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ABBREVIATIONS AND ACRONYMS

AFBMA Anti-Friction Bearing Manufacturers Assdciation, Incorporated

AISC American Institute for Steel Construction .

AlSI American Iron and Steel Institute

ANSI American National Standards institute, Inc.

ASCE American Society of Civil Engineers

ASHRAE American Society of Heating, Refrigerating, and Air
: Conditioning Engineers

ASME American Society of Mechanical Engineers

ASNT American Society of Nondestructive Testing

ASTM American Society for Testingj and Materials

AWG American wire gauge

AWS American Welding Society

B&PV Boiler and Pressure Vessel

CFR Code of Federal Regulations

CH2M HILL CH2M HILL Hanford Group, Inc.

CMTR Certified Material Test Reports

CoC Certificate of Conformance

CwWi Certified Welding Inspector

DBVS Demonstration Bulk Vitrification System

DOE U.S. Department of Energy

FAT Factory Acceptance Test

FCI Fluid Controls Institute, Inc.

FNPT female national pipe thread

HEPA high-efficiency particulate air

Icv In-Container Vitrification

IEC International Engineering Consortium

IEEE institute of Electrical and Electronics Engineers

IESNA llluminating Engineering Society of North America

MCS Monitoring and Control System
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M&TE Measuring and Test Equipment .

MSS Manufacturing Standardization Society of the Valve and
Fittings Industry, Inc.

NCR nonconformance report

NDE nondestructive examination -

NEC® National Electric Code

NEMA National Electrical Manufacturers Association

NFPA National Fire Protection. Association

NRTL Nationally Recognized Testing Laboratory

OGTS Off-Gas Treatment System

P&ID piping and instrumentation diagram

QA quality assurance

RGS rigid galvanized steel

RTD resistance temperature detector

SAE Society of Automotive Engineers

UBC Uniform Building Code

UL Underwriters Laboratories, Inc.

w.g. water gauge

WAC Washington Adminjstrative Code

TRADEMARKS

AutoCAD Registered trademark of AutoDesk, Inc.

Bray Registered trademark of BRAY INTERNATIONAL, Inc.

Buna N Registered trademark of Buna Werke Huls G.m.b.h.

Electromark

Flanders BF Series
Fianders GG-F Fluid Seal
In-Container Vitrification
Keystone

LineBacker

Registered trademark of Permar Systems, Incorporated dba
Electromark Company.

Trademark of Flanders Corporation.

Trademark of Flanders Corporation.

Trademark of AMEC, Inc.

Trademark of Tyco Industries.

Registered trademark of Professional Services Industries, Inc.
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Loctite ' Registered trademark of Henkel Loctite.
Mini Power-Zone Registered trademark of Square D Company Corporation.
NEC Registered trademark of the National Fire Protection
Association.
Neo-Lube Registered trademark of Watson Bowman ACME Corporation.
Square D Registered trademark of Square D Company Corporation.
Swagelok Registered trademark of Swagelok Company.
Teflon Registered trademark of E.I. Du Pont De Nemours and
Company.
Viton Registered trademark of DuPont DOW Elastomers.
Weidmtller Registered trademark of C. A. Weidmdiller K.G. Company,
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1 SCOPE

Throughout this specification, Contract Responder shall act as the Seller and
AMEC Earth and Environmental, Inc. shall act as the Buyer.

1.1 INCLUDED IN SCOPE

The Demonstration Bulk Vitrification System (DBVS) piping and instrumentation
diagram (P&ID) and electrical one-fine diagram (Appendix A) for the Off-Gas
Treatment System (OGTS) bypass system is provided to the Seller for details of
the filter/fan skids and bypass bleed skid design. This specification provides the
minimum requirements for design, analysis, fabrication, inspection, testing,
documentation, packaging, and shipping of the skid assemblies. Scope shall
consist of the following components and activities:

1. Ductwork transitions and housings for single stage high-efficiency
particulate air (HEPA) filters with prefilter section, test sections, expansion
joint, exhaust fan, and 8-in. class 150 flange connections on the inlet and
discharge of the skid. Two filter/fan skids shall be provided, one active
and one redundant, with separate inlet and outlets.

2. Ductwork transitions, electric heater with controls, and housings for a
single stage HEPA filter with prefilter, 12-in class 150 flange connection an
the inlet and 6-in class 150 lug style butterfly valve on the outlet shall be
provided for one OGTS bypass bleed skid.

3.  Electrical distribution equipment, motor starter/disconnect switches, local
pushbutton stations, distribution panel, wiring, conduit, and control panels.

4, Instrumentation and control wiring from skid-based equipment to
terminal box.

5. Support structure for component assembly and skid shipping. The bypass
filter/fan skids and bypass bieed skid will be installed on a concrete pad.
The Seller is responsible for providing anchor points.
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6. Design, fabrication, inspection, and test work plan, including Factory
Acceptance Tests (FAT) for systems, subsystems, and components at the
vendor’s site shall be provided (see Sections 1.1 and 4.2).

7. Develop filter/fan skid assemblies and bypass bleed skid assembly design
documentation, supporting calculations, and fabrication drawings.

8. Perform fabrication, assembly, examination, inspection, testing,
packaging, and shipping of filter/fan skid and bypass bleed skid
assemblies.

9. Complete an assessment of the filter/fan skids and bypass bleed skid
assembly design and fabrication for compliance with the applicable
portions of ASME AG-1 and document this evaluation in the form of an
AG-1 compliance matrix; an example of a compliance matrix is provided in
Appendix B.

10. Develop a complete quality assurance (QA) data package for the design
and assembly of the filter/fan skid assembly.

11. The filter/fan skids and bypass bleed skid assembly FAT will be performed
at the Seller's facility.

12. The material handled is considered hazardous and radioactive waste that
is regulated under the requirements of 10 CFR 830. System requirements
are also governed by WAC 246-247.

The filterffan skids and bypass bleed skid assembly will be part of a full-scale
performance test of a treatment processing system for radioactive waste. This
test will occur at the Hanford Site after shipment from the Seller's fabrication
facilities, the Seller may be requested to provide on-site support for this test.

Drawings and sketches provided with this specification represent a minimum set
of Buyer expectations for the assembled system. The Seller shall use this
information, along with additional material in the specification, to generate a set
of design and fabrication drawings with sufficient detail for construction.
Examples of information to be developed by the Seller includes, but is not limited
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1.2

to, dimensioning and associated tolerances, mounting and weld details, and
material types and quantities.

The critical characteristics identified by the Buyer for the assembled system are
identified on the component data sheets contained in this specification
(Appendix C). The Seller shall use this information, along with performance
requirements either in the specification or generated from Seller prepared
calculations, to generate a completed set of data sheets for components of the
assembled system. Form, fit, and function shal} be evaluated by the Seller in the
course of design work and development of the design and fabrication drawings.

Any discrepancies noted in this specification or between this specification and
other documentation shall be noted and referred to the Buyer for resolution
before proceeding with design or fabrication of the item in question.

NOT INCLUDED IN SCOPE

Work not inciuded in this specification is as follows:

1. Installation of the filter/fan skid and bypass bleed assembly at the Buyer's
facility.

2. Design and manufacture of connected ductwork or piping systems
(external to the skid assemblies) that are a part of the DBVS OGTS
Bypass system.

3.  Design or manufacture of the electrical conductors on the line side of the
480V power terminal box and the Monitoring and Control System (MCS)
side of the instrument terminal box.

4.  No light fixtures are required, external lighting will be provided at the
Buyer's Site.

5. Procurement and installation of Hanford-qualified HEPA filters will be
performed by the Buyer once the filter/fan skid assembly has been
accepted at the Buyer's Site.
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6. Witness of full-scale performance test is an option that the Buyer may
exercise. The Seller shall provide per diem rates for this potential support.
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2 APPLICABLE DOCUMENTS

The codes, standards, and other documents listed in Table 2-1 and Table 2-2 are
of the latest issue and addenda in effect at the time of procurement (unless

- otherwise specified). These documents form a part of the basis of design for this
procurement to the extent specified in the applicable sections of this
specification. In the event of a conflict between documents referenced herein
and the requirements of this specification, the requirements of this specification
shall take precedence when the specification is more stringent. All conflicts,
alternative standards, or omissions shall be brought to the attention of the Buyer
for resolution. Significant sections noted are not meant to negate the remainder
of the specification, but to emphasize sections of greater importance.

2.1 GOVERNMENT DOCUMENTS

Table 2-1: Government Documents

10 CFR 830 “Nuclear Safety Management,” Code of Federal
Regulations, as amended.

29 CFR 1910 “Occupational Safety and Health Standards,” Code of
Federal Regulations, as amended.

47 CFR 15 “Radio Frequency Devices,” Code of Federal Regulations,
as amended.

DQE/RL-92-36 Hanford Site Hoisting and Rigging Manual,
U.S. Department of Energy, Richland, Washington.

WAC 246-247 “Radiation Protection — Air Emissions,” Washington
Administrative Code, as amended.

2.2 NON-GOVERNMENT DOCUMENTS

Table 2-2: Non-Government Documents (7 sheets)

AISC Manual of Steel Construction—Allowable Stress
Design, Ninth Edition, American Institute of Steel
Construction, Chicago, lllinois.
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Table 2-2

: Non-Government Documents (7 sheets)

AISC Manual of Steel Construction—Load and Resistance
Factor Design, Third Edition, American Institute of
Steel Construction, Chicago, lllinois.

AISI 1018 Carbon Steels, American Iron and Steel Institute,
Washington, D.C.

AISI M1020 Angle Steel, American Iron and Steel Institute,
Washington, D.C.

AFBMA 11 Load Ratings and Fatigue Life for Roller Bearings, Anti-

Friction Bearing Manufacturers Association,
Incorporated, Washington, D. C.

ANSIAWS D1.3

Structural Welding Code—Sheet Steel, American
Welding-Society, Miami, Florida.

ANS! CB3.16

American National Standard Guide for Electrostatic
Discharge Test Methodologies and Criteria for
Electronic Equipment,-American National Standards
Institute, Washington, D.C.

ANSI FCI1 70-2

Control Valve Seat Leakage, Fluid Controls institute,
Inc., Cleveland, Ohio.

ANSI Y14.1

Drawing Sheet Size and Format, American National
Standards Institute, Inc., New York, New York.

ANSI Y14.5M

Dimensioning and Tolerancing, American National
Standards Institute, New York, New York.

ASCE 4-98

Seismic Analysis of Safety-Related Nuclear Structures,
American Society of Civil Engineers, Reston, Virginia.

ASCE 7-98

Minimum Design Loads for Buildings and Other
Structures, American Society of Civil Engineers,
Reston, Virginia.

ASHRAE Standard 52.2

Method of Testing General Ventilation Air-Cleaning
Devices for Removal Efficiency by Particle Size,
American Society of Heating, Refrigerating, and Air
Conditioning Engineers, Inc., Atlanta, Georgia.

ASHRAE Standard 87.1

Method of Testing Fan Vibration -- Blade Vibrations
and Critical Speeds, American Society of Heating,
Refrigerating, and Air Conditioning Engineers, Inc.,
Atlanta, Georgia. '
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Table 2-2: Non-Government Documents (7 sheets)

ASME AG-1

Code on Nuclear Air and Gas Treatment, American
Society of Mechanical Engineers, New York, New
York.

ASME B&PV Code

ASME Boiler and Pressure Vessel Code, American
Society of Mechanical Engineers, New York, New
York.

Section IX, "Welding and Brazing Qualifications”

ASME B16.5

Pipe Flanges and Flanged Fittings, American Society
of Mechanical Engineers, New York, New York.

ASME B16.9

Factory-Made Wrought Steel Buttwelding Fittings,
American Society of Mechanical Engineers, New York,
New York.

ASME B16.11

Forged Fittings, Socket Welding and Threaded,
American Society of Mechanical Engineers, New York,
New York.

ASME B18.2.1

Square and Hex Bolts and Screws Inch Series,
American Society of Mechanical Engineers, New York,
New York.

ASME B18.2.2

Square and Hex Nuts, American Society of Mechanical
Engineers, New York, New York.

ASME B30.20

Below-the-Hook Lifting Devices, American Society of
Mechanical Engineers, New York, New York.

ASME B31.3

Process Piping, American Saciety of Mechanical
Engineers, New York, New York.

ASME NQA-1, 1994*

Quality Assurance Program Requirements for Nuclear
Facilities, American Society of Mechanical Engineers,
New York, New York.

ASME N509

Nuclear Power Plant Air-Cleaning Units and
Components, American Society of Mechanical
Engineers, New York, New York.

ASME N510

Testing of Nuclear Air Treatment Systems, American
Society of Mechanical Engineers, New York,
New York.

ASME PCC-1

Guidelines for Pressure Boundary Bolted Flange Joint
Assembly, American Society of Mechanical Engineers,

New York, New York.
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Table 2-2: Non-Government Documents (7 sheets)

Recommended Practice, American Society of
Nondestructive Testing, Columbus, Ohio.

ASNT SNT-TC-1A

ASTM A 36/A 36M Standard Specification for Carbon Structural Steel,
American Society of Testing and Materials, New York,
New York.

ASTM A 105/A 105M Standard Specification for Carbon Steel Forgings for

Piping Applications, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM A 108 Standard Specification for Steel Bars, Carbon, Cold-
Finished, Standard Quality, American Saciety for
Testing and Materials, West Conshohocken,
Pennsylvania.

ASTM A 182/A 182M Standard Specification for Forged or Rolled Alloy-Steel
Pipe Flanges, Forged Fittings, and Valves and Paris
for High-Temperature Service, American Society for
Testing and Materials, West Conshohocken,
Pennsylvania.

ASTM A 193/A 193M Standard Specification for Alloy-Steel and Stainless
Steel Bolting Materials for High-Temperature Service,
American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM A 194/A 194M Standard Specification for Carbon and Alloy Steel Nuts
for Bolts for High Pressure and High Temperature
Service, or Both, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM A 240/A 240M Standard Specification for Chromium and Chromium-
Nickel Stainless Steel Plate, Sheet, and Strip for
Pressure Vessels and for General Applications,
American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM A 269 Standard Specification for Seamless and Welded

-| Austenitic Stainless Steel Tubing for General Service,
American Society of Testing and Materials, New York,
New York.

ASTM A 276 Standard Specification for Stainless Steel Bars and
Shapes, American Society of Testing and Materials,
New York, New York.

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS

BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 15 of 122
10-Jan-06

G5-1346




RPP-24544 REV 1d

T mndechnology
TECHNICAL SPECIFICATION

PROJECT: Final DBVS Design 145579-V-SP-017 REV. 0
OFF-GAS TREATMENT SYSTEM
PROJECT NO.: 145579 BYPASS FILTER/FAN AND BYPASS
BL.EED SKID ASSEMBLIES
CLIENT: AMEC E&E - Richiand, Washington DESIGN AND FABRICATION

Table 2-2: Non-Government Documents (7 sheets)

ASTM A 307 Standard Specification for Carbon Steel Bolts and
Studs, 60 000 PS| Tensile Strength, American Society
for Testing and Materials, West Conshohocken,
Pennsylvania.

ASTM A 312/A 312M Standard Specification for Seamless and Welded ‘
Austenitic Stainless Steel Pipes, American Society for
Testing and Materials, West Conshohocken,
Pennsylvania. '

ASTM A 325 Standard Specification for Structural Bolts, Steel, Heat
Treated, 120/105 ksi Minimum Tensile Strength,
American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM A 354 Standard Specification for Quenched and Tempered
Alloy Steel Bolts, Studs, and other Externally Threaded
Fasteners, American Sociely for Testing and Materials,
West Conshohocken, Pennsylvania.

ASTM A 403/A 403M Standard Specification for Wrought Austenitic Stainless
Steel Piping Fittings, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM A 480/A 480M Standard Specification for General Requirements for
Flat-Rolled Stainless and Heat-Resisting Steel Plate,
Sheet, and Strip, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM A 500 Standard Specification for Cold-Formed Welded and
Seamless Carbon Steel Structural Tubing in Rounds
and Shapes, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM A 563a Standard Specification for Carbon and Alloy Steel
Nuts, American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

ASTM A 569 Standard Specification for Steel, Carbon (0.15
Maximum, Percent), Hot-Rolled Sheet and Strip
Commercial, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

ASTM D 1056 Standard Specification for Flexible Celfular Materials-
Sponge or Expanded Rubber, American Society for
Testing and Materials, West Conshohocken,
Pennsylvania.
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Table 2-2; Non-Government Documents (7 sheets)

ASTM F 436

Standard Specification for Hardened Steel Washers,
American Society for Testing and Materials, West
Conshohocken, Pennsylvania.

AWS D1.1/D1.1M

Structural Welding Code—Steel, American Welding
Society, Miami, Florida.

AWS D1.6

Structural Welding Code—Stainless Steel, American
Welding Society, Miami, Florida.

AWS DS.1/D9.1M

Sheet Metal Welding Code, American Welding Society,
Miami, Florida.

AWS QC-1

Standard for AWS Certification of Welding Inspectors,
American Welding Society, Miami, Florida.

HNF-SD-GN-ER-501

Natural Phenomena Hazards, Hanford Site,
Washington, Revision 1B, Westinghouse Hanford
Company, Richland, Washington.

IEC 61000-4-2

Electromagnetic Compalibility (EMC) — Part 4-2: -
Testing and Measurement Techniques — Electrostatic
Discharge Immunity Test, International Engineering
Consortium, Chicago, lllinois.

IEEE C62.41.1

IEEE Guide on the Surge Environment in Low-Voltage
(1000 V and Less) AC Power Circuits, Institute of
Electrical and Electronics Engineers, New York,

New York.

IEEE C62.41.2

IEEE Recommended Practice on Characterization of
Surges in Low Voltage (1000 V and Less) AC Power
Circuits, Institute of Electrical and Electronics
Engineers, New York, New York.

IEEE Std C37.90.2

IEEE Standard for Withstand Capability of Relay
Systems to Radiated Eleciromagnetic Interference
from Transceivers, Institute of Electrical and
Electronics Engineers, New York, New York.

IEEE Std 141 IEEE Recommended Practice for Electric Power
Distribution for Industrial Plants, institute of Electrical
and Electronics Engineers, New York, New York.

|IEEE Std 519 Recommended Practices and Requirements for

Harmonic Control in Electrical Power Systems, Institute
of Electrical and Electronics Engineers, New York,
New York.
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Table 2-2: Non-Government Documents (7 sheets)

MSS SP-68

High Pressure Butterfly Valves with Offset Design,
Manufacturing Standardization Society of the Valve
and Fittings Industry, Inc., Vienna, Virginia.

MSS SP-72

Ball Valves with Flanged or Butt-Welding Ends for
General Service, Manufacturing Standardization
Society of the Valve and Fittings Industry, Inc., Vienna,
Virginia.

MSS SP-82

Valve Pressure Testing Methods, Manufacturing
Standardization Saciety of the Valve and Fittings
Industry, Inc., Vienna, Virginia.

NEMA MG-1

Motors and Generators, National Electrical
Manufacturers Association, Rosslyn, Virginia.

NFPA 70

National Electrical Code, 2002 Edition, National Fire
Pratection Association, Quincy, Massachusetts.

SAE J429

Mechanical and Material Requirements for Externally
Threaded Fasteners, Society of Automotive Engineers,
Warrendale, Pennsylvania.

SAE J534

Lubrication Fittings, Society of Automotive Engineers,
Warrendale, Pennsylvania.

uBcC, 1997

1997 Uniform Building Code, International Conference
of Building Officials, Whittier, California.

UL 508A

Standard for Industrial Control Panels, Underwriters
lLaboratories, Inc., Northbrook, litinois.

UL-listed

Electrical Appliance and Ulilization Equipment
Directory, Underwriters Laboratories, inc., Northbrook,
lllinois.

*NQA-1 (the relevant requirements of NQA-1 are included in Section 4).
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3 TECHNICAL REQUIREMENTS

3.1

ITEM DEFINITION

Each filter/fan skid assembly consists of: (1) stainless-steel ductwork transitions
and housings for HEPA filters, prefilters, and test sections; (2) process
instrumentation and termination panels; (3) electrical power components;
(4) exhaust fan; (5) ductwork expansion joints; and (6) a support structure skid
onto which the ductwork and piping system will be mounted and secured.
Functionally, the filter/fan skid assembly will provide a location for inlet and outiet
ductwork to receive a cooled air stream from a melting process and then
discharge to an exhaust stack.

The OGTS bypass system will operate continuously. One filter/fan skid will be in
operation, the second filter/fan skid will be on standby. During normal operations
the system will operate with all of the airflow through the OGTS bypass bleed
skid assembly through duct work to the operating filter/fan skid. Because of the
adjustment of the butterfly valve downstream of the OGTS bypass bleed skid, the
system will operate at a reduced flow, but with a higher static pressure than in
the off-normal situation. If the flow through the [n-Container Vitrification™
(ICV™) box drops below a preset value, valves upstream from the OGTS bypass
bleed skid assembly will open, a set of valves in the main OGTS system will
close, and flow will be directed from the ICV box through the OGTS bypass
system. In this mode, the overall system pressure is reduced and an increase in
airflow will occur through the operating filter/fan skid, along with a reduction in
flow through the OGTS bypass bleed skid. The change over from the operating
filter/fan skid to the standby filter/fan skid will be performed manually if a failure of
the operating filter/fan skid is detected. '

The OGTS bypass bleed skid assembly consists of: (1) stainless-steel ductwork
transitions for an electric heater, and transitions and housings for HEPA filters,
and prefilters; (2) process instrumentation and termination panels; (3) electrical
power components; and (4) a support structure skid onto which the ductwork and

piping system will be mounted and secured. Functionally, the OGTS bypass

- bleed skid assembly will provide a location for an ambient air inlet, tempering of

the air, and outlet ductwork to connect to the OGTS bypass system..

I3
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3.1.1

T_h_e upstream (ductwork) and downstream (ductwork and exhaust stack)
components are not part of this specification.

The skid assemblies shall contain instruments to monitor the differential
pressure, and other physical characteristics of the air stream as shown on. the
P&ID. The functions of the skid assembly include air stream particulate removal,
primary confinement, primary support for fransportation and movement, and
interface connections between the skid assembly and other systems of the Bulk
Vitrification OGTS.

Item Diagram

The filter/fan skid assemblies and the bypass bleed skid assembly shall be
designed to comply with Drawings F-145579-36-V-0003, F-145573-36-V-0007,
F-145579-36-A-0108, and H-14-106735 provided in Appendix A.

Major components of each filter/fan skid assembly includes (Skids 36-D58-138
and 36-D58-139):

1. Prefilter housing. with prefilters;

2. HEPA filter housings with HEPA filters;

3.  Test section before and after each of the HEPA filter housings;
4.  Expansion joint;

5. Exhaust fan;

6. Fandischarge backdraft damper;

7. Inlet and outlet plenums;

8. Interconnecting ducfwork;

9.  Inlet and outlet isolation valves;
10. Supports;
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11. Skid base frame;

12. Process instrumentation;

13. Electrical power distribution equipment; and
14. Housing drains.

Major components of the bypass bleed skid assembly includes (Skid
36-D58-140):

1. Electric duct heater;
2. Prefilter housing with prefilter
3. HEPA filter housing with HEPA filter;
4. Inlet and outlet plenums;
5. Interconnecting ductwork;
6. Inlet Flange;
7. Outletisolation valve;
8.  Supports;
9.  Skid base frame;
10. Process instrumentation;
11.  Electrical power distribution equipment; and
12. Housing drains. .
Drawings F-145579-36-V-0003 and F-145579-36-V-0007 (Appendix A) are

provided for illustration of how the DBVS filter/fan skid assembly is
interconnected.
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3.1.2

3.1.2.1

3.1.2.2

3.1.23

interface Definition

Each Filter/fan skid assembly wilt interface with an incoming air stream from the
ICV box, and the exhaust air stream shall interface with downstream exhaust
stack. Each Filter/fan skid assembly and bypass bleed skid assembly shall also
interface with the Electrical Supply System and Monitoring and Control System.
System interface requirements for the Filter/fan skid assembly are shown on
Drawings F-145579-36-V-0007 and H-14-106795 and -the bypass bleed skid
assembly is shown on Drawing F-145579-36-V-0003 (Appendix A), and the
interfacing process and electrical connections noted in Section 3.1.2.5. Each
assembled Filter/fan skid will sit on foundation #11 (see Drawing H-14-106795)
and interface with other equipment also located on this foundation. The bypass
bleed skid assembly will sit on a minor concrete foundation.

Process Conditions

The process air stream entering the Filter/fan skid assembly originates from the
OGTS In-Container Vitrification™ container ventilation stream. The air stream
process parameters are described in Section 3.2.1.1.

Process Flange Connections

The piping connections at each Filter/fan skid assembly constitute the primary
interface to the OGTS bypass system. The main infet and outlet connections
shall be a 8-in. standard class 150-Ib lug style butterfly valve.

The piping connections at the OGTS bypass bleed skid assembly constitute the
primary interface to the OGTS bypass system. The outlet connection shall be a
B-in. standard class 150-lb lug style butterfly valve. The inlet connection shall be
12-in standard class 150-b raised face flange. '

Condensate Drains

The Condensate drains shall include the provision for a gravity drain via 1-in.
threaded-coupling connection with a ball valve for isolation.
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3.1.24

3.1.25

3.1.2.5.1

3.1.2.5.2

Skid Assembly Transport and
Installation Interface

Each Filterffan skid assembly and bypass bleed skid assembly shall be
configured for conventianal transport by truck over public roads and lifted by
crane for installation at the Buyer's designated location. The Seller Hoisting and
Rigging instructions shall be based on calculations performed by the Seller (see
Section 3.3.12.1.8). Each skid assembly shall be secured during transport and
ift points provided for loading and unloading the assembly. The skids shall have
a minimum of four anchor points designed for 1/2 in. or larger anchor bolts for
installation on the Buyer's concrete pad. Anchor points and bolts for final skid
design will be determined by Seller-performed structural analysis (see
Section 3.3.12.1.7).

Electrical Connections

A one-line diagram of the electrical connections is shown on Drawing
F-145579-00-E-0006. The following subsections describe the connections in
more detail.

480V Power Connection

Each Filter/fan skid shall receive 480V ac power from an extemal source. One
single-phase, 480V ac circuit shall be provided for a transformer and distribution
panel (provided by others).

All 480V ac circuits shall terminate in a terminal box, located approximately as
shown in Drawing F-145579-36-A-0108. The outside cover of the terminal box
shall be labeied in accordance with Drawing F-145579-00-E-0006 (Appendix A).
All terminals in terminal boxes shall be rated for 194 °F (90 °C). 25 percent
spare terminals shall be provided in all terminal boxes.

Grounding Connection
A grounding lug shall be provided on the outside frame of each skid to facilitate

attachment of the skid grounding electrode. The location of the grounding lug
shall be shown on the shop drawings and be clearly labeled on the skids. See
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Section 3.3.1.10.3 and Drawing F-145579-00-E-0006 for grounding
requirements.
3.1.2.5.3 Monitoring and Control System Connection
Monitoring and Control System functions that are automatic or remote will be
provided by the Buyer via the instrumentation interface described below. The
local monitoring and control functions for the Filter/fan skid shall include:

1. Pressure/differential pressure will be read locally and remotely. Buyer
preferences are provided on example data sheets in Appendix C. The
transmitter wiring will be routed to the termination panel.

2. The Seller shall provide an interface between the physical instruments and
components with the use of a Seller-provided termination panel mounted
on the skid. The conduit and penetration to and from the termination panel
shall be sized 1-in. diameter larger than the required field wiring size, and
shall not be sealed internally. This will allow unforeseen wiring needs to
be added to the conduit or penetration during construction. The
termination panel shall have a 20 percent spare capacity.

3. Each Filter/fan skid MCS connection shail be capable of monitoring the
contained process and utility equipment from either a 24V dc, or 120V ac
termination. Solenoid valves shall be 24V dc. The MCS instruments or
compaorients are shown on the Filter/fan skid assembly P&ID (Appendix A).

See Section 3.3.1.16 for MCS termination details.
3.2 CHARACTERISTICS

The characteristics (e.g., functional, physical, and environmental) that each
Filter/fan skid assembly and bypass bleed assembly must comply with to satisfy
the requirements of this specification are described in the following subsections
and on data sheets provided with this specification.
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3.2.1 Functional Characteristics

Each Filter/fan skid assembly and bypass bleed skid assembly shall be designed
to filter an air stream to remove particulate and direct the filtered air stream to the
exhaust stack. Each skid shall be capable of operating through and after an
operating basis earthquake with no loss of physical integrity.

3.2.1.1 Air Stream Properties

The air stream properties entering the Filter/fan skid assembly are provided in
Table 3-1 and Table 3-2. The air stream properties entering the bypass bleed
skid assembly are provided in Table 3-2.

Table 3-1: Air Stream Properties Entering the Fan/Filter Skid
During Off-Normal Use

Maximum Flow Rate: Flow Rate = 1,150 acfm

Static Pressure (across the fan): Design Pressure = -11 in. w.g. (at max
Temperature)

Temperature, maximum at inlet: 250 °F (121 °C)

Relative Humidity, maximum at inlet: 70%

Nominal Chemical Components HF 12 ppmV

S0, 1,250 ppmV
NO, 120,000 ppmV
HCI 120 ppmV

ppmV = parts per million by volume..
w.g. = waler gauge.
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Table 3-2: Air Stream Properties Entering Bypass Bleed Skid

Maximum Flow Rate: Flow Rate = 680 acfm

Static Pressure (across the fan): : Design Pressure = -15 in. w.g. (Standard
temperature and pressure)

Temperature, minimum/maximum at inlet: | -25 °F (-32 °C)/130 °F (54 °C)

Relative Humidity, maximum at inlet: 100%
Nominal Chemical Components Ambient Air
ppmV parts per million by volume..

w.g. water gauge.

3.21.2 Performance Range

Characteristics and requirements for the Filter/fan skid assembly shall be as
specified in the following subsections.

3.2.1.2.1 Air Stream Transfer Rate and Pressure

The Filter/ffan skid assembly shall be designed for a maximum flow rate of
1,150 acfm, +10 to O percent, or equivalent total mass flow of air over its entire
range of operating conditions. The nominal static pressure and temperature as
seen at the HEPA filter outlet flange, is provided in Table 3-1. The maximum
negative pressure developed by the selected exhaust fan shall be used to
determine system design pressures.

3.2.1.2.2  Air Stream Particulate Removal Performance

The HEPA Filter System shall remove particulate from the incoming air stream in
accordance with ASME AG-1.

3.2.2 Physical Characteristics

Each Filter/fan skid assembly with associated supports, piping, instruments, and
electrical infrastructure will be placed onto a concrete foundation (see
Foundation #11 on Drawing H-14-106795). The bypass bleed skid will be placed
onto a concrete foundation. The length shall be minimized to the extent practical.
Each skid assembly shall not exceed 3,000 psf load limit for assembly footprint.
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3.23 Reliability
All Filter/fan skid assembly equipment including, but not limited to, the piping,
pumps and motors, casings, shafts, valves, bearings, seals, and fasteners shall
have a minimum service life of 2 years and a design life of 5 years.
Documentation to demonstrate this requirement is met shall be collected and
prepared by the Seller. Documentation shall be submitted to and verified by the
Buyer befare fabrication.
3.24 Maintainability

Maintainability characteristics that affect the design (lubrication, parts
replacement and repair, spares, modular construction, test points, etc.),
including, but not limited to, shall include the following:

1. Maintenance and Repair Cycles. The Seller shall specify frequency or
availability requirements for maintenance of the component
{e.g.. scheduled maintenance every 40-operating hours).

2. Service and Access. The Seller shall specify requirements for ease of
service (access openings/spacing, self-test capability, inspection windows,
test fixtures, sealed bearings, etc.). include requirements for service
(remove and replace only, bench repair, special tools, remote
handling/maintenance, etc.), and for capability of the item to be drained,
connected, discharged, etc. Adequate working space shall be provided
around all electrical equipment in accordance with the NEC® (NFPA 70).
Critical equipment, instrumentation, or high maintenance items shall be
accessible for ease of inspection and removal and replacement. Adequate
space and accessibility shall be provided for removal and replacement of
individual instruments or equipment without removal of adjacent
equipment. Valves, test points or ports, and calibration adjustments shall
be accessible.

3. Decontamination. All components in contact with processing fluids must
be capable of being decontaminated and ultimately decommissioned,
dismantled, and disposed of as radioactive waste. All material and
equipment shall be fabricated and installed to facilitate routine removal,
cleaning, or decontamination. Attention shall be paid to eliminating
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crevices and obtaining smooth weldments through the entire process flow
stream.

Spares_and Spare Parts. The Seller shall specify identification of
recommended spares and spare parts and provide a listing to the Buyer.

Special Tools. The system shall facilitate maintenance with commercially
available tools, wherever possible. The Seller shall furnish all special tools
unique to the Seller's equipment that are necessary for installation,
startup, operation, maintenance, and adjustment of the equipment and
accessories furnished by the Seller. The special tools become the
property of the Buyer. If supplied, the Seller shall also provide a list of all
special tools furnished, identifying the function of each tool and the specific
item(s) for which the tool is used. The Seller shall also indicate if the tool
is required for assembly, disassembly, installation, startup, operation,
maintenance, or adjustment. The Seller shall provide detailed drawings or
procurement information for the special tools.

Maintenance Considerations. The design of the assembled system shall
follow a minimum maintenance philosophy (i.e., selection of components
should take into consideration potential maintenance in addition to other
considerations). Components shall be designed to allow handling and
maintenance by personnel oulffitted in protective clothing and gloves.
Components shall also be designed so they can be removed and replaced.
in @ modular manner.

Lock and Tag. Both mechanicail and electrical systems shall be designed
to be locked out and tagged out during maintenance actions. Where
applicable, the Seller shall identify on fabrication drawings those
components which have a built-in feature that support the application of a
fock and tag. : '

Standardization. To the extent practical, common components shall be
used to minimize spare parts, tools, and procedures. Fastener size, drive
size and type shall also be standardized to effect maintenance with a
minimum number of tools.

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS
BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 28 of 122

10-Jan-06

G5-1359




it echnclogy

TECHNICAL SPECIFICATION

RPP-24544 REV 1d

PROJECT: Final DBVS Design 145579-V-SP-017 ' REV. 0
OFF-GAS TREATMENT SYSTEM
PROJECT NO.: 145579 BYPASS FILTER/FAN AND BYPASS
BLEED SKID ASSEMBLIES
CLIENT: AMEC E&E - Richland, Washington DESIGN AND FABRICATION
3.2.5 Environment

The Filter/fan skids and bypass bleed skid assemblies shall be designed to
operate and be stored in the climatic and environmental conditions listed in
Table 3-3.

Table 3-3: Environmental Conditions

Ambient air temperature -25 to 115 °F with a maximum 24-h differential of 52 °F
range'®

Relative humidity range®® Near 0 to 100%

Maximum precipitation®® 2.5in. in a 6-h period

Sand and dust 1.10 x 10 bm/ft® with a size of 150 um or less
concentrations®

Solar radiation® 900 langleys, distributed over a 12-h period

BHNF-SD-GN-ER-501, Natural Phenomena Hazards, Hanford Site, Washington,
Revision 1B, Westinghouse Hanford Company, Richland, Washington.

3.2.6 Transportability and Storage

The assembled system shall be designed to facilitate relocation to the final
destination at the Hanford Site.

The assembled system shall be capable of being moved by crane or truck
without modifications.

Lift points shall be provided for the lifting and handling of equipment and
components.

The assembled system packaging shall support the equipment so it can
withstand a 0.75-gravity (forward), hard-braking stop, and a rearward
acceleration of 0.25 gravity, as well as, shock and vibration [oads
associated with transportation.

The assembled system and any accessories shall be sized for transport
using local roadways and freeways (i.e., less than 12 ft wide, 53 ft long,
and 13-1/2 ft tall, as shipped). The height limit may be relaxed based on
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design requirements, but must not exceed limits allowed for road
transportation.

5. The assembled system shall be stored and operated outside for an
extended period of time, five years maximum, and will be exposed to the
environmental conditions found at the Hanford Site as identified in
Table 3-3.

3.2.7 Safety
The equipment shall be designed to maintain the safety of operators and the
general public. The Seller shall provide all necessary guards, lockouts, and other
safety equipment for safe operation as required under 29 CFR 1910.

33 DESIGN AND CONSTRUCT!ON

3.3.1 Parts/Materials/Processes

It is the Seller's responsibility to develop a complete data sheets for the
components identified in the Seller's design drawings. Completed data sheets,
as well as vendor information (catalog cut sheets, vendor drawings, etc.) for
components shall be developed by the Seller. The Seller shall provide data
sheets and catalog cut sheets for all major components. The data sheet format
shall be in conformance with the Buyer supplied forms contained in Appendix C
(electronic forms can be provided by the Buyer).

Component substjtutions may be proposed by the Seller on the fabrication
drawings for approval by the Buyer. Substitutions will be considered if a
component is no longer available, or the proposed substitution improves the
design, reduces cost, or improves the production schedule.

Only new parts and materials shall be used for the assembly. Used, surplus, or
reconditioned parts and materials are prohibited.

All components shall be installed in accordance with manufacturer's instructions.

" if conflicts arise with the specified components or component interfaces (line

sizes, fittings, electrical requirements, etc.) during design and fabrication, they
shall be brought to the attention of the Buyer for resolution.
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3.3.1.1

3.3.1.2

3.3.1.2.1

No aluminum or “yellow” metals are to be used. No beryllium shall be present.
No asbestos containing materials shall be used. Exposed polymer materials
shall. be constructed of anti-static materials.

Lead shall not be used uniess the lead is fully encapsulated and identified with a
permanent tag. Polychlorinated biphenyls shall not be used in the design of the
assembled system.

Components

All equipment and components shall have an equipment identification number
(EIN) provided by the Buyer, consistent with Drawing F-145578-36-A-0108. The
air stream handling components shall be configured on the support skid as
indicated on the P&ID.

The HEPA Filter components shall be fabricated and/or assembled to meet the
latest requirements of ASME N508, ASME N510, and ASME AG-1. Where

conflicts occur, ASME AG-1 takes precedence.

Filter/Fan Skids {Two Required Skids
36-D58-138 and 36-D58-139)

Pre-filter Housings

1. The prefilter housings shall be designed, fabricated, and/or assembled to

meet the latest requirements of ASME AG-1 (Section HA).

2. The prefilter housings shall be a Flanders BF Series™, 1H x 1W, type 1,
right and left hand access and shall be fabricated from 11, 12, or 14 gage
(as required), ASTM A 240/A 240M, Type 316 or 316L series stainless
steel with a 2-B mill finish. All welded components shall be fabricated from
Type 316 series stainless steel, Grade L.

3. Housing hardware material shall meet the requirements for Type 316 or
316L series stainless steel.

4.  The prefilter housing shall not exceed a nominal depth of 14in. in the
direction of airflow.
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10.

All "pressure retaining" weld joints and seams shall be 100% continuously
welded. Weld joints and seams shall be wire brushed or buffed after final
nondestructive examination (NDE)/inspection as required to remove heat
discoloration, oxidation, all burrs and sharp edges.

The housing shall accommodate one 24-in. by 24-in. by 2-in. Underwriters
Laboratories, Inc. (UL) Class I pre-filters, with a minimum efficiency of 45%
(in accordance with ASHRAE Standard 52.2) and metal frames. The filter
element shall not require any special attachments or devices to function
correctly within the housings.

The housing shall be equipped with two (2) static pressure ports. The
ports shall be located upstream and downstream of the filter element on
the top of the housing. The port fittings shall be 1/4-in. Schedule 40,
seamless, stainless steel pipe meefing the requirements of
ASTM A 312/A 312M, Type 316 or 316L series stainless steel. All welded
components shall be fabricated from Type 316 series stainless steel
Grade L. The ports shall extend a minimum of 1 in. above the insulation
false panel and threaded to accept a 1/4-in. female national pipe thread
(FNPT) fitting.

The housing shall be equipped with a floor drain centered at the bottom of
the housing. The drain shall be 1" Schedule 40, seamless, pipe meeting
the requirements of ASTM A 312/A 312M, Type 316 or 316L series
stainless steel. All welded components shall be fabricated from Type 316
series stainless steel Grade L.

The housings shall be equipped with an access port for the filter element.

The housings shall be equipped with filter removal rods to draw the filters
to the change-out position. The removal rods shall be operated from
inside the change-out bag, and the filters shall be removed by pulling
against the bottom of the filter frame. There shall be no penetration
through the housing for operation of the removal rod. All change out
operations shall be within the bag so there is a barrier between the worker
and the filter at all times.
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17,

11.

12.

13.

14.

15.

16.

18.

The access port shall be equipped with a containment change-out bag
adapter. The adapter shall be welded to the housing. The welded
joints/seams used to fabricate and secure the change-out adapter to the
housing shall be considered "pressure retaining” joints and shall be 100
percent continuously welded. The adapter shall be hemmed or rolted on
its outer edge and include two (2) continuous ribs. The ribs are required to
hold the containment bag elastic cord and/or safety strap during filter
element bag in/bag out procedures.

A containment change-out bag shall be provided for each access port that
meets the airstream design conditions of Section 3.2.1.1. The bags shall
be nominal 5 mils thick, translucent and have elastic O-ring (compatible
with the maximum bag temperature) hemmed into the open end of the
bag.

A nylon safety strap shall be provided with the bag to prevent the bag from
slipping off of the access port bag adapter during filter element bag in/bag
out procedures.

A nylon-cinching strap shall also be provided with the bag to "tie-off” the
bags slack when the housing door is installed and the unit is operational.

The access port shall include a removable door assembly that encloses
the access port, the bag adapter and the bag with its accessories.

The door shall include a minimum of four (4) tie down fatches. The latches
shall be designed in such a manner as not to impede the bag in/bag out
process.

The door shall include a continuous rubber lip on its perimeter that affects
a positive "compression” seal between the door and the housing.

The door shall interface with the housing in such a manner that the door
cannot be closed or installed until the filter is correctly installed in the
housing.
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3.3.1.2.2 High-Efficiency Particulate Air Filter Housings

1.

The filter housings shall be designed, fabricated, and/or assembled to
meet the latest requirements of ASME AG-1 (Section HA).

These filter housings shall be a Flanders BF Series™, 1H x 1W, Type 1,
right and left access for a side-by-side design. The housings shall be
fabricated from 11, 12, or 14 gauge (as required), ASTM A 240/A 240M,
Type 316 or 316L stainless steel with a 2-B mill finish. All welded
components shall be fabricated from Type 316 stainless steel, Grade L.

Housing hardware material shall meet the requirements for Type 316 or
316L stainless steel, excluding the access door knobs which shall be cast
aluminum.

The filter housings shall not exceed a nominal depth of 25in. in the
direction of airflow.

All "pressure retaining” weld joints and seams shall be 100 percent
continuously welded. Weld joints and seams shall be wire brushed or
buffed after final NDE/inspection as required to remove heat discoloration,
oxidation, all burrs, and sharp edges.

Each housing shall each accommodate one Flanders GG-F Fluid Seal™
(24in. by 24in. by 11-1/2 in.), Type B (Nuclear Grade) HEPA elements.
Filter-to-housing seal shall be effected by means of a “knife-edge” frame in
the housing that ends with a continuous perimeter channel on the face of a
filter that has been filled with a viscous, nondrying fluid. The filters shall
not require any special attachments or devices to function correctly within
the housings.

Each filter housing shall be equipped with two static pressure ports for
connection to the instrument. The ports shall be located upstream and
downstream of the filters. The port fittings shall be 1/4-in. Schedule 40,
seamless, stainless-steel pipe meeting the requirements of
ASTM A 312/A 312M, Type 316 or 316L stainless steel. All welded
components shall be fabricated from Type 316 stainless steel, Grade L.
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10.

1.

12.

13.

The ports shall extend a minimum of 1in. beyond the insulation false
panel and threaded to accept a 1/4-in. FNPT fitting.

Each filter housing shall be equipped with a floor drain centered at the
bottom of the housing. The drain shall be 1-in. Schedule 40, seamless,
stainless-steel pipe meseting the requirements of ASTM A 312/A 312M,
Type 316 or 316L stainless steel. All welded components shall be
fabricated from Type 316 stainless steel, Grade L.

A toggle or over-center ("Davis-Lok") type filter clamping assembly or
locking tray shall be used to secure the fiiters in the housing. The
clamping assembly shall apply a sealing force that is even and uniform
across the top and bottom of the filter. The clamping assembly or locking
tray shali be replaceable.

Each housing shall be equipped with an access port for the filter.

The filter clamping assembly or locking tray shall be accessible from the
access port and shall be operable through any containment change-out
bags.

Each housing shall be equipped with filter removal rods to draw the filters
to the change-out position. The removal rods shall be operated from
inside the change-out bag, and the filters shall be removed by pulling
against the bottom of the filter frame. There shall be no penetration
through the housing for operation of the removal rod. All change-out
operations shall be within the bag so there is a barrier between the worker
and the filter at all times.

The access port shall be equipped with a containment change-out bag
adapter. The adapter shali be welded to the housing. The welded
joints/seams used to fabricate and secure the change-out adapter to the
housing shall be considered “pressure retaining” joints and shall be
100 percent continuously welded. The adapter shalt be hemmed or roited
on its cuter edge and include two continuous ribs. The ribs are required to
hold the containment bag elastic cord and/or safety strap during filter
bag-in/bag-out procedures.
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3.3.1.2.3

14.

15.

16.
17.

18.

19.

20.

A containment change-out bag shall be provided for each access port that
meets the air stream conditions of Section 3.2.1.1. The bags shall be
nominal 5 mils thick, translucent, and have elastic O-ring (compatible with
the maximum bag temperature) hemmed into the open-end of the bag.

A nylon safety strap shall be provided with the bag to prevent the bag from
slipping off of the access port bag adapter during filter bag-in/fbag-out
procedures.

A nylon-cinching strap shall also be provided with the bag to “tie-off” the
bags slack when the housing door is installed and the unit is operational.

The access port shall include a removabie door assembly that encloses
the access port, the bag adapter, and the bag with its accessories.

The door shall include a minimum of four tie-down latches. The latches
shall be designed in such a manner as not to impede the bag-in/bag-out
process.

The door shall include a continuous rubber lip on its perimeter that affects
a positive “compression” seal between the door and the housing.

The door shall interface with the housing in such a manner that the door
cannot be closed or installed until the filter is correctly installed in the
housing and the clamping assembly or locking tray is fully ended.

Test Sections

The test section housings shall be fabricated and/or assembled to meet
the latest requirements of ASME AG-1 (Section HA).

The inlet test section shall be a Flanders™ test “inlet" section, type 1
arrangement for a BF Series™, 1H x 1W, type 1, right and left access for a
side-by-side design. One inlet test section shall be located upstream of
the first bank of HEPA filters.

The outlet test section shall be a Flande‘rsTM test “outiet” section, type 1
arrangement for a BF Series™, 1H x 1W, type 1, right and left access for a
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side-by-side design. One outlet test section shall be located downstream
of the second bank of HEPA filters.

The test sections shall be fabricated from 11, 12, or 14 gauge (as
required), ASTM A 240/A 240M, Type 316 or 316L stainless steel with a
2-B mill finish. All welded components shall be fabricated from Type 316
stainless steel, Grade L.

The test sections shall not exceed a nominal depth of 28 in. in the direction
of airflow.

Test section hardware material shall meet the requirements for
Type 300-series stainless steel.

The differential pressure drop across each of the test sections shall not
exceed 0.75-in. water gauge (w.g.) at the rated capacity of the HEPA filter
assembly.

All “pressure retaining” weld joints and seams shall be 100 percent
continuously welded. Weld joints and seams shall be wire brushed or
buffed after final NDE/inspection as required to remove heat discoloration,
oxidation, all burrs, and sharp edges.

The test sections shall be constructed in such a manner to allow HEPA
filter "in-place” testing in accordance with the requirements of ASME AG-1
(Article FC-5120) and ASME N510 (Section 10) outside the system using
apparatus and devices which are supplied as an integral part of the test
section. Ports shall be identified and specified by the Seller. Apparatus
and devices shall include as a minimum:

a. Inlet test section — challenge aerosol inlets, mixing apparatus

(diffusers) and upstream sample outlets.

b. Downstream sample outlets — challenge aerosol inlets, mixing

apparatus (diffusers) and upstream sample outlets.
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3.3.1.2.4

10.

c. Apparatus and devices that make up the test sections shall meet the

intent of the nonmandatory design guidelines of ASME AG-1
(Appendix HA-C) and ASME N509 (Appendix C).

d. Apparatus and devices that make up the test sections shall be

designed to allow qualification testing of the apparatus and devices in
accordance with ASME AG-1 (Appendix HA-D) and ASME N510
(Section 9), as required.

The test sections shall be equipped with a floor drain centered at the
bottom of the housing. The drain shall be 1-in. Schedule 40, seamless,
stainless-steel pipe meeting the requirements of ASTM A 312/A 312M,
Type 316 or 316L stainless steel. All welded components shall be
fabricated from Type 316 stainless steel, Grade L.

Transition Plenum Sections

1,

The Filter/fan skid assembly will require one filter housing inlet transition
plenum section and one filter housing outlet transition plenum section for
each filter train. The plenum housing sections shall be fabricated and/or
assembled to meet the latest requirements of ASME AG-1 (Section HA)
and to support 150 percent of their own finished weight when mounted to
the housing/test section.

The transition sections shall be fabricated from 10, 11, or 12 gauge (as
required), ASTM A 240/A 240M, Type 316 or 316L stainless steel with a
2-B mill finish.  All welded components shall be fabricated from
Type 300-series stainless steel, Grade L. The flanges shall be, at a
minimum, 150-b raised-face flanges and meet the requirements of
ASTM A 182/A 182M.

The transition sections shall be ali welded construction and fabricated in
accordance with the housing/test section manufacturer's standard
fabrication processes.

All “pressure retaining” weld joints and seams shall be 100 percent
continuously welded. Weld joints and seams shall be wire brushed or
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buffed after final NDE/inspection as required to remove heat discoloration,
oxidation, all burrs, and sharp edges.

3.3.1.2.5 Valves and Installation

Component data sheets for the manual valves are to be provided for as
listed in the Bidder’s Drawing and Data Commitments sheet (Appendix D).
Valves shall be of a compatible material with respect to the attached
piping.

All balf valves shall be pressure tested for tightness of shell and seat as
follows:

a. Shell Test. No leakage in the valve pressure boundary above
limitations stated in MSS SP-72 and MSS SP-82 is permitted.

b. Seat Test. No leakage past valve resilient seats above limitations
stated in ANSIFC170-2 (for Class V1), or MSSSP-72 and
MSS SP-82, as applicable, is permitted.

Valve leak test reports shall be prepared and submitted to the Buyer for
review and approval.

All valves shall be installed per manufacturer’s instructions.

Valves used to isclate the condensate coliection system lines shall
accessible for operation and maintenance.

Seller shall review manufacturer's supplied information for unique
installation requirements and request written clarification if instaliation
requirements do not match the design.

Butterfly valves shall be used to isolate the inlet of Filter/fan skid
assembly. Isolation valves shall meet the design requirements of
ASME B31.1 and MSS SP-68 (use of ASME B31.1 as allowed per
ASME AG-1, Section DA).  Isolation valves shall be lugged type;
Keystone™ figure 362-173, or Bray® Series 21 or 41 (with MSS SP-68
body and seal testing) or approved equivalent, with Type 316 stainless-
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steel body, disc, and Type 316 or 17-4 stainless steel stem. Stem packing
shall be Teflon® and the resilient seat shall be Buna N®. The stem
bushing shall be stainless steel or RFTF/Fiberglass Epoxy. Valves shall
meet the requirements of ASME N509 for leakage Class | and shall be
individually tested in accordance with ASME N509. Valve leak test reports
shall be prepared and submitted to the buyer for review and approval.

A 8-in. (minimum) valve shall be located before the inlet to the HEPA filter
housing transition section. An 8-in. (minimum) valve shall be located
downstream of the HEPA filter/fan skid backdraft damper. Reach handles
shall be provided if easy access to the valves is not attainable.

All instrumentation shall have the capability to isolate the pressure
instruments from the plenum atmosphere to allow for calibration testing.

3.3.1.2.6  Exhaust Fan

1.

The exhaust fan shall be designed, fabricated, and/or assembled to meet
the latest requirements of ASME AG-1 (Section BA).

Major components in the Exhaust Fans shall be fabricated from Type 316
or 316L stainless steel.

The Exhaust fans shall be minimum class 3 centrifugal fan or pressure
blower.

The exhaust fans shall be Arrangement 8, direct drive, clockwise upblast.
The fan casing shall be not less than 10 ga (1/8 in.) thick.

The casing shall be stiffened to withstand any vibration that may occur
during normal operation.

The casing shall be of split design to permit removatl of the impeller without
dismantling ductwork.

The casing shall have a Class 150-Ib drilled flanged inlet and drilled
flanged outlet, minimum flange thickness of Y4-in.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

A 1-in. diameter, minimum, half coupling with plug drain 6onnection shall
be provided at the lowest point in the casing.

A quick-release cleanout/inspection door shall be provided at mid-scroll
height.

The impeller shall be heavy-duty all welded steel construction.

The impeller shall be keyed to the shaft. The key(s) shall be designed to
take the maximum stress that may occur during start-up operation.
Square head set screws may be used only to prevent axial movement of
the impeller.

The maximum stresses in the impeller, either during start-up or continuous
operation, shall not exceed 50% of the yield strength of the impeller
material.

The impeller and shaft shall be statically and dynamically balanced after
mounting of the impeiler on the shaft. Factory balancing test data shall be
supplied to Purchaser prior to shipment. Vibration measured at the
bearing locations shall not exceed 0.012 mm double amplitude
displacement at fan maximum speed.

The VENDOR shall submit the calculated maximum shear and tensile
stresses in the shaft (if requested) and shall submit the material used in
the shaft with the tender.

Where setscrews are used, flat surfaces shall be provided on the shaft
immediately below the setscrews.

Shaft seals shall be accessible for repair and maintenance without
dismantling the casing.

The VENDOR shall select the bearings and shall state the sizeftype,
manufacturer, and manufacturer's model number. Bearings shall be to
AFBMA 11, B-10 standards.
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25

19.

20.

21.

22.

23.

24.

26.

27.

L10 Bearing life shall be a minimum of 50,000 hours continuous operation
under design operating conditions.

Replacement of bearings, seals and driver shall be possible without
dismantling of other major parts.

Bearing seals shall be suitable for the environment to keep dust, fumes,
and moisture out, while keeping lubricant in.

Bearings shall be grease lubricated. Grease fittings shall be to SAE J534
standards and shall be supplied and located for easy access during
operation.

Bearing housings shall be drilled and tapped for temperature detectors
and vibration transducers. Location and size of openings shall be agreed
upon during the approval period. -100-OHM Resistance Temperature
Device's (RTD’s) shall be supplied by the Vendor. Type of vibration
transducers shall be recommended.

Direct drive shali be a standard coupling type. Direct drive shall have a
service factor based on the motor horsepower.

Coupling shall be statically balanced and shall have split taper-lock
bushings.

The drive guard shall be fabricated of steel frame and steel sheet or
expanded metal, of closed top and bottom design meeting the
requirements of 29 CFR 1910, OSHA, and shall have an access port for
the measurement of fan RPM.

The fan shall have a noise level less than 85 dBA at 10 ft at operating
parameters.

3.3.1.2.7 Backdraft Damper

1.

The backdraft dampers shall be designed, fabricated, and/or assembled to
meet the latest requirements of ASME AG-1 (Section DA) for Class |,
Frame Leakage Class A.
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Backdraft dampers may be round or rectangular, Rectangular dampers
shall include round transition plates and ftanges.

Frame: 12-in. by 3-in. by 1/4-in. formed channel of ASTM A 276 Type
316L stainless steel with 9/16-in.diameter mounting holes in both flanges
on 6-in. centers.

‘Blades: 10 ga. single thickness ASTM A 240/A 240M Type 316 or 316L
stainless steel edge pivoted steel blade with square tube reinforcement.
Maximum blade spacing is 10 inches. :

Axles: 3/4-in. diameter AISI 1018 plated-steel stub with 1-in. by 1-in. by
11-in. ga. ASTM A 500 gr. B square tube through 26 in.

Bearings: Flange mounted relubricable ball with stainless steel washers
between blade end and frame.

Linkage: External with minimum 3-in. lever arms AISIM1020 and
ASTM A 36/A 36M welded to axles and with stainless steel pins and OIB
bearings

Seals: Silicone sponge bulb on blade edge and stops. Silicone sponge
wedge atjamb, ASTM D 1056, RE-41 and with silicone sealing compound
between stops and frame.

American Warming and Ventilating NBD-71 Backdraft damper or approved
substitute.

3.3.1.2.8 Expansion Joint (EJ-616 and EJ-619)

1.

An expansion joint shall be provided at a location between the fan inlet
and filter outlet transition on the Filter/fan skid assembly.

Provide Type 316L stainless steel laminated bellows and liner with Type
316 or 316L fixed flat faced plate flanges drilled to class 150-Ib standard.
Expansion joints shall be rated for a maximum 10 psig at 750 °F positive
pressure and minus 20-inches water gauge. Maximum velocity less than
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100 fps. Overall length shall be a minimum of 9 in. Hyspan series 2509 or
approved substitute,

3.3.1.29 Filter/fan Skid Assembly Base

1.

Each Filter/fan skid assembly will require a structural base that supports
the system components as well as any required electrical and
instrumentation and control components.

The skid shall be fabricated from ASTM A 36/A 36M carbon steel or a
Buyer-approved substitution.

The skid filter base shall be all welded construction. Joints and seams
shall be wire brushed or buffed after final NDE/inspection as required to
remove heat discoloration, oxidation, all burrs, and sharp edges.

The skid will be designed to be portable allowing the system to be moved
by crane and truck. Lift points shall be provided for lifting and handiing
rigging, and attachment of load binders (transportation). Any spreader bar
or special lifting device shall be provided and load tested in accordance
with DOE/RL-92-36. The lift points shall be designed to lift the gross
weight of the unit. The lifting points and the gross weight of the unit shall
be identified on the skid. The skid shall identify the approximate center of
gravity of the assembly for lifting and handling.

3.3.1.2.10 Skid Assembly Instrumentation and Control

- All of the skid assembly instrumentation shali comply with the ASME AG-1
(Section |A) and the NEC® (NFPA 70).

All instruments, temperature sensors, and velocity probes shall be capable of
2 percent accuracy (of full scale) or better.

3.3.1.2.11 Pressure Monitoring

Each skid assembly shall be equipped with a differential pressure system that
measures filter performance. The differential pressure indicating instruments
shall measure the differential pressure across the prefilter and the HEPA filter.
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The skid assembly shall also be equipped with a pressure indicating instrument
that measures the pressure at the discharge plenum upstream of the exhaust
fan.

3.3.1.3 Bypass Bleed Skid (Skid 36-D58-140)
3.3.1.3.1  Prefilter Housings

1. The prefilter housings shall be designed, fabricated, and/or assembled to
meet the latest requirements of ASME AG-1 (Section HA)

2. The prefilter housings shall be a Flanders BF Series™, 1H x 1W, type 1,
left hand access and shall be fabricated from 11, 12, or 14 gage (as
required), ASTM A 240/A 240M, Type 300-series stainless steel with a 2-B
milt finish. All welded components shall be fabricated from Type 300-
series stainless steel, Grade L.

3. Housing hardware material shall meet the requirements for Type 316 or
316L series stainless steel.

4.  The prefilter housing shall not exceed a nominal depth of 14-in. in the
direction of airflow.

5.  All "pressure retaining” weld joints and seams shall be 100% continuously
welded. Weld joints and seams shall be wire brushed or buffed after final
NDE/inspection as required to remove heat discoloration, oxidation, all
burrs and sharp edges.

6. The housing shall accommodate one 24-in. by 24-in. by 2-in. UL Class |
pre-filters, with a minimum efficiency of 45% (in accordance with
ASHRAE Standard 52.2) and metal frames. The filter element shall not
require any special attachments or devices to function correctly within the
housings.

7. The housing shail be equipped with two (2) static pressure ports. The
ports shall be located upstream and downstream of the filter element on
the top of the housing. The port fittings shall be 1/4-in. Schedule 40,
seamless, stainless steel pipe meeting the requirements of ASTM
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10.

11.

12.

A 312/A 312M, Type 300-series stainless steel. All welded components
shall be fabricated from Type 300-series stainless steel Grade L. The
ports shall extend a minimum of 1 in. above the insulation false panel and
threaded to accept a 1/4-in. FNPT fitting.

The housing shall be equipped with a floor drain centered at the bottom of
the housing. The drain shall be 1-in. Schedule 40, seamless, pipe meeting
the requirements of ASTM A 312/A 312M, Type 300-series stainless steel.
All welded components shall be fabricated from Type 300-series stainless
steel Grade L.

The housings shall be equipped with an access port for the filter element.

The housings shall be equipped with filter removal rods to draw the filters
to the change-out position. The removal rods shall be operated from
inside the change-out bag, and the filters shall be removed by pulling
against the bottom of the filter frame. There shall be no penetration
through the housing for operation of the removal rod. All change out
operations shall be within the bag so there is a barrier between the worker
and the filter at all times. '

The access port shall be equipped with a containment change-out bag
adapter. The adapter shall be welded to the housing. The welded
joints/seams used to fabricate and secure the change-out adapter to the
housing shall be considered "pressure retaining” joints and shall be 100
percent continuously welded. The adapter shall be hemmed or rolled on
its outer edge and include two (2) continuous ribs. The ribs are required to
hold the containment bag elastic cord and/or safety strap during filter
element bag in/bag out procedures.

A containment change-out bag shall be provided for each access port that
meets the airstream design conditions of section 3.2.1.1. The bags shall
be nominal 5 mils thick, translucent and have elastic O-ring (compatible
with the maximum bag temperature) hemmed into the open end of the
bag.
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13.

14.

15,

16.

17.

18.

A nylon safety strap shall be provided with the bag to prevent the bag from
slipping off of the access port bag adapter during filter element bag in/bag
out procedures.

A nylon-cinching strap shall also be provided with the bag to "tie-off" the
bags slack when the housing door is installed and the unit is operational.

The access port shall include a removable door assembly that encloses
the access port, the bag adapter and the bag with its accessories.

The door shall include a minimum of four (4) tie down latches. The latches
shall be designed in such a manner as not to impede the bag in/bag out
process.

The door shall include a continuous rubber lip on its perimeter that affects
a positive “compression” seal between the door and the housing.

The door shall interface with the housing in such a manner that the door
cannot be closed or installed until the filter is correctly installed in the
housing.

3.3.1.3.2 High-Efficiency Particulate Air Filter Housings

1.

The filter housings shall be designed, fabricated, and/or assembled to
meet the latest requirements of ASME AG-1 (Section HA).

These filter housings shall be a Flanders BF Series™, 1H x 1W, Type 1,
left access for a side-by-side design. The housings shall be fabricated
from 11, 12, or 14 gauge (as required), ASTM A 240/A 240M, Type 300-
series stainless steel with a 2-B mill finish. All welded components shall
be fabricated from Type 300-series stainless steel, Grade L.

Housing hardware material shall meet the requirements for Type 300-
series stainless steel, excluding the access door knobs which shall be cast
aluminum.

The filter housings shall not exceed a nominal depth of 25in. in the
direction of airflow.
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10.

All “pressure retaining” weld joints and seams shall be 100 percent
continuously welded. Weld joints and seams shall be wire brushed or
buffed after final NDE/inspection as required to remove heat discoloration,
oxidation, all burrs, and sharp edges.

Each housing shall each accommodate one Flanders GG-F Fluid Seal™
(24 in. by 24in. by 11-1/21in.), Type B (Nuclear Grade) HEPA element.
Filter-to-housing seal shall be effected by means of a “knife-edge” frame in
the housing that ends with a continuous perimeter channel on the face of a

_filter that has been filled with a viscous, nondrying fluid. The filters shall

not require any special attachments or devices to function correctly within
the housings.

Each filter housing shall be equipped with two static pressure ports for
connection to the instrument. The ports shall be located upstream and
downstream of the filters. The port fittings shall be 1/4-in. Schedule 40,
seamless, stainless-steel pipe meeting the requirements of
ASTM A 312/A 312M, Type 300-series stainless steel. All welded
components shall be fabricated from Type 300-series stainless steel,
Grade L. The ports shall extend a minimum of 1 in. beyond the insulation
false panel and threaded to accept a 1/4-in. FNPT fitting.

Each filter housing shall be equipped with a floor drain centered at the
bottom of the housing. The drain shall be 1-in. Schedule 40, seamless,
stainless-steel pipe meeting the requirements of ASTM A 312/A 312M,
Type 300-series stainless steel.  All. welded components shall be
fabricated from Type 300-series stainless steel, Grade L.

A toggle or over-center ("Davis-Lok”) type filter clamping assembly or
[ocking tréy shall be used to secure the filters in the housing. The
clamping assembly shall apply a sealing force that is even and uniform
across the top and bottom of the filter. The clamping assembly or locking
tray shall be replaceable.

Each housing shall be equipped with an access port for the filter.
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11.

12.

13.

14.

15.

16.

17.

The filter clamping assembly or locking tray shall be accessible from the
access port and shall be operable through any containment change-out
bags.

Each housing shall be equipped with filter removal rods to draw the filters
to the change-out position. The removal rods shall be operated from
inside the change-out bag, and the filters shali be removed by pulling
against the bottom of the filter frame. There shall be no penetration
through the housing for operation of the removal rod. All change-out
operations shail be within the bag so there is a barrier between the worker
and the filter at all times.

The access port shall be equipped with a containment change-out bag
adapter. The adapter shall be welded to the housing. The welded
joints/seams used to fabricate and secure the change-out adapter to the
housing shall be considered “pressure retaining” joints and shall be
100 percent continuously welded. The adapter shail be hemmed or rolled
on its outer edge and include two continuous ribs. The ribs are required to
hold the containment bag elastic cord and/or safety strap during filter
bag-in/bag-out procedures.

A containment change-out bag shall be provided for each access_port that
meets the air stream conditions of Section 3.2.1.1. The bags shall be
nominal 5 mils thick, translucent, and have elastic O-ring (compatible with
the maximum bag temperature) hemmed into the open-end of the bag.

A nylon safety strap shall be provided with the bag to prevent the bag from
slipping off of the access port bag adapter during filter bag-in/bag-out
procedures.

A nylon-cinching strap shall also be provided with the bag to “tie-off” the
bags slack when the housing door is installed and the unit is operational.

The access port shall include a removable door assembly that encloses
the access port, the bag adapter, and the bag with its accessories.
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18. The door shall include a minimum of four tie-down latches, The latches

19.

20.

shall be designed in such a manner as not to impede the bag-in/bag-out
process.

The door shall include a continuous rubber lip on its perimeter that affects
a positive “compression” seal between the door and the housing.

The door shall interface with the housing in such a manner that the door
cannot be closed or instalted untit the filter is correctly installed in the
housing and the clamping assembly or locking tray is fully ended.

3.3.1.3.3  Transition Plenum Sections

1.

The Bypass Bleed skid assembly will. require one filter housing inlet
transition plenum section and one filter housing outlet transition plenum
section for the assembly. The plenum housing sections shall be fabricated
and/or assembled to meet the latest requirements of ASME AG-1
{Section HA) and to support 150 percent of their own finished weight when
mounted to the housing/test section.

The transition sections shall be fabricated from 10, 11, or 12 gauge (as
required), ASTM A 240/A 240M, Type 300-series stainless steel with a
2-Bmill finish. Al welded components shall be fabricated from
Type 300-series stainless steel, Grade L. The flanges shall be, at a
minimum, 150-Ib raised-face flanges and meet the requirements of.
ASTM A 182/A 182M.

The transition sections shall be all welded construction and fabricated in
accordance with the housing/test section manufacturer's standard
fabrication processes.

All “pressure retaining” weld joints and seams shall be 100 percent
continuously welded. Weld joints and seams shall be wire brushed or
buffed after final NDE/inspection as required to remove heat discoloration,
oxidation, all burrs, and sharp edges.
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5.. Inlet transition shall be designed to integrated the inlet heater into the skid.
The inlet transition shall include a 12-in Class 150 raised face flange to
form the connection point to the system.

6. The outlet transition shall include a 6-in class 150 raised face flange to
install a 6-in butterfly valve.

3.3.1.3.4 Inlet Heater

1. . Provide an inlet heater sized to reduce the incoming airstream from 100%
Relative Humidity to less than 70% Relative Humidity.  Heater shall be
installed in the inlet transition prior to the prefilter. Heater shall include a
NEMA 4-rated control panel, with a minimum of one stage of electric heat
and shall be silicon control rectifier (SCR) controlled to modulate the heat

“output of the heater. Control panel shall include pilot lights for heater on,
low airflow, and each stage on. Heater shall be UlL-listed. Heater shall
operate 480 Volt, 3-phase, 60 Hz. :

2. Heating elements shall be open coil, 80 percent nickel, 20 percent
chromium, Grade A resistance wire. Coils shall be machine crimped into
stainless-steel terminals extending at least 1 in. into the airstream and all
terminal hardware shall be stainless steel. Coils shall be supported by
ceramic bushings staked into supporting brackets. ' : ‘

3. Heater frames and terminal boxes shall be corrosion resistant steel.
Terminal box shall be NEMA 4 construction and shall be provided with a
hinged, {atching cover and multiple concentric knockouts for field wiring.

4. - Heater shall include the following controls: airflow sensing switches
(differential pressure type), hi-limit thermostats, manual and automatic
reset thermal cutouts, de-energizing magnetic contactors for each heater
stage, safety magnetic contactors controlled by the automatic reset cutout,
Fuses to protect each circuit in any heater drawing more than 48 amps,
control transformer including overcurrent protection required by UL or the’
NEC® (NFPA 70), a built-in snap acting disconnect switch, and include
electronic temperature elements and temperature controller necessary to
operate the heater SCR.
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3.3.1.3.5 Valves and Installation

Component data sheets for the manual valves are to be provided for as
listed in the Bidder’s Drawing and Data Commitments sheet (Appendix D).
Valves shall be of a compatible material with respect to the attached
piping.

All ball valves shall be pressure tested for tightness of shell and seat as
follows:

a. Shell Test. No leakage in the valve pressure boundary above
limitations stated in MSS SP-72 and MSS SP-82 is permitted.

b. Seaf Test. No leakage past valve resilient seats above limitations
stated in ANSIFCI70-2 (for Class VI), or MSS SP-72 and
MSS SP-82, as applicable, is permitted.

