e) damper opening and closing time

(f) environmental conditions

(g) mountinglocation and any limitations on space and
orientation

(h) manual override requirements

(i) accumulator sizing requirements

(j) actuator environmental and seismic qualifications

DA-4440 Position Indicators

When required by the design specification, local posi-
tion indicators shall be provided to enable surveillance
and operability verification.

DA-4450 Environmental Design Requirements

Electrical devices such as position indicating switches,
limit switches, and all other electrical components shall

(k) type of motion (Iinpm‘ or rotarv)

DA-4B20 Manual Actuators

Manual actuators should be equipped with locking
devicgs and position indicators.

DA
shall
DA-47
as req

DA{4322 Forces and Loads on Actuators. Determina-
tion of manual actuator capability shall include considera-
tion df forces transmitted to the actuator directly and
through the linkage, including side loads on extended rods.

DA
to opg

4321 Torque Requirements. Manual actuators
be capable of delivering the torque required by
32. Manual actuator components shall be sized
uired by Article AA-4000.

4323 Maximum Input Forces. Input force required
rate manual actuators shall not exceed 40 Ib.

DA-4B30 Self-Contained Actuators

Selffcontained actuators shall be capable of delivering
the torque required by DA-4231.

DA-4B340 Heat- or Temperature-Operated

Actuators

He3d
fusibl

t- or temperature-operated actuators such as
e links shall be in accordancelwith NFPA 90A.

DA-4E00 ACCESSORIES

DA-4

As 1
louve
SOry €
mancg

10 Accessory Requirements

equired by thedesign specification, the damper or
assembly shallbe provided with appropriate acces-

quipment to provide proper function and perfor-
of the\asSembly.

DA-4420-Auxiliary Energy Source

comply with the applicable IEEE standard(s) stated in the
design specification. All other pneumatic, hyyfraulic, or
other type of accessories shall be suitable-for the environ-
ment specified in the design specification.

DA-4460 Piping of Pneumatic;Actuators

For pneumatically actuated‘dampers or lduvers, the
pneumatic piping system‘required for the ogjeration of
the assembly shall be-arranged to providp a single
field connection fonseach supply, or a confrol signal
source for each assembly. Pneumatic piping sygtem mate-
rials and installation shall conform to the requifements of
the design.$pecification. Pipe sizes shall be pfovided to
ensure opération within the specified operatipg time.

DA-4470 Electrical Wiring Requirements

For electrically actuated dampers or louvery, intercon-
necting electrical wiring required for the operdtion of the
actuators and accessories shall not be installed, unless
specifically required by the design specificatipn.

When interconnecting electrical wiring is r¢quired by
the design specification, the design specification shall
specifically identify all interface materials and ipstallation
requirements for each assembly.

ARTICLE DA-5000
INSPECTION AND TESTING

Inspection and testing of louvers and dampe
in accordance with the requirements of this Ar
AA-5100, AA-5200, AA-5300, AA-5410, AA-p500, and
AA-5800. The manufacturer shall be responsibl¢ for estab-
lishing the written visual examination procedures and
necessary tolerances to ensure that the prgducts are
built to the manufacturer’s drawings. Examination proce-
dures shall include appropriate checklists to yerify that

rs shall be
icle and of

When required by the design specification, actuators
shall be provided with an auxiliary energy source, such
as springs, counterweights, or accumulators.

DA-4430 Modulating Actuator Requirements

When required by the design specification, actuators for
modulating service shall be provided with a pilot posi-
tioner or similar device to ensure controlled positioning
of the damper in response to the control signal.
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the required observations were performed. Written
reports of visual inspection shall contain, as a
minimum, the requirements of AA-5200.

DA-5100 TESTING

The purpose of this subarticle is to ensure the perfor-
mance of the damper or louver prior to its installation.
Acceptance shall be based on the performance require-
ments of DA-4130. The use of the test shall be at the discre-
tion of the Engineer as related to the service requirements.
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Specifictests required by the Engineer shall be specified in
the design specification.

DA-5110 Pressure Drop Testing

Pressure drop data shall be based on tests performed in
accordance with the applicable AMCA standard per
Article DA-2000. The AMCA standard figure number
used shall be stated with the pressure drop data.

DA-5120

shall be applied to the damper seat area to be tested.
A few moments later, but before the soap solution can
dry, check the wetted areas and mark places where
bubbles are being generated.

Unless otherwise specified, a leak indication is any
bubble Y in. (1.58 mm) diameter that forms in 1 sec,
or a bubble %; in. (7.14 mm) that forms in 1 min.

DA-5142 Seat Leakage Test for Leakage Class |
Dampers. The damper shall be bolted to a pressure

DA-5121 Required Cycles. The damper or louver
assembly,|as applicable, shall be cycled a minimum of
10 times from the full-open to the full-closed position

to verify the free operation of all parts and the correct

adjustment, positioning, and seating of all blades.
DA-5122 Pneumatic Air Pressure. The minimum

specified dir pressure shall be used for pneumatic opera-

tors during cycling.

DA-5123 Cycle Time. The maximum time for operation
of any of the cycles shall be compared with the allowable
specified dycle time. If the specified time is exceeded, the
necessary| correction shall be made and the cycle test
repeated.

DA-5124 Operational Requirements. Determine that
movemeng of the blades, actuators, and linkage shall
be smooth and without hesitation, and limit switches
operate in| their intended position.

DA-5130 [Frame Leakage Testing for Frame

Leakage Class A, B, or C

Pressur
side of thg
surized to
blades pat
be in accd
with the H
for Leaka
outlined i

b plates shall be bolted to the inlet.and outlet
damper. The chamber created_shall be pres-
the specified frame design pressure with the
tially open. Testing for Ledkage Class A shall
rdance with the bubble/method of DA-5141,
ubble solution appliéd to the frame. Testing

be Class B shall use a calibrated flowmeter

h DA-5143. Leakage shall be equal to or less

than the gmount shownyin Mandatory Appendix DA-I
for the leakage class-specified in the design specification.

Frame Clags C shall’have no consideration of leakage.

DA-5140 [Seat’Leakage Testing

chamber that 1s then pressurized to the specitied]blade
design pressure using compressed air of instrumgnt air
quality. The inlet compressed air line shall\have p cali-
brated flowmeter capable of resolving, flow to yithin
+10% of allowable leakage in the line to measyre all
air passing through the damper.

DA-5143 Seat Leakage Test.for Leakage Clasp Il or
Class Il Dampers or Louvers. Leakage data shall be
based on tests performed-in‘accordance with the[appli-
cable AMCA standard«per Article DA-2000 or |other
approved methods:

DA-5144 Seat Leakage Test for Leakage Class IV
Dampers and‘Louvers. Seat Leakage Class V] shall
have no corsideration of leakage.

DA-5145 Fire Damper Closure Test. The fire da
shall'\be tested in accordance with AMCA 500-D
Figure 5.4, 5.5, or 5.7 for wall or floor transfer applicgtions;
and Figure 5.1, 5.2, or 5.3 for applications of the dan]per in
ducts with dampers installed in their intended pogition.
For closure under dynamic airflow conditions, the dgmper
shall be tested at the specified volumetric flow rate when
open and to the maximum operating pressure [when
closed.

mpers
using

ARTICLE DA-6000
FABRICATION, FINISHING, AND INSTALLAT

Article AA-6000 shall apply for fabrication, fin
and installation, except that the design and seismic|quali-
fications of the damper assembly are based on the damper
assembly being adequately supported for the appropriate
loads. The Owner or designee shall provide suppofts for
the damper assembly to ensure that the damper is
adequately supported as required by the manufaciLurer's

ION
shing,

Seat leakage testing shall be performed or verified after
cycle time and cycle repetition testing and frame leakage
testing. Leakage shall be equal to or less than that stated in
Mandatory Appendix DA-I

DA-5141 Seat Leakage Test for Leakage Class 0
Dampers (Bubble Method). The damper shall be
bolted to a pressure chamber that is then pressurized
to the specified blade design pressure. A bubble solution
(a commercial test solution or a solution consisting of
equal parts liquid detergent, glycerine, and water)
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rpr}nirpmpnfc and DA-4212 All of the v\m]ding caodes or
standards listed are allowed. In addition, installation of
UL fire dampers shall be in accordance with the manufac-
turer’s UL installation instructions.

DA-6100 WELDING AND BRAZING

Specific welding and brazing parameters shall conform
to the requirements of Article AA-6000.
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ARTICLE DA-7000
PACKAGING, SHIPPING, AND STORAGE

Packaging, shipping, and storage of damper and louver
assemblies shall be in accordance with the requirements
of Article AA-7000. Implementation requires an ASME
NQA-1 classification level for packaging, shipping,
receiving, storage, and handling of all items. Such classi-
fication is as follows:

(a) dampers or louvers only: Level C

ARTICLE DA-9000
NAMEPLATES, STAMPING, AND MANUALS

Article AA-9000 requirements for nameplates,
stamping, and manuals shall apply, except that the name-
plate shall require only the following information:

(a) manufacturer’s name

(b) equipment, tag, or mark number information as
supplied by the purchaser

(c) size

(b) |electric actuator: Level B

(c) |actuator, other than electric: Level C

(d) |accessories: Level B

(e) |dampers or louvers with electric actuators or acces-
soriest Level B

ARTICLE DA-8000
QUALITY ASSURANCE

Qudlity assurance of dampers and louvers shall be in
accorflance with the requirements of Section DA and
Articl¢ AA-8000.

DA-8100 DAMPER AND LOUVER PERFORMANCE

Dodumentation shall be established to verify that
dampler and louver performance complies with the
testing criteria of Article DA-5000.

DA-8300 QUALITY ASSURANCE RECORDS

Dodumentation shall be prepared, maintaihed, and
submitted to the Owner for record in accordance with
the rgquirements of Article DA-9000.

DA-9100 NAMEPLATES AND STAMPING

In those instances when the damper otdouvef assembly
consists of several frames that may'be independently
removable, each such frame shall bear requiired piece
part markings.

Actuators and accessofies’included in the| assembly
shall be marked with ¢he name of the manufacturer or
a distinctive markingywhich may be in code| by which
it is identified as a-product of a particular manufacturer.

DA-9200 -MANUALS

The manufacturer shall provide a manual dqr manuals
for the'équipment furnished. The manual shall include a
recammended spare parts list and recommengled instal-
lation, maintenance, and operational procedufes.
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MANDATORY APPENDIX DA-I
SEAT AND FRAME LEAKAGE

Table DA-J-1000-1 Maximum Permissible Seat Leakage Rate, scfm/ft” (scmh/m?), of Damper or Adjustabte L

Face Area at 1 in. wg (25.4 mm wg) Differential Pressure

ouver

Dampé¢r Blade Leakage Class II Leakage Class III
Length o1f Diameter, Leakage Class 0 Leakage Class I (Moderate Leakage) (Normal Leakage)
in. {mm) (Zero Leakage) (Low Leakage) [Note (1)] [Note (1)] Leakage Class IV
Up to 12 (3(5) Note (2) Note (3) 15 (275) 60 (1100) Note ()
Up to 24 (610) Note (2) Note (3) 10 (180) 40.(730) Note (})
Up to 36 (915) Note (2) Note (3) 8 (145) 32 585) Note (§#)
Up to 48 (1320) Note (2) Note (3) 8 (145) 32 (585) Note ()
Up to 60 (1425) Note (2) Note (3) 6 (110) 27 (495) Note (f)
Up to 72 (1830) Note (2) Note (3) 5 (90) 25 (455) Note (§#)
NOTES:
(1) The total maximum permissible leak rate is determined by multiplying the above quantities by the damper area in square feet (square Jneters)
times the square root of the specified blade design pressure in inches water gauge (millimeters water gauge divided by 25.4).
(2) Leakagdq shall be zero as determined by the bubble method damper leakage test per DA-5141.
(3) Low leakage is the greater of 1 scfm/ft* or 1 scfm (18.3 scmh/m? or 1.7 scmh).at the blade shutoff pressure differential in inches water gauge

(millimdters water gauge).

(4) Leakagdq Class 1V is for applications where leakage is of no consideration.

Table DA-1-1000-2 Maximum Permissible Frame
Leakage Rate Classes at Frame Design Pressure

Leakage
Rate Class Permissible Leakage Rate
A Zero leakage [Note (1)]
B 1 scfm (1.7 scmh) total leakage
C No consideration of leakage

NOTE: (1) Leakage shall be zero as determined by the bubble method
per DA-5130.
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MANDATORY APPENDIX DA-II
DAMPER AND LOUVER CONFIGURATIONS

Figure DA-11-1000-1 Parallel-Blade Dampers
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Figure DA-11-1000-2 Wing-Blade Damper
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Figure DA-11-1000-3 Poppet Damper
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Figure DA-11-1000-6 Slide-Gate Guillotine Damper
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Figure DA-11-1000-7 Curtain-Type Dampers
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Figure DA-11-1000-8 Louver
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NONMANDATORY APPENDIX DA-A
DIVISION OF RESPONSIBILITY

Thi
assuni
Code
an ar

5 Appendix is intended to identify the roles normally
ed by the organizations responsible for fulfilling
requirements when not specifically addressed in
icle or subarticle. These are guidelines to assist

with Code compliance and are not to be cofstrued as

legal or contractual responsibilities unless™9
by the Owner or designee.
Table DA-A-1000-1 begins on the\following

o invoked

page.
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Table DA-A-1000-1 Division of Responsibility
DA- Item Responsibility

3211 Fire hazard Owner or designee
3211 Reduction of properties Manufacturer
3212 Galvanic corrosion Owner or designee

With interface Owner or designee

With components Manufacturer
3213 Prohibition of aluminum and zinc Owner or designee
3220(a) Fire hazard Owner or designee
3220(b) [Degradation of properties Manufacturer
3220(c) [Maintainability Manufacturer
3230 Environmental conditions affecting material selection Owner or designee
3300 ICMTR Manufacturer
3300 Allow certificate of conformance Owner or designee
4110(b) [Damper function Owner or desigiee
4110(c) [Damper configuration Owner or designee
4110(d) Allowable leakage Owner ordesignee
4110(e) Design pressures Owner or designee
4110(f) Design temperatures Owner or designee
4110(g) [Volume flow rate Owner or designee
4110(h) Relative humidity Owner or designee
4110(i) Design pressure loss Owner or designee
4110(j) Entrained contaminants Owner or designee
4110(k) [Normal blade position Owner or designee
4110(k) Fail-safe position Owner or designee
4110() Dimension and space for installation Owner or designee
4110(m) Mounting configuration and support Owner or designee
4110(n) Orientation and direction of airflow Owner or designee
4110(0) Blade orientation Owner or designee
4110(p) Operating time Owner or designee
4110(q) Actuator data Owner or designee
4110(r) Seismic requirements Owner or designee
4110(s) Allowable materials Owner or designee
4110(t) Special requirements, Owner or designee
4110(u) Accessories requifed and mounting Owner or designee
4110(v) Loads, othef than pressure loads Owner or designee
4110(w) Loading.combinations and design transients Owner or designee
4110(x) Radiation dose rate Owner or designee
4110(y) Fimfstramd-coatimg Tequirenrents Owirerordesigmee
4110(z) Fire resistance rating Owner or designee
4120(a) Mounting connection details Manufacturer
4120(b) Weight and center of gravity Manufacturer
4120(c) Service connections Manufacturer
4120(d) Pressure loss at rated flow Manufacturer
4120(e) Leakage Manufacturer
4120(f) Operating time Manufacturer
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Table DA-A-1000-1 Division of Responsibility (Cont’d)

DA- Item Responsibility
4120(g) Materials of construction Manufacturer
4120(h) Bearing design life Manufacturer
4120(i) Seal design life Manufacturer
4120(j) Actuator torque Manufacturer
4120(k) Damper torque Manufacturer
4120() Actuator qualifications Manufacturer
4120(nf) Verification reports Manufacturer
4120(n] Actuator position or orientation Manufacturer
4120(o Fire resistance rating Manufacturer
4120(p Replacement parts list Manufacturer
4130 Gastight construction requirements Owner or designee
4212 Damper/support boundary interface Manufacturer
4212.1(J]a) Design verification stress report (DVSR) Manufacturer
4212.1(b) Design verification test procedure (DVTP) and design verification test report (DVTR) Manufacturer
4212.1(c)  Design verification by comparative evaluation report (DVCER) Manufacturer
4220 Thermal expansion clearances Manufacturer
4240 Requirement for interconnecting wiring and interfaces Owner or designee
4315(a Actuator function Owner or designee
4315(b Actuator power source Owner or designee
4315(c Control signal characteristics Owner or designee
4315(d Frequency of actuation Owner or designee
4315(e Damper opening and closing time Owner or designee
4315(f) Environmental conditions Owner or designee
4315(g Mounting location and space limitations Owner or designee
4315(h Normal override requirements Owner or designee
4315(i) Accumulator sizing Owner or designee
4315(j) Qualification requirements Owner or designee
4315(k Type of motion Owner or designee
4410 Requirement for accessories. Owner or designee
4420 Requirement for auxiliary energy source Owner or designee
4430 Requirement fer\positioner Owner or designee
4450 Qualificatiofistandard for electrical devices Owner or designee
5100 Requirement for test Owner or designee
5143 Appreval of alternate test method Owner or designee
6000 Finishing of materials Owner or designee
6000 Structurat-support-fordampers Owirerordesigmee
6100 Welding requirements Owner or designee
7000 Packaging, shipping, receiving, storage, and handling Manufacturer/Supplier/Contractor/Owner or

designee
8000 Quality assurance All parties
9000 Nameplates, stamping, and manuals Manufacturer/Supplier/Contractor
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SECTION SA
DUCTWORK

ARTICLE SA-1000
INTRODUCTION

SA-1100

This se
mance, de

SCOPE

Ction provides requirements for the perfor-
ign, fabrication, installation, inspection, accep-
tance tesfing, and quality assurance for ductwork,
including|ductwork accessories, ductwork supports,
and duct-inounted equipment, used in air and gas treat-
ment syste¢ms in nuclear facilities.

SA-1200 |PURPOSE

The purpose of this section is to ensure that ductwork,
accessories, and ductwork supports are acceptable in all
aspects of|design and operation.

SA-1300 |APPLICABILITY

This segtion applies only to ductwork and accessoriesy
plenums, dnd ductwork supports. It does not cover sizing
of complete air handling systems or any operating. char-
acteristics|of such systems. Ductwork interface poirits, as
applied to| this section, are shown in Figure SA-1300-1.

SA-1400 |DEFINITIONS AND TERMS

The definitions and terms described below are specific
to this seftion. For other definitions and terms, see
AA-1400.

accessorie
vanes, di
make the

5: components‘of-a duct system (e.g., turning
fusers, and\gaskets) that are required to
system operate in accordance with design.

construction documents: the drawings, specifications,
installation (instructions, procedures, and engineering
support d

tanroduced by an engineering service argani-
t & & =

red to
rough
and/
hts of

ductwork: accessories, ducts, and plenums requi
convey air from one or more intake poinpts\th
one or any combination of air supply, tréatment
or conditioning equipment to one or'more poi
discharge.

ductwork supports: external structural members uged to
transmit loads between the dugtwork and the designated
load-bearing structure.

extractor: a multivaned.deyice located at duct bran¢h and

duct diffuser collar outlets for diverting airflow.

grille: a louvered~or perforated device for transfprring
and/or directifig dirflow.

to the
foper-

insulation, acoustic: a material typically attached
internal duct surface that has sound attenuating p
ties.

insulation, external: a material attached to the external
duct surface that has heat transfer resisting propgrties.

insulation, internal: a material attached to the internfl duct

surface that has heat transfer resisting properties

leak test pressure: the static pressure, acting in the|direc-
tion of the operating pressure (positive or negative}, used
for establishing leakage rates. This pressure upually
equals or exceeds the highest operating pressyire of
the item being tested but does not exceed struftural

capability pressure.

maximum design pressure: the static pressure to which
ductwork may be subjected and still required to
remain intact and that is used as the starting point for
structural design. This pressure shall equal or gxceed
the maximum operating pressure and/or test pregssure,

whichever is greater.

maximum operating pressure: the maximum statid pres-
sure to which the ductwork will be subjected and still

zation, constructor, supplier, or contractor that are issued
to the field for installation and that define the design of, or
modification to, systems, structures, or components.

diffuser: a circular, square or rectangular air distribution
outlet composed of deflecting members discharging
supply air in one or more directions and planes and
arranged to promote mixing of supply air with room air.
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be required to continue its function. Static pressure
resulting from off-normal operating conditions that do
not render the system inoperable (e.g., closure of
branch dampers or registers) shall be considered as
maximum operating pressure. The maximum operating
pressure shall equal or exceed the normal operating pres-
sure and may be equal to the maximum design pressure
but may not exceed it.
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Figure SA-1300-1 Ductwork and Ductwork Support — Interface Boundary
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normal operating pressure: the static pressure that corre-
sponds to the normal design operating mode of the duct-
work but does not include the static pressure that may be
experienced in off-normal operating modes during which
the system is required to continue to perform its function.

panel: a pressure boundary member of ductwork.

register: a combination of grille and damper assembly
covering an opening located in the side-wall, ceiling,
floor, or duct.

Publisher: National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169-7471
(www.nfpa.org)

SMACNA 1520, Round Industrial Duct Construction Stan-
dards

SMACNA 1922, Rectangular Industrial Duct Construction
Standards (Inch-Pound Version)

SMACNA 1943, Rectangular Industrial Duct Construction
Standards (SI Version)

sound control device that provides acoustical
n.

silencer: a
attenuatio|

splitter d
damper lo|
airflow inf

imper: a manually positioned single-blade
cated at duct branch connections for diverting
o the branch duct.

structural
the ductw]
distortion
tional pre
margin of

rapability pressure: the static pressure to which
ork can be safely loaded without permanent
This pressure may exceed the system opera-
sure transient (SOPT) due to inclusion of a
safety.

ARTICLE SA-2000
REFERENCED DOCUMENTS

bs and standards listed below shall supplement
d in Article AA-2000. Unless otherwise speci-

The cod
those listg

fied, the 13test edition shall apply.

AISC 348, |Specification for Structural Joints Using High-
Strength Bolts

Publisher:|American Institute of Steel Construction (AISC),
130 EastRandolph Street, Suite 2000, Chicago,IL 60601
(www.ajsc.org)

AMCA 201, Fans and Systems

Publisher:|Air Movement and Control Association Inter-
national, Inc. (AMCA Internationdl),,30 West University
Drive, Arlington Heights, IL_60004-1893 (www.am-
ca.org)

ASHRAE 70, Method of-T€sting the Performance of Air
Outlets pnd Air Inlets

ASHRAE Handbook;, Fundamentals

Publisher:|/American’Society of Heating, Refrigerating, and
Air-Conglitioning Engineers, Inc. (ASHRAE), 1791 Tullie

Circle, NE,Atlanta, GA 30329 (www.ashrae.org)

SMACNA 1958, HVAC Systems Duct Design

SMACNA 1966, HVAC Duct Construction Standdrds:
and Flexible

Publisher: Sheet Metal and Air-Conditioning Contrd
National Association (SMACNA), 4201/Lafayette
Drive, Chantilly, VA 20151-1209; twww.smacna

Metal

ctors’
Lenter

org)

ARTICLE-SA-3000
MATERIALS

SA-3100 GENERAL

For compenents of ductwork and ductwork sup
the supplier-shall make available, as a minimum, ceftified
test reports of critical attributes. For those ASTM [mate-
rials“that do not have physical testing required by the
ASTM specification, tensile testing shall be perf¢rmed
per ASTM A370.

All other components used in the construction o
work shall be provided with a manufacturer’s certifi
conformance covering the ASME, ASTM, or other m
specification, grade, and class, if applicable.

ports,

duct-
Cate of
hterial

SA-3200 MATERIAL SUBSTITUTION

Measures shall be established for controlling angd
tifying material substitutions throughout the ma
turing and installation process.

iden-
hufac-

SA-3300 MATERIAL TESTING

When required by the design specification, m
shall be tested in accordance with the applicable m
specification. Supplemental material testing,
required, shall be performed in accordance
Article AA-3000

terial
hterial
when

with

Industrial Ventilation: A Manual of Recommended Prac-
tice

Publisher: American Conference of Governmental Indus-
trial Hygienists (ACGIH), 1330 Kemper Meadow Drive,
Cincinnati, OH 45240 (www.acgih.org)

National Fire Codes, 1991 Edition
NFPA 90A, Standard for the Installation of Air-Condi-
tioning and Ventilating Systems
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SA-3400 MATERIAL SPECIFICATIONS

Material for ductwork and ductwork supports shall be
capable of meeting all requirements of Article SA-4000.
Materials shall be in conformance with the ASTM mate-
rials listed in Table AA-3100-1. Substitute materials shall
be equivalent to or exceed the requirements of Table
AA-3100-1, as determined by the Owner or designee.
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Materials selected shall be evaluated for suitability with
service conditions and compatibility with other materials
used in duct construction.

The ASTM numbers in Table AA-3100-1 designate a
chemical composition and a material thickness limit. A
grade designation is usually required to determine the
minimum strength of the material. If the specific grade
material has an assigned minimum yield and tensile
strength, these values shall be used for des1gn purposes
If valt 2
tests [in accordance with the procedures outllned in
Article AA-3000 shall be performed to ensure that the
strenpgth of the material meets the required design
stress| values.

ARTICLE SA-4000
DESIGN

SA-4]100 GENERAL

Dudtwork and ductwork supports shall be designed in
accordlance with the requirements of Article AA-4000 and
this s¢ction.

SA-4200 DESIGN CRITERIA
SA-4210 Load Criteria

SA-4211 Ductwork Loads. The following loads and
load definitions shall be considered:

(a) |Additional Dynamic Loads (ADL), Deadweight (DW),
Desigh Pressure Differential (DPD), Design .Wind (W),
External Loads (EL), Normal Operating Pressure Differen-
tial (NOPD), and System Operational Pressure Transient
(SOPT)). These loads and terms are as defined in AA-4211.

(b)|Constraints of Free End Displacement Loads (T).
Thesq are loads caused by thermal movements. When
duct ¢onstruction utilizes gasKeted companion angle
construction, effects of T fer-normal operations may be
ignored. For postulatediaecident conditions, a review
of thel effect of T is necessary.

(c) |Live Loads (L)) Live loads shall be defined in the
desigh specification (SA-4600). The live load shall not
be legs thanta‘eonstruction manload of 250 1b (113.4
kg). The load shall be applied at the mid-span of the
duct, ot miidpoint of a stiffener, or within a panel.

(f) Hydrostatic Loads (HY) From Accumulated Conden-
sate, Water Deluge Systems, or Moisture Separators. The
hydrostatic load shall be conservatively established by
documented analysis based on ductwork configuration,
accessories, and component function. HY shall be
added to the DW case as applicable.

(g) Design Pressure Differential (DPD). These are the
dynamic external pressure loads resulting from a
design basis accident (DBA) intermediate break accident
ally ductwork
should be routed out51de the local pipe bredk affected
area. If ductwork is subjected to these loads, the
design specification (SA-4600) shall dddress the station
specific design requirements considering|a Service
Level D load combination.

(h) Component Load (CL). CLiShall be added|to the DW
case as part of normal loads{(N) when determjning duct-
work support load combinations as defined i} AA-4212.
For other component doad criteria, see the|following
sections and otherxapplicable Division II Cod¢ sections:

(1) Article BA*4000, for fans and blower]s
(2) ArticlenCA-4000, for conditioning eqqipment
(3) DA-4210, for dampers and louvers
(4)>HA-4200, for housings

(5) Article IA-4000, for instrumentation afd controls
(6) Article RA-4000, for refrigeration eqpiipment
(7) FA-4300, for moisture separators
(8) FB-4300, for medium efficiency filteq
(9) FC-4300, for HEPA filters

(10) FD-4300, for Type II adsorber cells
(11) FE-4400, for Type III adsorber celld
(12) FG-4200, for mounting frames

(13) FH-4300, for Type IV adsorber celld
(14) FK-4300, for special HEPA filters

SA-4212 Ductwork Load Combinations. The applica-
ble component loading shall be combined in dccordance
with Table AA-4212-1.

2]

SA-4213 Service Conditions. The requirpments of
AA-4213 apply.

SA-4214 Design and Service Limits. The requirements
of AA-4214 apply.

SA-4215 Ductwork Support Loads. The ddfinition of
loads per SA-4211 for L, NOPD, SL shall also He used for
duct supports. The definition of loads per AA-4211 for

Whenapplied to a panel, the load shall be assumed to
be distributed over 10 in.? (64.5 cm?).

(d) Normal Operating Pressure Differential (NOPD).
This is as defined in AA-4211 with the following clarifica-
tion: for ease of design, a duct system may be designed
using one pressure value that envelops NOPD and SOPT
(see AA-4211). NOPD and SOPT may be positive or nega-
tive pressures. Worst case shall be considered in design.

(e) Seismic Loads (SL). These loads are the result of the
envelope of the operating basis earthquake (OBE) and the
safe shutdown earthquake (SSE).

DW, EL, and ADL shall also be used for duct supports.
HY and CL as defined in SA-4211(g) shall be treated as a
DW load when the loads have an effect on the supports.
The fluid momentum load as defined in AA-4211 is not
typically a significant load for supports and may be
neglected.

SA-4216 Ductwork Support Load Combinations. The
applicable support loading shall be combined in accor-
dance with Table AA-4212-1.
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SA-4220 Stress Criteria

Detailed stress analysis of the ductwork and ductwork
supports shall be prepared in accordance with AA-4321.

SA-4230 Deflection Criteria

SA-4231 Deflection Limits. The maximum deflection,
dmax that may be sustained so that the duct function is not
impaired shall be determined by analysis, test, or both.
The allowahle deflections are as defined in AA-4230

SA-4244.1 Welded Attachments. Consideration shall
be given to local stresses induced in the ductwork by inte-
gral attachments as defined in AA-4243.

For items used as part of an assembly for the support or
guiding of the ductwork, the materials shall be compatible
for welding. See Article AA-6000.

SA-4244.2 Bolted Attachments. Consideration shall
be given to the mechanical connection and local stresses
induced in the ductwork by nonintegral attachments as

for varioup service level conditions.

SA-4232 Deflection Limits for Panels, Flanges, and
Stiffeners| The requirements of AA-4230 apply.

SA-4233 Deflection Limits for Mounting Frames and
Equipment Interfaces

(a) See
(b) See
tion limits

FG-4310 for mounting frame deflection limits.
applicable equipment section for other deflec-

Other Criteria

Vibration Isolation. The vibration isolation
fficiencies, primarily between duct and equip-
| be as designated in the design specification.
ion isolation equipment shall be designed
ints to resist the loads generated under any
service copdition.

SA-4240

SA-424
type and €
ment, shal

SA-424p Provisions for Relative Movement. Clear-
ances shall be provided to allow for the relative
motion bgtween equipment, ductwork, and supports.
When cledrances or travel ranges or both are reguired
to accomrhodate movements of ductwork or. supports,
design margins shall be introduced to allow.for variations
due to fabrication and installation. Desigh ¢learances and
travel ranges shall be based on the maximum range that
might occfir between two operating jconditions and not
necessarily the maximum cold“to-hot range. All parts
of supporfs shall be fabricatéd’and assembled so that
they will ot be disengaged\by the movements of duct-
work.

SA-424B Tolerances. Installation and fabrication
toleranceg for ductivork shall be accounted for in the
design of the ‘ductwork and supports. Fabrication toler-
ances shalll comply with SA-6400.

defined In AA-4Z243.
The design of bolts for structural supports shal
the requirements of AA-4360.

meet

SA-4300 DUCTWORK JOINTS AND-/SEAMS
SA-4310 General

Selection of joints and seams*used in the assem
ductwork sections shall be-based on the required
tural integrity, leak-tightnéss, and the fluid flow withjin the
system. Duct-housing interconnections shall be degigned
with considerationof the air distribution uniformiity.

bly of
struc-

SA-4320 Duct Joints and Seams

SA-4321. Longitudinal Seams. The followinglon
nal seams are acceptable for use in ductwork se
subject to the limitations of SA-4324:

{a) groove weld

(b) lock type

(c) Pittsburgh lock

(d) fillet weld

SA-4322 Transverse Joints. The following ty
transverse joints are acceptable for use in duc
sections:

(a) welded flange

(b) companion angle

(c) Van Stone flange

(d) welded coupling

SA-4323 Other Types of Connections. Other ty]
rigid transverse connections may be acceptable pr
that the structural characteristics are document
engineering evaluation and tested per SA-5400.

SA-4324 Limitations of Ductwork Joints and S|
Longitudinal seams and transverse joints whose [struc-

ritudi-
ctions

bes of
fwork

pes of
vided
ed by

eams.