Valve leak test reports shall be prepared and submitted to the Buyer for
review and approval.

-All valves shall be installed per manufacturer’s instructions.

Valves used to isolate the .condensate coliection system lines shall
accessible for operation and maintenance.

Seller shall review manufacturer’'s supplied information for unique
installation requirements and request written clarification if installation
requirements do not match the design.

Butterfly valves shall be used to isolate the inlet of Filter/fan skid
assembly. {solation valves shall meet the design requirements of
ASME B31.1 and MSS SP-68 (use of ASME B31.1 as allowed per
ASME AG-1, Section DA). Isolation valves shall be lugged type;
Keystone™ figure 362-173, or Bray® Series 21 or 41 (with MSS SP-68
body and seal testing) or approved equivalent, with Type 316 stainless-
steel body, disc, and Type 316 or 17-4 stainless steel stem. Stem packing
shall be Teflon® and the resilient seat shall be Buna N®. The stem
bushing shall be stainless steel or RFTF/Fiberglass Epoxy. Valves shall
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meet the requirements of ASME N509 for leakage Class | and shall be
individually tested in accordance with ASME N509. Valve leak test reports
shall be prepared and submitted to the buyer for review and approval.

A B-in. (minimum) valve shall be located after the outlet to the HEPA filter
housing transition section. Reach handles shall be provide® if easy
access to the valves is not attainable.

All instrumentation shall have the capability to isolate the pressure
instruments from the plenum atmosphere to allow for calibration testing.

3.3.1.3.6  Bypass Bleed Skid Assembly Base

1.

The Bypass bleed skid assembly will require a structural base that
supports the system components as well as any required electrical and
instrumentation and control components. A single base shall be provided
for a dual vertically stacked Filter/fan skid assembly design.

The skid shall be fabricated from ASTM A 36/A 36M carbon steel or a
Buyer-approved substitution.

The skid filter base shall be all welded construction. Joints and seams
shall be wire brushed or buffed after final NDE/inspection as required to
remove heat discoloration, oxidation, all burrs, and sharp edges.

The skid will be designed to be portable allowing the system to be moved
by crane and truck. Lift points shall be provided for lifting and handling
rigging, and attachment of load binders (transportation). Any spreader bar
or special lifting device shall be provided and load tested in accordance
with DOE/RL-92-36. The lift points shall be designed to lift the gross
weight of the unit. The lifting points and the gross weight of the unit shall
be identified on the skid. The skid shall identify the approximate center of
gravity of the assembly for lifting and handling.

3.3.1.3.7  Skid Assembly Instrumentation and Control

All of the skid assembly instrumentation shall comply with the ASME AG-1
(Section IA) and the NEC® (NFPA 70).
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All instruments shall be capable of 2 percent accuracy (of full scale) or better.

Pressure Monitoring

The skid assembly shall be equipped with a differential pressure system that
measures filter performance. The differential pressure indicating instruments
shall measure the differential pressure across the prefilter and the HEPA filter.
The skid assembly shall also be equipped with a pressure indicating instrument
that measures the pressure at the discharge plenum.

Piping — Design

Piping systems for the system and interconnecting piping for the Condensate
Drain Systems shall be designed, fabricated, inspected, examined, and tested in
accordance with the ASME B31.3 piping code for “Normal Fluid Service.” Piping
systems include all piping components and supparts. The minimum design
pressure for the Filter/fan and Bypass Bleed skid piping and components,
including instrumentation shall be determined by the Seller for the design flow
rate. The design temperature shall be determined by the Seller for the design
flow rate taking into account insulation, air stream temperature, and

‘environmental conditions.

Piping - Line Routing

The proposed installation layouts shall meet the requirements of the

ASME B31.3 piping code for “Normal Fluid Service."

The Seller shall provide detailed fabrication drawings of the required piping,
including welding details, for review and approval.

Piping — Pipe and Equipment Supports .

Piping attached to equipment shall be installed with fasteners made finger-tight
until alignment is achieved, at which time all fasteners shall be tightened.
Tightening tarque shall be that which is recommended by the ASME B31.3 piping
code for “Normal Fluid Service,” or gasket manufacturer recommended torque
values for the gasket system used. Flange assembly and bolting shall be
performed in accordance with ASME PCC-1. Piping support bolting shail be
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installed and torqued in accordance with manufacturer's recommendations.
Inspection documentation shall be provided as evidence of proper bolt torquing.

Piping and equipment shall be supported by pipe supports attached to the skid
using structural shapes or strut. The Seller shall develop detailed fabrication
drawings of the required piping and equipment supports, including welding
details. Location of frames members and supports shall be based on analyses
performed by the Seller (see Section 3.3.12.1 for required analyses).

All piping supports shall conform to the ASME B31.3 piping code for “Normal
Fluid Service,” with additional support at valves, elbows, tees, and equipment as
required. Additional supports shall be provided, if necessary, to comply with the
requirements stated in the design loads section (Section 3.3.12.1).

Piping supports shall be capable of supporting the piping in all conditions of
operation. The supports shall allow free expansion and contraction of the piping
and prevent excessive stress resulting from transferred weight being introduced
into the piping of connected equipment.

The Seller shall level-plumb piping using shims, etc., to support the pipe and to
avoid forced piping deflections at support points. The pipe supports may be
stainless or painted carbon steel.

The Seller shall provide detailed fabrication drawings of the required piping
supports, including welding details, for review and approval.

Piping Materials

Piping components shall be listed components in accordance with ASME B31.3
(Table 326.1).

The Seller shall select materials based on acceptable lifetime performance of
materials subjected to the chemical and radiation exposures described in this
specification. All parts and materials shall be new. No aluminum or “yellow"
metals are to be used. No beryllium shall be present. Exposed polymer
materials shall be constructed of anti-static materials. No lead shall be used in
the design unless it is fully encapsulated and identified with a permanent tag.
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3.3.1.7.1

3.3.1.7.2

3.3.1.73

3.3.1.7.4

3.3.1.7.5

No equipment shall use or require the use of polychlorinated biphenyls. Material
selection shall be identified in the Seller documents to the Buyer.

Material type and grade shall be clearly identified on the Bill of Materials. The
Seller shall provide Certificates of Conformance (CoCs) for review.

Screwed Pipe Fittings

Screwed pipe fittings shall be in accordance with ASME B16.11. Screwed fittings
are acceptable for instrumentation taps, drains, and vents, and the filter water
and compressed air systems; but shall be avoided for main process pipe runs.
Close or butt nipples are not permitted. Threaded joints shall be joined using low
chloride Loctite® PST.

Flanged Pipe Fittings

Flanges for pipe greater than 1/2 in. shall be standard 150-lb or 300-Ib raised-
face flanges in accordance with ASME B16.5 and shall be made from the same
type of steel as the pipe in which it will be welded. Flange assembly and bolting
shall be performed in accordance with ASME PCC-1.

Socket Welded Pipe Fittings

Socket welded pipe fittings shall be in accordance with ASME B16.11. Socket
welds shall be avoided for main pipe runs.

Butt-Welded Fittings
Butt-welded fittings shall be in accordance with ASME B16.9.
Stainless-Steel Pipe Materials

Stainless-steel pipe shall be ASTM A 312/A 312M, Schedule 40 or 80 (as
required), seamless, 300-series, Type 304, 304L, 316, or 316L. Stainless-steel
pipe flanges and flanged, socket weld, or screwed fittings shall be
ASTM A 182/A 182M, Grade F, 300-series, Type 304, 304L, 318, or 316L.
Stainless-steel butt-welded fittings shall be ASTM A 403/A 403M, Grade WP-S,
300-series, Type 304, 304L, 316, or 316L.
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1. All grades of stainless steel may be substituted for one another depending
on availability and providing the substitution still complies with the above
specifications and has prior approval of the Buyer.
2. Piping shall be a listed component as stated in ASME B31.3 (Table 326.1).
'3.3.1.7.6  Stainless-Steel Tubing

All stainles's-steel tubing shall be seamless and shall meet the chemical and
physical characteristics given in ASTMA269 Tubing shall be a listed

" component as stated in ASME B31.3.

3.31.7.7

3.3.1.7.8

Stamless-Steel T‘ublng Ftttmgs

Fittings for instrument air tubing may be Swageiok@ compression fittings or
approved equivalent, stainless steel, 300-series, per ASTMAZ276 or
ASTM A 182/A 182M. Copies of CoCs shall be provided.

Steel Forgings and Wrought Piping Fittings

All forgings, including flanges, and wrought piping fittings shall be listed

- components as stated 'in ASME B31.3 (Table 326.1), and shall meet the

3.3.1.7.9

requirements of ASTM A 182/A 182M. All stainless-steel forgings and wrought

* piping fittings used in the fabrication shall be 300-series stainless steel and shall

meet the requirements of ASTM A 403/A 403M, Grade WP-S. -
Piping Gaskets/Seals

Pipe flange connections shall use PSI Inc., LineBacker® sealing gaskets with
stainless steel as the retainer material and Viton® as the ‘sealing element.
LineBacker® Type F sealing gaskets shall be used for raised-face flanges and
LineBacker® Type E sealing gaskets shall be used for flat-face flanges.

1. All elastomeric seals shall have radiation resistance for the radiation dose
levels shown in this specification. Vnton® is acceptable for the radiation
levels specified.
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2. No Certified Material Test Reports (CMTRs) are required for gaskets or
seals, copies of CoCs shall be provided.

3.3.1.7.10 Weld Filler

The weld filler material shall be as specified in the approved Welding Procedure
Specification, see Section 3.3.1.13.1.

3.3.1.7.11 Pipe Bends
Considerations for pipe bending are listed below:
1. Elbows and pipe bends not manufactured in accordance with listed
standards in ASME B31.3 (Table 326.1) may be provided in accordance
with ASME B31.3 (Paragraphs 304.2 and 332).
2. The material shall be suitable for the bending process.

3. - The finish shall be free of cracks and substantially free from buckling.

4.  The wall thickness after bending shalli not be less than minimum wall
thickness considering corrosion-erosion and mifl under-run tolerance.

5.  The minimum wall thickness of the bend intrados and extrados shall not be
less than that calculated by equations listed in ASME B31.3
(Paragraph 304.2).

8. Bend flattening (the difference between maximum and minimum diameters
at any cross section) shail not exceed 8 percent of nominal outside
diameter for internal pressure. Metal shall not be removed to achieve

- these requirements.

7. The proposed assembly layouts shall meet the requirements of
ASME B31.3.
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3.3.1.8  Structural Materials
3.3.1.8.1 Weld Studs
Weld studs shall be metallurgically compatible with the material in which they are
welded. Weld studs shall be made from stock material that meets the
requirements of ASTM A 108 for mild carbon steel.
3.3.1.8.2 Carbon-Steel Plate and Sheet
All carbon-steel plate shall be general purpose, hot-rolled, low-carbon steei in
accordance with ASTM A 36/A 36M. Carbon-steel sheet shall be provided in
accordance with ASTM A 569.
3.3.1.8.3 Carbon-Steel Shapes
Carbon-steel structural shapes shall conform to the requirements of
ASTM A 36/A 36M.
3.31.8.4 Carbon-Steel Bars and Rods
Carbon-steel bars and rods shall conform to ASTM A 108 with a minimum yield
of 36,000 psi and maximum carbon content 0.35 percent.
3.3.1.8.5 Carbon-Steel Structural Rectangular Tube
Structural carbon-steel, rectangular tubing shali conform to the requirements of
ASTM A 500, Grade B.
3.3.1.8.6  Stainless-Steel Sheet and Plate

Stainless-steel sheet shall meet the chemical and physical requirements of
ASTM A 240/A 240M and ASTM A 480/A 480M. Stainless-steel plate shall meet
the chemical and physical requirements of ASTM A 240/A 240M. The plate shall
be provided with a cleaned finish.
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3.3.1.8.7 Stainless-Steel Bars and Shapes

Parts made from stainless-steel bars and shapes shall be 300-series stéinless
steel. Stainless-steel bars and shapes shall meet the chemical and physical
requirements of ASTM A 276.

3.3.1.9 Fasteners

The Seller shall select fasteners, when they are not spécifically called out in this
specification, using the following guidelines:

1. Carbon-steel bolts, nuts, and washers shall be used where mating parts
are not stainless steel; -

2.  Stainless-steel bolts, nuts, and washers shall be used when the mating
parts are stainless steel; '

3. Pipe flange bolting components shall 4be listed in ASME B31.3
(Table 326.1) meeting the requirements of ASMEB18.2.1 and
. ASME B18.2.2.- ' :

4.  No fasteners shall be capable of vibrating loose under operating
conditions. All such joints should be tack welded or have some equivalent
means of ensuring they remain intact. Double-nutting is not an acceptable
method of securing fasteners. Low chloride Loctite® threadlock may be
used where applicable. '

5. Low chloride anti-galling compound (e.g., Loctite® 8013 or 8009 or Neo-
Lube®) shall be applied where stainless-steel bolts are used.

B.. Stainless-steel bolts, and cap screws shall be ASTM A 183/A 193M,
Grade B8. Stainless-steel nuts shall be heavy hex nuts in accordance with
ASTM A 194/A 194M, Grade 8. Stainless-steel washers shall be grade
18-8 in accordance with ASME B18.22.1, stainless-steel lockwashers shall
be in accordance with ASME B18.21.1. Bolts and cap screws shall be
grade marked.
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10.

11

General purpose carbon-steel bolts shall be ASTM A 307 or beftter,
depending on strength and torque requirements. Carbon-steel nuts shall
be ASTM A 563a. Bolts and cap screws shall be grade marked.

Structural bolts and cap screws shall be grade-marked and shall conform
to ASTM A 325. Carbon steel washers shall meet the requirements of
ASTM F 436 Type 3.

Copies of CoCs shall be provided for all fasteners used for piping, pipe
supports, or component support structures.

All graded fasteners shall conform to 'ASME B18.2.1, SAE J429, and
ASTM A 354.

The Seller shall ensure that suspect or counterfeit fasteners and
components are not used. Suspect fasteners can be identified by the
following inspection methods:

a. Head markings are marred, missing, or appear to have been altered;

b.  Threads show evidence of dressing or wear (threads should be of

uniform color and finish);

¢.  Head markings are inconsistent within a heat lot; and

d. Head markings matching one of those identified on the U.S. Customs

Service Control of Suspect/Counterfeit ltems (see Appendix E).

3.3.1.10 Electrical - Design and Component Selection

3.3.1.10.1 General

The electrical installation shall meet the requirements of the NEC® (NFPA 70),
as administered by the CH2M HILL Hanford Group, Inc. (CH2M HILL) approved
electrical inspector.

Electrical equipment shall be listed or labeled by a Nationally Recognized Testing
Laboratory (NRTL), such as UL, when a category exists. Note: NRTL's are
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listed on the Occupational Safety and Health Administration website at
hitp://lwww.osha-slc.gov/dts/otpca/nrtl/index.html. It is the Seller's responsibility
to ensure the listing is appropriate for the equipment specified.

It is the Seller’s responsibility to obtain a listing or label for equipment without a
listing or label by a NRTL. :

When a listing or label can not be obtained, it is the Seller's responsibility to
provide equipment critical characteristics, engineering data, and test data for the
Buyers engineer to evaluate the acceptance of the product.

Any component,' equipment, assembly, or system without a NRTL listing or label
shall be subject to the approval of the CH2M HILL approved electrical inspector.

Where NEC® inspection is required, the Seller shall arrange for an NEC®
inspection to occur at the Seller's facility before shipping any assembly not
covered in whole by a NRTL listing or label. The Seller shall perform
modifications as required by the NEC® inspector before shipping.

Cabinets containing assembled controf systems shall be designéd, constructed,
and listed or labeled to UL S08A, as applicable.

Design and operation of the assembled system shall meet th'e requirements of
IEEE Std 141 and IEEE Std 519 for harmonics and flicker.

A permanent plaque or directory shall be installed at each feed and branch circuit
disconnect location denoting all other services, feeder or branch circuits
supplying the skid.

Electrical — Routing

The Seller shall select the routing of conduits between devices and the power
and instrumentation and control enclosures. Care shall be taken to run conduit
along the frame members where they can be mounted. Care shall be taken to
select routes where conduit does not interfere with maintenance or replacement
access to devices such as pumps or valves. Sketches of the routing locations
shall be submitted to the Buyer for review and approval before proceeding with
the work.
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3.3.1.10.3 Electrical — Grounding

1. . All power circuits shall include a ground wire that serves as the equipment
grounding conductor, independent from the neutral wire. All powered
devices shall be connected to the ground circuit wire. In addition, the skid
frame, enclosures, raceways, covers, and enclosure doors shall be
attached to the electrical ground. This may be accomplished by means of

" a-screw, lock washer, and ring connector attachment at a spot where all’
‘paint and surface corrosion has been cleaned from the frame. The frame
shall not be used as a current carrying conductor between devices.

2. Ground wires shall be green-insulated or bare-stranded copper wire.

3.  Ground conductors shall be unspliced and continuous between termination:
points. Ground distribution shall be through terminal blocks or a ground
bus. Wire nuts or butt splices are not acceptable.

4. . The resistance between the main ground connection to the skid and any
point in the ground circuit shall be less than 0.1 ohm as measured with a
calibrated ohm meter.

5. . The instrument ground circuit shall be separate and isolated from the
power ground circuit to the extent allowed by the NEC® (NFPA 70). The
requirements for the instrument ground circuit installation are the same as

- the power ground requirements given above.

3.3.1.10.4 Electrical — Conduit Fil

The sum of the cross-sectional areas of all contained conductors shall not
exceed the interior cross-sectional area of the raceway as calculated in the
tables in Chapter 9 of the NEC® (NFPA 70) for raceway fill. :

3.3.1.10.5 Electrical — Strain Relief

Strain relief shall be provided for all cables. The strain relief device shall comply
with the following:
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3.3.1.10.6

3.3.1.10.7

3.3.1.10.8

3.3.1.10.9

3.3.1.10.10

Strength - The device shall be capable of withstanding a 35 Ib pull for one minute
(from any direction) without allowing movement of the raceway or cable that
could damage the conductor insulation or strain the conductor terminations.

Electricat — Conduit Support

Conduit shall be supported by attachment to the frame. The Seller shall provide
rigid brackets or additional frame members for attaching conduit when frame
members are not in a convenient location. Attachment shall be on regular
intervals per NEC® (NFPA 70). Attachment shall be made using "U" clips which
may be connected to the frame using either weld studs and nuts or bolts or
approved NEC® method.

Electrical — Segregation of Control and Power Wiring

Power circuit wiring and control circuit signal wiring shali be run in separate
conduits. Signal wiring that transmits alternating current signals shall be run in
separate conduits from signal wiring that transmits direct current signals.

Electrical — Splicing

No splicing is allowed. The Seller shall provide junction boxes with terminal
blocks for connection of devices such as valves and instrument sensors that are
provided with pigtait leads.

Electrical — Enclosure Wiring

All enclosure wiring shall be routed, harnessed, appropriately laced, or in plastic
wiring ducts. Where possible, all electrical penetrations into cabinets shall be
from the bottom of the cabinet.

Electrical - Instrument Enclosures

Exposed live parts and contacts (greater than 50V) in enclosures shall be
guarded to prevent unintentional contact during maintenance activities. Door-
mounted equipment shall be constructed or shielded so that no live parts will be
exposed to unintenticnal contact when the door is open.
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3.3.1.10.11 Electrical — Enclosures
Unless otherwise noted, enclosures shall be rated NEMA 4.
3.3.1.10.12 Motor Starters
Three-pole 480V ac motor starter with, disconnect switches shall be suppiied for
the fan motors in accordance with Drawing F-145579-00-E-0006 and shall be
located within sight of the respective loads. The motor starters shall be
accessible to maintenance personnel. Disconnect switches for fans shall be
supplied with auxiliary contacts. Overload protection shall be provided and sized
according to the provided fan motor characteristics.
A local pushbutton station shall be provided for the fan. Pushbutton wiring shall
be routed to a terminal box mounted on the skid frame. Schematics, with wire
numbers, will be provided at the time of bid.
Disconnect switches shall be labeled with the ioad they serve. Incomplete load
designators will be revised at the time of bid. '
3.3.1.10.13 Electric Motors

1. Electrical motors shall be designed and tested in accordance with
NEMA MG-1.

2.  Electric motors shall be non-overloading when operating at any point
during normal operation and off-normal operation of the Exhaust Fans.

3.  Electrical motors shall be rated at 480V ac, 3 phase, 60 Hz.
4, Electrical motors shall have a minimum service factor of 1.15.

5. Electrical motors shall have a minimum insulation class of F, as defined in
NEMA MG-1.

6. The Seller shall provide the electrical motor specifications and data sheet
to the Buyer for approval before final selection.

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS
BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 65 of 122

10-Jan-06

G5-1396




RPP-24544 REV 1d

e technology ame p a?;

TECHNICAL SPECIFICATION

PROJECT: Final DBVS Design 145579-V-SP-017 REV.0
OFF-GAS TREATMENT SYSTEM
PROJECT NO.: 145579 BYPASS FILTER/FAN AND BYPASS
BLEED SKID ASSEMBLIES
CLIENT: AMEC E&E - Richland, Washington DESIGN AND FABRICATION

7.  Motors shall be Totally Enclosed Fan Cooled (TEFC) premium efficiency.
3.3.1.11  Electrical Materials
3.3.1.11.1  Conduit

1. Rigid galvanized steel {(RGS) conduit or intermediate metal conduit (IMC)
shall be used in accordance with the NEC® (NFPA 70). The conduit shall
be NRTL-approved, standard weight, 1/2in. minimum size for control
wiring and 3/4 in. minimum size for power wiring.

2. Liquid-tight flexible conduit shall be installed where flexible conduit is
required or where connecting to vibrating loads. Liquid-tight flexible
conduit shall be grounding type with a polyvinyl chloride jacket.

3. Conduit fittings shall be standard steel threaded, liquid-tight, type
RGS/IMC fittings.

3.3.1.11.2 Wire and Cable
1. Conductors shall be stranded copper for all sizes of wire and cable uniess
specifically designated otherwise on the drawings. All wire and cable shall
be NRTL-listed.
2.  Wire insulation shallbe THHN/THWN for all 600V conductors.

3. Minimum size of power conductors, 600V and below shall be No. 12
American wire gauge (AWG).

4. Conductors for control circuits shall be No. 14 AWG minimum, except that
remote control circuits, signaling circuits, instrumentation, and power
limited circuits may be sized smaller in accordance with the NEC®
(NFPA 70).

5. Power wiring shall have color-coded insulation as indicated in Table 3-4.
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Table 3-4: Wire Color Coding Requirements

480Y/277V ac, Phase A Red THWNTHHN or
3-phase systems Phase B Yellow XHHW
Phase C Blue
Neutral White or Gray
Equipment Green (ar bare)
Grounding
Conductor
208Y/120V ac, Phase A Black
3-phase systems Phase B Purple
Phase C Brown
Neutral White or Gray
Equipment Green (or bare)
Grounding
. . Conductor
120/240V ac, Hot No. 1 Black
1-phase systems Hot No. 2 Brown
Neutral White or Gray
Equipment Green (or bare)
Grounding
Conductor

Instrumentation cable shall be 600V, twisted shielded pair for analog
signals, muiticonductor for discrete signals, flame retardant, jacketed cable
suitable for installation in wet or dry locations. Conductors shall be a
minimum of No. 18 AWG stranded, copper, in twisted pairs or triads with
ethylene propylene insulation. Each pair or triad shall be shielded with a
drain wire and metallic tape. Multipair cables shall have an individual
shield and an overall shield of metallic tape and drain wire. Conductor
color coding shall be black, white, and red if triad. Temperature rating
shall be 90 °C. Each pair or triad shall be numbered for simplified
termination.
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7.  Control and power multiconductor cable shall be 600V, flame resistant,
jacketed cable suitable for wet or dry locations. Conductors shall be
stranded copper with ethylene propylene insulation with a temperature
rating of 90 °C.
3.3.1.11.3 Connectors
1. Connections to terminal blocks shall be the push-in type and shall be
performed in accordance with the manufacturer's recommendations.
2. Flat-spade connectors shall not be permitted.
3.3.1.12 Drawings

The Seller shall provide all design drawings necessary for the Filter/fan skid
assembly which includes, but is not limited to, drawing outlines, interface
drawings, electrical wiring diagrams, control wiring diagrams, pipe support
drawings, dimensional drawings, rigging sketches, and as-built drawings.
Drawings shall be submitted to the Buyer for review and approval.

The Seller shall develop drawings that detail how the specified parts and

materials will be assembled to meet the requirements of this specification. The
drawing package shall include detail fabrication drawings, assembly drawings,

~arrangement drawings, general electrical drawings, electrical wiring and conduit

schedule, and final as-built drawings. Drawings shall have a parts and materials
list, as applicable, that clearly identifies quantity, manufacturer, the part or model
number, material type and grade, electrical characteristics, size, and general
descriptions. Drawings shall include dimensional layouts, dimensioned
subassemblies, dimensioned component details (f not included on
manufacturer’'s cut sheets), flow and electrical diagrams, material and fastener
sizes, descriptions, weld symbols, and notes. The arrangement drawings shalil
provide weight and center of gravity locations for the overall assembly as well as
for major subassemblies (e.g., skid-mounted equipment within a larger assembly
ar large equipment moved and mounted as a unit).

The assembled system shall be designed to comply with the P&ID and include all
components specified on the P&ID provided in Appendix A. If conflicts arise
between the proposed design and the P&ID, they shall be brought to the
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3.3.1.13

3.3.1.13.1

3.3.1.13.2

attention of the Buyer for resolution. Any changes from the approved drawings
shall be identified to the Buyer using the Request for [nformation form
(Appendix F) for review of the change. The change shall then be controlled by
the Seller to ensure the fabrication drawings are properly updated to incorporate
the change. Final as-built drawings shall be prepared by the Seller at the
conclusion of fabrication and testing.

Drawing size shall be per ANSI Y14.1. Parts and materials list shall include
guantity, manufacturer, the part or model number, material type and grade,
electrical characteristics, size, and general descriptions. All component parts
shall refer to applicable material specifications, such as the military, ASME,
ASTM, federal, or other specifications. As-built drawings shall be verified in
accordance with QA Program Controls before submittal, and shall be in
accordance with Buyer-supplied drawing procedures.

Drawings shall be prepared using AutoCAD® compatible drafting software.
A copy of all as-built drawing files (one of which shall be an electronic AutoCAD®
release 2000 or higher compatible file format) shall be included in the final
drawing package. Drawings shall use the ROMANS AutoCAD® text font and the
minimum text height shall be 1/8 in.

Material Control Process

The Seller shalt develop a material control procedure to be used in the execution
of the work. The material control procedure shall address procurement controls,
segregation, and traceability of materials including weld filler rod from receipt at
the shop through processing.

Exposure of Stainless Steel to Chloride Materials

Stainless stee! shall not be in contact with materials containing more than
250-ppm chlorine. Low-chloride markers shall be used. Chlorinated solvents
shall not be used to clean stainless steel.

Contact of Staintess and Carbon Steel

Contact between carbon steel and stainless steel shail be avoided during
fabrication. Temporary carbon-steel clamps, supports, braces, and fixtures shall
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3.3.1.14

3.3.1.14.1

not come into direct contact with stainless-steel surfaces. Galvanized-steel
clamps or fixtures may not be used on stainless-steel piping or components.
Wire brushes shall be stainless steel. Grinding wheels and wire brushes shall be
new or used previously on stainless steel only.

Welding Process

All welding performed by the filter housing manufacturer and/or the HEPA filter

fabricator/manufacturer shall be in accordance with ASME N509 and

ASME AG-1 and based on published consensus standards such as
AWS D1.1/D1.1M, ANSYAWS D1.3, AWS D16, AWSD2.1/D9.1M, and
ASME B31.3.

Weld size and type shall be selected by the filter housing manufacturer and/or
the HEPA filter fabricator/manufacturer based on applicable seismic, wind
loading, and system pressure requirements established within this specification.

Welding of all pressure piping shall be performed in accordance with the
ASME B31.3 piping code for "Normal Fluid Service,” at a minimum.

Certified welders shall perform welding of all structural steel in accordance with
AWS D1.1/D1.1M or AWS D 1.6 (depending on material).

Welding Procedures, Procedure Qualification Records, and Welder Procedure
Qualification Records shall be submitted for review and approval.

Welding Procedure Requirements

All welding shall be performed in accordance with the Seller's approved Welding
Procedure Specification. Each Welding Procedure Specification shall be
qualified with a Procedure Qualification Record as required in ASME B&PV
Code, Section IX; AWS D1.1/D1.1M; and AWS D1.6; as applicable.

Welding of all stainless steel including, but not limited to, structural shapes,
rectangular tubing, plate, and sheet shall be performed in accordance with
AWS D1.6 nontubular, statically-loaded conditions. Welding of stainless-steel or
carbon-steel piping shall be performed in accordance with the ASME B31.3
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3.3.1.14.2

piping code for “Normal Fluid Service." Automatic pipe welding equipment and
techniques may be used.

Welding of all carbon steel including, but not limited to, structural shapes,
rectangular tubing, plate, and sheet shall be performed in accordance with
AWS D1.1/D1.1M nontubular, statically-loaded conditions.

Welded connections on the lifting components shall be 100 percent visual and
100 percent Dye-Penetrant Test or Magnetic-Particle Test inspected. If a weld is
in a radioactive material boundary (e.g., process piping), then these welds will
require a minimum of a visual inspection and additional NDE (dye penetrant,
magnetic particle, or x-ray, as appropriate).

All HEPA filter holding frame welds, where failure could result in process media
by-passing the filter, shall be inspected with liquid penetrant.

Dye penetrant tests the final weld pass for ducting and transitions in contact with
the HEPA filter air stream .

All load bearing welds, or welds deemed critical by the Buyer, shall be inspected
with liquid penetrant by the Buyer. Examples of critical weldments are the fan
and ductwork connections that are deemed critical by the structural and applied
loads analyses.

If the filter housing manufacturer's weld inspection procedures defining specific
weld acceptance criteria are based on, include or exceed this specification’s
referenced requirements of ASME N508 (Section 7.3), then a copy of their
procedure, marked to indicate the applicable requirements, shall be submitted as
part of the NDE procedures package for approval before the start of fabrication.

Weld Joints and Preparation
Weld joints are as permitted by the referenced standards. Weld joint design, as
noted on the fabrication drawings, shall be sent to the Buyer for review and

approval before fabrication.

Post-weld heat treatment of carbon-steel piping is not required.
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3.3.1.14.3 Weld Repairs

3.3.1.14.4

Weld defects shall be removed and repaired as allowed by the referenced
standards. The original Welding Procedure Specification shall be used for weld
repair. Welds that fail inspection shall not be ground out and repaired more than
twice before the section is abandoned and replaced.

Weld Map

All welds (including typical welds) shall have unique numbering listed on a weld
map(s). - The weld map(s) shall include the weld number, weld procedure
number, filler material contro! number, welder identification, NDE procedure
number, and examiner identification. Individual weld maps are to be provided
per component when multiple components are produced.

Weld identification shall be performed as follows:

1. Prepare weld identification drawings, isometric or spool, which show
relative position of pressure containing welds and attachment welds to
pressure retaining components.

2. Assign weld numbers to pressure-containing welds and attachment welds
to pressure retaining components as made. Record weld numbers on
weld identification drawings as welds are made.

3.  Place the welder bonder identification symbol and weld number adjacent
to welds on completion. Piace the. identification symbol approximately
every 3 ft on long seams or large welds.

4. Do not reuse weld numbers. If a weld is completely replaced, assign a
new number. ‘

5. Show heat and lot numbers on weld identification drawings for materiais
requiring CMTRs.

Weld identification documentation shall be submitted to the Buyer for review and
approval.
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3.3.1.15 Fabrication Traveler
The Seller shall provide fabrication traveler(s) for the fabrication and testing of
the above described Filter/fan skid assembly equipment. The fabrication
traveler(s) shall include detailed procurement, fabrication, assembly, testing,
shipping, and handling steps required to properly fabricate, assemble, and test
the equipment in accordance with the drawings and specifications.
3.3.1.16 Monitaring and Control System

The MCS philosophy is a combination of local operations and remote monitoring
(Section 3.1.2.5.3). The Seller shall interface with the physical instruments and
components through the use of a Seller-provided termination panel. The
termination panel shall meet UL 508A (as required), shall be rated for the
environmental condition of the panel location, located in an area away from the
process lines if possible, shall be easily accessible for maintenance, and shall
meet NEC® (NFPA 70) requirements for working clearances.

Only local instruments and components are required to be wired and terminated
to the termination panel. The local instruments and components' shall be routed
in conduit and terminated at the local termination panel. Terminations shall be
tension-clamp terminals capable of individual replacement (i.e., DIN rail
mounted). An example is a Weidmilller® type WDU. Alternating current power
and alternating current/direct current inputs shall be physically separated.

The Seller shall provide an interface panel wiring to an instrument/component
drawing. See Figure 3-1 as an example.

Twisted shielded pair shall be used for analog instrument signal wiring.
Individual wires shall be labeled for the destination with the cable being labeled
with both FROM and TO information (see Appendix G).

! Instruments shown on the drawings with a box around the symbol are Monitoring and Control
System virtual displays or controls and require no action by the Seller.
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Figure 3-1: Interface Panel Wiring to Instrument/
Component Drawing (Example)
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3.3.1.17

3.3.1.18

Instrumentation Calibration and Characteristics

In general, afl instrument transmitters shall provide an isolated 4-20 mA signal to
the MCS., Interface connections shall be through wire termination points on the
instruments.  Instruments, tubing, piping, ahd wiring shail be instailed in
accordance with the instrument manufacturer's recommendations and the best
practice for the industry. Purchasing and installation of the MCS input and output
modules are not included in this contract. Locally indicating instruments and
sensors shall be installed such that they are easily readable by an operator
standing on the floor/grade at the skid assembly. The Buyer shall provide
guidance with positioning based on best available knowledge of the
configuration.

Certificates of calibration shall be provided with all instruments in the final data
package and shall include the instrument accuracy and drift. The Seller shall
provide Instrument types and manufacturer to the Buyer for approval before
purchase of the instrument. Recommended field recalibration procedures shall
also be provided in the final data package along with a list of special tools
required for recalibration.

Component data sheets for the pfocess instrumentation are to be provided as
listed in the Bidder's Drawing and Data Commitments sheet (Appendix D).

Common Interlocks/Set Points

System interlocks and set points described in this section are intended to provide
the Seller with a general understanding of the operation of the Filter/fan skid
assembly. They are provided to assist the Seller when determining operating
ranges for instrumentation; however, they are estimates and are subject to
change. These parameters will be a part of the logic program supplied by the
Buyer and will be verified during testing.

The HEPA filter differential pressure alarms will consist of a Low differential
pressure and high-high differential pressure on the first and second HEPA filters
and across both HEPA filters. The low differential pressure shall be set at 25 Pa
(0.3-in. w.g.). The high-high differential pressure across the HEPA filter shall be
set at 1,345 Pa (5.4-in. w.g.).
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3.3.1.19

3.3.1.20

Mechanical Assembly Requirements
All equipment shall be assembled to the structural frame observing the
equipment manufacturer's recommended assembly instructions. Equipment

shall be checked to ensure that it is provided with adequate amounts of fresh
lubricants of the proper selection.

Workmanship
1. General: Remave all burrs and break all sharp edges.

2. Drawings:

a. Dimensioning and tolerancing shall be interpreted per ANSI Y14.5M
and

b.  Tolerances not specified an drawings shall be as shown in Table 3-5.

Table 3-5: Standard Drawing Dimension Tolerances

One Decimal Place + 0.1
Two Decimal Places + 0.06
Three Decimal Places +0..030

Angular £2°

3. Welding to ball valves:
a. Ball valves shall be disassembled before welding to the valve body.
4. Piping and components:

a. Pipe flange, man-way, and flange faces shall be w1th(n + 2° of vertical
or horizontal, whichever is appropriate;

b.  Pipe flange balt holes shall straddle centerlines;
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¢. Material and debris shall be removed from piping and components
before welding/assembly; and
d. Secondary containment housing flanges shall be flat.
3.3.2 Industry and Government Standards

3.3.3

3.3.31

3.3.3.1.1

3.3.3.1.2

The codes, standards, and source documents that provide the design fabrication
and testing requirements are listed in Section 2. Sections within this specification
provide specific details or reference for application of the codes and standards
documents. Conflicts found between the referenced codes and standards will be
referred to the Buyer for resolution.

Radiation

Electromagnetic Interference/
Electromagnetic Compatibility

The equipment shall be designed in accordance with the limits set forth in the
following subsections.

Unintentional Radiators

Equipment shall comply with the emission limits specified in 47 CFR 15,
Subpart B. The Seller must provide certification that the emissions from
equipment or the device are within the limits specified in 47 CFR 15 or an
Federal Communications Commission-accepted international standard.

Radio Frequency Interference Susceptibility

Applicable equipment shall be evaluated for the immunity to radio frequency
interference from portable communications equipment, in accordance with
|EEE Std C37.90.2.

Since the frequencies of interest are in the bands of 120 to 190 MHz and 420 to
480 MHz, the equipment shall be evaluated from 20 to 1,000 MHz. The electric
field intensity of 30V/m shall be used for evaluation.
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3.3.3.1.3 Equipment Alternating Current Mains Surge Protection

3.33.14

3.3.3.2

3.3.4

Applicable equipment shall be designed to withstand the surge waves specified
in IEEE C62.41.1 and IEEE C62.41.2. The equipment shali be type tested by the
manufacturer in accordance with this standard, and certification provided by the
Seller.

Electrostatic Discharge Protection

The system or individual parts of the system shall not be damaged and shall
continue to function after being subject to electrostatic discharge on operating
panels and other controls normally availabie to operating personnel. The
manufacturer shall provide certification that electrostatic discharge testing was
performed according to the methodologies found in ANSI C63.16 or
|IEC 61000-4-2. The test voltage should be at least 4 kV. ANS| C63.16 provides
additional references to selecting the proper voltage ranges to be used.

Nuclear

All materials of fabrication in contact with the process air stream shall be
evaluated to be able to operate without loss of service while exposed to a
cumulative radiation dose of 1000 R..

Cleanliness

Before assembly, and before preparing for shipment, all components shall be
cleaned by flushing clean water and/or blown clean and dry with compressed air
to the extent that extraneous materials, such as those listed below, are not
present:

1. Metallic or other dusts (shop dust), chips, turnings, and weld splatter;

2. Abrasive particles;

3.  Rust and other Ioose corrosion particles;

4.  Magnetic/liquid penetrant residues, dye check, eftc.;
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5. Foreign material (i.e., paper, tape, plastic, sand, and wood);
6.  Cutting oils;
7.  Excess lubrication, grease, and oil; and
8. Marking dyes.
The fabrication traveler shall describe the cleaning and packaging steps taken.

The Filter/ffan skid assembly equipment ports and pipe openings shall be
temporarily capped following cleaning and drying for shipment. .Packaging
requirements following cleaning are documented in Section 5.2.

3.3.5 Corrosion of Parts

Solvents and cleaning solutions used on stainless steel shall be chloride-free.
Stainless-steel components do not require painting except as required for
identification or other markings. Paint, if used, used on stainless steel shall be
epoxy-phenolic.

All exposed surfaces of carbon-steel parts shall be protected from corrosion by
priming and painting (see Section 3.3.6 for protective coating requirements).

To the extent practical, connections between dissimilar metals shall be avoided.
3.3.6 Protective Coatings

Protective coatings shall be used on equipment where specified in this
document. Protective coatings shall be used on the appropriate equipment in
order to meet the reliability and maintainability requirements; to protect
equipment from the environmental conditions; and to provide a clean, smooth
surface for decontamination. The weldments shall be completed and painted
entirely before installation of piping and components in the frames. Care shall be
taken to protect the paint during equipment installation. Touch-up shall be
performed to repair paint defects after the equipment installation is completed.
Protective coating specifications shall be submitted to the Buyer for review and
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approval before fabrication. All exposed carbon steel surfaces shall be painted
with the manufacturer's standard color.

3.3.6.1 Painting Preparation

The Seller shall prepare all surfaces in accordance with the manufacturer’s
instructions.  Painting shall be perfarmed in a clean, well-ventilated area
separated from airborne particulates generated by shop operations.

3.3.6.2 Paint Application

1.  Alt exposed carbon-steel surfaces shall be prepared and painted with a
minimum of one coat of primer and a minimum of two finish coats.

2. Paint shall be applied to dry, clean, and adequately prepared surfaces in
accordance with manufacturer’s instructions. Each coat of paint shall be
properly cured according to manufacturer's instructions before applying
additional coats.

3.  All paint containers shall remain closed until required for use. Paint shall
be mixed before use in accordance with manufacturer's instructions.
Agitation during application must be provided where specified by the
manufacturer.

4, Paint may be apblied with a brush or sprayer according to manufacturer's
instructions.

5.  All coats shall be applied in such a manner as to produce a film of uniform
smoothness. Special attention shall be paid to crevices, weld lines,
corners, and edges to obtain the required thickness.

6. The manufacturer's instructions for thinning, mixing, handling, and
applying the products shall be considered to be part of this specification.

7. All coats shall be applied to produce a film of uniform smoothness and
nominal thickness of not less than 3 mils with a total minimum thickness
(with primer and top coat) of 5 mils. Special attention shali be paid to
crevices, weld lines, corners, and edges to obtain the required thickness.
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3.3.6.3 Primer
The Seller shall use standard zinc-rich primer for carbon-steel structures or
piping. Precoated or stainless-steel pipe support components do not require
painting.
3.3.64 Paint
1. The Seller shall use a standard top coat compatible with the primer for
finish coats on carbon-steel structures or piping.
2. Precoated or stainless-steel pipe support components do not require
painting.
3.3.7 Interchangeability
The Seller shall specify the assembly level at which components shall be
interchangeable or replaceable. This is a design consideration to be reflected on
the design drawings and/or supporting documents (such as calculations and
analyses).
3.3.8 ldentification and Marking

Component identification labeling shall be performed in accordance with the
following guidelines and shali match the final P&ID or elecfrical one-line diagram
for the assembled system.

3.3.8.1  Equipment Labeling

The Seller shall label all equipment in accordance with this spéciﬁcation.
Equipment to be labeted shall include, as a minimum:

1. Valves;
2. Instruments and gauges, pumps, motors, tanks, compressors, and filter
housings;
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3. Motor controls centers, power panels, instrument enclosures, and
switches; and

4.  Junction boxes shall follow the labeling convention below:
a. Instrument {24V dc): 36-1JB-#H
b. Elect.rical (110V ac): 36-EJB-#HH#
c.  Power (110, 120, 480V ac): 36-PJB-###

Equipment shall be labeled in accordance with the final P&ID for the assembled
system. Tags shall be 1 in. by 3 in. minimum and use 3/16-in.-high black text on
white background. The tags shall be plastic and have a 3/16-in. hole for
attaching to components.

For components without a suitable flat surface, tags shall be attached using a tie
wrap. For components with a suitable flat surface, tags shall be attached using
clear silicon rubber adhesive. Equipment tags shall be located where they are
readily visible and not subject to damage or accidental removal during equipment
operation. Tags shall be suitable for the environment on which they are installed.

3.3.8.2 Piping and Ducting Labeling

Piping and ducting shall be marked with arrows and fluid type to denote the
direction and the fluid conveyed. The fluid conveyed shall be marked as
“EXHAUST,” “FILTERED WATER," or “"COMPRESSED AIR,” etc. as applicable.
Text shall be ali capital letters. The label background and lettering colors shall
be as follows: '

1. Air stream ductwork shall be yellow field with black letters.

2. Labels shall be made from self-sticking polyester or vinyl (Electromark®
part number P400 series or approved equal). For pipes that are less than
3/4 in. in diameter, the label size and lettering shall be appropriately sized
to the size of the pipe. Pipe that is greater than 3/4 in. in diameter lettering
shall be sized in accordance with Table 3-6.
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Table 3-6: Pipe Labeling Format
1.5 2 8 0.75
25 (¢ 12 1.25
10 24 25
10 - 32 35
3. The labels shall be placed on pipes in the location most readable from the
operator's normal viewing position.
4. Piping labels shall be placed before and after each valve and piping joint.
3.3.8.3 Wire and Cable Labeling

3.3.84

All wires and cables shall be labeled at both terminations with the identification
specified on the contract drawings. Wire label material requirements and color
coding are given in Table 3-4.

Terminal Labeling

Terminai block label tags shall be a durable plastic material. The tag color shall
be white background with black lettering. Each terminal on the terminal block
shall be labeled with a clearly visible terminal number. Numbered terminal block
covers may be used for this purpose.

The tag may be mounted on a surface of the enclosure in close proximity of the
terminal block. Tags shall be attached securely by means of durable stranded
stainless-steel cable, clamps, or chains.
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3.3.8.5 Conduit Labeling

1. All conduits shall be labeled with the identification tag on the contract
drawings and the highest voltage contained in the conduit as in the
following example:

E-123 - 110 VAC 1PH

2. The minimum letter height shall be 1/4 in. The label length shall be as
fong as required to contain the required information. The fabel color shall
be white background with black lettering. Text shall be all capital letters.
The labels shall be a durable material that is permanently secured to the
conduit by an adhesive or mechanical means. The label may be metallic
or plastic. The label shall be affixed securely in place in a manner to
prevent their loss, damage, slippage, or accidental removal. However, the
means used to mount the label should permit its removal when necessary
without damage to the surface to which it was attached.

3.3.8.6 Labeling of Handling and Lifting Devices
All equipment that is designed to be mechanically lifted shall have lifting points,
the center of gravity, and the lifting weight marked. Lift points shall be identified
with 'yellow paint. All specialized lifting devices shall be marked in accordance

with DOE/RL-92-386, as follows.

Structural and mechanical below-the-hook devices shall be provided WIth
identification displaying the following data, as a minimum:

1. Rated load,

2. Manufacturer's name,

3.  Lifting device weight (if over 100 Ib),
4. Drawing number (if applicable), and

5. Serial number (if applicable).

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS

BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 84 of 122
10-Jan-06

G5-1415




RPP-24544 REV 1d

amec®

TECHNICAL SPECIFICATION

PROJECT:

Final DBVS Design 145579-V-SP-017 REV. 0

PROJECT NO.: 145579

OFF-GAS TREATMENT SYSTEM
BYPASS FILTER/FAN AND BYPASS

CLIENT:

BLEED SKID ASSEMBLIES
AMEC E&E - Richland, Washington| - DESIGN AND FABRICATION

3.3.8.7

3.3.9

The identification data may be displayed on a nametag, nameplate, metal stamp,
or other permanent marker. If the lifting device comprises several lifting devices
that can be detached from the assembly, these individual lifting devices shall be
marked with their individual load rating also.

Clearly mark and identify any compaonents required for removal before equipment
installation {e.g., shipping blocks).

Electric Motor Labeling

The markings on all motors shall be in accordance with the NEC® (NFPA 70)
and NEMA MG-1. Care should be taken when painting, such that the motor
nameplates, lifting eyes, or lifting swive! manufacture nameplates are not to be
painted.

Exhaust Fan Labeling

The Exhaust Fans shall have a Manufacturer's nameplate using the Seller's
standard practice. The nameplate shall include: the equipment number (provided
by the Buyer); assembly weight (dry and wet); purchase order number; lifting bail
working load limits; Manufacturer data for swivel hoist rings (as applicable); and
this specification number, 145579-V-SP-017, latest revision. Clearly mark and
identify any components required for removal before equipment installation
(e.g., shipping blocks).

Manufacturer's nameplate shall be stainless steel, permanently engraved and
permanently attached to the equipment and major accessories (i.e. fans, motors,
drives, etc.) and shall include the following information:

s Fan capacity cfm

» Fan operating static pressure in. w.g.
¢ Fan revolutions per minute

* Brake Horse Power

o Centrifugal wheel size in.

e Fan bearings: size, identification number, lubricant used, etc.
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3.3.10

3.3.11

3.3.12

e Fan weight

» Motor: type, RPM, HP, frame, bearings, insulation class, NEMA
characteristics, weight, etc '

e Drive
e Manufacturer's Model identifications and serial numbers
e Year of manufacture.

Nameplates

The skid assembly shall have a manufacturer's nameplate. The nameplate shall
include: the project number, purchase order number, equipment name and
number (provided by the Buyer), assembly weight; this specification number,
latest revision, and other data to be supplied.

The skid assembly shall also have an EIN label centrally affixed to the assembly.
Letter height for this [abel shall be 3 in., minimum.

Human Engineering

Human factors engineering principles and criteria shall be integrated into the
design of systems and the facilities that house and support these systems.
Operator movements and accessibility of equipment and controls in the work
area shall be considered, and practical access to each system component for
operation and maintenance shall be provided.

Qualification

The drawings, calculations, and associated design media shall show full
compliance with this specification and Buyer-approved exceptions or
modifications. The Seller's design media (drawings and calculations) shall be
prepared by, or under the supervision of, a Professional Engineer licensed in the
State of Washington and sealed. The responsibilities of the assigned
Professional Engineer for preparation and control of each deliverable shall be in
accordance with the engineering practice laws and regulations of the State of
Washington. Portions of drawings originated by others, such as as-built vendor
information on P&IDs, shall be clearly identified. If the Seller cannot meet these
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requirements through utilization of existing registered Washington State
Professional Engineers or certifying Professional Engineers through comity in the
State of Washington, the Seller shall inform the Buyer so that a resolution can be
reached,
To obtain approval for the design of the fabricated system the Seller shall
perform the following:

1. Prepare calculations, required by this specification, and document how the
results of the calculations were incorporated into the design and
fabrication drawings (e.g., adequacy of pump to meet calculated demand,
selection of weld size to meet structural requirement).

2. Identify those materials and/or components that require CoC.

3. Prepare complete data sheets and obtain vendor cut sheets for major
components of the assembled system. At a minimum, the set of major
components shall be those shown on the P&ID (valves, instruments,
equipment, etc.). This information package will be used to evaluate how
the Seller has evaluated the form, fit, and function of components for their
intended use as shown on drawings and in supporting calculations.

3.3.121  Structural Calculations

In general, equipment and structures shall be analyzed and designed in
accordance with ASME AG-1, UBC (1997) and ASCE 7-98, as the minimum
requirements. The loads and load combinations used in the analysis shall be as
defined in UBC (1997) or other national codes and standards, as referenced in
this section or as otherwise defined in this specification. In addition, the Hanford
Site-specific design requirements are included as part of this specification and
shall be incorporated in the analysis, as applicable, in determining the loads, load
combinations, and allowable stresses to which the equipment or structures shall
be designed.
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3.3.12.1.1

3.3.12.1.2

3.3.12.1.3

Dead Loads
Dead loads include the weight of all permanent materials and equipment,
including the assembled system equipment weight, with and without the weights

of fluids and materials being handled.

The unit weights of material and construction assemblies shall be those given in

"ASCE 7-38. Where unit weights are neither established in that standard nor

determined by test or analysis, the weights shall be determined from data in the
Seller design and fabrication drawings or from catalog cut sheets.

Live Loads

Live loads are those Ioads produced by the use and occupancy of the unit and do
not include construction and environmental loads such as wind load, snow load,
rain load, earthquake load, flood load, or dead load. Live loads are produced by
operations, maintenance workers, and equipment.

1. Live loads shall be not less than the minimum uniform ‘load or
concentrated load stipulated in ASCE 7-98.

2. The minimum design live load shall be 20 Ib/ft? (includes ashfall).

3.  The weight of service equipment that may be removed with change of use
of a given area shall be considered as live load.

Earthquake Loads

Earthquake induced design loads, (operating basis earthquake) as a minimum,
shall comply with the UBC (1997) Seismic Zone 2B for essential facilities.
Seismic assessments shall use the UBC (1997) (Section 1632) or ASCE 4-98,
with an importance factor, I, = 1.5 for structures, systems and components and
seismic zone factor, Z = 0.2. The soil profile type as defined by UBC (1997)
(Section 1636.2) is taken as SE and with a seismic coefficient, C, of 0.24, for
conservatism.

For load combination evaluations per ASME AG-1 (Table AA-4212), only 'levels A
and B apply.
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3.3.12.1.4

3.3.121.5

3.3.12.1.6

3.3.12.1.7

Snow Loads

Snow loads for the equipment shall be in conformance with ASCE 7-98.
A ground snow load, of 15 Ibf/ft® shall be used for calculating snow load.
Unbalanced snow loads resulting from drifting or sliding shall be considered.
snow loads, full or unbalanced, shall be substituted for live loads where such
loading results in larger members or connections.

Wind Loads

The equipment shall be designed to resist pressures from wind from any
direction. Partial wind loading shall be considered if it produces a more severe
effect. Wind load design shall comply with ASCE 7-98, using the 85 mph
“3-second gust wind velocity” with an importance factor of 1.15, exposure
Category C.

Ash Loads

An ash loading of 5 Ib/ft? 'shall be considered in the design of equipment or
support structures exposed to the elements. The ash loading shall be evaluated
using the load combination, S =D + L + A in addition to other load combinations,"
defined by the referenced codes and standards in determining the goveming
loads for design and analysis.

Load Combinations and Stresses

Load combinations, allowable stresses, and strength requirements as defined in
UBC (1997) and ASCE 7-98 shall be used in determining the governing load
combination(s), acceptability of the design, and stability of the equipment or
structure. ‘

The stability of the equipment or structure against overturning and sliding shall be
determined and the stability maintained, based on a safety factor of 1.5.
Anchorage of the equipment components to the support structure(s) shall be
designed using the methods in UBC (1997) for life-safety systems (importance
factor, [ = 1.5).

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS
BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 89 of 122

10-Jan-06

G5-1420




VLIV ftechnology
TECHNICAL SPECIFICATION

RPP-24544 REV 1d

PROJECT:

Final DBVS Design 145579-V-SP-017 REV. 0

OFF-GAS TREATMENT SYSTEM

PROJECT NO.: 145579 BYPASS FILTER/FAN AND BYPASS

CLIENT:

BLEED SKID ASSEMBLIES
AMEC E&E - Richland, Washington DESIGN AND FABRICATION

'Anchorage shall comply with UBC (1997). Acceptable types of concrete

3.3.12.1.8

3.3.12.2

anchorages include industry-standard wedge-type expansion-type anchors
having capacities published by the International Conference of Building Officials.
Anchor size shall be a minimum diameter of 12 mm (1/2in.) regardless of
calculated anchorage requirements. Alternative anchorage methods or types
may be proposed for Buyer consideration.

Hoisting and Rigging Loads

The lifting apparatus (eyebolts, hoist rings, and lifting bails) shall be designed in
accordance with the. American Institute of Steel Construction (AISC) Manual of
Steel Construction—Allowahle Stress Design, the AISC Manual of Steel
Construction—load and Resistance Factor Design, and ASME B30.20.
Equipment designed and fabricated by the Seller shall have a safety factor of 3
based on yield strength. Equipment purchased by the Seller shall have a safety
factor of 5 based on ultimate strength. Documents shall be provided to the Buyer
demonstrating incorporation of these safety factors. The Seller shall identify the
total weight, the center of gravity, and the lift points and rigging methods
necessary for liffing each component. Lift points shall be identified with yellow
paint. Any special tooling, spreader bars, or other recommended fabricated
devices for lifting shall be provided by the Seller.,

Mechanical Calculations

Mechanical calculations performed for the piping (nonductwork) system shall be
prepared in accordance with piping code requirements in ASME B31.3. As a
minimum, calculation shall include the following subjects:

1. Pipe wall thickness calcutations for pressure (ASME B31.3,
Paragraph 304.1).

2.  Stress calculations for sustained loads because of pressure, dead load,
and any other sustained loads (ASME B31.3, Paragraph 302.3.5).

3.  Stress calculations for displacement stresses, such as thermal loads. Use
Equation (16) in ASME B31.3 (Paragraph 319.4) for flexibility analysis on
simple systems.
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4.  Stress calculations for occasional load such as pressure, dead weight,
other sustained loads, and earthquake loads (ASME B31.3,
Paragraph 302.3.6).
5. Hanger stress calculations for dead weight, thermal, and seismic loads
(ASME B31.3, Section 321; ASCE 7-98; UBC 1997, and the AISC Manual
of Steel Construction—Allowable Stress Design for source reference, in
addition use an Importance factor - Ip = 1.5 and seismic coefficient - Ca =
0.34).
The Seller shall determine the need for a corrosion allowance for the processing
fiuid and operating conditions. This assessment shall be documented and any
allowance clearly identified in design calculations and/or material specifications.
3.3.12.2.1 Normal Operating Pressure Loads

Normal operating pressure loads in the ductwork resulting from the gas flow
condition shall be considered and are to be addressed in the design of the skid
assembly. For the design analyses performed in accordance with this
specification, the design flow, pressure, and temperature for the various ductwork
systems are listed in Table 3-7.

Table 3-7: Bypass Filter/Fan Skid Assembly Piping

Main air stream ducting and filter
assemblies

» Determined by the Seller using
Table 3-1 and 3-2 conditions and
vendor data for components.

3.3.123

Electrical Calculations

Electrical calculations shall be done in support of NEC® (NFPA 70)
requirements, ANSIIESNA RP-7 requirements, and requirements of this
specification. Calculations shall include, but are not limited to:

1.  Electrical load calculation, with any assumptions regarding demand factors
or load diversity clearly stated.
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2. Wire sizing calculation for all power conductors, with all assumptions
regarding duty cycle clearly stated.
3.  Equipment sizing/selection calculation (transformers, distribution panels,
overcurrent protection, etc.), with any assumptions clearly stated.
4, Raceway sizing calculation, for all conduit and other raceways.
Care shall be taken to ensure that maximum ambient temperature is used
appropriately when performing calculations for wire and equipment size.
3.3.13 Document Submittal
The following subsections provide the minimum document requirement
submittals
3.3.13.1 General Requirements

Information to be supplied with the bid, for review and as final is shown on the
Bidder's Drawing and Data Commitments sheet (Appendix D).

Each document submittal shall be identified with this specification number, item
number, purchase order number, and Seller's identification number. Submittals
shall be transmitted to the Buyer in accordance with the directions found in the
Request for Quote.

Data shall be sufficiently clear to allow legible copies to be made on standard
reproduction equipment after microfilming.

Approval by the Buyer does not relieve the Seller from the responsibility for
accuracy or adequacy of design under this specification.

Submittals are divided into two types: (1) those requiring “approval before
proceeding” (i.e., weld procedures or prepurchase evaluation data) and (2) those
requiring “approval before shipment” (i.e., vendor information data).

Submittals requiring approval before shipment will be reviewed to verify
completeness and adequacy for their intended purposes.
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Unacceptable items that require approval before proceeding will be handled as
specified below. :

A submittal requiring approval that is not approved by the Buyer will be
dispositional as:

1. “Not Approved, Revise and Resubmit.” The submittal is considered
technically deficient, or incomplete, and is therefore unacceptable.
Resubmittal is required; hence fabrication, procurement, or performance of
procedures shall not proceed.

2. “Approved with Exception.” Fabrication, procurement, and performance of
procedures may proceed, and resubmittal is required to verify
incorporation of the exception. Final acceptance of the item is contingent
on the Buyer's receipt and approval of the corrected submittal.

Submittals requiring approval before shipment that are determined to be
incomplete or inadequate will be marked “Resubmit’ and will be returned. An
explanation of the deficiencies will be included for corrective action by the Seller.

Design Documentation

The Seller shall provide all shop fabrication drawings that detail how the specified
parts and materials will be assembled to meet the requirements of this

~ specification.  Shop fabrication drawings shall clearly identify the material type

and grade on the Bill of Material. The Seller shall include a Bill of Material and
submit to the Buyer for review and approval. Final as-built drawings shall be
provided by the Seller at the conclusion of fabrication and testing. Arrangement
drawings (Drawing F-145579-36-A-0108) are provided in Appendix A.
Modifications to the arrangement drawings can be proposed by the Seller to
improve the fabrication of the total assembly; however, modifications and the
detailed fabrication drawings are to be approved by the Buyer before
procurement of material or initiation of fabrication.

The Seller shall fabricate the equipment according to the approved design
drawings submitted to the Buyer.
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3.3.13.1.2

3.3.13.2

The Seller shall submit design questions and request design changes in writing
to the Buyer for resolution or concurrence.

The Seller shall maintain designated full-size drawing sets for incorporating
design changes concurred with the Buyer. The Seller shall incorporate all redline
changes on the drawings and submit both paper and electronic copies of the
as-built drawings to the Buyer.

Al design calculations required for the ASME AG-1 components and
ASME B31.3 piping, support structures, and lifting -and handling shall be inctuded
in reports that have undergone independent review by the Seller's qualified
personnel. Design calculation reports shall be submitted to the Buyer for review
and approval before the start of fabrication.

A compliance matrix shall be completed that documents that all components
within the Filter/fan skid assembly are in compliance with the appropriate
sections of ASME AG-1, ASME N509, and ASME N510. An example of a
suitable compliance matrix is included in Appendix B.

As-Built Drawings

The Seller shall deliver to the Buyer three hard copies and one electronic copy of
the final fabrication level as-built drawings and specifications accurately depicting
the product delivered. Drawings shall include dimensional layouts, dimensioned
subassemblies, dimensioned component details (f not included on
manufacturer's cut sheets), physical location of the sample and injection
manifolds relative to the filter housing, flow and electrical diagrams, material and
fastener sizes, descriptions, weld symbols, and notes. The designer's name,
responsible engineer's name, Bill of Materials, and drawing numbers shall
appear on the index {cover sheet).

Fabrication Traveler Submittal

The Buyer will insert witness and hold points in the fabrication traveler during
their review and approval of the fabrication traveler. Witness points can be
waived by the Buyer, but must be documented in writing. Hold points require the
Buyer personnel to be present during the fabrication, inspection, or test step.
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3.3.13.3

3.3.13.4

Schedule and Component Lead Time

A proposed schedule of fabrication, inspection, and testing of all Filter/fan skid
assembly equipment shall be submitted for review with the bid and approval with
the submittal of the fabrication traveler(s).

A proposed schedule shall be provided showing the discrete steps and schedule
to complete all work described in this specification. The schedule shall identify
fabrication drawings, engineering, parts procurements, fabrication, examination,
inspection, and testing activities. A list of components and lead time delivery for
each component shall be provided to the Buyer. Component substitutions can
be proposed by the Seller to improve the fabrication, schedule, or cost; provided
such substitutions are approved by the Buyer.

The schedule shall allow two weeks for review and approval of structural
calculations and one week for review and approval of ali other documents. The
Buyer shall provide a calculation review sheet identifying requirements for the
calculations. ' :

Spare Parts List and Special Tool
Requirements

The Seller shall provide the following, as required for installation, maintenance,
and operation of the assembly:

1.  Recommended spare parts list for Buyer concurrence. The spare parts
lists shall be based on equipment mean time between failures and long
lead procurement items (long lead defined as longer than four weeks from
order placement to delivery).

2. List of required special tools.

3.  Special tools manufactured during fabrication shall also be provided on
delivery.

4,  List of required lubricants.
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5. Lubricant required for startup and operations shall be delivered with

Material Safety Data Sheets and shall be provided on delivery of related
equipment.

Submit spare parts, special tool, and supporting vendor data for review and
approval.

3.3.13.5 Final Data Package
The Seller shall not ship the skid assembly and ancillary hardware until all tests -
and inspections have been performed and the final data package is compiete
and approved by the Buyer. The Seller shall notify the Buyer three weeks before
the intended shipping date, and ‘shalil allow the Buyer one week after receiving
the package, and before shipment, to review the data package. The final data
package shall include all items specified on the Bidder's Drawing and Data
Commitments sheet (Appendix D).

3.3.14 Personnel and Training
Records for the following areas shall be prepared and made available to the
Buyer. Review of the qualifications may be subject to a surveillance or source
inspection by the Buyer.

3.3.14.1  Welder Qualification

3.3.14.2

Welder shall be qualified in accordance with ASME B&PV Code, Section IX and
AWS D1.1/D1.1M, as applicable. Documentation for personnel performing
welding, including tacking, shall be maintained in a Welder Performance
Qualification Record. ‘

Weld Examination

Welds shall be examined per ASME B31.3 at a minimum for piping and pipe
supports and per AWS D1.1/D1.1M for structural steel. An ASME B31.3 weld
examiner shall meet the code requirements. Welded connections on the lifting
components shall be 100 percent visual and 100 percent Dye-Penetrant Test or
Magnetic-Particle Test inspected.
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3.3.14.3 Electrical Inspection

The Hanford Site CH2M HILL approved NEC® Electrical Inspector shall inspect -
equipment fabricated under this contract that is not NRTL-listed or labeled. All
deficiencies found shall be corrected or dispositioned before shipment.
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4.1

4.1.1

QUALITY ASSURANCE REQUIREMENTS

The following subsections provide the minimum QA requirements for this
specification.

GENERAL

The Subcontractor/Supplier shall have a documented, implemented, and
maintained Quality Assurance Program that is based on ASME NQA-1-1994,
Quality Assurance Requirements for Nuclear Facility Applications, or ather
consensus standards that provide an equivalent level of quality assurance
requirements. The Quality Assurance Program shall be in accordance with
national standards and identify the activities and items to which it applies.
Instructions and procedures must include or reference appropriate quantitative or
qualitative acceptance criteria for determining that prescribed activities have
been satisfactorily accomplished.

The QA Program must address each of the areas discussed within this QA
requirements flowdown. The Seller must submit the QA Program to the Buyer for
review before award of contract.

The Seller shall assess its QA Program regularly to ensure its effective
implementation.

The QA Program shall provide for indoetrination and training, as necessary, of
personnel performing activities affecting quality to ensure that suijtable proficiency
is achieved and maintained. Personnel who conduct inspection and test
activities shall be qualified to conduct those activities and certification of the
qualification must be submitted to the Buyer on request.

Design

The Seller must define, control, and verify designs developed for this contract.
Design inputs must be specified on a timely basis and correctly translated into
design documents. Design interfaces must be identified and controlled. Persons
who did not design the item must be used to verify design adequacy. Design
changes, including field changes, must be reviewed and approved by the same
personnel who reviewed and approved the initial designs.
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41.2 Procurement Document Control

Procurement documents must include or reference sufficient quality and
technical requirements in order to describe the items and services requested.
Procurement documents must be reviewed and approved by the authorized
personnel within the Seller's organization, and changes must be reviewed and
approved by the same individuals who reviewed and approved the original
procurement documents.

The Seller must have a process for accepting procured items. This process must
include one or a combination of the following: CoC, source verification, receiving
inspection, and post-installation testing.

The Seller shall provide a legible and reproducible CoC. The CoC shall be
signed by the Seller's authorized representative responsible for quality

assurance.

The CoC shall contain, as a minimum, the following information:

1. Identification of the Buyer's contract. or purchase order number under
which the materials, equipment, component, or service is being
purchased.

2. Provide traceability by means of positive identification from the material,
equipment, component, or service to the CoC.

3. Identify the specific procurement requirements met by the material,
equipment, component, or service supplied (i.e., codes, standards, or
other applicable specification). The procurement requirements shall
include any approved changes, waivers, or deviations applicable to the
subject materials, equipment, component, or service.

4. ldentify any procurement requirements that have not been met, together
with an explanation and the means for resolving the nonconformance.

The Seller's certification system, including the procedures to be followed in filling
out a certificate and the administrative procedures for review and approval of the
certificates, shall be described in the Seller's QA Program.
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The certification system shall provide a means to verify the validity of the Seller’s
certificates and the effectiveness of the certification system (i.e., during the
performance of audits of the Seller or independent inspection or test of the
items). The Buyer shall conduct this verification at intervals commensurate with
the Seller's past quality performance.

The Seller is required to flowdown all QA requirements from this contract to any
subtier subcontractor/suppliers. Any access to the subtier
subcontractor/suppliers’ facilities for verification activities will be requested
through the Seller before access, and verification activities may be performed
jointly.

The Seller shall warrant that-ali items furnished under the contract are genuine
(i.e., new; not refurbished and/or counterfeit) and match the quality, test reports,
markings, and/or fitness for intended use as required by the contract. Any
materials furnished as part of the contract that the government or other duly
recognized agency had been previously found to be suspect/counterfeit shall not
be used.

All items are subject to inspection at the Seller's facility or lower-tier

subcontractor's facility. The Seller shall notify the Buyer, at least seven working

days in advance, of the time when such items or activities will reach the Buyer's

identified inspection hold points. As a minimum, final inspection before"
packaging for shipment shall be considered such a hold point, unless specifically

waived by the Buyer.

The Seller shall obtain all materials to be delivered under-the contract directly
from the original manufacturer or an authorized manufacturer's representative.
The Seller shali provide legible and reproducible documentation, with the
materials, that provides objective evidence that the items were provided by the
original manufacturer. Such documentation may include a copy of the purchase
order to the manufacturer and shipping documentation or manufacturer invoice

-{each of which would identify that the materials were obtained from the original

manufacturer).

The Seller shall submit, with or prior to item shipment, a recommended spare
parts list. The list shall provide the name and address of the original supplier of
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4.1.3

414

the replacement part, and the part's draWings, specification, or catalog identity
including applicable change or revision information.

All items and/or services procured under this specification shall be subject to
inspection by the Buyer or Buyer's representative throughout the contract.
Additionally, procured items and/or services shall be subject to inspection for
acceptance.

The Seller shall grant access to the Seller’s facilities and records for inspection or
audit by the Buyer, his designated representative, and/or other parties authorized
by the Buyer as part of this contract.

Quality Assurance Document Control

The Seller shall implement a document control system to ensure that approved
and correct documents are being employed. This system shall describe the
process for the preparation, issue, approval, and changes of documents that
specify quality requirements or prescribe activities affecting quality.  Such
documents, including changes thereto, shall be reviewed for adequacy and
approved for release by an authorized person.

Computer Software Important to Safety
When applicable, software applications important to safety shall meet the

requirements of ASME NQA-1-1994 subpart 2.7, Qualily Assurance
Requirements for Nuclear Facility Applications.

Safely software includes safety system software, safety and hazard analysis
software and design software, and safety management and administrative control
software.

Software documentation shall include identification of any computer calculation;
including computer type; computer program (e.g., name); revision identification;
inputs; outputs; evidence of, or reference to computer program verification; and
the bases (or reference thereto) supporting application of the computer program
to the specific physical problem.
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4.1.5 Instructions, Procedures, and Drawings
The Seller must document and implement appropriate instructions, procedures,
and drawings. Instructions and procedures must include or reference
appropriate quantitative or gualitative acceptance criteria for determining that
prescribed activities have been satisfactorily accomplished.
identification and Control of ltems

4.1.6

The Seller shall establish controls to ensure that only correct and accepted items
are used or installed.

All items shall be identified with the applicable part number, model number, or
other identifier prescribed in this specification. Identification shall be on the item
or the package containing the item. When the identification is on the item, such
marking shall not impair the service of the item or violate dimensional, chemical,
or physical requirements. '

The Seller shall submit a legible and reproducible copy of the product data sheet
(e.g., drawing, catalog cut sheet, brochure) that provides adequate information to
enable the Buyer to verify the form and function of the articles procured. One
copy of such documentation, unless otherwise specified, shall accompany the
item.

The Seller shall identify each item, assembly, package, container, or material,
having limited shelf life, with the cure date or date of manufacture and the
expiration date. The Seller shall specify any storage temperatures, humidity and
environmental conditions that should be maintained. Material shall not be
furnished having less than 75 percent of the total shelf life available at the time of
shipment.

In addition to the ASTM/ASME marking, the Seller shall physically identify each
item/part furnished to the Buyer with the heat number (or identification number
that is traceable to the heat number). Methods and materials used to accomplish
required markings shail be compatible with the material being marked. Small
items shall be bagged/wrapped and tagged.
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41.7 Control of Processes

The Seller shall have processes to control processes, including special
processes that control or verify quality {e.g., welding, heat treating, and NDE).
Special processes must be performed by qualified personnel using qualified
procedures in accordance with specified requirements.

Seller personnel performing weld inspections shall be certified as a Certified
Welding Inspector (CWI) in accordance with the requirements of AWS QC-1.
The following documentation shall be submitted for Buyer approval before the
start of fabrication:

1. Current AWS CW]I certification;

2. Current/valid visual acuity examination (must be given every three years);
and :

3. Visual weld inspection procedure(s).

Welding procedures and personnel shall be qualified in accordance with
applicable AWS or ASME requirements specified in the contract. The Seller shall
submit copies of all welding procedures, procedure qualification records, and
welder qualification records to be employed. Buyer review and approval of these
documents is required before start of fabrication.

Nondestructive examination personnel shall be qualified and certified in
accordance with the recommended guidelines of ASNT SNT-TC-1A. The Seller
is not authorized to begin fabrication until the following documentation has been
approved by the Buyer:

1. NDE personnel qualification and certification procedure; '
2. Level |, I, and/or Il personnel qualification and certification records,
including objective evidence of NDE training, formal education,

examination, experience, date of hire, and current visual acuity exam; and

3. NDE method procedure(s) compliant with the applicable requirements of
the Buyer's contract. '
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4.1.8

Nondestructive examination reports and radiographs shall be traceable to the
item examined, shall include all essential examination parameters, and shall be
signed and dated by a qualified/certified NDE examiner. All NDE reports and
radiographs shall accompany or preceded shipment of the item or component.
Radiographs and radiographic technique and examination reports shall be
subject to review and approval by the Buyer before shipment.

These requirements shall be'passed to lower-tier subcontractors.
Verification and Validation Methods

The Seller shall have a process to plan and execute inspections to verify
conformance of an item or activity to specified requirements. The process shall
document the characteristics to be inspected and inspection methods to be
employed. The Seller shall document the results of inspections. Inspections for
acceptance shall be performed by persons other than those who performed or
directly supervised the work being inspected.

The Seller shall submit, as required by the contract, legible, reproducible copies
of inspection and/or test reports. The reports shall include, as a minimum, the
following information:

1. ldentification of applicable inspection and/or test procedure;

2. Resulting data for all characteristics evaluated, as required by inspection
or test procedures, including reference to information on action taken in
connection with nonconformances;

3.  Traceability to the item inspected/tested (e.g., serial number, part number,
lot number), date of inspection, name of inspector, type of observation;
and

4.  Signature of the Seller's authorized representative or agency performing
the inspection or test.

Key items to be verified include, but are not limited to, the mechanical and
electrical function of all equipment and components.
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4.1.9 Test Control

The Seller shall have a process (to plan and execute tests) to verify conformance
of an item or activity to specified requirements. The process shall document the
characteristics to be tested and test methods to be employed. Tests required to
collect data, such as for siting or design input, shall be evaluated.

The Seller shall prepare a detailed test plan. Before starting work, the plan shall
be submitted to the Buyer for review and approval and insertion of Buyer's
designated source inspection, witness, and hold notification points. The test plan
shall provide the following, at a minimum:

1. Traceability to the Buyer's purchase/contract order document number;

2. Name or description of the item to be  tested (e.g., components,
assemblies, subassemblies);

3. Method/procedure to be used during test; and

4.  Subsequent revisions/modifications to the test plan require review and
approval by the Buyer before implementation of the changes.

The Seller shall provide test reports that include, as a minimum:
1. ltem tested,
2.  Date of test,
3.  Tester or data recorder,
4.  Type of observation,
5.  Results and acceptability,
6.  Action taken in connection with any deviations noted,

7. Person evaluating test results, and
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4.1.10

8. Material and Test Equipment (M&TE) used with current calibration
certifications. ’

Test plans and test reports must be submitted to the Buyer for the project
records.

Control of Measuring and Test Equipment

The Seller shall control tools, gauges, instruments, and other measuring and
testing equipment used for activities affecting quality, and shal! calibrate at
specified periods and adjust to maintain accuracy within necessary limits.

The Seller shall maintain legible, reproducible copies of the Certificates of
Calibration, traceable to the NIST, for each article contracted. Each Certificate of
Calibration shall be -signed by the Seller's representative responsible for
calibration, attesting to its authenticity, and shall be identified with the following
information:

1. Buyer's contract number,

2. ldentification of the article to which the Certificate of Calibration applies,
and

3. Standards used for calibration.

In addition, the Seller shall submit a report of actual calibration results. The
report shall be identifiable to the acceptance criteria of the items submitted and
shall meet the contract requirements. The report shall contain the signature of
the authorized representative of the agency verifying compliance. One copy of
the documentation, unless otherwise specified, shall accompany the applicable
item(s) shipped.

The Certification of Calibration will be held on file by the Buyer as objective
evidence to support the actual test results and attest to the fact that the
calibrated item(s) met requirements.
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4111

4112

4113

Handling, Storage, and Shipping

The Seller shall prepare and submit for Buyer review and approval, before use,
procedure(s) or plan(s) for the packaging and shipping of materials, equipment,
or components to be furnished under the contract. The procedure(s) or plan(s)
shall include, as appropriate, cleanliness inspection before packaging, use of
preservatives and coatings, descriptions of specially designed shipping
containers, handling and rigging data, final inspections, and the type of transfer
and shipping vehicles,

Inspection, Test, and Operating Status

The Seller shall have a process to identify the status of inspection and activities
on items or in documents traceable to the items, and to ensure that items which
have not passed the required inspections and tests are not inadvertently
installed, used, or operated. Status shall be maintained through indicators
(i.e., physical location) and tags, markings, shop travelers, stamps, inspection
records, or other suitable means. The Seller must specify the autharity for
application and removal of tags, markings, labels, and stamps.

Control of Nonconforming Items

The Seller must have a process to controf items that do not conform to specified
requirements to prevent inadvertent installation or use. These controls must
provide for identification, documentation, evaluation, segregation {(when
practical), and disposition of nonconforming items, and for notification to affected

organizations.

All nonconforming conditions identified at the Seller's facility, with a proposed
disposition of “Accept-As-Is” or "Repair,” as defined below, shall be approved by
the Buyer before supplier impiementation of the nonconformance report (NCR)
disposition:

1. Accept-As-Is: Nonconforming materials will perform its intended function.

2. Repair: Nonconforming item can be corrected so that its characteristics
meet requirements of the contract. ~ :
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4.1.14

4.1.15

Nonconforming items identified as “Repair” or “Rework” shall be re-examined in
accordance with applicable procedures and with the original acceptance criteria,
uniess the nonconforming item disposition has established alternate acceptance
criteria.

Nonconformances shall be documented by the Seller on their own
nonconformance form or one provided by the Buyer. After documenting the
nonconformance and providing a proposed disposition and technical justification,
the report shall be submitted to the Buyer.

After the proposed disposition has been evaluated, and approved or rejected by
the Buyer, the form shall be returned to the Seller. Corrective action may only
take place after Buyer approval. Copies of completed, Buyer-approved, NCRs
shall be shipped to the Buyer with the affected item, and shall be documented on
the Seller's Certificate of Conformance.

Corrective Action

The Seller shall have a process to promptly identify conditions adverse to quality,
and to correct them as soon as practical. The identification, cause, and
corrective action for conditions adverse to quality shall be documented and
reported to appropriate levels of management. Follow-up action shall be taken to
verify implementation of this corrective action.

During the period of performance of work for this contract, the Seller shall
provide, to the Buyer, copies of all documents that constitute reports of
conditions adverse to quality (e.g., deficiencies, weaknesses, nonconformances,
or noncompliances with established requirements) reiated to items or services
provided to the Buyer.

In addition, the Seller shall ensure flowdown of these requirements to its subtier
subcontractors/suppliers of quality-affecting items and/or services procured for
work performed for the Seller.

Quality Assurance Records

The Seller shali have a process to specify, prepare, and maintain records that
furnish documentary evidence of quality. Records shall be legible, identifiable, .
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4.1.16

4.2

retrievable, and protected against damage, deterioration, or loss. The process
shall establish and document responsibilities and requirements for records
transmittal, distribution, retention, maintenance, and disposition.

Controt of Graded Fasteners

The following are minimum requirements for high strength graded fasteners
produced in compliance with national consensus standards (i.e., SAE, ASTM,
ASME):

1. Fasteners shall exhibit grade marks and manufacturers identification
symbols (headmarks) as required in the specifications referenced in the
contract.

2. When requested by the Buyer, the Seller shall provide legible and
reproducible copies of the manufacturers CMTRs. These CMTRs shall
report the values of the actual chemical and physical tests performed on
the represented fastener ot and material heat. Fastener packaging and
labeling shall be fraceable by lot number or other means to the CMTR.

3. Fasteners shall be inspected and documented to verify compliance with
this QA Clause. Additionally, fasteners may also be subject to destructive
testing by the Buyer to verify compliance.’

INSPECTIONS AND TESTS

Factory Acceptance Testing (FAT) of the equipment is required. . Factory
Acceptance Test specifications, procedures, and documentation of test results
shall be prepared and submitted. All temporary electrical equipment including
wiring and instruments necessary to allow component testing will be provided by
the Seller.

Water used for hydrostatic testing shall be tested for chlorides before use. The
chloride content of the test medium shall not exceed 250 ppm for water
temperatures of 149 °F or less.

Dated calibration labels shall be visible on all test equipment. Measuring and
test equipment used for acceptance inspections and tests shall be controlled in
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4.2.1

4.211

accordance with the Seller's QA Program and shall be traceable to a national
measurement standard.

Each component, instrument, sensor, and valve shall be tested to verify that it is
functional. In order to complete these functional check-out tests, the Seller will
have to provide temporary power and switches for each valve activation and
component activation circuit in the system. Compressed air or bottled nitrogen is
also required for pneumatically-actuated valves. All electrical devices shall be
tested from the skid junction box to the end device and all instrumentation shall
be tested from the skid junction box termination.

Electrical Testing
The following sections detail the requirements for electrical testing.
Motor Test
All motors shall be given a routine test to demonstrate that the motors are
installed correctly and free from mechanical and electrical defects. Motor tests
shall be performed in accordance with the Seller's standard practice. Tests shall
include, but are not limited to:

1. Motors shall be designed and tested by the manufacturer in accordance

with NEMA MG-1. Certificates of Conformance and/or certified test results

shall be supplied for the following tests:

a. Rated load readings of current, power, and speed at rated voltage and
frequencies;

b.  No load readings of current, power, and speed at rated voltage and
frequencies; '

c. Mechanical vibration and motor balance test results in accordance
with NEMA MG 1-12.06 and NEMA MG 1-12.07;

d.  High potential test results in accordance with NEMA MG 1-12.03; and

e. 1000V dc Megger test for one minute, phase to ground.
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4212

4213

4.22

4.2.3

2. Motors shall be checked for correct rotation and incoming power terminals
shall be labeled by phase for proper rotation.

Wiring and Breaker Test

All wiring and breakers shall be given routine tests to demonstrate that they are
free from mechanical and electrical defects. Wiring and breaker tests shalt be
performed in accordance with the Seller's standard practice. The Seller shall
provide wiring and breakers test data that include, but are not limited to:

1. Megger tests are required for all electrical power wiring;

2. Continuity testing is required for all electrical power and instrumentation
wiring; and

3. Circuit breakers are to be inspected for proper size, correct instaltation,
manual operation of handles, and suspect/counterfeit parts.

Instrument Tests

The Seller shall prepare a log of instruments tested by a certified-Electrical
Inspector.

Manual Valve Tests

Verify valves cycle through an open and close cycle and achieve their specified
fully open and fully closed positions

The Valve-Test Checklist shall be submitted to the Buyer for review and
approval.

Pressure-Leak Test

The Filter/fan skid assembly piping and components shall be pressure-leak
tested in accordance with the ASME B31.3 piping code for "Normal Fluid.
Service.” A sensitive leak test in accordance with Section 345 of the piping code
is required for all condensate drain piping; a soap bubble test has sufficient
sensitivity.
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Results shall be recorded and shall be submitted to the Buyer with test
records/documents. :

424 High-Efficiency Particulate Air Filter System Testing

Filters shall be installed to perform the following tests. The tests (below) may be
performed concurrently as practicable.

4.2.41 Filter Housing Testing

1. The filter housing assembly, including inlet and outlet transitions, shall be
visually inspected in accordance with the requirements of ASME N510
(Section 5). Observed deficiencies shall be documented on the inspection
checklist and as a NCR if needed. A corrective action shall be noted and
re-inspection resuits documented on the inspection checklist and on the
NCR disposition. The Seller shall submit NCRs, as applicable, to the
Buyer in accordance with the Bidder's Drawing and Data Commitments
sheet (Appendix D).

2. The filter housings or test sections shall be tested for airflow distribution in
accordance with the requirements of ASME N510 (Section 8). If similar
equipment (duplicate in design, layout, and fabrication) has previously
been qualified by this test, the results of this testing may be used to
demonstrate airflow distribution qualification. Acceptance criteria shall be
as given in ASME N510 (Section 8).

3.  The filter housings or test sections shall be tested for air-aerosol mixing
uniformity in accordance with the requirements of ASME N510 (Section 9).
Qualification testing of sampling manifoids shall be conducted in
accordance with ASME N509. Qualification testing of challenge aerosol
injection manifolds shall be performed in accordance with ASME N510
(Section 9).  If similar equipment (duplicate in design, layout, and
fabrication) has previously been qualified by these tests, the results of this
testing may be used to demonstrate manifold and air-aerosol mixing
uniformity qualification.  Acceptance criteria shall be as given in
ASME N510 (Section 9).
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424.2 High-Efficiency Particulate Air Filter

4.2.4.3

System Structural Capability Tests

The High Efficiency Particulate Air (HEPA) filter ductwork, housings, and
completed assemblies, shall have a structural integrity test performed under
vacuum. The structural integrity test shall be conducted in compliance with
ASME AG-1 (Section SA-6400) and ASME N510 (Section 6). The Structural
capability test pressure shall be performed at a Seller-determined value and the
value demonstrated to meet the requirements stated in ASME AG-1.

Housing Leak Tests

Perform ductwork and housing leakage testing after the Structural Capability Test
has been successfully completed. Leakage testing shall be in accordance with
ASME AG-1 (Section SA-5300). Maximum allowable leakage shall be in
accordance with ASME AG-1 (Table B-1310, Leakage Class 1). The leak rate
test pressure shall be specified by the Seller and verified as consistent with
ASME AG-1 requirements.

The HEPA filter holding frames at each filter position shall be pressure-decay
leak tested in accordance with the requirements of ASME N510 (Section 7). The
leak rate shall not exceed 0.1 percent of the housing volume per hour at the
system leak test pressure and as defined in ASME N509 (Section 4.6.4).

The filter housings shall be pressure-decay leak tested before HEPA filters are
installed. Test shall be conducted to meet the requirements of ASME N510
(Section 6). The leak rate shall not exceed 0.1 percent of the housing volume
per hour at the system leak test pressure and as defined in ASME N509
(Section 4.6.4). '

A Buyer's representative may be present to witness the decay leak test of the
housings. The Seller shall give a minimum of five days advance notice before
performing the test(s).
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4.2.4.4

4.2.5

4.2.6

4.2.7

Fan Tests

This check will verify that fan will perform at the system design inlet conditions
specified in Table 3-1 and verify that the motor is operating within manufacturers
recommended parameters.

Vibration testing shall be in accordance with ASHRAE Standard 87.1.

Fan leaks test shall be performed in accordance with ASME AG-1,
paragraph BA-4142.

Noise level shall be verified less than 85 dBA at 10 ft.
Lift Tests

The fully assembled skid assembly shali be lifted from a horizontal position
without incurring any damage. The lifting points shali be shown to account for
the offset loads, such that the skid assembly hangs with its vertical axis within ten
degrees of vertical. All lifting accessories or components shall be load tested to
125 percent of the rated load capacity.

Verify the weight and center of gravity of the overall assembly.
Acceptance Criteria

Acceptance criteria will be defined after process testing at the Seller's facilities. It
is expected -that a FAT will be used to accept the skid assembly at point of
shipment from the factory. The skid assembly will be shipped to Washington, at
a location near the Hanford Site to be determined by the Buyer, where it will be
installed by the Buyer. An acceptance test shall be performed by the Buyer.

Inspections

Specific inspections by the Buyer or Buyer's representative that may take place
at the Seller’s facilities include a suspect fasteners inspection before shipment of
equipment. Electrical equipment installation and wiring practices will be subject
to review by NEC® inspectors.
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5 PRESERVATION AND DELIVERY

5.1

51.14

5.1.2

The following subsections provide the minimum requirements for packaging,
labeling, handling, shipping, and receiving.

- GENERAL

Every item that is shipped shall arrive at the jobsite in the‘ same condition when it
passed all quality control inspections and tests.

The equipment shall be prepared for delivery to the Buyer's specified site located
near the U.S. Department of Energy’s Hanford Site in Richland, Washington in a
manner that can easily be inspected by the Buyer's personnel. The Seller shall
be responsible for the equipment and associated components provided by the
Seller through shipping and receiving of the equipment. -The Seller shall be

‘responsible for any damage that occurred during shipping.

The equipment will remain the property of the Seller until the Buyer has
completed a receipt inspection at the Buyer's facility.

Packaging and Shipping Instruction Manual

The Seller shall prepare an instruction manual(s) that includes packaging
information, - handling information, "shipping information, storage information,

‘operational procedures, maintenance . procedures, and special assembly

procedures. The instruction manual(s) shall be submitted to the Buyer for
approval before shipment.

A recommended spare parts list shall be prepared and provided to the Buyer.
Operation and Maintenance Manual

Provide an Operation and Maintenance Manual containing all infermation and

" procedures necessary to operate and maintain the Filter/fan skid assembly.

Component manuals and other vendor data such as the following shall be

- provided, as applicable:.

1. One-line diagram, layout drawings, schematic and wiring diagrams;
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2. lllustrated parts lists with manufacturer catalog numbers;

3.  Certified copy of factory test results;

4, Recommended maintenance schedule;
5. Mainterjance procedures; and

6.  Operating procedures.

Submit Operation and Maintenance Manual, component manuals, and other
vendor data to the Buyer for approval before shipment.

5.2 - PRESERVATION AND PACKAGING

Before packaging, all residual water present in the .systems from .acceptance

testing shall be thoroughty drained and dried by purging oil-free dry air through

the system. All open pipe ends shall be sealed to prevent ingress of debris and

vermin into the system. The assembly shall be thoroughly cleaned to remove

any dirt or dust that may have accumulated on the equipment during testing.

Defects in the paint shall be touched-up. Moving parts shail be secured to
" prevent movement during shipping.

5.3 PACKING

- 1. The Seller shall package equipment for international transportation in solid
wood crates from Vendor's facilities to Fabricator and from Fabricator to
Buyer to protect items during shipping. Bracing structures shall be
installed where items could be damaged or vibrate loose during
transportation. All bracing must be clearly identified, both in the packaging
instruction and by labeling on the outside of the receipt tanks.

2. Rigging sketches or a handling procedure shall be prepared by the Seller

- for items that require special handling. These sketches will identify actual

weights, sling locations, balance points, methods of attachment, and other
information necessary for safe handling.
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3. Packaging or preservative coatings shall be visually inspected after

10.

11.

loading. Damaged areas shall be repaired. ltems shipped with desiccants
shall be inspected after loading to verify that seals are intact.

Cushioning shall be used where protection from shock and vibration is
required. Cushioning materials shall have sufficient strength to provide the
required protection, shall exhibit no corrosive effect when in contact with
the item being eushioned, and shall not readily support combustion.

Temporary . cushioning, blocking, bracing, or anchoring placed within an
item for shipping protection that shall be removed before operation of the
item, shall be identified by a warning(s) placed in a conspicuous manner to
effect proper removal of the packing material. ‘

Blocking and bracing useéd for protection of the load shall prevent item
movement and withstand thrust and impact applied in any direction.
Blocking and bracing used in direct contact with the item being blocked
shall not have a corrosive effect on the item.

The weight, lifting points, or center of gravity indicatéd on the crate, skid,
or package of major components shall be used to ensure proper handling
during loading. ‘

Written instructions covering the jocation and stacking limits of the crates
or boxes on the transport vehicle shall be specified, as appropriate. These
instructions should be marked on the container.

Precautions shall be taken to minimize marring of the finish of painted
surfaces during handling and shipping, as practicable.

Cables, slings, chain falls, etc., shall not be placed where they can cause
damage to any component part. Mating surfaces, machined areas, etc.,
shall be avoided. ’

All items shall be protected from the deleterious effects of shock, vibration,
physical damage, moisture, salt spray, condensation, and weather during
shipping, as applicable.
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12.

13.

14.

15.

16.

17.

18.

19.

ltems shall be inspected for cleanliness before packaging. Dirt, oil,
residue, metal chips, or other forms of contamination shall be removed in
accordance with Section 3.3.4. Any entrapped water shall be removed.

All openings into items shall be capped, plugged, and sealed with
materials which perform their intended function without causing deleterious
effects on the equipment or its operation.

Nonmetallic plugs and caps shall be brightly colored. Clear plastic caps or
plugs are not to be used except when specified.

Plugs or caps shall be prevented from falling into, or being pushed into,
openings after installation and shall -be secured to prevent accidental
removal.

{tems subject to corrosion, either internal or external, shall be suitably
protected.

ltems packed in containers shall be blocked, braced, or cushioned to
prevent physical damage.

[Instrumentation, electrical and electronic equipment, motors, and other
electrical assemblies and equipment shall be packaged in a waterproof
enclosure. This may be the enclosure the item will operate in. For items
without waterproof enclosures, a vapor barrier shalil be placed around the
enclosure. In either case, the enclosure shall be able to exclude dirt and
facilitate handling and marking of the item. Barrier materials shall be
nonhalogenated if used in contact with austenitic stainless steels, shall be
noncorrosive, shall not readily support combustion, and shall not be,
otherwise, harmful to the item being packaged. Desiccants may be used
inside the enclosure or vapor barrier. '

*Anchoring” of the item within a crate or on a skid means to adequately
fasten the item during shipment and protect the item from potential
damage as a result of rough handling. Bolting is preferred. When bolts
are used for anchoring, the following criteria shall apply:
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54

55

5.6

f. If precision holes in the item are used for anchoring, properly fitting
bolts shall be used to prevent marring or elongation of the holes.

g. items shall be marked to preserve identity during shipping, receiving,
and storage per the following requirements:

i. Identification shall be stamped, etched, stenciled, or otherwise
marked on the item or on tags affixed to the item.

ii. The marking shall not be deleterious to the material nor violate
any other section of this specification.

iii. When tags are employed, they shall be of material that will
retain the marking and withstand weathering deterioration and
other normal shipping and handling effects.

20. ltems not specifically covered by these requirements shall be handled in
accordance with sound material handling practices.

MARKING

Packages shall be properly and clearly marked. At a minimum, the required
information shall include the contract number, the name and equipment number
of the item within the package, the actual weight of the package and its contents,
and the orientation of the equipment within the crate. Each package shall be
fabeled as part of the entire shipment, such as “Crate 1 of 2."

HANDLING

The Seller shall lift equipment using a forklift or crane, using the lifting points
designed for that purpose.

SHIPPING

The Seller's truck driver shall carry bills of lading for each shippable unit that is
delivered to the Buyer.
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The Seller shall obtain approval to ship from the Buyer before the equipment is
prepared for shipment.
5.7 RECEIVING

The Buyer's agent will perform a receipt inspection on receipt of the-equipment at
the Buyer's specified site.

This receipt inspection shall consist of the following:

1.

2.

Verify all parts are present and not damaged during shipping.

Documentation review—determine that documentation required by
contract to accompany equipment is present and traceable to the
equipment shipped as required by the Bidder's Drawing and Data
Commitments sheet (Appendix D).

The Seller is responsible for accommodating the receipt inspection process by:

1.

Designing and using packaging that allows for easy opening or
disassembly to reveal the item(s) for inspection, then reclosing to permit
the same packaging to be used for post-receipt transportation on the
Hanford Site.

Selecting locations on equipment for identification numbers that promotes
easy identification without extensive disassembly of packaging materials.
It is preferred that packaging be marked to indicate the approximate
position of identification numbers on equipment within the packaging.

Ensuring that all required documentation accompanying the equipment is
present and obvious on, or within, the packaging.
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6 NOTES

1. Unless otherwise specified, equipment furnished under this section shall
be fabricated and installed in compliance with the instructions of the
manufacturer.

2.  The Seller shall ensure that all equipment, accessories, and installation
materials comply with this specification and that adequate provision is
made in the skid assembly design and fabrication for mountmg the
specified system equipment and accessories.

3. The Seller is solely responsible for construction means, methods,
techniques, sequences, procedures, and safety precautions and
programs.

4. The Seller shall provide all labor, equipment, and material required to
provide a complete and functional system.

5. To avoid delays in construction, the Seller shall ensure that all
components of the system are available to meet the required schedule.

6. The Seller shall obtain necessary permits, arrange for inspections, and

obtain approval of the appropriate Seller's local “Authority Having
Jurisdiction” over the work described. :
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7 APPENDICES

The following appendlces make up part of this specmcatlon

Appendices Descrlptlon
A Drawings and Sketches A A
B ASME AG-1 Compliance Matrix Example
C 1 Example Data Sheets o '
D | Bidder's Drawmg and Data Commltments
E TFC ESHQ-Q_C-C-03, Revision C-2, Control of )

Suspect/Counterfelt Items
F o ) Request for !nformation
L :MMG In.s.t“rL'J’men atlon Nammg énd Tagglng Convenhon ﬁ o
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Appendix A

Drawings and Sketches

tel
A77977-M-001 A 1 Buik Vitrification Off-Gas Treatment Melt & Dryer
Lower Plan
A77977-M-003 A 1 Bulk Vitrification Off-Gas Treatment Scrub &
Stack Plan ‘

F-145579-00-A-0100

F-145579-00-E-0006

F-145579-36-A-0108
H:14-106795

1 Bulk Vitrification P&ID Symbol Legend

Bulk Vitrification OGTS By Pass One-Line Diagram
1 Bulk Vitrification OGTS Bypass P&ID

Ojw | T

—_
—_

Bulk Vitrification Tri-Mer Scrubber Foundation —
Plan & Details

including cover:. 7
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Verification/Vali Design Documant
dation Reference
Requiremen . R - Review (Where is this
t Number Source Requiremenl Tex! A - Analysis requirement
T - Tast incorporated in the
| - Inspection design)
; RIA
1 AA-3000 Each section of this Code delineales material requirements applicable to that seclion. In addition, the matenials listed in Section 1Y
of the ASME Boiler Pressure Vessel Code (hereafter referred (o as the ASME Code) are acceptable materials.
The ASME or ASTM numbers for acceptable materials designate a chemical composilion and a material thickness limil. A grade
designation is usually required to delermine the minimum sirength of the material. If the specific grade malerial has an assigned
minimum yield and lensile strength, these values shall be used for design purposes. If values have not been eslablished and
assigned, then {esls in accordance with the procedures outlined in ASTM A 370 shail be performed {o oblain these values. Results
of mill certified tests performed as above designaling these values shall be calculated by lhe procedures in AA-4000.
STRUETURALDESIGH
2 AA-4100 |Scope:
This Article contains the minimurm requirements for design of equipment for which this Code is applicable. Nonmandatory
Appendices AA-A through AA-O contain guidance on implementing lhese rules.
3 AA-4110 | Environmental Qualifications:
Electrical equipment shall be qualified lo meel the environmental conditions specified for the equipment in Divisions Ul and [li of this
Code.
4 AA-4200 |Design Criteria:
This Subarticle contains lhe load, stress, defleclion, and other criteria for the design of equipment. Verificalion of equipment
design shall be based on calculations or tesls, or @ combination of both,
S AA-4210 |Load Criteria:
All loads as specified in the Design Specification or the applicable equipment section of this Code shall be taken in account in
designing equipment and shall include, bul not be limited to. the loads listed in AA-4211,
6 AA-4211  {Loads:
addilional dynamic loads {ADL): loads resulting from syslem excilation due o structural motion caused by safety relief-valve
actuation and other hydrodynamic loads due to design basis ccident (DBA), small pipe break accident (SBA). and inlermediale pipe
break accident {IBA); also, liquid slosh In tanks and vessels and mechanical shock loads.
constraint of free end displacement loads (T): loads caused by constrainl of free end displacement that results from thermal or ofher
movements.,
dead weight (DW): lhe weight of -equipment or duclwork including supporls, stiifeners, insulation, all inlernally or externally mounted
components or accessories, and any conlained fluids. design pressure differentiai (DPD): dynamic pressure loads resulling from a
DBA, IBA, or SBA.
7 AA-4211 |external loads (EL): applied loads caused by altached piping, accessories, or other equipment,
fluid momentum loads (FML): loads other than those lisled here, such as lhe momentum and pressure forces due lo fluid flow.
live loads (L): loads occumng during constniclion and maintenance and loads due to snow, ponded waler, and ice,
normal loads (N): loads consisting of normal operaling pressure differential, syslem operating pressure transients, dead weight,
exiernal loads, and inertia loads.
N = NOPD+SOPT+DW+EL+FML
normal operating pressure differential (NOPD): the maximum posilive or negalive pressure differential that may occur during normal pf
8 AA-4211  |seismic loads: loads that are the result of either an operating basis earlhquake (OBE) or safe shutdown earthquake (SSE). Both
orthogonal components of ihe horizontal seismic excitalion are applied simultaneously with the vertical seismic loading. These
seismic forces are applied in {he direclions hat produce worst-case slresses and deflections.
syslem operalional operalional iransient (SOPT): pressure transient loads due to events such as rapid damper, plenum or housing
door, and valve closure, or other normal loads that resuil in a short duration pressure differential.
9 AA-4212 [Load Combinations: The load combinations lo be considered for equipment
design are given in Table AA-4212,
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10 AA-4212  |Table AA-4212, Load Conditions: ‘
Camponant_Servics
A
& T aad
+ T + ADL
¢ [Note (1)) T and
n
General Notes:
(a) Constraint of free end displacemenl {oads, external loads, additional
dynamic loads, and fluid momentum loads are associaled
with the service level of concern and are not, in general, lhe | V same for aII service levels, (b) If particular equipment design crileria
require addilional load
combinalions, those reauirements shall be stated in the equipment design specioficalion.
(1) The SSE loading in Service Level C may be replaced with the OBE loading if component operability is required during or after
a seismic evenl and operability can be assured by test or analysis.
11 AA-4213 |Service Conditions:
The equipment Design Specification or the applicable equipmenl section of lhis Code shall identify the loads and shall designate
lhe appropriale design and service limits for design of equipment systems. The design and service loads shall be estabiished
considering all plant and system operating conditions anlicipated or postulated lo occur during the intended service life of the
equipment systems.
12 AA-4214 |Design and Service Limils
13 AA-4214.1 |Design Limils. The limils ror design
loading are designated as design limits.
14 AA-4214.2 Service Limits. The equipment design specification may designate service fimits as defined in (a) throuh {d) below.
(a) Level A Service Limils. Level A service limils are those sets of limits that must be satisfied for all loads identified in the equipment
design specification lo which the equipmenl may be subjecled in the performance of its specified normal service function.
(b) Level B Service Limils, Level B service limits are those sels of limits thal must be satisfied for all loads identified in the equipment
design specification for which these service limits are designated. Equipment must withstand load combinalions specified for -Level B
service limits wilhout damage that would require repair,
(c) Level C Service Limils. Level C service limits are those sets of limits thal must be salisfied for all loads identified in the
equipmenl design specification for which these service limils are designated. These sels of limits permit large deformations in areas
of structural dlsconhnuﬂy
imits thal must b
Stress Limits:
The maximum normal stress limits for the service levels defined in AA-4212 are stipulated in AA-4320 and AA-4330.
| DEELECTION'CRITERI/
Deflection Limils:
The maximum deflection d ... including all equipment tolerances, What may be suslained so that equipment funclion is not impaired
shall be delermined. This maximum deflection may be defined in the equipment Design Specification or the applicable equipment
section of this Code. Allernatively. it may be determined by analysis or test, or both. The allowable deflections for the load
combinations of AA-4212 are as shown in Table AA-4231,
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Table AA-4231, Deflection Limits "
Service Lavel nel
A [Noze {1))
B [Noze (1))
C [Mote {2))
D {iote (2))
General Notes:

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

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

(1) Deflechons shall be Ilmlled {o values thal prevenl bucklmg in primary load carrying elements.

Vlbranon IsalaI/on
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17 AA-4231

18

Types of vibration isolation devices and their efficiencies shall be as specified in the equipment Design Specification or the
applicable equipment section of this Code. Vibration isolation devices shall be designed with adequale reslraints lo resist the loads
generated under any service level.

19 AA-4242 | Provisions for Relative Movement:

Consideration shall be given to the relative motion between equipment syslems and their supporting elements, as this will affect
ability to function. When clearances or travel ranges, or both, are required to accommodate movements of equipment systems and
their supporting elements, sufficient design margins shall be introduced 1o allow for fabricalion and installation tolerances.

20 AA-4243  (Struclural Attachments:
Structural attachments may be of either lhe integral or noniategral type, as defined in AA-4243.1 and AA-4243.2.
21 AA-4243.1 |integral Attachments:

(a.) Integrai altachments are those [abricated as an inlegral par of the equipment. COnSldEfa(IOH shall be given to local stresses
induced in equipment by integral attachments.

(b.) Integral items used as pan of an assembly for the suppon or guiding of the equipment may be welded directly lo the .
equipment, pravided the design is adequate for all applicable service conditions and ioad combinations sel forth in AA-4212 and the
requirements of AA-6300 are mel.

22 AA-4243.2 |Nonintegral Attachments:

Nonintegral attachments are those that are bolted, pinned, clamped to, or bear on the equipment. Consideration shall be given lo

AA- 4311 3

23 AA-4311 |Acceptability: The reqmremenls for accep(ablmy of the design of equipment systems and their supports are given in AA-4311.1
through AA-4311.3.

24 AA-4311.1 The design shall be such that the allowable stresses will nol exceed lhe limits given in this Subarticle. Design stress values S,
yield strength S,, and ultimale strength S ,. are given in AA-3000 references. These values form the basis for determining allowable
siress, depending on analysis lype.

25 AA-4311.2 | For self-limiling loads under Service Level D, localized material yielding is permitted, provided lhat yielding does not form a
mechanism that would result in collapse of the structure.

26 For configuralions where compressive stresses occur, crilical buckling shall be considered,

ASISFORDETERMINING STRESSESAN:DESIGNIBY ANALYSI

27

AA 4312

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 siress theory, the controliing stresses are the membrane and bending

siresses.
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28 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 rules of AA-4320. Consideration shall be
given to the governing mode of failure. Several analyses that might include, bul are nol necessarily limited o, the following may be
required to delermine the limiting case:

(a) elastic analysis based on maximum stress theory;

(b) elaslic analysis based on maximum defleclion;

(c) elastic analysis based on allowable buckiing stress {see AA-4323),

29 AA-4312.2

Linear-Typs Systems and Supports -- Analysis Procedures:
Elaslic analysis based on maximum stress theory in accordance with lhe rules of AA-4330 shall be used for the design of linear-
type systems.

30 AA-4312.3

Applicabilily of Mathematical Analysis:

The design procedure that may be used shall be eilher analysis or lest, or a combinalion, and is dependent upon the nature of the
structural system under consideration. The choice shall be based on the practicalily of the method for the type, size, shape, and
complexily of the equipment, and the reliability of the conclusions. The analysis method is nol recommended for complex equipment
that cannot be modeled 1o correctly describe the static and dynamic structural characteristic of the equipment. Furthermore, analysis
without lesling may be acceplable only if structural integrily alone can assure the design intended funclion. If mathematical analysis
is inadequate for all or part of the design verification, a suilable test program shall be implemenled in accordance wilh the rules of AA:
4350,

31 AA-4313

Terms Relaled to Design by Analysis: The terms used in the design of equipmen! systems and their supports are shown in AA-
4313.1 through AA-43 13.11.

32 AA-4313.1

Gross Structural Disconlinuity. Gross struclural discontinuity is a geometric or material disconlinuity that affects lhe stress or strain
distribution throughout the entire thickness of the member. Gross discontinuily-type stresses are those portions of the actual stress
distributions that produce net bending and membrane force resullants when integraled through the thickness. Examples of gross
structural discontinuities are junclions between parts of different diameters or thicknesses, and flange-io-shell junctions.

33 AA-4313.2

Normal Stress. Normal stress is the component of siress normal lo the plane of reference, aiso referred to as the direct stress.
Usually the distribution of normal stress is not uniform throughout the thickness of a part. Therefore, the normal stress is considered
to be made up of two components, one of which is uniformly distributed and equal lo lhe average value of stress across the
thickness under consideralion, and the other of which varies from this average value wilh the location across the thickness.

34 AA-4313.3

Membrane Stress. Membrane stress is the component of normal stress that is uniformly dislribuled and equal to the average of
stress across the thickness of lhe section under consideration.

35 AA-4313.4

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

36 AA-4313.5

Shear Stress. Shear stress is the componenl of siress tangent to the plane of reference,

37 AA-4313.6

Primary Stress. Primary stress is any normal stress or a shear stress developed by an imposed loading thal is necessary to salisfy
the laws of equilibrium of external and internal forces and moments. The basic characteristic of a primary stress is thal it is not self-
limiting. Primary stresses that considerably exceed the yield strength will result in failure or, at leas!, in gross distortion. A general
primary membrane stress is one that is so distributed in lhe struclure that no redistribution of load occurs as a result of yielding. An
example of primary stress is general membrane stress in a circular cylindrical shell due to distributed live loads.

38 AA-4313.7

Secondary Stress. Secondary slress is a normal stress or a shear siress developed by the constraint of adjacent material or by self-
conslraint of the structure. The basic characteristic of a secondary stress is thal il is self-limiting. Local yielding and minor distortions
can satisfy the condilions that cause the stress to occur, and failure from one applicalion of the slress is not lo be expecled. An
example of secondary stress is bending stress al a gross siruclural discontinuity.

39 AA-4313.8

Peak Slress. A peak stress includes an incremenl added to primary or secondary siresses by a siress riser, such as a notch.
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40

AA-4313.9

Free End Displacement. Free end displacemenl consists of the relative motions that would occur belween an attachment and
connecled structure or equipment if the two members were separaled. Examples of such motions are those that would occur
because of relative thermal expansion of ductwork, piping, equipment, and equipmenl supports, or because of mavements imposed
upon the equipment by sources other than the piping.

41

AA-4313.10

Limit Analysis. Limil analysis is a method used o compute the maximum load or combination of loads a structure made of ideally
ptaslic (nonstrain hardening) material can carry. Among the methods used in limil analysis is a technique that assumes elastic,
perfectly plaslic, malerial benavior, and a conslant level of moment or force in those redundant siructural elements in which the level
of membrane yield, plaslic hinge formation, or critical buckling load in the. member has been reached. Any increase in load musl be
accompanied by a slable primary Structure unlil' a failure mechanism defined by lhe lower bound Lheorem of limit analysis is reached
in the primary structure.

42

AA-4313.11

Collapse Load: Lower Bound. The collapse load is the load al which defermations of an ideally plastic structure increase wilhout
bound. If, for a given load, any syslem of siresses can be found thal everywhere salisfies equilibrium and nowhere exceeds lhe

malerial yield sirength, the load is at or below (he collapse load. This is the lower bound theorem of limit analysis, which permits
calculation of a lower bound {o the collapse load.

| DESICGN:VERIFICATIONIOF

JELELITYPECOMPONENTSIAND THEIR: SURRORTING ELEMENT:

AA- 4321

43 Stress Analysis:
A delailed slress analysis of all major structural plale and shell-type components and their supporiing elements shall be prepared in
sufficienl detail to show thai each of ihe siress limitations of Table AA-4321 is salisfied when the component and its supporting
elements are subjected to the load combinations of AA-4212. .
44 AA-4321 | Table AA-4321, Plale- and Shell-Type Componenls -- Primary Slress Allowables

Strass Catagory
tembraae and

General Rending
Service Moibrane o; g, * O,
loaval INote (1)] Ligin (2) 1
A 1.0 § [Wote (3)) 1.5
B a8 .58
[ 1.2 § 1.8 5
D Less of 1.5 3 Lesser of 2.25 8
or (0.4 Sy [Note (3)) or 0.6 Sy

Notes:
(1) General membrane stress o is the average membrane slress across the solid section, excluding discontinuities and
concenlralions.
{2) Bending slress g, is the linearly varying partion of stress acrass the sohd seclion under cansideration, excluding effects of
discontinuities and concenlralions.
(3) S = design stress
Sy = ultimate stress
See AA-3000 references.
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45 AA-4322.1 |Design Loads:
The maximum normal stress limits are salisfied for the design loading combinations as stipulated in AA-4212, or as slaled in the
equipment Design Specification if the requirements of Eq. (1) and (2) are mel (see AA-4322.2 for service limits associated with the
service levels of AA-4212).
a,£1.0S [4)]
oy +0,£ 158 (2) .
where '
S = design slress value from AA 3000 references
o, = membrane siress
» = bending stress
46, AA-4322.2 |Service Limits:
The maximum normal stress limilts for Service Levels A through D are as stipulated below.
47 AA-4322.2 (a) Level A service limits are satisfied for the service condilions of AA-4214.2(a) for which these limits are designated in the
equipment Design Specificalion if the requirements of Egs. (1) and (2) are met.
48 AA-4322.2 (b)  Level B service limits are satisfied for the service conditions of AA-4214.2(b) for Wthh these limits are designated in the
equipment Design Specnﬂcahon if the requirements of Egs. (1) and {2) are met.
49 AA-4322.2 {c) Level C service limits are satisfied for the service conditions of AA-4214.2(c) for which these limits are designated in the
equipment Design Specification if the requirements of Egs. (1) and (2) are nol exceeded by more than 20%.
50 AA-4322.2 (d) Level D service limits are satisfied for the service conditions of AA-4214.2(d) for which these limits are designaled in the
equipment Design Specification if the requirements of Eqgs. (3) and (4) are mel.
<lesserof 1.550r04 S, (3)
cy+ 0, <lesserof 2255 or 0.6 S, (4)
where S, = specified minimum ullimate tensile strength of malerial found in AA-3000 references. Other terms are as defined in AA
43221,
51 AA-4323 |Buckling and Stress Limits Set by Buckling Stress Criteria:
The allowable deflection due to compressive loads shall be limiled to prevenl poslbuckhng failure in lhe plate. Buckling siresses
shall be verified against Service Level D allowable values of Table AA-4323.
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52 AA-4332

Table AA-4323, Linear-Type Systems -- Primary Slress Allowables
Stress Canegory

Stress Frow 1
Service General Load Constraint ef Free
Level Inducad Stress Fad _Displacemants.
A $ [Note (1)) 33 '

B s 38
C {Nota (2}] 1.5 8 Not Zpplicabie
D (Note (2)] 1. e v S Noi Applicable

Notes:
(1) Srefers to the primary allowable stresses developed in the ASME ¢ode. Section 1ll, Appendix XVii, XVII-2211 through XVII-
2214, '

Sy = yield stress

Sy, = ultimate slress

F, = allowable tensile stress

Values are found in AA-3000 references

(2) Loads shall not exceed 0.67 limes the critical buckling ioad of the primary framing sysiem.

dasign)

53 AA-4323.1

Local Yielding and Buckiing:
The maximum stress for the load carrying capacity of plates shall be based on the posi-buckling behavior of lhe plate,
{a) When buckling governs, defleclions shall be computed based on effective width concepl.
{b) When local yielding governs, defleclions shall be compuled based on the average or reduced seclion.

54 AA-4323.2

Lateral Buckling: .
Crilical lateral buckling stresses shall be compuled based on moment resisling capacity.

55 AA-4323.3

Flexural Buckling:
Maximum stresses shall be computed based on stability considerations.

56 AA-4323.4

Torsional Buckling:
Maximum shear stre

DESIGN.VERIEICATI

Stress Analysis:
A detailed stress analysis of all major linear-lype equipment shall be prepared n sufficient delail lo show that each of the stress
limitations of AA-4332 is satisfied when the equipment is salisfied when the equipment is subjected lo the load combinations of AA-

Design Level A and Level B limils are identical and are given in the ASME Code, Section HI, Appendix XVII. The allowable stress
for the combined mechanical loads and effects that resuit from constraint of free end displacements {see AA-4313.6) bul not thermal
or peak stresses, shall be limited to three times lhe stress limits of the ASME Code, Section [}, Appendix XV, XVII-2000.

59 . AA-4332.2

Leve! C Limits:
The stress values for Level C limils may be increased by 50% over the values given in the ASME Code, Section Ili, Appendix XVII,

XVII-2000. Consirained free end displacement and differential support motion effects need not be considered. Primary siresses 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 buckling shall be evaluated.
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60 AA-4332.3 (Level D Limils:

I the equipment Design Specification specifies service loads for which level D limits are designated, the foliowing rules shall be
used in evalualing them independently of all other design and service loadings.

(a) The allowable stresses presented in the ASME Code, Seclion I, Appendix XVII, XVII-2000, may be increased by a factor of
1.2 (S,/F,) but not to exceed a factor of 0.7 (S ,/F, ). where S is the specified minimum yield strength of the material, F, is the
allowable tensile stress, and S, is lhe ultimate tensile siress.

(b}  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 buckling shall be evaluated. In addition, overall buckling in compression
members shall also be evaluated.

i RUNCTIO] ‘REQUIREMENT: i
61 The stress limits specified by this Code do not assure that the equipment wiil be able to perform the required safety function.
Functionability is assured by following the rules stipuialed beiow.
62 AA-4341 |Functionability of Mechanical Systems:

The melhods of AA-4341.2, AA-4341.2, or AA-4341.2 shall be used 10 assure operability of mechanical systems and Iheir
supporting elements.
63 AA-4341.1 The Service Levels C and D slress limits of AA-4322 and AA-4332 shall be reduced lo the Levels B and C limits, respectively.

64 AA-4341.2 The defleclions at all critical localions shall be calculated and assured to be within the allowable values in AA-4230. These critical
locations shall be given in the applicable equipment section of this Code or by the equipment Design Specificalion, 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.

85 AA-4341.3 | The functionability of the equipment shall be verified experimentally.

66 AA-4342 |Functionability of Electrical Syslems:

AA-4351

Design verification by testing shall be in accordance with the rules of this Subarticle. Seismic tests are {o be performed by
subjecting the equipment to vibratory motion thal conservatively simulales that postulaled at the equipment mounting during the OBE
and an SSE. In addition, other loads that may occur concurrently with lhe seismic event shall be accounted for {(see AA-4212). The
rules of this Subarticle are consisteni with and complementary to ANSIIEEE 344.

68 AA-4351.1 |Equipment Mounling:

The equipment to be tested shall be mounted on the test machine in a manner that simulates the inlended service mounting. The
mounting method shall be the same as thal recommended for actual service, which includes the recommended bolt size and
configuration, weld paltern, and type. The effect of all atlached hardware such as electrical connections, conduii, sensing lines,
piping. and ductwork shall be considered. The method of mounting the equipment lo the lest machine shall be documented and shall
include a description of any inlerposing fixtures and connections. Effect of such fixlures and connections shall be evaluated if they
are only used during qualification and not for inservice mounting. Equipmenl orientation shall be along the major and minor axes for
each test condition unless specified otherwise by the equipment Design Specification or the applicable equipment section of this
Code.

69 AA-4361.2 [Equipment Moniloring: )

Sufficient monitoring equipment shall be used to evaluale the performance of the safety function of the equipment before, during,
and after the test. [n addition, sufficient vibralion monitoring equipment shail be used lo allow determination of lhe applied vibration
levels, in addition lo the monitoring of the tes! machine, as many points of the equipment shall be monitored as needed to provide
information that shall be used in evaluating the test resulls.
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70 AA-4351.3

Exploratory Tests:

Exploratory vibration tests required for all qualification tesls except multiple frequency tests (see AA-4356) shall be run on
equipment to aid in the determinalion of the lest method that will bes! qualify or delermine the dynamic characteristics of the
equipment. As per AA-4352, the type of est required (o qualify equipment for various applications shall be dependent on the mature
and dynamic characleristics of the equipment and the required response spectium (RRS). if it can be shown that lhe equipment is
nol in resonance ai any frequency within the frequency range of interest, it shall be considered to acl as a rigid body and analyzed or
tested accordingly. If there are resonances, one of the various methods of AA-4352 or olher jusfifiable methods shall be used.

7 AA-4351.3

Exploratary Tests:

The exploratory test shall be in the form of a low level (the level shall be chosen to give a usabie signal lo 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 grealer than that 1o which the equipment is to be qualified. If the configuration of the equipment is such that critical
natural [requencies cannot be ascertained due lo either the complexity of the equipment or the inaccessibility of critical parts, the
exploratory test is not adequate. If the configuration of the equipment is such that critical natural frequencies cannol be ascerained,
seismic qualification shall be accomplished by proof testing with a random input molion that shall generate a tes! response specirum
(TRS) to envelop the RRS. An acceplable alternative shall be 1o qualify the equipment by a fragility test as described in AA-4351.7.

72 AA-4351,3

Exploralory Tests:

1t must be noted that for certain equipment, due to geometrc or material nonlinearilies, a iow level resonant frequency search may
not be a conclusive determinant of equipment resonances. In those cases, a higher level input shall be used and the exploratory
tests rerun.

73 AA-4351.4

Seismic Qualification Tests:

Seismic qualification tests designed to show acceplable performance of equipment during and following an SSE shall be preceded
by one or more OBE tests. The number of OBE tesls shall be given in the equipment Design Specification and shall be followed by
one SSE test. Each minimum test duration shali be given in lhe equipment Design Specification.

74 AA-4351.5

Equipment Loads During Testing:

Seismic qualification tests of equipment shall be performed with the equipmenl subjected to the combined loads identified in AA-
4212. These loads shali be simuiated and shown to be equal 1o or greater than those expected. If any load is not included during
these lests, justification for the absence of the load shall be provided.

75 AA-4351.6

Proof Testing:

Proof testing is used lo qualify the equipment for a particular application or 1o a particular requirement. A proof test requires that
the equipment be subjected to one of lhe lests described in AA-4352 1o the particular response spectrum or time history defined for
the mounting location of the equipment. A proof test requires that the equipment be subjected 1o one of the tests described in AA-
4352 to the particular response spectrum or lime history defined for the mounting location of the equipment. An atlempt to determine
the failure threshold of the equipment need not be made. The equipment shall be tesled to the performance requirement of the
equipment Design Specification and need not be tested lo ils ultimate capability.

76 AA-4351.7

Fragility Testing: :

Fragilily testing shall be used to qualify the equipment by delermining its ultimate capability for performing its safety function.
Equipmenl fragility shall be demonslraled by using sine beat, continuous sine, transient, or mulli-frequency excilation to random-type
waveforms. A measurement of the equipment’s fragility level for a particular excilation demonstrates its ultimaie capabilily lo perform
its safety funclion while subject to that mation.

77 AA-4351.8

Device Tesling:

Devices shall be lested under simulated operating conditions lo either the levels dictated by expecled service requirements or to
their ultimate capability. The devices shall be mounted on the shake table in a manner that dynamically simulates the in-service
mounting conditions. If a device is intended to be mounted on a panel, the panel shall be included in the est setup, or the response
at the device mounling location shall be monitored in the assembly test, (see AA-4351.9) in which case, the device shall be mounted
direcily to the shake table, if the inservice excitation can be simulated. Devices shall be tested using the methods described in AA-
4352.
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78 AA-4351.9

Assembly Testing:

Large complex assemblies shall be tested under simulated operating conditions and monitared far proper functional performance;
however, it may nol always be practical to simulate all system simultaneously. It is acceptable, therefore, to test such equipment in
an inoperative mode with the actual or simulaled devices installed, including any nonsafely-related devices. The lest shall determine
the vibration response at the device location by either direct measurement at full excitation ar by determination of the 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 qualified. The lest methods described in AA-4352
shall be used.

79 AA-4352

Test Methods:

Present lest melhods fall into two major categories; proof lesting (AA-4351.6) and fragility testing (AA-4351.7). The chaice of
melhod wili depend upon the nature of the equipment and lhe expected vibration environment. Coasideration shall be given fo the
choice of single axis or multiple axis lesling as described in AA-4358.

A proof test seismic simuiation waveform shall:

(a) produce a lest response spectrum (TRS) that closely envelops the RRS or the applicable portions lhereof, using single or
muitiple frequency input motion;

(b) have apeak amplitude equal lo or greater than the zero period acceleralion (ZPA) of the required response spectrum
(RRS); .

{¢) have a les! duration in accordance wilh the requirements of AA-4357.

80 AA-4353

Artificial Broadening Required Response Specira:

If single frequency tests are lo be conducted to antificially broadened response spectra, test shall be conducled at frequency
intervals on either side of the center frequency of the response spectra. if the center frequency in lhe broadened area is f., testing
shall be conducted af this frequency and also at the frequencigs f, +- af, ... where Af_ corresponds to a 1/6 to 113 oclave interval,
until the entire broadened area has been covered. The TRS generaled during each individual test shall have al leas! the same
amplitude as the original narrow-band response spectrum.

81 AA-4354

Damping Selection:
The damping value used in analyzing the lest machine motions thal generale the TRS shall be the same damping value as thal of
the RRS.

82 AA-4355.4

Single Frequency Tes(s:
If it can be shown tha( the equipment has no resonances, only one resonance, or distinct resonances which are widely spaced
such that the resonance inleraction does nol reduce the fragility level, single frequency lesting may be used lo qualify the equipment.

83 AA-4355.1

Derivation of Test Input Motion:

For any input waveform, the shake table motion shall produce a TRS acceleralion al the lest frequency that is al leasl equal to that
given by the RRS. Additionally, the inpuf molion shall be adjusted to produce a TRS thal envefops the RRS at all frequencies, as
described in AA-4353. Also, the maximum acceleration of the shake table motion shall be al least equal to the ZPA value of the
RRS.

84 AA-4355.2

Continuous Sine Test:

A test at any frequency shall consist of the application of a continuous sinusaidal motion correspanding to the maximum
acceleration 1o which the equipment is to be qualified for the appropriale duration (see AA 4357). The selection of the peak input
acceleration and the length of time the tesl is lo be run shall produce at leas! the maximum response acceleration given in AA-
4355,1. The peak input acceleration must be at least 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 me! (see AA-4358 for requirements on the axial relationships for the test).
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85

AA-4355.3

Sine Beal Test:

A tesl al any frequency shall consis! of the application of sine beals of peak acceleralion corresponding (o (hal for which the
equipment is to be qualified. The sine beals consisl of a sinusoid at the frequency and amplitude of inlerest, as shown in Fig. AA-
4355.3. The number of cycles per beal and the peak amplilude of the beal are chosen in accordance with the criteria of AA-4355.1.
The peak amplitude of the beal shall at leasl be equal (o the ZPA of the RRS, except al low frequencies where the RRS is below the
ZPA for which the value of the RRS must be mel, For a lest 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 superposition ol equipment response motion
(see AA4358 for requirements on the axial relationships for the test).

86

Fig. AA-
4355.3

Qaur trauency

[-4.. Cacesinaen

Tanetetrasntagts

Azt

. AA3353  SINC DEAT [MIQUENCY AND AsFLTURE

ne.
bt b SR Y00 17 55, GortragmAet Ptbsim S Aoaes, Dhabec oo 14 Cls W Sgsane s b Aemiegt Ttars fimsriing,
Vet b g o 1f the tnmisn o Fiuise sl st Laronsy (o 140

87

AA-4355.4

Decaying Sine Tesl:

A test at any frequency shall consist of he application of decaying sinusoids of peak acceleralion corresponding to that for which
the equipment is to be qualified. The decaying sinsuoids consist of a single frequency of exponentially decaying amplitude, as shown
in Fig. AA-4355.4. The peak amplilude and decay rate are chosen lo obtain a TRS from (he shake (able motion that envelags the
RRS (see AA-4355.1). The peak amplitude of the sinusoid shall at (east be equal (o the ZPA of the RRS, except at low frequencies
where the RRS is below the ZPA for which the value of Lhe RRS must be mel, For a lest al any frequency, a seres of decaying
sinusoids are used wilh a sufficient pause between (he sinusoids so that there is no significant superposition of equipment response
motion. The frequencies of inleres( are the natural frequencies of the equipment being tesled (see AA-4358 for requirements on the

88
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a9 AA-4356  (Multiple Frequency Tests:
When the seismic ground molion has not been strongly fillered, the floor motion retains the broadband characieristic. In thal case
mulliple frequency testing shall be used for qualification. It is used as a general qualification method as long as the TRS envelopes
the RRS. Specific inpul excilation to the lest machine shall include a time history motion consisting of random and complex wave
shapes.
The tesl machine input excitation waveforms described in the following subparagraphs shall be employed to test to an RRS level.
Other inpuls that are nol specifically referenced here may also be employed, provided lhal they envelope lhe RRS.
90 AA-4356.1 |Derivation of Test input Motion.
For any waveform, the test machine molion musl be adjusted so that the TRS envelopes the RRS over the frequency range for
which the particular lest is designed; and, as a minimum. the test machine acceleration must equal lhe ZPA of the RRS. This
comparison must be made using equivalent values of damping. The adjuslment of the inpul motion to produce an envelope
spectrum shall be made considering the following factors:
(a) the RRS may have molion amplificalion over a narrow or broad band of frequencies;
(b) the input excilation waveform may be one of several multiple {requency types:
(c) the equipment being tested may have one of many possible dynamic characleristics.
For assemblies or devices where lhe dynamic response resulls from numerous interacling modes, the shake table input excitation
must be adjusted so that the TRS envelops the RRS over a frequency range lhal includes all nalural frequencies of the equipment
up lo the ZPA.
91 AA-4356.2 | Time History Tesl:
A lest may be performed by applying to the equipment a specified time history thal has been synlhesized to simulale the required
inpul to the equipment. [l shall be demonslraled thal lhe aclual lest machine molion was equal (o or greater than the required
motion.
A lime history record may be synthesized lo malch the RRS using simulalion lechniques. The duration of lhe inpul excilation must
be sufficient {o simulate the effecls of a seismic event. Allernalively, the equipment Design Specification may contain time history
dala for use in lesting.
92 AA-4356.3 |Random Motion Test:
A test shall be performed by applying to the equipmenl random excitation, the amplilude of which is controlled in 1/3 octave, or
narrower, frequency bandwidih fillers with individual output gain controls. The excitation shall be controlled to provide a TRS that
equals or exceeds the RRS.
The peak value of the input excitalion shall equal or exceed the ZPA of the RRS. The duralion of the random excilation shall be as|
described in AA-4357.
93 AA-4356.4 JRandom Motion With Sine Beat Test:
To meet an RRS thal includes a moderately high peak random excitation, il is acceptable lo adjust the random input, as described
in AA-4356.3, lo equal or exceed as much of the RRS as possible withoul using a peak input acceleralion substantially greater than
the ZPA. A sine beal or beals shall be superimposed wilh random inpul motion to provide a composite excitation, so that the TRS
equals or exceeds the enlire RRS over a frequency range that includes the nalural frequencies of the equipment up to the ZPA
frequency [see Fig.AA-4356.4-1]. The oplimum number of oscillations per beat shall be determined from a plot showing the ratio
between the 1/2% and 5% speclrum damping values and lhe oscillations per beat, as shown in Fig. AA-4536.4-2,
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96 AA-4356.4

Random Motion With Sine Beal Test: .

When more than one frequency of sine beats is required lo meet the bandwidth of a spectrum, the beats shall be initiated
simuitaneously. However, if the bandwidth of the peak value of the RRS has been widened to account for uncertainty due to building
frequency analysis. the beats shall be applied in sequence ot lhe techniques of AA-4353 shall be applied.

97 AA-4356.5

Complex Wave Test:

This test may be performed by subjecting the equipment to a molion thal has been generated by summing a group of sine beats or
decaying sinusoids. The frequencies of lhe component signals shall be spaced at 1/3 octave or narrower frequency intervals to
cover the range required by the RRS. The decaying sinusoids shall have individual decay rale conlrols covering the range of 1/2% to
10%. Each frequency must have individual amplitude and phase controls. * All frequencies shall be initiated simultaneously with the
phase controls set to shape the peak amplitude of the composile waveform.

98 AA-4356.5

Complex Wave Test:

The decay rate shall be varied, and the amplitude of each frequency shall be varied to optimize the fit of the TRS to the RRS. The
peak acceleration of the test tabie during composite waveform excitation shall be greater then or equal to the ZPA of the RRS. The
test shall consist of several applications of the motion spaced apart in time so that no significant superposition of response motion
occurs. The number of applicaticns of the motion must be justified as being representative of the strong motion portion of the SSE.
The number of application shall be such that the total duration of the middle-frequency components equals the duration of the SSE
(see AA-4357).
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99 AA-4356.6 |Other Tests:
The following faclors shall be considered to justify the lest method employed to qualily equipment:
(a) band width of the RRS compared to thal of the TRS and equipment characteristics and responses;
(b} duration of the lest compared 1o the defined seismic event;
(c) peak acceleration of the tesl input and the amplification observed;
(d) natural modes and frequencies of vibration of the equipment;
{e) typical damping of ihe equipment;
(f) fragility levels; and
{g) total number of cycles and the simulation of faligue failure.
100 AA-4357 | Test Duration:
The number of required OBE events per 40-year plant life shall be a minimum of five unless slated otherwise in the equipment
Design Specification.
The number of tests run as proof tests (see AA-4351.6) shall have an appropriate input fevel lo fulfill the requirements of AA-
4351.4. The OBE lests shall be followed by 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 mulli-frequency lest,
and a minimum of 16 sec for a single frequency tesl. Credil may be taken for any lest preceding the SSE test if il is shown to be
greater than or equal in severily lo the required OBEs. Fragility test durations shall be Jeast equal the time duration for the strong
motion portion of the SSE in order lo properly account for vibration buildup.
101 AA-4358 |Single and Muiti-axis Tests:
Single axis tests are permitted if the lests are designed lo reflect conservatively the seismic event at the equipment mounting
localions, or if the equipment being tested can be shown to respond independently in each of the three orthogonal axes or otherwise
withstand the seismic event al its mounting location. This is the case if equipment axis coupling is zero or very low. For example, if a
device is normally mounted on a panel that amplifies molion in one direction, or if a device is restrained to have motion in one
direction, single axis testing of the device is permitied.
102 AA-4358 | Single and Multi-axis Tests:
If the preceding consideralions do not apply, mulli-axis tesling shall be used. The minimum is biaxial tesling with simultaneous
inputs in a principal horizontal axis and the vertical axis. independent random inputs are preferred and, il used, the tesl shall be
performed in two steps wilh the equipment rotated 90 deg. in the horizontal plane for the second step, If independent random inputs
are nol used (such as with single frequency tests), four tests shall be run. First, wilh the inputs in phase; second, with one input 180
deg. out of phiase; third, with the equipment rotated 90 deg. horizontally and the inputs in phase: and fourth, with the same equipment
orientation as in the third step bul with one input 180 deg. out of phase.
103 AA-4360 |Design of Bolls: i
The number and cross-sectional area of bolts required for the load combinations of AA-4212 shall be delermined in accordance
with the ASME Code, Section lil, Appendix XVII, Bolted joint design shall be in accordance wilh Appendix XVIi, XV11-2460.
ANA4007:| POCUMENTATION: REQUIREMEN:
104 AA-4400 {General:
The equipment design verification shall be documented by a certified Design Verification Report (DVR), in accordance with the
rules given in this Section. This document may be based on one of three types of verification, or a combination of lhese:
(8) design verification siress repon;
(b) design verification lest repost; or
(c) design verification by comparative evaluation,
Factors considered in choosing a particular type of design verification shall be included in the DVR.
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The DVR shall include a detailed description of the equipment being qualified. Qutline drawings showing equipment interface
points, anchor locations, weights, and locations of major componenls shall be included. [n addition, plant specific information such
as building location and elevalion shall be reported if appropriate. Any appropriate tag numbers and equipment model numbers,
where applicable, shall be included. -
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105 AA-4410 | Certification of Design Verification:
A Certificate of Design Verification shall be provided wilh the DVR. This Certificate shall jnclude:
(a) description and identification of equipment covered by the DVR, including the name of the planl, the plant location, the Owner,
location of the equipment in the plant, and its function;
{b) statement of compliance with AA-4000 and the equipment Design Specification requirements;
{c) date, revision, and repor identification number of the analysis or test program; and
{d) names and signatures of responsible persons performing, reviewing, and approving the design verification.
106 AA-4420 |Equipment Description:

107 AA-4431 |Safety-Related Functions: .

Equipment safety-related functions in all modes of operation shall be fully described in the DVR.
108 AA-4432  |Critical Components: )

All components critical to the performance of the safely-related funclions of the equipment shall be identified in the DVR.
109 AA-4433  |Failure Modes and Evaluation Crileria:

For all critical components listed, the polential failure modes being considered in lhe design shall be described in the DVR. In
addition, the evaluation criteria used to verify that the crilical components will not enter a failure mode shall be defined in the DVR.

444

AA-4441

111

110
The DVR shall address all items listed in this paragraph:
(a) description of analytical melhod used:
(b}  description of mathemalical model in sufficient detail to allow reconstruction of the model by referring only to lhe report
content;
(c) list of the static loads considered;
: (d) method of developing dynamic loadings, including:
: (1) identification of response spectra and damping used;
(2) method of combining modes:
: (3) method of combining spalial components of dynamic loads; &
(4) assurance thal rigid body motions are incfuded;
{e) load combinations considered, including interface ioading effecls and differential movement of mulliple equipment supports;
(f}  evidence of verification of all computer programs used;
AA-4441 |Design Verificalion Report:

(g) justification of methods and assumptions used for manual calculations;
(h) results of analyses, inciuding:
(1) failure mode analysis;
(2) description of significant mode shapes and nalural frequencies;
{3) location and value of maximum stresses;
{4) location and value of maximum deformalions;
(5) allowable interface loads:
(6) reaction data at equipment supports; these data may be reporied in a summary form only if foundalion loads are to be
included. QOtherwise, detalled lislings of individual suppor reactions for each load case considered shall be included;
(7) summary of maximum anchor bolt or ancher weld stresses compared 1o allowable limits.
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112 AA-4442

Design Verification Test:
The DVR shall address all ilems lisled in this paragraph:
(a) detailed test procedure used for lhe equipment design verification test {DVT);
(b) identification of the test facility performing the lest and the tesl dales:
(c) list of test equipment used and ceriified calibration records for each;
(d) Ilaboratory mounting details for the equipment tesl and a comparisen of this to inservice mounting; juslification for all
differences must be addressed:;
(e) method used to simulate significanl inservice inlerface loads, if applicable;
()  variable to be measured during and after dynamic motion and the accuracy required for each measurement;
(g) number, type, and location of each sensor used o measure impartant equipment function and motion;
(h}  description of vibration input lo the test equipment including:
(1) single or mulliaxis:
(2) single or multifrequency:
(3) if multifrequency, type used (sine beal, random);

113 AA-4442

Design Verificalion Test:

(i)  evidence thal all significant modes were adequately exciled;

()  evidence thal, for multifrequency lests, the lest response speclra (TRS) enveloped the requised response spectra (RRS);

(k) data showing thal Ihe safety-related functions as defined in AA-4431 were not compromised during or after the simulated
dynamic loading:

()  resuits of measurements performed to verify equipment funclionability;

(m) maximum equipment response (displacement) during mosl violent lests;

(n) maximum reactions al equipment supporis (measured or calculaled);

(o) lisl of all anomalies during the DVT and ihe resolution of each;

(p) equipment modifications made during the DVT, if any, and juslification for using test data without retesting, or full report of
any retesting accomplished;

(q) summary of results of DVT and conclusions drawn.

114 AA-4443

considered must be shown to be conservative

Design Verification by Comparative Evaluation Report:

If the equipment design being verified has been previously verified to diiferent crileria, or if the equipment design is similar lo a
design previously verified, it may be acceptable to verify the currenl design by comparative evalualion,

Whether the basis for design verification is analysis or test, all of the points required by AA-4441 or AA-4442 must be addressed.
In addition, any differences between the previous design verification melhod and the requirements of AA-4000 must be identified and
juslified as conservative. Any differences in equipment design belween the previously verified design and the design being

AA-5000

NSPECTIONANDITESTIN

115 AA5110

Scope:
This Article contains general requirements for the examination, inspection, and lesling of materials and equipment.

116 AA-5120

Responsibitity for Procedures:

When an inspection or test is required by AA-5000 or by any other section, wrilten inspection or tesling 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 accordance with AA-8000 and with applicable portions of lhe other sections.

17 AA-5130

Measuring and Test Equipment:
Controf and calibration of Measuring and Tes! Equipment (M&TE) shall be in accordance with ASME NQA-1, including Supplement
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118

AA-5221

Dirgct Visual Examination:

Direcl visual examination usually may be made when access is sufficienl to place the eye within 24 in. (610 mm) of the surface 10
be inspecled and at an angle nof less than 30 deg. to the surface to be examined. Mirrors may be used to improve the angle of
vision, and aids such as magnifying lens may be used lo assist inspectlions. The specific parl, component, vessel, or section thereol
shall be illuminated to a minimum of 15 fc (160 Ix) for general inspeclion and lo a minimum of 50 fc (540 fx) for the detection or study
of small anomalies. Visual inspection personnel shall successfully pass an annual visual examinalion {o assure natural or corrected
near dislance acuity so Lhal they are capable of reading slandard J-1 letlers on standard Jaeger-lype les| chars for near vision.