SA-4244 Permanent Attachments. The attachment
design shall include all service conditions and load combi-
nations set forth in SA-4212 and SA-4213, or as required
by the design specification.

The permissible types of welded joints shall be in accor-
dance with the welding procedure qualifications/prequa-
lifications of AA-6300.

Attachments may be either the welded or the bolted
type and shall be considered as indicated in SA-4244.1
and SA-4244.2.

114

turatimtegrity s depemdent om the foldedorpuhched
metal shall be pressure tested. Test pressure shall be
the structural capability pressure.

Longitudinal seams using sealants or elastomers to
meet the leakage requirements shall be qualified by
test, analysis, or test and analysis to ensure meeting
the design criteria of SA-4600. Brazed welding may be
used for sealing purposes.
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SA-4325 Bolts and Fasteners. Requirements for
bolted connections of duct-to-duct and duct-to-housing
with a design pressure differential less than 15 in. wg
(3735Pa) shall be as follows:

(a) Maximum bolt spacing shall be 4 in. (100 mm) on
center unless otherwise specified by the design specifica-
tion. The adequacy of bolt spacing greater than 4 in. (100
mm) on center, for pressure boundary integrity, shall be
documented by calculatlon or testing.

unlesq otherwise Speleled by the de51gn spec1f1cat10n The
adequacy of bolt diameters less than ¥ in. shall be docu-
mentdd by calculations or testing.

Requirements for bolted connections for duct
with [design pressure differentials exceeding 15 in.
wg (3735 Pa) shall be determined by calculations
or tepting.

Nogbolted, nonwelded-type fastening devices (e.g.,
5, rivets) shall have their adequacy demonstrated
for thp load combinations of AA-4212 and documented
by calculation or testing.

Bolted connections shall be verified as being capable of
sustaining all loading combinations by using an appro-
priate| stress intensification factor.

SA-4400 COMPONENTS
SA-4410 Flexible Connections
(a)
requit
NFPA
leakag

(b)
qualif]

Flexible connections shall be designed to meet the
ements for design given by SA-4212, SA-4500}.and
90A. Allowable leakage (fabric leakage and joint
e) shall be determined in accordance with.SA-4500.
Flexible connections shall be rated by'pressure and
ed life. The qualified life shall be _determined by
testing or calculation or both and beg-based on the envir-
onmeftal conditions provided by the design specification.
Mininhum physical properties (i.e., tensile strength),
subjedt to degradation due t6 the environments required
to sat]sfy design, shall beithe basis of qualified life.

(c) [Flexible connection pressure rating shall be deter-
mined by an ultimate Strength test. The pressure rating of
the copnection shallbe no greater than 50% of burst pres-
sure. Calculation of burst pressure can be done in lieu of
the teft. Burst,pressure shall exceed structural capability
pressiire,

(d] If adhesive is nsed in fabrication or installation of

shall be documented by an engineering evaluation or
testing.

SA-4430 Access Doors and Panels

Construction of access doors and panels and their
frames shall be selected to meet the allowable leakage
determined in SA-4500. Sealing surfaces between the
doors and panels and their frames shall be designed
for compression sealmg The deSIgn shall incorporate

e ket compres-
sion, and ahgnment

Spacing of hinges, latches, and bolts shalljbe determined
by calculation or test to ensure a uniformt compression of
the gasket. Spacing shall enable ,a“comprefsion that
ensures leakage requirements_are met and provides a
uniform gasket compression of 50% * 20% ¢f nominal
gasket thickness.

Door hinges shall beZdésigned to minimize damage to
compression seals due’to friction and shear forjces during
opening and closing of the doors.

Hinges anddatches, etc., shall be designed
lubrication-materials shall not enter the inte
ductwork.

See SA:C-1210 for additional guidance on thp design of
access*doors.

such that
Fior of the

SA-4440 Ports for Testing and Maintenance

The Owner or designee shall evaluate the d
tion of the equipment to determine where
(including injection and sampling ports) arg required.
The test port penetrations shall be sealed by welding,
sealant, adjustable compression seal, or gland type
seals. Gland type seals include, but are not Jimited to,
nonmetallic materials.

esign func-
test ports

SA-4450 Miscellaneous
SA-4451 Drains

(a) Consideration shall be given to drains depending on
requirements, services, or components within|ductwork.
(b) Drains form an integral part of the ductwprk system
pressure boundary and are subject to air leakage require-
ments established in SA-4500.
(c) Drainlinesshall be valved, sealed, trappel, or other-
wise protected to prevent the following advdrse condi-

flexible connections, it shall be environmentally qualified
for use in expected environmental conditions.

SA-4420 Gaskets

Gaskets shall be made of materials that are compatible
with the service conditions (see SA-4600). Gasket material
dimensions shall be based on joint design. An acceptable
criterion for compression of gasket material shall be
established on the basis of the gasket chosen. This accep-
tance criterion and the service life of the gasket material
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(1) air bypass around filtration components

(2) anegative impact on cooling/heating coil capac-
ity

(3) transfer of contaminated (radioactive or other-
wise) air through the piping to a protected environment
(either into or out of ductwork)

(d) For additional guidance on the design of drains, see

SA-C-1220.

(19)
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SA-4452 Insulation

(a) Insulation shall be provided as required to ensure
air conditioning function, limit condensation, or provide
acoustic noise reduction.

(b) Acoustic linings and thermal insulation shall not be
applied to the inside of ducts that may become contami-
nated during normal plant operations.

(c) Insulation applied to the outside of ducts shall not
prevent access to doors, access hatches, or other compo-

(a) control of airborne contamination
(b) control of space pressure

(c) control of space temperature

(d) control of space humidity

SA-4520 Applicability

Pressure boundary leakage shall apply to air cleaning,
air cooling, and ventilation systems. Each system’s pres-
sure boundary shall include, but not be limited to, the

nents req{iring adjustment or maintenance.

(d) Thelfire hazard classification of applied insulation,
adhesive, 3nd sealer shall not exceed a flame spread of 25
and smokd developed of 50 in accordance with NFPA 90A.

(e) Insylation shall be attached to ductwork using a

internal apd bullet-resistant barriers installed for the
purpose of security shall be consistent with appropriate
federal regulations.

Considefration shall be given to the impact (pressure,
noise, etc.] the installation of security and bullet-resistant
barriers will have on the overall performance of the ait
treatment|system in which they are installed. The dead-
weight of the security and bullet-resistant barriers-shall be
included ih the design of ductwork supports.

SA-445% Fire Detectors. If required tobe installed in
the duct, fire protection instruments shall.meet the relia-
bility and fensitivity requirements of the system specifi-
cation. Th¢ carbon monoxide (CO)or-earbon dioxide (CO-)
or smoke detector or a combination'thereof shall be placed
at a location downstream. 0f"the adsorber at which
adequate air mixing has beeh verified. Smoke detectors

folfowing ttemsasappticabte:

(a) ductwork as defined in SA-1400

(b) fan housings

(c) damper frames and valve bodies (andiseats,
used for pressure boundary isolation)

(d) heating and cooling coil housings (or framles for
duct mounted coils)

(e) mounting frames for_components used f
reduction of radioactive contamination

(f) instrumentation or'other components conne
the ductwork

(g) air cleaning<unit housings

where

r the

ted to

SA-4530 Evaluation

SA-4531 Responsibility. The Owner or designe¢ shall
evaluatéeach system to establish the allowable lealjage to
ensure its design ventilation, temperature, and coptami-
nation control function are achievable.

SA-4532 Allowable Leakage Determination). The
following criteria shall be used in the determination of
allowable leakage:

(a) application of governing codes, regulationf, and
plant-specific requirements

(b) consideration of each system’s operating mode,
including anticipated system upset conditions siich as
rapid closure of dampers

(c) normal and maximum operating static pre
throughout the pressure boundary

(d) system internal and external environmental
tions

Guidance for determination of allowable leakpge is

sures

rondi-

are to be pised only when high efficiency filters are not given in Nonmandatory Appendix SA-B.
installed downstream,of the adsorber. . .

Single-ploint temperature sensors are not considered an SA-4533 Exceptions to Leakage Requirements. The
adequate ethod of detecting an adsorber fire and shall following portions of air cleaning, air cooling, and ventila-
not be usdd @5 the sole means of fire detection. tion systems need not be subjected to quantifative

Measurement ol leakage unless otherwise required by

SA-4500 PRESSURE BOUNDARY LEAKAGE
SA-4510 General

Pressure boundary leakage shall be limited to that
allowed by the system functional and environmental
design requirements.

Allowable leakage for a system, or portion of a system,
shall be determined considering the following factors (as a
minimum):

116

the design specification (however, the system shall be
pressurized to NOPD to locate and seal all audible leaks):

(a) all ducts serving the protected space and located
within a protected space, regardless of length

(b) plant vent stacks or ducts outside plant buildings,
when high-level or mixed-mode release modes are not
credited to meet off-site dose limits

(c) systems that provide air cooling or heating function
only, located entirely in a clean interspace

(19)
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Other exceptions to quantitative measurement of
leakage requirements shall be technically justified and
specifically documented with basis by the Owner or
designee.

SA-4534 Documentation. Evaluation for allowable
leakage of each system, or portion thereof, shall be docu-
mented. This documentation shall include the following:

(a) identification of system or portion of system

(b) governing codes, regulations, and plant-specific re-

ARTICLE SA-5000
INSPECTION AND TESTING

SA-5100 GENERAL

Inspection and testing shall be in accordance with the
requirements of AA-5100, AA-5200, AA-5300, TA-3300,
and the additional requirements of this section.

SA-5110 Scope and Applicability

quirefnents
(c) [purpose of leakage control (see SA-4510)
(d) |system modes of operation
(e) INOPD and SOPT
(f) method of derivation of allowable leakage

(g) |test pressures and associated allowable leakage
SA-4540 Leakage Testing

Where leakage testing is specified for a system, as a
resul] of the evaluation by the Owner or designee, it
shall pe performed in accordance with SA-5300 and
Section TA.
SA-4600 DESIGN SPECIFICATION

Ad
as an
ductw

(a)

(b)
(
tions
radiat
all pl3
(
tions

(c)

(d)

(e)

0]
work
consig
leaka
servid

(9)
(h)

sign specification shall be prepared which consists,
inimum, of the following information regarding the
ork and ductwork supports covered by this section:
loads as defined by SA-4211

environmental conditions

) ductwork external-design environmental ¢ondi-
ncluding pressure, temperature, relative humidity,
ion exposure, and hostile environmental\factors for
nt conditions

P) ductwork internal design envifenmental condi-
for all system operating conditiohs

service conditions as defined)by AA-4213

design and service limits as defined by AA-4214
allowable ductworkléakage, as defined by SA-4500
Kystem function: identify the function of the duct-
system for each-plant condition. The function shall
t of purpose @nd operational parameters (i.e., flow,
be, pressucestemperature). Plant conditions and
e limits afe defined by AA-4213 and AA-4214.
fire-protection requirements

material certification requirements

ts for the
ductwork

This section contains general requireniey
inspection and testing of ductwork-and
supports.

SA-5120 Responsibility for Procedures

n, written
ped by the
he specific
or testing
ccordance
NQA-1 and

When an inspection or test is required here|
inspection or testing procedures shall be develd
parties performing the“test or inspection to t
requirements of this\section. The inspection
shall be performed,by personnel qualified in g
with ASNT SNT-TC-1A as amended by ASME 1
AA-6433.

SA-5200 VISUAL INSPECTION
SA~5210 General Requirements

Visual inspections shall be performed in accordance

with AA-5200 and TA-3510.

SA-5220 Welded Connections

Inspection and testing of welds shall be pe
accordance with AA-5300 and Article AA-600

formed in
0.

SA-5230 Ductwork

Ductwork shall be visually inspected for proj
sions including tolerances, as required by SA|
governing construction documents. Ductwork
shall meet the applicable requirements of Articl

per dimen-
6500 and
abrication
e SA-6000.

hs shall be
hs follows:
e require-

SA-5231 Joints and Seams. Joints and searn
visually inspected. Acceptance criteria shall be

(a) Joints and seams shall comply with th
ments of SA-6400 and SA-6500.

(b) Gasketed joints shall provide unifo
compression. Gaskets shall be installed per co

m gasket
nstruction

0]
(j) dust components and interface with other compo-
nents

+al £
toreranteTeqtatrements

117

documents.

(c) Brazed joints shall comply with the requirements of
AA-6430.

(d) Longitudinal or transverse welded joints shall
comply with the requirements of SA-5220.

(e) Threaded fasteners shall be provided with locking
devices in accordance with AA-6258.

SA-5232 Stiffeners. Stiffeners shall be visually
inspected to ensure compliance with the following accep-
tance criteria:
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(a) Stiffeners shall comply with the fabrication and
installation requirements of Article SA-6000.

(b) Welds shall comply with the requirements of
SA-5220.

(c) Threaded fasteners shall be provided with locking
devices in accordance with AA-6258.

(d) Removal of temporary attachments shall be
confirmed.

SA-5240 Ductwork Supports

SA-5330 Allowances for Testing System Leakage
Rates by Sections

Temporary isolation at a transverse joint shall be
allowed subject to the following requirements:

(a) Transverse joints not subjected to a quantitative
leak test shall be companion angle type or other types
which enable visual inspection of the sealing mechanism
between mating ductwork sections.

(b) Assembled joints using gaskets shall be visually

Supportk shall be visually inspected during installation,
after installation, or both, in accordance with the following
acceptance criteria:

(a) Suplports shall comply with the fabrication and
installation requirements of SA-6400 and SA-6500.

(b) Welded joints shall comply with the requirements
of SA-5220.

(c) Threaded fasteners shall be provided with locking
devices in|accordance with AA-6258.

inspected to ensure uniformity of gasket compregsion.
(c) Assembled joints utilizing mastic or liguid-sealant
shall be visually inspected to ensure that such materjal has
been applied in accordance with the procedure apgroved
by the Owner or designee.
(d) The reduced allowable leakagg, L,, of duc
sections shall be as follows:

L, =L¢=R

fwork

(d) Removal of temporary attachments shall be R=(G/CpLs
confirmed
where
SA-5300 |PRESSURE BOUNDARY LEAKAGE C; = total perimeter of capped end joints of test section
TESTING Cr = Fotal perlmeter of all.](.)mts in tested sqction,
including capped end joints
SA-5310 |General Lg\=Jsection allowable leakage
The dudtwork system shall be tested to demonstrate R= reduction in allowable leakage in scfm (s}./s)
compliance with the design leakage requirements identi- .
fied in SA{4500, unless egxempte§ by SA-4533. SA-5340 TeStmg Procedures
Prior to pressure boundary leakage testing, test proce-
SA-5320 [Systems Completeness dures shall be developed in accordance with TA-34D0. All
Prior totesting, the system shall be complete {ndluding ~ test equipment shall be specified with the proper|range
all pressufe boundary items identified in SA-4520, with ~ and required accuracy. Test procedures shall irfclude
the followjng exceptions: acceptance criteria determined by SA-4500, SA{5320,
(a) Terminal air distribution devices may be excluded and SA-5330.
from the test. .
(b) Pregsure boundary items pot-yet installed may be SA-5350 Documentation
excluded from testing with dpproval of the Owner or A test report shall be prepared to document thd pres-
designee[In such cases, sprototype testing shall be sure boundary leakage test. This report shall include, as a
performefl to determine(the typical leakage rate for minimum, the following information:
the installation method/Detailed procedures shall be (a) system or portion of system tested
prepared|to contrelhinstallation of items not tested (b) specified allowable leakage and test pressufe
with the pystem:‘\Procedures shall specify any hold (c) calculations for ductwork square footage for
points, special“surface preparation or finish, and final systems tested by sections
inspectiop requirements to ensure that the item is (d) adjustments to allowable leakage per SA-5330(d)

installed similar to the prototype. Typical leak test
values shall be increased by a factor of 10% and
added to the actual leakage in the test report, and
noted as such.

(c) Systems may be tested in sections, if necessary, as
allowed by SA-5330. Testing shall be in accordance with
SA-5300.

118

(e) measured leak rates

(f) listofpressure boundary components that were not
installed during the pressure boundary leakage test

(g) testequipmentused, including model no., serial no.,
and evidence of calibration

(h) names of test personnel

(i) date of test
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SA-5360 Acceptance Criteria

SA-5361 Quantitative Leakage Tests. Acceptance
criteria for quantitative leakage tests shall comply with
SA-4500 and SA-5350(d).

SA-5362 Nonquantitative Leakage Tests. For
nonquantitative leakage tests allowed by SA-4533, the
acceptance criteria shall be that audible leaks have
been sealed.

SA-6122 Material Identification. Materials to be used (19)

in the fabrication and installation of components, parts,
and appurtenances shall be identified on fabrication or
installation plans or both, and in the specifications, as
required in Article AA-8000.

SA-6123 Repair of Material With Defects. Material
with defects that are discovered or produced during
the fabrication and installation process may be used,
provided the defects are repaired in accordance with

SA-5400 STRUCTURAL CAPABILITY TESTS
SA-5410 Ductwork Pressure Test

A plressure test shall be performed at the structural
capalfility pressure per TA-3522. This test pressure
shall pe maintained for the duration of the inspection.
Upon|completion of this pressure test, ductwork and
equipment exhibiting permanent distortion or breach
of integrity shall be repaired or replaced. The pressure
test shall be repeated after repair or replacement until
no pgrmanent distortion or breach of integrity is
obseryed.

This test is not required if duct construction specified is
equal to or greater than the duct construction allowed in
the SNIACNA standards listed in Article SA-2000 for the
SOPT.

SA-5420 Longitudinal Seam Qualification Test

Dudtwork, utilizing folded or punched metal longitudi-
nal seams, shall be pressure tested to qualify the structural
design capability of those seams. This pressurectest shall
be copducted at the beginning of fabricatign and before
any dyictwork with these seams is installed in the facility.
The pressure test shall be conducted on.€ach sheet-metal
gauge|utilizing these seams. Seams shall be tested at the
structpral capability pressure for\the system(s).

ARTICLE'SA-6000
FABRICATION-AND INSTALLATION

SA-6

Dud

|00 GENERAL

twork-and supports shall be fabricated and installed
in accprdance with this section and Article AA-6000.

the requirements of Article AA-8000, and for weld
repairs, in accordance with AA-6300.

SA-6130 Control of Installation and Fabrication

Process

Quality control procedures shall be prepare
current for all fabricationafd installation pr
accordance with the requiréments of Article

H and kept
ocesses in
\A-8000.

SA-6140 Welding

The welding of ductwork and ductwork sup
comply with.the requirements of AA-6300.

Weldingand brazing performed in accordang
section\shall meet the requirements of AA
AA-6400.

ports shall

e with this
6300 and

SA-6200 FABRICATION PROCESSES

(a) Uncoated metal may be cut, formed, or b
means that does not degrade the mechanical o
properties of the material.

(b) Methods of cutting, forming, or bending coated
material shall be designed to minimize thel potential
for damage to coatings.

(c) Inside bend radii shall not be less than
given in the appropriate ASTM standard for th
grade.

(d) Partsthatare to bejoined may be fitted, gligned and
retained in position during the joining operatiion by the
use of bars, jacks, clamps, drift pins, tack welds or other
temporary attachment. The fitting and alignipg process
shall not cause damage to the joined parts, or their
surfaces, or cause enlargement of bolt holg¢s greater
than 20% of hole diameter, or 1/8 in. (3.2 mm), whichever
is greater.

(e) Temporary welded attachments may be fised in the

ent by any
r chemical

the values
e material

SA-6110 Scope and Applicability

This section contains specific requirements for the
fabrication and installation of ductwork and its supports.

SA-6120 Materials

SA-6121 Material Selection. Material used in fabrica-
tion and installation performed under this section shall
conform to the requirements of Article SA-3000.
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fabrication or installation of ductwork but shall be com-
pletely removed after use. Where such temporary attach-
ments are used, they shall be subject to the following
requirements:

(1) Material shall be suitable for welding with no
reduction in the structural integrity of the member to
which the attachment is secured.

(2) Attachment material shall be identified as
required by Article SA-3000.
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(3) The welder and welding procedure shall be qual-
ified in accordance with SA-6140.

(4) The immediate area around and including the
temporary attachment shall be marked in a suitable
manner so that after attachment removal, the area can
be examined in accordance with Article SA-5000.

(f) Access doors and access panels shall be fabricated
and designed to meet the design requirements of
Article SA-4000.

(c) After fabrication is complete, flat sheet or plate
surfaces shall not have a waviness, or bulge, greater
than the flatness tolerance given in Table SA-6400-3.

(d) The tolerances given in Tables SA-6400-1,
SA-6400-2, and SA-6400-3 are for manufacturing.
Maximum operating deflections are given in SA-4230.

(e) Holes prepared for joining mating flanges shall not
exceed the required bolt diameter by more than 20%, or %
in. (3.2 mm), whichever is larger, of bolt diameter. The

(g) Grilles registers diffusers _and their accessories center-to-center ;ﬂignmpnf of holes must he held to
shall be designed to meet the design requirements of = meet this tolerance or one flange must be drilled. Hole
Article SA14000. spacing shall be a maximum of 4 in. (#02.4/ mm)

center-to-center, with holes at corners of the flanpe.
SA-6300 | MECHANICAL FASTENING (f) Grilles, registers, and diffusers shall'be fabricdted to
manufacturer’s dimensions and tolefafces.

(a) Nut for all bolts and studs shall be engaged for the
full length| of the nut thread. Margin shall be e?llotted o SA-6500 INSTALLATION TOLERANCES
prevent nyt from engaging the unthreaded portion of bolt
or stud. Ductwork and their supports shall be installed ithin

(b) High-strength bolts, used in making bolted joints, the tolerance specified; by approved construction|docu-
shall be inptalled in accordance with the requirements of ments. These tolerances shall comply with the design re-
AISC 348. quirements of Artiele SA-4000.

Standar
installed i
1.4.4 and

d bolts used in making bolted joints shall be
h accordance with the requirements of paras.
1.5.2 of the AISC Specification for the Design,
Fabricatiop and Erection of Structural Steel for Buildings.

(c) Selfidrilling or self-threading screws are permis-
sible if they are qualified in accordance with the
design criferia in Article SA-4000.

(d) Rivlets must be qualified in accordance with
Article SA{4000.

(e) Pindforsecuringinsulation should be secured to the
metal surfpce by welding. Other attachment methods are
acceptablg, if allowed by the design specification: Justifi-
cation of|{the method of attachment used shall be
supported| by evaluation or calculationf considering the
requiremgnts of SA-4600.

(f) Flange faces shall be free of jointicrevices at corners.
These defdcts shall be eliminated by'welding and grinding.

SA-6400| FABRICATION-TOLERANCES

The fabrication of ductwork shall be accomplished
within th¢ toleranees detailed in the following tables.
These fabrication tolerances provide a method of
quality coptrolInstallation tolerances shall take prece-
dence ov icati i
below are maximum deviations permitted from design
dimensions. Greater deviations, due to rolling mill toler-
ances, are not permitted.

(a) Rectangular ducts, measured inside the duct at the
joint end or stiffener, shall conform to Table SA-6400-1.

(b) Circular ducts, measured by outside circumference
or two interior diameters at 90 deg (+5) to each other,
shall conform to Table SA-6400-2.

120

NG

hpairs
baired

SA-6600 CLEANING, FINISHING, AND COAT]

Galvanized surfaces shall be free of damage that ir
the effectiveness of the coating. Surfaces shall be re
in accordance with AA-6540.

Painted surfaces shall be prepared and finish
described in Article AA-6000.

Painted surfaces shall be free of scratches and w
damage. Surfaces shall be repaired and repainted in
dance with Article AA-6000.

Required marking for identification shall be on t
terior of each section.

ed as

elding
hccor-

he ex-

ARTICLE SA-7000
PACKAGING, SHIPPING, RECEIVING, STORAGE,
AND HANDLING

SA-7100 GENERAL

Packaging, shipping, receiving, storage, and ha
requirements shall be in accordance
Article AA-7000 and this section.

ndling
with

SA-7200 PACKAGING

Ductwork and accessory item packaging requirements
are dependent upon the protection level as described by
AA-7230. Additional clarification or exceptions are
provided below.

(a) Individual duct sections, assembled or unas-
sembled, shall not require special packaging or end
closures.These individually identified items may be
pelletized for convenience. Protection equal to Level D
of ASME NQA-1, Subpart 2.2, para. 202.4 is required.
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Table SA-6400-1 Rectangular Ducts: Maximum Allowable Tolerances

T F\u LZ/

L1=L2i12

Cross Section
Parallelism/Squareness

1y — | f—

C
!

Joint Flange

Twist
Per 5 ft (1.5 m) Joint

Joint Connection

Squareness Maximum Offset
Maximum Allowable Tolerances, in. (mm)
Wor H ty t, t3 ty ts

ess than 12 Y6 (1.6) Y, (6.4) Y% (3.2) % (3.2) %4 (1.6)
12 to 18 % (3.2) Y, (6.4) %6 (4.8) % (3.2) U (3.2)
18 to 24 % (3.2) % (9.5) %16 (4.8) % (3.2) U (3.2)
24 to 48 Y% (3:2) % (9.5) %6 (4.8) % (3.2) W32
48 and up Y (3.2) Y (12.7) Y, (6.4) % (3.2) %4 (4.8)
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Table SA-6400-2 Circular Ducts: Maximum Allowable Tolerances

~—

Diameter Dy =Dy £t

Out-of-Round

t
i3 4>’ |e— £
|
Joint End Joint Connection
Squareness Offset
Maximum Allowable Tolerances, in. (mm)
Djameter ty t, t3 ty

Less than 17 Y6 (1.6) Y, (6.4) Y% (3.2) Y6 (1.6)
12 to 18 Y% (3.2) % (9.5) % (3.2) Y% (3.2)
18 to 24 % (3.2) Y% (12.7) % (3.2) % (3.2)
24 to 48 Y% (3.2) %, (19.1) Y% (3.2) Y% (3.2)
48 and up % (3:2) 1 (25.4) Y% (3.2) %6 (4.8)
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Table SA-6400-3 Flatness of Surface: Maximum Allowable Waviness Tolerance

L_.,__\
=

\

—

Maximum Allowable Waviness Tolerance

t=wav]ness tolerance of flat surfaces between duct edges and adjoining stiffeners. It shall not exceed 125% of allowed manufacttrer’ tolerance as
specified by:
Cold-rolled steel sheet ASTM A568
Cold-rolled steel plate ASTM A6, Table A-1.13
Hot-rolled steel sheet ASTM A568
Hot-rolled steel plate ASTM A6, Table A-1.14
Galvanized steel sheet ASTM A653, Supplementary Requirement S1.3
(b) |Acoustically lined or insulated duct sections shall Records of suth inspections shall be maintgined until
have protective wrapping to prevent water damage. the item is.feshipped or installed.
Proteftion equal to Level C of ASME NQA-1, Subpart
2.2, para. 202.4 is required. SA-7500 STORAGE
(c) |Grilles, registers, and diffusers shall be packaged ) .
indiviflually by the manufacturer to prevent any degrada- Dirctwork and accessory item .storage requir ‘ments are
tion. Rrotection equal to Level C of ASME NQA-1, Subpart dependent upon the protection level_ desgribed by
2.2, phra. 202.4 is required. AA_—7230. These leve_ls shall be the required 5t0rage re-
(d) | Extractors, turning vanes, and splitter damper's quirements except in certain circumstance$ as listed
shall pe packaged individually by the manufacturer to below. .
prevgnt damage and degradation until installation. . (@) Ductsectl(?ns shall be store.d, on adequ.atedunrllage,
Prote¢tion equal to Level C of ASME NQA-1 i réquired. in accordance with Level D requlrements._Lm ed or insu-
Shoulld these devices be installed into the’ductwork lated ductwork, unless water-proofed at time |of fabrica-
sectidgns before shipment, all moving parts shall be tlon,- shall be stored in accord-ance with Level C
securpd and all sliding or operation points shall be requ1rem.ents. Extractor and_ splitter dam pers shall
protefted from degradation by niethods equal to Level have moving parts protected in accordance ith Level
C. The¢ basic duct section level'shall remain D of ASME C requirements. ) )
NQA-1, Subpart 2.2, para. 2024 (b) Extractors, turning vanes, and splitter dampers
shall be stored in accordance with the applicpble levels
4 per AA-7230.
SA-7300 SHIPPING (c) Ductwork supports shall be stored in gccordance
Thi$ section relates to all transportation methods from with Level C requirements for uncoated cafbon steel
the oifiginal manufacturer, or supplier, to the job site. In and Level D requirements for other ductwoyk support
addition to_thevapplicable Federal and State transport materials.
regulations,*the provisions of Article AA-7000 shall (d) Components covered by other sections of this Code
also apply: that are installed into an integral assembly that]is covered
by this section shall be stored in accordance with

SA-7400 RECEIVING

Receiving at the job site or intermediate location, where
additional work is to be performed or for long-term
storage, shall be accomplished in accordance with the
provisions of Article AA-7000. It shall be the requirement
at any receiving point to have adequate descriptions of

items

to permit suitable inspection for conformance,

damage acknowledgement, and proper documentation.

AA-7230.
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ARTICLE SA-8000
QUALITY ASSURANCE

SA-8100 GENERAL

Equipment and material covered under this section
shall be manufactured, fabricated, installed, inspected,
and tested in accordance with the provisions of a
quality assurance program meeting the requirements
of Article AA-8000.

Records, as necessary to assure compliance with
AA-8200, shall be maintained by the responsible organi-
zation in accordance with the approved quality assurance
program.

SA-9200 STAMPING/MARKING

Stamping/marking, as used herein, provides a means of
maintaining identification of finished products for the
purpose of retaining traceability of material.

MATERIAL IDENTIFICATION

s shall be established for controlling and iden-
terial throughout the manufacturing process
shipment in accordance with Article AA-8000.

SA-8200

Measurg
tifying ma
and during

DRAWINGS AND DOCUMENTATION

imum, the following drawings and documenta-
be provided to the Owner:

(a) design parameters

(b) matgrial certifications

(c¢) maximum operating pressure

(d) structural capability pressure

(e) test|pressures

(f) basi$ and quantity for maximum allowable leakage

(g) systlem layout drawings

(h) welfling procedures

(i) visdal inspection reports

(j) test{acceptance criteria

(k) leaH test reports

(1) envjronmental qualification reports

(m) duftwork and ductwork support fabrication
details

SA-8300

As a mir
tion shall

ARTICLE SA-9000
NAMEPLATES AND-STAMPING

SA-9100 |GENERAL

All itemp manufacturedyunder the requirements of this
section shall be identified to ensure compliance with the
requirements of AA-8200, AA-9210, and AA-9220.

SA-9210 Ducts

Each duct section shall have noncorrosive,-pern
identification markings. Identificationnmarkings
relate each duct section to the applicable’design and
cation documents. Markings shall be-located on thg
rior of the duct. Markings n€ed not be visible
installation is complete; hewever, markings sh
retrievable. It is recommended that the identifi
markings be placed on the “incoming air” end
duct joint, as close té_the end of the joint as po
and not in such pesition as to be hidden or unrea

anent
shall
fabri-
exte-
after
all be
Cation
bf the
bsible,
dable.

SA-9220 Ductwork Supports

Each ductwork support shall have noncorrpsive,
permanent identification markings. Identification jmark-
ings shall relate each ductwork support to the applicable
design and fabrication documents.

SA-9230 Air Distribution Accessories

Air distribution devices (i.e., grilles, registers, diffusers,
louvers, etc.) shall be marked, stamped, or providedwith a
nameplate that shall relate to the design and fabrication
documents. Identification shall be retrievable| after
completed installation.
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NONMANDATORY APPENDIX SA-A
DIVISION OF RESPONSIBILITY

This Appendix defines primary responsibility for individual sections of this Code section.
Table SA-A-1000-1 Division of Responsibility
SA Item Responsible-Party
3100 Certification of material Manufacturer/Supplier
3200 Material substitution Manufacturer/Supplier/Contractor/Owner or desjgnee
3300 Material testing Manufacturer/Supplier
4210 Load criteria Owner or designee
4220 Stress criteria Owner or designee
4230 Deflection criteria Owner or” designee
4240 Other criteria Owner or designee
4320 Duct joints and seams Contractor/Engineer
4410 Flexible connections Manufacturer/Contractor/Owner or designee
4420 Gaskets Manufacturer/Contractor/Owner or designee
4430 Access doors and panels Manufacturer/Contractor/Owner or designee
4440 Provisions for testing and maintenance Manufacturer/Contractor/Owner or designee
4450 Miscellaneous Manufacturer/Contractor/Owner or designee
4530 Pressure boundary leakage evaluation Owner or designee
4540 Leakage testing Owner or designee/Contractor
4600 Design specification Owner or designee
5120 Responsibility for procedures Manufacturer/Contractor/Owner or designee
5200 Visual inspection Contractor/Manufacturer/Owner or designee
5320 Systems completengéss Owner or designee/Contractor
5330 Allowance for tésting system leakage rates by sections Owner or designee/Contractor
5340 Testing procedures Owner or designee/Contractor
5350 Documentation Contractor
5361 Acceéptance criteria — quantitative leakage tests Contractor/Owner or designee
5362 Acceptance criteria — nonquantitative leakage tests Contractor
5410 Ductwork pressure test Contractor
5420 Longitudinal seam qualification test Contractor
6000 Fabrication and installation Manufacturer/Contractor
7000 Packaging, shipping, receiving, storage, and handling Manufacturer/Supplier/Contractor/Owner or designee
8000 Quality assurance All parties
9000 Nameplates and stamping Manufacturer/Supplier/Contractor
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NONMANDATORY APPENDIX SA-B
PROCEDURES TO DETERMINE ALLOWABLE LEAKAGE FOR
DUCTWORK

ARTICLE SA-B-1000
INTRODUCTION

(b) Determine the approximate radioactivity cgncen-
tration, C,, in MPC that can be expected in the froom.
For continuous occupancy, C, is less/than 1.

(c) Enter Figure SA-B-1221-1 with:the C,/C, ratjo and
determine the allowable unit leakage in cfm/ft? (L/§/ m?)
of duct surface. The value taken from the chart will be
applicable at the operatingpressure. The nomendlature
is as follows:

SA-B-1100 PURPOSE

The purjpose of this Appendix is to provide additional
guidance for determining the allowable leakage for air
cleaning, 3ir conditioning, and ventilation systems that

can be usqd to determine duct construction, installation, A = duct surfacarea, ft* (m?%)
and test requirements. AC = room yentilation rate, air changes per hpur or
This Apgpendix presents a method for determining 60qv/HLw (3.6qv/HEwW)
allowable Jeakage based on health physics requirements b = duct width, in. (mm)
(such as rpdioactivity concentration, maximum permis- C4 =%radioactive concentration in duct, pCi/qc
sible condentration, and iodine protection factor) and C, (3 radioactive concentration in room, pCi/cc
provides tlypical sample problems. D."= duct diameter, in. (mm)
Optiondl guidance is also provided for determining G = contamination source term, uCi/hr
alternate leakage criteria based on air cleaning and air H = room height, ft (m)
cooling system effectiveness and expected system instal- h = duct height, in. (mm)
lation qualities. L = allowable duct leakage per unit surfacq area,
cfm/ft? (L/s/m?%)
SA-B-1200 ALLOWABLE LEAKAGE BY HEALTH £ = room length, ft (m)

MPC = maximum permissible concentrations
SA-B-1210 General qv = room ventilation rate, cfm (L/s)
10 C.F.R| 20 sets limits on the airborneradioactive mate- 7" = nuclide half-life, hr
rial conceftrations in areas of nuelear facilities in which V. = room volume, ft* (m?)
plant perspnnel may be present-These limits are given by w = room width, ft (m)
10 C.F.R. 20, Appendix B, Table’1. A = radioactivity decay constant, hr*
This seftion provides{procedures to determine the

maximum
permissib
C.F.R. 20 §

PHYSICS CRITERIA

duct out-leakage based on the maximum
e concentration (MPC) as determined by 10
103, paras. a and b.

SA-B-lqu Procedure to Determine Allowable

(U.S. Customary Units)

l; = duct length, ft (m)

Duct-to-room contamination source term

G =17 1n6f'uJA

1)

Ceakage by Maximum Permissible
Concentration Method

SA-B-1221 The following describes a procedure for
determining allowable leakage, in cfm per square foot
(L/s per square meter) of duct surface in a clean inter-
space, under positive pressure in either normal or tran-
sient conditions.

(a) Determine the approximate radioactivity concen-
tration, Cy4, in MPC expected inside the duct.

(SI Units)

G = 3.6 x 10°CjLA

Equilibrium concentration in the room that results from

outleakage is


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

Figure SA-B-1221-1 Allowable Unit Leakage From Duct or Housing to Occupied Space

GENER|
(a) Ba
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(b) Co
(c) I-1

100 T FFFH ;
= A = 12in. duct, AC = 1
- B = 12 X 12 duct, AC = 1
” C = 60in. duct, AC=1
™ D = 60 X 60 duct, AC = 1 AT
10 b
= E = 12in. duct, AC=0 ALz
— F = 12X 12 duct, AC=0 v T
[~ G = 60in.duct, AC=0 B P’
H = 60 X 60 duct, AC =0 AT 1
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Concentration Ratio, C,/Cy

AL NOTES:
bed on 10 C.F.R. 20/Appendix B, para. B.2.1(d), eq. (B-1), and a room that s 25 ft* x 20 ft high. For other duct (and room) lengths
rate chart values\by
duct length » foom height
25 20

L = Lepare X

htamimnation assumed to mix uniformly in space.
B1\assumed to be contaminating nuclide.

(d) Allowable unit leakage applies to maximum operating pressure, P, as defined in 10 C.F.R. 20, para. 4.6.3.
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(U.S. Customary Units)

C, = G

60, (2)
28,320 v,(,l + qu)

r

(SI Units)

C, = =

Further assuming that the room height is 20 ft (6.1 m)
(U.S. Customary Units)

L= (%)%(%7; + A_C) ™)
(SI Units)

(C 420720693  —_)

L AY
1x 10"V,l/1 + %J

T

Equatiops (1) and (2) conservatively assume no reduc-
tion in C, dlue to exfiltration of air from room at the duct
leakage rate. Room volume is

V, = Hfw (3)

For a r¢ctangular duct, the surface area is

(U.S. Custdmary Units)

A= %(h +b) “@

(SI Units)

.z
A= 500(h+b)

Substityting egs. (1), (3), and (4) into eq. (2) and trans-
posing, the general equation for a rectangular duct is

(U.S. Custdmary Units)

_ & Hfw 0.693 & — 5)
F = (Cd]IOLﬁd(h+b)[ Tl/2 + AC]

(SI Units)

3 [cr ] 138H £ [0.693

- + AC
Cq ) 3 (#0) T1/2 ]

Assuming that thesduct cross section is square (b = h)
and that the roomis”square (w = ¥), eq. (5) reduces to

(U.S. Custdmary Units)

I
T

() hea Loy )

If the contaminating nuclide is I-131 (7% = 193.6 hr)
and £ = 25 ft and ¢, = 25 ft (7.6 m)

C o
L= (—r]ﬁ(o.oosss HVAC) ®)
Ci)h

For a sealed room, ac =0

(U.S. Customary Units)

=S|t )
Cy J11.17h

(SI Units)
L= & 1143
Cy4 h
For a room with ac = 1

(U.S. Customary Units)

L= & 25.09 (10)
(OF] h

(SI Units)

I = Cr 13202
Cy h

For a round duct, eq. (6) is replaced by

(U.S. Customary Units)

A= n(2>fd ¢8))
12

2
Lo (G| E 0693 ©)
Cyq)20 he¢y T1/2

(SI Units)

C 2( 0. —
- (_,]691{/ 0693 o=
Cq) hty T1/2

(SI Units)

A= n( b )fd
1000

and general eq. (7) becomes
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(U.S. Customary Units)

_ L[S (12)
157\ Cy4

H?¢ w| 0.693 e
;D ’1"1/2

(51 Units)

C _
L= 88.4(5} H ’fw[o'é% + AC]
4

4D | 1,

N
Z (C,n/MPCn)

n=1

represents the fraction of maximum permissible dose for
the stated period of exposure, usually a 40-hr week.

Determine the leak test requirements from SA-4500. If
testing is required, determine test method from TA-4300
and the required test pressure. Adjust allowable leak rate
for test pressure in accordance with SA-B-1222(h).

Where N nuclides are present in the duct, it can be
shown that

(U.S. Qustomary Units)
N
Z C,n/MPCn
Hfw n=1 (13)

104k + b) N

C4n/MPCn
= 0.693/TY/2n + AT
(SI Units)
N
Y Con/MPCn
_ 138HZw n=1
ti(h+b) N Cqn / MPCn

= 0693/ 1Y, /2n+4C

In most nuclide groupings, the term (0.693/T%) is
negligible when compared to even minimal ventilation
air change rates used in practice. Hence, eq. (13)simplifies
to

(U.S. Qustomary Units)

_ HfwAC D (€, MPCn) 14
1023 (h+b) Y&y / MPCn)

(SI Unjits)

188K wAC D, (Con/ MPCn)

SA-B-1222 For spaces required to be mainhfained at a
negative pressure with respect to surrodnding areas, the
effect of inleakage into negative pressureducts| outside of
the space served, must be evaluated to detdrmine the
reduction in air exchange rate and ¢orresponding increase
in room MPC. The procedure i as follows:

(a) Determine source tefms and parametg¢rs for the
event (e.g., pump seal\leak rate, concentration of
leaking fluid space vohime, required MPC).

(b) Determine the minimum air exchange rate (airflow
rate/room volime] required to maintain minimum MPC
based on a§ low as reasonably achievable (ALARA)
program.

(c), Determine the minimum flow rate td maintain
space ‘at design negative pressure.

(@) Determine design flow rate (this may be felected to
ventilate space and maintain environmental cpnditions).

(e) Determine minimum airflow tolerance by
subtracting item (b) or item (c) from item (dJ.

(f) Determine surface area of duct under negative pres-
sure outside the space served.

(g9) Determine allowable leakage rate [cfn]/ft* (L/s/
m?)] by dividing item (e) by item (f).

(h) Determine pressure boundary leakagf require-
ments in accordance with SA-4500. If testing i$ required,
adjust allowable leakage for test pressure in gccordance
with the following equation:

1
L= Lo(Pt/Po)/2 (15)

L, = leak rate at operating pressure, cfm/ftf (L/s/m?)

tg(h+b) Y (Cqn/MPCn) L. = leak rate at test pressure, cfm/ft* (L/s/m?)
P, = operating pressure, in. wg (kPa)
Singe theyratio P, = test pressure, in. wg (kPa)
N
Z (C,n/MPCn) (i) This procedure may not be required if the system is
n=1 designed, tested, and adjusted such that the minimum

represents the fraction of maximum permissible dose for
the stated period of exposure, usually a 40-hr week, and
C.n/MPCnisby 10 CFR 20 the equivalent concentration in
MPC, it can be seen that for a ventilated room eqgs. (14) and
(5) are essentially the same. It can be concluded that eq.
(5) is applicable to multinuclide duct leakage as well.
Finally, the ratio

design flow from the space served can be achieved and
the fan sized to handle the minimum flow plus the infil-
tration.

See Figure SA-B-1222-1.
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Figure SA-B-1222-1 System Parameters

C, = concentration in room
Qq = exhaust flow rate

Q; = equipment leakage rate
Cs = fluid concentration

P = partition factor [Note (1)]

U Fan flow Q3

Inleakage flow

NOTE: (1)T]
ambient air.

SA-B-

(a) Giv
15.2 m) loj
by Schem¢

Fan flow Q4

1222.1 Sample Problems

bn: A 30 in. x 12 in. x 50 ft (762 mm x 305 mm x
hg duct section at the fan discharge, represented
No. 7 of Figure SA-B-1410-1, has arated flow of

10,000 cfmp (4 720 L/s). The total surface area of the duct

system is
(1.0 kPa)
pied area !
where the
this ductw

1,050 ft* (97.5 m?). This duct is under 4 in. wg
hositive pressure and passes through an occu-
5 ft x 25 ft x 20 ft high (7.6 m x 7.6 m x 6.1 m),
C, shall not exceed 0.32 MPC. The discharge for
ork is credited with high-level release. The air,

change rafte in the surrounding room is at least 1 air

rate L4

he partition factor is the fraction of radioactivity in the process fluid that will become airborne when thatprocess fluid is leal

(SI Units)
C _
L (_r)lsstw 0693 4=
Cy J& (H+1b) T1/2
— 60052 x 138(6.1 X 7.6 X 7.6) % ( 0.0693 41
(15.2)(762 + 305) 193.6
= 0.0096 L/s/m? or 0.010 L/s/m>
where

T% = 193.6 hr

ed into

change pef hour. (b) Given: A cubicle containing a normally operating
Determiine: pump with a leak rate of 1 gal/hr (3.8 L/h) at a cgncen-
Allowallle leakage based on health physics require- tration of 0.15 Ci/cc. (The MPC I-131 is 9 x 107° {i/cc.)
ments. Determine:
Solutionh: (1) The required minimum room ventilation fate to
If the sgme duct is exhausting a_contaminated space maintain %4 MPC.
with an effective radioactivity condentration of 1,000 (2) The allowable duct inleakage if the exhaust fan is
MPC, it islassumed to have a-eoncentration, C; of 100 rated at 1,500 cfm (708 L/s).
MPC after| passing through ‘the filters. If the occupied (3) The unit leakage if duct system consists of|100 ft
space aroynd the duct is to'be limited to a concentration, (30.5m) of 12 in. x 12 in. (305 mm x 305 mm) dudtwork
C,, of 0.32| MPC, then G,/€C; = 0.0032. outside of the cubicle.
Solving feq. (5) of SA*B-1221
(U.S. Custdmary-Units)
(et o0 )
- ~r U770 A_C
LCdJIOfd(h+h)lT1/2 + J
20 X 25 X 25 0.693

= 0.0032 X

10(50)(30 + 12) x (193.6 * 1)

= 0.0019 cfm / f% or 0.002 cfm / f*
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Solution: (SI Units)
Consider a case with the following parameters: 2 3
allowable C, = %MPC Q; =0254m/s X 23 m” x (1 L/0.001 m”)
= %9 %107 Ci/cc =584 1L/s
=3 x 1077 Ci/cc
Cr = 0.15 uCi/cc (I-131) The allowable clean air inleakage is then 1,500 cfm -
Pr = 0.0075 (Reference NUREG-0017, 1,250 cfm = 250 cfm (708 L/s - 584 L/s = 124 L/s). The
Calculation of Releases of Radioactive ~ unit duct leakage is therefore equal to
Materials in Gaseous and Liquid Efflu- .
ents from PWRs _para 22 52 April (US. Customary Units)
1976) _ 250 cfm
gL = 1 gal/hr x 1 hr/60 min x 3,785 cc/gal duct length Xduct perimgter
for U.S Customary units 250 cfm
= 3.8L/hx1h/60minx1 000 cc/L for SI
units _ (50)2(30) + 2(12)
= 63 cc/min 12
=0.7 cfm/ft2
To meet C, under the above conditions
Q=4 X Cf X P/C, (S1 Units)
={ 63 cc/min X 0.15 Ci/cc X 0.0075/(3 X 1072 Ci /cc) L= 124 L/s
oo e ; ' e ' t/ee duct length X duct perimeter
=[2.363 X 10’ cc/min 124 L/s
I ) _ (152)2(762) + 2(305)
(U.S. Qustomary Units) = 1000
Q, = 2.363 X 10/ cc/min X (1 ft/30.48 cm)? = 38L/s/m>2
= 834 cfm
SA-B-1230 Allowable Leakage by loding
(SI Udits) Protection Factor Reduction
Q; 2363 x 107 cc/min X (1L/1000cc) X (1 min/60s) SA-B-1231 General. The iodine protection factor (IPF)
=3941/s is used to quantify the protection offered to plant person-
nel by air cleaning systems in protected areas|of nuclear
If tHe fan is sized to handle 1,500 cfm (708 L/s) for this facilities that are required to remain habitable fluring and
systeth, then the allowable clean inleakage, Q, is following design basis accidents.
The location of the air cooling, ventilation, and air
(U.S. Qustomary Units) cleaning system components, whether inside for outside
Q. = 1,500 cfm — 834-¢fm = 666 cfm of the habitability envelope, will affect the v3lue of the
e IPF. When portions of these systems arfe located
(st utlits) outside the habitability envelope, the effect of duct
inleakage or outleakage is a reduction of the [IPF value.
Qi = 708\L/s — 394 L/s = 314 L/s
SA-B-1232 Determination of IPF
However, itis’also a design consideration to maintain a .
linearlair yelocity of 50 ft/min (0.254 m/s) while the 25 ft* ,SA-Ff1232'1 IPF — All sySte.m Componénts Inside
(2.3 nj?)-dodr is open. (This criterion is set forth to main- Habitability Envelope. The location of all cdmponents
tain controlofairborne radicactivitvoventhouah thedeer Of the habitability area air cooling, ventilatign, and air
O

J
is open.) To meet this criterion, the following flow rate, Q4,
is required:

(U.S. Customary Units)

Q, = S0 ft/min x 25 f*
= 1,250 cfm

cleaning systems, within the habitability envelope, is

considered here as the ideal case and basis of
duct leakage.
The IPF! is defined as follows:

evaluating

! Murphy and Campe, “Nuclear Power Plant Control Room Ventilation
System Design for Meeting GDC-19,” 13th AEC Air Cleaning Conference.

131


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG

-1-2019

Figure SA-B-1232.1-1 Control Room System Flow Diagram

1800 cfm ’
| / : /a’ Zone 1
P« Air 4
conditioning
@ m @ ll unit (_1
\ 7
% // L \\< 3,000 cfm N A / ’{ 25,000 cfm Zone 3
\ .
1,200 cf ? cleaning
' em | unit l!
7 |
Emergency |
outsilde air |
intake |
ON :
10,000 cfm
Control room 10,000 cfm Zone 2
Door protected space
leakage \ 5,000 cfm
0cfm ) N
\
Legend: @
¢ =node symbol
Exfiltration
3,000 cfm

GENERAL N

dose without protection

IPF =
dose with protection

NOTE: “Dope” refers to the level-of_exposure to radioactive

DTE: See Tables SA-B-1234-1 and SA-B-1234-2.fop duct lengths, duct pressures, and leakage.

SA-B-1232.2 IPF — Components Inside and Optside

the Habitability Envelope. When all or part of the ¢

mpo-

nents of the habitability air cooling, ventilation, and air
cleaning systems are located outside of the habitability

iodine. zone, the leakage of these components will alter the
The val{ie of the IPF f6i-the configuration shown by  IPF- The following equation takes into account duct
Figure SA{B-1232.1-1.is_determined by the following: leakage for the system configuration shown by
Figure SA-B-1232.2-1:
pie At (16) Fs' + nFy + F
F(1-n) +F Pp=—> ""2775 (17
Fl(l - 71) + F3
where
F; = rate of outside make-up air, cfm (L/s) where
F, = rate of filtered air recirculation, cfm (L/s) F'=F+ (Lf — L,1), cfm (L/s) (18)
F3 = rate of unfiltered air infiltration through walls,
doors, etc., cfm (L/s) P _ _ (19)
n = radioiodine removal efficiency (per regulatory re- Fs'=Fs + (L2 = Ly) = Fy, cfim (L/s)

quirements)

Fy = Fs + (Ll — Lg) + (L,2 — L,) — F3, cfm (L/s) (20)
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(e) Next, calculate duct surface areas outside the habi-
table zone, classify as positive pressure, filtered recircula-
tion, unfiltered recirculation.

(f) Based on a parametric analysis, using eqs. (17)
through (20), determine the maximum allowable leak
rates for Ly, L1, L, and L, such that the IPF is achieved.

(g) Determine unit leak rate by dividing allowable leak
rates from (f) by surface areas from (e). This is the unitleak
rate at operating pressure.

(h) Determine the leak test method to he used, and

where
Fs = control room boundary exfiltration, cfm (L/s)
Ly = duct and housing inleakage with subsequent
filtration, cfm (L/s)
L,1 = outleakage from positive pressure air cleaning
ducts and housings, cfm (L/s)
L,2 = ductand housing outleakage from positive pres-
sure air conditioning system, cfm (L/s)
L, = duct and housing inleakage without filtration,
cfm (1./<)
NOTE:|(Lo1 - Ly + (L,2 - L,) represents the additional make-up

air required to maintain control room pressurization due to air
condit]oning duct and housing leakage.

SA1B-1233 Procedure to Determine Allowable
Leakdge by IPF Value Reduction. The following proce-
dure guantifies the reduction of the effectiveness of
the habitability area air cleaning system due to duct
leakage, in terms of IPF value reduction. By limiting
the pprcent reduction of IPF value, with respect to
duct |eakage, the effectiveness of the air cleaning
systerh in limiting personnel dose is maintained.

(a) [The determination of the air cleaning system flow
rate ysually involves an iterative process because it is
based|on
(1) the amount of airflow required to maintain a
positiye pressure differential [approximately 0.125 in.
wg (0{031 kPa)] across the control boundary, including
leakage through the duct system
(2) the amount of filtered recirculation air required
to acllieve the required IPF

(b) |The air required to pressurize the control room is
first calculated, and an assumed quantity for duct leakage
is addpd to it. After duct and housingléakage calculations
have been performed for the system/configuration and
layout, the original assumption is“revised accordingly.
The make-up airflow ratesshould be equal to the
contrgl room exfiltration/air-plus duct outleakage less
the dyct inleakage and«control room infiltration (if any).

(c) |The filtered recireulation air quantity is determined
by calfulating the.ratio of recirculated air to outside air to
meet p conservative IPF. The conservative IPF is deter-
minedl by calcdlating the minimum acceptable IPF
requiredCto*meet 10 C.F.R. 50 (2019), Appendix A,
Criteion™19 limits and multiplying this by a safety

determine the test pressure.
(i) Adjust the allowable unit leak rate for'test pressure,
in accordance with eq. (15).

SA-B-1234 Sample Problems-Given: A comtrol room
complex has an air cleaning-and cooling system.
Figure SA-B-1232.2-1 shows the configuratjon of the
system. During accident\eonditions, the air cleaning
system is required to pfevide a minimum IPF vdlue of 150.

The air cleaning unitand the air cooling unit gre located
outside of the protected area (i.e., the hgbitability
envelope) in_ascontaminated interspace. Sygtem para-
meters aregiven by Tables SA-B-1234-1 and SA{B-1234-2.

Determine:

Allowable leakage for Lg; Ly, Ly, and L, to mee
thesminimum IPF.

Ductwork and Housing Leakage Classifidations

From Figure SA-B-1410-2, Scheme No. 19, the leakage
classes for the recirculation air cleaning system are deter-
mined as Class II. Note, since the make-up air is pot filtered
prior to entering the return duct, the retufn duct is
assigned leakage Class I.

The leakage classes of the air conditioning units are
leakage Class I for the negative pressure feturn air
duct (because any inleakage would be unfiltpred), and
leakage Class II for the positive pressure sypply duct
(assuming control room pressure boundary requirements
can be maintained).

Solution:

For this example, an air cleaning system of|3,000 cfm
(1416 L/s) flow capacity has been selected| based on
1,200 cfm (566 L/s) required for pressurizafion and a
ratio of recirculation airflow to outside airflow of 1.5.
This ratio has been selected to obtain an initial] conserva-
tive IPF of 248. For this hypothetical case, a mihimum ac-
ceptable IPF of 150 will be assumed. In additioh to the air

[ or exceed

factor that will allow for a decrease in IPF due-to-duct
leakage. The recirculation air quantity is then rechecked
and revised, as necessary, when evaluating the IPF reduc-
tion factor due to duct leakage.

(d) After the outside and recirculated air quantities are
initially determined and the equipment located, the duct-
work can be sized and routed. The pressure in the duct,
relative to the surrounding area, must be determined for
the purpose of duct leakage calculations.

133

cleantne—systemthecontrelreem—alserequires a recir-
culating type air conditioning system with an assumed
capacity of 25,000 cfm (11800 L/s) [approximately
100 tons (351 685 W) of cooling capacity]. The exfiltration
has been determined to be 1,000 cfm (472 L/s) maximum
at 0.125 in. wg (0.031 kPa).

The maximum allowable duct leakage that will satisfy
the health physics requirements is determined for this
example by evaluating the reduction in the IPF. The
IPF is used to express the reduction in radioiodine


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

4-VS S3[qel 23S ‘JLON TVHINID

puaba

134

[, W LS

‘agexes] pue ‘saanssaad jonp ‘syadusy 1onp 10j Z-$€ZT-9-VS PuUe I-FEZT
V1+€7+94 wyo o
uonesxg JoquAs spou = ()7
€1-0L7 A Pue X Sapou usamiaq
abeyes| JO uoioalIp = A—-X| =\~
wyod g4
abexyes|
aoeds paidaro.d 100
Z duoz woot [04u0s) N\
C1-L71+2d+ 14
- ’//
- ~
LL-0L7 9 ] /@
/
/ 9-97 _ Pieul
W v { e T y-€7 el Je apjisino
| AouaPiaw]
N> 8L = =t | . o
ZL-0L7 | nun _
| Butues|o \
£ auoz \ / any //
! ! |
— uun | | @ z-17
& Buruonipuoo ) | Fu
y Iy Y z-L1
L auoz \\\ / \ 57
6-87
0 N 0L-67 @ \mf
&/ "

syjed abexes] yum wesbeiq moy4 wayshs wooy 1043u0) 1-Z'ZEZT-9-VS 34nbiy


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

Table SA-B-1234-1 Control Room Air Cleaning System Parameters for Leakage Analysis

Nodes Duct Size, Duct Length, Duct Pressure,
From-To in. (mm) ft (m) Duct Surface Area, ft? (m?) in. wg (kPa) Leakage Class
1-2 10 0.D. (254) 50 (15.2) 131 (12.1) [Note (1)] -1.0 (-0.25) 11
2-3 16 0.D. (406) 20 (6.1) 84 (7.9) [Note (1)] -2.0 (-0.50) 11
3-4 22 x 12 (559 x 305) 5 (1.5) 28 (2.6) [Note (2)] +10.0 (2.5) |
4-5 36 x 84 (914 x 2 134) 40 (12.2) 842 (78.2) [Note (3)] +10.0 (2.5) I
5-6 22 x 12 (559 x 305) 50 (15.2) 283 (26.3) [Note (2)] 2.0 (0.50) 11
7-2 12 0.D. (305) 75 (22.9) 236 (21.9) [Note (1)] 1.0 (0.25) I
NOTES
(1) Square meters calculated using A = nl,(])Doo Id.

(2) Sd
(3) st

. I
uare meters calculated using A = y%(h +b).

Faight conversion, square feet to square meters.

Table SA-B-1234-2 Control Room Air Conditioning System Parameters-for'Leakage Analysis

Nodes Duct Size, Duct Length, Duct Pressure,
From-To in. (mm) ft (m) Duct Surface Area, ft>\(m?) in. wg (kPa) Leakage Class
1448 60 x 30 (1524 x 762) 50 (15.2) 750 (695) [Note (1)]  -2.0 (-0.50) I
8-p 60 x 30 (1524 x 762) 25 (7.6) 375 (3417) [Note (1)] -3.0 (-0.75) I
9-10 72 x 96 (1829 x 2 438) [Note (2)] 10 (3.0) 376 (34.9) [Note (3)] +5.0 (+1.2) I
10-f11 40 x 20 (1016 x 508) 40 (12.2) 400 (37.2) [Note (1)] +4.0 (+1.0) 11
10-f12 40 x 20 (1016 x 508) 40 (12.2) 400 (37.2) [Note (1)] +4.0 (+1.0) 11
10-13 26 x 12 (660 x 305) 40 (12.2) 250 (23.5) [Note (1)] +4.0 (+1.0) 11
NOTES
(1) Housing dimensions.
(2) Housing calculated using A = %(h +b).
(3) Straight conversion, square feet to square meters.
conceptration within the control room as a result of filtra- (SI Units)
tion ahd recirculation. 566 + (0.99)(850) + 0
For|this example, the IPF is determined using eq. (16): = T(568)(1 — 099) + 0 248.7
pp = FLt Myt Fs
- FA\Dn) + Fy For this particular example, a minimum IPF of 150 is
required to meet the dose requirements of 19 C.F.R. 50
wheré (2019), Appendix A, Criterion 19.
F, F filtered outside air, 1,200 cfm (566 L/s) In this case, as long as there is no duct lepkage, the
F, E filtered «ecirculated air, 1,800 cfm (850 L/s) minimum required IPF is exceeded. Howevgr, the IPF
F3 E unfiltéred air infiltration, 0 cfm (0 L/s) is reduced when the duct inleakage and outl¢akage are
n E filtration efficiency/100 taken into account. Therefore, this must be|evaluated
to determine if the reduced IPF is still acceptpable.
Ass gamr erectinteakage oug he-strface-areafor-the-air-eleaning-duetand housing
room boundary) of zero, since all doors have air lock vesti- under negative pressure, which would experience

bules, and a filter efficiency of 99% gives

(U.S. Customary Units)
1,200 + (0.99)(1,800) + 0

IPF =
(1,200)(1 — 0.99) + 0

248.5

135

inleakage with subsequent filtration, Ly, is

Nodes Surface Area, ft*> (m?)
1-2 131 (12.2)
2-3 84 (7.8)
7-2 236 (21.9)
Total 451 (41.9)
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The surface area of the air cleaning system under a posi-
tive pressure is

(U.S. Customary Units)

L, = 1,125 f X 0.07 cfm/f® = 78.8 cfn
Nodes Surface Area, ft* (m?) L2 = 1,426 f X 0.07 cfm/f = 99.8 cfn
3-4 28 (2.6)
4-5 842 (78.2) (SI Units)
5-6 283 (26.3
(263) L, = 104.5m? X 0.36 L/s/m> = 37.6 L/s
Total 1,153 (107.1) 5 5
L,2 = 132.5m” X 036 L/s/m” = 47.7L/s
The Surfb\' Ufth\' a;x LUlld;t;Ull;lls D_y Dt\’lll uud\.x d u\.sa
tive pressfire is Net air conditioning system leakage = L,2"5|L,, as
follows:
Nodes Surface Area, ft*> (m?)
14-8 750 (69.7) (U.S. Customary Units)
8-9 375 (34.8
(345) 99.8 cfm — 78.8 cfm = 21 ¢fmexfiltration
Total 1,125 (104.5)
(SI Units)
T.h? surface area of the air conditioning system under a 477 LJs — 37.6 L/S210.1 L/s exfiltration
positive pressure is
Nodes Surface Area, ft* (m?) With air .lock vestlbulesc F3 = 0; inserting into eqs. (18)
and (19) gives thefollowing:
9-10 376 (34.9)
10-11 400 (37.2) Fy = F + (Ly — L,1)
10-12 400 (37.2) Fs=F+ (L2—-L,) — F3
10-13 250 (23.2)
Total 1,426 (132.5) (U.S..€ustomary Units)
F'{ = 1,200 + (11.3 — 28.8) = 1,182.5 cfm
.For the pir cle-aning system, we will assume, based.on F's = 1,000 + (99.8 — 78.8) — 0 = 1,021 cfm
prior test experience and the -type of duct .constructlon 1,021 + (099 X 1,800) + 0
used, that|{the unit leak rate, in the operating pressure IPF = (L182.5)(1 - 099) 10 =237
range spefified, will be 0.025 cfm/ft? (0.127 L/s/m?). e )
This resulfs in (SI Units)
(U.S. Custdmary Units) F'{ = 566 + (532 — 13.6) = 557.7L/s

Ly =451 f X 0.025 cfm/f% = 1153 cfm

L, 1,153 f¢ x 0.025 cfmyf? = 28.8 cfm

(SI Units)

I = 419 m® X 0.127 L/s/m* = 532 L/s

L1| = 107.4m?* x 0.127 L/s/m?

0

13.6 L/s

Air cleaping’system net leakage = L,1 - Ly, as follows:

F's =472 4+ (47.7 — 37.6) — 0 = 482.1L/s

_ 4821+ (099%x850)+0

237
(557.7)(1 = 0.99) + 0

Since this is greater than the required IPF with
the duct leakage is acceptable.

Based on this analysis, the actual leakage from eag
segmentand housing should be calculated, based on
operating pressure, to determine the actual allo
leakage. This value should then be corrected for tes
sure to establish acceptance criteria for duct/housin

argin,

h duct
Actual
wable
pres-
gleak

(U.S. Customary Units)
28.8 cfm — 11.3 cfm = 17.5 cfm exfiltration

(SI Units)
136 L/s — 5.32L/s

8.28 L/s exfiltration

For air conditioning systems, assume the leak rate to be
0.07 cfm/ft* (0.36 L/s/m?)