119

AA-5222

Remote Visual Inspection:

In some cases, remote visual examinations may have to be substiluted for direct examination. Remote visual inspection may use
visual aids such as mirrors, lelescopes, borescopes, fiber oplics, cameras, or other instruments. Such systems shall have a
resolution capability at least equivalent ta that obtainable by direct visual observation.

AA-5230

Requirements:
When required by the referencing Code seclion, visual inspeclions shall be performed.

121

AA-5240

Inspection Checklist:
When required by the referencing Code section, a checklist shall be used 1o plan visual inspeclions and to verify that the required
observations were performed. This checklisl shall establish minimum inspection requirements 1o be followed by the Manufaclurer.

122

AA-5250

Reports:
When required by anolher section of this Code, a wrilten repori shall be provided and shall contain the following as a minimum:

(a) the inspection procedure used, date of the inspection resulls, and inspeclor's signature;

(b) idenlificalion of inslruments, equipment, lools, and documents o the extent thal they or their equivalenls can be identified
for future examinations;

(c) observations and dimensional checks specified by the respective lesl data and reports developed during inspection and
testing;

(e} conclusion and recommendalion by visual inspeclion and lesling personnel;

{fy reference to previous reports if lhis report is for re-inspection and lesling.

ELDED:CONNECTION

Examination, inspection, and testing

BOLTED:CONNECTIONS:

Before Bolting:
Flange seating surfaces shall be visually examnned for cleanliness and acceplable surface finish. Flange faces shall be examined
for compliance with tolerances for mutual parallelism and axial alignment, as will as for planarity of each flange.
Gaskets shall be visually examined to assure conformance with specified dimensional lolerances and freedom from tears, breaks,
or other defects.

125

AA-5420

After Bolling:
Bolts in all bolted connections shall be examined to ensure bolls are in place. A uniform sampling of 25% of all bolls in a bolled
connection shall be tested with a calibrated lorque wrench,
Torquing requirements shall be established for each bolled connection,
If any bolt in the sample fails lo meet lorque requirements, all bolts in the connection shall be re-torqued.
Gaskets in bolled connections shall be visually exam' ed for uniform compression.

ABRICATIONITECHNIQUESY

126

- Equipment and components shall be exammed for conformance lo lolerances requlred by lh:s Code and by lhe desxgn
specification. Refer to other Code sections for specific requirements.

PRESSURE/ANDILEAKTESTIN

Pressure and leak lesting of equipment and components shall be performed in accordance wilh the requ1remenls of this Code.
Refer o the other Code sections for specific tesn ng requirements

PEREORMANCEANDIEUNCTIONAE
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meet requirements of this Code and of the design specification.

Among the characleristics lhal may be determined by testing are fluid flow rales and pressures, air filter performance, electrical
quantities, bearing operation, rolor balance, and sound power level.
NOTE: Divisions Il and IV of this Code, in the course of preparation, will provide specific faclory lesting requirements and field tesling
requnrements
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128 AA-5700 Tesling shall be performed lo ensure that prototype and production equipmenl possess dynamic and functional characteristics that

Scope and Applicability:

This Arlicle contains general requirements for the fabrication, joining. welding, brazing, proleclive coating, and installation of
components, parts, and equipment.

The requirements of this Article are applicable (o the extent Ihey are invoked by the other sections. Unique requirements are given
in each Code section.

11 AA-B8121

Material Selection:
Materials to be used in the fabricalion of components, parts, and appurtenances shall conform to the requirements of Arlicle 3000
of each Code seclion.

132 AA-6122

Material Identification:
Malerials lo be used in the fabricalion of componenls, parts, and appurtenances shall be ideatified on fabncallon and installation
plans and specifications as required in AA-8000.

133 AA-6123

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

134 AA-6130

Conlrol of Fabrication and Installation Processes:
Quality control procedures shall be prepared and maintained current for all fabrication and installation processes In accordance
with the requirements of AA-8000.

FABRICATIONPROCESSES:

135 AA- 6210

Cutting, Forming, and Bending:

Material may be cut lo shape and size by any means lhat does not degrade the mechamca] or chemical properties of the material
below the minimum specified values. The method 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 prehealing the material.

Forming and bending of pressure retaining parts that are to meet requirements of Section il or Section VIII of lhe ASME Code shall
conform to the applicable article or articles of lhe applicable seclion of this Code,

136 AA-6220

Forming Tolerances:
Forming lolerances shall be defined in the Design Specificalion, drawings, and Manufacturer's design documents.
Formed parts outside the tolerances specified after the completion of all forming, assembly, and welding operations shall be

rejected. Repairs may be made lo formed paris to correci unacceptable tolerances in accordance with AA-6123.
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137

AA-6230

Fitling and Aligning:

Parts that are lo be assembled or joined by mechanical means (e.g.. bolts) or welding shall be fitled, aligned, and when necessary.
retained in position during assembly.

Altachments thal are welded lo the component during construction, but are nol incorporaled into the final component, such as
alignment lugs or straps, tie straps, braces, preheal equipment, and postweld heat trealment equipment, are permitted provided the
following requirements are met:

(a) atlachment malerial shall be identified by ASTM or ASME specification number and shall be cerlified when required by
another Code section;

(b) the lemporary material is compatible for welding to the component malerial and the altachmenl and subsequent removal
does not reduce the component’s slruclural inlegrity below the minimum specified value;

(c) the welder and welding procedure shall be in accordance with AA-6300;

138

AA-6230

Fitting and Aligning:

(d) the immediale area around the lemporary atlachmenl shall be marked in an acceplable manner so thal, after attachment
removal, the area can be examined in accordance with the requirements of AA-5000;

(e) The temporary attachmenl shall be complelely removed by mechanical means such as machining, shearing, clipping, or
grinding, or by thermal culling, in accordance with AA-6210.

139

AA-6240

Welded Joints:

Manufaclurer's fabrication drawings shall provide complete information regarding location, type, size, and extent of all welds, Field
and shop welds shall be clearly identified.

Members to be joined by welding shall be brought inlo correct alignment when necessary and held in position by bolts, clamps, or
lemporary weld attachments meeting the requirements of AA-6230, until the welding is compleled.

Welding shall conform o the requirements of AA-6300

MECHANICALZIGINT!

Fasteners and Threaded Joints:

Fasteners and threaded joints shall be provided wilh locking devices or other means lo prevent loosening under the vibratory loads
expected during systern operation. The threads of all bolts or studs shall be engaged for the full length of the thread in the nut
unless specified otherwise on Manufacturer's design drawings or specitications. Thread engagement of all bolls and studs shall be
as specified on the drawings.

141

AA-6252

Slructural and Pressure Boundary Fasteners: .
Type, size, and spacing of structural and pressure boundary fasteners shall be selected to meel the maximum stresses anticipated
for the worst load combination and shall be documented by calcutations

142

AA-6253

Thread Lubricants: .
Any lubricant or compound used in threaded joints shall be acceptable for lhe service conditions and shall not react unfavorably
with any contact material. Contact surfaces within friction-lype joints shall be free of cil, paint, lacquer, galvanizing, or other plaling.

143

AA-6254

Removal of Thread Lubricants:
All thread lubricants or compounds shall be removed from surfaces that are to be weided.

144

AA-6255

Bolted Connections:

Surfaces of bolled parts in contact with the boll head and nut shail 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 slrength bolted part has a slope of more lhan 1:20, a beveled washer shall be
used lo compensate for the lack of parallelism. Bolls loaded in pure shear shall not have threads located in the load bearing pan of
the shank unless permitled by the Design Specification or Manufacturer's specification.

145

AA-6256

Precautions 8efore Bolting:

All parts assembled for balting shall have contact surfaces free from scale, chips, or other delelerious material. Surfaces and
edges 10 be joined shall be smooth, uniform, and free from fins, tears, cracks, and other defects that would degrade the strength of
the joint.
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Threaded fasleners, excep! high strength bolls, shall be provided with locking devices to prevent ioosening during service. Elastic
slop nuts (when compaltible with service temperalure), lock nuts, jam nuts, and drilled and wired nuls are all acceptable locking

devices. Upset threads may service as locking devices.
WEEDINGREQUIREMEN

148 | AA-6310

{a) Scope: The requirements of AA-6300 apply lo the preparalion of welding procedure specifications, qualification of welding
procedures, welders, and welding operators for all lypes of manual and machine welding processes, and to lhe workmanship, weld
quality, and inspection of weldments produced during the manufacture of equipment and components.

The requirements of this Subarticle are applicable to lhe exlenl lhey are invoked by the other sections. Unique requirements are
given in each section.

dation Reference
Requiremen R R - Review (Where Is this
t Number Source Requirement Text A - Analysis requirement
T Test incorporated in the
| - inspection design)
146 AA-6257 |Bolt Tension:
All high strength siructural bolts shall be tightened lo a boll torque equal lo thal given in the Design Specificalion or Manufaclurer's
specification. Tightening shall be done by the lurn of nut method or with properly calibraled wrenches. Bolls tighlened by means of
a calibrated wrench shall be installed with a hardened washer under the nul or bolt head, whichever is the element turned in
lightening. Hardened washers are not required when bolts are lightened by lurn of the nut method, except that hardened washers
are required under the nul and boll head when the bolls are used lo connect malerial having a specified yield poinl less than 40,0 ksi
{276 MPa).
147 AA-6258 |Locking Devices:

149 AA-6310

(b) Responsibility: Each Manufacturer is responsible for the welding done by its organization and shall conduct lhe tests required in
this Code lo qualify the welding procedures used in the construction of the weldments buill under this Code, lhe performance of
welders and welding operalors who apply these procedures, and the inspeclion required for workmanship and weld quality
verification.

150 AA-6310

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

151 AA-6310

(d) Base Metal:

(1) Base melals to be joined by welding shail be one or a combination of those lisled in Article 3000 of each Code section.

(2) Rusl inhibilive coatings, galvanized coatings. or antispaller compounds may remain on the melal to be joined provided the
welding procedure is qualified with these malerials present.

1562 AA-8310

(e) Filler Metals: Filler metals selecled shall be one or a combination of lhose listed in the ASME Code, Section lI, Part C, and shall
be compatible with the wielding process used and the base metal designated on the Manufacturer's drawings.

153 AA-6310

{f) Processes: Joining processes under ihis specification shall include oxyfuel gas welding {OFW), shielded metal-arc welding
(SMAW), submerged-arc welding (SAW), gas meta-arc welding (GMAW), flux-cored arc welding (FCAW), gas tungslen-arc welding
(GTAW), plasma-arc welding (PAW), resistance welding (RW), stud-arc welding. (SW), and carbon-arc welding (CAW).

154 AA-6310

{(g) Terms and Definitions: Terms and definilions shall be interpreted in accordance with ANSIFAWS A3.0.

155 AA-6310

(h) Symbols. Symbols used on lhe Manufaclurer's drawings shall be in accordance with ANSVAWS A2.4.

156 AA-6310

(i} Safety Precautions: Safety precautions shall conform to the falest edition of ANSI/ASC Z49.1.

1567 AA-6310

(i) Standard Unils of Measurement: The values staled in U.S. cuslomary units are to be regarded as lhe slandard. The melric (S1)
equivalents of U.S. cuslomary unils as given are approximate.
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(1) Qualification of lhe Manufacturer's welding procedure specificalions and welder and welding operator performance shall be
in accordance with the requirementls of one or more of the following, as defined in each Code section.
(a) ASME Code, Section IX
(b) ANSIIAWS D1.1
(c) ANSIFAWS DS.1
(d) AWS C1.1
(e) AWS C1.3
(f) ANSI/AWS D1.3
(2) Welding of performance qualificalion test samples shall be performed in accordance with the Manufaclurer's qualified
welding procedure for the process used.

(4) Base metal sensilization shall be considered in selecting the welding process and filler melals for welding procedures
developed for welding stainless steel.

AA$321.1

Surfaces and edges to be welded shall be free from ins, tears, cracks and dlsconlmumes ihat would adversely affect the qualily or
slrength of the weld, Surfaces to be welded and surfaces adjacent to a weld shall also be free from loose mill scale, siag, rust,
moisture, grease, and foreign material that would prevent proper welding. Mill scale lhat can withstand wire brushing, 2 thin rust-
inhibitive coating, or anli-spatler compound may remain.

{3) Welding procedure qualification of coaled base metals qualifies lhe procedure for uncoaled base metals, but not vice versa.{’

datlon Reference
Requiremen R R - Review {Where [s this
S
t Number ource Requirement Text A - Analysls requirement
T - Test incorporated in the
| - Inspection design)
158 AA-6310 |[(k) Welding Procedure and Performance Qualification:

160 AA-6321.2

Galvanized surfaces need not have the zinc coaling removed before welding, provided the welding procedure is qualified with the
alvamzm resent

Joints 1o be welded shall be brought into correct afignment within the lolerances required by the qualified welding procedure.

162 AA-6322.2 |When lack welds are used lo assemble the joint for welding and are incorporated into the final weld, hey shall be made with
electrodes meeting lhe requirements of the final welds.
163 AA- 6322 3 |Tack welds not incorporated into the final welds shall be removed.

Y|\ WELD CLEANING

=

164 AA 6323. 1 Where cleaning of base melals is required, il shall be accomplished by wire brushing, grinding, blasting, solvents, or other suitable
means thal are noninjurious to the material or weld quality.

165 AA-6323.2 [Before welding over previously deposited metal, slag, if present, shall be removed and the weld and ad}acen( base metal shall be
brushed clean. This requirement shall apply nol only to successive layers, but also lo successive beads and to the crater area when
welding is resumed after any interruption.

166 AA6323.3 |Upon completion, the weld and adjacent areas shall be cleaned of all slag excessive spaller, sool, dirt, or any residue from welding,

Welds shall be left in a condition ready for subsequent inspection.

AA-B324
167 AA-6324.1 |The sizes and lengths of welds shall be no less than those specified by design requirements and delall drawings.
168 AA-6324.2 {Weld profiles shall be in accordance with the acceptable weld profiles shown in Fig. AA-6324.2.
168 AA-6324.3 |The faces of filiet welds may be slightly convex, (lat, or slightly concave, as shown in Fig. AA-6324.2, skelches {a) and (b), with none
of the unacceplable profiles shown in sketch (c).
170 AA-6324.4 |Groove welds shall preferably be made with slight or minimum reinforcement except as may be otherwise provided. In the case of

butt and corner joints, the reinforcement shall not exceed 1/8 in. (3.2 mm), in height and shail have a gradual transition to the plane
of the base melal surface. See fig. AA-6324.2, skelch (d). They shall be free of the disconlinuities shown for butt joinls in skeich
(e).
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172 | AA6331.1

visual inspeclion shall be made, We‘ds; that conform to the following criteria

dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number A - Analysis requirement
T - Test incorporated In the
| - Inspection design)
171 Fig. AA-
6324.2

Produchon welds shall be \nspec\ed As a minimum,
shall be acceptable;
(a) fusion: complete fusion is required;
(b) penetration: required joint penetration as specified for the applicalion;
(c) reinforcement of welds in butt joints: a maximum of 0.125 in. (3.2 mm) face reinforcement and 0.125 in. (3.2 mm) root
reinforcement;
(d) throat and convexily of fillel welds: a minimum weld leg size, as required on the design drawings, wilh maximum convexily not
lo exceed 0.125in. (3.2 mmy);
(e) porosity or slag inclusion: a maximum of three visible pores or slag inclusions, or both, thal do not exceed 0.25Vin. (0.2525.4
mm) of weld, and a maximum o one visible pore or slag inclusion lhat does not exceed 0.25t/in, (0.25t/25.4 mm) of weld, where tis
the thinner base metal thickness;
(n undercm no undercul exceeding 0.15t where tis 0.125 in. (3.2 mm) or lhinner, or exceeding 1/32 in. (0.79 mm) where L
173 AA-6331.2 Comp!eted welds shall be wsually inspected for location, size, and length in accordance with the requirements of applicable
Manufacturer's drawings and specifications.
174 AA-6331.3 [When specified by the Engineer, the weld acceptance criteria of NGIG-01 may be used in lieu of the crileria of AA-6324 and AA-
6331.1 for structures and supports fabricated to lhe requirements of the AISC specification and AWS D1.1.
175 AA-6332 (Resistant Spot-Welds:

The diameter of the spol and cross section of the nuggel shall be in accordance with the sizes specified on delail drawings and in
Welding Procedure Specificalions.

TFURWEEDING

176 AA-6333.1,

The design of studs shall be suitable for arc welding to steel members with automatically limed stud welding equipment. An arc
shield shall be furnished for all studs and pins over 10 gage diameter. Al the time of welding, the studs shall be free from rust, rust
pils, scale, oil, paint, galvanizing, or plating. and olher deleterious material that would adversely affect the welding operalion. After

welding. stud ferrules shall be broken free for visual inspection.
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dation Reference
Requiremen i R - Review Where Is this
¢ Number Source Requirement Text A- Analysis (requirement
T - Test incorporated in the
| - Inspection design)
177 AA-6333 2 |Stud weld reinforcement shall be as specified by the Manufaclurer s drawings and procedure
NONDPESTRUCTIVETESTING{NDT)METHOD S'AND: ACCERTANCE:CRITERIA
178 AA- 5334 1 When nondestructive tesling other than visual inspection is required, il shall be so stated in the Manufaclurer's drawings and
specificalions.
179 AA-6334.2 |Surface inspection, when required, shall be performed using the dye penelrant method, The standard methods sel forth in ASTM E
165 shall be used for dye penetrant inspection, and the acceplance criteria shall be in accordance with AA-6331.
180 AA-6334.3 [For detecling surface or subsuriace discontinuities, radiographic or ultrasonic inspeclion may be used. Radiographic or ultrasonic

inspection shall be used only when joint designs require mulliple pass welds. The standard methods set forlh in Section V of the
ASME Code shall be used for inspection and acceplance criteria and shall be in accordance wilh the following:

(a) no cracks are permilted;

(b} not more than three individual discontinuities, with the greatest dimension being less than 0.25 times the base metal thickness
per linear inch of weld.

i | INSPECTORQUALIFICATION
181 AA- 6335 1 Personnel performing visual inspections shall meet the requirements of ANSI/ASME NQA-1, including Supplements 2S-1 and 28-2,
10 a Level | capabilily and be working under the supervision of a Level | or 11l individual, or shall be Level Il or Il individuals.

182 AA-6335.2 |Personnel performing nondestructive testing shall be qualified in accordance with SNT-TC-1A. Only individuals qualified for NDT
Level | and working under an NDT Level Il or il individual, or individuals qualified for NDT Level Il or lll, may perform nondestruclive
lesling.

183 AA-6335.3 |Personnel performing visual inspections to lhe requirements of AA-6331.3 shali be trained in accordance with NCIG-03 with regard to
the acceplance criteria of NCIG-01.

184 AA-6336 |Repairs:

Defects in welds or base melals may be repaired in accordance wilh the applicable equipment seclion of this Code., Weld repairs
shall be performed by qualified welders using qualified procedures and inspecled to the original acceptance criteria.

AA-640 (
185 AA-6410 (a) Scope: The requirements of AA-6400 apply to the preparalion of brazing procedure specifications, the qualifications of brazing
procedures, brazers, and brazing operators for all types of manual and machine brazing processes, and the workmanship, braze
quality, and inspection of brazemenls produced during the manufaclure of equipment and components. Brazing shall be in
accordance with this Subarticle unless specific requirements are given in the applicable equipment section of lhis code,

186 AA6410 (o) Responsibility: Each Manufacturer is responsible for the brazing done by its organization and shall conduct the tests required
in this Code to qualify the brazing procedures used in the construction of the brazements buill under this Code, the performance of
brazers and brazing operators who apply these procedures, and the inspection required for workmanship and braze quality
verification.

187 AA-6410 (c} Records: Each Manufacturer shall maintain a record of the resulls oblained in brazing procedure and brazer and brazing
operator performance qualifications. These records shall be cerified by the Manufacturer and shall be accessible for review.

188 AA-6410 (d) Base Metals: Base metals \o be joined by brazing shall be as listed in each section of this Code and applicable to that section,

189 AA-6410 (e} Fitler Metals: Filler metals selecled shall be one or a combination of those listed in the ASME Code, Section |l, Parl C, or
ANSIAWS A5.8 and shall be compatible with the brazing process used and the base metal designated on the Manufacturer's
drawings.

190 AA-8410 {f) Processes: Joining processes under this specification shall include torch brazing (TB), furnace brazing (FB), induction brazing
IB), resistance brazing (RB), and dip brazing (DB).

191 AA-6410 (9) Terms and Definitions: Terms and definitions shall be inlerpreted in accordance with ANSVAWS A3.0.

192 AA-6440 {h) Symbols: Symbols used on the Manufacturer's drawings shall be in accordance with ANSI/AWS A2.4.

193 AA-6410 (i) Safety Precautions: Safely precautlions shall conform lo the latest edition of ANSVASC Z49.1.
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(1) Qualification of the Manufacturer's brazing procedure specifications and brazer and brazing operalor pedformance shall be
in accordance with the requirements of one or more of \he following.
(a) ASME Code, Seclion IX
(b) ANSI/AWS C3.3
(2) Brazing of performance qualification test samples shall be performed in accordance with the Manufaclurer's qualified
brazing procedure for the

dation Reference
Requiremen . R - Review Where is this
t Number Source Requirement Text A - Analysls (requ]rement
T-Test incorporated in the
| - Inspection design) .
194 AA-6410 (i) Standard Units of Measuremen!: The values staled in U.S. customary units are to be regarded as the standard. The metric
(S1) equivalents of U.S. customary unils as given are approximate.
195 AA-6410 (k) Brazing Procedure and Performance Qualification:

- AA-6420%

AA-6421 Preparanon of Base Metal:

Surfaces and edges to be brazed shall be free from fins, lears, cracks, and discontinuities that would adversely affect the quality or
strength of the brazemenl, Surfaces to be brazed and surfaces adjacent lo a brazement shall also be free from loose mill scale, slag,
rust, moislure, grease. and foreign material that would prevenl proper brazing.

197 AA-6422 Joint Fit-Up:

Joints to be brazed shail be brought inlo correct alignment within the lolerances required by the qualified brazing procedure,

199 AAB423.2

198 AA-6423.1 Where cleaning of base melals is required, it shall be accomplished by wire brushing, grinding, blasting, solvenis, pickling, or other
suitable means.
Upon complehon the brazement and adjacent areas shall be cleaned of flux residues and oxide scale formed during the brazing

AA-6431.1

Visual examnnahon of brazed joints is used for estimaling the soundness by exlernal appearance, such as continuity of the brazing
filler metal, size, contour, and welting of filler along the joint, and where approgriate, o delermine if filler metal flowed through the
joint from the side of application {o the opposile side.

201 AA-6431.2 |Brazed joints shall be inspected by visual means prior 1o mechanical or section lests. As a minimum, visual inspeclion shall be

made. The results of the visual examination shall meel the following requiremenis:
(a) braze metal shall be present at all edges of the joint;
(b) no unfused brazing filler metal shall be present;
(c) undercutting shall have a maximum depth of 5% of the base metal thickness, or 0.010 in, which ever is less;
(d) individual pores shall have a maximum diameler of 0.015 in, and the minimum space belween such pores shall be 0.5 in;
(e) the sum of all pore diameters shall be a maximum of 0.030 in. in each linear inch of joint;
(fy nocracks are permilied.

202 AA-6431.3 |Mechanicat or seclion tests, when required, shall be accomplished in accordance with lhe applicable code specified in AA-6410.

NDTZMETHODS!AND:ACCERT;

203 AA- 6432 1 |When nondeslruclive testing other than visual inspection is required. it shall be so stated in the Manufacturer's drawings and
specifications. )
204 AA-6334,2 [Surface inspection, when required, shall be perfonned using the dye penetrant method. The standard methods sel forth in ASTM E
a 165 shall be used for dye penetrant inspeclion, and the acceplance crileria shall be in accordance with AA-6431,
205 B | AA-6432.3 |For delecting surface or subsurface discontinuities, other nondestructive methods may be used. The standard methods set forth in

Seclion V of the ASME Code shalt be used for NDT inspection. The exlent of examlnauon and acceptance crileria shall be
stipulaled in the procurement documents.

{INSPEGTOR:QUALIEICATION
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erform NDT.

\643

under an NDT Level il or lll individual, or individuals qualified for NDT Level Hl or |ll, ma

T )

208 AA-6434.1

h wrillen repair procedures mutually agreed upon between
the manufaclurer and purchaser. Repairs shall be perormed by qualilied brazers in accordance wilh the qualified Brazing Procedure
Specification. Repairs shall be i cted to the original acceptance crileri;

SEEANING/ANDICOATING:

3

datlon Reference
Requlremen R R - Review (Where is this
Source .
t Number Requirement Text A - Analysis requirement
T - Test Incorporated in the
|- Inspection design)
206 AA-6433.1 [Personnel performing visual inspections shall meet the requirements of ANSI/ASME NQA-1, including Supplements 2S-1 and 2S-2,
{o a Level } capability and be working under Ihe supervision of a Level | or il individual, or shall be Level Il or lll individuals.
207 AA-6433.2 [Personnel performing NDT shall be qualified in accordance with SNT-TC-1A, Only individuals qualified for NDT Level | and working

209 AA-6510 |General;

The design specification shall specify the required coating service levels for both internal and external surfaces of lhe equipment.
Coating leve! designalion shall be determined based on equipment location, function, and effect of coating syslem on intended
component or system performance.

210 AA-6511 |Service Level T Areas:

These areas require coaling systems that are essential to the atlainment of the accident mitigating performance of struclures,
systems, and components (hat are essenlial to the prevention of , or mitigation of the consequences of, postulaled accidents that
could cause undue risk to the heaith and safety of the public. A Service Level I prolective coating system shail conform (o the
Service Level | coating requirements specified in ANSI N512 ) and ANSI N101.2 @, In addition, qualily assurance requirements
a
n
d
d
o
c

211 AA-6512 |Service Level ll Areas:

These areas require coaling systems thal are essential lo the atlainment of the intended normal operating performance of
slructures, syslems, or componenls. Service Level )l prolective coaling syslems may conform to Service Level | coating specified by
ANSI N512 quality assurance requirements, except that documentalion required may be defined in the Design Specification or
Manufacturer's specification. (Documentation specified in ANSI N101.4 is not required for Level Y| coating syslems.) The coating
systems shall be designed for the applicable post-accident service conditions for the specific surfaces, but nol lor the in-conlainment
post-accident service conditions.

212 AA-6513 | Service Level il Areas: .

These areas require coating systems thal are not essential (o either the normal or accidenl operating performance of a structure,
system, or component. Coaling sysltems designated as Coating Level {il shall conform to the specific equipment Manufacturer's
specifications. Dotumentation shall be defined in he Design Specification or Manufacturer's specification. (ANSIN101.4
documentalion is not required.)

213 AA-6614 |Stainless Steel Surfaces:
Stainless steel surfaces shail not be coated.
214 AA-6520 |Surface Preparalion:

Surface preparation for carbon steel shall meet Ihe requirements specified in Seclion 8 of ANSI N512. Carbon steel surface
preparation for Service Level | coalings syslems must be blast cleaned lo lhe requirements of SSPS SP10

OATIN

Sbope of Work:
Qutline the areas lo be coated or otherwise protecled.

216

Coaling System Selection and Evalualion:
Provide specific quidelines and requirements for coating system tesls and required criteria for lested material evaluation.
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thicknesses. Galvanized steel surfaces from which the coating has been removed durmg fabrlcauon shall be coaled with an
appropriate qualified material pe

S| REPAIR'OE COATINGISYSTEM

Repair of Coating System:

(a) Service Level 1 and Service Level ll coaling systems Lhal require repalr due to damage or defects i in the original coating
system shall be repaired in accordance Chapier 11 or Chapler 12 (if coaling has been in place for several moths o years) of Manual
of Coaling Work

hY _Ga

INSPECTION

Saniaa et

General:
Inspection for shop and field work on Level | and I coaling syslems shall conform lo Secllon 10 of ANSI N512. The design
specification or Manufacturer's specifications shall include lhe acceptance criteria for the degree of conlinuity of coating.

SIQUA

SURANCEREQUIREMEN

228 AA-GSGO

General:
(a) Coaling fevel | systems shall conform lo the quality assurance requirements of ANSI N101.2, ANSI N101.4. Level ll and lli
coating system documenlation shall conform to Manufacturer’s or Design Specificalion requirements.
(b) Coaling Level | dotumentalion in accordance with lhe requirements of ANSI N101.2, ANSI N101.4, and ANS| N512 shall be
maintained on file. Documentalion shall be provided to the Owner in accordance with the requirements of AA-8000.
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dation Reference
Requiremen . R - Review {Where |s this
t Number Source Requirement Text A - Analysis requirement
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| - Inspection design)
217 AA-6533 | Qualily Assurance Manual:
The quality assurance manual must address the 10 CFR 50, Appendix B, requirements and pertinent requirements of ANSI
N101.4.
218 AA-6534 |Coaling Inspector's Qualifications:
The inspector's qualifications must meet (he requirements of ANSYASME NQA-1, inciuding supplements of 25-1 and 28-2.
219 AA-6535 | Coating Applicator's Qualifications:
- These requirements musl be eslablished in applicalion procedures for each specific subsirate and malerial to be used pnor to
allowing the applicator lo apply any malerial to surfaces installed in Service Level | areas.
220 AA-6536 |Safely and Environmental Conlrol:
Ventilation, temperalure, and humidity musl meet the coaling Manufaclurer’s requiremenls. Proper illumination, safe equipment,
scaffolding. and procedures regarding work practices must be followed.
221 AA-6537 | Quality Control Procedures:
These procedures musl be developed-by the coaling applicalor and approved by the Owner or his aulhorized representalive.
222 AA-G538 |Coaling Malerial Certification:
The coaling Manufacturer mus! provide product identily certification that the material meets the requirements of ANSI N101.2,
ANSI N101.4, and ANSI N512, or any other specific requirements.
223 AA-6539 |Surface Preparation:
Surface preparation must be defined as to the degree of cleanliness and required anchor profile in the steel surface. The blast
abrasives to be used and cleaning residual conlaminants from blasl abrasives must be addressed. The time elapsed between
surface preparalion and the first coal of coating material application should be indicaled to prevent any rust bloom appearing on the
blasted surface.
224 AA-6539.1 |Coating Application and Cure Requirements. Unacceplable coaling application, with respecl lo overspray, dryspray, sags, runs,
mudcracking, blislers, pinholes, insufficient film buildup or excessive film buildup, and other defects must be addressed. Curing
requirementls al various temperalure ranges should be addressed for each coal of specific material used.
225 AA-6539.2 |For carbon steel, the Design Specificalion or Manufaclurer's specifications shall state the requirements for prime coal and finish coat
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228

AA-6610

Handling and Rigging:

(a) Handling and rigging requirements for assembled components or subassemblies shall be identified in Manufacturer's
instaliation procedures in accordance wilh AA-7000. Manufaclurer's procedures shall include the classification of the ilem to be
handled as defined in ANSI/ASME, NQA-2.

() Hems that will be handled or supporied during installation by a crane or other lifling device shall be equipped with fifting
eyes or olher means {0 maintain the item in proper orienlation withoul exceeding structural design integrily of the assembly while
being handled or supported. The design specificalion shall identify any special rigging requirements or restrictions for final erection.

230

AA-6620

Field Assembly:

(a) Where equipment requires component assembly during final installation, the equipment manufacturer shall provide delailed
wrillen procedures for making lhe proper final assemble. Installalion procedures shall include requirements for al olher inlerfacing
services, such as electrical, piping, supports, and ductwork. [nstallation procedures shall also address assembling, selling, erecting,
leveling, aligning, securing, doweling, connecting, cleaning, lubricaling, final adjusting, inspecting, and all other operalion necessary
to make the equipment operable.

{b) The equipment Manufacturer shall be responsible for advising the Owner or his designee of field conneclions or services
required for the proper and safe operalion of the equipment as specified in the Design specification. These requirements shali be
explained in lhe installation procedures. The equipmen! Manufacturer shall make provisions in the design of his equipment for the
required field connections.

(c) Alignment markings where required for lhe proper field posilioning and conneclion of parts or subassembilies shall be shown

231

AA-6630

Temporary Field Altachments: .

(a) Field atlachments and ducls not specified in the design drawings, the Design Specification, or this Code are permitied only
when authorized in writing by the equipment Manufacturer, Owner, or his designee. The melthod of attachment shall meet the
requirements of Ihe drawings, specificalions, or this Code, as applicable, and neither the attachment nor the method of attachment
shall adversely affect present or future performance, reliability or struclural inlegrity or the ilem or the inslalled syslem. Temporary
altachments shall be removed before delivery or final acceptance of the installed syslem, whichever is applicable.

232

AA-6630

Temporary Field Altachments: :

(b) Unauthorized attachmenls shail not be made to equipment or ducls and, when discovered, shall be removed in a manner hat
will not affect the immediate or future performance, reliability, or structural inlegrity of the item or the system. The equipment
Manufacturer, or the Owner or his designee, as applicable, shall be advised of the unaulhorized attachment and shall review the
impact of such-attachment. The method of removal or repair, or bolh, if necessary, shall be authorized by the equipmenl
Manufacturer or the Owner or the Owner's designee. If the attachment does adversely affect immediale or fulure performance or
reliability, and removal of the attachment or repair dies not eliminate the adverse resull, the item affected shall be replaced.

‘ORAGETANDHANDEING!

ACKAGINGiSHIPRINGRECEIVING

AA-7110

General:
This Article contains general requiremenls for packaging, shipping, receiving. storage, and handling of components, parts, and

AA-7120

Responsibility:

The requirements for the activities covered by this Code are identified in this arlicle and in each Code section. The establishment
of practices and procedures, and the providing of resources for personnel, equipment, and services necessary 10 implement the
requirements of this Code, may be delegaled lo other organizalions, and such delegalion shali be documented. However, it is the
responsibifity of each organization performing work covered by this Code 1o comply with procedures and instruclions issued for the
project and to conform 1o the requirements of this Code as it is applicable to ils work.
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235

AA-7200

General Requirements:

This arlicle contains requirements thal are (o be fulfilled by organizations responsible for performing any segment of work
described in each Code section. This article establishes measures acceptable for the packaging, shipping, receiving, storage, and
handling of air and gas treatment ilems lo be incorporated in the nuclear power plant and for the inspeclions, examinations, tesling,
and documentalion lo verify conformance (o specified requirements. This anticle is intended 1o supplement ANSHASME NQA-2, Panl
2.2. The provisions of this article shall
replace these respeclive sections and subseclions of ANSI/ASME NQA-2, Parl 2.2. The balance of ANSI/ASME NQA-2, Part 2.2,

shall apply and be pant of this Code. Terms used in Article AA-7000 thal relate to qualily assurance are defined in ASME NQA-1,

236

AA-7210

Planning, Procedures, and Instruclions:
The Design Specification and drawings for air and gas lreatment items shall include provisions for accomplishing the packaging,
shipping, receiving, storage, and handling aclivilies described in this Code. The preparalion and control of procedures and work

237

Those personnel who perform inspection, examinalion, and lesling activilies at the job sile 1o assure compliance fo this Code shall
be qualified in accordance with ANSI/ASME NQA-1, Supplement 2S-1 and 2S-2. Offsile inspection, examination, or lesting shall be
audited and monilored by personnel who are qualified in accordance with ANSVASME NQA-1, Supplements 2S-1 and 2S8-2.

238

AA-7230

Classification of items:

The requirements for aclivities covered by this Article (AA-7000) are divided into four levels with respect lo protective measures to
prevent damage, deterioration, or contamination of the ilems, based upon the important functional characterislics of the item wilh
respect to safely, reliability, and operation. It should be recognized. however, that within lhe scope of each level there may be a
range of controls and thal lhe delailed requiremenls for an item are dependent on the importance of the item to safety or reliability.
llerms, once classified, shall be restricted 1o that level or higher for each of the packaging, shipping, receiving, slorage, and handling
operations. Any package unit or assembly made up of items of differenl levels shall be classified lo the highest level designaled for
any respeclive pars, unless the higher level subassembly or part can be packaged to its respective level while still attached 10 the
lotat assembly o is lotally protected within the assembly. The balance of the unit or assembly may be classified lo a lower level. I
unit is disagsembled a leuel shall he iadicated far each nag

238

AA-7230

Classification of items:
Items covered by this Code are given the appropriale proleclion classification level in accordance with the provisions of

ANSI/ASME NQA-2, Parl 2.2. Seclion 2, and these levels and detailed requirements are delinealed in each equipment section of this

Code.
DACKAGING!

General:

This subarlicle conlains the requirements for packaging ilems for protection against corrosion, conlamination, physical damage, or
any effect that would lower the quality or cause the item to deteriorale during the lime it is shipped, handled, and stored.
Implementation of Subarticle AA-7300 shall be accomplished by applying the appropriate criteria contained in ANSI/ASME NQA-2,
Parl 2.2, concerning cleaning, preservatives, desiccants, inert gas blankels, cushioning, caps and plugs, barriers and wrapping
malerials, tapes, blocking and bracing, containers, marking, other qualily assurance provisions, and documentation.

AA-7320

Level of Packaging:
The packaging criteria are divided into four levels corfesponding to the levels designated by AA-7230.

SHIRRING

242

General:
This subaniicle covers the requirements for loading and shipment of items as defined in AA-7230. Described herein are

environmental prolection during transil, procedures lo minimize damage in transit, precaulion required when handling items during
loading and transil, and identification and inspection on overseas shipmenls. The mode of iransporiation used shall be consisteni

ith the prolection classification of the 1 he ds loyed
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243 AA-8110 |SCOPE AND APPLICABILITY:
This aricle contains general requirements for the qualily assurance of components, parls, and equipment. The requirements of
ASME NQA-1 apply lo the component, parls, and equipment covered by this Code. The requirements of Article AA-BOOO are
apnlicable to the exlent lhev are spacifically inunked by aach Cade sectinn Addilional or suonlemental reauiremants mav also he
244 AA-8120 |Responsibility:
The organization invoking lhis Code for lhe design, construclion, and acceptance lesling of equipment, parts, and components
used in nuclear safely-related air and gas lreatment systems in nuclear facililies shall be responsible for specifying any additional
requirements and appropriately relating them lo specific ilems or services.
245 AA-8130 (Responsibility of Fabricators, Material Suppliers, and Malerial Manufaclurers:
(a) Some or all of the responsibilities of lower tier organizalions may be assumed by any higher tier organization (e.g., the Owner
may assume some of the responsibililies, such as cerlifying lesl results, of the Malerial Manufacturer.) The organization assuming
tower tier responsibillty shall meel the requirements noted herein for that organization. ”
(b) In addition lo the specific responsibililies delegaled 1o the Fabricator, Malerial Supplier, and Malerial Manufacturer by the
Owner of designee, lhe following shall apply:
246 AA-8130 (1) each member of the chain depicled in Figure AA-8130 shall be responsible for evaluating and qualifying the suppliers of
conlracled services or material from the nex! level down, i.e., Fabricator shall be responsible for evalualing and qualifying the
Material Supplier's quality assurance program, and so forth;
247 AA-8130 (2) each member of lhe chain depicted in Figure AA-8130 shall be responsible for nolifying the party thal qualified their program of
planned modifications lhat might affecl the quality of the delivered product;
248 AA-8130 (3) the Fabricalor, Material Supplier, and Material Manufaclurer shall be responsible for establishing and maintaining and
: identification and verification program for lhe traceabilily of malerial while under his control;
249 AA-8130 (4) the Fabricator, Material Supplier, and Material Manufacturer shall be responsible for controlling quality during manufacture and
fabrication, including conlrol of manufacluring processes, tesling, examination, repair, and lreatmenl of the material, including
subconlracted services.
250 Fig. AA-8130(Fig. AA-8130, Hierarchy of Responsibility

251

Documenta(lon

Documents for procurement of material and subcontracled services shall include requirements to the extenl necessary to assure
their compliance with ANSI/ASME NQA-1 and lhe additional requirements of this paragraph. Measures shall be established lo
assure thal all purchased and fabricaled material and services conform {o the requirements of lhis paragraph.

Measures shall be established for identification and conirol of material, including padially processed malerial, throughout
manufacturing, fabrication, and the shipping processes. These measures shall assure that idenlification is maintained either on the
material or on records lraceable 1o the material lhrough manufaclure and fabricalion. Welding filler metal for use in repair of the
material shall also be conlrolled in accordance with lhis paragraph.

252

AA-8220

Identificalion and Completed Material:

(a) Identification of material from the Material Manufacturer shall consist of marking the malerial with the applicable specificalion
and grade of malerial, heat number or heal code of the malerial, and any additional marking required by this Seclion lo facililale
traceabilily of the reports of the results of all tests and examinations performed on the malerial; except that, for those materials for
which the Material Manufacturer's Cerlificales of Compliance are ailowed, heat numbers or heat code idenlification need not be
indicaled either on (he malerial or the Centificales. Allernalively, a marking symbol or code that identifies the malerial with the
malerial cerlification may be used, and such symbol or code shall be explained in the Cedtified Material Test Reponi or Certificate of
Compliance, as applicable.

253

AA-8220

Identification and Completed Material:
(b) Physical identification on individual malerial used in the assembly of a component by heat number or code or specification and
grade need nol be done provided the completed assembly is marked with a unique identification number that is iraceable (o

documenlalion that identifies the material used in the assembly by the requirements of AA-8220(a).

Dale Printed: 1/10/2006

Example ASME AG-1 Compliance Malrix

Page 29 of 141

PI AFY P¥SHT-ddd




[6V1-SD

Verification/Vali

Design Document

Documentalion required by this Seclion and each of the other sectlions shall be prepared, mainlained, and submitted lo lhe Owner

for recordlng as required by xhe agghcable section and ANSIJASME NQA-1.
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! - iInspection design)
254 AA-8230 |Marking Requirements for Small Products:
{a) Exceptas required by lhe material specification, small parts need not be individually marked provided they are packed in
packages or conlainers that shall be clearly identified by Ieglble marking to ensure posilive identification of the malerial up to the
point of use.
(b) Welding and brazing malerials shall be clearly identified by marking on the package or container to ensure positive
identification of the material. The package or container marking shall include the heal or lot number as applicable, a conlrol marking
code that idenlifies the materials with the Certified Material Test Report, and other informalion such as specification, grade,
classification number, supplier's name, and trade designation.
255 AA-8240 |Centified Material Test Reponts:
The Certified Material Tesl Report, when required, shall include the actual resulls of all required chemical analyses, mechamcal
{esls, and examinations.
256 AA-8250 |Records of Examinations and Tesls:
All characterislics required 1o be reporied by the material specification and by this Section shall be lraceable 10 the results
recorded. Records shall identify the procedure and revision to which an examination or test was performed and include the recorded
resulls of examinalions and lests. Measures shall be established so that the status and results of any required examinalions and
tesls can be determined (or the material.
257 AA-8300 (Qualily Assurance Records:

Scope and Appllcabl//ly

This Article conlains the general requiremenls of nameplales for componenls and equipment.

The requirements of Lhis Article are applicable lo lhe extenl they are specifically invoked by the olher Code sections. Unique
requirements are given in each Code seclion.

Stamping is required only for those components construcled in accordance with the ASME Code. No other third party inspectlion or
ceification is required by this Code.

259 AA-8120 |Requirements:
Each item shall have a nameplate, excepl as otherwise permilted by this Code. Nameplate information shall be as required by (a)
through (e) below:
(a) Manufacturer's name;
(b)  Manufacturer's serial number and, if apphcable mode! number;
(c) Capacily in appropriale units;
(d) Operaling temperature and pressure;
(e) Other data prescribed by the specific equipment section of this Code.

The dala shall be in characiers not less lhal 3/32 in. (2.4 mm) high. All nameplale markings shall be stamped, elched, cast, or
impressed on the nameplale. Nameplales shall be of a noncorrosive malerial. Stamping directly on itlems, where permitted by the
respeclive equipment section of this Code and used in lieu of a nameplale, shall be done with blunt nose conlinuous or blunt nosed
inlerrupled dot die stamps, The selected marking method shall nol result in any harmful contamination or sharp discontinuities.

260 AA-8140 |Attachment of Nameplates:

If the nameplate is marked before il is affixed lo the item, the Manufacturer shall ensure thal the nameplate with a correct marking
has been applied to the appropriate item.

The nameplate shall be attached by a method that will not affect he structural or operational integrity of he item and thal shali
assure permanent attachment during Lhe life expectancy of lhe component.
261 AA-8130 {Localion of Nameplates:

The location of the nameplale shall be shown on the as-construcled drawing. I shoutd be readily vlsxble when the component is

BA-1100

:

Applicability.
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This Section provides minimum requirements for Ihe performance, design, construction, acceptance testing, and quality assurance
for fans, fan drivers, drives, and related fan accessories used as componenls in nuclear safely-relaled air or gas treatment systems
in nuclear facililies.
MATERIAL
General;
Fan materlals, components, and accessories shall be capable of meeting ali requirements of BA-4133. As a minimum, malerials
shall be in conformance wilh the ASME or ASTM malerials lisled in Table BA-3100. Substilute materials shall be equivalent to or
exceed the requirements in Table BA-3100.
2 BA-3110 |Material Stress Values:
The ASME or ASTM numbers in Table BA-3100 designale a chemical compositlon and a malerial thickness limit. A grade
designation is usually required lo 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 esiablished and
assigned, then tests in accordance with lhe procedures oullined in ASTM A 370 and AA-5000 shalf be performed to obtain these
values. Results of mill cedified tests performed as above designaling these values may be used. Maximum allowable design stress
values shall be calculated by the procedures in AA-4000. These procedures require the use of an allowable stress for normal
structural requirements, and correction of allowable slress for conditions where buckling can lake place and for the several service
levels. When the minimum yield values have been established by lest or by ASTM minimums, then the allowable stress S or S,
used in AA-4000 shall be 60% of yield.
3 BA-3200 |Special Limitations on Malerials:
All materials shall be compatible with operating environmental condilions.
4 BA-3300 [Designation of Materials:
) The ASME or ASTM milerial numbers and grade for the fan components selected from BA-3410_shall be identified.
[ BA-3400 | Gertification-of Materals- NIA N/A
NIA NiA The-manufacturer-shalbmake-available-as-a-minimumr-cedified-testrepertis-etchemical-and-physical-prepenries-ot-materal-and-
hardware-used-for-all-siress-componenis-of-fans-and-related-aceessoriesHreluding-fan-wheelcompeonents-fan-shafis-and-driver
suppor-platerbut-exeluding-fan-drivers-drives-and-bearings—Fan-componentsrlisted-in-BA-3418-and-BA-3420;-shall-be-provided-
with-a-Marufaeturers-Cenifisate-of-Complianceceveringthe-ASME-o-AST-material specification-graderand-elass:
In lieu of FTR (Factory Tes! Report) CFC (Certification of Compliance) is acceptable.
6 BA-3410 |Centrifugal Fans:
A manufacturer’'s Certificate of Compliance shall be provided for scroll. housing side sheets, inlels, side plates, back (center) plate,
weld filler materials, and support framing inlegral to the fan.
7 BA-3420 |AxialFans: NIA N/A
NIA NIA A-manufacturers-Gerificate-of-Compliance-shall-be-provided-fer-fan-casing-guide-vanesweld-filler-materals—and-driversupper-
6OMPORERS:
8 BA-3500 |Purchased Materials:
All purchased items shall meet the requirements of BA-3100, BA-3200, BA-3300, and BA-3400 or CFC in lieu of CTR (Certified Test
Report)
9 BA-3600 |Driver Materials:
Driver materials shall be selecled such that the drivers meet lhe eleclrical and mechanical requirements of NEMA MG-1, as required
by the Design Specification.
4000 DESIGN
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10 BA-4000 [General: .
Design of fans shall be in accordance with (he requiremenls of Section BA and of those portions of Section AA invoked in Section
BA. Refer lo Non-mandatory Appendix BA-A for fan system considerations.
11 BA-4110 |Performance:
Fans shall be selecled to provide the specified volume and pressure requirements while operating in the stable region of the fan
curve. Fans shall not be selected to operale 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 lhal may be encounlered. System characleristics shail be considered using AMCA 201. The following fan data shall
be established in support of the fan selection:
(3) fan type and blade shape;
{b) air flow, actual;
(c) total pressure fo be developed:
(d) maximum allowable discharge velocity;
(e) air densily al which the fan is to be rated;
(f)  maximum air density expected;
{g) operating temperalures;
(h) details of intake and discharge transitions lhat affect fan performance;
(i} paraliel fan operation, if required:;
(i) peak design temperature:
Q {k) fan operating range, if required.
W 2 BA4124 | EnvironmentabCenditions—Ceneral- N/A N/A
— N/A N/A Fans-including-driversdrives—bearings—and-accessories-shall-be-designed-te-operate-contindeusiy-fer-a-peried-of-atleast-36-days—
\'% erfer-a-period-eime-during-which-aesess{ormaintenance-cannst-beprovidedwhile-exposedio-the envirormentat-cendilions
o8] caused-by-a-postulated-aceident—This-applies-lo-fans-used-during-nermal-plant-operalion-and-te-fans-en-standby-statusintended-for-
peration-under ident-conditions-enrly—The-30-days-of-conlinusus-operation-is-in-addilien-te-the-projected-life-of-the-plant-for-fans-
used-during-nermalplant-operatien-andHn-additionto-expected-operationincluding-operatior-during-periedictesting-and-
maintenaneeforfanson-standby-status:
B BA4122  |Aging- N/A N/A
N/A N/A Fhe-aging-mechanismsisted-n-BA-4123-shaltbeapplied-te-thecquipment-and-compenents—Besignqualification-shall- be-specified-
in-accerdance-wilh-ANSIAEEE-627—A-ist-of-recommenged-spare-pars-and-theirexpested-ife-shall-be-provided-for- the-equipment-
| and-compenenis-that-are-nol-expested-le-last-for-the-life-of- the-plant-under-spesific-envifonmental-conditions:
‘ . . .
‘ 1= BAGIZ3 B tahG derations~ N/A N/A
| N/A NIA Thefollowlng-aging-mechanisms-afiecting-life-exp ey-shall-b Asidered-as-a-rAiRimum:
} (oY —radiation
i {b}-—temperature-variation-range
| {e}—pressure-varation-range
{dy—corrosive-chemicals-and-moisture-conditions
fey—erosive-parlicles-inairstreams
{h——duty-eyctes
15 BA-4130 |Loading:
BA-4131 |Loads applicable for fan design are described in AA-4211 and AA-4212. Specific conditions listed in BA-4131.1 through BA-4131.4
shall be considered.
16 BA-4131.1 |Normal Loads. The following normal loads shall be considered:
(a) positive or negalive pressure differential transients imposed on the fan housing by:
(1) _sudden closure of air dampers in the fan or system in which the fan is instalted, or
(2) maximum normal fan pressure differential;
{b) dead weight of fan, driver, drive, and related fan accessories;
Date Printed: 1/10/2006 Example ASME AG-1 Compliance Maldx Page 32 of 141

PT AFY ¥¥SvT-ddd




vov1-¢D

Requiremen
t Number

Source

Requirement Text

Verification/Vall
datien
R - Review
A - Analysis
T-Tesl
I - Inspection

Design Document
Reference
{Where Is this
requirement
incorporated in the
design)

(c) forces imposed on the fan in any of its modes of operalion, including a single failure of any interacling componen;

d) loads imposed on fan inlet and oullet by duct connections:

¢) loads imposed on fan. driver, or both, by eleétrical conduit connections; and

(f) {oads impaosed on the fan bearings.

BA-4131.2

Loads Due o Constrainl of Free End Displacement. Loads due lo constraint of free end displacemenl may be caused by thermal
expansion and conlraclion.

BA-4131.3

Design Pressure Differenlial Loads. Design pressure differential loads may be cause by hurricane, lornado, and design basis
accident or pipe break.

BA-4131.4

Loads Imposed on Driver and Fan When Staning. Loads imposed on the driver and fan may be caused by (an pinwheeling
(inadvertent reverse rotation) caused by backflow of air while on standby status.

20

BA-4132

Missile Protection:

Fans shall be designed to prevenl any internally generaled missiles from penelrating the fan housing unless other exlernal protection
is provided.

21

BA-4133

Construclion:

As a minimum, the fan construction shall be capable of meeling the maximum condilions in which fan pressure and outlet velocity are
specified. Fans shall be designed in accordance with the structural requirements given in AA-4000. Struclural requirements, load
definilions, and structural design verification specific lo fans are given in BA-4131, BA-4431, BA-4432, and BA-4433, Construction
shall comply with the stress and defleclion criteria associated with the loads given by BA-4433.

22

BA-4142

Fan Leakage:

Fans are subject to the leakage criteria when the location of the fan and direction of leakage impose a contaminalion burden on the
space housing lhe fan or the space supplied wilh air by the fan. Leakage testing shall be as given in BA-5142.

23

BA-4142.1

fFan Housing Leakage:

Housings subject to the leakage crileria, including penetrations such as cable connections of axial fans, shall be made air light,
according to the method outlined in BA-5142.1.

BA44422

Shaft-teakager

NIA

N/A

Shaﬁs—subjeeHe—leakagesmenashalkbﬂnmated«e—&%%ef-&hmmakaw—ﬁew—peHneh«e!—!an»epera&mg—pressufe—er—&é—SGFM
(0-0142-m°imin}-whicheveris-greater:

N/A

NIA

25

BA-4150

Support Boundary:

The support boundary for the fan shall be the point of attachment of the fan housing er mount lo its foundation.

26

BA-4151

Centrifugal Fan Support Boundary:

The support boundary for a centrifugal fan is the attachmenl point for the fan housing to the concrele foundation, The following data
shall be specified:

{a) size and type of anchorage attachment;

(b) anchorage loads to be imposed on the attachmenl points.

Axial-Far-Support-Boundary

N/A

NIA

Fhe-supper-bodrdan-leran-axia-fanislecated-al-thedinlet-and-oullel-rrounting-flanges—unless-the-axial-fan-is-base-mounted—Fhe-
following-dala-shallbe-speeified:

(e}—size-and-type-ofancherageattachment

{b}—anchorageleads{e-be-imposed-onthe-attachmenl-points:

N/A

N/A

28

BA-4160

Vibrafion ~ General;

BA-4161

Fan wheels shall be dynamically balanced prior to fan assembly. Final balancing shall be performed after assembly. All test resuits
shall be documented. After installation, fans shall be checked and re-balanced if necessary to correct changes due to handiing,
shipping. and final support stcucture conditions.

29

BA-4162

Gentrifugat-Fans:-

?%&éeub%e—ampktade-ﬁaéoal—displaeemeﬁ{—measured—ea—%he—bea;mg—eaps—aHhe—éesagﬁated—fan—speed—s%au—ae{—exeeed-&he—wlues-
listed-in-Table-BA-4162-1-measured-with-a-melerillere s-to-thefan-rolational-speed:
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Design Document
Reference
(Where is this
requirement
incorporated in the
design)

AMCA 204 Balance Quality and Vibration Levels for Fans applies lo this specification.

AxatFans-

N/A

N/A

TFhe-deouble-amplitvde-radial-displacement-measured-enthefan-heusing-at-beth- themlel—ené—énschmge—leeaﬂea&at—%h&des@ﬁa%eé-
speed—shall—ne!—exeee%&m'l—é@-(}.?éﬂm-)-mea ;eé—wa%hﬂa—me{ef—ﬁll

Fan'Sal&c!

31

BA-4211.1

General—Application:

‘[Each fan shall have a title and numbering system that uniquely identifies that fan,

N/A

N/A

32

BA-4211.2

Duty:

The duty of the fan shall be described by the operating and idle lime periods, their frequency, and the corresponding fan load
characteristics.

33

BA-4211.3

Fan Location:

The fan orientation, elevalion above sea level, type of foundation, and means of support shail be included in the Design
Specification.

Fan orientation and means of suppor per DWG F-145579-V-0007 Buik Vitrification Off Gas Treatment, Scrub & Stack Area Plan.

34

BA-4211.4

Fan Environment:

The environmental condilions, including air stream and gas stream contaminants, of BA-4120 that can affect the operabilily service
life, maintainabilily, or need for special features as to conslruction or materials of the fan shall be included on the Design
Specification.

35

BA-4211.5

Fan Drive Arrangement:

The fan drive arrangement shall be included in the Design Specification.

36

BA-4211.6

Special Limitations:

Special limitations, such as space, weight, oullet velocity, fan speed, sound power level, and driver nameplate horsepower, that
influence fan selection shall be considered and included in the Design Specification.

37

BA-4212

Performance Rating:

Fan pedormance rating shall consisl of the following information for all fan operating points, as a minimum:

(a) flow rate al fan inlet, aclual;

(b) fan lotal and fan static pressure;

{c) fan air density;

(d) fan air temperature;

{e) fan operating speed:

(f) fan power input.

38

BA-4213

Pressure Relationships:

Fans shall be rated using both fan static pressure and fan total pressure, Fan pressure relationships are illustrated in AMCA 201.

BA4244

OSperatior-At-Reduced-Flow-

N/A

N/A

Faﬁs-shall—be—se&ee&ed—{e—satfsfy%hemammum-aeﬁfermanee-requffemeﬂl—-@peraﬂeﬁ%edueed—daw-shalkbe—eva#ua(eé—duﬁﬂg%
initial-fan-sel He-ensure-stable-far-eperatier-ovei-the-enlirerange-of-expecled-far-operation:

N/A

N/A

40

BA-4215

Construclion Information:

The following deqan@“./@\:onstruction information shall be identified in selecling the fan (see BA-4300):

{a) _fan arrangement and orientation

(b) peak design and operaling temperatures

{c) special critical speeds or sale speeds

(d)} lype of bearings

(e) lype of drive

(f) accessories

{a) leakage considerations
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Verification/Vali

Design Document

test-data-shall-be-performed-in-accordance-with- AMGCA-301-

AA20°

| Drivers

45

BA-4221

Information Required for Driver Selection:

Information required for driver selection shall consist of the following, as a minimum:

(a) fan speed lorque curve with operaling brake horsepower point idenlilied;

(b) fan inertia applied lo the driver shaft;

(c) external forces acting on the driver shait;

(d) driver rated eleclrical power source;

{e) environmental requirements;

(f) _ driver and fan physical orientation;

(g) applicable standards such as {EEE and NEMA requiremenls;

(h)——spaee-heaterrequirements:

dation Reference
Requiremen Source Requirement Text R - Ravlew (Where is this
t Number A - Analysis requirement
T.Test incorporated in the
| - Inspection design)
th}—seismicrequired-respensespectra-tRRS)
41 BA-4216 |Bases for Fan Rating Data: :
Fan performance shall be based on tests of a full size fan, or on lest resuits of a smaller, geometrically similar fan, In accordance
with BA-5111. Performance ratings shall not be based on calculations alone. Geomelric similarity requires linear proportionality and
angular similarity with no omission or addilion of parts. Performance ratings from reduced size lans shall be obtained by tests
complying with the requirements of AMCA 210.
42 BA-4217.1 |Sound Power Level:
Fan sound shall be expressed as sound power level in dB (referenced to 1072 walt) for eight actave bands, Data shall be obtained
from tesls of the actual fan or by calculation from tesl data from a similar fan. Data shall be provided in accordance with BA-4420.
43 BA-4217.2 |Tesl Data From Actual Fan:
Fan sound power level data shall be provided in accordance with BA-5130,
44 BA-4217%-3 |Test-Data-From-Fan-Model- N/A N/A
N/A N/A Afen-rodel-of-he-same-Manufaclurers-generic-desigrshal-beselectedo-oblain-sounddest-data-per BA4212.2-Sealing-ofthe-

{H—minimum-airvelocity-everdriverwhenrequired: N

BA-4222-1

SpeciatLimitalions—Centrifugal Fans:

N/A

N/A

Belt-drives-shallbe-permitted-oniy-in-areas-that-are-accessibleformainterance-during-nefmal-or-accident-conditions—Fhe-numberof
belis-selested-shall-ollew-fora-single-belt-failurewithouHess-eHunclior—ause-of-cithe direst-or belt-drivesthe-equipment-shall-be-
capable-of-operating-underthe-specified-conditions-while-peHorming-its-intended-safety-relatedfunction—Brives-in-whish-gear
reducers-are-used-shall-not-be-allowed—Syslems-that-are-air-balaneed-using-varable pilch-diameter-sheaves-shall-be-provided-with-
fixed-diameler-sheaves-fordeng-term-operation:

N/A

N/A

BA4R222

Speciakkimitations—Axial-Fans—

N/A

N/A

AxiaHans-shall-be-selected-Hordirectcennected-eperation-similae-AMEA-09-2410-fer-tubularcertrifugal-fans,desigrated-
arrangement-iNe—4:

18

[ BA-4311.1 |Cenlrifugal Fans—General:

NIA

N/A
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Verlfication/Vali

Dasign Document

be-establishedHr-aseerdanee-with-ANSHARBMA-G-o-H—Whenthe-bearing-sizedsimited-by-driverdimensionalcenstraiptsand-the-
driver-bearirgs-are-alse-the-fan-bearngs—an-I—1 B-ifedessthan-100,000-hris-permissible—Fhislimitation-shall-be-dosurented—
Bearings-shaltbe-provided-with-greasefittings—For-drvers-withinthefancasing-beth-supply-and-purgetines-shall-beexiendedHe-
oulside-the-fan-casingo-permit-bearing-lubrication-witheut-intesrupting-fan-operation:

Driy

dation Reference
Raquiremen . R - Review {Where Is this
t Number Source Requirement Text A - Analysis requirement
T - Test Incorporated in the
1 - Inspection deslgn)
The housing materials and design shall meet the requirements of BA-4100 and BA-4200. Spark resistant construction, where
specified shall meet the requirements of AMCA 99-401.
49 BA-4311.2 |Cenliifugal Fans—Bearings:
Bearings shall be self-aligning, anti-friclicn, and shall have an L-10 service rating life of at least 100,000 hr in accordance with lhe
load and speed condilions, Bearing rating life shall be established in accordance with ANSIVAFBMA 9 or 11. When the driver
bearings are also the fan bearings, an L-10 fife less than 100,000 hr is permissible. This limitation shall be documented. Bearings
shall be provided with grease fitlings, useable in accessible areas wilhout-interrupting fan operation.
60 BA4312:1 | AialFans—General:- N/A N/A
NIA NIA TFhe-far-construclion-shall-include-adjustable-pitch-bladed-wheels-meunled-upen-the-drivers-extended-shafl-and-located-irside-the-
flanged-fan-casing—The-shali-meetthe-requirements-ef-BA-4220-and-BA-4320—Ahen-required-by-BA-4142-elestric-cables-
penetrating-thefan-housing-shall-meettherequirements-6f-B3A-4220-aad 34-4328:
Bt BA-4312-2 | Axial-Fans—Fan-Heusing:- N/A N/A
N/A NIA Thefan-heusing-malerials-and-desiga-shall-reel-the-fequirerents-eFBA-4106-ard-BA4208:
62 BA4312:3 |AxialFans—Blade-Angle- N/A N/A
N/A N/A Adjustable-pitsh-blades-shall-have-sorespending-blade-anglesindicated-en-thefan-pedormance-—curve—Bladepositier-designatiens-
appearing-on-the-fan-curveshall-beara-cerrespandence-with-a-permanent-index-located-atthe-blade-hub-cennection—Allersetting-
the-blades—theloekirg-device-shaltbeleraued-and-sectredipplace:
53 BA43124 |Axial-Fans—Bearings:- N/A N/A
N/A NIA Bearings-shall-be-anti-friction-type—Bearing- E-10ife-underactual-operating-conditions-shall-be-at-least-186;008-heBearing-life-shatk

57 BA-4324

£ e s
NIA N/A Fhe-drves-shallbe-subject-te-thelimitatioreftBA4222:
55 B8A-4322 |Drive Alignment and Adjustment:
Direct drives shall make use of metal shims to provide final alignments.
56 BA-4323 [Mechanical Design Requirements f(or Drivers:
(a) Bearings shall be anti-friction lype. Bearing L-10 life under aclual operaling conditions shall be at least 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 documerited.
Bearings shail be provided with grease filtings. For drivers located within fan casing, both supply and purge grease lines shall
be exlended 1o outside the fan casirig (o permil bearing lubrication without interrupling fan operation.
{b) Maximum sheave arrangement shall be limited per NEMA MG-1.
(c) Drivers shall conform to NEMA MG-1.
Electrical Design Requirements:

(a) Al drivers shall be designed for single voltage supply.

(b) Drivers shall conform to NEMA MG-1.
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dation Reference
Regquiremen Source Requirement Text R - Review {Where Is this
t Number A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
(c} _Provision shall be made for solid grounding of lhe driver.
58 BA-4325 |Application:

All fan drivers shall be designed lo operate at maximum Joad brake horsepower without encroaching on the driver service factor.
Orivers shall be selected to come lo speed under reduced vollage condilions peculiar to the specific accident requirement, as
detailed in lhe Design Specification

BAM33]

BA-4331

Accessones Common lo Centrifugal and Axial Fans:

{a) _Fan lifting lugs or eyebolts shall be provided on fans and drivers 50 Ib and heavier.

- {b)y—linspection-panels-shall-be-provided-in-fan-heusingshaving-wheels-12-in-andargerin-di ter—Ranels-shall-be-ef-a-siz
that-willellevw-raintenance-en-componenislecated-withinthefarhousing—Quick-openinrglatehes-Shall-rermaliy-bevsed-
exeepHhat-whenleakage-crilera-are-required-perBA-4142-belled-and-gasketed-seals-shall-be-used—i-alehes-shall-be-
retainable-on-the-panelorfar-te-prevertessofHatshesin-the-fap-heusing:

{c) Arrows clearly indicaling the direction of fan rotation and air-flow shall be permanently displayed on each fan housing.

(d) All gaskets used shall be of a material that is capable of withstanding the normal and accident aging mechanisms of BA-
4123 without loss of funclion for a minimum predelermined qualified life, and capable of withstanding the environmental
conditions of BA-4121.

{e) Bearing lubricants shall be selected to wilhstand the accident aging mechanisms of BA-4123 for a minimum
predetermined qualified life consls(enl with the term provided by provisions of accessibility and the environmental conditions of

BA-4121.
§-—TFrovisiensshall-be-madedor-the-instollatien-oithermecouples-or-fan-aad-driverbearirgs-oi-Hans-that-are-inaccessible-for-
uRscheduled-inspeetion:
] BA-4332-t |Centrfugat-Fans—\Vardablednlet-VVares— N/A N/A
N/A N/A Variable-inletvanes-when-usedshalt-be-capable-elreducing-the-rale-flow-o-aHeast 36%-of-design-and-shall-e-flanged-and-belted-|
terer-built-as-ap-irtegrat-part-of-the-fan-rlet—Manual-actualion-shalHse-with-aHoeking-quadrant—Eleslrc-preurmatic—or
nercembustible-electro-hydraulic-aciuatorsforremote-or-automatic-operatior-of-varable-inletvanesshall-be-mounted-en-the-far-
heusing-er-shall-be-provided-with-a-commoen-struetural-support-base—Whenrremoteinaccessible-actualion-isreguired-the-vane-
aclualier-pesitien-shall-be-displayed-at-an-aeeessible-lecatior—Far-performancecharaeteristies-with-inletvares-shalt-be-determined-
in-aecardarce-with-BA-6606—\Vanceassemblies-for-deuble-ntetfans-shall-be-conrneciedthrough-a-commen-ceatrolshaftfor
simultaneous-eperation:
64 BA-43322 |CentifugaHans—inlet-Sereen-Guards:
NIA NIA Guards-{for-bolling-le-thefaninletoroullet-shall- meet-the-maledalreguirements o BA-3100:
62 BA-4332.3 |Centrfugal-Fans—Vibration-solators-
N/A N/A \Abrahoﬂ—ase!a%er&sha#kae{-ée—usedané#an&sha#bemoun&ed»ﬁgndlyaﬁless—pfews«onsafe-made—(owﬂhs&and—{he—fefeesgenefaéed—
er-amplified-during-a-seismicevent:
63 BA43324 |Gentrifugal-Fars—GCuards:- N/A N/A
N/A N/A Sha#&—and—beaﬂng—gua%s—ané—\#beh—dan&geaﬁé&shaﬂ-ée—ef—{he-qu|ck+eme¥al«des&gn~type—v—bek—gaafés-shau—pemmehee§ﬂﬂg4he-
far-speed-withevtguardremavak
64 BA-4332.5 |Centrifugal Fans —Inlet Transilions:
The inlel and outlet conneclions shall be flanged. The housing connected flange shall be drilled to match the fan inlet flange, the
other flange shali be drilled using the same bolt spacing.
66 BA4332:6 |Centrifugal-Fans—Shaft-Seals:- N/A NIA
N/A N/A Shaftseals—when-requiredshall-meettheleakage-criteria-of BA-4442.2:
66 BA-4333-1 | Axial-Fans—Inlel/Outlet-Cones:- N/A N/A
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Requiremen éource Requirement Text R - Review (Where Is this
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N/A N/A Flanged-nrletoutiet-cones-shaltbefabricated-of-the-same-materatas-the-far-housing—The-heusing connested-flange-of-the-cone(s)-
shal-be-drilled-to-mateh-the-faninletoutiet-flangestsy—The-athercone-flanges-shalt-be-drlled-using-a-simitar-syrmmetiecal-beit-
pallefa:

67 BA43332 |fudalFans—InletBelis: N/A N/A

N/A NIA Flanged-inlet-bells-drilled-lo-mateh-the-far-housingnlet-flargershall-meetthe-requirements-o-BA-3100-Inlat bells-sheuld-always-be]
previded-for-{ans-with-ner-dusted-inlets:

NIA

68 BA43333 |Axiai-Fans—inlel-and Outlet Sereen-Guards: N/A N/A

NIA N/A Cuards-{erbellingle-thefar-inletoroulietshallmeetthe-malerialreguirementsofBA-3180:

69 BA-43334 |Awial-Fars—Meunrts- N/A NIA

NIA N/A Fan-meovnls-shail-be-welded-to-the-casing-and-shall-be-desigred-to-support-the-weight ef-thefan-ard-drierin-the-speeified-meunting-
arFangementand-in-considerationof-al-internaland-exiernaldyramicferces:

0 BA-4333:5 | AxialFans—Vibration-lselaters: N/A N/A

NIA NIA \ibration-isolators-shall-not-be-usedand-{ans-shall-be-meunied-fgidly-unless-provisiens-are-made-te-wilhstand-aseismic-evenk:

P BA4333-6 |Axdal-Fans—Varable-dnletVanes:- N/A N/A

N/A NIA Vadablednletvanesshaltnetbeusedforaxal-fans-unless-previsiensare-made-teprevent-overeading the-driver

BA-4411

Rating Calculations=

(Calculations-and-esis-used-lo-oblain-fartaiings-shalbinclude-the-effecis-enpedormancesiallshafls-and-beadng bletkages—
accessories-and-oiher-means-of-control-assecialed-with-the-fan—Fan-powerfequirements-shalbinclude-the-effectsof-bearng-fristion-
and-ony-otherlosses-due-o-the-drives-thatare-sugplied-as-ar-inlegral-paretthe fan—)

Manufacturer’s standard raling calculations are acceptable.

73

BA-4412

Documentation of Final Rating Dala;

As a minimum, lhe rating data and the bases identified in BA-4212 and BA-4216 shall be included. In addition, a constant speed
performance curve shall be prepared, which contains complele identification informalion such as fan size, lype, inlet and oullet area,
system and fan duly, fan speed, and fan air density. The performance curve shail show fan total pressure, fan stalic pressure, and
fan horsepower versus flow rate from free delivery to shuloff. The operation point of raling as well as the permissible operating range
over which stable operation will occur shall be clearly identified. Unslable portions of the performance curve shall be clearly labeled.

Equipmant:SoundiPrédiiction

74

Sound Level Data Report:

When required, a sound level dala report shall be prepared. The sound ievel dala in lhe report shall be expressed as sound power
level in dB (referenced to 107 watt) for eight octave bands. The report shall state whether the data were obtained from tests of the

BAZ4430

BA-4431

When verification of design by analysis is sefecled, the results of the analysis shalf be in lhe form of a Design Verification Report
(DVR). The DVR shall comply with AA-4441. Equipment shall be deemed to be designed verified if ihe slress conditions and
deflections identified in BA-4131 and AA-4341.2 are not exceeded under the applicable ioad combinations. The DVR shall address,
as a minimum the stress and deflection of the following fan componenls in both the normal and accident conditions:

{a) housings, including flanges and mounting suppors

(b}-wheel-blades
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{ey-wheebhub

{dy-shatt

cafingsuppors

t—driversuppers

fg}—weldfillermaterial

(hy——driver

Maximum shaft deflection shall not exceed 90% of the radial clearance between blade and housing. No deflection shall be aliowed to
exceed the limits of AA-4341.2.

76 BA-4432

Structural Verification by Testing:

When verification by lesting is selected, a design verificalion test procedure (DVTP) shail be established. The lest procedure, as a
minimum, shall identify the specific components o be tested and the respective lest melhods and acceptance values. Upon
completion of the tests, a DVR shall be prepared. The DVR shall comply with AA-4442, Equipment shall be deemed 1o have
successfully passed lhe tests if the equipment meels the acceplance requirements idenlified in AA-4442 when subjected 1o the
selected load combinations.

77 BA-4433

Structural Special Considerations:

(a) The maximum deflection that may be sustained without loss of equipment funclion during normal or accident conditions
shall be determined by analysis or tesl. The allowable deflections in any plane for the load combinalions of BA-4131 shall not
exceed the limils expressed by and measured according to BA-4162 and BA-4163.

{b}—Fan-suppors-shali-be-desigred-to-withstand-theJoads-deseribed-in-BA413+—Foundalion-and-suppers-shallk-be-desighed-
se-thatthe-raturalfrequency-of-vibratior-eHhe-averall-suppering-structure-is-at-east 28%-loweror 285%highethanthe-

10

rotationat-frequensy-oHhefar-erdrver
 ANHNSPECTIONANDI TESTING

BA-5111

Fans Requiring Testing;

Performance ralings may be based on test resulls of a fan that is identical as to type and size, of a small, geometrically similar fan, in
accordance with BA-4216. Performance ratings established for a fan may be appiied lo several identical fans of the same lype and
size, with the same nominal dimensions, irrespective of fan orientation.

79 BA-5112

Test Facilities:
Equipment shall be lested in a facilily that provides for testing in accordance with the requirements of AMCA Code.
80 BA-5112.1 |Facilities: :
The facility shall have the space, power, and instrumentation lo conducl full-scale performance or mechanical operating tests without
compromising the data or intent of the test.
81 BA-5112.2 |instrument Calibration:
An updated listing of all test instrumentation and equipment shall be maintained along with a descriplion of methods used to calibrate
each instrument, the calibration interval, and the date of the last calibralion. Calibration intervals shall be a maximum of 1 year or the -
Manufacturer's minimum requirement, whichever is less. Calibration of instruments shall be traceable to the National Bureau of
Standards.
82 ‘I BA-5112.3 [Qualification Records:
Records shall be mainlained in the tesl facility to verify that all test facilily qualificalion requirements are met.
83 BA-5113 |Documentation:
Documentation shall be required for all performance testing, including a report thal details witness test procedures and lest setups.
84 BA-5120 |Performance Acceplance Tests:
Performance tests to determine 2 fan's flow rale, pressure, and power consumption shall be conducted.
85 BA-5121 |Tesl Codes:
All performance tests shall be conducted in accordance with AMCA 210. These lests shall include the effects of the drive, fan, and
accessories, .
86 BA-5122 |Tesl Setups:
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Verification/Vali Design Documant
dation Reference
Requiremen R - Review {Where Is this
t Number Source Requirement Text A- Analysis requirement
T - Test incorporated in the
| - Inspection deslgn)

Prior to testing, a tesl procedure containing details of ali lest setups and tesl methods shall be eslablished based an AMCA 210 or an|
equivalent code. The buyer must approve use of he equivalent code.

87 BA-5123 [Measurements:
Test measurements shall be in accordance with AMCA 210 and yieid results within the limits sel by AMCA 210, Appendix D. A fan

erformance test shall consist of lhe following measurements.

88 BA-5123.1 |Flow Rale:
The fan flow rate shall be determined in accordance with AMCA 210 by either pilot lube traverse or AMCA nozzle method.

89 BA-5123.2 |Pressure:
Pressure shall be measured by AMCA 210 pitot tube or by piezometer rings.

90 BA-5123.3 {Power: : .
Measurements shall be made to determine shaft inputl power lo the fan in accordance with AMCA 2100r an equivalent code. For the
purposes of this Code, a driver with comptlete lest results in accordance with IEEE 112A meels requirements of a calibrated driver.
an AMCA. The buyer must approve use of lhe equivalent code.

91 BA-5123.4 [Fan Speed:
The fan speed shall be measured in accordance with AMCA 210.

92 BA-5123.5 {Other: .
Measurements such as lemperaiure and baromelric pressure associated with intermediate calculations shall be made in accordance
wilh AMCA 210 or an equivalent code. The buyer must approve use of the equivalent code.

93 BA-5130 |Sound tests:

BA-5131 |Sound test dala shall be oblained in accordance with either of the following methods.
BA-5132

Semi-reverberant Room Melhod ~ Sound power level ralings shall be laken in accordance with AMCA 300 or an equivalent cade.
The buyer musl approve use of the equivalent code.
Induct Method ~ Sound Power level ratings shall be taken in accordance with ASHRAE 68.

94 BA-5140 |Mechanical Tests:
Mechanical tests shall be conducted to verify the basic integrity and function of mechanical parts, These tests include he following.

95 BA-5141 |Overspeed Tests:
The impeller of each fan shall be overspeed lested lo a minimum of 15% abave ils maximum operating speed for a 10 minule
duration without increased vibration. Visual inspection shall serve lo further verify that no deformation or cracks have occurred.

96 BA-5142.1 |Leakage Tests—Housing:
Housing leakage teslis required by BA-4142 shall be conducted in the fan housing, pressurized to a level at least 1.25 limes the fan
operalion pressure, using a soap solution at all welds and joints. The acceptance crileria shall call for the absence of any visible
bubble formation.

57 BA-51422 |Leakage Fests—Shaft- N/IA N/A

N/A N/A Shaftleakage-testsrequired-by-BA-4142-shall-be-conducted-onthe-fan-with-the-shaft-and-seal-assembled-the-shaft-retating-at-the-
Rormal-an-operating-speed—the-fan-epenings-sealed-closed—and-the-fan-subjected-le-the-rormat-far-eperating-pressure—rhe-fan-
wheel-shall-be-remeved-prier-to-the-shafteakage-test-or provisien-shall-be-made-to-aecount-for the-increase-inairemperature-i-the
fan-wheekis-left-inplace: ]

98 BA-5143 |Fan Vibration Tesl:
Fans shall be given a vibration test as required by BA-4160. Prior o taking lhe vibration measuremenlts, the fans shall be operated
at the normal operaling speed for a run in period of time until the bearings reach a stable equilibrium lemperalure, at which point the
temperature no longer rises. Vibralion 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, respeclively.

99 BA-5144 |Mechanical Running Test: )
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A|I tes( resulls and re orts shall be certified and documented

‘BA:520

dation Reference
Requiremen . R - Review (Where is this
t Number Source Requirement Text A - Analysis requirement
T - Test incorporated in the
{ - Inspection design)
All fans shali be given a mechanical running test for at least 1hr, after which all parts and accessofries shall be inspecled to determine
any sign of excessive wear or mechanical defect.
409 BA-6146 |Seismie-Test- N/A N/A
N/A N/A Seismictesting—when-required shallbe-pedormed-inaccordancewith-AA4360:
101 BA-5150 |{Tesl Results and Reports:

| FABRICATION/ARNDANST

N/A N/A Fﬁfsi—eﬂlk‘ref—a—des*gn—shall-be—given—a—eomple&e—tes&—ﬁer—&%%Femm%%nelesmmeﬁ(wﬁve&{hm%ad-heab
run-shalt-be-taken—Test-dalashall be documented:

383 BA-5220 |Sueceeding-Unitsef-a-Besiga- N/A N/A

N/A N/A Each-subsequentdrivershall-begiven-acomplele-testpeEEE-H2A—Test-data-shaltbedecumented:

104 BA- 6000 General:
Fabrication shall be in accordance with the requirements of Seclion BA and of AA-6000.

105 BA-6100 |[Fabrication:
Written fabrication procedures shall be established and used during lhe fan manufacture. All heat-treating requirements shall be
indicated on drawings or in Ihe fabricalion procedures.

106 BA-6110 [Selection of Malerials:

Malerials shall conform lo the requirements of BA-3000. The material designations shall be provided on the fabrication drawings.

ACKAGING;:SHIPRING; ANDISTORAGE:

dmeHs—eqmpﬁeéHwkh—spaee—he&%&{s—%he—space-hMeF&may be-energized-in-slorage-in-ieu-of-providing-meisture-barrerwrapping-
and-irteraal desiccant

107 BA- 7000 General:
Packaging, shipping. and slorage of fans shall be in accordance with the requirements of Section BA and of AA-7000.

108 BA-7100 |Fans-
Fans-shal-be-prepared-for-shipmentin-accordance-with- ASME-NQA2Protectiontevel-Grwhen-shipped-direst-withoutthe-driver-or|
when-shipped-with-the-driverinstalied-to-a-supplierwhe-willassemble-the-far-with-arether-picee-of-equipment—When-the-fars-to-be,
shipped-to-the-job-site-with-the-Grverinstalled-preparation-shall-be-nacecordance-with-Protestion-tevel B-
Buyer will specify packaging requirements in specification.

109 BA-ZH0  |Sierager

N/A N/A Fans-shall-be-stered-n-accerdanee-with- ASME-NQA-2—When-the-fans-are-packaged-ie-Rrstection-kevel-Grihey-shall-be-slored-in-
aceordance-with-Sterage-tevel-3—Whenpaskagingis-Rrotection-kevel-Bthefans-drivers—-and-aceesseres-shall-be-stored-in-
accerdance-with-Slerage-tevel-Z:

110 BA-7120 |Documentation:
One copy of the storage procedure shall be altached lo lhe equipment or crate at the time of shipmenl. The slorage procedure shall
cover both short lerm and long term (over 6 months) storage maintenance programs.

11 BA-7210 |Drivers Shipped Separately--Short Term:
Any driver thal is to be used within 6 months of shipment shall be packaged according lo good commercial practice, shipped within
an enclosed carrier,

H2 BA7220 | Brivers-Shipped-Separalely—keng-Term- N/A N/A

N/A N/A Any-driverthal-iste-be-storedfer-a-period-of-6-menths-erlongermust-be-packaged-perASME-NQA-2 Protection-LevelB—H-the-
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Requiremen
t Number

Source

Requirement Text

Verification/Vall Design Document

dation
R - Review
A - Analysis
T -Test
| - Inspection

Reference
(Where Is this
requirement
Incorporated in the
design)

113 BA-8000 General
Qualily Assurance of fans shall be in accardance with the requirements of Section BA and of AA-8000.

114 BA-8110 |Certified Fan Performance Cuives:

Dacumentation shall be established to verify that the certified fan performance curves were generated in accordance with AMCA
210. The cerlified fan performance data shall include a description of the test setup, instruments used, calibration data, and
personnel qualifications.

115 BA-8120 |Material-Cedifications:-
Matedal-est-repors-arerequired-inaceerdance-with-BA-3400—Permanent-documentation-shall-be-established-and-shal-rclude-as-o
miRimum-procurementrecorisreceiving-repersrmanufaeturing-records-nspestion+epers-maierial-controlecords—and-Gerified-
Materal-Test-Reperisforwhishcerificationis+equired—Rermanent-decumentationshallbe-maintained-fothefife-efHthe-plank
CFC are acceptable in lieu of MCR.

116 BA-8200 |Quality Assurance for Drivers:

Each driver shall be manufactured under a guahly assurance program thal conforms to QA per Specification.

AMEPLATESHA

n7 BA-9110 |Required |
Each fan ovided with a legibly marked tifying name, normal fan capacity, manufacturer,
fan type, size, rotation, rating, maximum speed, and mark numbers, as applicable to Section BA and AA-3000.

118 BA-9120 |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.

119 BA-9210 |Acceptable Marking Methods:
Each accessory shall be marked with the Name of the Manufacturer or a distinctive marking, which may be in code, by which it is
idenlified as lhe product of a particular manufacturer.

120 BA-9310 |[Operating and Maintenance Manuals:

The manufacturer shall provide an operating and maintenance manual for the equipment furnished. The manual shall include:

(a) recommended spare parts lisl, including a description of each part and a drawing that idenlifies the location of each part;
and

(b) recommended maintenance procedure, including a periodic servicing schedule.

282

DA-1210

Exclusion of items:
Valves whose de5|gn manufacture, test, and installation are covered by the ASME Code, Section Ill, or ASME B31.1, are

AZ300]

DA-3110

Maleria/s of Constructian:

263
Materials used in the construction of frames, blades, shafls, and linkages shall conform o requirements of specilications for
materials given in Table DA-3110. Note: refer to Table DA-3110 in AG-1-2003.
264 DA-3120 |Aflowable Stress:
Allowable stress values for the design of frames, blades, shafls, and linkages are specified in AA-4000.
At temperalures above 650 degrees F for ferrous material or 200 degrees F for nonfecrous malerial, the special limitations cited in
DA-3211 shall apply.
265 DA-3130 |Bearing Material:

Bearing materials shall conform to lhe requisements of DA-4250.

Date Printed: 1/10/2006

Example ASME AG-1 Compliance Matrix

P1 AT +¥S¥T-ddd

Page 42 of 141




POS1-SD

_Seal malerials shall confc_)rm io the requirements of DA-4260.

32

Verification/Vali Design Document
dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number A - Analysis requirement
T - Test Incorporated in the
| - Inspection design)
266 DA-3140 |Seal Material: .

DA-3211 Physical Properties Reduction:
The reduction in the physical properties of meials al higher lemperalures must be recognized and faclored into the design of
dampers used in high temperature application, particularly where fire hazard is involved.
268 DA-3212 |Galvanic Corrosion:
The possibility of galvanic corrosion due lo the relalive polentials of aluminum, copper, and their alloys should be considered when
used in conjunction wilh each other, or with steel or other melals and their alloys.
269 DA-3213 | Corrosive Vapors:
Aluminum and zinc shall not be used in the presence of corrosive vapors unless protecled by coalings or other suitable means
designed to prevent delerioration of the melal.
270 DA-3220 |Nonmelallic Materials:
The use of honmelallic malerials such as plastics, elastomers, and simitar substances is permitted in the conslruction of
components provided that in the selection of these materials, consideralion is given to:
(a) destruction where fire hazards exist, including toxicity;
(b} degradation of properties caused by lemperalure increase, radiation exposure, chemical exposure, and aging; and
(c) maintainability.
271 DA-3230 |Deterioration of Malerials in Service:
It is the responsibility of the Owner or his designee 1o identify the environment in which the components must operale so (hat the
Manufacturer can selecl the grade of materials 1o meel the conditions stated in the Design Specification.
272 DA-3300 |[Certification of Malerials:

The manufaclurer shall make available, as a minimum, cerified lesl reports of chemical and physical properties of material and
hardware for stress componenls such as related accessories including frames, blades, shafls, and linkages. For those ASTM
" |materials which do nol have physical testing required by the AST M specification, tesling should be performed per ASTM A 370.
Alt other components used in the construction of the damper shall be provided wilh a Manufacturer's Certificate of Compliance
covering the ASME or ASTM malerial specification, grade, and class, if applicable.

274 DA-4110

DA4000
273 DA-4100 | General Design: :
Design of dampers and louvers shall be in accordance with lhe requiremenls of Seclion DA and of those portions of Section AA
invoked in Section DA.
Requirements of the Design Specifications:

Design specifications prepared by the Owner or his designee in sufficient delail to provide a complete basns for design and

manufacture in accordance with this Code shall include, as applicable:

(a) reference to this Code

(b} funclion, as defined in DA-1320

(cy configuration, as defined in DA-1330 ’

(d) maximum allowable seat and frame leakage and the specific differential pressures, ad defined in DA-1340 and
Mandatory Appendix DA-

(e) pressures, as defined in DA-1350

(i temperatures, as defined in DA-1360

(g) volumelric flow rale al defined temperalture, pressure, and density

(h} maximum relative humidity of the air or gas stream

(i} maximum design pressure drop at design volumetric flow rale

{iy composilion, concentration. and nalure of the entrained cantaminants in the air or gas stream

(k) normal operating position and failsafe position of blades
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Verification/Vall

Design Document

When required by lhe Design Specifications, documenlation provided by the Manufacturer 10 the Owner or his designee shall
include the following, as applicable:
(a) mounling connection details
(b) weight and center of gravity
{c) service connections, size, lype, and locations
(d) pressure drop at rated flow
(e} maximum seal and frame leakage al design pressures
(f) maximum closure and opening lime at staled conditions
(g) materials of construction
(n) bearing design life
(i) seal designlife
(i)  actualor lorque supplied
(k) damper or louver torque required
(1)  actuator environmental and seismic qualifications
(m) verification of structural integrity, performance, and qualificalion in accordance with AA-4000
(n)  actualor position or orientation
(o) UL fire resislance rating and UL installalion instructions

DAL130:

EREORMANCE REQUIREMENTS

278

DA-4131

dation Reference
Requiremen \ R - Review {Where is this
t Number Source Requirement Text A - Analysis requirement
T.Test incaorporated In the
| - Inspection design)

275 DA-4110  |Requirements of the Design Specificalions:

(I} installation parameters

(m) mounting configuralion and suppor, i.e., flange mounted, inside-of-ducl mounled, wall or cantilevered mounting

(n) orientation of damper and direction of airflow

(o) blade orientation relalive to frame

(p) maximum closure and opening time

(q) actualor data, as required by DA-4300

{r)  anticipated number of operaling cycles (e.q., specify number for two-position or state “continuous operation” for

modulating service)

(s) allowable materials per DA-3000

()  special requirements for blades, frames, linkages, seals, and bearings

(u) accessories required and mounting iocation

{v) anyand all anlicipated internal and external loadings other than pressures

(w) combination of loading conditions, seismic requirements, and the design iransients applicable o the appropriate service

level per AA-4000

276 DA-4110 |Requirements of the Design Specifications:

(x) radiation integrated life dose and maximum dose rate (rad/unit time)

{y) finish and coaling requirements

(2) _fire resistance raling as 1-1/2 or 3 hr
277 DA-4120 |Requirements of the Manufacturer;

Seat Leakage:
Seal leakage shall be equal lo or less than the amount shown in Mandalory Appendix DA- for the class specified in the Design
Specification.
279 DA-4132 |Frame Leakage:
Frame leakage shall be equal lo less than the amount shown in Mandatory Appendix DA-I for the class specified in the Design
280 DA-4133 [Pressure Drop:
Pressure drop shall be less than or equal to that slated in the Design Specification at the design volumetric flow rate.
281 DA-4134 |Fire Ratings:
Fire Dampers shall have a 1-1/2 or 3 hr raling in accordance with UL-555 as determined by NFPA S0A and NFPA 803.
282 DA-4135 |Fire Damper Closure:

The fire damper shall close against the specified volumelric flow rate and specified operating pressure.
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Verification/Vali Design Document
dation Reference
Requiremen . R - Review {Where is this
t Number Source Requirement Text A - Analysis requirement
T - Test incorporated In the
| - Inspection design)
283 DA-4136 (Cycle Time:
The damper must cycle full open to full closed or full closed lo fuli open within the time specified in the Design Specification.
27 S
284 DA-4211 |General:
Dampers or louvers shall be designed in accordance with the slruclural requirements given in AA-4000. Struclural requirements
and load definitions are given in DA-4212 through DA-4214.
285 DA-4212.1 (Methods of Support: .
A damper or louver assembly may be supported by one or more of several melhods. !t may be line supported as an assembly
inserted into a run of duct; it may have its support at its end altachmenits 1o the duct and be totally supported by that fine of duct; or il
may be flange mounted 1o a bulkhead type of building struclure of auxiliary structure.
(a) Line Supported Assembly: The support boundary for this case shall be the inlerface flanges or other mechanical
connections designed to lransfer all components of loads across the joinls.
(b) Bulkhead of End Supported Assembiy: The support boundary for this case shall also be the interface flanges or other
mechanical conneclions or structural conneclions designed to transfer all components of foad.
(c) Side, Tap, or Bottom Supported Assembly: The support boundary for this case shall be the atlachment poinl for Lhe
assembly. Although support to the building superstructure, auxiliary sleel, equipment foundalion, or other struclure represents
286 DA-4212.2 [Documentation:
The damper or louver Manufacturer shall be responsible for providing all information necessary lo define the support boundary
inlerfaces. The interface control information lo be specified shall include bul not necessarily be limited lo the following:
(a) identificalion of any special support requirements as well as the configuralion and size of the damper flanges;
(b) . magnitudes and direclions of ail loads imposed on the anchorage points, including all static, dynamic, and operational loads
resulling from the installed assembly. Load dala shall be provided in a form which shall allow combinations to be considered as
required in AA-4000:
(c) other information, such as bending moments, shear forces, axial loads, torsional moments or stiffness requirements
287 DA-4213 |Loads: :
Loads 1o be considered are as given in AA-4211 and AA-4212 wilh the following clarifications.
288 DA-4213.1 |Normal Loads:
Nomnal loads N shall include:
(a) actualor load: the load or loads imposed by the actuator 1o a specific area of Ihe assembly.
(b) deadweight load: the load imposed by the weight of alt components of the assembly.
(c) externaily concenirated load: the load or loads imposed by the application of an external force-lo a limited area of the
assembly.
(d) normal equipment inlerface load: the normal externally applied load or loads from other equinment attached to lhe
assembly. -
{(e) operaling pressure load: lhe load resulling from the maximum positive or negative differential pressure which may occur
during normal operation. Included are loads imposed by normal design airflows and impact pressures resulling from rapid change or
olher devices in a system.
289 DA-4213.2 |Thermal Loads: :
Themnal loads T shall include loads resulting from constraint of forces and displacements caused by temperalure variations.
280 NA-4213.3 |Other Loads:
Other specific load conditions such as shock loads due lo pressure lransients shall be provided in the Design Specification 1o allow
loads o be combined for the service levels as required under AA-4212 and compared to the applicable service limits required under
AA-4214 and AA-4230 and other criteria imposed under AA-4240 and stress limits of this Seclion.
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Verification/Vali

Design Document

To prevenl binding and restraint of free movemenl, the design shall provide for the relalive motions that occur between
components due to variations of temperalure and coefficients of expansion. Such provisions for differential expansion shall include,
as a minimum:

(a) blade end clearances

(b} bearing clearances

{c) longitudinal movement of the shalls
{(d) sealing capabilities

RQUE?

Torque Delerminalions:

In determining the forque required to actuate the blades, the Manufacturer shall consider the blade position and direction of the
applied torque lo produce the desired movement. At the maximum specified operating pressure this determination shall include, as a
minimum, the following torque components:

{a) breakaway torque

(b)  dynamic lorque

(c) friction torque

(d) sealing torque

dation Reference
Requiremen . R - Review {Where is this
t Number Source Requirement Text A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
291 DA-4214 | Slructural Verification:
The technical and documentalion requirements of AA-4000 shali apply to verificalion of design by analysis, lest, or comparison.
292 DA-4215 | Special Considerations:
(a) Frame deflection under normal and upset plant conditions (Service Levels A and B) shall not exceed 1/360 of the span in any.
direclion, or 1/8 in. {3.175 mm), whichever is less. '
(b) Blade edge or cenler line defleclion under normal and upset plant conditions {Service Leveis A and B) shall not exceed 1/360
of the blade length (or diameter) or 1/8 in. (3.175 mmy), whichever is less.
{c) The blade edge and center [ine defleclion under loads due to normal plant conditions shall not allow the leakage criteria to be
exceeded.
(d) Fire damper design shall be based on loads imposed on damper blades when closing with design volumetric {fow rale and
pressures present.
293 DA-4220 | Thermal Expansion:

2385 DA-4232

Actuator Torque;
The actuator and associated linkage shall deliver 1o the damper or louver a minimum of 1.5 times the maximum torque as
determined in DA-4231, excepl for self-conlained acluators used to counterbalance a specific force, and must be designed to match
the required torque. Acluators shall be evaluated in both directions for the maximum torque, al the beginning of the blade
movemenl, while stroking lhe blades through the full range of movement,

DA424]

JINKAGE:

286 DA-4241

Linkage Componenis:
The tinkage includes the arms, brackels, pivols, bars, levers, and fasleners required to perform the foltowing functions:
(a) inlerconnect the blades of mullibladed dampers or louvers so they act in unison;

{b) intercannect the actuator and blades so as lo provide the desired operation.
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Verification/Vali

Design Document

Linkage design shall include the following minimum requirements.

(a) Brackets, arms, and {evers shall be of a length and stiffness 1o provide stable operation of the blades al the maximum
specified operating pressure and airflow without flutter or binding at all blade positions.

(b} The linkage syslem shall be designed to transmit sufficien! torque to each blade 1o set the seals of each and every blade at
the maximum specified operaling pressure and airflow to limit leakage to less than the specified leakage.

(c) Alllinkage components shall be designed to transmit a minimum of 1.5 times lhe lorque required by DA-4231 without
exceeding the allowable siress lisled in AA-4000.

(d) If alinkage system is designed to be field adjustable. suitable locking devices such as jam nuts, etc., shall be provided.

(e) The linkage syslem shall be designed lo be compatible with the actuator selecled for the application.

298 DA-4251

General Application:

(a) Bearings shall permit axial shaft movement to provide for operating clearances and differential expansion in both verlical and
horizontal installalions,

(by Bearing materials shall be selected for the loading and environment conditions to which the bearing will be subjected.

A-4252

4

299 DA-4252.1

dation Reference
Requiremen . R - Review {(Where Is this
t Number Source Requirement Text A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
297 DA-4242 |Linkage Design:

Metallic Sieeve Bearings:
Sintered sleeve bearing material shall be lubricant-impregnated bronze or stainiess steel. Solid sleeve bearing material shall
bronze or stainless steel and shall be lubricated prior to shipment, and provisions should be made for lubrication in the field.
300 DA-4252.2 |Nonmetallic Sleeve 8earings:
Nonmetallic sleeve bearings, i.e., phenalic, nylon, and similar materials, may be used subjecl to the limitations of DA-3220.
301 DA-4252.3 |Rolling Element Bearings:

Premounled bearing assemblies, flanges, or pillow blocks shall be self-aligning and mounted in such a manner as to be
replaceable. Grease fitlings shall be provided when the lubricant musl be periodically renewed. Flanges and pillow blocks are to be
made of sleel, malleabie iron. or cast iron.

302 DA-4253 |Bearing Design:

(a) Bearing running surfaces of sleeve bearings shall have a finish as recommended by the bearing Manufacturer.

(b) Sleeve bearings shall be contained lo prevenl rotational movement excep! between the inlended bearing surfaces.

(c) Sleeve bearings shall have a bearing load surface diameter difference as recommended by the bearing Manufacturer lo
provide rotational clearance.

(d) Sleeve bearing wall thickness shall be as recommended by the bearing Manufacturer.

(e) Rolling element bearings shall be sized 10 allow bearings to be slipped onto the shafl. The maximum clearance in shaft
diameter shall be as recommended by the bearing Manufaclurer, plus clearance for thermal expansion.

303 DA-4254 |Bearing Loading:

(a) Sleeve bearing loading on the radial and thrust load areas shall nol exceed 67% of the bearing Manufacturer's recommended
static load raling. )

(b) Sleeve bearing radial load area shall, as a minimum, be equal lo one -quarter of Ihe diameter times the length supporied by
the bearing housing or damper/iouver frame,

(c) When sleeve bearings are subjected lo thrust loads, a thrust washer shall be used lo transmil the load ta the bearing, or the
load lransmitting member shall meel the requirement of DA-4252.1.

(d) Maximum radial or thrust loading on rolling element bearings shall not exceed the bearing Manufacturer's recommended
slatic load rating.

{e) The calculated load on each bearing shall consist of all design forces applied to that bearing, including thal of the acluator
and linkage.

EAL

Dale Printed: 1/10/2006

Example ASME AG-1 Compliance Malrix

Page 47 of 141

PT AHY vPSe-ddd



60S1-6D

Verification/Vall

Design Document

Selection of seal material by lhe damper Manufaclurer shall be based on specific system design performance requirements and
environmental conditions lo which il is exposed.

Physical characlerislics of the seal material, such as compression sel, tensile strength, hardness, and elasticity, must be verified by,
generic or individual tests prior to determining the material to be used for a particular seal as well as determining the design life of
that seal.

Frarne Construction Class A or B:
Dampers requiring frame construction to Leakage Rate Classes A or B (see Mandatory Appendix DA-I) shall be provided wilh
stuffing boxes, gaskeled cover plales, or other sealing devices lo reduce frame leakage 1o less than or equal to (hat stated in the

Design Specification.

dation Reference
Requiremen Source Requirement Text R - Review (Where [s this
t Number A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
304 DA-4261 |General:
Seals may be utilized to reduce seat leakage and frame leakage to the degree required by the design specification, The control of
seal leakage requires seals such as melal or elastomer blade edges, slops, or seals. Control of frame leakage may require shaft
seals such as stuffing boxes or cover piates.
308 DA-4262 |Design:
The seal design shall maintain the specified ieakage 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 replaceable, and the
means of altaching the seal or installing he packing in a stuffing box shall be so designed to facilitate their replacemen!. When
environmental or syslem conditions prevent the use or the replacement of elastomer seals, melal seals or seats shall be considered.
306 DA-4263  |Material:

Gaskel and Packaging Malerial Requirements:
Gaskel and packing malerials shall conform to the re uirements of DA-3220, DA-3230, and DA-4263

MOUNTING OE?ACTUATORSAND

309 DA-4281 |Mounting Structure:
Each aclualor and/or accessory shall be provided with a rigid struclure sunable for mounting such devices.
310 DA-4282 |Accessibility:
The arrangemenl of actualors and accessories shall provide accessibilily for removal and replacement of each component.
31 DA-4283 |Mounting Structure Material:
The structure for mounting acluators and accessories shall be fabricated of material lisled in Table DA-3100. Slruclures shall be
designed as required by AA-4000.
312 DA-4284 | Altachment of Actuators and Accessories:
Actualors and accessories shall be atlached to the mounting slructure with removable fasleners, of material listed In Table DA-
3100. sized 1o conform lo the stress limitations stated in AA-4000.
313 DA-4285 |Linkage Adjustability:

The actuator mounting or linkage shall permil adjustment lo achieve the required posilioning of the blades at each end of the

“DA-4311

Torque Requrred

The actuator shall be capably of providing the torque required by DA-4232,

315 ~ DA-4312 |Forces and Loads On Aclualors:

Determination of actuator capabilily shalt include consideration of forces (ransmitted to the actuator directly, through the mounting,
and through the linkage; especially side loads on exlended rods, and impacl loads caused by acceleralion and deceleration of
blades.

316 DA-4313  |Acceleration and Deceleration of Loads:

Actualor design shall include consideration of foads caused by acceleration and deceleration of connected components such as

blades, springs, and counterbalances.
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Requirement Text

Verification/Vali
dation
R ~ Revlew
A - Analysis
T- Test
| - Inspection

Design Document
Reference
{Where is this
requirement
Incorparated In the
design)

317

DA-4314

Actuator Voltage or Pressure Load Raling:
The actualor rating shall be based on the minimum specified voltage or pressure.

318

DA-4315

Power Actuator Specification Requirements:
The Design Specification shall include the foltowing as a minimum lo establish requirements for actuator performance
(a) function
(1)  two-position or modulating
(2) fail open, closed. or last position
(3) powerlo open or power fo close
(b) power source
(1) type (such as eleclric, pneumatic, hydraulic)
(2) characteristics (such as vollage, pressure, and their ranges)
{c) control signal characterislics
(d} frequency of actuation
(e) damper opening and closing time
()  enviconmental conditions
(g) mounting location and any limitations on space and orientation
(h)  manual override requirements
(i)  accumulator sizing requirements
(i)  actuator environmental and seismic gualifications
(k)  type of mation (linear or rotary)

319

DA-4320

Manual Actuators:
Manual actuatars should be equipped with locking devices and position indicalors.

320

DA-4321

Torque Requirements:
Manual actuators shall be capable of delivering the torque required by DA-4232. Manual acluator components shall be sized as
required by AA-4000.

a1

DA-4322

Forces and Loads on Actuators:
Determination of manual actuator capabiiity shall include consideration of forces transmitted o the actualor directly and through the
linkage, including side loads on exlended rods.

PT ATY v¥Sye-ddd

322

DA-4323

Maximum Inpuf Forces:
Input force required to operate manual actuators shall not exceed 25 Ib,

323

DA-4330

Self-contained Actualors:
Self-contained actuators shall be capable of delivering the torque required by DA-4231.

324.

DA-4340

Heat or Temperature Operated Actuators:
Heat or temperature operaled actualors such as fusible links shall be in accordance with NFPA 90A.

440

325

DA-4410

Accessory Requirements:
As required by the Design Specificalion, the damper or louver assembly shall be provided with appropriate accessory equipment to
provide proper funclion and performance of the assembly.

326

DA-4420

Auxiliary Energy Source:
When required by the Design Specification, aclualors shall be provided with an auxiliary energy sourca, such as springs,
counterweights, or accumulators.

327

DA-4430

Modulating Actuator Requirements:
When required by the Design Specification, actuafors for modulating service shall be provided with a pilo{ positioner or similar
device to assure conlrolled positioning of the damper in response to the control signal.

328

DA-4440

Position indicators: '
When required by the Design Specification, local position indicalors shall be provided to enable surveillance and operability

verification.

Dale Printed: 1/10/2006

Example ASME AG-1 Compliance Matrix

Page 49 of 141




[161-6D

Verification/Vali

Design Document

For electrically actuated dampers or louvers, inferconnecling electrical wiring required for the operation of the actuators and
accessories shall not be instalied, unless specifically required by the Design Specification. When interconnecting electrical wiring is
required by the design specification, the Design Specification shali specifically identify all inlerface materials and installation
requirements for each assembly.

dation Reference
Reguiremen Source Requirement Text R - Review (Where Is this
t Number A - Analysis . requirement
T - Test incorporatad in the
I - Inspection design)
329 DA-4450 |Environmental Design Requirements:
Electrical devices such as position indicating switches, limit switches, and all other electrical components, shall comply with the
Applicable IEEE Standard(s) stated in the Design Specification. All other pneumatic, hydrauiic, or other type of accessories shali be
suitable for the environment specified in the Design Specification.
330 DA-4460 |Piping of Pneumatic Actualors:
For pneumatic actualed dampers or louvers, the pneumatic piping system requ«ed for the operation of the assembly shall be
arranged to provide a single field connection for each supply. or a controt signal source for each assembly. Pneumatic piping system
materials and instaliation shall conform lo the requirements of the Design Specification. P|pe sizes shail be provided to assure
operalion within the specified operating time.
331 DA-4470 | Electrical Wiring Requirements:

:  DAZED00 | INSPECTION ANDITESTIN
332 DA-5000 |General:

Inspection and lesting of louvers and dampers shall be in accordance with the requirements of this article and of AA-5100, AA-
5200, AA-5300, AA-5410, AA-5500, and AA-5800. The manufacturer shall be responsivle for establishing the wrillen visual
examination procedures and necessary lolerances lo assure that the producls are built to the Manufacturer's drawings. Examination
procedures shall include appropriate checklists to verify thal the required observalions were performed. Written reports of visual
inspeclion shall conlain, as a minimum, the requirements of AA-5200.

333 DA-5100 | Testing:

The purpose of this Subarticle is 1o ensure the performance of the damper or fouver prior to its installation. Acceplance shall be
based on the performance requirements of DA-4140. The use of the test shall be at the discrelion of the Engineer as relaled {o the
service requirements. Specific tests required by the Engineer shall be specified in the Design Specification.

334 DA-5110 |Pressure Drop Tesling:

Pressure drop data shall be based on lests performed in accordance wilh AMCA Standard 500, The AMCA Standard figure
number used shall be stated with the pressure drop data.

CYCLETIMEIANDCYCLE:REPETITION
335 DA-5121 [Required Cycles: .
The damper or louver assembly, as applicable, shall be cycled a minimum of 10 times from the full open lo the full closed posilion
to verify the free operation of all parts and the correct adjustment, posilioning, and seating of all blades.
336 DA-5122 |Pneumatic Air Pressure:
" The minimum specified air pressure shall be used for pneumatic operators during cycling.
337 DA-5123 [Cycle Time:
The maximum lime for operation of any of the cyclés shall be compared with the allowable specified cycle time. If the specified
time is exceeded, the necessary correction shall be made and the cycle test repealed.
338 DA-5124 |Operational Requirements:
Determine thal movement of the blades, aciuators, and linkage shall be smooth and without hesitation, and limit switches operate
in their inlended position.
339 DA-5130 [Frame Leakage Testing for Frame Leakage Classes A and B:

Pressure plates shall be bolted to the inlet and oullet side of the damper. The chamber created shall be pressunzed to the
specified frame design pressure with the blades partially open. Tesling for Leakage Class A shall be in accordance with the bubble
method of DA-5741, with the bubble solution applied to the frame. Testing for Leakage Class B shall use a calibrated flowmeter
outlined in DA-5743. Leakage shall be equal to or less than the amount shown in Mandatory Appendix DA-! for the leakage class
specified in the Design Specification.
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Design Document

The fire dampers shall be tested in accordance with AMCA 500-83 using Fig. 5.4, 5.5, or 5.7 for wall or floor transfer applications;
and Fig. 5.1, 5.2, or 5.3 for applications of the damper in ducls with dampers installed in their inlended position. For closure under
dynamic airflow conditions, the damper shail be tesled at the specified volumelric flow rate when open and to the maximum operating
pressu hen closed

ABR|

345 "DA-6000

dation Reference
Requiremen i R « Review (Where is this
t Number Source Requirement Text * A- Analysis requirement
T-Test incorporated in the
1 - Inspection design)
340 DA-5140 |Seat Leakage Testing:
' Seal leakage testing shall be performed or verified afler cycling time and cycle repelition testing and frame leakage testing.
Leakage shall be equal to or less than that siated in Mandatory Appendix DA-).
341 DA-5141 |Seat Leakage Test for Leakage Class § Dampers (Bubble Method):
The damper shall be bolled lo a pressure chamber, which is then pressurized to the specified blade design pressure. A bubble
solution (a commercial test solution or a solution consisting of equal parts liquid delergent, glycerine, and water) shall be applied to
the damper seat area to be tested. A few moments later, but before the soap solution can dry, check lhe wetted areas and mark
places where bubbles are being generated.
Unless otherwise specified, a leak indication is any bubble 1/16 in. (1.58 mm) diameler that forms in 1 sec, or a bubble 9/32 in.
(7.14 mm) thal forms in 1 min.
342 DA-5142 |Seat Leakage Test for Leakage Class I/ or {li Dampers or Louvers:
Leakage data shali be based on lests performed in accordance with AMCA 500 or other approved methods.
343 DA-5143 |Seat Leakage Tes! for Leakage Class | Dampers:
The damper shall be bolled to a pressure chamber, which is then pressurized to the specified blade design pressure using
compressed air of instrument air quality. The inlet compressed air line shall have a calibrated flow meler having capability of
resolving flow to within £10% of allowable leakage in the line 10 measure all air passing through the damper.
344 DA-5144 |Fire Damper Closure Test:

General:
Article AA-6000 shall apply for fabrication, finishing, and installalion, except that \he design and seismic qualificalions of the
“ldamper assembly are based on the damper assembly being adequately supported for (he appropriate [oads. The owner or his
designee shall provide supports for the damper assembly to ensure that the damper is adequalely supported as required by the
Manufacturer's requirements and DA-4212. All of the welding codes or slandards listed are allowed. Inslallation of UL fire dampers
shall be in accordance with the Manufacturer's UL instailation Instructions.
346 DA-6100 {Welding and Brazing:

AS7000° | PACKAGING: SHIEPINGPAND'STORAG

Specific welding and brazing Earamezers shall conform to the requirements of AA-6000.

347 DA-7000

General:
Packaging, shipping, and storage of damper and louver assemblies shall be in accordance with the requirements of AA-7000.
Implementation requires an ANSI/ASME NQA-2 classification level for packaging, shipping, receiving, storage, and handling of all

items. Such classification is as follows:

(a) dampers and louvers only — Level C
{b) electric actuator — Level B

actuator, olher than electric — Level C
accessories — level B

dampers and louvers with electric actualors or accessories — Level 8

348 DA- 8000 General

Qualily assurance of dampers and louvers shall be in accordance with the requirements of Section DA and AA-8000.
349 DA-8100 |Damper and Louver Performance:

Documentation shall be established to verify that damper and louver performance complies with the lesting criteria of DA-6000.
350 DA-8300 |Quality Assurance Records:

Documentation shall be prepared, maintained, and submitted to the Owner for record in accordance with the requirements of DA-

9000.
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Article AA-8000 requirements for nameplales, stampings, and manuals shali apply, except that the nameplate shall require only the
following information: :

(a) Manufacturer's name

(b) equipment, tag, or mark number informalion as supplied by the purchaser

(c) size

Verlification/Vali Design Document
dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number | - A - Analysis requirement
T - Test incorporated in the
| - Inspection design)

352 DA-8100

Nameplates and Stampings:
In those instances when the damper or louver assembly consists of several frames which may be independently removable, each

such frame shall bear required piece part markings.
Actuators and accessories included in the assembly shall be marked with the name of the Manufacturer or a distinctive marking,

which may be in code, by which it is identified as a product of a particular Manufacturer.

353 DA-9200

Manuals:

The Manufacturer shall provide a manual or manuals {ar the equipment furnished. The manual shall inciude a recommended spare
list and ded i llaiti i nd ional d

354 Mandatory
Appendix DA

!

Maximum Permissible Seat Leakage Rate, SCFM, of Damper or Adjustable Louver Face Area at 1in. w.g. Differential Pressure.

Damper Leakage Leakage

Bilade Leakage Leakage Class II Class III
Length or Class Class I {Moderate Normal Leakage
Ria.,_in. {Q Teakagel (Low Leakage) Leankage) Leakaoe! (Class V)
Up to 12 [Note (1)] [Mote (2)) 15 69 {kote (3):
Up to 2¢ [Noie {1)] [Mote (2)]) 10 40 {Note (3))
Up to 36 (Note (1)) [Note (2)} 8 32 [Kote (3)]}
AUp to 48 [Note (11} [Note (2)) 8 32 [Note (3)}
Up to 60 (Note {1}) [Note-(2)) 6 27 [Hote (3))
Up to 72 [Note (1)) {Mote (2}) 5 25 [Note (3})

GENERAL NOTES: a) Maximum frame leakage rate classes (at frame design pressure) are: Class A - bubble tight, Class B -- 1
CFM total leakage: Class C -- no consideration.

355 Mandatory
Appendix DA

(b) The tolal maximum permissible leak rate is determined by multiplying the above quantilies by the damper area {in sq. ft.) times
the square root of the specified blade design pressure (in inches water gage).
Notes: (1) Leakage shall be zero as determine by the bubble melhod damper leakage test of lhis Code.

{2) Low Leakage is 1 SCFM/sq. fl. or 1 SCFM, whichever is the largest at the blade design pressure {in inches water gage).

(3) Leakage Class IV is for applications where leakage is of no consideration
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356 Mandatory
Appendix DA 18 i
Il, FIG. DA- ”
11-1000-1 n )
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357 Mandatory
Appendix DA
Il, FIG. DA-II-
1000-2
=
B
358 Mandatory
Appendix DA
I, F1G. DA-i-
1000-3
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358 Mandatory
Appendix DA
Il, FIG. DA-
11-1000-4
360 Mandatory
Appendix DA.
11, FIG. DA-
11-1000-5
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FG-3100

Malerials used in the construction of mounting frames shali conform to requirements of specifications for materials given In Table
FG-3100 (Exhibit B).

Verification/Vali Design Document
dation Reference
Requiremen . R - Review {Where Is this
t Number Source Requirement Text A - Analysls requirement
T - Test incorporated in the
| - Inspection design)
361 Mandatory
Appendix DA
Il FIG. DA-
11-1000-6

363 FG-3200

Material limitations:
Tape, mastics, caulk, lubricants. and sealant materials ar

ot allowed in the fabrication of mounting frames.
DESIG 5

364 TFG-4100

General Design: }
The design and construction of mounting frames shall incorporate requirements for slructural strength and rigidity, and sealing

surface requirements lo provide leak-tight individual positive clamping of HEPA filters and. Type Il adsorber celis to lhe mounling

frames. Mounting frames shall be designed from structural welding to the housing wall, and for seal welding of adjoining members.

654200

RAEREQUIREMENTS

RU

365 FG-4210

General:
-Mounting.frames shall be designed in accordance with the slructural requirements given in Arlicle AA-4000. Additional structural
irements and load definitio ecific to Type i adsorber mouniing frame in FD-4300.
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366

FG-4220.1

Loads to be considered in the structural design of mounting frames are listed in paragraph AA-4211, with the following definitions:

(a) Dead weight (DW); The weight of the mounling frame members.

(b) External load (EL); 100 pounds (45 kg) for HEPA fillers and 200 pounds (91 kg) for Type |l adsorber cells. These loads are
based on net weight of the HEPA filter and Type [l adsorber cells.

(c) Normal operating pressure differential (NOPD); for type Il adsorber cells as defined in Table FC-5100, unless specified
otherwise by the Owner in the Design Specification. The dirty filler pressure drop value shall be stated in the Design Specification,
with input from the Manufacturer.

367

FG-4220.2

System Operation Pressure Transient (SOPT) shall be provided in the Design Specification.

368

FG-4220.3

The seismic acceleration and response spectra (OBE and SEE) shall be provided in the Design Specification, Additional Dynamic
Loads (ADL) and Design Pressure Differential (DPD) may also be provided in the Design Specification.

369

FG-4240

Load Combinations:

Unless staled olherwise in the Design Specificalion, the applicable loading conditions noted in Table AA-4212 for mounting frames
are as follows:

(a) Service Level A: DW + EL + NOPD + SOPT

(b) Service Level 8: DW + EL + NOPD + SOPT + OBE + ADL

{c) Service Level C: DW + EL + NOPD + SOPT + SSE + ADL

(d) Service Level D: not applicable

370

FG-4240

Acceptance Criteria: *
The acceplance crileria are listed in Table AA-4321. The siress design value, S, shall be calculated as 0.6 Sy, where S, is vield
stress, as defined in Article AA-4000.

371

FG-4300

Structural Design Analysis:
The mounting frame shall be analyzed as a statically indeterminate lallice.

372

FG-4310

HEPA Mounting Frame Deflection Limits:
The mounting frame should deflect no more than 0.0007 in. (0.18 mmy) per inch (25.4 mm) span under a load equivalent for the EL
plus NOPD for HEPA filters. The uniform frame loading due to NOPD is determined from equation:

W = 0.036(1.5)apC ()

Where :
W = uniform frame loading, Ibfin.
0.036 = conversion factor, in. wg o psi
Ap = dirly filter pressure drop across bank, in. wg
C = center-lo-center spacing of filter bank, in,
The value determined from equation (1) and EL is used in slandard beam equations to determine the minimum moment of ineria
required. Based on the minimum moment of inerlia required for the member, the size and shape is determined by analySIS or can be
selected directly from the lables of structurai shape properties given in the AISC Manual of steel Construction.

373

FG-4320

Type I Adsorber Cell Mounling Frame Deffection Limits:

The mounling frame shalf deflect no mare than 0.0007 in. per inch span under a load equivalent 1o lhe mounting weight when in a
waler flooded condition (emply cell weight plus double the dry carbon weight) plus 1.17 ibfin. (0.02 kg/mm) to account for NOPD.
The load value is to be used in standard beam equations lo determine the minimum moment of inertia required. Based on the
minimum moment of inerlia, the size and shape of the material can be delermined by analysis or can be selected directly from the

tables of structural shape properties given in the AISC Manual of sleel Construction.
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374 FG-4330 [/mpact Loading:

In addition to flexural strength, the mounting frame shall also be capable of withstanding a shock loading of al least 3 psi across the
bank without exceeding the elastic iimil of the frame material. The seclion moduli given in Par 1 of the AISC Manual of Steet
Construclion shall be compared with tHe minimum values obtained from the following egquation,

M=131%/§ @

where
M = section moduilus, in.*
S = maximum allowable slress, psi
L = length of member, in.
The value obtamed in Eq (2) shall be less {han that delermined in the AISC Manual.

Inspechon and testing oi lhe HEPA filters and Type It adsorber mounling frames shall conform to the requirements in Arlicle
AA-5000.
376 FG-5100 |Dimensional inspection:

Overall dimensions shall be inspecled to determine conformance lo Manufaclurer's drawing requirements. Length and spacing of
members shall be inspected such that the openings are within tolerance. See Appendices FG-I and FG-Il for details.

FG 5000

377 FG-5200 |Alignment and Surface Finish:

The alignment of adjoining members shall be inspected, as will as the filler sealmg surface. Adherence lo the following tolerances
for HEPA filter and Type Il adsorber cell mounting frames is required.
378 FG-5210 |Alignment:

(a) perpendicularity; mounling frame adjoining members are (o be perpendicular, with a maximum offset of : 1/64 in. (0.4 mm) per
foot of frame member, or 1/16 in. (1.6 mm) deviation over entire frame member length, whichever is greater.

(b) Planarity of adjoining members; adjoining members are lo be aligned nol lo exceed 1/64 in. (0.4 mm) at any point on the joint
belween the members.

379 FG-5220 ({Flatness:

Each HEPA fifler or adsorber cell seating surface shall be plane within 1/16 in. (1.6 mm). The HEPA filter or adsorber cell seating
surface is defined as a 1 % in. (31.8 mm) perimeter around the HEPA filter or adsorber cell opening only. The entire mounting frame
shall be plane with 2 in. (12.7 mm) total allowance in any 8 x 8 ft (203 x 203 mm) area. Waviness not exceeding  1/32 in. (0.8 mm)
per 6 in. (152 mm) is permissible as Jong as the overall flalness is not compromised.

380 FG-5240 |Surface Finfsh:

Filter seating surfaces — 125 micro in. (0.003) AA, maximum, in accordance wilh ANS| Standard B46.1, Pits, roll scratches, weld
splatter, and olher surface defecls within the sealing areas shall be ground smooth. Afler welding, ground ‘areas shall merge
smoothly with the surrounding base metal.

381 FG-5300 |Weld Inspection:
Seal and slructural weld shall be inspected in accordance with Article AA-6300.
382 FG-5400 |Coating Inspection:

. | Coaling, when required, shall be inspected per Subarticle AA-6500.
FABRICATI
General:

The fabrication and assembly of the mounting frames shall be performed in accordance with approved design drawings.
384 FG-6200 |Welding:

Al welding procedures and welder qualifications shall be in accordance with the requirements of Subarticle AA-6300.
385 FG-6300 |Clamping Devices:
Required boll or stud size ¥ - 13-UNC or % - 11-UNC.
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Design Document

Coating of lhe frames, if applicable, shall be in accordance with Subarticle AA-6500

PACKAGING ANDISHIERING it

General:
Packaging and shipping of mounling frames shall be in accordance with ANSI/ASME NQA-2 Level D Criteria if shipped by
themselves. Mounting frames inslalled by the unit manufacturer in an air fillralion unit shall be packaged and shipped in accordance

with the Level assigned to the unit. See Aricle AA-7000 for general requirements.

Generél;
The mounting frame manufacturer shall establish and comply with a qualily assurance program which complies with Arlicle AA-
8000.

NAMERLR

390 FG-0000

General:
The falfowing information, as a minimum, shail be permanently marked on an accessible on-sealing surface 'of the mounting frame;
TYPE OF FRAME BY: (Manufaclurer's name or symbof)
FRAME SERIAL NUMBER: (or other identification)
PURCHASE ORDER NUMBER:
YEAR OF MANUFACTURE: )
This does nol apply to frames inslalied as integral parls of air handling unils or ducts.
Any other slampings necessary shall be specified in the design specifications. i

FG-1-1100

HEPA Filter Mounting Frame Dimensions:
A minimum frame width of 4 in. is required for major and cross members of face sealed HEPA filler frames. This allows a 1 in.
wide filler seating surface 1o compensale for any misalignment of he filter during installation, and allows a 2 in. space between fillers
horizontally and verlically, to give adequale room for clamping, handling, for use of power lools, or torque wrenches during filter
change, and for manipulaling a lesl probe belween the units. The openings for HEPA filters shall be square within 1/16 in. and shall
be 2 in. smaller than the filter size. Reference Section FC, Table FC-4110 for filier sizes.

dation Reference
Requlremen . R - Review (Where Is this
t Number Source Requirement Text A - Analysls reguirement
T - Test incorporated in the
| - Inspection design)
386 FG-6400 |Cleaning:
All surfaces shall be cleaned per Arlicle AA-BQ00 prior to acceplance. No halogen bearing malesials or carbon steel tools shall be
used 10 clean frames conslrucled of stainless steel. Cleaning shall be performed in accordance with Manufacturer's writlen
procedure. )
387 FG-6500 |Coaling:

392 FG-1-1200

HEPA Fifter Clamping:

HEPA filters are lo be clamped with at leas! four pressure points. Each cellis to be independently clamped. The clamping device
shall be designed with a factor of safety of four (4) at the required gaskel compression load. If the filters are gaskeled, the clamping
shall produce a uniformily of gasket compression of 65% + 15%.

393 FG--1210

Galling Prevention:

Threaded surfaces in the region of clamping device movement shall be lubricated with a chemically compatible {ubricant to prevent
galling, as specified in the Design Specificalion, or the clamping device nuts shall be of a dissimilar melal thal is environmenlally and
structurally compatible with the threaded surface. :

394 FG-1-1300

Filter Support:

Supports or cradles are required for HEPA filters to facilitale instaliations. The supporis shall permil inspeclion of the filler-ta-frame
interface when the filter is installed.

395 FG-1-1400

Penelrations:
No penetration of HEPA filler mounling frames is allowed.
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FG-I1000

Mounting Frame Dimensions:
(a) Mounting frame dimensions for installing Type )l adsorber cells shail be: openings — 6- 3/8 x 24-1/8 in. (+1/8, -0) [162 x 614 mm

. (+1.7, -0)
397 FG-1I-1100 |Cramping:

Type |l adsorbers are to be clamped with al least four pressure points. Major requirements for fitter clamping systems are
magnitude and uniformity of clamping. Each cell is lo be independently clamped. The clamping device shall be designed with a
factor of safety of four (4) al the required gaskel compression of 65% +15% of the original gaske! thickness. Clamping shall be

ceamplished inthe first 3 % in_of the riaht and left sides nf the adsarher face plate and within 1 in_af the tan and hottam edoe of the!
388 FG-11-1110 |Galling Prevention:

Threaded surfaces in the region of clamping device movement shall be lubricaled with a chemically compatible lubricant to prevent
galiing, as specified in the Design Specification, or the clamping device nuls shall be of a dissimilar metal that is environmentally and
siructurally compatible with the threaded surface.

399 FG-11-1200 |Sealing:

Type |l adsorber cells employing gaskets for sealing fo the frame shall be by a method which will produce a gaskel compression-

deflection of at [east 65% + 15% withoul exceeding a stress in the clamping device of 67% of its yield sirength.
400 FG-i-1300 |Adsorber Support:

A structure is required behind the Type Il adsorber frame openings to support the weight of the cells. Structure minimum length is

30 in., and shall be built withoul backstops. .
401 FG-II-1400 |Penelrations:

Any penelfatlon in lhe mounung frames shall be seal welded and isolatable.

HHEATEXCHANGER!

402

Not
Appilicalbe

HA-3110 A/Iowable Malerials (General Requirements):
(a) Malerial used shall have properties and composition suitable for Lhe application as defined by the Design Specificalion and
the service conditions. as defined in AA-4213. Materials shall be in conformance with the ASME and the ASTM materials lisled in
Table HA-3110 (Exhibit C). Subslitute materials shall be approved by the Owner or designee.
(b) Materials that are part of the pressure boundary or equipment support shall meet the structural requirement of HA-4000.

(c} Materials expressly prohibited or limited shall be explicilly described in the Design Specification.

404

HA-3111 |Protective Coalings:

All carbon steel surfaces shall be painied to protect against corrosion and to facilitate cleaning and decontamination. Coatings
shall comply with the requirements of Section AA-6500 and ASTM D5144. Coalings shall meet radialion resistance, chemical
resistance, and decontamination requirements in accordance with the Design Specification. Stainless steel (galvanized), bronze,

copper, aluminum, and glass surfaces are not required to be coated.

HA-3211 | Physical Properties:

405
Changes in the physical properties of melals at minimum and maximum design temperatures must be recognized and factored into
the design of housings.
406 HA-3212 |Galvanic Carrosion:

The possibilily of galvanic corrosion due to the relative potentials of aluminum, copper, and lheir alloys should be considered when
used in conjunction with each other, or with sleel or other metais and their alloys.
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For struciural and pressure boundary materials, the supplier shall make available certified test reporis of chemical and physical
properiies. For those ASTM malerials which do not have physicai lesling required by the ASTM specification, tensile testing shall be
performed per ASTM A370.

All other materials used in the construction of housings shalt be provided with a manufacturer's Certificate of Compliance covering
the ASME, ASTM, or other material specification, grade, and class, if applicable.

DESIGN.

41

HA-4100

General Design:

Housings shall be designed in accordance wilh the requirements of AA-4000 and this Seclion. The design shall incorporate
requirements for structural strength, rigidity, and sealing surfaces lo provide leak-tightness of internal mounling frames to the
housing. Decontamination requirements shall be specified by the Owner or designee in the Design Specification.

Loads:'

Loads to be considered in the structural design of housings are listed in AA-4211 wilh the following additions and clarifications.

dation Reference
Requiremen Source Requi { Text R - Review (Where is this
t Number equirement Tex A - Analysis requirement
T-Test incarporated in the
. | - Inspection design)
407 HA-3213 [Corrosive Vapors:
Aluminum and zinc shall not be used in the presence of corrosive vapors unless prolected by coatings designed to prevent
deterioration of the metal. Proteclive measures other than coating shall be approved by lhe Qwner or designee.
408 ~| HA-3214 [Nonmetallic Materials:
The use of nonmetallic materials such as plastics, elastomers, and similar substances is permilted in the construction of housings
provided thal in the selection of these malerials, consideration is given lo:
(a) emission of toxic vapors;
(b} degradation of properlies caused by temperature extremes, radiation exposure, chemical exposure, and aging; and
(c) mainlainability.
409 HA-3215 |Deterioration of Materials in Service:
Itis the responsibility of the Owner or designee to identify the environment in which housings must operate so that the
Manufaclurer can select the grade of materials 1o mee! {he conditions siated in the Design Specification.
410 HA-3300 |Centification of Material:

413 HA-4211 | Component load (CL):

The force of the internally mounted components imposed on the housing. CL is separated into four porlions: dead weight, normal
operating pressure differential (NOPD) for the particular component, OBE, and SSE. Additional dynamic loads {ADL) will be
provided by the Design Specification, as applicable.

414 HA-4211  |Dead weight (DW):

The weight of the lousing members excluding the dead weight of internal equipment such as HEPA fillers and their respective

mounting frames. DW includes sheet metai panels, door panels, frame members, and stiffeners.
415 HA-4211  |Design pressure differential (DPD):

The dynamic pressure loads resulling from a design basis accident (DBA), intermediale break accident (IBA), or small break
accident (SBA). Housings should be Iocated outside the local pipe break affected area. If housings are subjected to these loads, the
Design Specification (HA-4600) shall address the specific design requirements considering a Service Level D combination.

For other component load crileria see the following Sections and/or other applicable Division 1l Code Sections:

{1) Mounting frames — FG-4200
- (2) Dampers — DA-4000
(3) Moisture separalors — FA-4000
(4) Coils — CA-4000
(5) Ductwork — SA-4200
418 HA-4211  {External foad (EL):

As defined in AA-4211,
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417 HA-4211 [ Fluid momentum joad (FMLJ:
As defined in AA-4211. Housing inlernal componenls shall be designed to withstand the FML resulting from air turbulence, from
fan discharges inlo lhe housing. The housing portion where this load is significan! is determined by the leng(h required to regain
uniform airflow as given by AMCA 201 Fig 3-3.
418 HA-4211  |Hydrostalic load (HL):
Shall be added to the dead weighl (DW) as applicable. Hydrostalic loads from accumulaled condensale, waler deluge systems,
moislure separalors, and associaled housing flooding. The hydrostalic load shall be established by documenled analysis based on
housing inlernal configuration and component function. )
419 HA-4211  |Live load (L):
Includes a construction mainload of 250 Ib on the roof of the housing. Housing sheel melal floors shall be designed for at least a
50 psf live load when no other floor system is provided (e.g.. grating, concrete slab).
420 HA-4211 | Normal operating pressure differential {component) (NOPD ¢ }:
The opening pressure differential across the component from upsiream to downstream of lhe component included in the housing.
See applicable Division Il component seclions for all component NOPD's.
421 HA-4211  |Normal operaling pressure differential (housing) (NOFPD,):
The maximum pressure differential belween inside the housing and ex{ernal to the housings. For ease of design, a housing may
be designed using one pressure value Lhat envelopes SOPT and NOPD.
422 HA-4211 | Seismic loads (SL): . .
Loads that are the resuit of the envelop of he operaling basis earlhquake (OBE) and the safe shuldown earthquake (SSE). As an
option, the OBE, and SSE may be considered separately with the OBE loads usad for the Level B load combination. Both
orthogonal components of horizontal and vertical components of Lhe seismic excitation shall be applied simultaneously in the
direction that will produce worst-case slresses and deflections. These components may be combined by the square root of the sum
of lhe squares (SRSS) method.
423 HA-4211 | System operational pre ssure transien! (SOPT):
As defined in AA-4211 of may be enveloped with NOPDh and NOPDC.
424 HA-4211 [T and N:
Defined in AA-4211
425 HA-4212 |Load Combinations:
The applicable loads are given in Table HA-4212.
426 HA-4212 [Table HA-4212, Load Combinations:
Sarvice
Level Lead Comblnating
A N+ T+ Lo CL+W
B Not reguired, see Level C
c N T+ L+ CL + SL + ADL
D If DPFI} Applicable, N * DPD + SSE + ADL
427 HA-4213 | Service Conditions:
The requirements of AA-4213 apply.
428 HA-4214 | Design and Service Limits: !
The requirements of AA-4214 apply.
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The allowable siresses for housing sheet metal malerial and cold formed members shalt be as defined in the AIS| "Specification for
the Design of Cold Formed Steel Structural Members." The allowable stresses for hot rolled shapes and plates shall be as defined in
the AISC "Specification for the Design, Fabrication and Erection of Struclura! Stee for Buildings."

The basic general membrane design stress for the Service Level A condilion shall not exceed 0.6 F, and shall be reduced as
appropriate to consider lateral-lorsional buckling of bending members and effective lengths of compression members. The basic
general membrane design stress for the Level C condilion shall not exceed 1.2 x 0.6 F, per AA-4321.

The combined membrane and bending design stress for Service Level A shall not exceed 1.5 x 0.6 F, and shall be reduced as
appropriate o consider [ateral-lorsional byckling of bending members and effective lengths of compression members. The combined
membrane and bending design stress for the Level C condilion shall not exceed 1.8 x 0.6 F, per AA-4321.

= ECTIONICRITERH/

Deflection Lirhi(s:
The defieclion limits shall be specified in the Design Specification and shall be in accordance with AA-4231,

dation Reference
Requiremen A R - Review (Where |s this
t Number Source Requirement Text A~ Analysls requirement
T - Test ‘Incorporated in the
| - Inspection design)
429 HA-4215 |Housing Supports:
Housing supporis shall be designed per lhe loads and load combinalions in HA-4211 and HA-4212. The stress crileria for each
load combination shall be per HA-4220.
Floor mounted housing supports shall be designed to act as an integral base of the housing. Anchorage lo the floor shall be
designed to lransfer the lateral forces withoul overlurning or deformation of 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. Small units
which are lypically provided wilh the base from the vendor's facility shall be designed for the installation/erection loads associated
with a package unil. Larger units that are installed using modular construction need only consider the inslallation loads associated
wilh each piece.
430 HA-4220 |Stress Criteria:

Deflection Limits for Mounting Frames and Equipment Interfaces:
For walk-in housings, the deflection limits for the mounting frames shall also be considered at the inlerface belween the frame and
the housing.
For deflection limitations of other equipment (e.g., fans, dampers, ductwork) see the applicable Division Il Code Sections.

OTHER!CRITERIA

HA-4241

Vibration Isolation: .
Vibration isolation requirements shall be specified by the Owner or designee in the Design Specification.
434 HA-4242 |Provisions for Relative Movement:
Clearance shall be provided to allow for relalive movement of the inlernal equipment during operation and during maintenance of
the equipment.
435 HA-4243 |Tolerances:
Tolerances shall be specified for all external and inlernal 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).
436 HA-4244 |Housing Attachments:
Housing atlachment design shall include ail Service Limils and Load Combinations sel fodh in HA-4212 and HA-4213, or as
required by the Design Specification. Attachments shall be either the welded or bolled type.
437 HA-4245 (Welded Altachments:
Consideration shall be given o local stresses induced in the housing wall by inlegral.altachments as defined in AA-4243.
Attachment and housing material shall be compatible for welding. See AA-6000. The permissible lypes of welded joints shall be in
accordance wilh AWS D1.1, AWS D9.1, AWS D1.3, or ASME Section 1X, as applicable,
438 HA-4248 | Bolted Attachments:

Consideration shall be given to bolting and local siresses induced in the housing wall by integral altachments as defined in AA-
4243, The design of bolts for structural supports shall meel the requiremenls of AISC Specificalion for {the Design, Fabrication, and
Erection of Structural Steel. Ninth Edition. Part 4.
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Fire proteclion requirements shail be specified by the Owner or deslgnee commensurale with individual componeni requirements.
Fire protection for TJQe HI adsorbers shall be provided per FE-4620.

441 FA-4310

General Requ:remen(s
Selection of joints and seams used in the assembly of housing sections shall be based on the required structural integrity, leak-

ightn and the fluid flow within the system. Duct-housing interconnections shall be designed with consideration of the air

HA-4327

Acceptable Longiludinal Seams and Joints:
The following longitudinal seams and joints are acceptable for use in housing sections subject to limitations of HA-4330, -4340, -
4500:
(a) welded [ap joint
(b) welded butt joint
{c) welded flange
(d) fillet corner welds

dation Reference
Requiremen . R - Review {(Where is this
Sour K
t Number ource Requirement Text A - Analysis requirement
T - Test Incorporated in the
| - Inspection design)
439 HA-4247 i Faligue Consideralions:
Internal housing components subjecled FML should be designed for fatigue based on cyclic loading of the element. See HA-4211
lo delermine the portion of the affecled internal housing components. The appropriale reductions in allowable stresses are given in
Section 5, Appendix B of the AISC Specification for the Design, Fabrication, and Ereclion of Siructural Steel, 9th Edition.
440 HA-4248 | Fire Protection:

443 HA-4322 |Acceptable Transverse Joints:
The following longitudinal seams and joints are acceplable for use in housing sections subject to limilations of HA-4330, -4340, -
4500:
(a) welded lap joint
{b) welded butt joinl
(c) welded flange
(d) companion angle: gasketed & bolted
444 HA-4323 | Other types of Connections:
Other types of rigid longitudinal and transverse connections may be acceplable provided that the design structural characterislics
are qualified. Qualification shall be documented by engineering evaluation or les( as specified by the Owner or designee.
Qualificalion test shail demonstrale the joint’s ability to withstand load combinalions in HA-4212. Joint design qualification shall be
complsted prior lo {he stan of fabrication.
445 HA-4324 |Bolts and Fasleners:

Connections shall be designed (o sustain all loading combinations. Bolled conneclion and joint design shall be designed to meet
allowable leakage of HA-4500.

433

AR CEEANINGIUNIT S JOINT.SAND-SEAMS::

446 HA-4331

Welds:
The pressure boundary joints and seams for all air cleaning unit housings shall be continuously welded.
447 HA-4332 |Seals: ’

Penetrations on housings shall be sealed by welding, with a sealant qualified for the housing's environment, or with adjustable

compression or gland-type seals. Gland-lype seals include but are not limiled to "O" rings, gaskets, and olher nonmetallic materials.
448 HA-4333 | Electrical Conduits and Drains:

All penetrations by electrical conduit and drains shall be arranged and individually sealed or vaived so that bypassing of HEPA filler
banks or adsorber banks cannot take place. Electrical conduit open lo the inside shall be inlernally sealed to meet allowable leakage
determined in HA-4500.

449 HA-4334 |Separate Mounting Frames:

Where separale mounling frames for HEPA fillers and adsorbers are required, they shall be conlinuously seal welded {o the

housing.
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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.