136

testing.
Subsequently, if actual test results indicated that the
inleakage was
Ly = 50 cfm (23.6 L/s)

L,1 = 30 cfm (14.2 L/s)
Ly,2 = 50 cfm (23.6 L/s)
L, = 200 cfm (94.4 L/s)

the IPF would become
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(U.S. Customary Units)
F'{ = 1,200 + (50 — 30) = 1,220 cfm
F's = 1,000 + (50 — 200) = 850 cfm
_ 850+ (0.99) (1,800)

SA-B-1330 System Quality

There may be a desire to establish bench mark leakage
rates for various leakage classes or types of construction,
or both, to determine quality during the installation

IPE= (1,220)(0.01) 2157 process.
The Owner or system designer should establish the leak
(SI Units) rate associated with the type of construction by previous
Fy = 566 + (236 — 142) = $754 L/s test experience, calculation, or by a shop or field test at the
1 ) ~ o beginning of the installation.
s =72 e 0= 7%8) = JULaL/s The Owner or the Owner’s designee should randomly
[pE = 2012+ (099)(850) _ select sections of ducts or individual housings'fo leak test
(575.4)(0.01) in situ. Selection of duct sections may/be. basefd on ASQC
Z1.4 or other equivalent method; howevetr, this {s not man-
which|is still above the minimum IPF and still provides a datory.
margih.
SA-B-1400 AIR CLEANING SYSTEM
SA-B11300 ADDITIONAL LEAKAGE CRITERIA CONFIGURATIONS AND LEAKAGE

Additional leakage criteria may be developed to meet
plant-specific ALARA criteria. Additional criteria may take
the fofm of specifying air cleaning system effectiveness or
systern quality parameters. It is recommended that the
basis |for these additional criteria be documented to
allow [future evaluation of test data. Examples of criteria,
which{ have been previously established in industry stan-

dards| are identified below.
SA-B

Ong
leakag
is to ¢

1310 Air Cleaning System Effectiveness

approach to establishing values for allowable
e rates based on air cleaning system effectiveness
rovide arbitrary values for percent of systém flow
rate bpsed on leakage classification (see SA-B~1400). The
valueg in Table SA-B-1310-1 have been histerically used.
Hoyever, these rates may not be representative of
actual system design margin sincessystem design flow
rates nay be established due to ngnsair cleaning require-
mentd. For these cases, the procedure for establishing unit
leakdge rates should follow the format used in
SA-B-[1232.2. Determing{the minimum requirements,
establlish the flow rate“tolerance, and proportion
acrosg duct surface-area.

SA-B:1320 Air Cooling Effectiveness

When space temperatures must be maintained to
ensurfe the functioning of equipment, the air cooling
syste esT ave icte argi 3
for allowable pressure boundary leakage. An evaluation
to ensure that the maximum space heat gains are
accounted for in the design shall be performed.

U V U U OU
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CLASSES

An air cleaningsystem can be defined schematically in
terms of thre€ spaces and two components.
(a) Thethree spaces may be either exterior
and are
(1)\the contaminated space
(2) the protected space
(3) the interspace
(-a) contaminated relative to the ai
system located within the interspace
(-b) clean relative to the air cleanipg system
located within the interspace
(b) The two components are
(1) fan
(2) air cleaning unit
All spaces noted above represent possible lorations for
the different parts of the air cleaning system. Thle contami-
nated and protected spaces also include thqg points of
system origin and termination respectively. [The inter-
space refers to all other spaces — contan]inated or
clean — where the air cleaning system ot its parts
may be located.

SA-B-1410 Leakage Classes

Leakage Classes I and II have been assighed to the
various sections of each air cleaning system tq represent
the qualitative effect of leakage on the air cleanjng system

tretion: s—ateakage—ClassHrclassifteation indicates
that due to system configuration and location, a higher
leakage rate may be allowable. Conversely, a leakage
Class I classification indicates a more stringent leakage
rate is required. Leakage classes are shown in
Figures SA-B-1410-1 through SA-B-1410-3.

or interior

" cleaning

O oS,

(19)
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Table SA-B-1310-1 Maximum Allowable Leakage Factors for Air Cleaning Effectiveness

Leakage Class ESF Duct Total Non-ESF Duct Total
[Note (1)] [Note (2)] Housing [Note (3)] [Note (2)] Housing [Note (3)]
I 0.10 0.10 N/A 0.50 0.10 0.60
11 1.00 0.20 1.20 5.00 1.00 6.00
NOTES:
(1) Refer to SA-B-1400 for configuration that determines leakage class. Leakage is apportioned to surface area by
L= a % PxQ
A 100

where
A = suifface area of the total system ductwork per leakage class, ft* (m?)
= suffface area of the duct section, ft* (m?)

Ls = allgwable leakage in duct section, scfm (sL/s)

= makimum allowable leakage factor (from Table SA-B-1310-1)

Q = sygtem rated flow (cfm) (L/s)
(2) All ductp under positive pressure that discharge into the plant stack for high-level release credit shall be leakage”Class I.

(3) Assumep housing surface area is 20% of duct surface area (not applicable for Leakage Class I ESF duct systems). Duct and housing 14
shall be pdjusted for actual housing and duct surface area ratios, but the total percent leakage shall not excéed\the sum of the listed

Q
1

“

akages
bercent

leakage$ for duct and housing.
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Figure SA-B-1410-1 Single-Pass Air Cleaning System Configuration

Contaminated Interspace Protected
Scheme Space Clean/Contaminated Space
No.
] I i 1 11 [Note (1)]
2 I 1 I 1 [Note (1] iy | NR
NR I:l T A
1 - ulm . um [Note (1)1
? 1 -
[Note (1)]
4 1I I I/1I 1I — I
— P
5 1 | [Nlﬂl)] v [Note (1] 1y | R
NR —
- [Note (3)] [Note (1)]
6 1l 1 114 I otetll g | nr
NR
[Note (3)]
; I 7 w1 v [Note (1)1
[Note (3)] [Note (1)1
8 I 71 — | — 1 |
— -
9 (H_+F——
[Note (1)]
I p1 [Note 311 I i} 1§
10 C—CH
" 1l . u 1 I — [Note (D] \y | R
NR s —
[Note (3)1 N 1
1 1 1 [Note (1)1
12 1 1 NR
NR s —
| egend:
: | = air cleaning.unit O =fan NR = not recommended

NOTES

(1) Alllducts under-positive pressure that discharge into the plant stack for high-level release credit shall be leakage Class L.

(2) Spjce classification is based on the relative concentration of the space with respect to the duct (e.g., contaminated interspace mgans concen-
tration within'space is greater than duct or housing at that point). Thus, as duct concentration changes due to filtration, the space ¢lassification
will charige in a given area.

(3) Nofed¢duct sections that pass through a clean interspace and that are under a negative pressure for all modes of operfition may be

leakage Class II.
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Figure SA-B-1410-2 Recirculating Air Cleaning System Configurations

Contaminated Interspace
Scheme Clean Space [Note (1)]
No.
1l — I
13 — %
14 1I — 1| — 1I
\_~ —
[Note (2)1
15 1L — 1 I O 1
NR
1I
NR
1I 1I 1
1
16 NR
1I 1I
NR I \ NR
—J
[Note (2)]
1I 1 1I I
17 Ny
NR
1I 1
1
NR | I
1I | 1
1
18  —
I [Note (2)] NR
NR I )\
)
[Note (2)]
1I 1 /—I 1|
19
N\
NR
I 11 [Note (2)]
NR Il ]
11 [Note (2)] 11 [Note (2)]
20 I = 1 —
e —
NR
1I
NR
1I I — I
21 1 I
NR
11 1I
" N,
Legend:
I:l = air cleaning unit O = fan NR = not recommended
NOTES:

(1) Contamination level of fluid within ductwork is less than contamination level of interspace.
(2) Leakage Class I shall be used if ductwork is under negative pressure with respect to interspace during normal or transient system operation.
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Figure SA-B-1410-3 Recirculating Air Cleaning System Configurations

Contaminated and Clean Interspace
Scheme Protected Space [Note (1)]
No.
2 I — 1I G 1I
23 u — I 1
\_~ —
I I H[NOte (2)1 1
“ — A
I I
25 | |
1I L\) 1I
I — 1 1
2“ 2
NR
i — i
NR { I
| (r[Note (2]
27 u —
| IS |
1I I Lul_
I I
S ]
NR
1I I
1
NR
29 u e 1 u ! 1 !
K./" —
NR
NR 11
30 N ! "
—_
- - (r[Note (2)]
[\
~~/
Legend:
[ = air cleaning unit O = fan NR = not recommended
NOTES:

(1) Contamination level of fluid within ductwork is greater than contamination level of interspace.
(2) Leakage Class I shall be used if ductwork is under positive pressure with respect to interspace during normal or transient system operation.
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NONMANDATORY APPENDIX SA-C
ADDITIONAL GUIDELINES FOR DUCT DESIGN AND
CONSTRUCTION

ARTICLE SA-C-1000
FUNCTIONAL DESIGN

INTRODUCTION

Procedyres and data for sizing of ductwork to provide
the desired air quantities and distribution are presented in
the ASHRAE Handbook: Fundamentals and in SMACNA
1958. Prijnciples of room-air distribution and duct
system layout are also described in those publications.
Exhaust system concepts are described in ACGIH Indus-
trial Venti]ation.

SA-C-1200 GENERAL
SA-C-12

(a) Sedls

(1) Gpskets should be installed on the door and a
“knife-edge” sealing surface for the gasket should be
provided} Gasket should be neoprene or siliCone
rubber with a recommended durometer of 30(to*40 in
Shore A sgale. Spacing shall enable a compression that
ensures ldakage requirements are met and ‘provides a
uniform ghsket compression of 50% £20% of nominal
gasket thi¢kness.

(2) The gasket should be installed in as few pieces as
possible o minimize number<of’joints. Gasket joints
should be glovetailed type toprevent leakage due to misfit-
ting butt jpints.

(3) The gasket should be protected from possible

Access Doors

(1) Sufficient clearance should be provided so that
doors can be opened to enable access fontesting, cpmpo-
nent replacement, repair, or inspection:

(2) Drawings for each type andsize of door should be
submitted to the Owner for review prior to fabri¢ation.
Door drawings should show\location and detgils of
hinges, latching lugs, and gdskets.

SA-C-1220 Drains

The number of nermally open drains should be kejpt to a
minimum (i.e.‘drains should be manually valved off when
not needed during operation) to reduce the possibilities of
degrading-the pressure boundary or bypassing the air
cleaning“init or filter banks.

Traps or loop seals when used should be designled for
the maximum operating (static) pressure the dudt may
experience during system start-up, normal operfation,
system transients, or system shutdown. Proyision
should be made for manual or automatic fill systems
to ensure water loop seals do not evaporate. If njanual
filling is used, a periodic inspection or filling prodedure
shall be implemented. A sight glass should be cons{dered
to aid in inspection. The same applies if a local symp is
included in the design.

The drain system should be designed so that unalccept-
able backup of liquids into the duct will not ¢ccur.
Hydraulic calculations should be prepared to dociment
this feature of drain system design. Provision ghould
be made in plant radwaste system to treat maximunp coin-
cident flow rate.

Initial testing of the drain system should be perfprmed
by the Owner on site, after installation, to demorjstrate
operability.

When shutoff valves or check valves are used, they

(1) Latches shall seal in Iess than 270 deg motion.
Latches shall not have more than one handle per location;
that is, there shall not be a handle to position the inside
clamp and a separate handle to tighten the clamp down.

(2) Latches shall be configured so that when open,
gravity will hold them in the open position.

(3) Latch assemblies shall have a minimum number
of components and be designed so no loose components
can fall off.

(c) Additional Guidance

should be initially tested on site, after installation, and
periodically thereafter for operability and leakage.
Valve leakage should be considered as part of the allow-
able leakage criteria derived in SA-4532.

SA-C-1230 Duct

Round duct is generally preferred because it is stronger
(particularly when internal pressures are negative and
collapse would be the failure mode), is frequently
more economical for high pressure construction, and is
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(19) Table SA-C-1300-1 Duct Construction Standards

Maximum Design Static Pressure,

SA-C-1300 DUCT CONSTRUCTION STANDARDS

Table SA-C-1300-1 lists standards that may

be used in

the mechanical design of ductwork. SMACNA HVAC Duct
Construction Standards contain design data for both
maximum design static pressures indicated in the
Table. Although design data in the SMACNA Round and
Rectangular Industrial Duct Construction Standards
have been developed for negative-pressure applications,
they may also be used for positive-pressure design. Posi-

in. wg
SMACNA Manuals Positive Negative
HVAC Duct Construction 10 (2.5 kPa) 3 (0.75 kPa)
Standards
Rectangular Industrial 30 (7.5 kPa) 30 (7.5 kPa)
Duct Construction
Standards
Roun. Hdustrinl Duct 20 ('7.C 1 D—\} 20 ('7.E LD )
Corfstruction Standards

easier
round
and i
round

SA-C

Dug

to join and seal than rectangular duct. However,
duct occupies more space than rectangular duct,
[ is more difficult to fabricate some types of
branch fittings.

1240 Access for Service, Testing, and
Inspection

ts that will have to be cleaned out periodically

shouldl be equipped with low-leakage access hatches at

strate

bic points.

tive-pressure designs using the HVAC Duct Co
Standards are less conservative than positiv
designs using the Round and Rectangular
Duct Construction Standards.

When using either the Round or Rectangular
Duct Construction Standardsyfor'nuclear pg
system design, the system¢nay be considere
1, as defined by SMACNA.

These duct design réferences do not incorpo
tural design requiremeénts. Guidance given in t
ences must be evaluated for structural cap4
revised as necessary to meet the requirg
Article SA<4000 and the nuclear facility spe
meters.

nstruction
P pressure
Industrial

Industrial
wer plant
as “Class

rate struc-
hese refer-
bility and
ments of
cific para-
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SECTION HA
HOUSINGS

inting
Code

hg, air
hous-
ection

, and

occur

b
b

becific
s, see

HA

ARTICLE HA-1000 limited to, HEPA filters, refilters, adsorbers, mojisture
INTRODUCTION separators, cooling and heating coils, dampeys, mo
frames, and fans are covered in other Division I}
HA-1100 |SCOPE sections. . _
This section does not apply to sizing of housings, nor
This segtion provides requirements for the perfor-  does it apply to the design of the niielear air cleani
mance, degign, fabrication, installation, inspection, accep-  conditioning, or air handling systems in which the
tance testing, and quality assurance for housings and ings are installed.
housing pupports used in air and gas treatment Housing interface boundaries as applied to this s
systems irf nuclear facilities. are shown on Figurés HA-1300-1, HA-1300-2
HA-1300-3. Interface boundaries occur betjween
HA-1200| PURPOSE housing penetratiohs and external piping, instrumenta-
This pugpose of this section is to ensure that housings tion, am.i coRQu¥t. Interface boundaries also
] : between internal and external components and stryctural
and housing supports are acceptable in all aspects of - :
desi : support members directly attached to the housin
esign andl operation.
HA-1300 | APPLICABILITY HA-1400 DEFINITIONS AND TERMS
. . . . . . . The definitions and terms described below are s
This secfion applies to housings containing air cleaning, . . o
. ) . e to this section. For other definitions and term
air handling, and air conditioning components. Internal
. . . : AA-1400.
componer]ts of housings including, but not necessarily
Figure HA-1300-1 Housing, Air Cleaning Unit: Walk-In Type
Prefilters and Manifold (Section HA)
mounting frames
Housing
Firg protection Lighting
\ ’L feature
Access ~T¥ N
door <—k L 4_‘ ’_'
/ \/—\ T
\/ Scope of Sectio
- - ]

-

| A

Moisture drain
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AN
\ Mounting

/HEPA filters/adsorbers
and mounting frames

channel base

Scope of others
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Upstream test housing

Figure HA-1300-2 Housing, Air Cleaning Unit: Side-Access Type

Side-access housing (removable access door)
(HEPA or adsorber)

— prefilter
— moisture Downstream test housing
separator /
1 = . = =
} t
. = T = T =
- = - Airflow Scope af S:ctnc n HA
| | == =1 - = —> —N ]
- T . T . Scope of others
u )
| | == =!I - = 4_’
> T T o
+ o ‘-‘ ;‘ 4 °
L = 7 A
Moisture drain / \ Metinting
Aerosol or test gas injection ports channel base
Upstream sample ports Downstreaninsample ports
Figure HA-1300-3 Housing, Air Conditioning Unit: Walk-In Type
Prefilters and Heating and cooling coils
mounting frames Housing
. . Lighting
Fire protection \ feature
Adcess Y ———
door &L 5 /— Blower/fan
\ —~ — A / Flexible confiection
|
Scope of Sectign HA
| l Scope of others
— —
" il Bl L
! | | A
| I I T
\ Mounting

Moisture drain
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air cleaning unit: a self-contained assembly that includes
all components whose primary function is to remove
particulate matter (filter) or gas phase contaminants
such as radioactive iodine (adsorber). A unit includes a
housing plus internal air cleaning components. An air
cleaning unit may be walk-in or side-load-type design.

air conditioning unit: a self-contained assembly of all
components whose primary function is to change air
temperature or relative humidity. Unit may include

Publisher: Illuminating Engineering Society (IES), 120
Wall Street, New York, NY 10005 (www.ies.org)

Industrial Ventilation: A Manual of Recommended Prac-
tice, 23rd edition

Publisher: American Conference of Governmental Indus-
trial Hygienists (ACGIH), 1330 Kemper Meadow Drive,
Cincinnati, OH 45240 (www.acgih.org)

NFPA90A-2009, Standard for the Installation of Air Condi-

. 3 . 1l 1 ac S o
hOUSlng, fa TI(S, TIEJUITg daITt/ OT COUIIE COTI(S ), TIHTETS,; €T,

air handli
nents wha
perform b
air cleanin

g unit: a self-contained assembly of all compo-
se primary function is to move air. Units that
bth cleaning and handling shall be classified as
g.

e portion of an air cleaning, air conditioning, or
air handlir]g unit that encloses and provides access to their
respectivelcomponents, and provides connections to adja-
cent ductyork, instrumentation, and ancillary systems.

housing: th

manifold: 3 device to uniformly disperse test agent over a
defined arfea from a single pipe or tube or to uniformly
collect te4t agent mixed with air from a defined area
into a single pipe or tube.

ARTICLE HA-2000
REFERENCED DOCUMENTS

The codps and standards listed below shall supplement
those listed in Article AA-2000. Unless otherwise speci-
fied, the 13test edition shall apply.

AISIS100,
Cold-Fo
Publisher:
Town C

North American Specification for the Desigh of
'med Steel Structural Members

American Iron and Steel Institute(AISI), 2000
enter, Southfield, MI 48075 (wiww.steel.org)

AMCA 201
Publisher:
nationa
Drive, A
ca.org)

, Fans and Systems

Air Movement and Control Association Inter-
Inc. (AMCA International), 30 West University
rlington Heights;1L"'60004-1893 (www.am-

ASHRAE H
Publisher:
Air-Con
Circle, N

andbook: ‘Fundamentals

[AmericanSociety of Heating, Refrigerating, and
Hitiohihg Engineers, Inc. (ASHRAE), 1791 Tullie
Ej)Atlanta, GA 30329 (www.ashrae.org)

tiomng and Venttating Systemns
Publisher: National Fire Protection Association,(NHPA), 1
Batterymarch Park, Quincy, MA 021697471
(www.nfpa.org)

SMACNA 1520, Round Industrial Duct Constructior
dards

SMACNA 1922, Rectangular Industrial Duct Constr
Standards (Inch-Pound Version)

SMACNA 1943, Rectangular:industrial Duct Constr
Standards (SI Version)

SMACNA 1966, HVAC Duct Construction Standards:
and Flexible

Publisher: Sheet Metal and Air-Conditioning Contr3
National Association (SMACNA), 4201 Lafayette
Drive, Chantilly, VA 20151-1209 (www.smacna

Stan-
liction
liction
Metal

ctors’
Center

org)

ARTICLE HA-3000
MATERIALS

HA-3100 ALLOWABLE MATERIALS
HA-3110 General Requirements

(a) Material used shall have properties and composi-
tion suitable for the application as defined by the ¢lesign
specification and the service conditions, as defined in
AA-4213. Materials shall be in conformance with the
ASME and the ASTM materials listed in Table
AA-3100-1. Substitute materials shall be equivalent to
or exceed the requirements in Table AA-3100-1. Jubsti-
tute materials shall be approved by the Owner or dedignee.

(b) Materials that are part of the pressure boundary or
equipment support shall meet the structural requirfment
of Article HA-4000.

(c) Materials expressly prohibited or limited shall be

ASTM D2240-2005, Standard Test Method for Rubber
Property — Durometer Hardness

ASTM D5144-2008, Standard Guide for Use of Protective
Coating Standards in Nuclear Power Plants

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

IES Lighting Handbook, eighth edition, 1993
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explicitly described in the design specification.

HA-3120 Protective Coatings

All carbon steel surfaces shall be painted to protect
against corrosion and to facilitate cleaning and deconta-
mination. Coatings shall comply with the requirements of
AA-6500 and ASTM D5144. Coatings shall meet radiation
resistance, chemical resistance, and decontamination re-
quirements in accordance with the design specification.
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Stainless steel, galvanized, bronze, copper, aluminum, and
glass surfaces are not required to be coated.

HA-3200 SPECIAL LIMITATIONS ON MATERIALS
HA-3210 Metals

HA-3211 Physical Properties. Changes in the physical
properties of metals at minimum and maximum design
temperatures must be recognized and factored into the

ARTICLE HA-4000
DESIGN

HA-4100 GENERAL DESIGN

Housings shall be designed in accordance with the re-
quirements of Article AA-4000 and this section. The design
shall incorporate requirements for structural strength,
rigidity, and sealing surfaces to provide leak-tightness
of internal mounting frames to the housing. Decontami-

deSigl’l ofhro u.)iuso.

HA
galva
alumi
when
other

HA-
not bg
prote
of the
be ap

HA1

3212 Galvanic Corrosion. The possibility of
hic corrosion due to the relative potentials of
hum, copper, and their alloys should be considered
used in conjunction with each other, or with steel or
metals and their alloys.

3213 Corrosive Vapors. Aluminum and zinc shall

used in the presence of corrosive vapors unless
ted by coatings designed to prevent deterioration
metal. Protective measures other than coating shall
broved by the Owner or designee.

3214 Nonmetallic Materials. The use of nonme-
tallic materials such as plastics, elastomers, and similar
substdnces is permitted in the construction of housings
provided that, in the selection of these materials, consid-
eratiop is given to

(a) |emission of toxic vapors

(b) |degradation of properties caused by temperature
extregnes, radiation exposure, chemical exposure,-and
aging

(c)

HA-

maintainability

3215 Deterioration of Materialsin Service. Itis the
respofsibility of the Owner or designee to identify the
envirpnment in which housings must operate so that
the mlanufacturer can select the/grade of materials to
meet fhe conditions stated in the.design specification.

HA-3800 CERTIFICATION OF MATERIAL

For|structural and_pressure boundary materials, the
suppljer shall make)available certified test reports of
chemical and physical properties. For those ASTM mate-
rialsN;Lhat do‘not have physical testing required by the

ASTM| spécification, tensile testing shall be performed
per AFTM~A370.

nation requirements shall be specified by the] Owner or
designee in the design specification.
HA-4200 DESIGN CRITERIA

HA-4210 Load Criteria

HA-4211 Loads. Loadstto_be considered in
tural design of housings are listed in AA-421
following additions and-clarifications.

the struc-
1 with the

component load (€L): the force of the internally mounted
components imposed on the housing. CL is separated into
four portions; deadweight, normal operating pressure
differential\(NOPD) for the particular comp()jent, oper-

atingcbasis earthquake (OBE), and safe shutdgwn earth-
quake*(SSE). Additional dynamic loads (AD|L) will be
ptovided by the design specification as applidable.

deadweight (DW): the weight of the housing members
excluding the deadweight of internal equiprent such
as HEPA filters and their respective mounting frames.
DW includes sheet metal panels, door pangls, frame
members, and stiffeners.

c external
5 accident

or small
e located
[ housings
pcification
uirements

design pressure differential (DPD): the dynam
pressure load resulting from a design basi
(DBA), intermediate break accident (IBA)
break accident (SBA). Housings should b
outside the local pipe break affected area. I
are subjected to these loads, the design sp
(HA-4600) shall address the specific design red
considering a Level D load combination.

external load (EL): as defined in AA-4211.

hydrostatic load (HY): the load from accumulat¢d conden-
sate, water deluge systems, moisture separatorg, and asso-
ciated housing flooding. The hydrostatic load shall be
established by documented analysis based dn housing

All other materials used in the construction of housings
shall be provided with a manufacturer’s certificate of
conformance covering the ASME, ASTM, or other material
specification, grade, and class, if applicable.

147

Internal configuration and component runction, and
shall be added to the DW case as applicable.

live load (L): the load that includes a construction main
load of 250 lb on the roof of the housing. Housing
sheet metal floors shall be designed for at least a 50
psf live load when no other floor system is provided
(e.g., grating, concrete slab).

normal operating pressure differential (component)
(NOPD_): the opening pressure differential across the
component from upstream to downstream of the

(19)
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Table HA-4212-1 Load Combinations

Service Level Load Combination

A N+T+L+CL+W

B Not required, see Level C

C N+ T+ L+CL+SL+ ADL

D If DPD Applicable, N + DPD + SSE + ADL
compone

housing gdnd external to the housings. For ease of
design, a housing may be designed using one pressure
value that]envelopes system operational pressure tran-
sient (SOHT) and NOPD.

seismic lodds (SL): loads that are the result of the envelope
of the OBE|and the SSE. As an option, the OBE and SSE may
be considdred separately with the OBE loads used for the
level B loafl combination. Both orthogonal components of
horizontalland vertical components of the seismic excita-
tion shall be applied simultaneously in the direction that
will prodyce worst-case stresses and deflections. These
components may be combined by the square root of
the sum of the squares (SRSS) method.

system opdrational pressure transient (SOPT): as defined in
AA-4211 g¢r may be enveloped with NOPDy, and NOPD..

T and N: 4s defined in AA-4211.

For other component load criteria, see the follewing
sections annd/or other applicable Division II Code'sections:

(a) HEHA filters: FC-4300

(b) Typg Il adsorbers: FD-4300

(c) Typg Il adsorbers: FE-4400

(d) Moynting frames: FG-4200

(e) Danppers: Article DA-4000

(f) Moidture separators: Article ' FA-4000

(g) Prefilters: Article FB«4000

HA-4212 ‘Load Combinations. The applicable loads are

Floor-mounted housing supports shall be designed to
act as an integral base of the housing. Anchorage to the
floor shall be designed to transfer the lateral forces
without overturning or deforming the housing unit.
Units with internal mounting frames where leakage is
a design consideration shall have floor anchorages
near the junction of the mounting frame and base.
Smaller units, which are typically provided with the
base from the vendor’s facility, shall be designed for
i i i i ith a
using
lation

ne A d d QN ere QN QA0 d 0 d1e(
package unit. Larger units that are installed
modular construction need only consider the-insta

loads associated with each piece.

HA-4220 Stress Criteria

The allowable stresses for housing sheet metal m
and cold-formed members shallbe’as defined in AIS
The allowable stresses forchet-rolled shapes and
shall be as defined in the AISC Specification f
Design, Fabrication and\Erection of Structural Stg
Buildings.

For plate- and'shell-type housing components, s
the housing sheet steel, the stress criteria shall be in
dance with AA-4321. For linear-type components, s
the housing stiffeners comprising shapes or plate
stress(criteria shall be in accordance with AA-433

hterial
S100.
plates
r the
el for

ich as
hccor-
Lich as
s, the
1.

HA-4230 Deflection Criteria

HA-4231 Deflection Limits. The deflection limit shall
be specified in the design specification and shall| be in
accordance with AA-4230.

HA-4232 Deflection Limits for Mounting Frames and
Equipment Interfaces. For walk-in housings, the deflec-
tion limits for the mounting frames shall also be cpnsid-
ered at the interface between the frame and the hdusing.

For deflection limitations of other equipment (e.g, fans,

dampers, ductwork), see the applicable Division I] Code
sections.
HA-4240 Other Criteria

HA-4241 Vibration Isolation. Vibration isolatipn re-
quirements shall be specified by the Owner or depignee
in the design specification.

HA-4242 Provisions for Relative Movement. [Clear-

given in TabteHA=4212-1

HA-4213 Service Conditions. The requirements of
AA-4213 apply.

HA-4214 Designand Service Limits. The requirements
of AA-4214 apply.

HA-4215 Housing Supports. Housing supports shall be
designed per the loads and load combinations in HA-4211
and HA-4212. The stress criteria for each load combina-
tion shall be per HA-4220.

148

ance shall be provided to allow for relative movement
of the internal equipment during operation and mainte-
nance of the equipment.

HA-4243 Tolerances. Tolerances shall be specified for
all external and internal interface boundaries. Tolerances
shall be specified in the design documents. Tolerances
shall be accounted for in applicable design analysis
(e.g., location of applied load).

(19)
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HA-4244 Housing Attachments. The attachment
design shall include all service limits and load combina-
tions set forth in HA-4212 and HA-4213, or as required by
the design specification.

Attachments shall be either the welded or the bolted
type.

HA-4245 Welded Attachments. Consideration shall be
given to local stresses induced in the housing wall by inte-
gral attachments as defined in AA-4243.

HA-4322 Acceptable Transverse Joints. The following
types of transverse joints are acceptable for use in housing
sections subject to the limitations of HA-4330, HA-4340,
and HA-4500:

(a) welded lap joint

(b) welded butt joint

(c) welded flange

(d) companion angle: gasketed and bolted

HA-4323 Other Types of Connections. Other types of

Attychment and housing material shall be compatible
for welding. See Article AA-6000.

Thgpermissible types of welded joints shall be in accor-
dance|with the welding procedure qualifications/prequa-
lificatjons of AA-6300.

HA14246 Bolted Attachments. Consideration shall be
given fo bolting and local stresses induced in the housing
wall Hy nonintegral attachments as defined in AA-4243.

The design of bolts for structural supports shall meet
the rqquirements of AISC Specification for the Design,
Fabridation and Erection of Structural Steel for Buildings.

HA
comp
fatigy
HA-47
housi
allow
of thd
and E

HA
ment
comm

4247 Fatigue Considerations. Internal housing
bnents subjected to FML should be designed for
e based on cyclic loading of the element. See
11 to determine the portion of the affected internal
hg components. The appropriate reductions in
hble stresses are given in Section 5, Appendix B
AISC Specification for the Design, Fabrication
Fection of Structural Steel for Buildings.

4248 Fire Protection. Fire protection reqtire-
shall be specified by the Owner or.designee
ensurate with system-specific requirements.

300 HOUSING JOINTS AND-SEAMS
310 General

HA-4
HA-4

Selgction of joints and seams used in the assembly of
housing sections shall be Based on the required structural
integtlity, leak-tightness,and the fluid flow within the
systern. Duct-housingdnterconnections shall be designed
with donsideration“ef the air distribution uniformity.

HA-4

HA-
The fo
for use in housing sections subject to the limitations of
HA-4330, HA-4340, and HA-4500:

(a) welded lap joint

(b) welded butt joint

(c) welded flange

(d) fillet corner welds

320 Housing Joints and Seams
4321"Acceptable Longitudinal Seams and Joints.
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Tigid longitudinal and transverse connections jnay be ac-
ceptable provided that the design structural cElracteris-
tics are qualified. Qualification shall be.documented by
engineering evaluation or test as specifipd by the
Owner or designee. Qualification-test shall dgmonstrate
the joint’s ability to withstand-foad combipations in
HA-4212. Joint design qualification shall be fompleted
prior to the start of fabrication.

HA-4324 Bolts and Fasteners. Connections shall be
designed to sustdin all loading combinatiohs. Bolted
connection and, joint design shall be designdd to meet
allowable leakage of HA-4500.

HA-4330. Air Cleaning Unit Joints and Spams

HA-4331 Welds. The pressure boundary
séams for all air cleaning unit housings shall b
ously welded.

oints and
e continu-

s shall be
the hous-
Fession or
it are not
hllic mate-

HA-4332 Seals. Penetrations on housing
sealed by welding, with a sealant qualified foy
ing’s environment, or with adjustable comp
gland-type seals. Gland-type seals include b
limited to O-rings, gaskets, and other nonmet
rials.

HA-4333 Electrical Conduits and Drains. Alll penetra-
tions by electrical conduits and drains shall b¢ arranged
and individually sealed or valved so that bypassing of
HEPA filter banks or adsorber banks cannot take place.
Electrical conduit open to the inside shall be|internally
sealed to meet allowable leakage determined i HA-4500.