\CCESSORIES!

452 HA-4410

dation Reference
Requiremen Source Requirement Text R « Review (Where Is this
t Number A - Analysis requirement
T-Test Incorporated In the
| - Inspection design)
450 HA-4340 |Air Conditioning and Air Handling Units Housing Joints and Seams:
These unit joinls and Seams shall be of either welded or bolted construclion or other lypes meeting the requirements of HA-4323
and the allowable leakage crileria specified in the Design Specification.
451 HA-4341 |Penetrations:

Gaskets:

Gaskets shall be made of malerials which are compalible with the conditions of HA-4600. Gaskel dimensions shall be based on
joint design. An Acceplable criterion for compression of gaskel material shall be eslablished on the basis of the gasket chosen. This
acceptance criterion and the service life of lhe gasket and joinl shall be documented by evaluation or lesling as delermined by the
Owner or designee.

453 HA-4420 |Access Doors and Fanels:.

Constructlion of doors/paneis and door frames shail be selected to meet the allowable leakage determined in HA-4500. Sealing
surfaces between ihe door/panel and frame shall be designed for compression sealing. The design shall incorporate means for
adjusting compression forces, gaskel compression, and alignment.

Spacing of hinges, latches, and bots shall be determined by calculation or lest to ensure a uniform compression of the gasket.
Spacing shall enable a compression tight enough to assure leakage requirements are met {HA-4500) and provide a gasket
compression uniformity of +/-20 deg.

Hinged, if specified, shall be designed to minimize damage o compression seals due lo friction and shear forces during opening
and closing of the doors.

Doors shall be designed for ease of operation by one person. Man enlry housing doors shali be operable from both inside and
outside the housing and be clearly labeled for open and closed latch position,

Hinges and lalches shall be desianed such that lubrication materials shall not enter the interior of the housing. See Nonmandato

BROVISIONS FORTESTING ANDIMAINTENANCE}

454 HA-4431

Test Ports:
The Owner or designee shall evaluate the design function of the equipment lo determine where lest ports (including injection and
sampling ports) are required.
The penelration shall comply with HA-4332, and have a cap or plug that is suitable to meel the pressure requirements of the

housing.
455 HA-4432 |Manifolds:
The Owner or designee shall delermine where injection and sampling manifolds are required. Injeclion and sampling manifolds
shall be constructed of metal to minimize damage polenlial and to maintain manifold qualification. Sampling and injection manifolds
which are required to be installed within the filler housing should be designed for permanent installation within the housing. f
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 lo each lesl. Permanent manifold inslaflalion is recommended to obtain better
repeatability of tesl results. When an air cleaning unil contains two or more HEPA filler banks or adsorber banks in series, or both,
injeclion and sampling manifolds for the respeclive test agents are required for each of the filler and/or adsorber banks.
Injection manifolds shall be qualified in accordance with HA-5800. Sampling manifolds shall be qualified in accordance with HA-
5800.
456 HA-4433 |Housing Access:

Walk-in housings shall be protected and braced to prevenl damage by personnel entering for inspection and maintenance. Walk~
in access doors (20 in. wide by 50 in. high, minimum) shall be provided on each side of each componenl section when housing size
permils. A permanent piatform shall be inslalled inlernal to the housing o provide access lo fillers for filler banks greater lhan or
equal to six (6) ft. (approx. 1.8 m)in height. Platform shall not interfere with filter access or air flow distribution.

Space shall be provided both internal and exlernal to the housing for equipment removal and mainienance. See Nonmandatory
Appendix HA-B for additional guidance.
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Walk-in housings shall be fitted with vapor-light lights between each bank of components. For walk-in air cleaning unit housings,
fixtures shall be flush mounled and serviceable from outside of the housing. Lighling levels shall be determined based on personnel
safety wsual requ;remenls as given in the DeSlgn Specification and guidance provided by (ES Lighting Handbook as published by the

458

HA-4441

Dra/ns
Consideration shall be given to drains depending on requirements, services, or components within each compartment. For
example, drains shali be required for:
(a) fire protection systems
(b} removal of decontaminalion 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 documented by
calculation or lest as determined by the Owner or designee. For additional guidance on the design of drains, see Nonmandatov
Appendix HA-B (HA-B-1120).

dation Reference
Requiremen R - Review (Where is this
t Number Source Requirement Text A - Analysls requirement
T - Test Incorporated (n the
| - Inspection design)
457 HA-4434 lLighting:

459

HA-4442

Insulation:

(a) Insulation shall be provided as specified by the Owner or designee 1o ensure air conditioning function, limit condensation, or
provide acouslic noise reduction as required.

{b) Acoustic linings and thermal insulation shall not be applied to the inside of housings that may become conlammaled

(c) Insulation applied to the outside of housings shall not prevenl access to doors, access panels, or other componenls requiring
adjustment or maintenance.

{d) The fire hazard classification of applied insulation, adhesive, and sealer shall not exceed a flame spread of 25 and smoke
developed of §0 in accordance with NFPA-Q0A.

460

HA-4443

Clamping Mechanism:

Side access housings shall have a clamping mechanism, filter retrieval features, and filter indexing mechanisms. The clamping
mechanism shall be individually adjustable for each HEPA filter or adsorber.

For side access housings with fluid seals, the filler clamping mechanism shafl be capable of moving the filter on and off through
adequate travel 1o ensure the knife edge is embedded into the pliable sealant and provides seal for the complete perimeter of each
filler or adsorber

Tha
PRESSURE‘ BO NDAR'

461

HA 4510

General:
Pressure boundary leakage shall be controlled to ensure satisfactory environmental conditions, either within or outside of the
nuclear facility.
Allowable leakage for a housing, or portion of a housing, shall be determined considering the following faclors:
{a) control of airborne contamination
(b) control of space pressure
{c) control of space lemperalure
(d) control of space humidity

462

HA-4520

Applicability:
Housing pressure boundary leakage shall apply to air cleaning. air conditioning, and air handling systems. Each housing's
pressure boundary shall include the following items:
(a) housing enclosure
{b) access panels and doors
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463 HA-4531 |Responsibility:
The Owner or designee shall establish the allowable leakage to assure ventilation, temperalure, and contamination conirof
funclions are achleved.
464 HA-4532 | Allowable Leakage Determination:
The foliowing criteria shall be utilized in the determination of allowable leakage.
(a) application of governing codes, regulations, and plant-specific requirements
(b) consideration of each housing's operaling mode, including anticipaled system upset condilion, such as rapid closure of
dampers
(c) normal and maximum operaling pressures {hroughout the pressure boundary
{d) system intecnal and extarpal envircomental canditioas
465 HA-4533 |Exceplions to Leakage Requirements:
Air cleaning, air conditioning, and air handling housings exhibiting one of the following conditions need not be subjected to
quantitative measurement of leakage unless otherwise required by the Design Specification.
(a) Housings in systems serving only the protecled space and located only within the same prolected space.
(b) Housings under negalive pressure which are located entirely in a clean inlerspace, and only provide air cooling or heating
function. '
However, the housing shall be pressurized lo locale and seal all audible leaks. Reference Section SA, Nonmandalory Appendix
SA-B, Figs. SA-B-1410-1 through SA-B-1410-3 for typical system configurations.
466 HA-4534 |Documentation:
Derivation of allowable leakage for each housing, or portion thereof, shall be documented by the Owner or designee. This
documentation shall include {he following:
(a) identification of housing or portion of housing
(b) governing codes, regulations, and plant-specific requirements
(c) purpose of leakage control; see HA-4510
(d} system mode of operation
(e} normal and maximum operating pressure
(f) method of derivation of allowable leakage
(g) test pressures and associaled allowable feakage
487 HA-4800 |Design Specification:
The Owner Design Specification shall contain the following information which is relevanl to the housig and housing supports
covered by this Section.
(a) Loads as defined by HA-4211.
(b} Environmenlal conditions. :
(1) Housing exlernal-design environmental condilions including, but not limited to pressure, lemperature, refative humidity,
radialion exposure, and hostile environmental factors for all piant conditions.
(2) Housing internal-design environmental conditions for all system operating conditions
(c) Service conditions as defined by AA-4213.
{d) Design and service limils as defined by AA-4214.
(e) Allowable housing leakage as defined by HA-4500.
() System safety-related function: Idenlify the function of the housing for each planl condilion. The funclion shall consist of
purpose and gperalional paramelers (i.e., flow, leakage, pressure, temperature). Plant conditions and service limits are defined by
AA-4213 and 4214.
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{g) Fire protection requirements.
(h) Material certification requirements.
(i) Tolerance requirements.
{1} Inlel and outlet configuralions.
(k) Housing components.
(1) adsorbers
(2) fans
(3) filters
(4) moisture separators
(5) dampers
(6) heaters
(7) coils
(8) insutation
(9) access requirements (i.e. doors, access panels)
(10) instrumentation and conlrols

{11) spray-type conditioners

H 0
469 HA-5110

N:ANDITE

This Section contains general requirements for lhe inspeclion and testing of housings and housing supports.

Verificatlon/Vali Design Document
dation Reference
Requiremen Source Requitement Text R - Review {Where is this
t Number A - Analysis requirement
T - Test incorporated In the
| - Inspection design)
468 HA-4600 |Design Specification:

470 HA-5120

HA:520;

Responsibility for Procedures: .
When an inspection or lest is required herein, written inspection or testing procedures shall be developed, by the parties

performing the test or inspection, Yo the specific requirements of this Section. The inspection or testing shall be perforimed by
ersonnel qualified in accordance wilh ASNT SNT-TC-1A as amended by ASME NQA-1 and AA-6433.

INSRECGTION

a7 HA-5210

General Réquiremenls: )
Visual inspeclions shall be performed in accordance with AA-5200 and TA-3410,
Inspection and testing of welds shall be performed in accordance with AA-5300 and AA-6000.

472 HA-5220

Housings:
Housings shall be inspected for proper dimensions including lolerances, as specified by HA-6400 and governing construction

473 HA-5221

Joints and Seams:
Joints and seams shall be visually inspected. Acceplance criteria shall be as foliows.
(a) Joints and seams shall comply wilh the requirements of HA-6400 and HA-6500.
(b) Gasketed joints shall provide uniform gasket compression. Gaskets shali be installed per conslruction documents.
{c) Longitudinal or transverse welded joints shail comply with AA-6000 requirements.
(d) Threaded fasteners shall be provided wilh locking devices in accordance with AA-6258.

474 HA-5222

Stiffeners:
Sliffeners shall be visually inspected to ensure compliance with the following acceplance crileria.
(a) Stiffeners shall comply wilh the fabrication and installalion requirements of HA-6000.
{b) Welds shall comply with AA-6000 requirements.
{c) Threaded fasleners shall be provided with locking devices in accordance with AA-6258,

{d) Removal of temporary atlachments shall be verified.
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Verification/Vali

Design Document

The housing filter mounting frame for HEPA filter and adsorbers shall be inspected using visual and nondestructive {est methods
per AA-6330.

dation Reference
Requiremen A R - Review Where is this
t Number Source Requirement Text A - Analysis (requirement
T-Test Incorporated in the
| - Inspection design)
475 HA-5230 |Housing Supparts:
Supporis shalf be visually inspected during installation, after instaltation, or bolh in accordance wilh the following acceptance
criteria.
(a) Supports shall comply with the fabricalion and installation requirements of HA-6400.
{b) Welded joints shall comply with AA-6000 requirements,
(c) Threaded fasteners shall be provided with locking devices in accordance wilh AA-6258.
{d) Removal of temporary altachments shall be verified.
476 HA-5240 {Filter Mounting Frame to Housing Weld Inspection:

A5300%: | PRESSURE:BOUNDAR)
477 HA-5310 |General:
Temporary isolation at a transverse joint shall be allowed subject Lo the following requirements.
(a) Transverse joinis not subjected to a quantitative leak test shalf be companion angle type or other lypes which enable visual
inspection of lhe sealing mechanism between mating housing seclions.
(b) Assembled joints utilizing gasketing shail be visually inspected 1o ensure uniformity of gaskel compression.
(¢) The reduced allowable leakage {L,) of housing sections shall be as follows:
L, =L:-R
R=(C;/Cr)L,
where :
R = reduction in allowable leakage in cfm/sq. ft
C; = total perimeter of capped end joinls of tesl seclion
C ;= total perimeter of all joints in tesled section, including capped end joints
L s = seclion allowable leakage
478 HA-5320 |Allowances for Housing Leakage Rates by Sections:
Temporary isolation at a transverse joint shall be allowed subjecl to the following requirements.
479 HA-5330 |Testing Pracedures:
Prior to pressure boundary leakage lesling, lest procedures shall be developed in accordance with TA-3330. All test equipment
shall be specified wilh the proper range and required accuracy. Test procedures shall include acceptance crileria determined by HA
—4500, HA-5320. and HA-5350. )
480 HA-5340 |Documentation:

Atest repori shall be prepared to documenl the Pressure Boundary Leakage Test. This repori shall include the following
information.
(a) housing or portion of housing tesled
(b) specified allowable leakage and lesl pressure
(c) calculations for housing section square foolage for housings tested by seclions
(d) adjustments to allowable leakage per HA-5310(c)
(e) measured leakage test
(fHlist of pressure boundary components which were not inslalled during the pressure boundary leakage tes!
(g) test equipment used; including model number, serial number, and evidence of calibration
(h) names of test personnel
(i) date of test

\CCERTANCE:CRITER(A:

481 HA-5351

Quantitative Leakage Tesls:
Acceptance crileria for guanlitative leakage tests shall comply wilh HA-4500 and HA-5320(c).
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Verification/Vali

Deslgn Document

A mounting frame pressure [eak test may be used lo detecl leaks in the HEPA filter and adsorber mounting frames that could affect,
the results of the in-place leak test | TA-4300. The lest, if used, shall be conducled in accordance with Nonmandatory Appendix TA-
A

STRUCTURALCAPABIEITY-TEST:

484 HA-5510

Housing Pressure Test:

A pressure lest shall be performed al the structural capability pressure per TA-3522, This test shall be maintained for the duration
of the inspection. Upon completion of this pressure test, housings exhibiting permanent distortion or breach of integrity shall be
repeated afler repair or replacement uatil no permanent distortion or breach of inlegrity is observed.

dation Reference
Requiremen Source Requirement Text R - Review {Where is this
t Number A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
482 HA-5352 |Nonquantilative Leakage Tesls:
For non-quantitative leakage tests allowed by HA-4533, the acceptance criteria shall be that audible leaks have been sealed.
483 HA-5400 )Mounting Frame to Housing Leakage Test:

485 HA-5600

Air Flow Distribution Tests:

When required by the Owner, air flow distribution qualification test for housings containing more than one HEPA fiiler or adsorber
bank shall be made in the shop in accordance with Section TA-4600. This requirement shall be specified in the Owner’s
Specification. Acceplance crileria shall be in accordance with TA-4800. Housings containing HEPA filter(s), adsorbers, or both shall
be field tested 10 demonslirate adequale air flow distribution in accordance with TA-4600. Tests shall be performed with components
in the housing and the housing complete (i.e., assembled). Minor ilems such as lemperalure elements, pressure taps, elc.. do not
need lo be installed as these components do not significantly influence air flow distribution.

The Owner or designee shall specify a shop lest in the Design Specification when housing inlet or oullet conditions couid result In
nonuniform flow distribution.

486 HA-5700

Air-Aerosol Mixing Uniformity Tests:

When required by the Owner or designee, air-aerosol qualification lest for housings containing more than one HEPA/adsorber shall
be made in the shop in accordance with TA-4600 for each manifold design. This requirement shall be specified in the Owner's
Specificalion. Acceptance crileria shall be in accordance with 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 laps, elc., do not need to be
instalied as these components do nol significantly influence mixing. This design qualification test may be performed once and
submilted lo the Owner or designee for approval. This design qualificalion lest may be performed once and submilted {o the Owner
or designee for approval. The design of the manifold and its location in the housing must be the same as qualified or a new aerosol
mixing test is required.

487 HA-5800

Sample Manifold Testing:

Sampling manifolds shall be qualified to demonstraie that they collecl a representable sample equivalent to a single point sample
taken at a point at least ten ducl diameters downstream of the fiiters. Refer to Nonmandatory Appendix D for performance test
guidance. To ensure required leakage delection, acceplance criteria for sampling manifold shall be equal o or grealer than the
concenlralion detected with the single point sampie.

488 HA-5900

Air Conditioning and Air Handling Unit Tesling:
When required by the Owner or designee, integrated component functional acceptance tesling shali be performed in the shop per
\ ‘4000 ThIS requirement shall be included in the Owner's Specification.

Generél .
Air cleaning, air conditioning, and air handiing unit housings and supports shall be fabricated in accordance wilh this Section and

490 HA-6121

Ma(ena( Selection
Materials used in fabricalion performed under this Section shall conform lo HA-3000 requirements.

491 HA-6122

Material Identification:
Materials lo be utilized in the fabrication and inslallation of components, parts, and appurtenances shall be identified on fabrication
drawings and in the specificalion, as required in AA-6000.
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Verification/Vali

Design Documenl

The welding of filler housings and supporls shall comply with the requirements of AWS D1.1, AWS D1.3, AWS D9.1, or ASME
Boiler and Pressure Vessel Code, Section IX.
Weldlng and brazmg performed in accordance with Lhis Section shall meet the requiremenis of AA-6300 andAA-6400.

HA-6211

Uncoaled Metal:
Uncoated metal may be cul, formed, or bent by any means Lhat does not degrade the mechanical ot chemical properties of the
material.

dation Reference
Requiremen . R - Review Where is this
t Number Source Requirement Text A - Analysis (requiremen(
T - Test incorporated in lhe
| - Inspection design)
492 HA-6123 |Repalr of Material wilh Defects:
Material wilh defects that are discovered or produced during the fabrication process may be used, prowded the defecls are
._{repaired in accordance with the requirements of AA-8000. and for weld repairs, in accordance with AA-6300.
483 HA-8130 | Control of Installation and Fabrication Process:
Quality control procedures shall be prepared and maintained current for all fabrication processes in accordance with AA-8000
requirements.
494 HA-6140 |Welding:

496 HA-6212 |[Coated Metalk

Coated melal may be cut, farmed, or bent as described in HA-6211, Coaling damaged by scralches, gouge marks, or the removal

of coating shall be repaired in accordance with AA-6540.
497 HA-6213 |Inside Bend Radi:

Inside bend radii shall not be less than the values of the material grade given in the AISC Manual of Steel Constructlion, Allowable

Stress Design.
498 HA-6214 |Jaining Parts:

Paris that are to be joined may be fitled, aligried, and relained in position during the joining operalion by the use of bars, jacks,
clamps, drift pins, tack weids, or other temporary attachment. The fitting and aligning process shalt not damage the joined parts, or
their surfaces, or enlarge boiled holes grealer than the values shown in AlSI, Specification for Design, Fabrication, Erection of
Structural Steel for Buildings. Table 1.23.4.

499 HA-6215 |Temporary Attachments:

Temporary welded attachments may be used in the fabncallon process but shall be completely removed after use. Where such
temporary attachments are used, they shall be subject lo the following requirements.
(a) Material shall be suitable for welding with no deduction in the structural integrity of the member lo which the attachment is
secured.
(b) Altachment material shall be identified as required by HA-3000.

(c) The welder and weldmg procedures shall be qualified in accordance with HA-6140,

HA 6311

Nuts for all boits and studs shall be engaged for the full length of the.nut Ihread. Margin shall be allotted lo prevent the nul from
engaging the unthreaded portion of the boll or slud.

501 HA-6312 |High Strength Balls:

High strength bolts, used in making bolied structural joints, shall be installed in accordance with the requirements of the

“Specification for Structural Joints Using A325 or A490 Bolts," AISC Code.
502 HA-6313 |Pins:

Pins for securing insulation should be secured (o the melal surface by welding. Olher attachment methods are acceplable, if
allowed by the Design Specification, Justificalion of the attachment melhod used shall be supported by evaluation or calculation as
determined by the Owner or designee, considering the requirements of the Design Specificalion.

503 HA-8314 | Connecting:

Connecling flange faces shall be free of joint crevices at corners. These defects shall be eliminated by welding or grinding.
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Requiremen

t Number Source

Requirement Text

ABR TOEERANCES

Géneral:
Housing fabrication shall be accomplished within the tolerances detailed in the manufacturer's design drawings. These fabrication
tolerances provide a method of quality control. For separately installed frames in walk-in housings. see Section FG.

SIDESACCESSIHOUSING /AND GASKET;SEAL SUREACE

VerificationfVall
dation
R - Review
A - Analysis
T - Test
Inspection

505 HA-6;121

Design Document
Reference
{Where Is this
requirement
incorporated in the
design)

Flatness:
Each HEPA filter/adsorber housing sealing surface shall be plane within 1/16 in. (1.6 mm).
506 HA-6422 |Surface Finish;

Pils. rolt scratches, weld spalter, and other surface defects within the sealing areas shall be ground smooth. After welding, ground
areas shall merge smoolhh( with the surrounding base metal

SIDE-ACCESS:HOUSINGIFILTERELYIDISEALSUREACES:!
Flatness:

The tolerance on each knife edge shall be plane within 1/8 in {3.2 mm).
Cleaning:

All surfaces shall be cleaned per AA-6500 prior to acceplance. No halogen-bearing materials or carbon steel lools shall be used to
clean housings or components construcled of slainless steel. Cleaning shall be performed in accordance with the Manufacturer's
wrillen_grocedures.

BACKAGING:SHIPRING; TORAGE; ANDIHANDLING

509 HA-7100

General:
Packaging, shipping, receiving, slorage, and handling requirements shalt be in accordance with AA-7000 and this Section.

T HAT2007 4 PACKAGINGE
510 HA-7210 |General:
Air cleaning, air conditioning, and air handling unit housing packaging requirements are dependent upon the protection level as
described in AA-7230. Additional clarification or exceplions are provided below.
511 HA-7211 |Protection:
Alr cleaning, air conditioning, and air handling unit housings shall be protected to prevent physical damage. All openings shall be
covered with wood, metal, or plastic. Waterproofing is required to exclude moisture from interior spaces and external devices.
Mating surfaces shali be identified and specifically protected from damage. Prolection equal to Level “D” is required {or the basic
unit. Protection for housing components must be equal to thal required by the level of protection specified in the applicable Code
seclion.
512 HA-7300 |Shipping:
This Subarticle relates to transporation methods from the manufacturer or supplier, to the job site. Shipping shall comply with the
provisions of AA-7100, AA-7200, and AA-7300.
513 HA-7400 {Receiving:

Receiving al the job site or intermediale location, where additional work is to be performed or for long lerm storage, shall be
accomplished in accordance with the provisions of AA-7000. 1l shall be the requirement, at any receiving point, to have adequate
descriptions of ilems to permil suitable inspection for conformance, damage acknowledgment, and proper documentation.

HA750

FORAG

514 HA-7510

General:

Housing storage requirements are dependeni upon the protection level described by AA-7230. Prolection equal to Level "D is
required for the basic unit. Protection for housing components must be equal fo that required by the leve! of prolection specified in
the applicable Code seclion. These levels shall be the required storage requirements along wilh the requirements of HA-7511 and

HA-7512.
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Verification/Vali Design Document

dation Reference
Requiremen . R - Review {Where is this
S
t Number ource Requirement Text A - Analysis requirement
T - Test incorporated in the
{ - inspection design)
515 HA-7511 | Drains and Vents: .
All housing drains or venis shall be sealed or closed as specified by the Owner or designee. Provisions may be made to use
cerlain drains or vents for assurance that water or other objectionable malerial does not accumulate within the housing.
516 HA-7512 |Other Components:

Components covered by other Seclions of this Code, thal are installed into and integral assembly which is cavered by this Section,
shall be stored in accordance with AA-7230
SSURANCE

HAZ8000 A
517 HA-8100 |General:

Equipment and material covered under this Section shall be manufactured, fabricated, installed, inspected, and tested in
accordance with the provisions of a Qualily Assurance Program meeting AA-8000 requirements.
518 HA-8200 |Malerial Identification:

Measures shall be established for controlling and identifying material throughout the manufacluring process and during shipment in
accordance with AA-8000. )
519 HA-8300 }Drawings and Documenlation:

The Design Specification shall list the documentation requirements for the hausing and list when this documentation is 1o be
provided by the manufacturer, supplied to the Owner or designee. Housing-relaled items shall include, but nol be limited to the
following:

(a) materfal certification and test reports;
(b) housing drawings including:
(1) oulline drawings
(2) piping and instrumentation diagrams
(3) wiring diagrams
(c) material list
(d) welding procedures and procedure qualification records as required by applicable welding codes listed in HA-6140
(e) reports for tests an inspections required by HA-5000
(f) seismic and environmental qualification reporis
(g) operaling, insialiation, and maintenance manuals
90005 NAMERLLATESRANDIS TAMPIN
520 HA-9100 |General: .

All items manufactured under the requirements of this Section shall be identified 1o assure compliance with AA-9000 requirements.

Records, as necessary lo assure compliance with AA-8200, shall be maintained by the responsible organization in accardance with
the approved qualily assurance program.

521 HA-9110 [Stamping/Marking:
Stamping/marking, as used herein, provides a means of maintaining idenlification of finished products for the purpose of retaining
traceability of material.

522 HA-9111  |Housings:
Housings shall be provided with nameplates, in accordance with AA-8120, which relate the housings to the applicable design and
fabrication documents. Housings fabricated in multiple sections need only one nameplate. Each seclion shall have identification o

markings, observable after completed inslallalion, which relale all sections. Nameplates shall be visible after compleled instaliation.

523 HA-9112 |Housing Accessories:
Housing accessories shall be marked, stamped, or provided wilh a nameplale which shall relate to the design and fabrication

drawings. [dentification shall be observable after completed installation.
E IME|
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X dation Reference
Requiremen . R - Review {Where is thls
Source N
t Number Requirement Text A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
524 1A-3100  |Materials of Construction:

All malerials used shall have properties and composilion suitable for the application as defined by the Design Specification and the
operating environmental conditions as defined in Subsubarlicle 1A-4120. Materials shall be in conformance with the latest revision of
\he ASME and ASTM malerials lisled in Table IA-3100 (Exhibil D). Substitule materials shall be equivalent to or exceed the
reqiirements in Table 14.3100 (Exvhihit N Malerials that are nart of the orassurs haundans ar siipnod eopinment shall meet the
525 1A-3200 |Nonpermissable Materials:
Use of the following materials is prohibited in the manufacture and instaliation of instrumentation and controls in nuclear air and gas!
trealment syslems:
(a) mercury
(b) radiologically unstable fluorinated polymers
{c) asbeslos

526 1A-3300 |Restricted Malerials:

All malerial shall be compalible wilh the operating environment. The foilowing material shall not be used unless appraved by the
Owner or his designee:

(a) Aluminum and zinc in the presence of corrosive vapors

{b)  Adjoining materials which may cause galvanic corrosion.

{c) Chlorine producing materials, e.g. Polyvinylchioride (PVC).
527 IA-3400 | Certification of Material:

The Manufacturer shall make available a Cedtificate of Conformance for panel structural malerial and tubing to the ASTM numbers
listed in Exhibit D. For those materials which do nol have ASTM ralings, tesling should be performed per ASTM A370.

All other components used in the construction of the pane! assembly shall be provided with a Manufacturer's Cerlificate of
Compliance to the requirements in the Design Specification.

DESIGN!REQUIREMENT:
Design Specification:

The Design Specification shall establish the purpose {design function) of the instrumentation and control components. The Design
Specification shall also identify the inslrumentation and conlrol component safety classifications. For guidance in determining
instrumentation and controls for nuclear air and gas treatment systems refer to Nonmandatory Appendix !A-C. The Design
Specification shall provide requirements for the design, fabrication, and selection of instrumentation and control systems in
accordance with this Code and shall include, as applicable:

(a) Performance requirements for all plant operating modes (accident and normal) wherein the equipment is expected to
perform an intended function.
528 IA-4120 |Design Specification;

{b) Ambieni and process operaling condilions including the measured variable for each of the applicable operating modes
described in Subsubarticle 1A-4120(a).

(1) temperature: the minimum and maximum temperatures to which the instrumentation and control syslem devices will be
subjected.

(2) pressure: the minimum and maximum pressures lo which the instrumentalion and control system devices will be
subjecled.

(3) relative Humidity: the minimum and maximum relalive humidities 1o which the instrumentation and control sysiem devices

530 1A-4120 |Design Specification:

(5) chemicals: concentralion and duration of chemical exposure 1o which the equipment will be subjected.

(6) electrical: all electrical power transients lo which the instrumentation and control system devices may be subjecled.
Variations in paramelers such as voltage, frequency, and current shall include minimum and maximum values and their duration.

(7) structural: struclural loads to which lhe instrumentation and control system components will be subjected. The foads shall
include as a minimum the applicable loads listed in para. AA-4211,

B Bl
528
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Veriflcation/Vali

Design Document

Where redundant safety channels are required by the Design Specification, they shall meel the single failure requirements of
ANSVIEEE 379.

(A-4311

dation Reference
Requiremen . R - Review (Where is this
t Number Source Requirement Text A - Analysis requirement
T - Test incorporated in the
1 - Inspection design)
531 IA-4130  |Manufacturer's Documenlation Requirements: )
When required by the Design Specificalion, documentation provided by the Manufaclurer to the Owner or his 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) materials of conslruction
(e) design life
() environmental and seismic qualifications
(g) mounting restrictions and instructions
{h} loop and logic diagrams
(i) eleciric schematic and wiring drawings
() panel general arrangement and conslruction drawings
(k) instrument piping and tubing drawings
(1)  Cerlificale of Conformance
(m) calibration procedures and data
(n) panel mounted inslrument fisl including nameplate engraving
(o) maintenance and surveillance requirements
5§32 1A-4140 | Clarification of Code Applicabifity:
Pressure retaining part whose design, materials, manufacture, lest, and documentalion are covered by ASME Section Il shall be in
accordance with the applicable requiremenits of thal Code. When conflict exists between lhis Section and ASME Section lll, the
latter shall take precedence.
533 IA-4200 |Single Failure Criteria:

535 1A-4312

Instrument Cables, including but not limited to computer, lransducer, thermocouple, resistance temperalure detector, or other low
level sig_nal cables shall be 'n;la i from po i

3

| INSTRUME

NSING'LINE

536 1A-4321 Instrument sensing lines and inlerconnecting lubing for redundant safety channels shall be routed a minimum of 18 in. (450 mm)
apart from each other, in areas free of or protected from missiles, high-energy jet streams, and pipe whips.

537 1A-4322 Where 18 in. (450 mm) of separation cannot be mainlained each line shail be separated by a barrier extending at least 1 in. (25
mm) beyond the line of sight between redundant sensing lines. The design and installation of separalion barrier shall be in
accordance with the requirements of Aricle AA-4000.

538 1A-4323 Tubing shall not rest againsl surfaces that can cause wear or mechanical damage.

5§38 1A-4324 Sensing lines shall be routed to ensure that the intended function is not jeopardized due 1o high vibration, abnormal temperalure or

. stresses due o thermal expansion.

540 1A-4325 Divisional separation of permanently filled capillaries, sensing lines and interconnecting tubing for nuclear safety-related devices
shall be identified by colof coding and tagging. as a minimum, at both ends.

541 1A-4326 _|Redundant tubing inside panels shall be separated by a8 minimum of 1in (25.4 mm).

542 1A-4400  |Qualification of Equipment:

All components shall be operable when exposed lo the range of operating conditions specified during normal and accident
conditions. Manufacturer installation and maintenance requirements that are needed lo maintain qualification of the equipment shail

be idenlified by the Manufacturer and followed in the qualification program.
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Verification/Vali

Design Document

The Owner shall have documentalion demonstrating the qualification of components and showing the Owner's acceptance of the

quali

1A4510

547 1A-4511

dation Reforence
Requiremen . R - Review {(Where Is this
t Number Source Requirement Text A - Analysis requirement
T - Test Incorporated In the
) - Inspection design)
543 IA-4410 | Normal Operaling Conditions: )
All components shall be specified, manufactured, and gualified lo ensure operation wilhin performance limits (e.g., accuracy) when
exposed 1o their normal operating conditions. Normal operaling conditions include but are not limited o exposure to the faliowing:
lemperalure. pressure, humidity, vibration, chemicals, power levels and fluctuations, radiation.
544 1A-4420  |Environmental Qualification:
Safely relaled components operating in @ harsh environmenl (as defined in 10CFR50.49) shall be qualified in accordance with
IEEE Standard 323.
545 IA-4430 |Seismic Qualification:
Safely related components and mounting shall be seismically qualified using the guidelines of IEEE Standard 344 (o the Owner's
required response spectra, plus applicable amplification faclors, for the components iocation and mounting. Components thal do nol
perform a safely-related funclion bul musi retain their structural integrily so as not to damage, degrade or inlerfere with the
performance of safety functions by any safety related equipment or components shall maintain their structural inlegrity when
subjected to applicable seismic loads.
5346 IA-4440  |Qualification Documentation:

Control panels shall be designed to support and prolect the nucleas safety-related instrumentation and controls and to facilitate the
monitoring and cantrol of the mechanical equipment operalion and performance.
548 IA-4512 Instrumentation and control devices on the fronl and the inside of conlsol panels shali be arranged in accordance with the
requirements of ISA-RP60.3. _
549 1A-4513 Temperature limils inside a conlrol panel shall be maintained within the allowable specified design temperature range for all

components mounled inside the panel.

STRUCTURE'ANDIENCUOSUREIMATER

Malerial for enclosures, sliffeners, braces, supports and frames shall be selected to meel the structural design requirements of

550 1A-4521
Article AA-4000,

551 IA-4522 Suppod shall be provided for incoming cables. wiring, piping. and other appurtenances.

852 1A-4523 Subpanels and brackets for mounting instruments shall meet the structural loads and load combinalions set forth by the Design
Specificalion.

553 IA-4524 Panels weighing over 200 Ib (91 kg) shall be provided with removable lifting eyes or other means as required for loading,
unloading. and moving the panels to their final inslallation location.

554 1A-4525 All tubing, wire froughs or raceways used in the panef shall be of the metaliic type or shall be manufactured from fire retardant or
self-extinguishing material. Nonmetallic components and devices shall be manufactured from self-extinguishing malerials, as
classified by ASTM Standard D635, Slandard Method of Test for Flammabilily of Self-Supportive Plastics.

555 1A-4526 | Panels shall be provided wilh an integral mounting plate or a separate structural channel member, as required by the Design

Specificalion, lo facilitate the mounting of panels on embedment plales or anchor bolls provided in wails or floors.

4345301 PANELZWIRING i

556 1A-4531 Wiring bundles shalf be supparted by such devices as clamps, slraps, wire lies, wirewrap, elc. Uninsulated metallic/wire ties shall
not be used.

557 1A-4532 Insulating grommels shall be installed through all openings provided in partitions for the passage of wires or cables.

558 A-4533 Where a cable crosses a panel hinge, multi-stranded flexible wire shall be used. The cable shall also be secured on each side of
the hinge, protected from damage.

559 1A-4534 Both ends of each wire shall be marked with color-coded wire markers as required by the Design Specification.

560 IA-4535 All wiring shall have current capacity, mechanical sirength, thermal raling, and insutation characieristics 1o meet the circuit and

installation requiremenis required by the Design Specification and NFPA 70, para. 384-9. The wire insulation and Ciass 1E cables

shall meet the requirements of ANSI/IEEE 383.
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method of grounding shall not compromise the independence of Lhe redundant safety-related instruments and shall be in accordance
with IEEE 1050 A method of termlnalln to the Owner's station ground bus shall be rowded

540

Pcwer supplies wnhnn control panels shall be provided with branch circuit overload protection and a means 1o disconnec! incoming
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561 1A-4536 Terminal blocks shafl be installed on subpanels for lerminating cables enlering and leaving the panels, except that wire leads from
thermocouples and certain other lemperature-detecling devices may be brought directly to the terminal blocks in the instrument
£ cases.
562 1A-4537 Terminal blocks shall be provided with a marking strip, and terminals shall be clearly identified.
563 1A-4538 The terminal blocks used for the termination of power voltage circuits, lhe control voltage circuits, and sxgnal circuits (low voltage or|
current) shall be physically separate from each other.
564 1A-4539 The control panel and ils appurienant equipment shall be connected to a ground bus inside the panel for personal safely. The

§65 1A-4541
566 1A-4542 Fuses shall be installed in localions free from obstruclions.
567 1A-4543

Fuses shall be sized lo limit faull currenls wxlhln lhe requirements of the cable insulation.
PANEERIRINGHTUBING ) )
Process sensing lines, fittings and valves |nslalled within panels shall meet the requirements of Subarticle 1A-4600.

568 1A-4551

569 1A-4552 All non-process piping. tubing. or valves installed inside panels shall be in accordance with ANSI B31.1 unless otherwise required
by the Design Specification.

570 1A-4553 Tubing bends shall be smooth and formed lo avoid flattened. kinked. or wrinkled bends.

571 1A-4554 Panel piping or tubing instaliation shall not interfere with panel mounled instrument removal or access to the instrument for
mainlenance purposes.

572 IA-4555 Isolation valves and tes! conneclions shall be installed in an easily acce55|ble location 1o allow in-place calibration of all
instrumentation,

573 |1A-4556 Isolation valves shall nol be solely supported by the instrument tubing. Isolation valve supports shall be secured lo the panel
structure or substructure lo preveni torque being applied to the tubing.

574 1A-4557 Bulkhead fittings shall be used for termination of the control tubing from inside and oulside of the panel.

575 1A~4558 Instrument lines shall have permanent tags on both ends where required to assure proper identification. The type of material, color

coding, and melhod of taggin shall be as re uued by the Design Specificalion.

Where requured pressure reducmg valves complete with isolation valves, relief valves, and gauges, shall be installed inside the

576 |IA-4561
panel to provide a regulated instrument air supply to an instrument air header.
577 IA-4562 The instrument air header shall be provided with isolation valves for each branch supply line.
578 A-4570 Permanent nameplales shall be inslalled on control panels {o designate instrument function and tag number. Nameplates shall be
in accordance with ISA-RP60.6 or the Owner's requirements.
579 IA-4600 |Mounled instruments and Sensors:
Instruments shall not be mounted in locations where their pedformance will be adversely affecled by equipment vibration.
Instrument chassis and atlached capillary tubing shall be supporied to meet the seismic requirements for their particular iocation.
580 1A-4700 [interconnscting Wiring for Skid Mounted Components:

Interconnecting circuils between components mounted on a skid shall meel \he requirements of the National Electric Code,
Secuons 250 59 and 250_95 and paras lA 4534 and 1A-4535
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581 IA-4811

Instrument piping, tubing, isolation valves, and permanently filled capillaries in systems designed to ASME Section Il shall be
designed and conslrucled to lhe requirements of ISA Standard S67.02 as supplemented below:

(a) Instrument sensing lines that are connecled (o Class 2 process piping or vessels shall nol be less than Class 2 Seismic
Calegory | from their connections to the process piping or vessel to and including the accessible isolation valve.

(b} Instrument sensing lines that are connecled lo Class 2 processing piping or vessels and thal are used to actuate or monitor
safety related systems shall not be less than Class 2 Seismic Category | from their connectlons to the process piping or vessel to the
sensing instrumenlation,

{c) Instrument sensing lines that are connected lo Class 3 processing piping or vessels and that are.used to actuate or monitar
safely relaled systems shall not be less than Class 3 Seismic Calegory | from their connections to the process piping or vessel to the
sensing instrumentation.

582 1A-4812

Instrument sensing fines not connecled to ASME Section Hil Class 2 or 3 piping, vessels or ductwork shall meet the requirements of
ANSI B31.1.

583 1A-4813

Fitling material shall be compatible with the tube or pipe material lo avoid gaivanic corrosion and provide acceptable soldering or
brazing joints.

584 1A-4820

Tube Pitch and Condensate Trap:
Where the potential for condensation or oil migration exists, condensate or oil traps wilh valved drain legs shall be provided at the
f (he tubi

585 |A-4831

Sensing lines and tubing shall be installed in a continuous support system such as melal trays wherever praclical. Sensing lines

and tubing shall be run along walls, columns and ceilings to avoid damage by pipe whip, missiles. Jel forces or falling objects.

586 1A-4832 The support system for instrument sensing or interconnecting lines shall be taken into account in the tray or duct hanger loading
requirements.

587 1A-4833 “Supports for nuclear safely-relaled sensing lines shall be designed using the requirements of Article AA-4000,

588 1A-4834 Loads such as thermal expansion and weight of insulation shall be evaluated in accordance with para. AA-4212 for instrument

589 1A-4841

Root valves shall be localed in the vicinity of the point of connecllon to the proc SS prpe or duct.

PI AFA vHSHT-ddd

Isolation a(

INSTRUMEN

591

aliowance for loop inaccuracy

The Owner shall establish selpomts for fuclear safety related air and vgas lrealmenl sys(ems wi
and have provision for margin lo assure thal systems perform within Lheir design limils.
592 1A-4920 Safety-relaled setpoinls and Joop efror determinalions shall be determined using the methodology of ISA Standard $67.04,

593 1A- 5100

Inspechon and leshng of instrumentation and caniral components shall be in accordance with IEEE 336. In addition, the
requrremenls of Adicle AA-5000 supglememed by (he following shall apply.

OCEDURE FOR:INSPECTIONANDTESTING

594 1A-5111 Wrilten procedures wilh acceptance criteria for visual examination, inspection and functional lesting shall be developed in
accordance with Subarticie AA-5120 and Article TA-3000 for instrumentation and conlrol components.
595 A-5112 The procedures shall be reviewed and approved by the Owner or designee.
596 1A-5120 | Test Reports:
After inspeclion and lesting is completed a written lest report shall be prepared by personne! performing the lest in accordance with|
Subsubarticle AA-5250,
597 |1A-5200 | Visual inspection:
Visual inspection shall be performed in accordance with-a wiritten checklist per Subsubarticle AA-5240.
598 iA-5220 | Methods of Visual Examination:

Visual examination shall be performed by either method of direct visual or remole visual examination in accordance with
Subsubarticle AA-5220.
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General Requirements:

In addmon to the requirements of Adicle A-6000, the fallowing requirements shail apply.
M d

608 TA-6111.1

Malerial Selection;

dation Reference
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599 |A-5230  {Wrilten Procedures:
Visual examinalion shalil be performed in accordance with approved written procedures.
600 IA-5300 |Calibration and Testing:
Manufacturer's calibration and les! instrumentation shall be in accordance with Article TA-3000 and traceabie to NIST.
601 1A-5311 All instruments and devices shall be calibraled and tested in accardance with the proceduces developed for paca, IA-5111.
602 IA-5312 Wiring for control power shall be subjected to a Megger test at lhe panel assembly facility. Megger or other high voltage lest shall
not be applied to instrumentation or shielded cables.
603 |A-6313 An electrical continuity test shall be performed to demonslrate the correctness of the wiring termination of all panel mounted
instruments. Functional tests shall be performed in accordance with wrillen test procedures appraved by the Owner or designee.
604 IA-6321 All local mounted instruments and devices shall be calibrated and lested in accordance with the Manufacturer's calibration and test
procedures and the procedures developed for para. IA-5111.
605 1A-5331 Pressure testing of pneumatic controf circuils shall be performed in accordance wilh ISA Standard RP7.1.
6086 1A-6332 Pressure testing of sensing lines shall be performed in accordance with ANSI/ASME B31.1 of ASME Section lil as applicable.

Materials 1o be used in the fabrication of control panels, instruments, devices, components, paris, sensing lines; and support
systems, anchors and boits shall conform to the requirements of Article 1A-3000.
609 1A-6111.2 |Material Selection:

Thickness of plate material for the enclosure skin, stiffeners braces, and frame shall be selected to meel the slruclurai loadings
and applicable seismic requirements of Article I1A-4000 and the De5|gn Specification.

610

Repair of malerials and surfaces wilh defects shall be performe accordance with AA-6123,

1A-6210

Cumng. formlng. and bendmg shall be in accordance with &,ubsu article AA- 6210

612 1A-6211 Thermal cutting shall be in accordance wilh para. AA-6212

613 1A-6212.1 |Panel Fabricalion by Welding:

. When the control panel enclosure is fabricaled by welding mare lhan one piece of sheet steel, lhe welding joint shall be made in
accordance with the requirements of Subarticle AA-6300. Warping or distortion from cutling, punching or welding operations shall
not extend beyond the outer edge of the panel maunted device.

614 1A-6212.2 |Panel Fabrication by Welding:

The control panel shall be all welded sheet steel or plate construction. Remforcmg shall be provided so thal the deflection due to
the added weight of the instruments will not exceed 0.125 in. (3.2 mm) for any 4 fL (1219 mm) of panel surface.

615 I1A-6220  |Fillings and Aligning:

Fitting and aligning shall be in accordance with Subsubarticle AA-6230.

616 1A-6230 |Mechanical Joints:

Mechanical joints shall be in accordance with Subsubarticle AA-6230.

617 IA-6300 | Welding:

Welding shall be in accordance wilh Subarticle AA-6300.
618 IA-6400 |Brazing:
Brazing shall be in accordance with Subaricie AA-6400.

619 IA-6500 |Cleaning and Coaling:

Cleaning and coating shall be in acccrdance with Subarticle AA-65600.

620 IA-6600 |/nslalfation Requirements — Handling and Rigging:

Handling and rigging shall be in accordance with Subsubarticle AA-6610.
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Malerial Idenlification:
Materials of construction of the control panel shall be as specified by the Owner or designee. A Cerlificale of Conformance shall

be supplied as required by the Design §££cmcauon and Subarticle {A-3400.
ACKAGING;:SHIPRING;RECEIVING STORAGEANBIHANDEING

General Requirements:

Packaging, shipping. receiving, storage. and handling of all conlro! panels, instrumentation, and accessones shall be in accordance
with Article AA-7000 and ANSHASME NQA-2, Part 2.2

Any control panel made of items requiring different tevels of handling shall be classified 1o the highest level designated for any of
the respective items.

623 IA-7200  |Packaging:

All control panels and sensilive instrumentation (if packaged separately) shall meet the requirements of packaging level B in
accordance with ANSIVASME NQA-2, Part 2.2 paras. 2.2.2 and 3.2.2.

When bulk accessories are packaged separalely {i.e., valves, sensing lines, instrument cables) the packaging shall meet the
requirements of packaging level C in accordance with ANSIVASME NQA-2, Part 2.2 paras. 2.2,3 and 3.2.3.

identificalion and marking on the outside of all packages shall be maintained and weather-proofed.

624 IA-7300 | Shipping:
The mode of transportation used shall be consistent with the protection classification of the item and wilh the packaging method
625 IA-7410 |Inspection (Receiving):

Preliminary visual inspection shall be performed prior (o or immediately after unloading to determine if any damage occurred during
shipping. Unless the packaging marking prohibits unpacking, the contents of ail shipmenls shall be visually inspected to verify that
the specified packaging and shipping requirements have been maintained. The inspection shall be performed in an area equivalent
{o the level of storage requirement for the ilem (see Subarticie 1A-7500).

626 IA-7420 |Disposition:
Packages shall be controlled in accordance with ASME NQA-1.
627 IA-7500 |Storage:

Control panels and sensitive instruments shall be stored indoors. This area shall have paved floor or equal and shall not be
subject to flooding. The area shall be well ventilaled and shall be provided with uniform temperature control to prevent condensation
and corrosion. Original packaging is recommended if item is (o be stored for a long period of time.

Miscellaneous accessories such as valves, sensing lines, and instrument cables shall be stored as described above, except thal
temperature control is not required.

All items shall be plainly marked so that they are easily identified, and shall be stored in a manner as 10 permit ready access for
inspection, mainienance, or relrieval without excessive handling to minimize risk of damage.

QUAEITY:ASSURANGEREQUIREMEN

General:
Quality assurance for instrumentation and controls shall be in accordance with the requlremen\s of Article AA-8000 and lhe
reguirements below.,

629 IA-8210 | Test Reports and Data:
The following lest reports and dala supponmg the design and installation of instrumentation and control devices used in nuclear
facilities air and gas trealment systems shall be maintained in records:
(1)  Alirecords and procedures that are required to be maintained by ANSI B31.1 for the portion of installation designed {o
ANS!831.1 and ASME Section Il for the portions of installation designed to ANSi 831.1 and ASME Section IlL.
(2) Documentalion as idenlified in Subsubarticles 1A-4130 and 1A-4440.
630 1A-8211  |All records and procedures thal are required to be maintained by ANSI B3 1.1 for the portion of installation designed to ANS| B31.1

and ASME Seclion Ill for the portions of installation designed to ANS| B31.1 and ASME Section lil.

Documentation as ide JA-4130 and |

NAMEPLATE

General:
Permanent lypes of nameplales shall be designed, manufaclured, and installed in accordance with the requirements of Arlicle AA-

9000 and the requirements below.
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833 IA-9200 |Requirements:

Each insirument and con lroJ device shall be provided with a permanent type of Manufacturer's nameplate
NAMEPLATE ' SPECIF )

636 1A-9330

634 1A-9310 |Material:
Nameplates supplied and |ns(alled by the manulacturer shall be made from noncorrosive material.
635 IA-9320 |Size:
Nameplates shall be sized to accommodate all pertinent information.
Information:

The following information shall be stamped or engraved on each nameplate in lieu of requiremenls of Subsubarlicle AA-9120:
(a) Manufacturer;

(b} model or catalog number;

(c) serial number; -

(d) range.

SA-3100

General
For components of ductwork and duciwork supports, lhe supplier shail make available, (as a minimum) cerlified lest reports of
chemical and physical properties. For those ASTM materials, which do nol have physical testing required by the ASTM specification,
lensile tesling shall be performed per ASTM A370.
All other components used in the construction of ductwork shall be provided with a manufacturer’s Certificate of Compliance
covering the ASME, ASTM, or other material specificalion, grade, and class, if applicable.

638 SA-3200 |Malerial Substitution:
Measures shall be established for controlling and identifying material substitutions throughout the manufacluring and installation
rocess.

639 SA-3300 {Material Testing:

When required by the Design Specification, malerial shall be tested in accordance with the applicable material specification.
Supplemental material testing, when required, shall be performed in accordance with Aricie AA-3000.

640 SA-3400 |Material Specifications:

Material for ductwork and ductwork supports shall be capable of meeting all requirements of Arlicle SA-4000. Maleriais shall be in
conformance with the ASTM malerials lisled in Table SA-3400 {Exhibit E). Subslitule materials shall be equivalent, or exceed the
requiremenls of Table SA-3400 (Exhibit E). as determined by the Engineer. Materials selected shall be evaiuated for suitability with
service conditions and compatibility with other materials used in duct construction.

The ASTM numbers in Table SA-3400 (Exhibil E) designate a chemical composition a@nd a malerial thickness limit. A grade
designation is usually required to determine the minimum sirength of the material. If the specific grade material has an assigned
minimum yield and lensile strenglh, these values shall be used for design purposes. If values have not been eslablished and
assigned, then tesls in accordance wilh the procedures outlined in Anlicle AA-3000 shall be performed lo ensure that the strengih of
the material meets the required design stress values.

641 8A-3400 |Material Specifications:

Material lisled in Exhibit E under “Carbon Sleel Plates and Sheets” when coated in accordance with “Zinc Coatings” shall be
allowable under "Galvanized Sleel Plates and Sheets.” Malerials listed under “Carbon Steel Structural Members" and “Carbon Steel
Bolls and Nuts” shail be coaled in accordance with Zinc Coatings” when used in conjunction with materials Yisted under "Galvanized
Steel Plales and Sheets.

SA-4100

Date Printed: 1/10/2006

Example ASME AG-1 Compliance Matrix

Page 81 of 141

PT AFY vvSPC-ddd




EPST1-6D

Verification/Vali Design Document
dation Reference
Requiremen Source Requirement Text R - Review {(Where s this
t Number A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
643 SA-4211 |Ductwork Loads:
Additional dynamic loads (ADL), dead weight (DW), design pressure differential (DPD), design wind (W), exlernal loads (EL),
normal operaling differential pressure (NOPD), and system operational pressure transient {SOPT) as defined in AA-4211
644 SA-4211  |Constraints of free end displacement load (T):
These are loads caused by thermal movement. When duct conslruction ulilizes gasketed companion angle construclion, effects of
T for normal operations may be ignored. For postulated accident conditions, a review of the effect of T is necessary.
645 SA-4211 |Fiuid momentum load (FML):
This is as defined in AA-4211 with the following clarification: Duclwork shall be designed to wilhsland the FML resulting from air
{urbulence, often found In sections following fan discharges, and certain dampers and duct fittings. The termination of such seclions
is marked by the length of straight ductwork required to regain uniform airflow as given by AMCA 201 Fig 20:
Dy=VD/1000 or (VD,)(3281)
for round and equivalent rectangular ducts where
V = velocity, {min (m/sec)
D = duct diameter, ft {(m)
Df = length of straight ductwork connected lo fan or component discharge ft (m)
The equivalent diameter (D,) for rectangular duct, with side dimensions of a and b, is given by:
D, = 1.30{(ab)**%5(a+b)P%)
6486 SA-4211 |Live load (L):
Live [oads shall be defined in the Design Specification (Subarticle SA-4600). The live load shall not be less than a construction
manload of 250 pounds (113.4 kg). The load shall be applied at the mid-span of the duct, or midpoint of a stiffener, or within a panel.
When applied to a panel, the load shall be assumed to be distributed over 10 square inches (84.5 cm?),
647 SA-4211  |Normal Operating Pressure Differential (NOPD):
This is defined in para. AA-4211 with the following clarification: For ease of design, a duct system may be designed using one
pressure value that envelopes NOPD and SOPT (para. AA-4211). NOPD and SOPT may be positive or negative pressures. Worse
casé shall be considered in the design.
648 SA-4211 |Seismic loads (St): :
Loads that are the result of the envelope of the operating basis earthquake (O8E) and the safe shutdown earthquake (SSE). As
overall system functionalism is not generally compromised by loads from the OBE, the SSE will govern the design. As an option, lhe
OBE, and SSE may be considered separalely with the OBE loads used for the Leve! B load combination, The horizontal and vertical
components of the seismic excitation shall be applied simultaneously in the direction that will produce worst-case stresses and
deflections. These components may be combined by the square root of Lhe sum of the squares (SRSS) method.
648 SA-4211 |Hydrostalic loads from accumulated condensate, waler deluge systems, or moisture separators:
The hydrostalic load shall be conservalively established by documented analysis base on ductwork configuration, accessories, and
component function. Hydrostatic load (HY) shall be added lo the dead weight (DW} as applicable.
650 SA-4211 |Design Pressure Differential (DPD):
The dynamic pressure loads resulting from a design basis accident (DBA), intermediate break accident (IBA), or small break
accident (SBA). Generally, HVAC should be routed outside the local pipe break affected area. If HVAC is subjected lo these loads,
the Design Specificalion (Subarticle SA-4600) shall address the station specific design requirements considering a Service Level D
combination.
Date Printed: 1/10/2006 Example ASME AG-1 Compliance Matrix Page 82 of 141

-PT AHY ¥PSYT-ddd



PrSI-6D

Requiremen

t Number Source

Requirement Text

Verification/Vali
dation
R - Review
A - Analysis
T Test
| - Inspection

Design Document
Reference
(Where is this
requirement
incorporated In the
design)

651 SA-4211

For component load criteria see the following seclions:
(1) HEPA filters: FC-4300

(2) Mounting frames: FG-4200

{3) Fans: Article BA-4000

(4) Pampers: Article DA-4000

(5) Refrigeration equipment: Article RA-4000

(6) Condilioning: Article CA-4000

(7) Moislure separalors: Article FA-4000

(8) Prefilters: Article FB-4000

652 SA-4212

Ductwork Load Combinations:
The applicable component ioading shall be combined in accordance with Table SA-4212.

653 SA-4212

Table SA-4212, Load Combinations:
Service
Level Load Combination
A DW +NOPD+FML+EL+L+T+W
B Not required
C DW + NOPD + FML + EL + SL + ADL + W
D Not required unless DPD is applicable

654 SA-4213

Service Conditions:
The requirements of para. AA-4213 apply.

655 SA-4214

Design and Service Limits:
The requirements of para. AA-4214 apply.

656 SA-4215

Ductwork Support Loads: .
Loads per SA-4211 for L, NOPD, SL DW, EL, and ADL shall also be used for duct supports. The definition of loads per para. AA-
4211 for dead weigh! (DW). exlernal loads (EL} and additional dynamic loads (ADL) shall also be used for duct supports. Hydrostatic
loads shall be treated as DW load when the loads have an effect on the supports. Hydroslatic loads as defined in paragraph 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
paragraph SA-4211 (c) is not lypically a significant load for supports and may be neglecled.

657 SA-4216

Ductwork Support Load Combinations:
The applicable support shall be combined in accordance with Table SA-4216.

658 SA-4216

Table SA-4216, Load Combinalions:
Service
Level Load Combination
A DW +NOPD+EL+L+T
B Not required
C DW + NOPD + EL + SL + ADL
[v] Not required unless DPD is applicable

659 SA-4220

Stress Criteria;

The ductwork stress shall be based upon the AlS) “Specifications for the Design of Cold Formed Steel Structural Members.” The
ductwork support stress shall be based upon lhe AISC “Specification for the Design, Fabricalion and Erection of Struclural Stee! for
Buildings.”

660 SA-4220

Stress Criteria:

The basic general membrane design stress for the Service Level A condition shall not exceed 0.6 F, and shall be reduced as
appropriale o consider laleral-torsional buckling of bending members and effective lengths of compression members. The basic
general membrane design stress for the Service Level C condition shall nol exceed 1.2 X 0.6 F, per AA-4321.
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The combined membrane and bending design stress for Service Level C shall not exceed 0.9 F, and shall be reduced as
appropriate to consider lateral-torsional buckling of bending members and effective lengths of compression members. The combined
and bending design stress for Service Level A shall not exceed 1.8 X 0.6 F, per AA-4321.

662

SA-4231

ECTION/CRITER]

Deﬂecllon Limits:

The maximum deflection (dmax), may be suslained so that the duct funclion is not impaired shall be determined by analysis, lest or
both. The allowable defleclions are as defined in para. AA-4231 for various service level conditions.

dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number A - Analysis requirement
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| - Inspection design)
661 SA-4220 |Stress Criteria:

663

SA-4232

Deflection Limits for Panefs, Flanges, and Stiffeners:
The maximum deflection (d). which occurs as the result of lhe applicable load combinations of para. SA-4212 is the Jesser of two
values derived from the following:

664

SA-4232

Criterion No. 1 — Deflection shall not exceed the following criteria :
(a) Plate or sheel: 1/8 in. per ft, of the maximum unsupported panel span in direction of axrﬂow but not more than % in.
{b) Stiffeners and flange connections: Not to exceed 1/8 in. per foot of span but not more than % in.
(c) Flange connection to components: 1/360th of the span but not to exceed 1/8 in.

665

SA-4232

Criterion No. 2 — Deflections shall be limited to assure that the following will not occur:
(a) Disiortion of air flow path cross-section in excess of lolerances specified on SA-6400.
(b) Damage to safety related items such as instrumentalion or accessories.
(c) Impingement of deflected elements on adjacent services, such as equipment, pipe. cables, lubing, etc.
(d) Loss of leak lightness in excess of leakage limit. See SA-4500.
{e) Functional failure of components attached lo the duct (e.g., instrument lines).

666

SA-4233

Deftection Limits for Mounting Frames and Equipment Inlerfaces:
(a) See subsubarticle FG-4310 for mounting frame deflection fimits,
(b) See applicable equipment section for olher deflection limits.

667 SA-4241 anranon /sofation:

The vibration isolation type and efficiencies. primarily belween duct and equipment, shall be as designaled in the Design

Specificalion. The vibration isolalion equipment shall be designed with restraints to resist the loads generated under any Service
. Condition.
668 SA-4242 |Pravisians for Relalive Movement:

Clearances shall be provided to allow for the relative motion between equipment, ductwork, and supports. When clearances or
travel ranges or both are required to accommodate movements of ductwork or supports, design margins shall be introduced to allow
for variations due to fabrication and inslallation, Design clearances and travel ranges shali be based on the maximum range that
might occur between two operating conditions and not necessarily the maximum cold to hot rangé. All parts of support shall be
disengaged by the movements of ductwork.

669 SA-4243 | Tolerances: :

Installation and fabrication tolerances for duct-work shall be accounled for in the design of the ductwork and supports. Fabrication

tolerances shall comply with subarticle SA-6400.
670 SA-4244 |Permanent Altachments:

The attachment design shall include aII Selvice Conditions and Load combinations set forth in SA- 4212 and 8A-4213, or as
required by the Design Spegification.

The permissible types of welded joints shall be in accordance with AWS D1.1, or AWS D1.3, as applicable.

Altachments may be either the welded or bolted type and shall be considered as follows:

671 SA-4244 |Welded Attachments:

Consideration shall be given o local stresses induced in the ductwork by integral altachments as defined in para. AA-4243.
For items used as part of an assembly for the support or guiding of duclwork the materials shall be compalible for welding, see
Article AA-6000.
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872 SA-4244 |Bolted Altachmenls:

Consideration shall be given to the mechanicai conneclion and local stresses induced in the ductwark by nonintegral attachments
as defined in paragraph AA-4243.

The design of bolls for structural supports shall meet the requirements of Subaricle AA-4360
BUCTWORK:JOINTS AND SEAMS

General:
Seleclion of joints and seams used in the assembly of ductwork sections shall be based on the required structural integrity, leak-

tightness, and the fiuid flow within the system. Duct-housing inlerconnections shall be designed with consideration of the air

disiribution uniformity.

SA432

D OINTS ANDISEAM

674 SA-4321

The following longiludinal seams are acceptable for use in ductwork seclions subjecl 1o the limitations of para. SA-4324,
{a) groove weld
(b) lock type
(¢} Pittsburgh lock
{d) Fillet weld

675 SA-4322

The following longitudinal types of transverse joints are acceptable for use in ductwork seclions:
(a) welded flange
{b) companion angle
(c) Vanstone fiange
{d) Welded coupling

676 SA-4323

Other types of rigid lransverse connections may be acceplable provided that the siructural characteristics are documented by
quinegringgaluation and tested per Subarﬁcl SA-5400

432

MITATIONS 13 ORK:JOINTSAND SEAMS

677 SA-4324 |Limitations of Ductwork Joints and Seams:
Longiludinal seams and transverse joints whose structural integrily is dependerit on the folded or punched metal, shall be pressure
tested. Tes! pressure shall be the siructural capabilily pressure,
Longitudinal seams using sealants or elasiomers to meet the leakage requirements shall be qualified by test, analysis, or test and
analysis to assure meeting the deslign criteria of subarlicle SA-4600, Brazed welding may be used for sealing purposes.
678 SA-4325 |Bolts and Fasteners:
Requirements for bolled connections of duct-to-duct and duct-lo-housing, with a design pressure differential [ess than 15 in. w.g.
(3735 Pa) shall be as follows:
(a) Maximum bolt spacing shall be four inches on center unless otherwise specified by the Design Specification, The adequacy of
boll spacing greater than four inches on center, for pressure boundary integrily, shall be documented by calculation or testing.
{b) Minimum boll diameter shall be three-eighths (3/8) inches (9.562 mm) unless otherwise specified by the Design Specificalion.
The adequacy of bolt diameters less than three-eighths shall be documented by calculations or testing.
679 SA-4325 |Bolts and Fasteners:

Requirements for bolted connections for ducl with design pressure differentials exceeding 15 in. w.g. shall be determined by
caiculations or testing,

Nonbolted, nonwelded lype fastening devices (e.g., screws, rivets, elc.} shall have their adequacy demonstrated for the load
combinations of SA-4212 and documenled by calculation or testing.

Bolted connections shall be verified as being capable of sustaining all loading combinations by using an appropriate stress
intensification factor.
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680 SA-4410 |Flexible Connections:

(a) Fiexible connections shall be designed to meel the requirements for design given by para. SA-4212, Subarticle SA-4500, and
NFPA 90A. Allowable leakage (fabric leakage and joinl leakage) shall be delermined in accordance with Subarticle SA-4500.

(b) Flexible cannections shall be rated by pressure and qualified life. The qualified life shall be determined by testing, or
calcutation, or both and be based on the environmental conditions provided by the Design Specification, Minimum physical
properties {i.e., tensile strength), subject to degradation due to the environments required to satisfy design, shall be the basis of
qualified life.

681 SA-4410 |Flexible Connections!

(c) Flexible connection pressure rating shall be determined by an ultimale strength lest. The pressure raling of {he connection
shall be no greater than 50% of burst pressure. Calculation of burst pressure can be done in fieu of the test. Burst pressure shail
exceed slruclural capabilily pressure.

(d) If adhesive is used in fabrication or inslallalion of flexible connections, it shall be environmentally qualified for use in expected
environmental conditions.

682 SA-4420 |Gaskets:

Gaskets shall be made of materials which are compalibie witn the Service Conditions {see Subarticle SA-4600). Gasket material
dimensions shall be based on joinl design. An acceplable criterion for compression of gasket malerial shall be established on the
basis of the gaskel chosen. This acceptance crilerion and the service life of the gasket material shall be documenled by an
engineering evaluation or testing.

683 SA-4430 |Access Doors and Panels:

Construction of doors/panels and door frames shall be selected to meet the allowable leakage determined in Subarticle SA-4500.
Sealing surfaces belween the doar/panel frame shall be designed for compression sealing. The design shall incorporate means for
adjusling compression forces, gaskel compression, and alignmenl.

Spacing of hinges, lalches, and bolls shall be delermined by calcutation or test lo ensure a uniform compression of the gasket.
Spacing shall enable a compression of at leas! 50% of nominal gaskel thickness and provide a gasket compression uniformity of +/-
20%.

Door hinges shall be designed to minimize damage lo compression seals due fo friction and shear forces during opening and
closing of the doors. .

/ISIONS EQ
Test Ports:

The engineer shall evaluate the design funclion of the equipment lo delermine where lest ports (including injection and sampling
ports) are required. :

MISC 0
SA-4451 |Drains:

{a) Consideration shall be given lo drains depending on requirements, services, or components within ductwork,

(b} Drains form as integral par of the duclwork system pressure boundary and are subject {o air leakage requiremenls established
in Subarticle SA-4500.

{c) For addilional guidance on the design of drains, see Nonmandatory Appendix SA-C (SA-C-1220).
686 8A-4452 \Insulation:

(a) Insulation shall be provided as required to ensure alr conditioning function, limit condensation, or provide acouslic noise
reduction.

(b) Acousilic lining and thermal insulation shall not be applied to the insige of ducls which may become contaminated during normal
planl operations. ) .

(c) Insulation applied to the oulside of ducts shall not prevent access (o doors, access hatches, or other components requiring
adjustment or mainienance. . )

(d) The fire hazard classificalion of applied insulation, adhesive, and sealer shall nol exceed a flame spread of 25 and smoke
developed of §0 in accordance with NFPA-90A

(e) Insulation shall be altached to ductwork using a method which will not adversely affect the system/component safety function.

684 SA-4441
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689 SA-4510

HiSAL45007

The requirements for internal and bullet resistant barriers installed for lhe purpose of security shail be consistent with appropriate
federal regulations.

Consideration shall be given to the impac! (pressure, noise, elc.) the installation of security and bullet resistant barciers wili have on
the overall performance of Lhe air treatment system in which they are installed. The dead weight of the securily and bullet resistant
barriers shall be included in the design '
PRESSURE:BOUNDARY:LEAKA
General:

Pressure boundary leakage shall be limited thal allowed by the syslem 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):
(a) control of airborne contamination
(b} control of space pressure
(c) control of space temperature
(d) control of space humidity

dation Reference
Requiremen Source Requirement Text R - Review {Where Is this
t Number A - Analysis requirement
T - Test Incorporated in the
1 - Inspection design)
887 SA-4453 | Air Distribution Devices:
Design of air distribution devices and their attachments shaii compiy with Subarticles SA-4200 and AA-4300.
The pecdformance rating of air distribution devices shall be determined by aclual tesis performed in accordance wilh the ADC
Certifications, Rating, and Test Manual 1062 Series, Revision 4 (1997). )
688 SA-4454 |Security Barriers:

690 SA-4520

Applicability:
Pressure boundary leakage shail apply to air cleaning, air cooling, and ventilation systems. Each system's pressure boundary shall

include, but nol be limited fo, the following items as applicable:

(a) ductwork as defined in Subsubarticle SA-1130;

(b) fan housings; .

(c) damper frames and valve bodies (and seats, where used for pressure boundary isolation);

(d) heating and cooling coil housings (or frames for duct mounted coils),

(e) mounting frames for components used for the reduction of radioactive contamination;

(f) instrumentation or other components connected to lhe ductwork;

(g) air cleaning unit housings

:SA4530;

VAUDATION

691 SA-4531

Responsibility:
The Engineer sha!l evaluale each syslem to establish the allowable leakage to assure its design ventilation, temperalure, and
contamination control function is achievable.