HA-4334 Separate Mounting Frames. Whet
mounting frames for HEPA filters and ads
required, they shall be continuously seal wel
housing.

e separate
rbers are
Hed to the

ing Units
Housing, Joints and Seams

These unit joints and seams shall be of either welded or
bolted construction or other types meeting the require-
ments of HA-4323 and the allowable leakage criteria
specified in the design specification.
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HA-4341 Penetrations. Penetrations on housings shall
be sealed by welding, adjustable compression, gland-type
seals, or other method capable of meeting allowable
leakage criteria for the housing as determined in HA-4500.

HA-4400 ACCESSORIES
HA-4410 Gaskets

Gaskets shall be made of materials that are compatible
with the cptrdittonsof HA-4606—Gasket-dimensions—sha
be based on joint design. An acceptable criterion for
compression of gasket material shall be established on
the basis ¢f the gasket chosen. This acceptance criterion
and the sg¢rvice life of the gasket anoint shall be docu-

mented by evaluation or testing as determined by the
Owner or |[designee.

HA-4420| Access Doors and Panels

Construgtion of doors and panels and door frames shall
be selectedl to meet the allowable leakage determined in
HA-4500. Sealing surfaces between doors and panels and
their framles shall be designed for compression sealing.
The design shall incorporate means for adjusting
compressipn forces, gasket compression, and alignment.

Spacingfofhinges, latches, and bolts shall be determined
by calculation or test to ensure a uniform compression of
the gaskef. Spacing shall enable a compression tight
enough tp ensure leakage requirements are met
(HA-4500] and provide a gasket compression uniformity

person.
from bot

an-entry housing doors shall be operable
inside and outside the.hlousing and be

uate the desigh function of the equipment to determine

manifolds that are required to be installed within the filter
housing should be designed for permanent installation
within the housing. If permanently installed manifolds
cannot be provided, then manifolds shall be designed
to be removable, with each manifold piece numbered,
tagged, and marked for reinstalling prior to each test.
Permanent manifold installation is recommended to
obtain better repeatability of test results. When an air
cleaning unit contains two or more HEPA filter banks
- anks i i hoth_injection and
sampling manifolds for the respective test agenlts are
required for each of the filter and/ or adserber banks.
General guidance for manifolds fis,;given in
Nonmandatory Appendix HA-C.
Injection manifolds shall be qualified in accordance
with HA-5700. Sampling manifolds/shall be qualified in
accordance with HA-5800.

HA-4433 Housing Access; Walk-in housings sHall be
protected and braced to \prevent damage by pergonnel
entering for inspectipn and maintenance. Walk-in
access doors [a migimum of 20 in. wide by 50 if. high
(51 cm wide byn227 cm high)] shall be provided on
each side of each component section when hqusing
size permits."A permanent platform shall be indtalled
internal;to’ the housing to provide access to filtdrs for
filter‘banks greater than or equal to 6 ft (apprdx. 1.8
m).in height. Platform shall not interfere with| filter
access or airflow distribution.

Space shall be provided both internal and external to the
housing for equipment removal and maintenande. See
Nonmandatory Appendix HA-B for additional guidance.

HA-4434 Lighting. Walk-in housings shall be|fitted
with vapor-tight lights between each bank of components.
For walk-in air cleaning unit housings, fixtures shall be
flush mounted and serviceable from outside pf the
housing. Lighting levels shall be determined based dn per-
sonnel safety visual requirements given in the design
specification and guidance provided by the IES Lighting
Handbook.

HA-4440 Miscellaneous

HA-4441 Drains. Consideration shall be given to firains
depending on requirements, services, or compdnents
within each compartment. Drains shall be requirgd for

[(a) fire protection sustems
7 r 4

where test ports (including injection and sampling ports)
are required.

The penetration shall comply with HA-4332, and have a
cap or plug that is suitable to meet the pressure require-
ments of the housing.

HA-4432 Manifolds. The Owner or designee shall
determine where injection and sampling manifolds are
required. Injection and sampling manifolds shall be
constructed of metal to minimize damage potential and
to maintain manifold qualification. Sampling and injection

(b) removal of decontamination liquids

(c) moisture separators

(d) condensing cooling coils

Drains form an integral part of the housing pressure
boundary and are subject to air leakage requirements
established in HA-4500.

The size selected for each drain furnished in the housing
as well as the collection point for each drain shall be docu-
mented by calculation or test as determined by the Owner
or designee.
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For additional guidance on the design of drains, see
HA-B-1220.

HA-4442 Insulation

(a) Insulation shall be provided as specified by the
Owner or designee to ensure air conditioning function,
limit condensation, or provide acoustic noise reduction
as required.

(b) Acoustic linings and thermal insulation shall not be

(c) [Insulation applied to the outside of housings shall
not pfrevent access to doors, access panels, or other
compénents requiring adjustment or maintenance.

(d) |The fire hazard classification of applied insulation,
adhesjve, and sealer shall not exceed a flame spread of 25
and stnoke developed of 50 in accordance with NFPA 90A.

HA14443 Clamping Mechanism. Side-access housings
shall Have a clamping mechanism, filter retrieval features,
and filter indexing mechanisms. The clamping mechanism
be individually adjustable for each HEPA filter or
adsorbper.

For| side-access housings with fluid seals, the filter
clamging mechanism shall be capable of moving the
filter pn and off through adequate travel to ensure the
knife{edge is embedded into the pliable sealant and
providles seal for the complete perimeter of each filter
or adgorber.

Thq clamping mechanism shall provide for uniferm
gaskdt compression. The clamping mechanism-for
walk-Jn housings shall be designed per Section FG.

HA14444 Fire Detection. If required to be.installed in
the housing, fire detection instruments_shall meet the
reliabfility and sensitivity requirements of the system
speciffcation. Fire detection instyinients shall be either
thermistors or carbon mogroxide (CO) or carbon
dioxidle (CO,) or smoke detectors or a combination
theregf. The active element(s) of any such system shall
be pldced as follows:

(a) |for carbon mediabeds, thermistor shall be properly
locateld with respéctto each bed to ensure coverage of the
total bed as well‘as localized hot spots that may occur
within the bed:

(b) |the*CO or CO, or smoke detector or a combination
thereaf shall be placed at a location downstream of the

HA-4500 PRESSURE BOUNDARY LEAKAGE
HA-4510 General

Pressure boundary leakage shall be controlled to ensure
satisfactory environmental conditions.

Allowable leakage for a housing, or portion of a housing,
shall be determined considering the following factors:
(a) control of airborne contamination
(b) control of space pressure

(d) control of space humidity

HA-4520 Applicability

Housing pressure boundary leakage shall apply to air
cleaning, air conditioning, and airHandling systems. Each
housing’s pressure boundary shall include th¢ following
items:

(a) housing enclosure

(b) access panels and doors

(c) penetrationS)for instrumentation piping| electrical,
and other utilities

HA-4530 “Evaluation

HA=4531 Responsibility. The Owner or desjgnee shall
establish the allowable leakage to ensure ventilation,
temperature, and contamination control funictions are
achieved.

HA-4532 Allowable Leakage Determingtion. The
following criteria shall be used in the deternjination of
allowable leakage:

(a) application of governing codes, reguldtions, and
plant-specific requirements

(b) consideration of each housing’s operating mode,
including anticipated system upset conditiop, such as
rapid closure of dampers

(c) normal and maximum operating pressures
throughout the pressure boundary

(d) system internal and external environmeptal condi-
tions

Guidance for determination of allowable [eakage is
given in Nonmandatory Appendix SA-B.

cleaning, air conditioning, and air handling houfings exhi-

HA-4533 Exceptions to Leakage Requirements. Air
biting one of the following conditions nelEd not be

adsorber at which adequate air mixing has been verified.
This location may be outside the housing in the down-
stream duct. If smoke detectors are used, high efficiency
filters shall not be located between the carbon adsorbers
and the smoke detectors.

Single-point temperature sensors are not considered an
adequate method of detecting an adsorber fire and shall
not be used as the sole means of fire detection.

subjected to quantitative measurement of leakage
unless otherwise required by the design specification:

(a) housings in systems serving only the protected
space and located only within the same protected space

(b) housings under negative pressure that are located
entirely in a clean interspace, and only provide air cooling
or heating function

However, the housing shall be pressurized to locate and
seal all audible leaks. For typical system configurations,
see Figures SA-B-1410-1 through SA-B-1410-3.
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HA-4534 Documentation. Derivation of allowable
leakage for each housing, or portion thereof, shall be docu-
mented by the Owner or designee. This documentation
shall include the following:

(a) identification of housing or portion of housing

(b) governing codes, regulations, and plant-specific re-
quirements

(c) purpose of leakage control; see HA-4510

(d) system mode of operation

(e) norfmmwm_wmm
(f) method of derivation of allowable leakage

(g) test|pressures and associated allowable leakage

HA-4600

The Ow
following
and housi

(a) load

(b) env

(1) h

DESIGN SPECIFICATION

ner design specification shall contain the
information that is relevant to the housing
g supports covered by this section:
s as defined by HA-4211.
ronmental conditions, as follows:
busing external-design environmental condi-
tions including, but not limited to, pressure, temperature,
relative hymidity, radiation exposure, and hostile envir-
onmental factors for all plant conditions
(2) hpusing internal-design environmental condi-

tions for dll system operating conditions

(c) seryfice conditions as defined by AA-4213.

(d) design and service limits as defined by AA-4214.

(e) alloyvable housing leakage as defined by HA-4500.

(f) systém safety-related function: identify the function
of the housing for each plant condition. The function shall
consist of purpose and operational parameters (i.e., flow,

ARTICLE HA-5000
INSPECTION AND TESTING
HA-5100 GENERAL
HA-5110 Scope and Applicability

This section contains general requirements for the
inspection and testing of housings and housing supports.

ritten
by the

When an inspection or test is required herein, W
inspection or testing procedures shall be develeped
parties performing the test or inspection. to the specific
requirements of this section. The inSpection or testing
shall be performed by personnel qualified in accordance
with ASNT SNT-TC-1A as amendéd by ASME NQA{1 and
AA-6433.

HA-5200 INSPECTION
HA-5210 General'Requirements

Visual inspéctions shall be performed in accondance
with AA-5200~and TA-3510.
Inspection and testing of welds shall be perforn

accordance with AA-5300 and Article AA-6000.

hed in

HA-5220 Housings

Housings shall be inspected for proper dimensions
including tolerances, as specified by HA-640D and
governing construction documents.

leakage, pressure, temperature). Plant conditions and HA-5221 Joints and Seams. Joints and seams shall be
service linits are defined by AA-4213 and AA-4214. visually inspected. Acceptance criteria shall be as fdllows:
(9) firelprotection requirements. (a) Joints and seams shall comply with the refjuire-
(h) matgrial certification requirements. ments of HA-6400 and HA-6500.
(i) toletance requirements. (b) Gasketed joints shall provide uniform gasket
(i) inlet and outlet configuratiofs. compression. Gaskets shall be installed per constrjiction
(k) houping components, as-fellows: documents.
(1) afisorbers (c) Longitudinal or transverse welded jointq shall
(2) fgns comply with Article AA-6000 requirements.
() fi ters (d) Threaded fasteners shall be provided with 1¢cking
(4) mjoisture separators devices in accordance with AA-6258.
(5) dpmpers
(6) hpaters HA-5222 Stiffeners. Stiffeners shall be vigually
(7) coils inspected to ensure compliance with the following accep-
(8) insutatiom tanee-eriteria:

(9) access requirements (i.e., doors, access panels)
(10) instrumentation and controls
(11) spray-type conditioners
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(a) Stiffeners shall comply with the fabrication and
installation requirements of Article HA-6000.

(b) Welds shall comply with Article AA-6000 require-
ments.

(c) Threaded fasteners shall be provided with locking
devices in accordance with AA-6258.

(d) Removal of temporary attachments shall be veri-
fied.
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HA-5230 Housing Supports

Supports shall be visually inspected during installation,
after installation, or both, in accordance with the following
acceptance criteria:

(a) Supports shall comply with the fabrication and
installation requirements of HA-6400.

(b) Welded joints shall comply with Article AA-6000
requirements.

(c) Threaded fasteners shall be provided with locking

HA-5340 Documentation

A test report shall be prepared to document the pres-
sure boundary leakage test. This report shall include the
following information:

(a) housing or portion of housing tested

(b) specified allowable leakage and test pressure

(c) calculations for housing section square footage for
housings tested by sections

(d) adjustments to allowable leakage

devicgs in accordance with AA-6258.
(d) |Removal of temporary attachments shall be veri-
fied.

HA-5p40 Filter Mounting Frame to Housing Weld

Inspection

The
adsor
tive tg

housing filter mounting frame for HEPA filter and
bers shall be inspected using visual and nondestruc-
st methods per AA-6330.

HA-5800 PRESSURE BOUNDARY LEAKAGE

TESTING

B10 Allowance for Housing Leakage Rates by
Sections

HA-5

Terphporary isolation at a transverse joint shall be
allow¢d subject to the following requirements:

(a) |Transverse joints not subjected to a quantitative
leak test shall be companion angle type or other type
that epables visual inspection of the sealing mechanism
betwden mating housing sections.

(b) |Assembled joints using gaskets shallbe visually
inspegted to ensure uniformity of gasket.compression.

(c) |The reduced allowable leakageyL,, of housing
sectiops shall be as follows:

L =L —R

R ={g7Cr )L

C; F total perimeéter of all joints in tested section,
including capped end joints

(e) measured leakage test

(f) list of pressure boundary components-which were
not installed during the pressure boundary ldakage test

(g) test equipment used, including“’model number,
serial number, and evidence of ealibration

(h) names of test personnel

(i) date of test

HA-5350 Acceptance-Criteria

HA-5351 Quantitative Leakage Tests. Alcceptance
criteria for quantitative leakage tests shall comply with
HA-4500.

HA-5352 Nonquantitative Leakage Tlests. For
nonquantitative leakage tests allowed by HA}4533, the
acceptance criteria shall be that audible lpaks have
been sealed.

HA-5400 MOUNTING FRAME TO HOUSI
LEAKAGE TEST

A mounting-frame pressure leak test may pe used to
detect leaks in the HEPA filter and adsorber| mounting
frames that could affect the results of the in{place leak
tests in TA-4300. The test, if used, shall be fonducted
in accordance with Nonmandatory Appendix [TA-A.

NG

HA-5500 STRUCTURAL CAPABILITY TES

A pressure test shall be performed at the
capability pressure per TA-3522. This test sha
tained for the duration of the inspection. Upon ¢
of this pressure test, housings exhibiting p
distortion or breach of integrity shall be rg
replaced. The pressure test shall be repe

T

structural
1 be main-
ompletion
ermanent
paired or
hted after
tortion or

Cr E totaliperimeter of all joints in tested section, . . .
. . o repair or replacement until no permanent dis
including capped end joints . o

. breach of integrity is observed.

L, E—$ection-allowable-leakage

R = reduction in allowable leakage in cfm/ft*

HA-5330 Testing Procedures

Prior to pressure boundary leakage testing, test proce-
dures shall be developed in accordance with TA-3430. All
test equipment shall be specified with the proper range
and required accuracy. Test procedures shall include
acceptance criteria determined by HA-4500, and
HA-5350.
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HA-5600 AIRFLOW DISTRIBUTION TESTS

When required by the Owner, airflow distribution quali-
fication tests for housings containing more than one HEPA
filter or adsorber bank shall be made in the shop in accor-
dance with TA-4600. This requirement shall be specified
inthe Owner’s specification. Acceptance criteria shall be in
accordance with TA-4600. Housings containing HEPA
filter(s), adsorbers, or both shall be field tested to demon-
strate adequate airflow distribution in accordance with
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TA-4600. Tests shall be performed with components in the
housing and the housing complete (i.e., assembled). Minor
items such as temperature elements, pressure taps, etc., do
not need to be installed as these components do not signif-
icantly influence airflow distribution.

The Owner or designee shall specify a shop test in the
design specification when housing inlet or outlet condi-
tions could result in nonuniform flow distribution.

HA-5700 -AIR-AEROSOL MIXING UNIFORMITY  Article HA-3000 requirements.

TESTS

When r¢quired by the Owner or designee, air-aerosol
qualificatipn tests for housings containing more than one
HEPA/adsprber shall be made in the shop in accordance
with TA-4600 for each manifold design. This requirement
shall be spgcified in the Owner’s specification. Acceptance
criteria shall be inaccordance with TA-4600. Tests shall be
performefl with components in the housing and the
housing cpmplete (i.e., assembled). Minor items such
as tempefature elements, pressure taps, etc., do not
need to bg installed as these components do not signifi-
cantly infliience mixing. This design qualification test may
be perforjmed once and submitted to the Owner or
designee 1or approval. The design of the manifold and
its location in the housing must be the same as qualified
or a new qerosol mixing test is required.

HA-5800{ SAMPLING MANIFOLD TESTING

Samplinjg manifolds shall be qualified to demonstrate
that they follect a representable sample equivalenit-to
a single-ppint sample taken at a point at least-20vduct
diameteys downstream of the filters. Refer to
Nonmandptory Appendix HA-D for performance test
guidance. [To ensure required leakage detection, accep-
tance critg¢ria for sampling manifolds shall be equal to
or greater than the concentration detected with the
single-point sample.

HA-5900( AIR CONDITIONING AND AIR HANDLING
UNIT TESTING

When required by the Owner or designee, integrated
componept functional acceptance testing shall be
performed in the shop per Article TA-4000. This require-
ment shal] b€ included in the Owner’s specification.

HA-6110 Scope and Applicability

This Article contains specific requirements for the fabri-
cation of air cleaning, air conditioning, and air handling
unit housings and their supports.

HA-6120 Materials

HA-6121 Material Selection. Materials used in fabrica-
tion performed under this section shall conform to

HA-6122 Material Identification. Materialsjtobg used
in the fabrication and installation of compenénts,|parts,
and appurtenances shall be identified on fabricationjdraw-
ings and in the specification,~as requirgpd in
Article AA-6000.

HA-6123 Repair of Material¢With Defects. M3jterial
with defects that are discevered or produced during
the fabrication process-mdy be used, providdd the
defects are repaired in accordance with the requirements
of Article AA-8000y and for weld repairs, in accoildance
with AA-6300.

HA-6130 Control of Installation and Fabrication
Process

Qudlity control procedures shall be prepared andfmain-
tainled current for all fabrication processes in accoildance
With Article AA-8000 requirements.

HA-6140 Welding

The welding of filter housings and supportq shall
comply with the requirements of AA-6300.
Welding and brazing performed in accordance with this
section shall meet the requirements of AA-6300 and
AA-6400.

HA-6200 FABRICATION PROCESS
HA-6210 Cutting, Forming, Bending, Aligning, and
Fitting

HA-6211 Uncoated Metal. Uncoated metal may be cut,
formed, or bent by any means that does not degrafle the
mechanical or chemical properties of the material.

HA-6212 Coated Metal. Coated metal may be cut,

ARTICLE HA-6000
FABRICATION

HA-6100 GENERAL

Air cleaning, air conditioning, and air handling unit
housings and supports shall be fabricated in accordance
with this section and Article AA-6000.

foTTITed, OT Dent a5 described I HA-62 11 Coating
damaged by scratches, gouge marks, or the removal of
coating shall be repaired in accordance with AA-6540.

HA-6213 Inside Bend Radii. Inside bend radii shall not
be less than the values of the material grade given in AISC
325.

HA-6214 Joining Parts. Parts that are to be joined may
be fitted, aligned, and retained in position during the
joining operation by the use of bars, jacks, clamps,
drift pins, tack welds, or other temporary attachment.

(19)
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The fitting and aligning process shall not damage the
joined parts, or their surfaces, or enlarge bolted holes
greater than the values shown in the AISC Specification
for the Design, Fabrication and Erection of Structural Steel
for Buildings, Table 1.23.4.

HA-6215 Temporary Attachments. Temporary
welded attachments may be used in the fabrication
process but shall be completely removed after use.
Where such temporary attachments are used, they

HA-6422 Surface Finish. Pits, roll scratches, weld
spatter, and other surface defects within the sealing
areas shall be ground smooth. After welding, ground
areas shall merge smoothly with the surrounding base
metal.

HA-6430 Side-Access Housing Filter Fluid Seal
Surfaces

The tolerance on each knife-edge shall be plane within

shall e subject to the following requirements:

(a) |[Material shall be suitable for welding with no reduc-
tion irff the structural integrity of the member to which the
attachment is secured.

(b) |Attachment material shall be identified as required
by Article HA-3000.

(c) [The welder and welding procedures shall be qual-
ified ih accordance with HA-6140.

300 MECHANICAL FASTENING

310 General

6311 Nuts. Nuts for all bolts and studs shall be
ed for the full length of the nut thread. Margin
be allotted to prevent the nut from engaging the
unthreaded portion of the bolt or stud.

HA16312 High-Strength Bolts. High-strength bolts,
used in making bolted structural joints, shall be installed
in accprdance with the requirements of AISC 348.

HA-

HA-6
HA-6

HA
engag
shall

6313 Pins. Pins for securing insulation should be
secur¢d to the metal surface by welding. Other attachment
methdds are acceptable, if allowed by the désign specifi-
cation. Justification of the attachment method used shall
be supported by evaluation or calculatioh as determined
by the|Owner or designee, considering the requirements of
the dg¢sign specification.

HA16314 Connecting. Connecting flange faces shall be
free of joint crevices at corners. These defects shall be
elimirjated by welding‘on grinding.

HA-GEOO FABRICATION TOLERANCES
HA-6
Hoy

10 General

sing-fabrication shall be accomplished within the

e, (3.2 mm)J.

HA-6500 CLEANING

All surfaces shall be cleaned per AA-6500 prid
tance. No halogen-bearing materials or carbon
shall be used to clean housings or components c
of stainless steel. Cleaning, shall be performe
dance with the manufacturer’s written proce

rtoaccep-
steel tools
nstructed
|l in accor-
lures.

ARTICLE HA-7000
PACKAGING, SHIPPING, RECEIVING, STORAGE,
AND HANDLING

HA-7100 GENERAL

Packaging, shipping, receiving, storage, an
requirements shall be in accordar
Article AA-7000 and this section.

| handling
ce with

HA-7200 PACKAGING
HA-7210 General

Air cleaning, air conditioning, and air han
housing packaging requirements are depenglent upon
the protection level as described in AA-7230. |Additional
clarification or exceptions are provided below.

dling unit

HA-7220 Protection

Air cleaning, air conditioning, and air han
housings shall be protected to prevent
damage. All openings shall be covered w
metal, or plastic. Waterproofing is required
moisture from interior spaces and externd
Mating surfaces shall be identified and sj

dling unit
physical
th wood,
fo exclude
1 devices.
ecifically
Level D is

t l detailad i £l £ s U | H 4
olerarees—detated-inthe-mantfacturers-design—draw

ings. These fabrication tolerances provide a method of
quality control. For separately installed frames in
walk-in housings, see Section FG.

HA-6420 Side-Access Housing and Gasket Seal
Surfaces

HA-6421 Flatness. Each HEPA filter/adsorber housing
seating surface shall be plane within % in. (1.6 mm).
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prnfnr‘fnd from dqmngn Protection nr}n:\l to
required for the basic unit. Protection for housing compo-
nents mustbe equal to that required by the level of protec-
tion specified in the applicable Code section.

HA-7300 SHIPPING

This subarticle relates to transportation methods from
the manufacturer or supplier to the job site. Shipping shall
comply with the provisions of AA-7100, AA-7200, and
AA-7300.
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HA-7400 RECEIVING

Receiving at the job site or intermediate location, where
additional work is to be performed or for long-term
storage, shall be accomplished in accordance with the
provisions of Article AA-7000. It shall be the requirement,
at any receiving point, to have adequate descriptions of
items to permit suitable inspection for conformance,
damage acknowledgment, and proper documentation.

HA-8300 DRAWINGS AND DOCUMENTATION

The design specification shall list the documentation
requirements for the housing and list when this documen-
tation is to be provided by the manufacturer to the Owner
or designee. Housing-related items shall include, but not
be limited to, the following:

(a) material certification and test reports

(b) housing drawings, including

(1) outline drawings

HA-7500
HA-7510

Housing
protection
Level D is
housing ¢
the level
section. Th
ments alg
HA-7530.

STORAGE

General

storage requirements are dependent upon the
level described by AA-7230. Protection equal to
required for the basic unit. Protection for
mponents must be equal to that required by
f protection specified in the applicable Code
ese levels shall be the required storage require-
ng with the requirements of HA-7520 and

HA-7520| Drains and Vents

All houding drains or vents shall be sealed or closed as
specified by the Owner or designee. Provisions may be
made to Use certain drains or vents for assurance that
water or dther objectionable material does not accumu-
late withif the housing.

HA-7530

Compon
are install
this sectio

Other Components

ents covered by other sections of this Codethat
bd into an integral assembly that is covered by
h shall be stored in accordance with AA-7230.

ARTICLE HA-8000
QUALITY ASSURANCE

HA-8100( GENERAL

Equipmient and material~covered under this section
shall be njanufactured;.fabricated, installed, inspected,
and testeld in accordance with the provisions of a
quality asguranee\program meeting Article AA-8000 re-
quirements.

(2) piping and instrumentation diagrams
(3) wiring diagrams
(c) material list
(d) welding procedures and procedure qualifi
records as required by applicable welding code
in HA-6140
(e) reports for tests and inspections requir
Article HA-5000
(f) seismic and environniental qualification reports
(g) operating, installation, and maintenance mgnuals

Cation
listed

ed by

ARTICLE HA-9000
NAMEPLATES AND STAMPING

HA-9100 GENERAL

All'items manufactured under the requirements
séction shall be identified to ensure compliancg
Article AA-9000 requirements.

Records, as necessary to ensure compliance
AA-8200, shall be maintained by the responsible o
zation in accordance with the approved quality asst
program.

pf this
with

with
rgani-
rance

HA-9200 STAMPING AND MARKING

Stamping and marking, as used herein, provides a
means of maintaining identification of finished pr¢ducts
for the purpose of retaining traceability of materipl.

HA-9210 Housings

Housings shall be provided with nameplates, in pccor-
dance with AA-9200, that relate the housings to the ap-
plicable design and fabrication documents. Holisings
fabricated in multiple sections need only one namg¢plate.
Each section shall have identification markings, pbser-

HA-8200 MATERIAL IDENTIFICATION

Measures shall be established for controlling and iden-
tifying material throughout the manufacturing process
and during shipment in accordance with Article AA-8000.
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vable after completed installation, which relate all
sections. Nameplates shall be visible after completed
installation.

HA-9220 Housing Accessories

Housing accessories shall be marked, stamped, or
provided with a nameplate that shall relate to the
design and fabrication drawings. Identification shall be
observable after completed installation.
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NONMANDATORY APPENDIX HA-A
DIVISION OF RESPONSIBILITY

Thi$ Appendix is intended to identify the roles normally assumed by the organizations responsible for fulﬁlling Code
requiements when not specifically addressed in an article or subarticle. These are guidelines to assist with.\Code compli-
ance gnd are not to be construed as legal or contractual responsibilities unless so invoked by the Owner or designee.

Table HA-A-1000-1 Division of Responsibility
HA Item Responsible Party

310 Allowable materials Owner or designee

320 Special limitations on materials Owner or designee

330 Certification of material Manufacturer/Supplier

420 Design criteria Owner or designeé

430 Housing joints and seams Manufacturer/Owner or designee

440 Accessories Manufacturer/Owner or designee

450 Pressure boundary leakage Owner-or designee

460 Design specification Owner or designee

512 Responsibility for procedures Manufacturer/Contractor/Owner or designee

520 Inspection Contractor/Manufacturer/Owner

532 Allowances for housing leakage rates by sections Owner or designee/Contractor

533 Testing procedures Owner or designee/Manufacturer/Contractor

534 Documentation Contractor

535 Acceptance criteria Contractor/Owner or designee

550 Structural capability tests Manufacturer/Contractor

560 Airflow distribution tests Manufacturer

570 Air-aerosol mixing uniformity tests Manufacturer

600 Fabrication Manufacturer

700 Packaging, shipping, receiving, storage, and handling Manufacturer/Supplier or Contractor/Owner or designee

800 Quality assurdnce All Parties

900 Nameplates-and stamping Manufacturer/Supplier

157
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NONMANDATORY APPENDIX HA-B
ADDITIONAL GUIDELINES FOR HOUSING DESIGN AND
CONSTRUCTION

ARTICLE HA-B-1000
GUIDELINES

HA-B-11Q0 INTRODUCTION

Procedyres and data for sizing of housings to provide
the desired air quantities and distribution are presented in
the ASHRAE Handbook: Fundamentals and in SMACNA
1958. Prijnciples of room-air distribution and duct
system layout are also described in those publications.
Exhaust system concepts are described in ACGIH Indus-
trial Venti]ation.

Guidande for design, construction, and testing of hous-
ings is provided by ERDA-76-21, Nuclear Air Cleaning
Handbook] — Design, Construction, and Testing of High
Efficiency JAir Cleaning Systems for Nuclear Application,
by C. A. Byrchsted, J. E. Kahn, and A. B. Fuller, and addi-
tional guidance provided herein.

HA-B-1200 GENERAL
HA-B-12]
(a) Sea

0 Access Doors

5. Gaskets should be installed on.doors and a
“knife-edge” sealing surface for the,gasket should be
provided| Gaskets should be neoprene or silicone
rubber with a recommended durometer of 30 to 40 on
the Shorq A scale, per ASTM\DP2240, Standard Test
Method fdr Rubber Property:< Durometer Hardness).
Access dopr design should-enable a compression of at
least 50% of nominal(gasket thickness and provide a
gasket corhpression uniformity of +20%.

The gagket should be installed in as few pieces as
possible fo minimize the number of joints. Gasket
joints shquld~be designed to prevent leakage due to

(b) Hinges and Latches. Latches should seakin legs than
270 deg of motion. Latches should not have ntfore than one
handle per location.

Latches should be configuredfse-that, when
gravity will hold them in the open position.

Latch assemblies should have 'a minimum numper of
components and be designed so loose components
cannot fall off.

Side access, bag-out_access doors should have Hinges,
latches, or boltsof{sufficient quantity and strength to
compress the¢sgasket and maintain the proper sgal so
that the housing leakage criteria is met.

(c) Additional Guidance. Sufficient clearance shopld be
providedto enable doors to be opened allowing accgss for
testing, ‘component replacement, repair, or inspection.

Drawings for each type and size door shoyld be
submitted to the Owner for review prior to fabrigation.
Door drawings should show location and detgils of
hinges, latching lugs, and gaskets.

open,

HA-B-1220 Drains

The number of normally open drains should be kept to a
minimum as specified by the Owner or designeg (i.e.,
drains should be manually valved off when not needed
during operation) to reduce the possibilities of degrading
the pressure boundary or bypassing the air cleanirlg unit
or filter banks.

Drain lines shall be valved, sealed, trapped, or othg
protected to prevent an adverse condition where
the following could occur:

(a) air bypass around filtration components.

(b) negative impact on cooling/heating coil cagacity

(c) transfer of contaminated (radioactive or otherwise)
air through the piping to a protected environment (jeither

rwise
bne of

misfit butt joints.

The gasket for walk-in type housings should be
protected from possible damage when the door is
opened by installing the gasket within a channel or
with a metal bar between the door edge and the
gasket to protect it in an equivalent manner.

Side access, bag-out access doors often use gaskets that
accommodate the door to the housing seal. The gasket
ensures the ability to seal the door within the allowable
leakage criteria.
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into or out of housing)

Traps or loop seals, when used, should be designed for
the maximum operating (static) pressure the housing may
experience during system start-up, normal operation,
system transients, or system shutdown. Provision
should be made for manual or automatic fill systems
to ensure water loop seals do not evaporate. If manual
filling is used, a periodic inspection or filling procedure
should be implemented. A sight glass should be considered

(19)
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to aid in inspection. The same applies if a local sump is
included in the design.

The drain system should be designed so that liquids do
not back up into the housing. Hydraulic calculations
should be prepared by the manufacturer to document
this feature of drain system design. Provision should
be made in plant radwaste systems to treat maximum
coincident flow rate.

Initial testing of the drain system should be performed
by the Owner on site, after installation, to demonstrate
operability.

When shutoff valves or check valves are used, they
should be initially tested on site, after installation, and
periodically thereafter for operability and leakage.

Valve leakage should be considered as part of the allow-
able housing leakage criteria derived in HA-4500.

159


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

(19)

(19)

ASME AG-1-2019

NONMANDATORY APPENDIX HA-C
MANIFOLD DESIGN GUIDELINES

ARTICLE HA-C-1000
TEST MANIFOLDS

HA-C-11Q0 INTRODUCTION

Test mgnifolds discussed in this Appendix are those
required|for test agent injection, or sampling, to
perform ir}-place aerosol tests per TA-4600 and TA-4700.