692 SA-4532

Allowable Leakage Determination:
The following crileria shall be utilized in the determination of allowable ieakage:
(a) applicalion of governing codes, regulations, and plant specific requirements;
(b) consideralion of each system's operaling mode, including anticipaled system upset conditions such as rapid closure of
dampers;
(c) normal and maximum operating static pressures throughout the pressure boundary; and

Date Printed: 1/10/2006
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A Design Specification shall be prepared which consists, as a minimum, of the following information which is relevant to the
ductwork and ductwork supports covered by this Section:
(a) loads as defined by para. SA-4211;
(b} environmental conditions
(1) ductwork external design environmental conditions including pressure, temperalure, retative humidily, radiation exposure,
and hostile environmental factors for all plant conditions;
(2) ductwork internal design environmentai conditions for all system operating condilions;
{c) service conditions as defined by para. AA-4213;
(d) design and service limits as defined by para. AA-4214;
(e) allowable ductwork leakage, as defined by Subarticle SA-4500; and
(f) system safety related function: Identlify the function of the ductwark sysiem for each plant condition. The functian shall

consis! of purpose and operational paramelers (i.e., flow, leakage, pressure, temperature.) Plant conditions and service limils are
NSBECT] NDTESTING'

General:
Inspection and testing shall be in accordance wilh the requirements af Subarlicles AA-5100, AA-5200, AA-5300, TA-3300, and the
additional requirernents of lhis Section.

datlon Reference
Requiremen Source Requirement Text R - Review (Where Is this
t Number A - Analysis requirement
T - Test incorporated In the
1 - Inspection design)
693 8A-4633 |Exceptions to Leakage Requirements
Portions of air cleaning, air cooling, and ventilalion systems exhibiting one of lhe faliowing conditions need not be subjecled 1o
quantitative measurement of leakage unless otherwise required by the design specification (however, the system shall be
pressurized to normal operating pressure differential (NOPD) io locate and seat all audible leaks):
(a) all ducts serving the protecled space and localed within a protected space, regardless of length;
(b) plant vent stacks or ducts outside plant buildings, when high level or mixed mode release credit is not required to meet off-site
dose limits;
(c) systems which provide air coaling or heating function only located entirely in a clean inlerspace;
(d) other exceptions to quantitative measurement of leakage requirements shall be lechnically justified and specifically documenied
with basis by the Owner or his agent.
694 SA-4534 |Documentation:
Evaluation for allowable leakage of each system, or portion thereof, shali be documented. This documentalion shall include the
following: )
(a) identification of system or porlion of system
{b) governing codes, regulations, and plant specific requirements
(c) purpose of leakage control; see Subsubarticle SA-4510
(d) system modes of operation
(e) normal operating pressure differential (NOPD) and syslem operating pressure transient (SOPT)
695 SA-4540 |Leakage Testing: _
Where leakage testing is specified for a system, as a resull of the Engineer's evaluation, it shali be performed in accordance with
Subarticle SA-5300 and Section TA of this Code.
696 SA-4600 |Design Specification:

Responsibility for Procedures:
When an inspection or test is required herein, written inspeclion or lesting procedures shall be developed (by the parlies

performing the test or inspection), to the specified requirements of this Section. The inspection or lesting shall be performed by

p para. AA-6433,

ATE20

699 SA-5210

700 SA-5220

Welded Connections:
Inspection and testing of welds shall be performed in accordance with Subarlicle AA-5300 and Article AA-6000.
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Verification/Vall
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A - Analysis
T - Test
| - Inspection

Design Document
Refarence
(Where is this
requirament
incorporated in the
design)

701 SA-5230

Duclwork:
Ductwork shall be visually inspecled for proper dimensions including tolerances, as required by Subarticie SA-6500 and governing
construction documents. Ductwork fabrication shail meel the applicable requirements of Article SA-6000.

702 SA-5231

Joints and Seams:
Joinls and Seams shall be visually inspected. Acceplance criteria shall be as follows:
{a) Joints and seams shall comply wilh the requirements of Subarticles SA-6400 and SA-6500.
(b) Gasketed joints shall provide uniform gasket compression. Gaskets shall be installed per construction documents.
{c) Brazed joints shall comply with the requirements of Subsubarticle AA-6430.
(d) Longiludinal or transverse welded joints shall comply with the requirements of Subsubarticle SA-5220.
(e) Threaded fasteners shall be provided with locking devices in accordance with para. AA-6258.

703 SA-5240

Stiffeners:
Stiffeners shalf be visually inspecled lo ensure compliance with the following acceptance criteria;
(a) Stiffeners shall comply with the fabrication and inslallation requirements of Article SA-6000.
(b) Welds shall comply with the requirements of Subsubarticle SA-5220.
(c) Threaded fasteners shall be provided with locking devices in accordance with para. AA-6258.
(d} Removal of lemporary atlachments shali be confirmed.

704 SA-5240

Ductwork Supports:
Supports shall be visually inspected during installation, after installation, or bolh in accordance with the foliowing acceptance
criteria:
(a) Supporls shall comply with the fabricalion and installation requirements of Subarticles SA-6400 and SA 6500,
(b) Welded joints shall comply with the requirements of Subsubarticle SA-5220.
(c) Threaded fasleners shall be provided with locking devices in accordance wilh para. AA-6258.
(d) Removal of temporary atlachments shall be confirmed.

705 SA-5300
SA-5310

Pressure Boundary Leakage Testing—General:
The ductwork sysiem shall be tested lo demonstrate compliance with the design leakage requirements identified in Subamcle SA-
4500, untess exempted by para. SA-4533.

706 SA-5320

Systems Completeness:
Prior 1o lesting, the system shall be complele including all pressure boundary items identified in Subsubarticle SA-4520, with the
following exceptions:

(a) Terminal air distribution devices may be excluded from the test.

(b) Pressure boundary items not yet instailed may be excluded from Lhe tesling with ihe approval of the Engineer. In such cases,
prololype lesting shall be performed to determine the lypical leakage rale for the installation method. Detailed procedures shall be
prepared (o conlrol installation of ilems nol lesled wilh the system, Procedures shall specify any hold points, special surface
preparation or finish, and final inspection requirements (o ensure thal the item is installed similar to the prototype. Typical leak test
values shall be increased by a faclor of 10 percent and added to the actual leakage in the test report, and noted as such.

(c) Systems may be testes in sections, if necessary, as allowed by Subsubarticle SA-5330. Testing shall be in accordance with

Dale Printed: 1/10/2006

Example ASME AG-1 Compliance Matrix

Page 889 of 141

PI AHY vPSPT-ddd



[SCI-6D

A test report shall be prepared to document the pressure boundary leakage test. This reporl shall include, as a minimum, the
following information: .

(a) system or portion of system tested;

(b) specified allowable leakage and test pressure;

(c) calculations for ductwork square foolage for syslems tested by seclions;

(d) adjustments to allowable leakage per Subsubarlicle SA-5330 (d);

(e} measured leak rates;

(f) list of pressure boundary components which were not mslalled during lhe pressure boundary leakage test;

(g) tesl equipment used; including Mode! No., Serial No., and evidence of calibration:

(h) names of test personnel;

(i) date of test.

Verification/Vall Design Document
dation Reference
Requiremen Source Requirement Text R - Review {Where is this
t Number A - Analysis requirement
T - Test Incorporated in the
| - Inspection deslgn})
707 SA-8330 |Allowances for Tesling System Leakage Rales by Seclions:
Temporary isolalion at a lransverse joinl shall be allowed subject lo the following requirements.
(a) Transverse joints nol subjecled lo & quanlitalive leak test shall be companion angle type or other lypes which enable visual
inspection of the sealing mechanism between mating ductwork sections.
(b) Assembled joints utilizing gaskets shall be visually inspected to ensure uniformily of gasket compression,
(c) Assembiled joints utilizing mastic or liquid sealant shall be visually inspected to ensure that such material has been applied in
accordance with the procedure approved by the Engineer.
(d) The reduced allowable leakage (L) of ductwork sections shall be as follows:
L, =L,-R
R=(C;/7Cr)L,
where
R = reduction in allowable leakage in cfm/sq. fl’
C; = lotal perimeter of capped end joints of test section
Cr = lolal perimeter of all joints in tesled section, including capped end joinis
[ = section allnwahle [eakaoe
708 SA-5340 |Tesling Procedures:
Prior to pressure boundary ieakage testing, lest procedures shall be developed in accordance with Subarlicle TA-3400. All test
equipment shall be specified with the proper range and required accuracy. Test procedures shall include acceptance crileria
determined by Subaricle SA-4500, and Subsubarticles SA-5320 and SA-5330.
709 SA-5350 |Documentation:

A5360%: JACCERTANCE/CRITERI
710 SA-5361 |Quantilative Leakage Tests:
Acceptance criteria for guantitative [eakage tests shall comply with Subarlicle $A-4500 and Subsubarticle SA-5350(d).
711 SA-5362 [Non-quaniilalive Leakage Tesls:
For non-quantitative leakage lesls allowed by para. SA-4533, the acceplance criteria shall be that audible leaks have been sealed.
712 SA-5410 [Ductwork Pressure Test:

A pressure test shall be performed at the slruclural capability pressure per para. TA-3522. This lest pressure shall be mainiained
for the duration of the inspection. Upon completion of this pressure test, duct-work and equipment exhibiting permanent distortion or
breach of integrity shall be repaired or replaced. The pressure test shall be repeated afler repair or replacement until no permanent
distortion or breach of integrity is observed.

This test is not required if duct construction specified is equal or grealer than the duct construction allowed in SMACNA
Reclangular Industrial Duct Construction Slandards (1980), Round Induslrial Duct Construction Standards (1975), and HVAC Ducl

Construction Standards (1985) for the system operational pressure transient (SOPT).
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Ductwork utilizing folded or punched metal longitudinal seams, shall be pressure tested lo qualify the structural design capability of
those seams. This pressure test shall be conducted al the beginning of fabricalion and before any ductwork with these seams is
instafled in the facility. The pressure test shall be conducled on each sheet metaf gauge utilizing these seams. Seams shall be

lested al the struclural capabely pressure for the syslem(s)

Genera/

Duct

Malerial Selection:
Malerials used in fabrication and installalion performed under this Section shall conform to the requirements of Article SA-3000

Veriflcation/Vali Dasign Document
dation Reference
Requiremen Source Requirement Text R - Review {Where is this
t Number A - Analysis requirement
T - Test incorporated In the
| - Inspection design)
713 SA-5420 {Longitudinal Seam Qualification Test:

718 SA-6122

Material Identification: )
Malerials lo be utilized in the fabrication and inslailation of components, parts, and appurtenances shall be idenlified on fabricalion
or_instaljation plans, or both and in the specifications, as required in Article AA-8000.

717 SA-6123

Repair of Material With Defects:

Material with defects 1hat are discovered ar produced during the fabrication and inslallation process may be used, provided the
defects are repaired in accordance with the requirements of Article AA-B000, and for weld repairs, in accordance with Subarticle AA-
6300,

718 SA-6130

Control of Installation and Fabricalion Process:
Quality control procedures shall be prepared and maintained current for all fabrication and installation processes in accordance
with the requirements of Arlicle AA-8000.

719 SA-6140

Welding:
The welding of ductwork and ductwork supports shall comply with the requirements of AWS D1.1, AWS D1.3, AWS-D9.1 and

ASME Code, Section IX, as applicable. Welding and brazing performed in accordance with this Section shall meet the requirements

of Subarticles AA-6300 and AA-6400.

720 SA-6210

' SALB200:

RICATION:PROCESS
Cutting, Forming, Bending, Aligning, and Fitting:
(a) Uncoated metal may be cut, formed, or bent by any means lhat does not degrade the mechanical or chemical properties of
the malerial.

(b) Coated metal may be cut, formed, or bent as described in para. SA-6211. Coaling damaged by scratches, gouge marks or
the removal of coating shal be repaired in accordance with Subsubarticle AA-6540.

{c) Inside bend radii shall not be less than the values given in the appropriate ASTM slandard for the malerial grade.

(d) Parts that are to be joined may be filted, aligned and retained in posilion during the joining by the use of bars, jacks, clamps,
drift pins, tack weids or other temporary attachment. The fiting and alignment process shall not cause damage lo the joined parts,
or lheir surfaces, or cause enlargement of bolt holes greater than 20% of hole diameter, ar 1/8 in. (3.2 mm), whichever is greater.
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(e) Temporary welded allachments shall be comptetely removed after each use. They are subject to the following requirements:
(1) Material shall be suitable for welding with no reduclion in the structural integrity of the member to which the attachment is
secured.
(2)  Attachment malerial shall be identified as required by Article SA-3000
(3} The welder and welding procedure shall be qualified in accordance with Subsubarticle SA-6140.
(4) The immediate area around and including lhe temporary attachment shall be marked in a suitable manner so that afler
attachment removal, the area can be examined in accordance wilth Aricle SA-5000.
{f) Access doors and access panels shall be fabricated and designed to meet the design requirements of Aticle SA-4000.
(g) Grilles, regislers, diffusers and their accessories shall be designed to meet the design requirements of Article SA-4000.

722

SA 6310

General:

(a) Nuts for all bolts and studs shalt be engaged for the full lengih of the nut thread. Margins shall be alloited to prevent nut from
engaging the unthreaded portion of bolt or slud.

(b) High strength bolts, used in making bolled joints, shall be installed in accordance with the requirements of lhe "Specification
for Structural Joinls Using A325 or A480 Bolts” AISC Code. Standard bolls used in making bolted joints shall be installed in
accordance with the requirements of paragraphs 1.4.4 and 1.5.2 of lhe “Specification orthe Design, Fabrication and Ereclion of
Structural Steel for Buildings™ AISC Code.

(c) Seli-drilling or self-threading screws are permissible if they are qualified in accordance with the design criteria in Alicle SA-
4000,

dation Reference
Requiremen . R - Review (Where Is thls
t Number Source Requirement Text A« Analysis requirement
T-Test incorporated in the
| - Inspection design)
721 SA-6210 |Cutting, Forming, Bending, Aligning, and Fitting:

723

SA-6310

Mechanical Fastening—General:
(d) Rivets must be qualified in accordance wilh Article SA-4000.
(e) Pins for securing insulation should be secured lo (he metal surface by welding. Other attachment methods are acceptable, if
allowed by the Design Specification. Juslification of the method of attachmen! used shall be supported by evaluation or calculation,
considering the requirements of Subarticle SA-4600.

grinding.

Flange faces shail be free of j oml crevices at corners. These defects shall be eliminaled by welding and

SA-6410

The fabncauon ol ductwork shall be accomphshed within lolerances detailed in the following lables. These fabrication tolerances

724
provide a method of quality conlrol. Installation toterances listed below are maximum deviations permitied from design dimensions.
Crealer deviations, due to rolling mill tolerances are not permitted.
(a) Rectangular ducts, measured inside the duct at the joint end or sliffener, shall conform to Table SA-6400-1.
(b) Circular ducts, measured by outside circumference of lwo interior diameters al 90 deg. (+/- 5} to each other, shall conform
to Table SA-6400-2.
725 SA-6410 (c)  After fabricalion is complete, flal sheet or plate surfaces shall not have a waviness, or buige, greater than the flainess

lolerance given in Table SA-6400-3,

(d) The lolerances given in Tables SA-6400-1, 2, and 3 are for manufacluring. Maximum operaling deflections are given
Subsubarticle SA-4230.

(e) Holes prepared for joining maling fianges shall not exceed the required bolt diameter by more than 20%, or 1/8 in. (3.2
mm), whichever is larger, of bolt diameler. The center-lo-cenler alignment of holes must be held to meet (his tolerance or one flange
must be drilled. Hole spacing shall be a maximum of 4 in. (102.4 mm) center-to-cenler, with holes at comers of the ﬂange

(f) Grilles, regislers, and diffusers shail be fabricated to manufacturer's dimensions and lolerances.
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dation Reference
Requiremen Sour Requirament Text R - Review (Where is this
ce e .
t Number a A - Analysis requirement
T-Test incorporated in the
| - Inspection design)
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728 Table SA-
2 & SA TABLE SA-G400-3 FLATNESS OF SURFACE - MAXIMUM
6410-3 ALLOWABLE WAVINESS TOLERANCE

L e

4

f

FLATYNESS OF SURFACE

MAXIMUM ALLOWABLE WAVINESS TOLERANCE

€ = waviness wlerance of {(Iay suraces hotween duct cdges and/
or adjoining stiffencrs. it shall pot exceed 125% of allowed
Manufaciurers’ 1olerance as specified by:

Cold rolled sicel shea ASTMASGH
Cold rolled steel plate ASTM-AD Toble 14
Hot colled sleel shect ASTM-AS6R
Hou solled steel plaie ASTM-AG Table 15
Galvanized steel sheer ASTM-AS2S Table

729 SA-6500 |Installation Tolerances:

Ductwork and their supports shall be installed within the tolerance specilied by approved construction documents. These
lolerances shall comply with the design requirements of Article SA-4000,
730 SA-6600 |Cleaning, Finishing, and Coating:

Galvanized surfaces shall be iree of damage which impairs the effectiveness of the coaling. Surfaces shall be repaired in
accordance wilh Subsubarticle AA-6540. Painled surfaces shall be prepared and finished as described in Article AA-6000.

Painted surfaces shall be free of scralches and welding damage. Surfaces shall be repaired and repainted in accordance with
Article AA-6000.

Redquired marking, for idenlification, shall be on the exterior of each section.

e SA7000 AGING;
731 SA-7100 [General:
Packaging, shipping, receiving, storage, and handling requirements shall be in accordance with Article AA-7000 and this Section,

AT200
732 SA-7210

Ductwork and accessory items packaging requirements are dependen! upon the prolection leve! as described by Subarticle AA-
7230. Addilional clarification or exceptions are provided below:

(a) Individual duct seclions, assembled or unassembled, shall not require special packaging or end closures. These individually
identified items may be pelletized for convenience. Prolection equal to leve! ‘D" of NQA-2, Part 2.2, paragraph 2.2.4, is required.

{b) Acoustically lined or insutated duct seclions shall have protective wrapping lo prevent water damage. Protection equal to
levet “C" of NQA-2, Part 2.2, paragraph 2.2.4, is required.

733 SA-7210 [General:

(c) Grilles, registers, and diffusers shall be packaged individually by the Manufaclurer lo prevent any degradation. Protection
equal o level “C" of NQA-2, Part 2.2, paragraph 2.2.4, is required.

{d) Exlractors, turning vanes, and spiiller dampers shall be packaged individually by the Manufaclurer to prevent damage and
degradation unlil installation. Prolection equal lo level “C* of NQA-2, is required. Should these devices be installed into the ductwork
sections before shipment, all moving parts shall be secured and all sliding or operation points shall be prolected from degradation by
methods equal to level “C." The basic ducl section level shall remain “D” of NQA-2, Pant 2.2, paragraph 2.2.4.
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Design Document

Receiving at the job sile or intermediate location, where additional work is to be performed or for long term storage, shall be
accomplished in accordance with the provisions of Arlicle AA-7000. It shall be lhe requirement, at any receiving poinl, lo have
adequate descriptions of items to permit suitable inspection for conformance, damage acknowledgement, and proper documeniation.

Records of such inspections shall be maintained until the item is reshipped or instailed.
STORAGE!

General:
Ductwork and accessory ilem storage requiremenls are dependent upon lhe protection level described by Subarticle AA-7230.
These levels shail be the required storage requirements except in centain circumstances as lisled below:

{a) Duct sections shall be slored, on adequate dunnage, in accordance with level “D" requirements. Lined or insulated
ductwork, unless waler-proofed al time of fabricalion, shall be stored in accordance with level “C” requirements. Extraclor and
splitter dampers shall have moving parts prolected in accordance with ievel “C" requirements.

(b)  Extractors. turning vanes, and splitler dampers shall be slored in accordance with the applicable levels in paragraph SA-
7214.

(c) Ductwork supports shall be stored in accordance with level "C" requirements for uncoated carbon steel and level *D”
requirements for other ductwork suppor materials.

Date Printed:. 1/10/2006

Example ASME AG-1 Compliance Matrix

dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number A - Analysis requirement
T - Test incorporated in the
I - Inspection design)
734 SA-7300 [Shipping:
This section relates lo all-transportation methods from the original manufaclurer, or supplier, to the job site. In addition lo the
. applicable Federal and State transport reguialions, the provisions of Articie AA-7000 shall also apply.
735 SA-7400 |Receiving:
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Verification/Vali

Deslgn Document

As a minimum, the following drawings and documentation shall be provided to the Owner:
(a) design paramelers
(b) malerial cedifications
(c) maximum operaling pressure
(d) struclural capability pressure
(e) test pressures
(f)  basis and quantily for maximum allowable leakage
(g) system layoul drawings
{h)  welding procedures
(i)  visual inspection repons
() test acceptance criteria
(k) leak tesl reports
()  environmental qualification reports
{m) duclwork and ductwork support fabrication details

EXAND/STAMBING

740 SA-9100

General:
All items manufactured under lhe requirements of this Section shall be identified to assure compliance with the requirements of
Subarticle AA-8200, and Subsubarticles AA-0130 and AA-8140. Records, as necessary lo assure compliance with Subarticle AA-

8200, shall be maintained by lhe responsible organization in accordance with the approved quality assurance program.

dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number 4 A - Analysis requirement
T - Test incorporated In the
| - Inspeaction design)
737 SA-8100 |General:
Equipment and malerial covered under this Section shall be manufactured, fabricaled, installed, inspected, and tested in
accordance with the provisions of a Quality Assurance Program mesting the requirements of Aricle AA-8000.
738 SA-8200 {Material Idenlification:
Measures shall be established for controlling and identifying material throughoul the manufacturing process and during shipment in
accordance with Article AA-8000.
739 SA-8300 |Drawings and Documeniation:

741 SA-9111

Ducts:

Each duct section shall have noncorrosive, permanent identification markings. Identification markings shail relate each duct
section to the applicable design and fabrication documenls. Markings shall be located on the exterior of the duct. Markings need not
be visible after installation is complete; however, markings shall be retrievable. Itis recommended that the identification markings be
placed on the “incoming air* end of the duct joinl, as close to the end of the joint as possible, and not in such position as to be hidden
or nonreadable.

742 SA-8112

Ductwork Supports:
Each duct support shall have noncorrosive, permanent identification markings. Identification markings shall relate each ductwork

support \o the applicable design and fabrication documents.

743 SA-9113

Air Distribution Accessories:
Air dislribution devices (i.e., grilles, registers, diffusers, louvers, eltc.) shall be marked, stamped or provided with a nameplate which
shall relale (o the design and fabrication documents. Idenlification shall be retrievable after completed installation,

000!

SECTION
GENER

744 TA-3100

General:
Allinspections and tests shall be conducted in accordance with these requirements and the specific requiremenis of TA-4000.

745 TA-3200

Test Instruments:

A calibration program shall be established in accordance with the Owner's Quality Assurance Program. All permanent and
temporary tesl inslruments used in the conduct of lesls required by TA-4000 shall be in calibration. Instrumen! accuracy shall meet
or exceed the requirements of Table TA-3200.

Date Printed: 1/10/2006
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Varification/Vali Design Document
dation Reference
Requiremen s ) R - Review {Where Is this
t Number ource Requirement Text A - Analysis requirement
-T - Test incorporated In the
| « inspaction design)
746 TA-3210 |Range Requiremens:
The {ull-scale range of instruments shall be limited as necessary 10 ensure lhal the readings are within the accuracy requirements
of Table TA-3200.
e TaSIZeOEA- TABLE TA-3200
INSTRUMENT ACCURACY REQUIREMENTS
Meavurement . Range Acauracy
Pressuie >1.0 psig [>7.0 kPa (gagel] 120%
Pressure irom 1.0 In. wy i 1.0 psig 0.1 in, wp
10.25 kfa to 7.0 kPa (gagell (10,025 kPa)
Pressurg from 0.1 in. wg io 1.0 in. vg 2001 ip, wg
125 Pa 10 250 Pa (gagell {225 P3)
Temperature - Varighle 12.0°F
(:1.00
Temperatyre [Nole (1] Varishle . H.5°F
1:0.25°G
Vibration Variahle Pur TA-3241
Tl Varizhle 15.0%
Velociy (sirfiow) Varlable =1.0%
Speed Varizble 22.0%
Time . /atiable =1.0sec
Electiical voltage Variahle 11.0%
tlectrical resistance Variahle £1.0%
Chatlenge aerosol concentration e Per TA3242
Challenge gas conceatratlon .- Per TA-J243
NOTE:
{1) Requircd for pressure I¢3ting in Mandalory Appendix TA- m
748 TA-3220 |instrument Fluctuation:
Symmelrical damping devices or averaging techniques may be used lo reduce random signal fluctuations. Hydraufic instruments
may be damped by using gauge snubbers or by throttiing valves in instrument lines.
749 TA-3230 |Evaluation Following Tes! Inslrument Loss, Damage, or Calibration Failure:
When a test insirument is lost, damaged, or otherwise fails to meel the requirements of Table TA-3200 during calibration, ali test
resulls oblained using the instrument shall be evaluated, daling back to the time of the previous calibration. If the evaluation does
0 Qo m g N [
SEECIEICINSTRUMEN
750 Vibration Instrument:
Vibration instrument accuracy shall be al least +/-10%. The minimum frequency response range of the vibration measuring
instrument shall be approximalely one third of the minimum shaft speed. For rotating components, the maximum frequency response,
range shall be at [eas! two limes the rolational shaft speed of the component being measured, For reciprocaling components, the
maximum frequency response range shall be al least wo limes the sped of the crankshaft, limes the number of unique planes
occupied by a piston lhrow.
751 TA-3242 |Challenge Aerosol Measuring Inslrument:
The Challenge Aerosol Measunng Instrumenl shall be venf' ed to have a lmear range of al least 10° times lhe mlmmum delectable
752 TA-3243 Chal/enge Gas Measunng Instrument
The Challenge gas Measuring Instrument shall be verified fo be capable of dislinguishing challenge gas from background and
measuring challenge gas over a linear range of al least 10° limes the minimum deteclable quanlity of the instrument with an accuracy|
m accordance wnth the Facnln Project Specifications and Owner's Quality Assurance Program,
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Verification/Vali Design Document
dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number q A - Analysis requirement
. T- Test incorporated In the.
| - Inspection design)
753 TA-3310 |Establishment of Reference Values:
Reference values shall be determined from results achieved during acceptance tesling (see TA-4000), when a component or
sysiem is proven to be operating within the acceptable limits of the Owner's Design Specification. Operating tests and inspections
specified in TA-4000 shall be observed, measured, or calculated under condilions readily reproducible during subsequent in-service
tactc tn ollaue far diract comnarienn af lagt rocifte Al tact raculic and accenciatad analucac chall ha incliydad in tha tast nracadiira
754 TA-3400 |Inspections and Test Requirements:
Acceptance tests shall be conducted following initial companent installation but prior to releasing the syslem for normal operations.
Applicable acceptance tests shall also be used to obtain new reference values and verify design function following component
replacement, repair, maodification, or maintenance. Equipment shali be evaluated as separate companents and as functioning parts
of an integrated system. The Owner shall define system test boundaries and evaluate system performance with respect to system
functional requirements in accordance with the Owner's Design Specifications. Field acceplance tesls shall be implemented as
applicable and in accordance with this Seclion,
Teslt designalions associated wilh lests required by TA-4000 are listed in Table TA-3400. Wilhin the contexl of TA-4000, when a
test is nol associated with a designator it shall be considered a prudenl action and nol a test requirement,
785 Table TA- TABLE TA-3400
3400 TEST DESIGNATIONS
Test Deslgnator
Airsaerosol mixing 1est AA
Airflaw distribution test AD
Differential pressure test . op
Differential temperature test DT
Flow eate test Qf
Functional wst {Nole (1)} 3
Hydrostatic test HYD
in-place leok test : P
Laboratory analysis (adsorbem LAB
macthyl-iodide penciration)
Electrical performance test AMP
Lecak tesc PL
Structural capability lest . Ps
Rotational specd test. N
Bearing temperatute lest Th
Vibration tes! vh
Visual inspectian VT
NOTE:
(1) Funcuonal tests consist of various mechanical actuation and
perfamance vesifications and are deailed separately in each
test articla.
756 TA-3410 {lnspection and Test Parameters:
Paramelers which need o be observed, calculated, and recorded in order 1o meel the requirements of this Section shall be
identified for each syslem based on the functional requirements of the Owner's Design Specificalion and shall be included in lhe test
procedure documentation (see TA-6300).
757 TA-3420 |System Operating Conditions: :
Operating conditions required for acceptance lesting shall be determined for each syslem. These conditions and acceplance
criteria shall be based on the requirements of the Owner’s Design Specification and shali be included in the test procedure
758 TA-3430 |Procedure Requirements:
The Owner shall be responsible for the development and implementation of written lest procedures that meet the requirements of
this seclion, Each equipment test seclion consists of generic (see TA-3500) and specific (see TA-4000) test requirements and
acceptance criteria which apply to each of the systems in the facilily. The Owner shall document which requirements are applicable
in the test procedure documentation (see TA-6300).
759 TA-3440 |Tast Reports:
Test reports shall be prepared in accordance with TA-6300.
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datlon Reference
Requiremen Source Requirement Text R - Review {Where is this
t Number q A - Analysis - requirement
T-Test incorporated in the
| - Inspection deslgn)
760 TA-3500 |Generic Tests: ]
Generic Tests as specified in TA-3510 through TA-3533 shall be used in Article TA-4000 where applicable.
761 TA-3510 |Visual Inspections (VT):
Visual inspeclions shall be conducled in accordance with AA-5000 and the applicable portions of Mandalory Appendix TA-I. Field
acceplance visual Inspeclions, required in TA-4000, shall include verification of component installation in accordance wilh the
Owner's Design Specification and the applicable sections of this Code. Acceptance inspections shall be conducled prior to releasing
the equipment for normal operation.
762 TA-3520 |Pressure Boundary Tesls:
Pressure boundary tests consist of hydrostatic (or pneumatic} tests for hydraulic syslems, leak lests for refrigerant systerns, and
structural capability and leak tests for ducts and housings, including fan and damper housings.
763 TA-3521  |Hydrostatic Tests (HYD):
Hydrostatic tests shall be conducted at the hydrostatic pressure defined by the Owner and shall verify ihat he component will not
ruplure, leak, or be permanently deformed under design pressure loads. Tesling shail be conducted in accordance with the design
cades used in \he Owner's Design Specification (e.g.. ASME B31.1). Pneumatic lesting may be used in lieu of water where allowed
by the applicable codes and in the Owner's Design Specification.
764 TA-3522 |Struclural Capabilily Test (PS):
Structural capability test shall be conducted at the structural capability pressure defined by the Owner's Design Specification and
shall verify thal the component will not ruplure or be permanently deformed under design pressure loads. Tesling shall be conducted
in accordance with Mandatory Appendix TA-Il.
765 TA-3523 |Leak Test, Ducl, Housing, and Frames (PL):
Leak tesls for duct and housing sections shall be conducted using either the pressure decay method or the constlant pressure
melhod to verify that the leak rate for duct or housing does not exceed the allowable limit established for lhe system. Testing shall
be conducled in accordance with Mandatory Appendix TA-liIl. Leak testing performed lo satisfy Section SA of this Code may be
used (o meet these lesl requirements when the test method is compatible wilh Mandatory Appendix TA-III,
An optional leak lest for HEPA filler and adsorber mounling frames is authorized to be conducted in conjunction with the housing
{eak lest by blanking off the frame openings and pressurizing the isolated test boundary. This procedure is useful for delecting small
leaks in the mounting frame during acceptance testing. This tes! is used lo verify lhal lhere are no defects in a frame that may cause
failure of the in-place leak test. Testing should be conducted in accordance with Nonmandatory Appendix TA-A.
766 TA-3524 |Leak Test, Refrigeration Piping and Coils (PL):
Leak tests of refrigerant piping and coils shall be conducted in accordance wilh Mandatory Appendix TA-VIIL.
767 TA-3530 |Functional Tests (F):
A functional lest shall be used to verify mechanical and system performance paramelers of equipment. Funclional tests include
component and syslem tests as required in Article TA-4000, Component functional lests are used lo verify the operational readiness
of individual components. Integrated system functional tesls are used lo verify that all of the system components will operate
together under normal operaling or simulated conditions and will meet all of the performance requirements of the Owner's Design
Specification.
768 TA-3531 |Test Condiions:
Equipment shall be tested within the normal operaling range specified in lhe Owner's Design Specificalion excepl as othérwise
specified in TA-4000.
769 TA-3532 {Resloration of Function Following Testing: )
Mechanical and electrical equipment status shali be reslored as required by plant condilions and according lo approved procedures!
following completion of any test.
770 TA-3533 |Vibralion Test (Vb):
Vibralion measurements shall be laken on the accessible molor, fan, compressor, and pump bearing housings in af leasl two
different orthogonal planes approximately perpendicular (o the line of the rolalion shaft. When the bearing housing is not accessible,
lhe frame of the component may be used if it will be representative of bearing housing vibration. When poriable vibration
instruments are used, reference points shall be clearly identified on the component being measured to permit duplication in both
location and plane.
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Functional tests are acceptable when they meel the requirements of the applicable seclions of this Code and the Owner's besign
ication.

775

General
Field acceptance tests shall be conducted following initial system installation but prior to releasing the equipment for normal
operation. Application inspections and lests shall be conducted to verify compliance with the Owner's Design Specifications
following equipment replacement, modificalion, or abnormal incident. Repair or maintenance that has nol affecled acceptance test
reference values does not require repeating acceptance lesls. Within the context of Article TA-4000, a test not associated with a
test designalor is considered to be a prudent aclion and not a test requirement.

dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number q A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
771 TA-3600. |Acceptance Criterfa:
Resulls of tests described on Acticle TA-4000 shall be subject lo the acceplance criteria in TA-3610 through TA-3630 and lo the
applicable aperating and design criteria specified by the Owner's Design Specification. Acceplance criteria are specified in TA-4000
only when they affect the quality of other tests. When test results do nol met the applicable acceptance crileria, lhe corrective
aclions required by TA-5000 shall be initiated.
772 TA-36810 |Visual Inspection:
Visual inspections are acceptable when there are no visual indications of improper installation, physical damage, structural distress
or degradation thal would impair the ability of a component or system to perform its intended function.
773 TA-3620 |Pressure Boundary Tesls:
Pressure boundary lests are acceptable when there is no permanent structural deformation or [eaks in excess of the limits
specified in the applicable sections of this Code and the Owner's Design Specification.
774 TA-3630 |Functional Tests:

10 NG STS

776 TA-4110 |This section provides the field acceptance test requirements for fans, motors, and related accessories. Integrated
system tesling shall be conducted in accordance with TA-4900.
Acceptance Test Requirements:

Acceplance teslts shall be conducted with the fan operating at a flow rale within the normal operating range for the system. The

lests listed in Table TA-4110 shall be conducted and test results verified to be within the acceptance limits of the Owner's Design
Specification, the applicable portions of Section BA of this Code, and as required in TA-3500 and TA-4160. These test results shall
be documented in accordance with TA-6300 and shall be retained as reference values for comparison duting periodic in-service
tests.

7 Ta:'191 gA' TABLE TA-4110

FAN ACCEPTANCE TESTS

Observe

Test(s) Designator Measurc

Visual inspection vT X
Structural capability Ps x
Leak PL x
System flow balance F x
Mechanical run ¥ x
Fiow rate Qf x
Differential pressure opP M
Electsical AMP x
Rotational speed N x
Vibmton Vb x
Bearing temperalure Tb x
Fan performance/airflow

capacity F x

Dale Printed: 1/10/2006
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datlon Reference
Requiremen ; . R - Review {Where is this
t Number Source Requirement Text A - Analysis requirement
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| - Inspection design)
778 TA-4120 | Visual Inspection (VT):
A visual inspection of the fan and associaled components shall be conducled in accordance with TA-3510 and Mandatory
Appendlx TA | (I-1100).
779 TA-4131 |Structural Capability Tes! (PS).
When a fan housing Is pari of the system pressure boundary, a3 slruclural capability test shall be conducled lo verify struclural .
capability of lhe fan housing and connections in accordance with TA-3522 and Mandatory Appendix TA-ll. The fan housing may be
lested concurrent with the ducl and housing structural capability lest specified in TA-4331.
780 TA-4132 |leak Test, Fan Housing (PL}:
When a fan housing is part of (he system pressure boundary, a pressure boundary leak lest shall be conducled to verify leak
tightness of the fan housing and attached interfaces in accordance with TA-3523 and Mandatory Appendix TA-lll. The fan housing
may be tested concurrent with the ducl and housing leak test specified in TA-4332.
781 TA-4133 |Leak Test, Fan Shaft Seal (PL):
When a fan shafl seal is part of the system pressure boundary, a pressure boundary leak lest shall be conducted lo verify leak
tightness of the shaft seal in accordance wilh TA-3523 and Mandatory Appendix TA-lll. The shaft seal may be tested concurrent
with the duct and housing leak test specified in TA-4332. However, the shaft seal leakage rate shall be evaluated {qualitatively)
independent of the overall system leak rate. The qualitative evaluation of the leakage shall be included in the test report.
782 TA-4140 |Componen{ Functional Tests:
The lollowing prerequisites shall be conducted on the fan and molor assemblies prior to the system functional tests specified TA-
. 4150,
783 TA-4141 | Electrical Prerequisites:
Prior to the initial energizing of the fan, the electrical power circuils shall be checked for instaliation, circuil continuity, voltage
capacity, and protective relay device setlings.
784 TA-4142 | Control System Prerequisites:
Prior 1o the initial energizing of the fan, controls shalt be calibrated and verified operational.
785 TA-4143 | Startup Prerequisites:
Prior to Ihe initial energizing of the fan, The fan and motor shaft shall be manually rotated to verify moving parts are free of
interference. The motor shall be momentarily energized to verify correct rotational direction. The fan shall be restarted and slable
operalion (no surging) verified. Fan and molor vibration, bearing temperature, motor electrical amperage and phase balance, fan
speed, differential pressure, and airflow shall be monitored. Following one hour of operalion, or immediately after observation of
unusual performance (i.e., unstable performance), the fan shall be secured and a detailed visual inspection for signs of damage or
degradalion shall be conducted.
786 TA-4150 |System Functional Tests:
This seclion provides the system level field acceptance lest requirements for fan systems,
787 TA-4151 |System Flow Balance Test (F):
A system flow balance shall be conducted. Recommended procedures include SMACNA, NEBB, ACGIH, or AABC (see Article TA-
2000).
System flow balancing may be conducled using artificial resistance in lieu of filters. However, final component reference vaiues shall
788 TA-4152 |Mechanical Run Test (F):
Prior to conducling the tesls specified in TA-4153 through TA-4159, the fan shall be operated at the design fiow rate for at least 15
minutes and slable system operation {no surging) verified.
789 TA-4153 |Flow Rate Test (Qf):
The fan flow rate shall be measured. Recommended procedures include ACGIH “Industrial Ventilation” or equivalent.
790 TA-4154 | Stalic Pressure Test (DP):
The fan inlet and oullet stalic pressure and velocity pressure shall be measured and the overall fan static pressure determined.
791 TA-4155 |Eleclrical Tesls (AMP):
The fan motor supply voltage and amperage shall be measured for each phase.

Dale Printed: 1/10/2006
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792 TA-4156  |Rofational Speed Test (N):
The rotational speed f the fan shall be measured.
793 TA-4157 {Vibration Test (Vb):
The vibration of each fan and motor bearing shall be measured in accordance with TA-3533.
794 TA-4158 |Bearing Temperature Tes! (Th):
Following bearing lemperalure stabilization, (he fan and motor bearing temperalures shall be measured, Stabilization occurs when
{emperature changes are less than or equal to +/- 3 degrees F in a 10 minule period.
795 TA-4159 |Fan PerformancefAirflow Capacity Test (F):
For systems with filter or absorber banks, the fan performance shall be measured under maximum design dirty filter conditions.
This may be done by increasing the system resistance to the design dirty filter differential pressure, (design basis maximum dirty filter
condition), using artificial resistance. The measurement procedures in TA-4152 (hrough TA-4158 shall be used.
796 TA-4160 |Acceplance Criteria:
The following acceptance crileria are in addition to the requirements of TA-3600.
797 TA-4161 |Airflow Capacity Tes( Acceptance Criteria:
Airflow capacity shall be within +/- 10% of design when leslted in the normal ¢clean and maximum dirty filler conditions.
798 . TA-4162 ‘|Fan Performance Acceptance Criteria:
Fan performance (flow, siatic pressure, horsepower) shall meel the specifications of the Manufacturer's fan performance curve and
the Owner’s Design Specification,
799 TA-4200 |Damper Acceptance Tests:
This section provides the field acceptance lest requirements for dampers and relaled accessories. Inlegraled system testing shall
be conducted in accordance with TA-4900.
800 TA-4210 |Acceplance Test Requirements:
Acceplance tests shall be conducted with the dampers installed in the system. The tests listed in Table TA-4210 shall be
conducted and test results verified lo be within the acceptance limits of the Qwner’s Design. Specification, the applicable partions of
Section DA of this Code, and as required in TA-3600. These lesl resulls shail be documenled in accordance withTA-6300 and shall
be relained as reference values for comparison lo periodic in-service lesl resulls.
801 Table TA- TABLE TA-4210
4210 DAMPER ACCEPTANCE TESTS
Test(s) Diesignator Mceasure Observe
Visual inspeclion A2 4 %X
Structural capability PS x
Leak PL x
Paosition indication F x
Excrcise F x
Static timing F x
Flow contrnl F x
Fire damper F x
Oynamic time F x
tmertock F x
802 TA-4220 |Visual Inspection (VT): :
A visual inspection of the damper and associaled components shall be conducted in accordance with TA-3510 and Mandatory
Appendix TA-l, Subarlicle TA--1200
RESSUREBOUND; <
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dation Reference
Requiremen . R - Review {Where is this
t Number Source Requirement Text A - Analysis requirement
T-Test incorporated in the
| - Inspection dasign)
803 TA-4231  |Structural Capability Test, Damper Housing (PS):
When the damper housing and acluator shafl seal are part of lhe system pressure boundary, a structural capability test shall be
conducted to verify the structural capability of lhe damper housing, shaft seal, and inlerfaces in accordance with TA-3522 and
Mandatory Appendix TA-ll. The damper housing may be tesled concurrent with the duct and housing structural capability Lest
specified in TA-4331.
804 TA-4232 |Structural Capability Test, Damper Blades (PS):
Isolation dampers shall be tested to verify lhe struclural capability of the damper blade and seat in accordance with TA-3522 and
Mandatory Appendix TA-ll. The damper blades and seal may be tested concurrent with the duct and housing structural capability
test specified in TA-4331.
805 TA-4233 |Leak Test, Damper Housing (PL):
When a damper housing is part of the system pressure boundary, a pressure boundary leak lest shall be conducted to verify leak
tightness of the damper housing and inlerfaces in accordance with TA-3523 and Mandatory Appendix TA-lll. The damper housing
may be tested concurrent with the duct and housing leak test specified in TA-4332.
806 TA-4234 |Leak Test, Damper Shaft Seal (PL):
When a damper shafl seal is part of the system pressure boundary, a pressure boundary leak lest shall be conducted to verify leak
lightness of the shafl seal in accordance with TA-3523 and Mandatory Appendix TA-il. The shaft seal may be tested concurrent
with the ducl and housing leak test specified in TA-4332. However, the shaft seal leak rate shalf be evaluated {qualilative)
independently of the overall syslem leak rate, The qualitalive evaiualion of the leakage shall be included in the test report.
807 TA-4235 |Leak Tesl, Damper Seal (PL):
When dampers have seal leakage limits, a leak test shall be conducled in the direction the damper is expected to function, in
accordance with TA-3523 and Mandatory Appendix TA-lll. The seat [eak rate shali be tesled by blanking off or otherwise isolating a
duct section upstream of the damper. The leak tesl shall be performed with the damper cycled closed using its normal closing
mechanism (withou! any additional manual assistance).
808 TA-4240 |Component Functional Tests:
Component functional tests shall verify that the damper is operational prior to conducting the syslem functional tests specified in
TA-4250.
809 TA-4241 |Electrical Prerequisites:
Prior to the initial energizing of the damper operator. the electrical circuits shalf be checked for proper installation. circuit continuity,
vollage capacily and protective relay device sellings.
810 TA-4242 | Pneurmnatic Prerequisites:
Prior 1o the initial pressurizing of the damper control system, pneumatic systems shall be checked for proper instatfation and leak
tightness. X
811 TA-4243 |Control System Prerequisites:
Prior 10 the initial energizing of the damper operator, conlrol instrumentation shall be calibrated and verified to be operational.
812 TA-4244 |Position Indication Test (F):
Dampers having remote posilion indicators shall be observed during operation to verify that {he mechanical damper position
corresponds {o the remole indication.
813 TA-4245 |Exercise Test (F):
Power operated dampers shall be fully cycled using a controf switch or other acluating device lo verify operation. Manual dampers,
including balancing dampers, shall be fully cycled to verify operation. Fire dampers shall be lested in accordance with TA-4252.
814 TA-4246 |Static Timing Test (F):
Power operated dampers (electrical or pneumatic), that are required to operale within a specified lime limil. shall be tested by
measuring time for the damper to fully open or fully close (as required by the Owner's Design Specification
{FUNCTIONALLTESTS:
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TA-4310

Dampers that have an opening or closing function interlocked wuh other components {e.g., fans, other dampers) shall be tested to .
venfy mlerlock acuon

Acceptance Test Requ/rements

Acceplance lests shall be conducted with the ducts, housings and mounlting frames installed in the sysiem. The tests listed in
Table TA-4310 shall be conducled and test results verified to be within the acceplance limits of the Owner's Design Specification, the
applicable portions of Seclion SA of this Code, and as required in TA-3600. These lest resulls shall be documenied in accordance
with TA-6300 and shall be retained as reference values for comparison to periodic in-service test results,

dation Reference
Requiremen Source Requirement Text R - Reviaw {Where s this
t Number A - Analysis requirement
T « Test incorporated in the
{ - Inspection design)
815 TA-4251 |Flow Conlrol Damper Functional Test (F):
Power operated dampers that control air flow shall be observed under throllled {lhroughoul its anticipated operaung range) flow
conditions lo verify free movemenl and stable operation.
816 TA-4252 | Fire Damper Test (F):
Fire dampers shall be lested, using a normal or simulated actuation signal, 1o verily activation under design airflow conditions..
817 TA-4253 |(Dynamic Timing Test (F):
Isolation dampers having a required aclualion response time shall be limed to the fully open or fuily closed position (as required by
the Owner’s Design Specification) under design airflow conditions.
818 TA-4254 |Interlock.Test (F):

820 Table TA- |Table TA-4310, Duct, Housing, and Frame Acceptance Tests:
4310 Test Designalor Measure Qbserve
Visual inspection VT *
Structural Capabilily Test PS .
- |Leak tests PL ‘
821 TA-4320 |Visual Inspection (VT):

A visual inspection of ducts, housings, and mountmg frames, shall be conducted in accordance with TA-3510 and Mandatory

Appendix TA-I (TA-I-1300).
822 TA-4330 |Pressure Boundary Tests:

Pressure boundary tests apply to all ducts housings, and inlerface connections that are parts of the system. Individual components
may be lesled al separale limes provided that all syslem pressure boundaries are ultimately tested prior lo the system being placed
into service.

823 TA-4331 |Structural Capability Test, Duct and Housing (PS):

A structural capability test shall be conducted to verlfy slructural capability of ducts and housings in accordance with TA-3522 and
Mandatory Appendix TA-IL.

824 TA-4332 |Lesk Test, Duct and Housing (PL):

A pressure boundary leak lest shall be conducted to verify leak tightness of the ducts and housings in accordance with TA-3523
and Mandatory Appendix TA-Iil,

825 TA-4333 |Leak Test, Mounling Frame (optional) (PL):

A mounting frame pressure test may be used to detect leaks in the HEPA filter and adsorber mounting frames that could affect the
results of lhe in-place leak lesls in TA-4600 and TA-4700. This (esl is optional and may be conducled in accordance with
Nonmandalory Appendsx TA-A

REERIGERATION:EQUIEMEN

826

Acceplance Test R Requirements:

Acceptance lests shall be conducted with the refrigeration equipment in service under normal operaling condilions. The lests
listed in Table TA-4410 shall be conducled and test resulls verified lo be within the acceplance omits of the Owner's Design
Specification, applicable portions of Section RA of this Code, and as required in TA-3600. These lesl results shall be documented in
accordance with TA-6300 and shall be retained as reference values for comparison o periodic in-service lest resulls.

Date Printed:. 1/10/2006
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A visual Inspection of the refrigeration equipment components shall be conducled in accordance with TA-3410 and Mandatory
Appendix TA-| Subgrl' le TA-1-1400.

PRESSURE'BOUN &

dation Reference
Requiremen R « Review (Where s this
Source Requirement Text .
t Number q A - Analysis requirement
T - Test Incorparated in the
. 1 - Inspection design)
827 Table TA- TABLE TA-4000-4
4410 REFRICERATION EQUIPMENT ACCEPTANCE TESTS
Test Oclgnator Mcasure Obrierve
VYisuaf infpucilon vT .
Leak teM oL N
Hydrosatle test HYD M
Valve pasition indigation est F .
Valve vnorcise test .
Valve tining test F .
Flow canicol valve st ¥ .
Mochanieal iun teg F .
Pedfnrmance test F b
Eleairital 1est AP .
Roational spued (est N -
Vibratlon wes! Yb >
Bearing (tmperature lost T hd
828 TA-4420 |Visual Inspection (VT):

829 TA-4431 |Leak Test, Refrigerant Piping and Coil (PL):
Refrigeration systems, including piping, coils, and pressure vessels, shall have a pressure lest conducted fo verify structural
integrity and leak tightness, Testing shall be conducted in accordance with TA-3424 and Mandatory Appendix TA-VIII,
830 TA-4432 |Hydrostatic Test, Hydronic Fiping and Coils (HYD):
Hydronic piping, coils, and pressure vessels, shall have a hydrostatic test conducled to verify structural integrity and leak lighlness.
Testing shall be conducted in accordance with TA-3421.
831 TA-4440 |Component Functional Tests:
The following component functional lests and prerequisites shall be conducted to verify thal the refrigeration system equipment is
operaling acceptably prior to conducting the system functional tests specified in TA-4450. Fans shall be tested in accordance with
TA-4100.
832 TA-4441 |Electrical Prerequisites:
Prior to the inilial energizing of the refrigeration system components, the electrical circuits shall be checked for instalfation, circuit
conlinuily, voltage capacity. and protective relay device settings.
833 TA-4442 [Control System Prerequisites:
Prior to the inilial energizing of the refrigeration system components, the system controls shall be calibrated and verified
operational.
834 TA-4443 [Valve Position Indication Test (F):
Valves having remote position indicators shall be observed during valve (ull stroke operation to verify that the valve position
corresponds to the remote indication.
835 TA-4444 |Valve Exercise Test (F}:
Power operated valves shall be fully cycled using a conlrol switch or other actualing device to verify operation. Manual vaives shall
be fully cycled ta verify operation.
836 TA-4445 |Valve Timing Test (F):
Power operated valves thal are required 1o operate within a specified lime shall be lested by measuring (he time to fully cycle.
837 TA-4446 |Startup Prerequisites:

Correct direction of rolalion shall be verified for compressor motors. Starl the compressor molor, verify stable operation and
monilor the compressor motor electrical supply vollage, amperage and phase balance, vibration, bearing temperatures, rotational
speed, as applicable. Following one hour of operation, of immediately afler observation of unusual performance (j.e., unstable
operation), the equipment shall be secured and a detailed visual inspection conducted for signs of damage or degradation.
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Following compressor and compressor molor bearing temperature stabilizalion, the accessible bearing temperatures shali be -
measured. Slabilization occurs when temperature changes are less than or equal to +/-3 degrees F in a 10 minute period.

Acceptance Test Requirements:
Acceplance tesls shall be conducled with Lhe conditioning equipmenl in service under normal operating conditions for the system,
The tests listed in Table-TA-4000-5 shall be conducted and lest results verified to be within the acceptance limits of the Owner's
Design Specification, the applicable portions of Section CA of this Code, and as required in TA-3500 and TA-4570. These tes!
resulls shall be documented in accordance wilh TA-6300 and shall be retained as reference values for companson to periodic in-
service test results,

dation Reference
Requiremen . R - Review (Where Is this
t Number Source / Requirement Text A - Analysis requirement
T-Test incorporated in the
| - Inspection design)
838 TA-4450 | System Functional Tests: .
The refrigeration equipment shall be tested lo verify mechanical component integrity and design cooling funclion. TA-4451 through
TA-4457 shall be conducted in the same time frame.
839 TA-4451 |Flow Control Vatve Test (F):
Power operated valves, controlied by flow instrumentation, shall be observed under throtlled (throughout its anticipaled operating
range) flow condilions to verify freedom of movement, stable operation, and ability {o maintain required flow..
840 TA-4452 {Mechanical Run Test (F):
The refrigeration compressor shall be operated with the system in the normal heat load range for at |east 15 minutes and stable
systemn operation verified.
841 TA-4453 |Performance Test (F);
The refrigeration compressor inlel and outlel pressure and lemperalure shali be measured wilh the equipment operaling at
achievable load points,
842 TA-4454 |Electrical Test (AMP):
The compressor motor electrical supply voltage and amperage shall be measured for each phase.
843 TA-4455 {Rotational Speed Test (N):
The rotational speed of the compressor shall be measured when accessible.
844 TA-4456 |Vibration Test (Vb):
The vibration of each accessible bearing on the compressor and compressor molor shall be measured in accordance with TA-
3533.
845 TA-4457 |Bearing Temperature Test (Tb):

847 TA-4500 ABLC TA-4000.5
CONDITIONING KQ\-"PMI:NT ACCCITANGE TCSTS
Tt
Wihaunt Inspeerinon vT -
HMydroMnlic test YD -
Elustele haravur sjup controlter vost " -
Llecitlc buater coll rashlance tan F -
ticcisic hoater resistanee ta ground
N .
Vnlve pednn. mr- [T r b s
rerfoimance W -
Bloutr oM ~narr -
Hatad -puud (-1} ~ -
oot o .
Meocing v -
e 1 v :
Iralares r
tee and coil
. .
. Mvap ve coaler
arCo ) ¥ M
848 TA-4520 | Visual Inspection (VT):

A visual Inspection of the conditioning equipment componentls shail be conducted in accordance with TA-3410 and Mandatory
A pendix TA-I Subamcle TA-I-1500.

TA-4531

Hydroslarlc Test Hydronn: P:pmg and Coils (HYD):
Hydronic piping, coils, and pressure vessels, shall have a hydrostatic lest conducted lo verify structural integrity and leak tightness.

Testing shall be conducted in accordance with TA-3521.
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Requiremen . ' R - Review {Where is this
t Number Source Requirement Text A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
850 TA-4540 |Component Functional Tests:
The following component functional tesls and prerequisiles shall be conducled lo verify thal the condmonmg system equipment is
operating acceptably prior to conducling the system functional lests specified in TA-4550. Fans shall be lested in accordance with
TA-4100. Refrigeralion components shall be tested in accordance with TA-4400.
851 TA-4541 |Electrical Prerequisites:
Prior 1o the initial energizing of the condilioning system equipment, the electrical circuits shall be checked for instailation, circuit
continuily, volltage capacity, and protective relay device settings.
852 TA-4542 |Control Syslem Prerequisites:
Prior lo the initial energizing.of the condilioning syslem components, the syslem controls shall be calibrated and verified
operational.
853 TA-4543 | Electric Heater Step Controlier Test (F):
Electric heater step controllers shall be tested by inilialing a simulated demand signal to verify the heater circuil step conlroller is
operational.
854 TA-4544 |Electric Heater Coil Resistance Test (F):
The electrical resistance shall be measured across each heater circuit in accordance with CA-5440.
855 TA-4545 | Electric Heater Resistance to Ground Test (F):
. The eleclrical resistance to ground shail be measured on each heater circult.
856 TA-4546 |Valve Performance Tes!s (F):
Conditioning system valves shall be tested in accordance with TA-4443, TA-4444, and TA-4445,
857 TA-4547 |Startup Prerequisites:
Prior to starting the conditioning system pumps, the pump shaft shall be manually rotaled to verify freedom of movement. The
motor shall be momentarily energized to verify correct rolational direction. Restart the pump molor and verify stable operation and
monilor the pump molor electrical supply voltage, amperage and phase balance. bearing vibration, bearing temperalures, rotational
speed, pump differential pressure, and fluid system flowrale, as applicable. Following one hour of operation, or immedialely after
observation of unusual performance (i.e., unslable operation), the pump shall be secured and a detailed visual inspection for signs of
damage or degradation shall be conducled.
858 TA-4550 {System Functional Tests:
The conditioning equipment shall be lesled in conjunction with the system to verify mechanical component integrity and design
cooling or healing function. TA-4551 through TA-4556 shall be conducted In the same time frame.
859 TA-4551 |Hydronic System Flow Bafance Test (F):
A hydronic system flow balance shall be conducted. Recommended procedures include SMACNA, NEBB or AABC (see Article TA1
860 TA-4552 |Flow Controf Valve Test (F):
Power operated valves, controiled by fiow instrumentation, shall be observed under throtilied (throughout its anlicipated operating
range) flow conditions lo verify freedom of movement, stable operation, and abilily to maintain required flow.
861 TA-4553 |Mechanical Run Test (F):
The conditioning system pumps shall be operated with the system in the normal operahng range for at least 15 minutes and stable
system operation (no surging) verified.
862 TA-4554 |Performance Test (F):
The conditioning pump differential pressure and flow rate shali be measured with the pump operating at achievable flow rates.
863 TA-4555 |Electrical Test {AMP):
The conditioning system pump supply voltage and amperage shall be measured for each phase.
864 TA-4556 |Rotational Speed Test (N):
The rotalional speed of the pump shall be measured.
865 TA-4557 | Vibration Test (Vb):
The vibration of each bearing on the pump and molor shall bé measured in accordance with TA-3433.
866 TA-4558 |Bearing Temperalure Test (Tb):
Following pump and motor bearing lemperalure stabilization, \he bearing lemperature shall be measured, Stabilization occurs
when lemperalure changes are less than or equal to +/-3 degrees F in a 10 minule period.
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The following acceptance crileria are in addition to TA-3600.

. dation Reference
Requiremen . R - Review Where is this
t Numbes Source Requirement Text A - Analysis (requirement
T - Test incorporated in the
| - Inspection design)
867 TA-4559 |Electric Heater Performance Tesl (F):
With design airfiow (+/~10%) through the healer bank, the electrical supply voltage, amperage, and phase balance of each heater
circuit, and differential temperature and air flow across the healer bank shall be measured. Following ane hour of conlinuous
operation, the heater shall be secured and a detailed visual inspeclion for signs of damage or degradation shall be conducted.
868 TA-4560 | Hydronic System Heating and Coofing Performance Test {F):
With the conditioning system operating at design airflow (+/~10%) and design hydronic flow (+/-10%) and at achievable heat load
condilions, the air-side flow, differential temperature and differential pressure, and the hydronic side flow, differential temperature and
differential pressure shall be measured.
869 TA-4561 |Air Washer, Evaporative Caoler Performance Test (F):
A performance test for the conditioning system air washers and evaporalive coolers shall be conducted in accordance with CA-
5000, Mandatory Appendix CA-li.
870 TA-4570 |Acceptance Crileria:

TA-4571

Electrical Heater Ground Resrslance Acceptance Criteria:

TA-4610

Acceptance Test Requ;rements

Acceptance tests shall be conducted with clean moisture separator, pre-filter and HEPA filler banks installed in the system. The
tests listed in Table-TA-4610 shall be conducled and lest resuilts verified to be within the acceptance limits of the Owner's Design
Specification, \he applicable poriions of Sections FA, FB, and FC of lhis Code, and as required in TA-3600 and TA-4640. These test
resulls shall be documented in accordance with TA-6300 and shall be relained as reference values for comparison to periodic in-
service test resulls.

TA-4631

873 Table TA-
4610 TABLE TA-4000-6
MOISTURE SEPARATOR, PREFILTER, AND HEPA FILTER
ACCEPTANCE TESTS
Test Designator Measure Qbserve
Visual inspection Al '
Differential pressure fest DF .
Airflow dislribution test AD '
Air-agrosol mixing test AA .
In-place feak test? 1P .
*In-place leak tesls are not requited on systems used for 100% recitculation (e.g., reactor containment
cleanup units) unless the atmospheric cleanup rate is lime degendent:
B74 TA-4620 |Visual inspection (VT):

A visual Inspection of the msia“ed mmsiure separalor, pre-filter, and HEPA filter banks shall be conducted in accordance with TA-
Mandat

3

Differential PrésSure Test (DP)
With the system operating al design flow rale (+I-10%) the differential pressure across each meisture separator, pre-filter, and
HEPA filter bank shall be measured.

876 TA-4632

Airflow distribution Test (AD):
With the system operating at design flow rate (+/-10%}) the airflow distribution shall be measured downstream of each moisture

separator, pre-filter, and HEPA filler bank in accordance with Mandatory Appendix TA-IV,

Dale Prinled: 1/10/2006
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TA-4710

Wllh the system operaung within +/-10% of design flow rate, the vanallon in concenlratlon of lhe air-aerosol mlxlure immediately

Acceptance Tesl Requrramanls

Acceptance tests shall be conducted with the adsorbent media installed and in service under normal operanng conditions for the
system. The tests listed in Table TA-4710 shall be conducted and test results verified to be within the acceptance limits of the
Owner's Design Spacification, the applicable portions of Sections FD and FE of this Code, and as required in TA-3600 and TA-4740,
These test results shall be documented in accordance with TA-6300 and shall be relained as reference values for comparison to
periodic in-service test resulis.

dation Reference
Requiremen R R « Review {Where Is this
t Number Source Requirement Text " A- Analysis requirement
T - Test incorporated in the
] - Inspection design)
877 TA-4833 |Air-Aerosol Mixing Test (AA):
With the system operating at design flow rale (+/-10%) the air-aerosol mixing upstream of each HEPA filter bank shall be
measured in accordance wilth Mandatory Appendix TA-V,
878 TA-4634 |In-Place Leak Test (IP):
With the system operating at design fiow rate (+/-10%) the challenge aerosol leak rate of each HEPA filter bank shall be measured
in accordance with Mandatory Appendix TA-VI. ]
879 TA-4640 |Acceplance Cnleria:
The following acceptance criteria are in addition lo TA-3600.
880 TA-4641 Airflow Distribution Test Acceptance Criteria:
With the systerm operating within +/-10% of design flow rate, the varlauon in velocity measurements across the HEPA filter banks
shall be limited to +/-20% of the average, when measured in accordance with Mandatory Appendix TA-IV. Airflow distribution across
the moisture separator and pre-filter banks shall be in accordance with the Owner's Design Specification.
881 TA-4642 |Air-Aerosol Mixing Test Acceplance Criteria:

885

883 Table TA- TABLE TA-4000-7
4470 TYPE Il AND TVPE 11l ADSORBER BANK ACCEPTANCE TESTS
Tesl Designator Measure Obscrve
Visual inspection vT .
Ditfetential pressure test . opP - .
Aitflow distribution west AD .
Atr-aerosol mixing tost AA -
In-place lcak test® P .
Tes canister flow raie test Ql .
Air heater perfannance 1est .
{a-place leak tests are not acquired on systerns uscd for 100% secisculatian (ce.g., reacior containment
cleanup units) unless the aimaspheric cleanup rale is tisne dependent.
884 TA-4720 |Visual Inspection (VT):

A visual Inspection of the type | and type Il adsorber banks shall be conducted in accordance with TA-3410 and Mandatory

E/eclnc Heater Step Controller Test (F):
Eleclric heater step controllers shall be tested by initiating a simulated demand signal to verify the heater circuit step controller is
operational.

886 TA-4732 |Eleclric Heater Coil Resistance Test (F):
The electrical resistance shall be measured across each heater circuil in accordance with CA-5440.
887 TA-4733 |Electric Healer Resistance to Ground Test (F):

The electrical resistance to ground shall be measured on each heater circuil.

Dlﬁerén!lal P}é ssdré Te sl (DP) : )
With the system operaling at design flow rale (+/-10%) the differential pressure across each adsorber bank shall be measured.
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889 TA-4742 |Airflow Distribution Tesi (AD):
With the system operaling af design flow rale (+/-10%) the airflow distribution across each adsorber bank shali be measured in
accordance with Mandalory Appendix TA-IV.
890 TA-4743 | Air-Aerosol Mixing Test (AA):
With the system operating at design flow rate (+/-10%) lhe air-aerosol mixing immediately upstream of each adscrber bank shall be
measured in accordance with Mandalory Appendix TA-V. This test is not required when it con be determined thal the air-aerosol test
conducted on 'a HEPA bank immediately upstream of the adsorber bank also provides equivalent challenge to the adsorber bank.
891 TA-4744  |In-Place Leak Test (IP):
With the system operating at design flow rate (+/-10%) the challenge gas leak rate of each adsorber bank shall be measured in
accordance with Mandatory Appendix TA-VIl.
892 TA-4745 | Test Canister Flow Rale Tes! (Qf):
When the system is equipped wilh test canisters used for oblaining adsorbent samples for laboratory analysis, the velocily through
each test canister shall be measured (or calculated from fiow measurements) with lhe system operaling at design airflow rate.
Altematively, when access is limited and measurements cannol be performed, the design documentation shall be verified 1o assure
that the installed canislers meet the performance requirements, (differential pressuresfiow rate), of canisters used during shop teshng
of the test canister sampling system.
893 TA-4746 |Electric Healer Performance Test (F):
Wwith design airflow (+/-10%) through the heater bank, the electrical supply voltage, amperage, and phase balance of each healer
circuit, and differential temperalure and air flow across the heater bank shall be measured, Leaving air temperature shall be
monitored so that temperature limits are not challenged. Foliowing one hour of continuous operation, lhe heater shall be secured
and a detailed visual inspection for signs of damage or degradation shall be conducted.
894 TA-4750 |Acceptance Criteria:
The following acceptance criteria are in addmon to TA-3600.
895 TA-4751 | Airflow Distribution Test Acceptance Criteria:
With the system operating within +/-10% of design flow rale, the variation in velocily measuremenls across the face of the adsorber,
banks shall be limited to +/-20% of the average, when measured in accordance with Mandatory Appendix TA-IV.
896 TA-4752 |Air-Aerosol Mixing Test Acceptance Criteria:
With the system operating within +/-10% of design flow rale, the variation in lhe challenge gas or aerosol concentration readings
immediately upstream of each adsorber banks shall be limited Lo +/-20% of the average, when measured in accordance with
Mandatory Appendix TA-V.
897 TA-4753 |Test Canisler flow Rale Test Acceplance Crileria:
The test canister velocity shall be within +/-10% of the average adsorber design velocily as specified by the Owner's Design
Specification.
898 TA-4754 | Electric Healer Performance Tesl Acceptance Criteria;
Oeralln currents vo(laes and changes in temperature shall be within the limits of the Owner's Design Specification.
ST ASAB0: DS N
899 TA-4810 Accep!am:e Test Requirements:
Verify thal laboratory acceptance lests have been performed on a representative sample of adsorbentl per FF-5000. Test results
shall be documenled in accordance with TA-6300 and shall be retained as reference values for comparison lo periodic in-service lest
resuils.
900 TA-4820 {Laboratory Analysis of Adsorben{ {LAB):
New adsorbent installed in the adsorber banks shall be certified in accordance with the Manufac(urer s lest data for radioiodine
penetration {see FF-5000). Adsorbent stored more than 50% of Manufacturer's assigned shelf life or 5 years per FF-5000 shall have

Date Printed: 1/10/2006
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901 TA-4800

Inlegrated System Tests:

Each system shall be tested to verify the functional performance at design operating conditions. Integrated system tests shall be
conducted to challenge all integrated contro! functions including interlocks and manual or automalic actuation circuits, {damper
position changes, fan slarts and stops, compressor and pump stares or stops, valve position changes, healer energization or de-
energization). Aclualions can be from a number of differenl sources including radiation sensors, temperalure sensors, chlorine
sensors, pressure sensors, manual controls and emergency safeguard signals. Sensor operation shall be verified in addition to
control circuitry. Integrated testing shall also include an overall system leak test to verify lhat there are no unacceptable bypasses of
the HEPA filter or adsorber banks. Integrated system lesting shali verify that the intended design function of the system is achieved
in accordance with the Owner's Design Specification. Test results shall be documented in accordance with TA-6300.

902 TA-4910

Fan Integrated System Test Requirements (F):
Fans designed to respond automatically to a process or emergency actualion signal shall be tested. Sequencing of starts, stops
and speed changes shall be conducled ulilizing an actual or simulated actualion signal.

903 TA-4920

Damper Integraled Systermn Test Requirements (F):
Dampers designed to respond automalically lo @ process or emergency aclualion signal shall be tested. Sequencing of damper
position changes shall be conducled utilizing an actual or simulated actuation signal.

904 TA-4930

Relrigeration and Conditioning Integrated System Test Requirements (F):

Refrigeration and condilioning equipment designed to respond automatically lo a process or emergency actuation signal shall be
tesled. Sequencing of equipment operation (starts, stops, speed changes, valve operations or isolation, heater operation) shall be
conducted utilizing an aclual or simutated acluation signal.

905 TA-4940

HEPA and Adsorber Bank Integrated System Test Requirements (F):

All potential HEPA filter and adsorber bank bypass flow paths, inciuding housing bypass ducls and associated dampers, shall be
challenged to verify Ihal leak rates are wilhin the Owner's Design Specification. Bypass fiow paths may be challenged during the in-
place leak test specified in TA-4634 and TA-4744, by ensuring thal the challenge aerosol or gas injection and sample ports
encompass all potential bypass flow paths (see Mandatory Appendix TA-V, Subarticle TA-V-1100). If a potential bypass flow path
within the system is not challenged during these in-place {esls, a separale test shall be performed using Mandatory Appendix TA-VI
or TA-Vli to verify Ihat the HEPA or adsorber banks are not being bypassed in excess of the limits specified in the Owner's Design
Speclfxcallon

Correctlve acllon is required when test resuits do not meet the acceplance crileria specified in the applicable section or in the
Owner's Design Specifications. For equipment that is replaced, modified, repaired, or has undergone maintenance, such that
reference values may change, a new sel of reference values shall be oblained in accordance with the requirements of Subarticle TA-
3200. Additional guidance for corrective aclions is included in Nonmandatory Appendix TA-B.

General:
Field testing of nuclear air trealment, heating, ventilating, and air conditioning systems shall be conducted in accordance with lhe
quality assurance requirements of Aricle AA-8000 and ANSI/ASME NQA-1,

908 TA-6200

Personnel:
Tesls shall be conducted by personnel who have demonstrated competence to perform the specified tests, as evidenced by

documented experience and training. Personnel shall'be cerlified in accordance with ANSVASME NQA-1 or ANS 3.1, and in

accordance with lhe Owner's requirements.

Procedures
Written acceplance lest procedures shall document the field acceptance lesllng performed and test results obtained as specified in
TA-4000. These records shall be maintained for the life of the facility.
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Design Document

A writlen report shall be provided lo document the acceplance testing performed in accordance with TA-4000. The report shall
contain the following as a minimum:

{a) the syslem name, lestinspection procedure(s) used, date of lest resulls, and the test performer’s signature;

(b) identification of instruments, equipment, tools, and documents 1o the extent that they or their equ:vaienls can be |denlmed for
future examinations;

(c) observalions and dimensional checks specified by the respeclive test data and reports developed during inspection and
|resting; .
(d) conclusions and recommendations by visual examination and testing personnel;

(e) reference to previous reports if this report is for reinspeclion and testing.