HA-C-1200 MANIFOLD REQUIREMENTS FOR
IN-PLACE TESTS

HA-C-1210 Airflow

Airflow |capacity and distribution may require access
ports for fraverse measurements of airflow velocity on
housings tpo small for a person to enter and take the nec-
essary dafa. Specifically, there must be provision to
measure the airflow capacity, which is best measured
in a straight run by standard pitot tube traverse. If
there is n¢ straight run, then the measurements should
be taken downstream of a HEPA filter bank. This is,the
same locdtion at which the airflow distributign\test
data are usually taken.

The ports shall provide sufficient access toallow at least
10 measugements to be taken evenly over.the face of the
HEPA filtdr bank. Walk-in housings with-more than 10
filters will be large enough to allow entry, unless
unusual cgntamination restricts/entry.

HA-C-1220 Challenge/AirMixing Uniformity

Manifoldl requirements\for challenge/air mixing unifor-
mity testipg is similarto the access requirements for
airflow digtribution/ The difference is that the measure-
ments must betaken upstream of the HEPA filter bank or
adsorbent|banks Large housings usually allow entry for
personnel i -

Only small or highly contaminated systems need to be
tested with a remote traverse.

HA-C-1230 Multiple-Component Banks in Series

The most common problem area is leak testing
multiple-component banks in series. There are many
possible configurations that create this situation. A
HEPA/Adsorber/HEPA bank is the most common case;
however, HEPA/HEPA, Adsorber/Adsorber, HEPA/

Adsorber, or Adsorber/HEPA banks alone, or in corpbina-
tion, also may require the use of manifolds.\Refer to
Figures HA-C-1230-1 through HA-C-123045,

HA-C-1240 Absence of Components in Series

Even in a housing without components in series,|mani-
folds may be necessary. An_example is a recirculation
system with no inlet duct bgfore the filter bank. An|injec-
tion manifold is required’to obtain uniform test|agent
distribution.

HA-C-1250 Uniformity

Manifoldshare required whenever injection of |a test
agent at a‘single point does not result in the required
distribution of the agent over the inlet face of thq filter
bank to permit the performance of the leak tgst or
where sampling is required from an unmixed sfream.
Ah injection manifold is required to obtain uniform
test agent distribution.

HA-C-1300 CONSIDERATIONS FOR USE OF
PERMANENTLY INSTALLED
MANIFOLDS

HA-C-1310

Permanently installed manifolds, which have passed
Nonmandatory Appendix HA-D acceptance tejsting,
provide a quick and simple means to repeat leak Jtests.

HA-C-1320

Alternate methods of testing when a single{point
sample cannot be used, including temporary manjifolds,
are more time consuming than using a permanently
installed manifold system.

=-C-1330

Other methods require entering the air cleaning unit to
install a temporary manifold, take multiple samples, place
a shroud, remove a component, etc. This not only takes
time, but can be a personnel exposure and contamination
control problem with a contaminated system.
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Figure HA-C-1230-1 Common Configurations Requiring Test Manifolds (Plan A)

Single-point HEPA
sample for challenge
first-stage aerosol
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"

Prefilter /

</

HEPA

GENERAL NOTES:
(a) Injection of challenge aerosol/gas is in inlet duct.

(b) Downstream challenge aerosol/gas sample port may be lecated in outlet duct.

HA-Cr-1340

A pé¢rmanently installed manifold system allows a bank
test offthe air cleaning unit without turning the air cleaning
unit dff or breaching the pressure boundary that could
affect|system operation.

HA-C-1350

For| permanently jnstalled manifolds, consideration
shouldl be given toinstallation and removal of filters. If
the mfanifolds interfere with installation and removal,
then they shotild be designed for removal to allow
accesq to thefilters.

v

Charcoal
adsorber

Plan A: Ducted Inlet/Outlet
HEPA/Adsorber Configuration

\/

Postfilter

s

HA-C-1420

The complexity in design and installation of an injection
manifold varies greatly depending on the unif/ housing
configuration. An injection manifold downsfream of a
Type III adsorber (reference Section FE) is|relatively
simple given that the small manifold will follow the
slots and take advantage of the high velocity|flow from
them. Refer to Figures HA-C-1230-2 and HA-{-1230-3.

The HEPA-HEPA configuration requires a wider distri-
bution of injection and sampling because of th¢ low velo-
city and laminar flow.

The distance between the component bankg
considered when designing the manifold.

should be

HA-C-H00INJECTION-MANIFOLDS
HA-C-1410

Aninjection manifold is a device to allow uniform distri-
bution of the injected challenge agent into a housing to
permit proper leak testing of a filter or adsorber bank.
The challenge agent shall be uniform across the face of
the bank, including frame-to-housing interface, within
+20% of the average, to be confirmed by the air-
aerosol mixing uniformity test per TA-4600.

161

HA-C-1430

Aerosol injection manifolds require a much larger
diameter and additional design consideration than for
challenge agent manifolds used for adsorber testing. Chal-
lenge agent is a gas at normal ambient conditions, so
condensation and plate out is usually not a problem.
All aerosol is subject to plate out, condensation, and
agglomeration; therefore, all the recommendations of
HA-C-1440 through HA-C-1490 are critical.
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Figure HA-C-1230-2 Common Configurations Requiring Test Manifolds (Plan B)

Single-point upstream

L | Downstream
Injectl_on sample for first-stage sample
manifold HEPA/adsorber manifold for
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aerosol/gas

"
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adsorber \
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: p,,0 .0 O O
Prefilter —/ HEPA / Charcoal Rostfilter
adsorber
Plan B: Unducted Inlet/Outlet
HEPA/Adsorber Configuration
GENERAL NPTES:
(a) If an inlet duct is provided, the challenge aerosol/gas injection can‘be located in the inlet duct.

(b) If an oy

HA-C-1440 General Rules Applicable to.Atl

Injection Manifolds

HA-C-14
1Y, times
are locate

}41 The total area of the exitholées are typically
the cross section of the pipe in which the holes
.

HA-C-1442 Headers should-Have a cross section 1%,
times the|sum of the cfoss sections of all branches.
{Four branches, each{1)in. (0.8 in.?) [25.4 mm (516
mm? ], repults in a header of 1.25 x 4 x 0.8 in2 =39
in.2, or a 2Y,-in, iameter header [1.25 x 4 x 516 mm?

subject to allowances for standard drill and pipe dimen-
sions. When compromise must be made, it is better to be
on the high side of hole and branch area.

HA-C-1444 Valves should be used only to isolate
branches. If possible, it is better to avoid them because
the valve settings could change and require reverification
of the manifold design.

flet duct is provided, the downstream sample can be lpeated in the outlet duct.

162

have a
ary.

HA-C-1445 The low point of each branch should
screw cap to allow the leg to be drained if necess

hould
Itiple
to the
better

HA-C-1446 A sharp radius change of direction s
be avoided. Compound bends are preferable to m
elbows. When elbows are used, they should be kept]
minimum; however, two 45 deg elbows in series are
than one 90 deg elbow.

HA-C-1447 The inside diameter of the manifold shall be
smooth and free from sharp edges, burrs, crevices, and
other configurations that would tend to trap aerofsol.

urbu-

HA-C-1448 The existing high velocity areas, or

enhance mixing, and therefore, simplify the manifold
design.

HA-C-1449 The inlet to the injection manifold should be
at a location accessible for connecting the generator.

HA-C-1450

The location of permanent manifolds should be checked
for possible interference with component change out and
other maintenance access requirements.
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Figure HA-C-1230-3 Common Configurations Requiring Test Manifolds (Plan C)

Single-point upstream
sample for first-stage

HEPA/adsorber \

Injection manifold
for downstream HEPA

%

HEPA challenge
aerosol sample

% Be 3
Hix 2 H
— - - —
FHH| X%  HH
Hh| %
Prefilter —/ HEPA / HEPA /
Plan C: Ducted Inlet/Outlet
HEPA/HEPA Configuration
GENERMAL NOTES:
(a) Injpction of challenge aerosol/gas is in inlet duct.
(b) Downstream challenge aerosol/gas sample point may be locatédsin outlet duct.
HA-C+1460 (b) closing (full or partial) a hole with soldgr or weld-
Marifold outlet holes should be oriented te.take advan- ment
tage of the flow path to assist the mixing. Configurations (c) addition of holes
that would subject the manifold holes\to direct velocity (d) addition of orifice plates
pressfire from the airflow should be’avoided in all but (e) addition of permanent baffles to manifgld
the mlost exceptional circumstances. Holes should be (f) basic change of design
on a $taggered pattern, 90" deg to each other, 45 deg
on th¢ centerline. Refereficé Figure HA-C-1230-3. HA-C-1500 SAMPLE MANIFOLDS
HA-C-1470 All design points mentioned for injecting [manifolds
The design of an-aerosol injection manifold is depen- apply to sampl? manifolds. The main differgnce is the
dent ¢n the bank-and housing configuration. low concentraFlon of challenge, on the ordefr of 1,000
to 100,000 times less. This greatly reduces the
HA-CF1480 problem of aerosol agglomeration and plate out.
Unigue injection manifold designs shall be qualified by Further, the challenge is usually in the thermal equili-

testing to ensure meeting the air-aerosol mixing unifor-
mity test of TA-4600.

HA-C-1490

If adjustments are required in a manifold to pass the
uniformity test, they should be permanent. This will elim-
inate the need to repeat the uniformity test each time a
leak test is performed. Examples of permanent adjust-
ments are

(a) drilling out a hole to a larger diameter

163

brium with the airstream and manifold, so condensation
should not be a problem.

HA-C-1510

A major point to stress is that for the aerosol size used
for in-place testing, isokinetic flow is NOT REQUIRED. For
particle size less than 5 microns, isokinetic sampling is not
required. For a gas, such as halide, isokinetic sampling is
not required.
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HA-C-1520

Given the low concentrations, the tube diameter of the
sampling manifolds can be of much smaller diameter than
for injection manifolds, but a larger number of branches is
required to ensure detecting a leak point. The diameters
are based largely on airflow considerations. These are a
compromise of small ID for higher velocity (less delay) and
pressure drop.

HA-C-15

must be used as a factor or correction in the penetration
calculations for adsorbers.

HA-C-1540

Since most detectors are designed to operate with the
sample being drawn from ambient or near-ambient pres-
sures, care is required in connecting the detector to an
auxiliary blower system. It must not be “hard piped” to
a closed system or subject to the positive output pressure
ofthe blower. An open hole in the main sample line or a tee

For addorbers, even with the smaller diameter for
sampling manifolds, the volume is usually significant
as far as sample delay. The sample pumps in most detec-
tors are siged for standard %, in. (6.35 mm) nylon lines. An
auxiliary pump/blower is usually required to avoid delays
in the sample from the furthest point reaching the
detector. This delay is calculated from the volume and
layout of the manifold and the capacity of the pump. It

before the blower is preferred. The setup must noff allow
dilution air to enter the detector sample line-(dilution of
the sample past the takeoff point is not relévant). If must
not allow velocity pressure from the auxiliary bloyer to
change the pressure in the detector sample. The cgnnec-
tion must be firm enough that no change will occur dluring
the test.
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NONMANDATORY APPENDIX HA-D
PERFORMANCE TEST FOR QUALIFICATION OF SAMPLING
MANIFOLDS

ARTICLE HA-D-1000
PERFORMANCE TEST

HA-D-1100 PURPOSE

The purpose of this test is to provide objective verifica-
tion tHat installed sampling manifolds provide a represen-
tative|sample of subsequent component bank leak tests
performed in the field per Section TA.

HA-D-1200 LIMITS

Thig is a factory test for sampling manifolds. It cannot be
performed satisfactorily in the field.

HA-D-1300 TEST REQUIREMENTS
HA-D-1310

Thdhousing, component banks, and sampling manifolds
shall he complete and in their final ready-for-use config-
uration. Any later modification shall invalidate prior tests
and r¢quire a retest.

HA-D-1320
Aerpsol shall be used to qualify all sampling manifolds
and challenge agent sampling manifolds.

HA-D-1340

Thq test shall be coriducted at the housing design
airfloy rate £10%. Ifmore than one flow rate is required
for operation, a_manifold performance test shall be
perfotmed at each*flow rate. If the design has a variable
flow rate, thenth€ minimum and maximum (10% for each)
shall be ysed'to perform the tests. Airflow distribution
testing filer'HA-5600 shall be performed as a prerequisite

In other configurations, the numberyof’samjple points
shall be in accordance with ACIGH Industrial Yentilation,
Chapter 9. If necessary, the numhet of sampljng points,
time of mixing, or duct length-shall be indreased so
each sampled concentratiofi-is within 5% of|the calcu-
lated average.

HA-D-1360

The temporary duct and fan assembly shall bg leak tight
so that no dilufion air can enter or leave the testjboundary.
This shall be eonfirmed by a documented leak teft in accor-
dance with*Section TA.

HA-D-1370

A visual inspection using applicable Articles of
Section TA is required. The visual inspection checklist
shall be used after the test setup is completed, but
before the test is performed. Nonconformajces shall
be resolved before the test is performed.

HA-D-1380

Test engineers and technicians shall be gpalified in
accordance with ASME NQA-1. A Level II Test Engineer
shall prepare the test procedure and review the test
results for acceptance.

HA-D-1400 TEST METHOD
HA-D-1410

The basis of the test is to compare the sipgle-point
aerosol concentration taken in the temporary test duct
with that obtained from the sampling manifold pnder test.

HA-D-1420
Test data shall be taken with all filter elenents and

to a nTanitola quallliCation test.

HA-D-1350

To ensure complete mixing, a temporary duct and fan
shall be provided downstream of the housing. The duct
shall be long enough and have provisions sufficient to
guarantee mixing so that a representative single point
sample may be taken. Baffles, vanes, or other means of
providing good mixing are acceptable in the duct
assembly. They shall be clearly shown on the sketch
and documented sufficiently for independent review.

adsorbent installed without any artificial leak paths, as
follows:

(a) The artificial leak paths shall be located, one at a
time, to simulate leaks in the filter/adsorbent face, the
frame-to-wall welds (including floor and ceiling), and
gasket-to-frame seals (where applicable), and at struc-
tural welds on Type III adsorbers.

(b) The number and exact placement of the artificial
leak paths depends on the size and configuration of
the bank and housing, but shall be not less than ten
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with at least four at frame-to-wall floor and ceiling loca-
tions. Tests with multiple leak paths are permissible after
the required ten tests with single leak paths are
performed.

HA-D-1430

Aerosol concentration shall be by traverse at a single
point measured in the temporary duct and while using the
sampling manifold. For each test condition, the single-
point sample concentration shall be the average of the
traverse rgadings in the temporary duct.

If the sampling manifold concentration does not agree
with the sipgle-point sample result within 5%, the sample
manifold shall be modified to produce a result within 5%
for all tes{ conditions.

HA-D-1441 A useful method to locate nonuniform
concentrafion is to scan in front of the manifold while
the challepge aerosol is flowing. This will provide data
to assist the redesign/modification of the manifold.

HA-D-1500 ACCEPTANCE CRITERIA
HA-D-1510 Single-Point Sample

All travérse concentration measurements taken at the
single-point sample location cross section shall be within
+5% of the calculated average concentration.

HA-D-1520 Sample Manifold

The sample manifold concentration shall be within@5%
of the single-point sample concentration for all(artificial
leak pathg

of the factory test setup shall be provided. It
shall proviide sufficient dimensions and detail to allow
analysis by the Owner op-designee prior to the start of
testing.

HA-D-1620

The details of the test instruments for airflow and
aerosol generation and detection shall be provided.
They shall include, as a minimum, the manufacturer,
model, serial number, and calibration date.

HA-D-1630

The test procedures shall be submitted to the Owner or

HA-D-1640
The location, date, and the names of 'Test Engipeers/
technicians shall be listed with signdtures.

HA-D-1650

An ASME NQA-1-Level II Engineer shall sign th
report to be submitted to-the Owner for review
to shipping the unit.

e test
prior

HA-D-1700 ACCEPTANCE OF RESULTS
HA-D-1710

The Owner or designee shall review and appro
detailed test procedure, including drawings
temporary duct and hardware, before the t
performed and may provide comments to the testing
hizations.

e the
f the
pst is
orga-

HA-D-1720

The Owner or designee shall review the results|of the
test before the housings are shipped. It is recommfnded
that such approval be revised before the test assembly is
dismantled. The Owner or designee shall advise the jnanu-
facturer, in writing, of acceptance of sampling mgnifold
qualification test results prior to the shipment of thie unit.
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SECTION RA
REFRIGERATION EQUIPMENT

ARTICLE RA-1000
INTRODUCTION

RA-1100 SCOPE

Thip section provides requirements for the perfor-
mancg¢, design, fabrication, installation, inspection, accep-
tance flesign, acceptance testing, and quality assurance for
refrigeration equipment used in air treatment systems in
nuclegr facilities. Heat exchangers for other applications
are cqvered in Sections CA and GA.

RA-1200 PURPOSE

Thi$ purpose of this section is to ensure that refrigera-
tion efjuipment is acceptable in all aspects of design and
operafion.

RA-1300 APPLICABILITY

Thif section shall be applied to the performance, design,
fabricption, installation, testing, and quality assunance of
new HVAC refrigeration equipment.

RA-1310 Clarification of Code Applicability

(a) [The requirements contained within this Code are
intenfled to supplement the requirements of ASME
BPVC/] Sections III and/or VIIL-Division 1. The require-
mentq herein do not replace’or modify the requirements
of thdse standards. Fittings, piping, valves, and bolted
joints|with gaskets permitted by ASME BPVC, Sections
[T or Y1II, as applicable, may be used within the limitations
of the| selected code-

(b) |Gaskets¢and seals are not classified as ASME BPVC
items gincethey are only addressed specifically in Appen-
dices of ASME BPVC, Sections III and VIII dealing with
bolted joints. Gaskets and seals are not considered struc-

the end purpose for which the equipmenk shall be
used, and the system in which it will be.instdlled.

(d) Thissectionisnotintended to coverlow gressure or
low volume vessels that are excluded from A§ME BPVC,
Section VIII.

RA-1320 Exclusion of Components

(a) This section doesnot cover pressure relfef devices,
refrigerant specialties (i:e., sight glasses, expangion valves,
etc.), or piping external to the first connection jpoints of a
covered refrigeration machine. This sectior] does not
cover water_piping, fittings, or pressure ilegulators
external tothe first connection points of a covered refrig-
eration'mnachine. If ASME BPVC, Section III or V[II is refer-
enced“and the referenced code grants exclfision to a
component, that exclusion is extended to tHis section
as well. This section addresses only general $ystem re-
quirements for instrumentation and controls pssociated
with refrigeration equipment. It does not addrefs require-
ments for materials or component design for instrumen-
tation and controls. For requirements for instrymentation
and controls, see Section IA.

(b) This section does not provide requiremgnts for the
sizing of refrigeration equipment, nor does it grovide re-
quirements for the design of the system in which the
equipment will be installed.

(c) This section does not address system sirjgle failure
criterion or redundancy.

(d) This section does not provide requirgments for
drivers or drives for open refrigeration equipgment.

(e) This section does not provide requirdments for
refrigerant transfer system pumps and compyessors.

(f) This section does not provide requirgments for
refrigerant direct expansion air cooling coils used in
refrigeration systems. The boundary of this|exclusion
is from the inlet of the rpﬁ'ignrnnf distributdr through

turalitems. If they are part of an air or refrigerant pressure
boundary, gaskets and seals shall have an environmental
qualification analysis and/or test performed to ensure
that they are acceptable for the specified conditions
for which they are installed.

(c) This section is not intended to provide the criteria
for in-service deterioration, which may occur due to
unspecified corrosion, erosion, or instability of material.
The design specification shall take these effects into
account with a view toward the equipment design life,

the coil outlet nozzle.

RA-1400 DEFINITIONS AND TERMS

See AA-1400. For additional refrigeration terms and
definitions, see the ASHRAE online glossary at https://
www.ashrae.org/technical-resources/free-resources/
ashrae-terminology.
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refrigeration equipment: equipment used to move heat
from one location to another in controlled conditions
by means of a refrigerant cycle using components such
as chillers, air conditioning units, and heat pumps.

ARTICLE RA-2000
REFERENCED DOCUMENTS

The codes and standards llsted below shall supplement
those listedTm2
fied, the 13test edition shall apply

AHRI 450}2007, Performance Rating of Water-Cooled
Refrigerfant Condensers, Remote Type

AHRI 4802007, Performance Rating of Remote Type
Refrigerfant-Cooled Liquid Coolers

ANSI/AHRI 550/590 (I-P)-2018 with Addendum 3,
Perforihance Rating of Water-Chilling and Heat
Pump (ater-Heating Packages Using the Vapor
Comprepsion Cycle

ANSI/AHRI 551/591 (SI)-2018 with Addendum 3, Perfor-
mance Rating of Water-Chilling and Heat Pump Water-
Heating|Packages Using the Vapor Compression Cycle

Publisher{] Air-Conditioning, Heating, and Refrigeration
Institut¢ (AHRI), 2311 Wilson Boulevard, Suite 400,
Arlingtan, VA 22201 (www.ahrinet.org)

ANSI/ASHR
Systems
Publisher:
Air-Con
Circle, N

AE 15-2016, Safety Standard for Refrigeration

American Society of Heating, Refrigerating and
litioning Engineers, Inc. (ASHRAE), 1791 Tullie
E, Atlanta, GA 30329-2305 (www.ashrae:org)

ASME B3
Compor]

Publisher:
(ASME)
(www.a

.5, Refrigeration Piping and Heat Transfer
ents

The American Society of Mechanjeal Engineers
Two Park Avenue, New Yotk,)NY 10016-5990
kme.org)

IEEE 43-2
Insulati
IEEE 382-
Related
Stations
Publisher
neers, |
08854-4

013, IEEE Recomménded Practice for Testing
n Resistance of Electric Machinery

006, IEEE Standard for Qualification of Safety-
Actuators\for Nuclear Power Generating

Institute of Electrical and Electronics Engi-
nc.“(IEEE), 445 Hoes Lane, Piscataway, NJ
141 (www.ieee.org)

Publisher: Society for Protective Coatings (SSPC), 800
Trumball Drive, Pittsburgh, PA 15205 (www.sspc.org)

ARTICLE RA-3000
MATERIALS

RA-3100 GENERAL MATERIAL REQUIREMENTS

omposi-
tion sultable for the appllcatlon as defined by the lesign
specification, and the operating environmental ¢ondi-
tions, as defined in RA-4200(b). When the’equipment
application requires the use of specific,materials,|these
materials shall be explicitly defined in/the design |speci-
fication. The Owner is responsible for the identificafion of
material not suitable for the spéeific application.

(b) Deterioration of waterside materials cauded by
unspecified service, such-as corrosion or erosion, is
outside the scope of-this Code. Waterside materials
suitable for the cofiditions must be stated in the glesign
specification, with)special attention given to the ¢ffects
of service canditions on the properties of the matlerials.
Materials for'the refrigerant side shall be selected to
conform_ to- ASHRAE 15.

(c)\The rules of this section do not apply to any instru-
ments or to the permanently sealed, fluid-filled fubing
systems furnished with any instruments that fupction
as temperature or pressure-responsive devices.

(d) Allowable stresses and yield strengths of ma
for all pressure-retaining items shall conform to
quirements given in ASME BPVC for the appro
design section and class of service. For codes of 1
prior to the 1992 Edition, use the applicable
BPVC, Section III or VIII Appendix. For codes of 1
beginning with the 1992 edition, use the appl
ASME BPVC, Section II, Part D Tables.

Ferials
he re-
briate
ecord
ASME
ecord
cable

RA-3110 Pressure-Retaining Materials

erials
shall
31.5,

(a) All refrigerant-side pressure boundary ma
exempted by the codes referenced in RA-3100(d
meet the material requirements of ASME H
Chapter III.

(b) All refrigerant-side pressure boundary ma
exempted by the codes referenced in RA-3100(d

rementsof ASHRAE S

erials
shall

meaattha matarial
HHeet—tre—ihateHar

NEMA MG 1-2016, Motors and Generators

Publisher: National Electrical Manufacturers Association
(NEMA), 1300 North 17" Street, Suite 900, Arlington,
VA 22209 (www.nema.org)

SSPC-SP 1, Solvent Cleaning

SSPC-SP 6, Commercial Wet Blast Cleaning

SSPC-VIS 1, Guide and Reference Photographs for Steel
Surfaces Prepared by Dry Abrasive Blast Cleaning

170

Feet

(c) Waterside pressure boundaries shall conform to the
applicable ASME BPVC.

(d) Other materials shall conform to material specifi-
cations cited in Table AA-3100-1. Components
constructed from manufacturer’s qualified materials
(see AA-3100) shall have their suitability demonstrated
by test per RA-5213 in lieu of the requirements stated in
Article AA-3000.
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RA-3120 Component Support Materials

(a) All materials that form the support structure for
ASME BPVC, Section Il components within the definitions
provided in RA-4510(a) shall meet the material require-
ments specified in ASME BPVC, Section III, Division 1,
Subsection NF, Article NF-2000.

(b) All materials that form the supportstructure of non-
ASME BPVC, Section III components shall be selected from
ASME B31.1, Chapter IV; ASME 31.5, Chapter III; or ASME

RA-3164 Control. Valve and piping materials for
control systems shall be compatible with the interfacing
system materials and shall meet the requirements of
ASME B31.1, Chapter III or ASME B31.5, Chapter III.

RA-3170 Welding and Brazing Materials

(a) Materials that form the pressure boundary of
systems subject to ASME BPVC, Section III requirements
shall meet the material requirements for Class 3 compo-

BPVC/[Section 1. Nents of that code (see ASME BPVT, Section 111,]Division 1,
Subsection ND) as stipulated by the design spgcification.
RA-3130 Materials for Nonmetallic Components (b) Materials that represent a pressure bdqundary of

Materials for nonmetallic parts shall be selected to meet
the erjvironmental conditions listed in the design speci-
ficatidn.

RA-3140 Electrical Materials

Eleg¢trical component materials are not within the scope
of thig section, except as covered by the referenced IEEE
documents.

RA-3

The
lubric
partid
abilit
bound

RA-
rials s

|50 Pump and Compressor Materials

e are materials used in the design and fabrication of
ntion pumps and compressors that are unique to
ular manufacturers (see AA-3100). Proof of suit-
y of these materials, as related to the pressure
ary, shall be demonstrated by test and documented:

3151 Pump and Compressor Motors. Motor:mate-
hall comply with the requirements of BA*3600.

RA-3

RA{3161 Refrigerant. Valves, piping, and fitting mate-
rials fpr refrigeration systems shall ineet the material re-
quirements of ASME B31.5, Chaptep Il and ASHRAE 15,
para. p.1.

160 Valve, Piping, and Fitting Materials

RA-
(a)

sure 4
Il req
Class

3162 Water

Water valves, fittings, and piping that form the pres-
oundary of.systems subject to ASME BPVC, Section
uirements shall meet the material requirements for
ofthat'€ode (see ASME BPVC, Section III, Division 1,
Subseftion-ND, Article ND-2000).
(b)|Valves, piping, and fittings for water systems

uirements
aterials of
htion.

nents that
ect to the
ecified in

systems subject to ASME BPVC, Section VIII req
shall meet the applicable requiremerits for m
that code as stipulated by the.design specific

(c) Welding and brazing materials for compg
form the pressure boundary of a system sub,
requirements of ASME-B31.5 shall be as sy
ASME B31.5, Chapter/V.

(d) Materials for;'welding and brazing of cg
not covered by Sections III or VIII of AS
ASME B31.1, or ASME B31.5 shall be in a
with AA<6310(e) and AA-6410(e).

mponents
ME BPVC,
cordance

ARTICLE RA-4000
DESIGN REQUIREMENTS

RA-4100 PURPOSE

This Article establishes the design requirg
refrigeration equipment used in nuclear facili

ments for
ties.

RA-4200 DESIGN SPECIFICATION

For ASME BPVC, Section III-designed equ
design specification shall be prepared and c
the Owner or assigned designee in accord
ASME BPVC, Section III, Division I, Subsedtion NCA,
NCA-3255. For ASME BPVC, Section VIII-desighed equip-
ment, a design specification shall be prepared in accor-
dance with ASME BPVC, Section VIII, D]vision 1,
Subsection A, U-2. In either case, sufficient detail shall
be provided to form a complete basis for refrigeration
equipment design in accordance with this Code.
Typical external interface diagrams are [shown in

ipment, a
brtified by
hnce with

n

(refrigerant transfer systems) that are not subject to
ASME BPVC, Section Il requirements shall meet the mate-
rial requirements of ASME B31.1, Chapter III.

RA-3163 Lubrication. Valves, piping, and fittings for oil
circuits of lubrication subsystems shall meet the material
requirements of ASME B31.5, Chapter III of or be as speci-
fied in ASHRAE 15.

171

NonmandatoryAppendixRA

The design specification shall include, as a minimum,
the following data:

(a) ASME BPVC edition, addenda when required, class
(Section III only), and applicable Code Cases.

(b) performance requirements for plant operating
modes wherein the equipment is expected to perform
an intended function.

(c) for the applicable plant operating modes, the
following equipment environmental and associated
service conditions shall be delineated:

D
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(1) temperature. The minimum and maximum
external operating temperatures [°F (°C)] to which the
machine will be subjected.

(2) pressure. The minimum and maximum external
operating pressures [psig (kPa gauge)] to which the
machine will be subjected.

(3) humidity. The minimum and maximum external
operating humidity levels [percent (%)] to which the
machine will be subjected.

ASME BPVC. Structural loads to be considered in the
design of other portions of the refrigeration equipment
covered by this Code are defined in AA-4211. The magni-
tude and direction of all external loads shall be given in the
design specification. Superimposed loads of a cyclical
nature shall be clearly defined, including the occurrence
of evaporator and condenser water flow variation or
reversal, or both, where applicable. Loads selected
shall be shown and clearly identified in the structural

(4) radiation levels (nlpha heta_and gzmmq) Both
the maximum and cumulative dosage levels [rads (grays)]
to which Te machine will be exposed.

(5) chemicals. Corrosion allowances and concentra-
tion of each chemical for equipment subject to thinning by
corrosion.

(6) s
which the
and cond
with the 2
other par
include,
AA-4211,
stated. Th
tion equip
in these g

(7) e
sients to
abnorma
include v
voltage af

ructural design criteria. Structural loads to
machine will be subjected. For evaporators
bnsers, these loads shall be in accordance
pplicable design section of ASME BPVC. For
Ls of the refrigeration machine, loads shall
but not be limited to, the loads listed in
If a load is not applicable, it shall be so
b structural interface between open refrigera-
ment and its drive and drivers shall be included
ads.
ectrical transients. Any electrical power tran-
Wwhich the machine may be subjected. These
conditions are stated in IEEE 323 and
ariations in service parameters such as
1d frequency. The minimum, maximum, and
average vdlues for all variables, as well as their duration;
shall be specified.
(8) cpoling load requirements. The maximum
cooling logd for which the machine should bé designed,

must be designed to accomntoddte, and the expected
number of start and stop «yclés during the life of the
machine.

(10) aterside design pressures for evaporator and
condensel. The maximum and normal waterside pres-
sures to which presSure vessels will be subjected shall
be given irf psig-(kPa gauge) including below atmospheric
pressures|if applicable. If the water sides will be exposed

analysis report for the equipment

(e) control equipment requirements includiag
strumentation and control functions. Provisien-fo
functions shall be specified as well as the] NEMA
of all enclosures.

all in-
- such
class

RA-4300 EQUIPMENT PERFORMANCE
REQUIREMENTS

The required performance)of the refrigeration
ment shall be clearly specified in the design specifi
As a minimum, specified performance requirement|
include

(a) design loady'tons of refrigeration, KW

(b) enterihg and leaving evaporator fluid temper
OF (OC)

(c) miinimum and maximum entering condense
temperature, °F (°C)

fd) evaporatorand condenser maximum and min
fléw rates, gal/min (m?3/min)

(e) evaporator and condenser fouling factors, hr
°F/Btu (m*-K/W)

(f) evaporator and condenser tube materis
nominal wall thickness, in. (mm) (corrosio
erosion effects should be considered)

(g) liquid to be cooled and condenser cooling me
including type, properties, and level of impurit
coolant

(h) power supply voltage, phases, and frequency
terminals of motors, starters, and controls for p
drives and auxiliaries

(i) maximum allowable pressure drop for liquid
cooled and condenser cooling medium, ft (m)

(j) maximum evaporator and condenser tube
velocity, ft/sec (m/min)

bquip-
ation.
5 shall
ature,
I fluid
imum
x ft2 -

I and
h and

dium,
ies in

at the
imary

to be

fluid

RA-4400 MECHANICAL DESIGN REQUIREMENTS

to subatmospheric pressures, that information shall also
be specified.

(11) exposure of refrigeration equipment to harsh
environments. Temperature, pressure, relative humidity,
and radiation time histories shall be provided for use in
qualifying all refrigeration equipment, electrical equip-
ment, cabling, controls, and accessories.

(d) structural load definition. Structural loads to be
considered in the design of evaporators and condensers
shall be inaccordance with the applicable design section of

172

RA-4410 Waterside System

RA-4411 Code Design Section. Waterside pressure
vessel components of the refrigeration equipment shall
be in accordance with the same ASME BPVC design
section as the fluid system in which they will be installed.

RA-4412 Boundaries. The design specification shall
define the boundaries of the waterside pressure
vessels as required by the applicable paragraphs of
ASME BPVC [see ASME BPVC, Section III, Division I,
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Subsection NCA, NCA-3254 or ASME BPVC, Section VIII,
Division 1, U-1(e)].

RA-4420 Refrigerant Side System

RA-4421 Heat Exchanger Design. The refrigerant side
of all heat exchangers shall, as a minimum, meet the design
requirements of ASME BPVC, Section VIII.

RA-4422 Compressor This paragraph identifies the
i f fri

transfer system compressors are excluded from this para-
graph| Supporting structures, including integral casting,
shall pe analyzed per the requirements of RA-4510.
For mptor selection, see BA-4220. For drive construction
for pymps and open compressors, see BA-4330.

-4422.1 Centrifugal Compressor

Semi-Hermetic and Hermetic

) The boundary of the semi-hermetic or hermetic
essor is defined as all refrigerant-containing parts
d between the first flange of the suction connection
compressor and the first flange of the discharge
ction of the compressor. It includes those compo-
nents|whose primary function is related to the compres-
sion of refrigerant (e.g., motor, impellers, volutes, shafts,
bearings, and seals), but does not include secondary
comppnents whose function is to support compressor
operafion (e.g, lubrication system, compressor base; ca-
pacity] control components and assemblies, and©yertem-
peratiire protection devices). Supporting struetures are
covered in other sections of this Code.

(2) The design of the refrigerant-eohtaining portions
of the compressor shall be in accordance with ASHRAE 15.

(b) |Open

(1) Theboundaryisthe samé as the semi-hermeticor
hermgtic compressor exceptithe driver is not considered
withir the scope of this €ode. This boundary ends at the
shaft poupling and does not include the coupling. This
Code [section doe$§ not address drives; therefore, the
purchpser of th&drive shall assure the compatibility of
the difives withwthe driven equipment.

(2) The\design of refrigerant-containing portions of
the cqmpréssor shall meet the requirements of ASHRAE

(a)
(
comp
locate]
of the
connel

(2) The design of refrigerant-containing portions of
the compressor shall meet the requirements of ASHRAE
15.

(b) Open

(1) Theboundaryisthe same asthe semi-hermeticor
hermetic compressor except the driver is not considered
within the scope of this Code The boundary ends at the
shaft coupling and does not include the coupling.

(2) The design of refrigerant- contalnlng portions of
f ASHRAE

RA-4422.3 Screw/Scroll Compressor

(a) Semi-Hermetic and Hermetic

(1) The boundary is defined as all re
containing components between the suctiolg
discharge manifold. It in‘clfudes those co
whose primary function\s related to the co
of refrigerant (e.g., motor, screw/scroll rotors,
mechanism, and compressor casing).

(2) The désign of refrigerant-containing portions of
the compressor'shall meet the requirements ¢f ASHRAE
15.

(b). Open

(1) Theboundaryis the same as the semi-H
hermetic compressor except the driver is not
within the scope of this Code. The boundary gnds at the
shaft coupling and does not include the coupling.

(2) The design of refrigerant-containing jportions of
the compressor shall meet the requirements ¢f ASHRAE
15.

frigerant-
and the
ponents
mpression
unloading

ermeticor
onsidered

RA-4423 Refrigerant System Interconnecting Piping,
Valves, and Fittings. The refrigerant systen intercon-
necting piping, valves, and fittings shall meet the require-
ments of ASME B31.5 and ASHRAE 15.

t transfer
nts as the
mechani-
the refrig-
ction.

RA-4424 Transfer System. The refrigerar
system shall either meet the same requirems
system to which it is connected, or be isolated
cally and electrically from the system whenever
eration equipment is performing a design fun

RA-4430 Lubrication System

RA-4431 Piping Valves and Fittings. The |
system piping valves and fittings shall be in 4

R4 -

ubrication
ccordance

15.

RA-4422.2 Reciprocating Compressor

(a) Semi-Hermetic and Hermetic
(1) The boundary is defined as all refrigerant-
containing components between the suction manifold
and the discharge manifold. It includes those components
whose primary function is related to the compression of
refrigerant (e.g., motor, piston[s], cylinder head|[s], and
compressor casing).

173
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RA-4432 Pump. The design of the lubrication pump (if
required) shall be in accordance with the requirements of
ASHRAE 15. Pressure boundary portions of the pump shall
be designed, constructed, and assembled to meet the re-
quirements of ASHRAE 15.
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RA-4500 STRUCTURAL DESIGN REQUIREMENTS
RA-4510 General

(a) ASME BPVC, Section III equipment and supporting
structures shall be designed according to the rules estab-
lished in the applicable subsections of that code. ASME
BPVC, Section VIII, Division 1 equipment shall be designed
according to the rules established in the applicable subsec-
tions of that code. Components, assemblies, piping, tubing,

designed and tested in accordance with IEEE 112 and
NEMA MG-1 to ensure operability. Hermetic and semi-
hermetic motors shall be tested in accordance with the
requirements of RA-5214.

RA-4620 Electric Valve and Vane Actuators

If specified, all Class 1E electric valve and vane actuators
shall meet the requirements of IEEE 382.
If specified, all non-Class 1E valve operators shall be

and suppgrtsmotrequiredforadesigrbastseventtas Suitabte forthe destgm comdition as specified
defined ir] the design specification) shall be so noted design specification.

and a justffication shall be given for their exclusion. Ap-

plicable stfuctural requirements and load definitions are ~~ RA-4630 Control Systems

referenced
(b) Por

in RA-4200(d).

ions of the refrigeration machine not required
to comply|with ASME BPVC shall be designed, analyzed,
and/or tedqted in accordance with the structural require-
ments of the design specification.

(c) Equjpment classified as non-ASME BPVC, and the
equipmenk as a whole, shall be designed, analyzed, or
tested in ficcordance with the structural requirements
of Article AA-4000.

(d) Any| components, assemblies, piping, tubing, and
supports|not required for a design basis event (as
defined ir] the design specification) shall be so noted
and a just|fication shall be given for their exclusion.

(e) Applicable structural requirements and load defi-
nitions ar¢ given in RA-4200(c).

RA-4520

(a) Foi refrigeration machines whose pressure-
bearing cgmponents comply with ASME BPV(;~Section
111, the atffachment of the equipment to the foundation
shall be d¢signed according to AA-4360.

(b) Foi| refrigeration machines whose pressure-
bearing cgmponents comply with ASME BPVC, Section
VIII, the aftachment of the equipment to the foundation
shall be designed according te.the applicable require-
ments of that code section,

Equipment Attachment Boundary

RA-4600( ELECTRICAL) DESIGN REQUIREMENTS

If speciffed, all glectrical and electromechanical equip-
ment inclfidingtbut not limited to motors, wiring, and
control components that are required for the refrigeration
ating modes specified shall be environmentally qualified
in accordance with IEEE 323. Qualification of these
components to IEEE 323 can be accomplished by quali-
fication in accordance with the applicable standards refer-
enced within IEEE 323.

RA-4610 Electric Motors

If specified, all Class 1E motors shall be designed and
tested in accordance with IEEE 334, IEEE 112, and NEMA
MG-1. If specified, all non-Class 1E open motors shall be
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n the

pntrol
. The
NEMA
pntrol
e the
turer.
speci-
speci-
itable
pecifi-

If specified, all Class 1E control compefnents and ¢
panels shall meet the requiremeits of IEEE 32
design specification shall identify the required
enclosure designation. The jinstrumentation and ¢
functions shown in Mandatory Appendix RA-II a
minimum that shall be provided by the manufag
Other functions, or provisions for functions, shall be
fied in the designspécification [see RA-4200(d)]). If]
fied, all non-Class*YE control components shall be su
for the design _conditions specified in the design s
cation.

(a) Gontrols shall provide for the proper an
operation of the equipment under all operating
tions, including postulated design basis event an|
of coolant accident.

(b) The design specification shall describe any ¢quip-
ment monitoring required and note whether proyisions
should be made for remote annunciation. If the external
electrical system is a Class 1E system, an int¢rface
between the machine electrical systems and externdl elec-
trical systems must be identified in the design spécifica-
tion as a Class 1E interface.

(c) Control system devices that could prevent o
the machine from performingits design function dur
operating modes are not permitted. Equipment
devices are excluded from this requirement.

l safe
rondi-
d loss

I limit
ingall
Kafety

RA-4640 Electrical Wiring, Splices, and
Connections

All wiring connections for system internal wiriy

g and
hde at

the control panel(s) shall be connected to terminal
blocks within the panels before being routed outside
the panels. All terminal connectors for control wiring
shall be the ring type.
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RA-4700 MAINTENANCE CRITERIA

(a) The equipment manufacturer’s design shall ensure
that all components that require maintenance are acces-
sible for servicing. All components shall be designed and
installed to facilitate servicing or replacement.

(b) The equipment manufacturer shall provide main-
tenance and access design information for use by the
Owner or designee.

RA-5213.2 If the requirements of RA-5213.1(a) and
RA-5213.1(b) are invoked by not specifying a code or stan-
dard, the equipment manufacturer shall document and
certify the conditions of test and test results on a suitable
test report form for tests performed in accordance with
RA-5213.1.

RA-5214 Other Non-ASME Components
RA-5214.1 Semi-hermetic and Hermetic Centrifugal

ARTICLE RA-5000
INSPECTION, RATING, AND TESTING

The
wherg
RA-51

requirements of Article AA-5000 shall apply except
expanded on, modified, or otherwise exempted by
00 and RA-5200.

J00 RATING

Fformance ratings shall be based on the actual design
ions supplied by the design specification, rated in
ance with ANSI/AHRI550/590 or ANSI/AHRI 551/
required by the design specification and tested in
dance with Mandatory Appendix RA-I (U.S.
mary) or Mandatory Appendix RA-MI (SI).

RA-5

Per
condit
accor
591 a
accof
Custo

P00 TESTING

P10 Pressure Vessel Testing

5211 ASME BPVC, Section Ill Vessels. ASME BPVC,
Sectidn III pressure vessels shall be hydrostatically or
pneurhatically tested in accordance with the requirements
of ASME BPVC, Section III, Division 1, Subsection ND, ND-
6100 through ND-6400.

RA1{5212 ASME BPVC, Section (ViJl Vessels. ASME
BPVC] Section VIII, Division 1 pressure vessels shall be
hydrgstatically or pneumatically” tested in accordance
with the requirements of ASME BPVC, Section VIII, Divi-
sion 1|, Subsection A, UG+99,UG-100, or UG-101 and UG-
102.

RA-5
RA-5]
RA

RA45213 Non-ASME Pressure Vessels

egts shall be

(b) leaktést) Aleaktestshall be performed atfthe design
working pressure of the compressor and motpr housing
assemblyeither as a discrete assembly or ap a subas-
sembly or a complete assembly with other refrigeration
machine components. No individual leak rat¢s shall be
greater than 0.1 oz (0.28 g) per year. Tests shall be docu-
mented.

(c) mechanical run test (new motors d
compressor and motor assembly shall be run
manufacturer’s approved test fluid to check fo
vibration and proper operation of the lubricati
This test shall be documented.

nly). The
using the
excessive
pn system.

RA-5214.2 Open Centrifugal Compressd
The following factory tests shall be perform
COmpressors:

(a) pressure test. The compressor shall b
tested at the greater of either

(1) 45 psig (310 kPa gauge) or

(2) 1Y, times the design working press
matic)

The pressure tests may be performed indi

r Testing.
ed on the

e strength

ire (pneu-

vidually as

RA-5213:1/Non-ASME pressure vessels shall be a discrete assembly or as a subassembly o1 complete
tested in @ccordance with the requirements of the code  assembly with the other refrigeration machipe compo-
or standard specified in the design specification. nents. Test conditions and test results shal| be docu-
Where not specified In the design specification, non- TMENTEd O a Suitapte test report form for tests

ASME pressure vessels shall either

(a) be tested at a hydrostatic pressure of two times the
design working pressure or pneumatically tested at a
pressure of 1/, times the design working pressure,
provided that the design working pressure is less than
or equal to 15 psig (103 kPa gauge) or

(b) be tested in accordance with the requirements of
ASME BPVC, Section VIII, provided that the design
working pressure is greater than 15 psig (103 kPa gauge)

175

performed in accordance with RA-5214.2.

(b) leaktest.Aleaktestshall be performed at the design
working pressure of the compressor either as a discrete
assembly or as a subassembly or complete assembly with
the other refrigeration machine components. No indivi-
dual leak rates shall be greater than 0.1 oz (0.28 g)
per year. Tests shall be documented.

(c) mechanical run test (new equipment only). The
compressor shall be run using the manufacturer’s
approved test fluid to check for excessive vibration
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and proper operation of the lubrication system. This test
shall be documented.

RA-5214.3 Semi-hermetic and Hermetic Recipro-
cating Scroll and Screw Compressor Testing. The
following factory tests shall be performed on the compres-
sors:

(a) pressure test. The high and low side of the
compressor and motor housing assembly shall be pneu-
matically tested at 1%, times the design pressures as estab-

(c) routine tests per NEMA MG-1, 12.55 (small and
medium motors) and 21.21 (large motors)

(d) temperature rise per Form A-Method A of IEEE 112

(e) high-potential test per NEMA MG-1, 3.1, 12.2, and
12.3

(f) winding resistance test performed in accordance
with IEEE 112

(g) vibration test performed in accordance with NEMA
MG-1, 7 and 12.6

lished by ASHRAE 15, para. 9.Z.

(b) leak test. The compressor and motor housing
assembly [shall be leak tested and proved tight at the
design prgssure(s) for which it is rated.

RA-5214.4 Open Reciprocating Scroll and Screw
Compresspr Testing. The following factory tests shall
be perforthed on the compressors and documented:

(a) Facgory Pressure Test. The high and low side of the
compressqr shall be pneumatically tested at 1 times the
design prdssures as established by ASHRAE 15, para. 9.2.

(b) Factory Leak Test. The compressor shall be leak
tested angl proved tight at the design pressure(s) for
which it if rated.

(c) Dog¢umentation. Pressure and leak tests shall be
documentpd using Data Report Forms RA-3 and RA-3a.
The manyfacturer’s test log shall be submitted for
record purposes.

RA-5
pump and
valves, af
shall be p
shall be
maximum

214.5 Lubricating Oil Pump Testing. Each
the associated lubrication system piping,
d fittings that form a pressure boundary
neumatically pressure tested. The system
eak tight at 1Y/, times (pneumatic) the
design pressure. The test shall be documented.

RA-5220

NOTE: Rebt
was change

Functional Testing of Motors

ilt motors only require routine test unless the design
d.

RA-522
Motors

RA-5221.1 Routine)Test. For semi-hermetic and
hermetic potors, onlythe following tests are applicable:
(a) high-potentialtest per NEMA MG-1, 3.1, 12.2, and
12.3
(b) winding-resistance test performed in accordance

1 Semi-Hermetic.and Hermetic Electric

(h) insulation resistance test pprfnrmpd in accordance
with IEEE 43

(i) inspection of each motor for directiop~of-ro
and, as applicable, the airflow of unidirectional c
fans

(j) inspection of each motor for meastirement of §ir gap
with motor stator and rotor at a’measured ambient
temperature

RA-5222.2 Other TestsThe following tests shall be
performed on the prototype motor or the first of a sefries of
identical motors supplied under a single order [for
repaired motors, €xclude (a) and (b)]:

(a) completetest as necessary in accordance wit
112 to determine efficiency, power factor, locked
torque andycurrent, breakdown torque, rated
currengyand slip, rated load temperature rise
rated voltage speed torque and speed current cuf

(b) noise test per NEMA MG-1, 9 and 12.53

(c) shaft current test per IEEE 112 for motors cd
by NEMA MG-120 only

RA-5223 Equipment Functional Testing. The
refrigeration machine (i.e., chiller, etc.) shall be f
tested for proper and safe operation of all comp
by the manufacturer, using the manufacturer’s w
procedures. Each complete refrigeration maching
be given a factory performance test in accordanc
the Owner’s approved test procedure.

RA-5224 Control Functional Testing. The ma
turer shall functionally test all control componen
assembled control panels as specified in the design
ification. All wiring circuits shall have continuity
conducted by the manufacturer. Test results shall be
mented.

RA-5225 Valve and Vane Electric Operator Func-
tional Testing. The original equipment manufagturer

tation
boling

h [EEE
rotor
load
, and

ves

vered

Active
hctory
nents
ritten

shall
e with

hufac-
's and
spec-
tests
docu-

with IEEE TTZ
(c) insulation resistance test performed in accordance
with IEEE 43

RA-5222 Open Electric Motors

RA-5222.1 Routine Test. This test shall include the
following:
(a) no-loadspeed, current,and power test per [IEEE 112
(b) locked rotor current test per IEEE 112

176

or the refrigeration equipment manufacturer shall
conduct the following tests as applicable to the type of
machine. In either case, documentation that testing
was done shall be furnished to the Owner.

RA-5225.1 All valve and vane operators shall be
given a routine test including
(a) no-load speed and current per IEEE 112
(b) locked rotor current list per IEEE 112 and NEMA
MG-1, Section 12
(c) high potential test per NEMA MG-1, 12.2 and 12.3


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

(d) insulation resistance test per IEEE 43

RA-5225.2 All valve and vane operators shall be
given a type test on each device except when more
than one is supplied, in which case only the first need
be tested. This type test shall determine efficiency,
power factor, locked rotor torque and current, breakdown
torque, rated load currentand slip, rated load temperature
rise, and rated voltage speed torque and speed current.
This test shall be performed in accordance with IEEE 112.

ARTICLE RA-6000
FABRICATION AND INSTALLATION

The requirements of Article AA-6000 shall apply except
where expanded upon, modified, or otherwise exempted
by RA-6100.

RA-6100 WELDING AND BRAZING
RA-6110 Welding

-5225.3 Aninspection of direction of rotation and,
icable, the airflow of unidirectional cooling fans
e performed on each valve operator.

if ap
shall

RA-5300 EXAMINATION
RA-5

For
cated
shall
Sectiof

RA

(a)
fabri
BPVC,
dance
with 4
ND-4
BPVC
criter
sion I

(b)
fabric
braze
with
with
and A
Part (§
ASME|
UB, U

RA-

10 Nondestructive Examination

condensers and evaporators designed and fabri-
in accordance with ASME BPVC, this examination
Comply with the applicable parts of ASME BPVC,
n 11 or VIIL

5311 Visual Examination of Brazed Joints

For condensers and evaporators designed and
ated in accordance with Section III of ASME
brazed joints shall be visually inspected in accor-
with AA-5200. Visual examination shall also comply
A\SME BPVC, Section III, Division I, Subsections NC/
640, NC/ND-5275, and NC/ND-5360 and ASME
Section V, Subsection A, Article 9. Acceptance
a shall be as given in ASME BPVC, Section:lll, Divi-
Subsections NC/ND-5360.

For condensers and evaporators designed and
hted in accordance with ASME BRVG, Section VIII,
 joints shall be visually inspected in accordance
AA-5200. Visual examination-shall also comply
ASME BPVC, Section V,Subsection A, Article 9
SME BPVC, Section VHI) Pivision 1, Subsection B,
B, UB-44. Acceptance)criteria shall be as given in
BPVC, Section VHI; ‘Division 1, Subsection B, Part
B-44(b) through UB-44(f).

5312 Non=ASME Pressure Vessels. Nondestruc-
tive examination (NDE) of non-ASME BPVC pressure-
retairjing.components and component supports shall
be in|ateofdance with the design specification and
AA-633%Asammim DE i i :
ination of weldments of pressure-retaining components
and component supports in accordance with AWS
D1.1, and shall be documented on an NDE Report filed
as part of the document package.

U O Ol VISUdI €X
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(a) Welding for pressure-retaining ‘co
designed and fabricated in accordafice®w
BPVC, Section III shall meet the requirement
BPVC, Sections III and IX, Part QW,

(b) Welds and welded joints inh pressure
component supports shall be\designed and
in accordance with ASME\BPVC, Section III,
Subsection NF and ASME-BPVC, Section IX, P

(c) Welds and weélded joints in pressure
components designed and fabricated in a¢cordance
with ASME BPY(, Section VIII shall meet the requirements
of ASME BPYC)Section VIII, Division 1, Subsectfion B, Part
UW, plus‘any relevant rules of the applicable parts of
Subsection C covering the materials of construction,
and_ASME BPVC, Section IX, Part QW, if rejquired by
the‘design specification.

(d) For pressure-retaining components d
those identified in (a), (b), and (c), weldin|
performed using welding procedures and weldi
nel qualified in accordance with the requir
Section IX of ASME BPVC or of AWS D1.1.

nmponents
ith ASME
5 of ASME

-retaining
fabricated
Division 1,
rt QW.

-retaining

ther than
o shall be
hg person-
ements of

RA-6120 Brazing

(a) Brazing for pressure-retaining components
designed and fabricated in accordance with ASME
BPVC, Section III shall meet the requirements of ASME
BPVC, Sections III and IX, Part QB.

(b) Brazing for pressure-retaining components

Supports
RA-6131 General

RA-6131.1 Scope. The requirements of this para-
graph apply to the preparation of welding and brazing
procedure specifications; the qualification of welding
and brazing procedures; welders, brazers, and welding
operators for all types of manual and machine welding
and brazing processes; and the workmanship, weld
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quality, brazing quality, and inspection of weldments and
brazed joints produced during the manufacture of refrig-
eration equipment and components.

RA-6131.2 Responsibility. Each manufacturer is
responsible for the welding and brazing done by his/
her organization and shall conduct the tests required
by this subparagraph to qualify the procedures used in
the construction of the weldments and brazed joints
built under this Code; the performance of brazers,
welders,
dures; and the inspections required for workmanship and
quality vetification.

RA-6131.3 Base Metal. Base metals to be joined by
welding ¢r brazing shall be one of those listed in
Article R4-3000 or a combination of the base metals
listed in Article RA-3000, provided the requirements of
RA-6131.7 are met.

RA-6132 Welding Procedures. Qualification of the
manufactyrer’s welding procedure specifications shall
be in accdrdance with the requirements of this section
and eithdgr Section IX of ASME BPVC or AWS D1.1.
Once a cloice is made between Section IX of ASME
BPVC and JAWS D1.1, all qualifications shall be consistent
with that particular document.

RA-6]
testing, or]

33.1 Welder or welding operator qualification
both, shall be performed in accordance with
Section IX| of ASME BPVC or AWS D1.1. Welding of the
qualificatipn test specimens shall be performed in accor+
dance with the manufacturer’s welding procedure spec-
ification gpalified in accordance with RA-6132.

RA-6)
of ASME K
consistent]

33.2 Onceachoiceis made between Section IX
PVC and AWS D1.1, all qualification shall be
with that particular documert.

RA-6200
RA-6210

Cleanlin
systems of
ification s}
associated

CLEANING, FINISHING, AND COATING

Cleanliness

ess levels shall)be the same as for the fluid
which the equipment is a part. The design spec-
all identifyithe internal cleanliness levels of the
fluid system.

RA-6220( Cteaning and Finishing

(b) all surfaces to be coated shall be clean and free from
oil, grease, soil, dust, or foreign matter before further
mechanical or chemical surface preparation. Solvent
cleaning shall be in accordance with the requirements
of SSPC-SP1. Solvents used shall be compatible with mate-
rials being cleaned.

RA-6230 Finishing and Surface Preparation

RA-6231 General. Surface preparation of metal

requirements:

(a) All welds shall be free from sharp, projectio
spatters, and blended smoothly into the base metgl.
surface shall be cleaned in accordance-with SSPC-SH
appropriate. The abrasive shall be selected to prod
anchor pattern that is compatible‘with the substra
the coating system used and“acceptable to the ¢
manufacturer.

(b) All loose foreign material shall be rem
Crevices, gouges, deep pitting, and joints shall be
where required; with a suitable material comp
with the substrate and the coating system used.

(c) The primer shall be applied only to dry surfacps and
shall be-applied before the prepared surface rustg.

(d)Where special circumstances make it impractical to
employ blasting, alternative methods of surface prepara-
tion may be used, provided the surface preparation is
adequate for the coating system and the intended s¢rvice.

ice an
fe and
bating

oved.
filled,
atible

metal
or in
quire-

RA-6232 General. Surface preparation of
surfaces located outside the containment building
low radiation areas shall conform to the following rej
ments:

(a) All welds shall be free from spatter and [sharp
projections, and blended smoothly into the base metal.

(b) The minimum surface preparation shgll be
commercial blast cleaning as specified in SSP(-SP 6
and to a visual degree of cleanness as described in
SSPC-Vis 1.

(c) The abrasive shall be selected to produce an 3
pattern that is compatible with the coating syste
and acceptable to the coating manufacturer.

(d) Where special circumstances make it impractical to
employ blasting, alternative methods of surface prepara-
tion may be used, provided the surface preparation is

nchor
used

This subarticle covers the cleaning prior to surface
preparation, coating, or painting. Condenser and evapor-
ator internals shall be shop cleaned and prepared for ship-
ment per the requirements of the applicable design
section of ASME BPVC.

External surfaces shall meet the following require-
ments:

(a) surfaces shall be free of particle contaminants such
as sand, metal chips, weld slag, or weld spatter.

178

adequate for the coating system and the intended service.

RA-6233 ASME BPVC, Section VIl Equipment. Surface
preparation of metal surfaces for ASME BPVC, Section VIII
equipment located outside the containment building or in
low radiation areas shall conform to the manufacturer’s
standards unless otherwise required by the design spec-
ification.
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RA-6240 Coating and Application

RA-6241 For ASME BPVC, Section IlI-stamped equip-
ment, coating and application shall be in accordance with
AA-6543.2 except that AA-6543.2(f) shall be revised to
read: “No coating materials shall be applied to heat
transfer, galvanized, or stainless steel surfaces unless
specifically required by the design specification.”

RA-6242 For ASME BPVC, Section VIII equipment,

RA-7220 ASME BPVC, Section VIII Equipment

(a) Equipment shall meet the following requirements:
(1) Just before packaging, items shall be inspected
for cleanness according to the requirements specified
in the design specification. Dirt, oil residue, metal
chips, or other forms of contamination shall be
removed by approved cleaning methods. Any entrapped
water shall be removed to the extent possible.
(2) All openings into items shall be capped, plugged,

coating-and-application-shall be-in-accordance—with-the
> B . : and sealed. Weld end preparations shall be protkcted from
manufacturer’s standards unless otherwise required by . .
. S corrosion and physical damage.
the d¢sign specification. . ) o
(3) Items subject to detrimental-contantination or
RA-6800 INSTALLATION Ic)(;(r;zgi(e)g, either internal or external, 'Shall He suitably

Thd equipment manufacturer shall provide detailed (4) ltems packed in containers shall bg blocked,
start-yip, testing, and inspection procedures. These proce- ~ braced, or cushioned to prévent damage.
dures|shall be shipped with the equipment. The Owner (5) The identity of ¢he-item shall be maiptained by
shall he responsible for post start-up and periodic testing. marking or other appropriate means.

(b) Metallic spares shall meet the followinlg require-

ments:
ARTICLE RA-7000 (1) Itemsthatare notimmediately packaged shall be

PACKAGING, SHIPPING, STORAGE, AND protected fsom contamination.
HANDLING (2)Nltems that require protection frotn damage
during _shipping and handling shall be pagkaged in
RA-7100 GENERAL REQUIREMENTS containers or crates.

(c) Nonmetallic spares (gaskets, etc.) shall] meet the

(a) |For equipment designed, fabricated, and stamped following requirements:
in acdordance with ASME BPVC, Section IlI, packaging, (1) All requirements of (b) shall be met.
shipp ng, and storage requirements shall b.e in accordamnece (2) Package design requirements shall bq for extra-
with /4 rtl.c.le AA'7_000; ASME NQA-1, Requirement 18;and ;1 dinary environmental protection to avoid the deleter-
the specific regulrements. of RA'720.0 through RA-7500. ious effects of shock and vibration, to control temperature

(b) |For equipment designed, fabricated, ahd-stamped or humidity within specified limits, or for any other special
in accprdance with ASME BPVC, Section VIH;/packaging, requirements.
shipp ng, and storage.requiremen'c.s shallbein accordan.ce (3) Itemsrequiring protection from waterjvapor, salt
with the Owner’s Fle51gn speaﬁcat.lon and partofa qual.lty air, dust, dirt, and other forms of contaminafion pene-
contrgl program in compliance withyASME BPVC, Section trating the package shall be packaged with a Japorproof
VIII, Division 1, Subsection C, Mandatory Appendix 10. barrier.

(c) |When different levels of classification are required (4) Items that can be damaged by conldensation
for different parts of the equipment, the manufacturer’s  trapped within the package shall be packhged with
proceflures shall state,iow this will be addressed. If the  555r6ved desiccant inside the sealed waterproof and
Owner has specificrequirements, the design specification  y43p0rproof barrier or by an equivalent methdd.
shall §o state.

(d) |Stainlesssteel shall not be marked with chlorinated RA-7230 Motors Shipped Separately
marking material.

(a) Short-term: any motor that is to be used within 6
RA-7200—PACKAGING months shall be packaged according to good chmmercial

RA-7210 ASME BPVC, Section lll Equipment

All relevant equipment listed in ASME NQA-1, Subpart
2.2, paras. 302.2 and 302.3 shall meet the packaging re-
quirements of ASME NQA-1, Subpart 2.2, section 300 for
Level B or C items, as applicable. The balance of the
machine shall meet the packaging requirements of
ASME NQA-1, Subpart 2.2, para. 302.4 for Level D items.

179

practice, shipped within an enclosed carrier, and stored in
a weather-tight, ventilated, and heated building equiva-
lent to ASME NQA-1 Level B storage.

(b) Long-term (over 6 months): any motor that is to be
stored for a period of 6 months or longer shall be packaged
per ASME NQA-1, Level B packaging requirements. If the
motor is equipped with space heaters, the space heaters
may be energized in storage (according to the manufac-
turer’s recommendations) in lieu of providing moisture
barrier wrapping and internal desiccant.
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RA-7300 SHIPPING meet the storage requirements of ASME NQA-1, Subpart

. . 2.2, section 600 for Level D items.
RA-7310 ASME BPVC Section lll Equipment
All relevant equipment listed in ASME NQA-1, Subpart RA-7420 ASME BPVC, Section VIl Equipment

2.2, paras. 302.2 and 302.3 shall meet the shipping re- Equipment shall meet the following requirements:

quirements of ASME NQA-1, Subpart 2.2, section 400 (a) Pressurized components shall comply with ASME
for Level B or C items, as applicable. The balance of  BpV(, Section VIII, Division 1, Subsection C, Mandatory
the machine shall meet the shipping requirements of  Appendix 10. Other parts of the refrigeration machine
ASME NQA-1, Subpart 2.2, section 400 for Level D items.  shall comply with the design specification requirements.
(b Nomnmetatiic spares (€.8,, gasKkets, etc.) stjall be

RA-7320 [ASME BPVC, Section VIII Equipment stored within a fire-resistant, tear-resistant; wepther-
Equipmpnt shall meet the following requirements: tight, and well-ventilated building or equivaléntenc|osure
(a) Thejmode of transportation shall be consistentwith ~ With no direct sunlight or artificial UV light.Precaptions

the packaging method (see RA-7200) used. shall be taken against vandalism and.exposure to pzone,
(b) Itenps that exceed established weight or size limita- solvents, fuels, lubricants, or chemicals that could|cause

tions for rdilroads or highways or require special handling ~ gasket deterioration. The area shall be situated and
shall be given additional consideration in the following ~ constructed so that it will natbe subject to flopding;
areas: the floor shall be paved®sequal and well drained.

(1) The type of bracing and tie-down methods to be Items shall be placed ,on’pallets or shoring to germit
used with the mode of transportation selected for special ~ air circulation and protection from loads that would

shipmentd shall be specified. stress the gasket fnaterial. The area shall be prqvided
(2) NIO HUMPING shall be specified on rail shipments ~ With uniform h@unidity and temperature control pr the
of these items, and NO HUMPING signs shall be promi- equivalent to prevent condensation and corrosiop. The
nently displayed. minimum.temperature shall be 40°F (5°C), anld the
(3) The conveyance used for transport shall be certi- maximym temperature shall be 140°F (60°C) or Jess if

fied to be qtructurally adequate to take the loads imposed SO stipulated by the manufacturer. The gasket mangfac-
during loafling while en route and during unloading. The ~ turer’s long-term storage dure.1t10n .recomm.end ptions
route shall have been investigated prior to shipping to shall be followed due to potential aging considergtions.

(c) For Joading, the weight, lifting points, or center 6f~ RA-7500 HANDLING AND RIGGING

) Handling and rigging requirements shall be in pccor-
package phall be used to ensure proper handling . . A 6610 and RA-7510 and RA-7520.

(d) Carbon steel rigging equipment shall'\not come in ~ RA-7510 ASME BPVC, Section Il Equipment|

All relevant equipment listed in ASME NQA-1, S
2.2, paras. 302.2 and 302.3 shall meet the handlipg re-
quirements of ASME NQA-1, Subpart 2.2, sectiop 700
for Level B or C items, as applicable. The balapce of
the machine shall meet the handling requirements of
ASME NQA-1, Subpart 2.2, section 700 for Level D [items.

material. . .

(f) PacKage or¢preservative coatings shall be visually RA-7520 ASME BPVC Section VIl Equipme
inspected|after loading, and damaged areas repaired (a) As a handling prerequisite, evidence of mpinte-
prior to shipment. Items shipped with desiccants shall nance in accordance with RA-7512(a) shall be verified.
be inspected—=fte inmg-to—ensure-that-seated—area hWrittenrdetattedproceduresare ot required.
are intact. (c) Ttems shall be handled by experienced personnel in

accordance with good rigging and handling practices (as
RA-7400 STORAGE described in safety handbooks, consensus standards, and
. . corporate or contractor standards designated for the job)

RA-7410 ASME BPVC, Section Il Equipment and in compliance with regulations.

All relevant equipment listed in ASME NQA-1, Subpart (d) Manufacturer’sload charts and general safe rigging
2.2, paras. 302.2 and 302.3 shall meet the storage require- ~ manuals shall be available to personnel.

ments of ASME NQA-1, Subpart 2.2, section 600 for Level B
or C items, as applicable. The balance of the machine shall

180


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

RA-7600 ASSEMBLY, ERECTION, AND START-UP

RA-7610 Field-Assembled or Field-Erected
Equipment

Where the equipment requires component assembly
during final installation, the equipment manufacturer
shall provide detailed written procedures for making
the proper final assembly in accordance with AA-6620.

tion and testing program to ensure that the parts comply
with the requirements of the specifications, drawings, or
other design documents.

(b) Fornonessential parts, no further action on the part
of the manufacturer is required, and the provisions of
Article AA-8000 are not applicable.

ARTICLE RA-9000

NAMEPLATES, STAMPING, AND RECORDS

RA-7620—External-Connections-and-Services
(a)

servig
the rg
gover
cable
(b)
for ad
tions
tion o

All Owner-supplied external connections and
es essential to the proper and safe operation of
frigeration equipment shall be, as a minimum,
hed by the same criteria as those specified as appli-
to the refrigeration equipment itself.

The equipment manufacturer shall be responsible
vising the Owner or assigned designee of connec-
br services required for the proper and safe opera-
the equipment as stated in the design specification.

RA-7630 Start-Up and Periodic Testing

Thg equipment manufacturer shall provide detailed
start-pip, inspection, and testing procedures with his/
her equipment. Post-start-up and periodic testing shall
be the¢ responsibility of the Owner. The information
requied by RA-9200 shall be applied to a separate, corro-
sion-flesistant nameplate permanently attached to the
machine by suitable means. The method of attachment
shall phot affect the structural or operational integhity
of thel machine.

ARTICLE RA-8000
QUALITY ASSURANCE

RA-8100 GENERAL

Eqyipment and materials fabricated under this section
shall he manufactured inmyaccordance with the provisions
of thg manufacturer’s guality assurance program. The
manufacturer’s program shall be in accordance with
the r¢quirementssof the applicable design section of
ASMH BPVC(s €except for those materials covered by
RA-3120(b);"RA-3150, RA-3161, RA-3162(b), RA-3163,
RA-316%4;.RA-3170(c), and RA-3170(d). For RA-3150,
RA-31T61HRA= ; ; ; ;
and RA-3170(d), the requirements of this paragraph
shall apply. If component material traceability is not
obtainable per RA-3110(a) or RA-3110(b), the refrigera-
tion equipment manufacturer shall designate and docu-
ment which parts of the refrigeration equipment are
essential to operation and which parts are not essential
to operation.

(a) For parts essential to operation, the manufacturer
shall prepare specifications, drawings, or other design
documents to describe the part and maintain an inspec-

181

RA-9100 GENERAL REQUIREMENTS

(a) Portions of refrigeration equipment mahufactured
under the rules of ASME BPVC, Seetions III or \1311 shall be
stamped in accordance with the-applicable ryiles of the
specified design section of ASME BPVC.

(b) Authorization to usé.the symbol stamy
portions of the equipment covered by thg rules of
ASME BPVC, Sections III and VIII must bel obtained
from ASME. The ntethod for obtaining such authorization
is in the applieable ASME BPVC design sectio.

for those

RA-9200 NAMEPLATES AND STAMPING

The\requirements given in AA-9100 shallj apply for
nameplates, as shall the following requirements:

(a) Components of the refrigeration machipe built in
accordance with sections of ASME BPV( shall be
marked in accordance with the rules of the ppplicable
ASME BPVC section

(b) In place of the requirements of AA-920(
nent nameplate of noncorrosive metal, pro
following information, shall be affixed to each
tion machine:

(1) the name of the manufacturer and the
the production plant

(2) the year of manufacture

(3) refrigerant R-number

(4) amount of refrigerant factory charge
by design specification), 1b (kg)

(5) lubricant identity

(6) amountoflubricantfactory charge (ifr]
design specification), 1b (kg)

(7) field test pressure

(8) electrical characteristics (i.e., voltage,
load amps, horsepower

,a perma-
yiding the
refrigera-

address of

frequired

equired by

phase, full

RA-9300 DATA REPORTS

For ASME BPVC-stamped components, the applicable
Code Data Reports (e.g., N-1, U-1, etc.) shall be completed,
signed, and dated by the manufacturer’s representative
and the authorized inspector.
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FORM RA-1 CENTRIFUGAL COMPRESSOR TEST RECORD

Manufacturer

Serial No.

Model No.

Mechanical Run-in
Test duration min
Speed rpm
Qil pressure, bearing supply psig (Pa)
Bearing oil supply temperature °F (°C)
Bearing oil outlet temperature °F (°C)
Compressor suction temperature °F (°C)
Compressor discharge temperature °F (°C)
Compressor suction pressure psig (Pa)
Compressor discharge pressure psig(Pa)
Test fluid
Vibration

Manufacturer’s test technieian

Date

Manufacturer's Q.Asinspector
Date

Owner’s representative [Note (1)]
Date

NOTE:
(1) Optional. If witnesstest, prior written agreement must be in effect.
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FORM RA-1a CENTRIFUGAL COMPRESSOR OIL PUMP PRESSURE TEST

Manufacturer
Serial No.
Model No.
Test type (check one): hydrostatic ____ pneumatic ____
Test pressure psig (Pa)
Test duration min
Manufacturer’s test technician
Date
Manufacturer’s Q.A. inspector
Date
Owner’s representative [Note (1)]
Date
NOTE:

(1) Optional. If witness test, prior written agreemeént must be in effect.
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FORM RA-1b CENTRIFUGAL COMPRESSOR PRESSURE TEST RECORD

Manufacturer
Serial No.
Model No.
Test type (check one): hydrostatic pneumatic
Test pressure psig (Pa)
Test duration min
Leak test
Time min
Manufacturer’s test technician
Date
Manufacturer’'s Q.A. inspector
Date
Owner’s representative [Note (1)]
Date
NOTE:

(1) Optional. If witness test, prior written agreement must be in effect.
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FORM RA-2  RECIPROCATING SCROLL/SCREW COMPRESSOR

TEST RECORD
Manufacturer
Serial No.
Model No.
Mechanical Run-in
Test duration min
Speed rpm
Qil pressure psig (Pa)
(a) Lubrication
(b) Unloader (if oil operated) psig (Pa)
Compressor suction pressure psig\(Pa)
Compressor discharge pressure psig (Pa)

Test fluid

Manufacturer’s test technician
Date

Manufacturer’s Q.A. inspector.
Date

Owner’s representative [Note (1)]
Date

NOTE:

(1) Optional. If witness test, priorwritten agreement must be in effect.
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FORMRA-2a RECIPROCATING SCROLL/SCREW COMPRESSOR PRESSURE
TEST RECORD

Manufacturer

Serial No.
Model No.
Pressure test

(a) High side psig (Pa)

(b) Low side psig (Pa)
Leak test

(a) High side psig (Pa)

(b) Low side psig (Pa)

Manufacturer’s test technician

Date

Manufacturer’s Q.A. inspector
Date

Owner’s representative [Note (1)]
Date

NOTE:
(1) Optional. If witness test, prior writtenlagreement must be in effect.
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FORM RA-3 ELECTRICAL TEST RECORD — CONTROLS AND CONTROL
PANELS

Manufacturer
Serial No.
Model No.

Controls/control panels functional test, continuity, and megger tests:

Tests acceptable No

If test is not acceptable, state reasons, retest, and redocument.

Yes

Manufacturer’s test technician

Date

Manufacturer’s Q.A. inspector
Date

Owner's representative [Note (1)]
Date

NOTE:

(1) Optional. If witness test, prior written”agreement must be in effect.
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FORM RA-4 PERFORMANCE TEST RECORD (U.S. CUSTOMARY)

(See Mandatory Appendix RA-I)

Manufacturer
Serial No.
Model No.

Chi

Minimum Intermediate
Design Load Load Point 1
lled Water Refrigeration Equipment [Note (1)] [Note (2)]

Intermediate
Load Point 2
[Note (2)]

Full
Load
[Note (1)]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Ne
. Sp

. Sp

Ch
Ent
Led
Co
Ent
Le3
Co
Su
Su
Po
Ad

Ap

Ad

Ap
jus

=

cooling capacity (Btu/hr) (tons)

cified evaporator fouling factor (hr-ft?>-°F/Btu)
cified condenser fouling factor (hr-ft>-°F/Btu)
Iled water flow (gal/min)

ering chilled water temperature (°F)

ving chilled water temperature (°F)

denser water flow (gal/min)

lering condenser water temperature (°F)

ving condenser water temperature (°F)
densing temperature (°F)

cooled liquid temperature (°F)

tion temperature (°F)

ver input to compressor motor (kW)

usted condensing temperature increase,_ (°F)

broximate condenser water temperature to maintain
bndensing temperature

ntering (°F)

eaving (°F)

usted suction temperature decrease (°F)

broximated €hilled water temperature to maintain ad-
ed suction.témperature

ntering\(°F)

eaving (°F)

g(e,): net cooling capacity of liquid cooler (Btu/hr)

q(kW input): electrical energy input to compressor (kW)

g(c): net heat rejected by condenser (Btu/hr)
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FORM RA-4 PERFORMANCE TEST RECORD (U.S. CUSTOMARY) (CONT’'D)
(See Mandatory Appendix RA-I)

Minimum Intermediate Intermediate Full
Design Load Load Point 1 Load Point 2 Load
Chilled Water Refrigeration Equipment [Note (1)] [Note (2)] [Note (2)] [Note (1)]

21. Measured heat balance (within 5%)

220 T, — temperature of water entering unit (°F)

23 T,— temperature of water leaving unit (°F)

24, Tons

25 Power input (kW) (within 5% of

Manufacturer’s proposed input)

GH

Manufacturer’s test teChnician

Date

Manufacturer’s,@,A. inspector
Date

Owner’s representative [Note (3)]
Date

NERAL NOTE: All calculations for these values must beincluded with this test record.

NQTES:

(1
(2
(3

Mandatory test point.

Optional test point. If desired, must be so specified by the Engineer in the design specification.
Optional. If witness test, prior written agreemient must be in effect.
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FORM RA-M4 PERFORMANCE TEST RECORD (Sl)
(See Mandatory Appendix RA-MI)

Manufacturer
Serial No.
Model No.
Minimum Intermediate Intermediate Full
Design Load Load Point 1 Load Point 2 Load
Chiffet-Water Refrigeratton Equipment iNotett—iNotet2)—ihNotet2i—iNotetf)]

1. Net cooling capacity (kW) (tons)

2. Specified evaporator fouling factor (m?-°kW)

3. Spgcified condenser fouling factor (m?-°kW)

4. Chifled water flow (L/min)
5. Entering chilled water temperature (°C)
6. Ledving chilled water temperature (°C)

7. Condenser water flow (L/min)

8. Entering condenser water temperature (°C)

9. Ledving condenser water temperature (°C)

10. Condensing temperature (°C)
11. Subcooled liquid temperature (°C)
12. Sugtion temperature (°C)

13. Poyver input to compressor motor (kW)

14. Ad]usted condensing temperature increase (°C)

15. Approximate condenser water temperature to maintain

corjdensing temperature
Hntering (°C)
Leaving (°C)

16. Adjusted suction temiperature decrease (°C)

17. Approximated,chilled water temperature to maintain ad-

justed sugtion‘temperature
Hntering (°C)
Leaving (°C)

18. g(e)): net cooling capacity of liquid cooler (Btu/hr)

19. g(kW input): electrical energy input to compressor (kW)

20. g(c): net heat rejected by condenser (kW)
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FORM RA-M4 PERFORMANCE TEST RECORD (Sl) (CONT'D)
(See Mandatory Appendix RA-MI)

Minimum Intermediate Intermediate Full
Design Load Load Point 1 Load Point 2 Load
Chilled Water Refrigeration Equipment [Note (1)] [Note (2)] [Note (2)] [Note (1)]

21. Measured heat balance (within 5%)

-~ £ : TV
22 Te . terperactare or vwater cricer g armc . ©f

23 T,— temperature of water leaving unit (°C)

24 Tons

25 Power input (kW) (within 5% of

Mfrs. proposed input)

GH

Manufacturer’s test technician

Date

Manufacturer’'s Q.A. inspector

Date

Owner’s representative [Note (3)]

Date

NERAL NOTE: All calculations for these values must be included with_this test record.

NQTES:

(1
(2
(3

Mandatory test point.

Optional test point. If desired, must be so specified by the Ehgineer in the design specification.
Optional. If witness test, prior written agreement must besin®effect.
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MANDATORY APPENDIX RA-I
PERFORMANCE TESTING OF CHILLED WATER REFRIGERATION
UNIT (U.S. CUSTOMARY)

ARTICLE RA-I-1000
GENERAL

The per
be certifie

formance of the refrigeration equipment shall
H by conducting a factory performance test as
required py RA-5223. The performance test shall be
conductedl in accordance with ANSI/AHRI 550/590,
Appendix A (or Owner-approved performance test proce-
dure for cystom-designed equipment), with modifications
to its parpgraphs as outlined in RA-I-1100 through
RA-1-1700

This Appendix provides mandatory requirements for
equipmenit to be installed in the United States or any
other country that invokes United States regulatory
administrative and quality assurance rules. This Appendix
provides guidance only for countries that do not invoke
these rule

5.

RA-I1-1100 TEST CONDITIONS

litions to be used in this test shall be as shown in
-1100-1.

The con
Table RA-

RA-1-1200 EFFECT OF FOULING FACTOR

The fou
condenser
method u
condensin
be the and
AHRI 480
adjusted ¢
temperatu

ing factors to be used for the'evaporator and
shall be as given in the design specification. The
ed for determining-the/adjusted suction and
g temperatures at\these fouling factors shall
lytical method(as-described in AHRI 450 and
using the manufacturer’s certified data. The
ondensing.témperature increase and suction
re decrease shall be calculated at the time of
the test bpsed on the actual cleaned tube condensing
and suctign\temperatures (determined from averaging

and shall be tabulated on Form RA-4. See-also [Table

RA-1-1300-1.

RA-1-1400 MEASURED HEAT BALANCE

The measured heat balance forthe tests shall be
5% of that specified for thefull load condition and
7%% of the other test points.

ithin
ithin

RA-1-1500 TABULATION OF CAPACITY

The capacity.in tons shall be obtained by the foll
tons = (W)(t, — t4)/12,000

wing:

where

temperature of water leaving unit, °F
temperature of water entering unit, °F
weight flow rate of chilled water, Ib/hr

gal/min X 62.4 lb/ft3 X 60 min/hr
7.48 gal /ft>

where the specific heat of water is 1 Btuflb—°F

and shall be tabulated on Form RA-4 according to|Table

RA-1-1500-1.

RA-1-1600 POWER INPUT

The power input expressed in kW/ton of refrige
shall be within 5% of the manufacturer’s proposed
input for the full load test.

ration

pbower
RA-1-1700 REFRIGERATION MACHINES EQUIPPED
WITH SUBCOOLERS

the three tests in accordance with para. 5.4.T of AHRI
450 and AHRI 480) and tabulated on Form RA-4 as
shown in Table RA-I-1200-1.

RA-1-1300 HEAT BALANCE EQUATION
The general heat balance equation shall be as follows:
q(e,) + g(kW input) = q(c)

192

Subcooler performance will be adversely affected when
the condensing water temperature is increased to simu-
late fouling. To compensate, it is acceptable to add 0.1% to
the kW /ton of refrigeration tolerance of 5% for each
Fahrenheit degree of adjustment made to the entering
condenser water temperature.


https://asmenormdoc.com/api2/?name=ASME AG-1 2019.pdf

ASME AG-1-2019

Table RA-I-1100-1 Test Conditions

Minimum Intermediate Load Intermediate Load Full Load
Design Load [Note (1)] Point 1 [Note (2)] Point 2 [Note (2)] [Note (1)]
Net cooling capacity (Btu/hr) Note (3) Note (3) Note (3) Note (3)
Specified evaporator fouling factor Note (3) Note (3) Note (3) Note (3)
(hr-ft°F /Btu)
Specified condenser fouling factor Note (3) Note (3) Note (3) Note (3)
(hr-ft°F /Btu)
Chilled water flow (gal/min) Note (3) Note (3) Note (3) Note (3)
Entering chilled water temperature (°F) Note (3) Note (3) Note (3) Note (3)
Leavinichilled water temperature (°F) Note (3) Note (3) Note (3) Note (3)
Condenser water flow (gal/min) Note (3) Note (3) Note (3) Note (3)
Enteringg condenser water temperature (°F) Note (3) Note (3) Note (3) Note (3)
Leaving condenser water temperature (°F) Note (3) Note (3) Note (3) Note (3)
Power |nput to compressor motor (kW) NA NA NA Note (3)
GENERAL NOTE: NA = not applicable.
NOTES
(1) Mgndatory test point.
(2) Optional test point. If desired, must be so specified by the Engineer in the design specification:
(3) Refer to the design specification for these factors.
Table RA-1-1200-1 Effect of Fouling Factor
Minimum Intermediate Load Intermediate Load Full Load
Design Load [Note (1)] Point 1 [Note (2)] Point 2 [Note (2)] [Note (1)]
Adjustgd condensing temperature increase (°F) Note, (3) Note (3) Note (3) Note (3)
Approxjmate condenser water temperature to Note(3) Note (3) Note (3) Note (3)
mainfain the adjusted condensing temperature
Adjustdd suction temperature decrease (°F)
Entefing Note (3) Note (3) Note (3) Note (3)
Leaving Note (3) Note (3) Note (3) Note (3)
Approxjmate chilled water temperature to
mainfain adjusted suction temperature (°F)
Entefing Note (3) Note (3) Note (3) Note (3)
Leaving Note (3) Note (3) Note (3) Note (3)
NOTES
(1) Mgndatory test point.
(2) Optional test point. If desixed, must be so specified by the Engineer in the design specification.
(3) To|be calculated at the.time of test.
Table RA-I-1300-1 Heat Balance Equation
Minimum Intermediate Load Intermediate Load
Design Load Point 1 Point 2 Full Load
q(e,) — net cooling capacity of liquid cooler (Btu/hr) Note (1) Note (1) Note (1) Note (1)
after correction for fouling
q(kW input) — electrical energy input to compressor Note (1) Note (1) Note (1) Note (1)
(kW) (Btu/hr equivalent)
q(c) — net heat rejected by condenser (Btu/hr) Note (1) Note (1) Note (1) Note (1)
NOTE: (1) To be measured by test.
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Table RA-1-1500-1 Tabulation of Capacity

Minimum Intermediate Load Intermediate Load Full Load
Design Load [Note (1)] Point 1 [Note (2)] Point 2 [Note (2)] [Note (1)]
t, — temperature of water entering unit Note (3) Note (3) Note (3) Note (3)
after correction for fouling (°F)
ty — temperature of water leaving unit Note (3) Note (3) Note (3) Note (3)
after correction for fouling (°F)
NOTES:

(1) Mandatory test point.
(2) Optional test point. If desired, must be so specified by the Engineer in the design specification.

(3) To be cjlculated at the time of test.
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MANDATORY APPENDIX RA-MI
PERFORMANCE TESTING OF CHILLED WATER REFRIGERATION
UNIT (SI)

The
be cet
requi
condy
Appet]
dure fi
to its
RA-M

RA-M

The
Table

RA-M

The
conde]
methd
cond¢
be thd
AHRI
adjust
tempd
the td
and s
the tH
AHR
Form

RA-M

ARTICLE RA-MI-1000
GENERAL

performance of the refrigeration equipment shall
tified by conducting a factory performance test as
red by RA-5223. The performance test shall be
cted in accordance with ANSI/AHRI 551/591,
dix A (or Owner-approved performance test proce-
br custom designed equipment), with modifications
paragraphs as outlined in RA-MI-1100 through
-1700.

1-1100 TEST CONDITIONS

conditions to be used in this test shall be as shown in
RA-MI-1100-1.

1-1200 EFFECT OF FOULING FACTOR

fouling factors to be used for the evaporator-and
nser shall be as given in the design specification. The
d used for determining the adjusted suiction and
nsing temperatures at these fouling factors shall
analytical method as described-inr AHRI 450 and
480, using the manufacturer’s certified data. The
ed condensing temperature-increase and suction
rature decrease shall be.calculated at the time of
st based on the actual-cleaned tube condensing
iction temperatures(determined from averaging
ree tests in accordance with paragraph 5.4.1 of

450 and(AHRI 480) and tabulated on
RA-M4 as'shown in Table RA-MI-1200-1.

The

I1-1360 HEAT BALANCE EQUATION

q(ey) + g(kWinput) = g(c)

and shall be tabulated on Form RA-M4. See also Table
RA-MI-1300-1.

195

RA-MI-1400 MEASURED HEAT BALANCE

The measured heat balance for the tests shal
5% of that specified for the fullload condition
7%% of the other test points.

be within
hnd within

RA-MI-1500 TABULATION OF CAPACITY

The capacity in kW'shall be obtained by the|
kW= (W)(t, — t7)/859 845

following:

where
ty ,=~témperature of water leaving unit, °C
t, = temperature of water entering unit, °LC
W = weight flow rate of chilled water, g/h

L/min X g/cm3 X 60 min/h
L/1000 cm®

where the specific heat of water is 1 [cal/g-°C

and shall be tabulated on Form RA-M4 according to Table
RA-MI-1500-1.

RA-MI-1600 POWER INPUT

The power input expressed in kW/kW of re
shall be within 5% of the manufacturer’s propo
input for the full load test.

rigeration
sed power

RA-MI-1700 REFRIGERATION MACHINES
EQUIPPED WITH SUBCOOLE

Subcooler performance will be adversely affe
the condensing water temperature is increase

RS

cted when
d to simu-
ate fouling ensate accepta add 0.1% to
the kW /KW of refrigeration tolerance of 5% for each
degree Celsius of adjustment made to the entering
condenser water temperature.
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Table RA-MI-1100-1 Test Conditions

Minimum Intermediate Load Intermediate Load Full Load
Design Load [Note (1)] Point 1 [Note (2)] Point 2 [Note (2)] [Note (1)]
Net cooling capacity, kW (tons) Note (3) Note (3) Note (3) Note (3)
Specified evaporator fouling factor Note (3) Note (3) Note (3) Note (3)
(m*-K/W)
Specified condenser fouling factor Note (3) Note (3) Note (3) Note (3)
(m?-K/W)
Chilled water flow (L/min) Note (3) Note (3) Note (3) Note (3)
Entering chittedwater temperature NoOte (3) NoOteE (3) Note (3] Nog (3)
Q)
Leaving chiljed temperature (°C) Note (3) Note (3) Note (3) Notq (3)
Condenser Water flow (L/min) Note (3) Note (3) Note (3) Notq (3)
Entering copdenser water Note (3) Note (3) Note (3) Notq (3)
temperatyre (°C)
Leaving confdenser water Note (3) Note (3) Note (3) Notq (3)
temperatyre (°C)
Power inpuf to compressor motor, KW NA NA NA Notq (3)
GENERAL NPTE: NA = not applicable.
NOTES:
(1) Mandatgry test point.
(2) Optional test point. If desired, must be so specified by the Engineer in the design specification.
(3) Refer tqg the design specification for these factors.
Table RA-MI-1200-1 Effect-of Fouling Factor
Minimum Intermediate Load Intermediate Load Full [Load
Design Load [Note (1)] Point 1 [Note (2)] Point 2 [Note (2)] [Note (1)]
Adjusted copdensing temperature increase (°C) Neote (3) Note (3) Note (3) Notg (3)
Approximatg condenser water temperature Note (3) Note (3) Note (3) Notg (3)
to maintajn the adjusted condensing
temperatyre
Adjusted suftion temperature decrease (°C)
Entering Note (3) Note (3) Note (3) Notg (3)
Leaving Note (3) Note (3) Note (3) Notg (3)
Approximatg chilled water temperatufe to
maintain pdjusted suction tempetature (°C)
Entering Note (3) Note (3) Note (3) Notg (3)
Leaving Note (3) Note (3) Note (3) Notg (3)
NOTES:
(1) Mandatgry test point:
(2) Optiona] test point. If desired, must be so specified by the Engineer in the design specification.
(3) To be cqlculated at the time of test.
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Table RA-MI-1300-1 Heat Balance Equation

Minimum Intermediate Load Intermediate Load
Design Load Point 1 Point 2 Full Load
q(e,) — net cooling capacity of liquid cooler Note (1) Note (1) Note (1) Note (1)
(kW) after correction for fouling
q(kW input) — electrical energy input to compressor Note (1) Note (1) Note (1) Note (1)
(kW) (Btu/hr equivalent)
q(c) — net heat rejected by condenser (kW) Note (1) Note (1) Note (1) Note (1)

NOTE: (1) To be measured by test.

Table RA-MI-1500-1 Tabulation of Capacity

Minimum Intermediate Load Intermédiate Load Full Load
Design Load [Note (1)] Point 1 [Note (2)] Roint-2 [Note (2)] Note (1)]
t. — t¢mperature of water entering unit Note (3) Note (3) Note (3) Note (3)
after] correction for fouling (°C)
ty — t¢mperature of water leaving unit Note (3) Note (3) Note (3) Note (3)
after] correction for fouling (°C)
NOTES

(1) M4ndatory test point.
(2) Optional test point. If desired, must be so specified by the Engineer in the design specification.
(3) To|be calculated at the time of test.
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MANDATORY APPENDIX RA-II
MANDATORY LIST OF INSTRUMENTATION FUNCTIONS AND

CONTROL FUNCTIONS

Table RA-11-1000-1 Mandatory List of Instrumentation Functions and Control Functions

Control Functions

Manufacturer’s Panel

Remote Panel

U s W N

6
7.
8
9

10

11.
12.
13.
14.
15.

16.
17.
18.
19.
20.

. On, stop Push button Provisions for push button
. Start Push button Provisions for push button
. Ready Pilot light or digital display =~ Provisions for pilot light or digital di
. 0il pump|on (if applicable) Pilot light or digitaldisplay Note (1)
. Power on| Pilot light or digital display Note (1)
. Compresdor high burning oil temperature (if applicable) Pilot light or digital display =~ Note (1)
Compresjjr high motor temperature Pilof light or digital display =~ Note (1)
. Evaporatgr low refrigerant pressure Pilot light or digital display Note (1)
. Condensef high refrigerant pressure Pilot light or digital display Note (1)
. Evaporafor low water flow Pilot light or digital display Note (1)
Compregsor low oil pressure (if applicable) Pilot light or digital display =~ Note (1)
Evaporafor low chilled water (recycle) Pilot light or digital display =~ Note (1)
Oil heat¢r on (if applicable) Pilot light or digital display Note (1)
Evaporafor pressure Gauge or digital display
Condenger refrigerant pressure Gauge or digital display
Compregs or oil pressure high (if applicable) Gauge or digital display s
Compregsor oil préssure low (if applicable) Gauge or digital display Note (1)
High copdenser.water temperature Pilot light or digital display Note (1)
High chilled water temperature Pilot light or digital display Note (1)
Purge system on (if applicable) Pilot light or digital display Note (1)

play

NOTE: (1) Provisions for transmitting signal, remote equipment trouble alarm.
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NONMANDATORY APPENDIX RA-A
DIVISION OF RESPONSIBILITY

Thi
assuni
Code
an ar

5 Appendix is intended to identify the roles normally
ed by the organizations responsible for fulfilling
requirements when not specifically addressed in
icle or subarticle. These are guidelines to assist

with Code compliance and are not to be cofstrued as

legal or contractual responsibilities unless™9
by the Owner or designee.
Table RA-A-1000-1 begins on the“following

o invoked

page.
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Table RA-A-1000-1 Division of Responsibility

RA- Item Responsibility
3100(a) Properties and composition of materials Engineer
Prohibited or limited materials Engineer
Specific materials Engineer
3100(b) Effects of service conditions on properties of material Engineer
4200 Purpose (design function) Engineer
4200 Safety classification Engineer
4200 External interface safety classification Engineer
4200(a) Performance under all operating modes Engineer
4200(b)(1) Temperature Engineer
4200(b)(2) Pressure Engineer
4200(b)(3) Humidity Engineer
4200(b)(4) Radiation levels Engineer
4200(b)(5) Chemicals Engineer
4200(b)(6) Structural design criteria Engineer
4200(b)(7) Electrical transients Engineer
4200(b)(8) Cooling load requirements Engineer
4200(b)(9) Cooling load profile and time history Engineer
4200(b)(10) Water-side design pressures for evaporator and condenséx Engineer
4200(b)(11) Refrigeration equipment exposed to harsh environments Engineer
4200(c) Magnitude of the loads Engineer
4300(a) Design load, tons of refrigeration Engineer
4300(b) Entering and leaving evaporator fluid temperature Engineer
4300(c) Entering condenser fluid Engineer
4300(d) Evaporator and condenser flow .rates Engineer
4300(e) Evaporator and condenser fouling factors Engineer
4300(f) Tube material and nominal wall thickness for evaporator and condenser Engineer
4300(g) Fluid to be cooled and condensing fluid Engineer
4300(h) Electrical charactexistics Engineer
4300(1) Pressune drep for liquid Engineer
4300(j) Maximum tube velocities Engineer
4411 Water-side pressure vessel components and respective fluid systems Engineer
4412 Boundaries of water-side pressure vessels Engineer
4620 Non-Class 1E vane and valve operators Engineer
4630 NEMA enclosure designation, including control functions or provisions for functions, Engineer
non-Class 1E components
4630(b) Equipment monitoring Engineer
Interface hetween machine electrical systems and external electrical systems Engineer
4700(a) Ensuring equipment is accessible for repair Manufacturer
4700(b) Providing maintenance and access criteria Manufacturer
5213.1 Non-ASME BPVC pressure vessel testing Engineer
5214 Keeping a test log Manufacturer
5221.1 Commercial routine test Manufacturer
5221.2 Performance data from prototype Manufacturer
5222 Active refrigeration machine components test Manufacturer
5223 Electrical control components, assembled control panels, and systems testing Manufacturer
5224 Valve and vane operator functional testing Manufacturer
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Table RA-A-1000-1 Division of Responsibility (Cont’d)

RA- Item Responsibility
5313 Nondestructive pressure-retaining components and component supports Engineer
6100 Welding and brazing on non-ASME BPVC pressure-retaining components Manufacturer
6133.2 Qualifications consistent with ASME BPVC, Section IX, or ANSI/AWS D1.1 Manufacturer
6210 Cleanliness levels of fluid systems Engineer
6220 Surface preparation, finishing, and coating (all components, equipment) Engineer
Specified standards, cleaning, finishing, and coating Manufacturer
Surface pre<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>