911 TA-1-1000

General:

A specific inspection checklist for each componen! in the system shall be included in the acceptance test procedures. This
Appendix fists typical items for each component that need to be inspected visually in Article TA-4000 (Acceptance tests). As a
minimum, the lists of ifems indicated below shall be checked for compliance with the Owner's Specifications. The inspection shall be
conducted in accordance with TA-3410. The acceptance criteria for these inspections shall be in accordance with TA-3500 and TA-
3510.

dation Reference
Requiremen . R - Review (Where is this
t Number Source Requirement Text A - Analysis requirement
T - Test Incorporated in the
| - Inspection design)
910 TA-6320 {Reports:

912 TA-I-1100 [Fan Inspection ltems:

(a) housing and duct interface

(b} fan belt and shaft guards

(c) interferences with moving parts -

(d) fan shaft seat

(e) bell adjustment and condition

() tubricant levels

(9) supports and attachmenls

(h)  bolting and fasteners

(0] instrumentation

()] electrical connections

(k) control system components

on pneumatic connections

(m) as built configuration in accordance wilh design drawings
(n) fan nameplate

(o) provisions for assess for performing tests and maintenance
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t Number A - Analysis requirement
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{ - Inspection design)
913 TA-1-1200 |Damper Inspection ltems:
(a) housing and ducl interface
(b) actuator linkage, motor, controlter
(c) interferences with moving parts
(d) damper shafl seal
(e) blade edge seals, damper seat
{fy limit switches
{9) supporls and altachments
(h)  bolting and fasteners
(i} instrumentation
i) electrical connections
(k) pneumalic connections
(1) as built configuration in accordance with design drawings
(m) damper nameplate ’
(n) provisions for assess for performing tests and mainlenance
914 TA-1-1300 |Duct, Housing and Mounting Frame Inspection ltems:
(a) housing and duct connections (no caulking)
(b) provision for opening access doors from both inside and oulside
(c) access door seals, gaskels
(d) access door laiches
a (e) housing internal access ladders and platforms
Y (f)  sample and injection ports, location and caps
; (9) supports and attachments
- (h)  bolting and fasteners
- (i)  instrumentation, connections
(i)  electrical connections
(k) housing/ducl penelralion seals
{1 loop seals (waler level), drain conneclions
915 TA-I-1300 |Duct, Housing and Mounting Frame Inspection ltems:
(m) lighting conduils, socket housing seals (flush mounted)
{n) HEPAJadsorber mounling frame continuous seal welds
(o) Mounting frame penelrations seal welded
(p) Mounting frame seating surface (weld splatter, flatness, scralches)
(q) Sample canisler installation
(r)  Mounting frame clamping devices
(s) as built configuration in accordance with design drawings
{t) provisions for assess for performing lests and maintenance
{u) lighting for test and maintenance available
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dation Reference
Requiremen . R - Roview (Where Is thls
t Number Souree Requirement Text A - Analysls requirement
T-Test Incorporated in the
| - Inspection design)

916 TA-1-1400 |Refrigeration Equipment Inspection ltems:

(@) housing or ducl inlerface wilh refrigeralion equipment

{b) fan, pump, compressor belt, and coupling guards

(c) interferences with moving parts

(d) bell adjustment and condition’

(e) * fluid feaks

{f) lubricant levels

(g} supporls and aftachments

(h)  bolting and fasteners

0] instrumentation

(). electrical connections

(k) control system and components

0] pneumatic connections and tubing (no crimping)

{m) as built configuralion in accordance wilh design drawings

(n) fan, pump, and compressor nameplate

(o) provisions for assess for performing tests and maintenance
917 TA-1-1500 | Conditioning Equipment inspection llems:

{a) housing or duct inlerface with conditioning equipment

(b) belt and coupling guards

(c) interferences with moving parts

(d) belt tightness

{e) fuid leaks

(f)  lubricant levels

(g) supports and attachments

(h) bolting and fasteners

(i) instrumentation

(i)  electrical conneciions

(k) control system and components

[0} pneurnalic connections and tubing (no crimping)

(m) drains and spray nozzles not plugged

(n) as built configuration in accordance with design drawings

(o) fan, pump, and compressor nameplate

(p) provisions for assess for performing tests and maintenance
918 TA-I-1600 |Maisture Separalor Bank, Pre-filter Bank, HEPA Filler Bank Inspection items:

(a) moisture separalor media, frame, clamps, and gaskets

(b} moisture separator water collection syslem and drains

(c) pre-filler media, frame, clamps, and gaskets

(8) HEPA filter media, frame, clamps, and gaskets

(e) Sealant or caulking (none allowed)

(f) Moisture separatar, pre-filler, HEPA orientation (vertical)

(g) bolting and fasteners

(h) as buill configuration in accordance with design drawings

(i)  HEPA filler nameplale

i) provisions for assess {or performing tesis and maintenance
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Verification/Vali

Design Document

(a) type ll media, frame, screen, clamps, and gaskets

(b) sealant or caulking {none allowed)

(c) lype lll media, screens, frame

(d) lestcanisters

(e) bulk loading equipment

(f) fire prolection syslem piping, nozzles, instrumentation
(9) bolting and fasteners

(h) as built configuration in accordance with design drawings
(i) adsorber nameplale

i) provisions for assess for performing tests and maintenance
] BILITY FE! > EDU EEINE!

TA-1I-1000

Summary of Metho

Ducts and housings which form the pressure boundary of the syslem shall be pressure tesled, with air, to the slructural capability
pressure to verify that there is no breach of integrity or unacceptable dislortion, Fans, dampers, and other componenls which form
parts of the pressure boundary shall be installed and tested with the ducts and housings to verify the interface connection integrity.

. dation Reference
Raquiremen| g0 o Requirement Text R - Review (Where is this
tNumber A - Analysis requirement
T - Test incorporated In the
[ - Inspection design)
919 TAA-1700 {Type i, Type il Adsorber Bank Inspeclion lfems:

921 TA-I-2000 |Prerequisites:

Construction, modifications, or repairs affecting the test boundary shall be complele and inlet and discharge openings of the duct or]
hausing sealed before the lest is started. Electrical, piping, and insirument conneclions shall be complete and all permanent seals
installed before the lest is started. :

922 TA-11-3000 |Test Equipment:

(a) pressurization source

(b} covers io seal test boundaries

{c) _pressure indicating device accurate o +/-0,1 in. w.g.

923 TA-II-4000 |Procedural Guidelines:

(a) Connect the pressurization source to lhe duct or housing.

(b) Install instrumentation lo indicate the pressure inside the duct or housing being tested.

(c) Start the pressurizalion source and operate until the structural capability pressure is achieved. Mainlain pressure for the
duration of the inspection.

(d) Inspect the test boundary for breach of integrity or distortion.

(e) Release pressure and inspect for permanent distortion.

924 TA-U-5000 |Acceplance Criteria:

925 | TA-II-1100

AAlI distortion shall be measunjed and compared to the acgeptance limits of the Owner's Design Specification.

Summary of Method:
Ducts and housings that form the pressure boundary of the system shall be leak tested, with air, using one of the methods listed in
this procedure. Either method may be used and will produce a similar result. The conslant pressure method is useful in lesting small
volumes whereas the pressure decay method is usefu! in testing large volumes. Fans, dampers, and other components that are part
of the pressure boundary shall be installed and tested wilh the pressure boundary to verify interface conneclion leak tightness. If the
measured leak rale is in excess of the acceplance criteria, the leaks shall be located by one of the methods lisled in this procedure.

After leaks are repaired, the ducl and housing shall be re-lesled to verify leak tightness.
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Construction, medifications, and repairs affecting the test boundary shall be complete and the inlet and discharge openings of the
duct or housing sealed before Lhe lest is slarled. All electrical, piping. and instrument connectlions shall be complete and all
permanent seals shall be installed before the test is starled. For pressure decay testing, the volume of the pressure lest boundary
must be calculated.

dation Reference
Requiremen . R - Review (Where is this
Sourc
t Number e Requirement Text A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
926 TA-I1I-2000 |Prerequisites:

927 TA-1I-3000

Test Equipment:
(@) pressurization source
(b) covers lo seal est boundaries
(c) clock or timer accurale 1o +/-1.0 second
(d) pressure indicaling device accurate 1o +/- 0.1 in,
(e) flowmeler or totalizing gas volume meter accurale to +/-5% (constant pressure method)
(f) temperature indicating device accurale to +/-0.5 degrees F
(9) bubble solution for detecting air leaks (bubble method)
(h} optional portable electronic sound detection equipment {audible teak method)
(i) barometer

4000

928 TAI-4100

(a) Connecl the pressurization source to the duct or housing.

(b} Connect the flowmeter or tolalizing gas volume meler belween the pressurization source and the housing (downstream of the
throttling valve, if used). '

(c) Install lemperature and pressure indicating devices so Lhat they will indicate representative temperature and pressure inside
the duct or housing being tested.

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

(e) Starl the pressurization source and operate it until the maximum operaling pressure is achieved. Maintain pressure constant
with the flow control device until temperature remains constant within +0.5 deg F {0.25 deg C} for a minimum of 10 minutes, Record
the initial stabilized pressure, iemperature, and barometric pressure.

929 TA-IIl-4100

Constant Pressure Method:

(f) Measure the flow rate of he air being added to or removed from the duct or housing while maintaining the maximum operaling
pressure within +/-0.1 in. w.g. [0.025 Kpa(gage)]. When using the flow meler, record flow readings once a minute for a 5 minute
continuous period and average the readings to calculate the measured leak rale. When using a totalizing gas volume meler, )
measure the total volume of air for a 10 minute continuous period and divide the measured volume by lime (10 minutes) to calculate
the measured leak rate. Record final pressure, lemperature and barometric pressure. -

(g) Converl the final calculated leak rate to standard cubic feet per minute (cubic meters per second) in accordance with the
method illustrated in ACGIH Industrial Ventilation A Manuai of Recommended Practice.

930 TA-ilI-4200

Pressure Decay Test:

(a) Connect the pressurization source {with a leak {ight shutoff valve) lo the ducl or housing.

(b) Install the temperature and pressure indicating devices where they will indicate representative temperature and pressure inside
the duct or housing being tested.

{c) Seal test boundaries and close access doors in the normal manner. Do not use lemporary sealants, duct tape, or similar
temporary malerials except for sealing the temporary blank-off panels.

{d) Starl the pressurization source and operate until the pressure is 1.25 limes the maximum operating pressure (but not to exceed
the structural capability pressure). Mainlain this pressure constant with a flow control device until temperature remains constant
within +/-0.5 deg F (0.25 deg C) for a minimum of 10 minutes. Clase shutoff valve.
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NOTE: f the structural capability pressure for the duct or housing is less than 1.25 times the maximum operating pressure, the
final test pressure shall be calculated as fallows lo achieve an average lest pressure equal to the maximum operating pressure:
Pr = 0.8(0OPpax} + (1.25(0Px) - SCP)
where
P, = final test pressure
OPnax = maximum operaling pressure
SCP = structural capability pressure
(e) Record the inilial time, pressure, tlemperature, and baromelric pressure.
(f) Record pressure readings once a minute until pressure decays to 80% of the maximum operating pressure, or for a minimum of
15 minules (see NOTE in (d) above).
{9) Record final lime, pressure, temperature, and
baromelric pressure.

dation Reference
Requiremen Source Requirement Text R - Review {Where Is this
t Number A - Analysis requirement
’ T - Test incorporated in the
| - Inspection design)
931 TA-11-4200 |Pressure Decay Test:

932 TA-1iI-4200

Pressure Decay Test:
(h) Calculate the leak rate from the following equation in English Unils:
Qo = (P#Ti- PyT)) * V1 (R*41°0.075)
Melnc units:.
Qoo = (1,39 * 10°) * (P/T; - PyTy) * V/ (R*at)
where
Q,, = average leak rate, scfm (sm¥s). [air densily = 0.075 Ib/ft® (1.2 Kgs/v®))
V = volume within lest boundary, ft* (m°)
P, = inilial pressure within test boundary, psf ABS [Pa(absolute))
Py = final pressure within test boundary, psf ABS [Pa(absolute}]
T, = absolute temperature at slart of test, R (K)
T, = absolute lemperature at end of test, R (K)
at = Y- i lime difference (minutes)
t; = time at start of test (minutes)
t; = lime al end of lest (minutes)
R = gas constant for air; 53.35 fi-th, {0.286 kJ, 1b-R, kg-K)

PT ATY $¥S¥C-ddd

933 TA-NII-4300

Acceplance Criteria:
If the calculated leak rale exceeds the Owner's acceplance criteria. locate leaks in accordance with one of (he techniques outlined
in 111-4400 or i11-4500.

934 TA-1l1-4400

Bubble Leak Location Method:

(a) Pressurize the lest boundary to the maximum operaling pressure for the system.

(b} With the test boundary under continuous pressure, apply bubble solution to areas to be lesled. Identify places where bubbles
are found and perform cotrective aclions. .

{c) Following corrective actions, retest In accordance with 11-4100 or 111-4200.

935 TA-11-4500

Audible Leak Location Method:

(a) Pressurize the test boundary to the maximum operaling pressure for the system.

(b) With the tesl boundary continuously pressurized, locale audible leaks (electronic sound deteclion equipment optional) and
perform correclive actions.

(c) Following corrective action, relest In accordance with 114100 or 111-4200.
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Requirement Text

TA-IV-1100 {Sumrmnary of Metho

The system is operaled a! design flow rate. Airflow velocity readings are measured downslream of each moisture separator, pre-
filter, and HEPA filter in the bank. For adsorbers, readings shall be taken in line with the fiow slots. Each reading is compared to the
average for the bank.

Veriflcation/Vali
dation
R - Review
A - Analysis
T - Test
| - Inspection

Design Document
Reference
(Where Is this
requirement
incorporated in the

937 TA-V-2000 |Prerequisites:

System operaling within +/-10% design flow rate.

938 TA-IV-4000 |Procedural Guidelines:

(a) For each moisture separator, prefilter, and HEPA filter, measure the air velocily al the approximate centers of equal areas with
al leas! one measurement per each moislure separalor, prefilter, and HEPA filler, and a minimum of 9 measurements per bank.
Adsorber velocity
measuremenls shall be made in the approximale center of the flow slols. For fow slots greater than 24 inches long (60 cm),
measurements shall be nominally every 12 inches (30 cm) along the length of the slot.

(b) Calculate the average velocily (V,,.) using the following formula:

Vava = ):Vi fn

where
ZV; = sum of individual velocity readings
n = number of readings
(c) Idenlify the highest and lowest velocily readings and calculate the percentage they vary from the average calculated above.

939 TA-V.1100

System Test: )

Injection and sample port location shali be located so that (he entire syslem, including housing bypass ducts and associated
dampers, is challenged for inadvertent bypass flow paths around the HEPA filter or absorber banks. If this cannot be accomplished,
and inlegraled syslem test shall be included in addition to the bank tests oullined in Mandalory Appendices TA-VI, TA-VIi, and TA-
4940.

940 TA-V-1300

Infection Port Selection Criteria:

Injection ports should be located upstream of a flow disturbance to maximize mixing. The challenge gas will pass through the
HEPA bank and chailenge the absorber bank. For systems with two or more HEPA filter banks in series, or lwo or more absorber
banks in series, separale injection ports musl be qualified for each bank. Use of injection manifolds may be necessary when there is
insufficient room between banks to provide adequate-mixing.

841 TA-V-2000

Prerequisiles:
The system is operating within +/-10% of design flow rate. The airflow distribution has been verified in accordance with Mandatory
Appendix TA-IV.

942 TA-V-4000

Procedural Guidelines: :

(a) Connecl challenge aerosol or gas generalor lo the injection port 1o be tesled.

(b) Place the challenge aerosol or gas measuring instrumen! sample probe upstream of the bank o be tested with adequale hose
length o reach all areas of the bank.

(c) Slart Ihe challenge aerosol or gas injeclion and establish a constant injection rate.

(d) Take a concentralion reading upstream of and al the approximate centers of equal areas, with al least one reading per HEPA
filler and a minimum of 9 readings per HEPA bank. For lype |l and type [l adsorbers, readings shall be taken upstream of and in the
approximate center of each flow slot. For flow slots greater than 24 inches (60 cm) in length, a reading shall be taken nominally
every 12 inches (30 cm) along the length of the stot.
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(e) Calculate the average concentration (C...) readings using the following formula:
Cae =ZC/ 1
where

¥C,; = sum of individuat velocity readings
n = number of readings .
(f) identify the highes! and lowes! concentration readings and calculale the percenlage they vary from the average calculated
above.

dation Reference
Requiremen Source Requirement Text R - Review (Where is this
t Number - Analysis requlrement
T - Test incorporated in the
. | - Inspection design)
943 TA-V-4000 |Procedural Guidelines:

944 TA-VI-2000 |Prerequisites:
Airflow distribution shall be verified in accordance with Appendix TA-IV. The injection porl shall be qualified to provide uniform air-
aerosol mixing in accordance with Mandatory Appendix TA-V.
945 TA-VI-4000 {Procedural Guidelines:

(a) Connecl challenge aerosol generator to the qualified injection porl.

(b) Place the challenge aerosol measuring inslrumen{ sample probes upstream and downstream of the bank to be tested. The
sample tubing shall be of equal bore and approximalely equal lengths and as shorl as possible to minimize lhe measuring instrument
response lime. The upstream sample probe shall be located in approximately the center of the bank. The downstream sample
probe shall be located in a downslream sample manifold or downslream of a mixing source such as a lurbulent fan discharge.

(c) Start the system and verify stable flow rate wilhin 210% of design flow rate,

{d) Measure the upstream and downstream aerosol background concentration. The pre-injection background levels shall be
stable lo ensure correct inslrument response and shall not inlerfere with the de\eclors abilily to detecl leaks in excess of the
maximum allowed by the acceptance criteria.

946 TA-VI-4000

Procedural Guidelines:
{e) Stan the challenge aerosol injection.
{f) Record the upstream and downstream concentrations. Repeat until al least lhree of the readings are stable.
(g) Stop the injection.
(h) Using lhe final set of readings meeting the stability and tolerance crileria, calculale the bank leak rale using (he formula below:
L =(100)C4/C,
where
L =% leak
C,4 = downstream concenlration
C, = upstream conceniration

947 TA-VII-2000

Prerequisites
Airflow d(slrlbuuon shall be verified in accordance with Appendix TA-IV The injection port shall be quatified to provide uniform air-

asrgsol mixing in accordance wilth Mandatory Appendix TA-V.
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(e) Start the challenge gas injeclion.

{f) Record the upstream and downstrearm concentrations, as rapidly as instrument response lime allows, until sufficient data have
been recorded lo allow calculation of adsorber bank leak rate. Care must be taken tg oblain suffcnenl readings quickly after
injection.

(g) Terminate challenge gas injection.

(h) Using the upstream and downsiream concentration data, calculate the adsorber bank leak rate using the formula below:

= (100)Cy/C,

where

L = % leak -
Cq4 = downslream concentration
C, = upsiream concentration

950

TA-VII-2000

Prerequisites:

(a) Aliflare, flange solder, braze, weld, or thread fitlings mechanicatly tight.

{b) Al seals, packing glands, and service valve packing nuts mechanically tight.
(c) Al service, purde, and charging valves closed to the atmosphere.

(d) Wire brush and wipe flux and oxides from all heated joints.

dation Reference
Requiremen . R - Review {Where is this
t Number | Source Requirement Text A - Analysis requlrement
T-Test incorporated in the
| - Inspection design)
948 TA-Vit-4000 |Procedural Guidelines:
(a) Connect challenge gas generalor to the qualified injection port.
(b) Place the challenge gas measuring instrument sample probes upstream and downsiream of the bank lo be tested. The
sample lubing shall be of equal bore and approximately equal lengths and as shorl as possible {o minimize the measuring instrument
response lime. The upstream sample probe shall be located in appcoximately the center of the bank. The downstream sample
probe shall be localed in a downstream sample manifold or downstream of a mixing source such as a turbulent fan discharge.
(c) Start the system and verify slable fiow rate and within 210% of design flow rale.
(d) Measure the upsiream and downsiream challenge gas background concentration. “The pre-injection background levels shall
be stable lo ensure correct instrument response and shall not interfere wilh the delector’s ability to delect challenge gas leaks lass
than the maximum allowed by the acceplance criteria.
949 TA-VIl-4000 |Procedural Guidelines:

951

TA-ViIl-4100

Leak Test Procedural Guidelines:

(a) Open all interconnecting manual syslem valves, solencid and expansion valves lo ensure access {o lhe complele system
volume.

CAUTION: Do nol exceed the safe lest pressure limits established by the unit manufacturer.

NOTE: It is advantageous and less coslly lo use an inerl gas (nitrogen or carbon dioxide) to back up the refrigerant vapor
pressure. Only about 5% {0 10% of he total mixture need be refrigerant vapor for this method to work.

(b) Pressurize the entire syslem o the Manufacturer's recommended test pressure with the test mixlure.

NOTE: Allow time for the refrigerant and inert gas to mix before checking for ieaks.

952

TA-VIll-4100

Leak Test Procedural Guidelines:

{c) Leak lest the entire system, including faclory joints, seals, and insulated lines with an electronic leak delector, Usually a one
inch (2.5 cm) per second movement of the delector probe is sufficient to pick up feaks. Soap solution may also be used to locate
leaks.

(d) Mark or identify any leaks located.

CAUTION: Use appropriate reclaim equipment to prevent release of refrigerant gas to the almosphere.

(e) Leak tesling is complele when all leaks have been repaired and the system has been re-pressurized and retested lo verify that
there are no leaks.

Dale Printed: 1/10/2006

Example ASME AG-1 Compliance Matrix

Page 120 of 141

PI ATY bbSHZ-ddd



8S1-6D

Veriflcation/Vali

dation Reference
Requiremen R - Review (Where Is this
Source em
t Number Requirement Text A- Analysls requirement
T - Test incorporated in the
| - inspaction design)

Design Document

953 TA-VII-4200

Evacuation and Dehydralion Procedure:
Evacuale and dehydrate after leak testing per VIlI-4100. Proper evacualion and dehydration prove system tightness, expel non-
condensables, and assure a dry system before charging with refrigerant.

954 TA-VIII-4210

Deep Vacuum Method:

{a) Vent all syslem pressure,

CAUTION: Use appropriate reclaim equipment o prevent release of refrigerant gas to the almosphere.

(b) Connecl a temparary connection between the system high and low pressure sides. Connecl the vacuum pump, vacuum
indicator, and refrigerant cyiinder to the system.

(c) Open the vacuum pump suctian and start the evacuation.

(d) When the system reaches less than 500 micromelers {Hg) absolule, it is isolated from the vacuum pump.

(e) When the syslem holds 500 micromeler (Hg) absolute for at least 15 minutes, with the vacuum source isolated, the system is
free of m0|slure and leaks and lhe vacuum should be released by chargmg wnh refn erant

Inquiry Format:
- Inquiries shall be limited strictly to interpretations of the requiremenits or to the consideration of revisions to the present
requirements on the basis of new data or technology. Inguiries shall include the following:

(a) Scope: Preferably involve a single requirement or closely related requirements. An inquiry lelter concerning unrelated subjects
will be subdivided by the Commillee, considered individually, and may be responded to individually.

(b) Background: State purpose of inquiry, which would be either to obtain an interpretation of Code requirements or to propose
consideralion of a revision 1o the present requirements. Provide concisely the information needed for the Committee's understanding
of the inquiry (with sketches as necessary), being sure to include references to the applicable Code Section, Division, edition,
Addenda, paragraphs, figures, and lables.

956 1-2000

Inquiry Formal:
(c) Inguiry Structure: Stale in a condensed and precise question format, omitling superfluous background information, and where
appropriate, compose in such a way that "yes" or “no” (perhaps with provisos) would be an acceplable reply. This inquiry statement
should be technically and editorially correct. Those inquiries which in the Commmee s {or the ASME staff Secrelary's) judgmen! are
not clear will be relurned lo the sender
for clarification and resubmittal.
(d) Proposed Reply: State whal it is believed (hat the Code requires. If in the inquirer's opinion a revision to the Code is needed,
recommended wording should be provided.
Additionally, the inquiry shah:
(a) be submitted in typewritlen form; however, legible, handwritten inquiries will be considered;
(b} include name and mailing address of the inquirer;
(c) be submitted to the following address:
Secretary ASME Committee on Nuclear Air and Gas Trealmenl
345 Easl 47th Streel

Habltab/hly Systems

Habitabllily systems (as defined in ASME N509), must meet the requirements of 10 Code of Federal Regulation (CFR), Appendix
A, general design criteria 4, 5, and 19
FUNCTIONAEDESIGN

958 4.1.a

General:

Prefilters are required in air-cleaning units when design inlel particulate concentrations and parlicle size are such that the HEPA
fiiter may be rendered ineffective premalurely. On other air-cleaning units prefillers are recommended only when it is desired to
increase HEPA filter life.
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959 4.1.b

General:
HEPA fillers are required in ail air-cleaning unils when filtration of inlet particulate matter requwes a minimum efficiency of 93.97%
for particles equal to 0.3 micrometer in size.

960 4.1.¢c

General:
Adsorbers are required when air-cleaning units are designed for removal of adsorbable compounds.,

961 4.1d

General:
Moisture separators (demisters) are required when entrained water droplel concentralion may ‘be grealer than 1 1b (0.45 kg) of
water per 1,000 ¢ h (1,700 m3/hr) of airflow,

962 4.e

General:

Heaters should be utilized for air-cleaning units with adsorbers exceeds 70% based upon the 1% percentile meleorological
conditions (where applicable). For nuclear air treatment systems which are unaffecled by ocutside air meteorological conditions,
heaters shou!d be ulilized when an accident would resull in an air-stream exceeding 70% relative humidity for more than 1 r.

963 4.1.f

General:
When adsorbers are used in ESF air-cleaning units, provision shail be made for a posilfilter 1o retain carbon fines. Poslfilters should
also be considered in non-ESF air-cleaning unils discharging into occupied spaces where carbon fine carryover is nol acceptable.

864 4.2

Design Parameters:
Values of the following design parameters shall be specified when invoking this standard and shall be used whenever referenced:
a) volumelric air flow rate, acfm (m3/hr);
1) minimum flow rate;
2) maximum flow rate;
3) design flow rate;
b) design pressures, in w.g.(Pa);
1) maxImum operating pressure;
2) leak test pressure;
3) maximum design pressure;
4) struclural capability pressure (usuaily determined by component designer)

965 4.2

Design Parameters:
c) pressure-time transient (if applicable), in. w.g./sec (Palsec);
d) maximum and minimum gas temperalure (F) and density, Ib/ft3 (kg/m3);
e) maximum inlet relative humidity (percent);
f) entrained liquid waler (mass flow rale}, Ib/min (kg/min);
g) concentrations of specific contaminants in airsiream;
h) required decontamination factors for each contaminant;
i) component radiation integrated life dose (rad) and maximum dose rate (rad/hr);
j) maximum dirty filter pressure differential, in. w.g.(Pa); '

966 4.2

Design Parameters:
k) structurat loadings; )
1) duct and housing maximum permissible leak rate {scfm} (m"3/hr) and associated operating pressure, in. w.g.(Pa);
m) environmental design conditions including temperalure, pressure, and relallve humidity;
n) expected duration and environmental conditions of storage area;
o} particle size distribution and quanlity of aerosols and contaminants under nomal and accident conditions (if known);
p) safely classification (ESF or non-ESF);
q) number of adsorber test canisters per adsorber bank;

r) heater capacity, walls, voltage, temperature differential, if applicable.
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967

4.3

Size (Installed Capacity) of Air-Cleaning Unit:

The installed capacity cfm (m*3/hr) of the air cleaning unit shall be no greater than the limiling installed capacity of any bank of
components contained in the air cleaning unit through which the airflow must pass. The installed capacity of any bank or slage of
components shall not exceed the number of components in the bank times the rated capacily of the individual components. Test
canislers shall not be included in determining the installed capacity of any bank or stage of adsorbers.

968

a4

Enviranmental Design Conditions:

All parls and components of the air-cleaning unit shall be selected or designed lo operate under the environmental conditions
(temperalure, relative humidity, pressure, radiation, elc.) specified in paragraph 4.2. Materials of construction and components shall
be selected or treated to limit generation of combustibles and contaminants and lo resis! corrosion and degradation that would result
in loss of function when exposed lo the specified environmenta! conditions for the design life of the component.

Environmental qualification requirements are contained in 10 CFR 50.49 and |EEE 323 and ASME AG1, Seclion AA and various
specific ASME AG-1 Code seclions.

969

4.5

Structural Load Requirements:
Engineered Salety Feature (ESF) systems and all of their components shall be shown, either by lesting or by a malhematical
technique, 1o remain functional under the siructural loading specified in ASME AG-1, Article AA-4000 and various specific ASME AG-

970

4.6

| Code sechons

At MUStWItHSTERAIE

The maximum design pressure shall be documented by calculation, mc!udmg the basxs for the condition, and rncluded in procurement

specifications for manufaciurer's design.

971

4.6(2)

Positive Pressure: Air-cleaning units and components including ducts located on the discharge side of fan(s) which can be Isolated

by closure of a downstream damper, or potentially plugged components, shall be designed to withstand a positive inlernal pressure
equal to or grealer than the peak pressure of the fan(s). If provision is made lo deenergize fans on high differential pressure or low

fiow, the’components shall be designed to withsland 1he trip point design pressure plus a margin (o include the rale of pressure rise
between reaching the pressure setpoint and the time for the instrumentation response, or 10%, whichever is greater.

972

46 (b)

Negalive Pressure. Air-cleaning units and components localed on the inlet side of fan(s) which can be isolated by closure of an
upstream damper, or potentially plugged components shall be designed to withstand a negative inlernal pressure equal ta or more
negalive than the peak pressure of the fan(s). If provision is made to deenergize fan(s) on high differential pressure or low fiow, lhe
components shall be designed to withstand the trip point design pressure plus a margin to include the rale of pressure rise between
reaching the pressure setpoinl and the time for the instrumeniation response, or 10%, whichever is greater.

NUGEEARIAIRSTREATMENT:SY.STEM;:CONEIGURATIONANDIEOCATIO)

973

4.7

Physical location and arrangement of the components of a nuclear air-trealment system mrluence lhe requlrements for leak lrghlness
for the various parts of the pressure boundary. Air flow should be from potentially less contaminaled areas to polentially more
contaminaled areas. Whenever possible, routing of contaminaled air through clean spaces or inlerspaces should be avoided. i[ this
can nol be done, the general guidance in this Section should be followed. Figures B-1410-1,8-1410-2, and B-1410-3 of ASME AG-1,
Section SA schematically depict examples of possible combinations and localion of fan and air-cleaning unit lo minimize impacl of
syslem contaminated oulleakage on surrounding clean spaces and interspaces as well as contaminated inleakage into a cleaner
system component.

EELUENTNUCEEAR AR TREATMEN:

TEM{(ONE-THROUGH

974 Maintain ducls conveying contaminaied air through cleanspaces or clean inlerspaces at a negative pressure with respect to the
surrounding areas.

975 4.7.1.b With air-cleaning unit localed in a clean inferspace, exhaust fan shall be located downstream of air-cleaning unit in order to keep
air-cleaning unit under negalive pressure. Any leakage through fan shafl will be from clean interspace.

a76 4,7..c With air-cleaning unils located in contaminated spaces or interspaces, the fan shall be localed upstream of the air-cleaning unit to

prevent infiltration of conlaminated air lhrough fan shafl, or into the filter housing downstream of filters (hereby bypassing filters.
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977 471d The length of positive pressure discharge ducts from the air-cleaning unit routed through clean spaces or interspaces should be

Oulsnde air ducls routed lhrough clean spaces or mlerspaces lhal may convey radioaclive air following a release shall be under a
negative pressure relative to the spaces.
979 4.7.2.b  |Negalive pressure recirculaling air ducts thal pass outside lhe habitable space should be avoided or additional fillration provided.
980 4.7.2.c The makeup air fans shall be located:
(1) upstream of air-cteaning unit if air-cleaning unit is in a contaminated space.
(2) downstream of air-cleaning unit if air-cleaning unit is in a clean space.
981 4.7.2.d |The length of posilive pressure ducts outside of the habitable boundary should be kept as short as practical to reduce effect of duct
leakage on ability to pressurize
habitable boundary.
982 4.7.2.e Recircuialing system housings should be kept at a positive pressure if located oulside habitable boundary in a conlaminated space

983 47.3a

If an axr-cleanlng unil is located in a clean space or mlerspace outside of the space served, the fan should be Iocated downslream of

the air-cleaning unil.
984 4.7.3.b Fans may be either upstream or downsiream of aircleaning units if located tolally within the space served.
985 4.7.3.c

The length of dpctwork outside the space served should be kept as short as praclical.
IRV CRITER| i

986 4.8.1 Access for Service, Tesling, and Inspechan
The air-cleaning unit shall be designed to keep radialion exposures during maintenance, testing, and inspeclion as low as
reasonably achievable (ALARA). Some design features which contribute 1o keeping these exposures ALARA are the following.

987 4.8.1.a Man-entry air-cleaning units should be located at floor level or should be equipped wilh a permanent service gallery at least 4 ft
{1.23 m) wide with permanent stairs or fixed ladders.

988 4.8.1b Smaller air-cleaning units should be located at a height above the floor or work gallery level convenienl for access, based on
human factors and the design of the housing.

989 4.81¢c The area in which the air-cleaning unit is located shall be served by a clear aisle wide enough to accommodalte servicing of internal
components and equipment.

990 4.8.1.d Sufficiently wide clear area adjacent to the housing door or hatch shall be provided to allow servicing the air-cleaning unit; a space
of at leasl 4 ft wide x 7 ft (1.23m wide x 2.15 m) high is recommended. The clear work space may also serve as aisle space as long
as il can be used while servicing the air-cleaning unil, or it may serve as the clear space for an adjacent air-cleaning unit.

991 4.8.1.e Clearance of 18 in. (0.46 m) is recommended above the housing for installation and inspection.

992 4.8.1.f Elevated work galleries servicing air-cleaning units shall be designed in accordance with Occupational Safely and Heallh Act

OSHA) requirements.
993 4.8.1.9 Ducls that will have 1o be cleaned out periodically shall be equipped with low leakage access hatches al strategic points.
994 4.8.2 Internal Space for Mainlainance: For ease of maintenance, air-cleaning unit design should provide for a minimum of 3 ft (0.92 m)

from mounting frame to mounting frame between banks of componenls. If componentls are to be replaced between mounting frames,
the bank-io-bank dimension should be lhe maximum deflated length of component plus a minimum of 3 fi (0.92 m). The designer
should consider susceptibility of permanenlly inslalled lesling manifolds to damage in determination of maintenance space. An extra
31t (0.92 m) bank-to-bank spacing should be considered for testing manifold clearance when manifolds are pennanenitly inslalled.

Instruments and Conlrols shall meel the requiremenls of ASME AG-1, Seclion A,

AdsorbentCoollng”
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996

Where heat of radioactive decay or heat of oxidation or both may be significani, means shall be provided lo remove this heat from
the adsorbent beds 10 iimit
lemperatures to values below 300°F (149°C) to prevent significant iodine desorption.

For this purpose, a minimum circulalory air flow shall be available for all operational modes of the air-cleaning unit and shall be
based on the maximum possible radioactivity
loading on the adsorbent beds. Water deluge systems are not acceplable for this purpose.

IRE/EROTECTION®

997

4111

General:
Nuclear air Ireaimenl systems shall be designed, fabricaled, and inslalled so as lo minimize lhe use of combuslibles. Filter media,
sealants, gaskels. and insulation shall meel the requirements of ASME AG-1.

998

4.11.2

Fire Detection:

When air-cleaning units are provided with adsorbers, a fire deteclion syslem shall be installed downslream of each carbon
adsorber bank to detect eilher abnormally elevated temperature or products of combustion. The fire detection syslem shall be
designed lo be responsive lo the unigue features of the installation and applicalion (e.g., low air velocily, siralification). A two-stage
alarm shall be provided. The fire detection system shall operate an alarm (first siage) upon deteclion of temperalure above a
prearranged sel-point and aulomatically trip fan(s) and isolate the air-cleaning unil. The second slage shall operale an atarm when a
fire is detected. Documeniation shall be provided o the owner which shows that Lhe fire detection sysiem is designed (o be
responsive lo a fire within the carbon adsorber bed.,

999

4.11.3

Fire Hazard Procedures. Plant fire protection procedures should include requirements that upon firststage, high-temperature alarm,
the plant fire brigade is dispalched to the area to lake appropriale action.

1000

4.11.4

Fire Hazard Analysis:

A fire hazard analysis shall be performed for all air-cleaning unils and camponents in accordance with 10 Code of Federal
Regulations (CFR) 50, Appendix R and National Fire Protection Agency (NFPA) 803, except that for adsorbers consideration shall be
given fo the type of carbon (or other media) ulilized in adsorbers and the polenlial for fire,

1001

4.11.5

Fire Prolection Systems. Fire proteclion systems, when provided, may use waler deluge, inert gases (e.g., halon, CO2) or other
ex{inguishing agenls as appropriate .
for the hazard and designed in accordance with all applicable NFPA standards.

1002

4.11.6

Water Deluge Systems:

Deluge nozzles shouid be permanenily mounted within the housing and localed to ensure that both deep-seated or surface fires
can be extinguished. Nozzles shall be piped lo an accessibie localion outside the housing and provided with redundant leak-tight
isolation valves and a conneclion suitable for manual attacheni to the pianl’s fire protection system. Permanently connecled fire
protection systems are nol recommended, bul may be used in tieu of manual hose connections.

1003

4.11.7

Acluation of Fire Protection Systems. M lhe resull of the fire hazard analysis requires that a fire protection system be provided for an
air-cleaning unit, the fire proteclion sysiem should be manually actualed. Automatic actualing water deluge systems are not
recommended because spurious aclualion of detection/automalic protection systems will significantly degrade adsorber capabllity
and damage the adsorber.

1004

4.11.8

Permanently Connected Fire Protection System. When air-cleaning unils are provided with permanenlly connected fire protection
systems, provisions shall be made to aclivale an alarm upon initiation of flow of extinguishing agent (e.g., water, halon, CO,).

1005

4.11.9

Relurning Air-Cleaning Unit lo Service;

If carbon does become wel, the wel carbon shall be removed from the adsorber to prevent structural damage (0 the adsorber due
{o chemical interaction. Before placing the air-cleaning unil back in service, the adsorber shall be thoroughly dried and visually
inspected for corrosion damage. Dried carbon shall be laboratory lested per ASME AG-1, Section FF and adsorber leak testing
shall be parformed per ASME AG-1, Section TA.
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1006 4.12

Insulation: .

Acoustic linings, thermal insulalion, and similar malerials shall not be applied to the inside of air realment system ducls and
housings. Materials applied 10 the oulside of ducts and housings shall not prevent access to any bolled construction joint, doar,
access halch, or instrument in the housing or ducts or result in penetrations through the pressure boundary which would resull in
exceeding allowable leakage rales in accordance with paragraph 4.14, of ASME N503.

1007 4.13.a

Testability:

To ensure that the testing requirements of this Standard can be mel, sufficient permanently installed halide and DOP injection and
sampling ports shall be provided lo permit accurale lesting in accordance with ASME AG-1, Seclion TA. here required for proper
challenge agent mixing and/or sampling, multiple inlet or outlet distribution manifolds shall be provided to allow injection and sampling
per ASME AG-1, Seclion TA. -

1008 4.13.b

Testability:

Sufficient test cannisters or olher means of obtaining samples {see Mandalory Appendix I} of used adsorbent shall be insialled in
the adsorber sysiem lo provide a representative determination of lhe response of the adsorbent to the service environment over the
predicted life of the adsorbent. Test cannisters shall be inslalled in a location where they will be exposed to the same airflow
conditions as the adsorbent in lhe system, shall have ihe same adscrbent bed-depth as the adsorbenl in the system, and shall be
filled with representalive adsorbent from the same balch of adsorbent as thal of 1he system.

The quanlity of test cannisters to be provided shall be based on the expecled frequency of operation. For continuously operaling
systems, where laboralory testing of carbon is required every 720 hr of operation, a minimum of 18 lesl cannisters is recommended.
For those systems where laboralory carbon tesfing is required once every 18 monihs, @ minimum of 6 lest cannisters is
recommended. if the adsorber operalion may vary {rom part time to continuous then ciassifying the adsorber as continuous is
recommended.

1008 4.13.b

The type of test cannister design (including conneclion to adsorber bank) shall be qualified by the manufacturer. Any change in the
cannister design or mounting lo bank shall require a retesl. The qualification tesl shall measure air velocCity at the test cannister,
Measured velocity shall be +/- 10% of adsorber bank design velocity. Tests on each production air-cleaning unit are not required.

1010 4.13.c

Testability:
Access shall be provided between banks of componenls in the air-cleaning unit housing 1o permit physical inspection of both sides
of each bank. Componentls shall not be installed back-to-back on the same or opposite sides cf the same mounting frame, or on
adjacent mounting frame, or on adjacent mounting frames which are so close as nol to permit adequate access space belween
banks. )

PRESSURE:BOUNDAR

1011 4.14.1 Maximum Allowable Leakage:
Maximum allowable leakage across the pressure boundary of any portion of a nuclear air-treatment system shall be based on

health physics requirements. Leakage into or out of
nuclear air treatment syslems may affect: (a) control room habitabilily;
(b) plant personnel exposure during normal plant operation due lo contaminated oulleakage in clean spaces or clean inlerspaces;
(c) plant personnel exposure due to excessive system inleakage which prevents the nuclear air-treatment system {rom performing its
design funclion in contaminaled spaces or contaminated inlerspaces during plant normal, upset, or accident conditions;
(d) offsite exposure during plant normal, upset, or accident conditions.

1012 4.14.2 Calculation of Allowable Leakage:

The sysiem designer (Engineer) shall delermine leakage criteria and allowable leakage to meet governing Codes, Slandards,
regulations, and plant-specific requirements for required
porilons of the nuclear air-realment system pressure boundary {ducls, housing, dampers, fans, etc.). The basis for delermining the
leak rate, and coincident operating (static) pressure shall be documented and provided to the owner.
Additional leakage criteria may be applied to the pressure boundary as delermined by the owner lo meél plant-specific ALARA
pragrams andlor regulatory requirements.

Additional leakage criteria can be found in nonmandalory Appendix SA-8 of ASME AG-1, including examples of determining

allowable leakage for typical inslallations. :
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1013 4.14,3 . |Leak Test Parameters:

Compeonents shall be designed, fabricated, and installed lo not exceed allowable leakage at specified operating pressure. See

1014 s, HEPA Fillers:
HEPA fillers shall meet the requirements of ASME AG-1. Seclion FC.
1015 5.2 Tray-Type Bed and Deep Bed Adsorber Cells: Tray-lype and deep bed adsorber cells

shall meet the requiremenits for Type Il or Type Il cells, respectively, of ASME AG-1, Sections FD, Type Il Adsorbers, and FE, Type
)l Adsarbers; and shall be filled wilh an adsorbenl which meets the requirements of ASME AG-1, Section FE.

1016 5.3 Prefillers and Post Fillers:
Medium efficiency prefillers and postfilters shall meel lhe requirements of ACME AG-1, Section FB.
1017 5.4 Moislure Separalors:
Moisture separators shall meel (he requirements of ACME AG-1, Seclion FA.
1018 5.5 Air Healers:
Heaters shall meet the requiremenis of ACME AG-1, Section CA
1019 5.5.1 Healer Stage:

The heater stage shall be sized on the basis of heal Iransfer calculations showing a capability of reducing the maximum expected
relative humidity of the entering airstream mixture to pproximately 70% in the housing space belween the moisture separalor or
housing inlet (whichever is applicable) and the refiller stage, al the system design flow rale. The sensible heat produced by the
heater stage shall not result in increasing air temperatures to more lhan 225°F. An overtemperalure cutoff switch set at this vaiue
shall be provided. Manually reset overtemperalure cutoff switches are not recommended for ESF air-cleaning unils located in areas
not accessible following a DBA.

1020 5.5.2 Drawings:
Drawings showing the details of construclion, dimensions, dimensional tolerances, size and location of services (i.e., electrical
connections) and method of installation of the air-cleaning unit heaters shall be furnished to the owner.

1021 5.5.3 Healers for ESF Systems: Heaters in ESF aircleaning units shall be
qualifled to meet the requirements of IEEE 323, (EEE 344. and ACME AG-1, Section CA.
1022 5.5.4 Documentation:

A report containing description and resuits of qualifications testing and the resistance, cerification and serial number (s) of the air-
cleaning unit heaters purchased shall be furnished to the owner. If small scale model tests are lhe bases of design, scaled-up
calculations must be provided. Heat transfer calculafi Il be submilted to th if )

(LTERHOUSINGE S i ;
General Requirements:

1023

o T FANSS
1024 5.7.1 Fans s

by
hall meel the requirements of ASME AG-1, Seclion BA,

1025 §.7.1 Fans shall be selected on the basis of detailed syslem pressure loss calculations, and shall be capable of producing the specified
desian flow rates. The system designer shall, in accordance with AMCA 201, prepare a system characteristic curve for design and
limiting condilions under which the fans will be required ta aperate.
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1026 5.7.1 All resistances in the system, including clean and dirty compaonent pressure drops (as well as test pressure differential), full-open and

intermediale contro) damper positions, duct inlet losses, and losses in ducts, housing inlets and oullets, and fan inleis and outlets

shall be considered in the estimate of the system characteristics. A set of constant speed fan performance curves, showing the static

or total pressure, carresponding efficiency, capacily, and brake horsepower shall be obtained from the fan manufacturer for each fan

configuration. Fan inle! and discharge configurations, or other system characleristics, that would adversely alter the published fan

performance shall be avoided. Fan size shall be chosen after performing an analysis of the system characieristic and fan

performance curves, considering ail system factors including temperature, pressure, required airflow and, patticularly for fans

operating in post-accident primary containment almospheres, density and viscosity of the air or air-sleam-entrained water mixture,
1027 6.7.1 Fan selection shall also allow for test conditions in accordance with ASME AG-1, Seclion TA. The system designer shall idenlify the

1028 Fan dnves shall meet the raquirements of ACME AG-1, Section BA.

1029 5.8.1 Inlegral Horsepower Molors -- General:

Motors shall comply with and be tested and raled in accordance with applicable requirements of NEMA MG1, and IEEE 112A.
Performance shall be verified by either test or certification as specified for each requirement. Rated service factor shall be a
minimum of 1.0 unless specified olherwise.

1030 5.8.1 Motors shall be sized to supply maximum mechanical load demand without exceedmg the rated horsepower under all identified
operating conditions and to produce the required forque and acceferation as required by the driven equipment under the most
adverse vollage, frequency and conditions specified. and shall be designed for the starting sequence specified by the Engineer.

1031 5.8.2 Drives for ESF Systems:

Drives in Engineered Safety Feature (ESF) systems shall comply with Inslitute of Electrical and Electronic Engineers (IEEE) 323, In
addilion, drives of ESF systems located inside containment'shali be qualified in accordance with |EEE 334,

ESF fan drlves shall be qualified in accordance with IEEE 344. Motor supports and hangers shall be designed to withstand all
seismic and operating loads with the motor in its normal operaling orientation without impairment of operating characteristics.

Packagmg, shlpp:ng, rece:vtng, slorage, and handlmg shall mee: {he requtremenls of ASME NQA-1; ASME AG-1, Article AA-7000,
and various specific ASME AG-1 Code section.

NSTALEATION:ANDERECTION:

71

Drawings:

Complete air-cleaning system layout drawings showing the location of housing, ducts, fan dampers, and the other exlernal
componentls in each of three mulually perpendicular planes shall be prepared prior to the start of erection. Drawings shall show all
connections, hangers, and anchors, the location and joint details for all welds, and the procedure specificalion for each weld. The
layout drawings shall reference dimension and shop drawings of components, as applicable. Layoul shall be checked for
Interferences with other ilems to be installed in the area, and conflicts shall be resolved before installation.
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1036

7.2

Ereclion:

All ducts, housings, fans, dampers, hangers, anchors, and services (electrical, steam, drains, elc.) shall be installed in strict
conformance with the layoul drawings; deviations of more than lhe design tolerance from the location in any plane from the position
shown in the drawings shall be approved by the system designer or other responsible Engineer, and shall be documented by "as-buil
drawings.* Prefabricated duct subassemblies should be made as large as practicable to minimize field joints and field welding.
Housings shall not be used to support other equipment of the facility for which it was not designed; field runs of pipe, duct, or conduit
or other systems of the facility shall not be permitled to penelrate the housing. Internal components (fillers, adsorbers, etc,) shall nol
be installed until immediately before the system is presented for tesling, and shall nol be removed from Lheir cartons ar crates until
they are ready to be installed. The recommendations for handling and inslallation of HEPA fillers given in ASME AG-l, Seclion FC
shall be complied with.

1037

7.3

Welding:
Welding procedures. welders, and welding operalors shall be qualified in accordance wilh ASME AG-1.

1038

7.4

Installalion of HEPA Filters and Adsorbers:
Installation personnel shall be instructed in the proper handling of the HEPA filters and carbon cell adsorbers prior lo the
installation and clamping of the fillers.

1039

74

Components should nol be removed from protective cartons, crales, pallets, or skids unlil immedialely before they are to be inslalled.
Each item should be checked for physical damage, or evidence of abuse. Replace or repair damaged items before use. The position
and alignmen! of foundations, anchors, hangers, ducts, housings, dampers, fans, motors, and olher components shall be checked
and their localions shall be within {olerance as shown on the drawings. Pleals of HEPA fillers shall be vertical, gaskets of HEPA
filters and adsorbers shall be securely affixed so that they are not displaced during installation. Clamping devices shall be in place
and compietely tightened to produce the required gasket compression.

1040

7.4

After filters and adsorbers are unpacked and opened 10 the atmosphere, extreme care Is required lo ensure that degradation does
not occur either from exposurse before loading or by system operation during testing, construction, repair, or plani modification.
Refilters and HEPAs are particularly vulnerable to degradation due to construction dusl. If additional welding is required on the filler
housing after HEPA fillers or adsorbent is inslalled. the HEPA filters and adsorbent must be removed before starting this work.
HERA filters are very susceplible to pinholes from welding sparks. Carbon adsorbent is aged or poisoned by trace concentrations of
vapors such as solvents, paint off-gassing, engine exhaust and welding fumes, or by moisture condensation.

The desngn organization, manufacturers of components, and constructors (including subcontractors) shall each establish and comply
rogram and hich meets the requiremenis of ASME NQA-1

Acceptance lesting shall be in accordance with ASME AG-1, Section TA and operational lesting shall be in accordance with ASME
NS10. Itis recommended that prefillers be installed before fan is first turned on to protecl filters and fans from construction debris,
and the system fan(s) should be operated for at least 25 hr before installation of HEPA filters and adsorbers ta clean up the worst of
consiruction dirt (arificial resistance may have {0 be added during this operalion to prevent overloading of the fan motor). Prefilters
may have to be replaced after this evolution. For personnel protection, personne! should not enter housing until fan has-operated for
a sufficient period of time to remove air entrainable debris, After inslalling the HEPA filters and adsorbers. the system heaters should
be operated, where provided, to reduce, if necessary, the relative humidity of the air prior to making tests on Ihe adsorbers.

1043

All dampers, valves, and controls shall be exercised through their full operating range and shown to be in good operating condition
before the start of tesling. After complellon of acceptance testing, the system shall be sealed and the fan controls locked out lo

rotecl lhe com onenls durin eralions at the sit
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Portable instrumentation used in the performance of the lests specified in this standard shall meet the accuracy requirements of
this standard and shall be calibrated in accordance with the facility project specifications and qualily assurance program.

VISUAINSRECTIO

dation Reference
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| - Inspection design)
1044 4 General:
The lests covered by this Standard are of wo types:
a) acceptance lests which verify that the systems have been correctly installed and meets the requirements of the project
specification.
b) surveillance tests which monitor the condition of the syslems.
This classificalion of tests as acceptance or surveillance, and the recommended minimum frequency of tests are shown in Table 1.
1045 4.1 Test Procedure:
Procedures shall be prepared for each required lesl, based upon the requirements of this standard
1046 4.2 Personnel:
Tests shall be performed only by persons who have demonstrated the compelence to satisfaclorily perform the specific lests in
question as evidenced by experience and training. Personnetl shall be cedified in accordance with ANSASME NQA-1 or ANS 3.1
and in accordance wilh the facility project specifications and quality assurance program.
1047 4.3 Instrumentation - Permanent:
The permanent instrumentation used on the installed systems shall have an eslablished routine calibration program in accordance
with the facility project specificalions and quality assurance program.
1048 4.4 Instrumentation - Portable:

1049 5.1 Purpose:

A visual inspection of the air lreatment syslem, as specified by the test program, shall be made in conjunction with each test series
to identify visual deficiencies in the system prior to commencing the lests. In addition, this inspeclion may be used to verify that
system design and construction are In accordance with ASME NSD3.

1050 5.2 Summary of Method:
Visual inspection shall be made under a combination of background fight plus supplementary light that provides adequate
illumination of the surface lo be inspscled.
1051 53 Prerequisites:
Construction, modification, andfor repairs shall be completed to the extent of supporting the test series.
1052 5.4 Apparalus:
Supplementary light as required to provide adequate illumination of lhe surface to be inspected.
1053 5.5 Procedure:

As a minimum, the lists of items in para. 5.6.1 sho&d be checked, When performed as parl of the acceplance test, the visual
inspection should be starled prior to filter media installation and completed after completion of media installation. Those items
indicated by an asterisk {*) usually need only be inspecled during acceptance lesting and/or after any syslem madification or repair.
Whenever "unacceptable” is used, il is intended {0 mean any damage or condilion that would impair the ability of the item to perform

its function {reference ASME N509).

GUIDANCE FORVISUALINSBECTION
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1054 5.5.1.1 Housing and Ducls:
{a) Adequale access lo housing.
(b) Adequate space for personnel and equipment for maintenance and tesling.*
{c) Doors of rigid construction lo resist unacceptable flexure under operating condilions.*
(d) Adequate seal between door and casing.
(e) Gaskel joints are dovetail type with a sealing surface suitable for accommodating a knife edged sealing device.
(f)  Provision for opening doors from inside and outside of housing.*
(g) Adequale number and acceptable condition of operable lalches on access doors (o achieve uniform seating.
{h) Provision for locking doors.* ) :
{i) Adequate structurai rigidity of housing to resist unacceptable flexure during operaling conditions.*
(i  Access o upper liers, (above the 7 it level), provided with permanent ladders and platforms.*
(k) Atleast 3 ft clearance between banks of components for mainlenance and testing.*
{1) Door provided on each side, (upstream and downstream of each HEPA filter and component bank).*
1055 56.5.1.1 Housing and Ducts:
{m) No back to back installation of components.®
(n) Sample ports located and labeled upsiream and downstream of each HEPA filler and adsorber bank.
(o) Challenge injection ports located and iabeled,
(p) Sample and injeclion ports equipped with leak-tight caps or plugged.
{q) Housekeeping in and around housing adequate for maintenance, lesting, and operation.
(r)  Adequate guards provided on fans for personnel safety.
(s) Condition of flexible connection between housing and fan localed exlernat lo housing adequale o prevent leakage of
untrealed air,
{t)  Fan-shaft seals installed where required.
(u) Airtight seals for conduils, eleclrical connections, plumbing, drains, or other condilions that could result | bypassing of the
housing or any component therein.
(v)  No sealant or caulking of any type on/in housings or component frames. Caulking on/in ducls may be permissible
depending on project specifications.
{w) Loop seals have adequate waler level.
1056 5.5,1.2 |Local Insirumentation:
{a) No unacceptable damage to instrumentalion (e.g., gages, manometers, thermometers, elc.).
(b} Ali conneclions complete.
1057 5.5.1.3  {Lighting, Housing:
(a) Adequale lighting provided for visual inspeclion of housing and components.
{b)  Flush mounied fixiures serviceable from outside the housing.*
1058 5.5.1.4 |Mounting Frames for Filters and Moisture Separators:
(a) Continuous seal weld between members of all frames and between frame and housing.*
(b) Adequate slruclural rigidily for supporting internal components during operaling conditions without flexure.®
(¢}  No unacceplable damage to the frames that may interfere with proper seating of components.
(d) Sample canisters installed and unused connections capped or plugged leak-tight.
(e) No penetrations of lhe mounling frame except for lest canisters.
(f) No sealant or caulking of any lype.
1059 6.5.1.5 |Filter Clamping Devices:
(a) Sufficient number of devices of adequale size Lo assure specified gasket compression.
(b) Individual Clamping of fillers and adsorbers.*
(c) Al clamping hardware complele and in good condition.
(d) _Adequate clearances provided between filter and adsorber units in same bank to tightened clamping devices.*
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Moisture Separalors:

{(a) No unacceplable damage to media, frame, or gaskets.

() No dirt or debris loading whlch creates a higher than the specified pressure drop across the bank of components at the
design airflow rate.

(c) _Proper inslallation of moisture separators.

Air Heating Coils ~ Inside Housing:
(@ Nounacceptable damage to coils which may affect operability of the heaters.
(b) No unacceptable dirt or debris on or between coils.

Pre-Filters:
(a) No damage o media, frame, or gaskets which may affect operabilily of prefillers.
(b) No dirt or debris loading which creates higher lhan the specified pressure drop across the filter bank al the design flow rate.
(c) Properinslallation of prefilters.

HEPA Filters:
(a) No unacceptable damage o filter media.
(b) Acceplable condition and seating of gaskets with at least 50% compression.
(c) No dirt or debris loading which creates higher than the specified pressure drop across the filler bank at the design flow rate.
(d)  No sealant or caulking of any type.
(e) Filters are properly installed with pleats vertical.

Adsorbers:
(a) No unacceplable damage lo adsorbers or adsorbenl beds..
(b} Acceptable condilion and sealing of gaskels with al least 50% compression.
{¢) No through bolts on Type !l adsorbers or other slruclure that could cause bypass in an adsorber bank.
{d) No sealant or-caulking of any type.

Dampers —~ Housing and Associaled Bypass Duct:
(a) No unacceptable damage to or distortion of frame or blades.
(b} No missing seats or blade edging.
(c} No unacceptable damage to shaft, pivot pins, operalor linkages, operalors, or packing.
(d) Linkage connected and free from obsiruction.
{e) No unacceptable damage to gaskets.

Acceptance Criteria:
The acceptance crileria shall be in accordance with test program or project specifications.

Report:
The test procedure shall document the results of Lhe 1est and conform lo the owner's test program. Items identified as
unacceplable should be further documented in the comment section of the tesl report to assist the owner in preparalion of corrective

Purpose

These lesls are to venf the leak tightness and structural integrily of housings and ducts.

Structural Capab/h(y Tes(

Ducts and housings of once-through and recirculalion air trealment syslems which could be subjected (0 struclural capability
pressure due to closure of dampers on suction or discharge of fans shall be pressure lested and verified thal there is no
unacceptabie distortion or breach of integrily.

Requiremen Source
t Number

1060 5.5.1.6
1061 55.1.7
1062 5.5.1.8
1063 55.1.9

Q

ch 1064 5.5.1.10

—

W

O

w N
1065 5.5.1.11
1066 5.6
1067 5.7
1069 ‘] 6.2.1
1070 6.2.2

Duct and Housing Leak Tesls:
Ducls and housings shall be pressurized fo delermine leak tightness. If the measured leakage is in excess of the acceplance
crileria, lhe leaks should be located by one of the methods listed in paras. 6.5.4 or 6.5.5. After leaks are repaired, lhe housing or

duct shall be retested.
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Construction, modifications, and repairs affecting the lest boundary shall be complete and the inlet and discharge openings of the
duct or housing sealed before lhe tesl is slarted. All electrical, piping, and instrumen! connections shall be complete and all

permanenl seals installed before the tesl is started.
3 i,

dation Refarence
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1071 8.3 Prerequisites:

1072 6.4.1.1 Tes! fan with flow conlrol

1073 6.4.1.2 Covers lo seal lest boundaries.

1074 6.4.1.3 Clock or timer accurale lo +/- 1.0 sec.

1075 8.4.1.4 |

Pressure lndlcalmg device accurate to +/- 0.1in. w.g.

1076 6.4.2.1

Tes\ far\ w1lh ﬂow control,

1077 6.4.2.2 Flowmeler or lotalizing gas volume meler accurate 10 +/- 5% of reading.
1078 6.4.2.3 Temperalure indicating device accurate 1o +/- 5 degrees F.
1079 6.4.2.4 Pressute indicating device accurale 10 +/- 0.1in. w.g.
1080 6.4.2.5 Covers lo seal test boundaries.
1081 6.4.2.6 Clock or timer accurate to +/- 1.0 sec.
1082 6.4.3 Bubble Method:
Bubble solution in a plastic squeeze-type laboratory wash bollle (a commercial tesl solution or a solution consisting of equal parts
liquid detergenl, glycerin, and water).
1083 6.4.4 Audible Leak Method:

_Suilavble electronic sound detection equipment (optional).

1084 6511 | Connect lhe test fan with flow control to the housing and /or ducting.

1085 6.5.1.2 Install a pressure indicating device so thal il will indicate the pressure inside the duct and/or housing belng fested.

1086 6.5.1.3 Seal test boundaries and close access openings in the normal manner.

1087 6.5.1.4 Start the fan and operate until the struclural capability pressure is achieved. Maintain pressure for the duralion of the inspection.
1088 6.5.1.5 Inspect the pressure boundary for dislofion or breach of integrity.

Release pressure and mspect for permanenl dnslomon

Cannect the test fan with flow con(rol lo the housmg and for ducting. Connect the flowmeter or lotalizing gas volume meter
between the fan and the housing (downstream of the throtlling valve, i used).

1091 6.5.2.2

Install temperature and pressure devices (o indicate representative temperature and pressure inside the duct and/or housing being
tested.

1082 6.5.2.3

Seal test boundaries and close access openings in the normal manner. Do nol use temporary sealants, duct tape, or similar
temporary materials excep! for sealing and temporary blankoffs.

1093 6.5.2.4

Slart the fan and operale until the maximum operaling pressure is achieved. Mainlain pressure conslant with a flow contro! device
until the temperature remains constant within +/-0.5 degrees F for a minimum of 10 min.

1094 6.5.25

Measure the flow rate of the air being added lo or removed from lhe duct/housing while maintaining the maximum operating
pressure within +/-0.1 in. w.g. The flow rate should be measured by one of the {ollowing methods.

a) For a flowmeter: record flow readings once a minule for a 10 min continuous period and average the readings to calculate the
measured leakage flow rate.

b) For a tolalizing gas volume meter: measure Lhe lotal volume of air for a 10 min continuous period and divide the measured
volume by time (10 min) to calculate the measured leakage flow rate.

1095 6.5.2.6

if the calculated leak rate exceeds the acceplance value, report lo lhe owner and locale the leaks in accordance with para, 6.5.4

and /or para. 6.5.5. Repair and retesl as required.
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1096 6.5.3.1

Connect !est fan wilh shuloﬁ valve lo duc!/housmg
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1087 6.5.3.2 Install lemperature and pressure devices to indicate representative temperalures and pressures inside the duct and/or housing
being tested.

1098 6.5.3.3 Seal test boundaries and close access openings in the normal manner.

1099 6.5.3.4 Start the fan and operate until the maximum operating pressure is achieved. Maintain pressure constant with a flow control device
until the temperature remains constant within +/-0.5 degrees F for a minimum of 10 min. Close shutoff valve.

1100 6.5.3.5 Record initial time, pressure, and lemperature.

1101 6.5.3.6 Record barometric pressure.

1102 6.5.3.7 Record pressure readings once a minule until pressure decays to 75% of the test pressure, or for a maximum of 15 min.

1103 6.5.3.8 Record final time, pressure, and temperature,

1104 6.5.3.9 Calculation leakage from lhe equation:...

1106 6.5.3.10 If calculated leak rate exceeds the acceplance value, report to owner. Locate leaks in accordance with paras. 6.5.4 or 6.5.5.

Repair and retest as required.

BUBBLECEAICEOCATIONMETHO

1106 6.5.4.1 Pressurize the test boundary lo a pressure adequate {o locate leaks (not 1o exceed structural capability pressure).

1107 6.5.4.2 With lest boundary under conlinuous pressure, apply bubble solution lo areas 10 be tested. Idenlify places where bubbles are
found.

1108 6.5.4.3 After repair of leaks, retes as required.

AUDIBEE EAKEOCATION METHOD;

1109 6.5.5.1 Pressurize the test boundary to a pressure adequate 1o delect leaks (not to exceed slructural capabilily pressure).

1110 6.5.5.2 With lest boundary under continuous pressure located audible leaks {eleclronic sound delection equipment optional). Identify
places where leaks are found.

1111 After repa\r of |eaks. rete ias re vired

L

1112 6.6.1 Srructural Capab:/:{y Test:
Meels the requirements of ASME N509, test program and project specifications.
1113 6.6.2 Duct and Housing Leak Test: .
Meets the requirements of ASME N509, test program and project specifications.
1114 6.7 Report:
The tesl procedure shall lnclude documentalmn of 1he results of lhe test and conform ta the owner's test program
A TEST{OPTIONAL
1115 7.1 Purpose
This optional test is used lo verify the absence of leaks through seal welds of the HEPA filter and/or adsorber frames, and between
the frames and housing.
1116 7.2 Summary of Method: . ) .

Openings of the test boundary and mounling frame shall be sealed with blank-off plates. The leak tightness of the mounting
frames meets requirements of para. 6.6.2 when lesled by lhe pressure decay melhod (para. 6.5.3) or the constant pressure method

1117 731

Conslrucuon modifi cauons and repairs of the test boundary shall be completed.
1118 7.3.2 __Mounting frame blank-off plales installed.
1119 7.33 Test boundary sealed and -all doors and access panels closed in the normal manner.
1120 7.4 Apparatus:

The same as para. 6.4.
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The test procedure shall include documentalion of the resulls of the test and conform to the owner’s lest program or project
specifications.

ARELED

ND:DISTRIBUY!

11é4

Purpose:

These tests shall be used:

a) lo verily that the design airflow can be achieved with the fan as furnished, under aclual field conditions at maximum and
minimum filter pressure drop;

b) to verify that airflow distribution across each HEPA filt,

bank or adsorber bank is uniform at the design flow rales

[SUMMARYOF-METHO,

dation Reference
Requiremen R R - Review Where Is this
t Number Source Requirement Text A - Analysis (requlrement
T - Test incorporated-in the
| - Inspection design)
1121 Procedure:
The same as paras. 6.5.2 or 6.5.3
1122 Acceptance Criteria:
Meets the requirements of ASME N509. the test program and project specifications.
123 Report:

1125 Airflow Capacity Test:
Test airflow is measured to verify capacity at clean and dmy filter condlhons when the sysiem is operaled at normal or simulaled
minimum and maximum design conditions.
1126 Airflow Distribution Test:

Velocity profiles of the filler bank(s) shall be made o evaluale uniform airflow distribution. The presence of uniform airflow
distribution for the upstream HEPA filler bank shall be adequate 1o verify uniform dislribution for the downstream adsorber and/or
HEPA filter banks if the banks have relatively uniform geomelry and cross-seclional area, and are not inlerrupted by turns or bends.

Airflow Capacity Tésl:
System aidlow balancing required for the performance of these tests shall be completed. The exlen{ of the system balancing
requirement shall be documented in lhe test program, All housing components, or equal adificial resistance devices shall be
installed.

1128

8.3.2

Airflow Distribution Test:
Airflow capacity tes! is complete and all components shall be installed. Note: fillers should be in clean condition to prevent
variations i in flow due o unequal loadin

1129 Standard pnol tube {length as required).
1130 Pressure indicating device accurale lo +/-5.0% of reading.
1131 Rotating vane, heated wire or heated thermocouple anemormeler or other suitable measuring device accurate to +/-5.0% of

reading.

PROGEDURE:

1132

Airflow Capacity Test:
1) Start syslem fan and verify stable (no surging) fan operation for 15 min.
2) Measure system airlow in accordance with para 2.2 or equivalent.

3) Clean System Airflow: With new housing components installed, or simulated, operate at lhe clean differential pressure and
compare measured flow rale {using melhods of para. 8.5.1.2) with the value specified by the lest program or project specifications. If
the specified value cannot be achieved, report 1o owner,

4) Maximum Housing Component Pressure Drop Airflow: Afler successful completion of para. 8.5.1.3. increase housing
component resistance (artificially by blanking off portions of the filter bank or by adjusling throttling dampers} until the maximum
housing componenl pressure drop for the system (as specified in the test program or project specifications) is achieved. Measure
flow rate per para. 8.5.1.2. If the maximum housing component pressure drop airflow cannot be achieved, report lo owner,

6) Return system to “clean” condition.

ES

AIRFLOWIDISTRIBUTIONTE
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2} Type It Modular Trays — Same procedure specified in 8.5.2.1 except that all velocity measurements shall be made in the
plane of the face of the air channels, in the center of every open channel and an equal distance away from the adsorbers.

3) Type [l -~ Velocity measurements shall be made in the plane of the face of the air channels, These measurements shall
be made in centers of equal area that cover the entire open face, not in excess of 12 in. between points on a channel, and an equal
distance away from the adsorber.

(c) Calculate the average of the velocity readings (Section 3).
{(d) Nole the highest and lowes! velocity readings and calculate the percentage they vary from the average found in para.
8.5.2.3. If acceptance crileria are exceeded, nolify owner.

\CCEPTANCEERITERI

1136 8.6.1

Airflow Capacity Test:

Airflow shall be within +/-10% of the value specified in the tesl program or project specifications. Maximum housing component
pressure drop airflows shall be +/-10% of the value specified in the test program or project specifications with the pressure drop
greater than or equal to the maximum housing component pressure drop. For systems with carbon adsorbers, the maximum veiocity
of air through the carbon beds shall be limited to that value specified in the laboratory test (Section 15).

dation Reference
Requiremen . R « Review Where is this
t Number Source Requirement Text A - Analysis (requirement
T . Test incorporated ln the
| - Inspection design)
1133 8.5.2.1  |Airflow Distribution through HEPA Filter Banks:
The minimum number of velocity measurements shall be one in the center of each filter. All measurements should be made an
equal distance way from the filters. Velocity measurements should be made downstream of the filtess to take advanlage of the
airflow distribution dampening effects of the HEPA filters.
1134 85.2.210 |Airflaw Distribution through Adsorber Banks:
, 8.5.2.4 1) Type | - Follow same procedures specified for HEPA filter banks in para. 8.5.2.1.

1136 8.6.2

Airflow Distribution Test:
No velocity readings shall exceed 420% of the calculaled average. For systems with carbon adsorbers, maximum velocity of air
through the carbon beds shall be limited to \hat value specified in the laboratory test (Section 15).

1137

Report:

Purpose:

This test is a prerequisite for conducting the lests in Seclions 10 and 11, in-pface leak tests of HEPA filter and adsorber banks,
respectively. The purpose of the tesl is to verify that the challenge gas is introduced so as to provide uniform mixing in the airstream
approaching the HEPA filter bank or adsorber stage 1o be tested. When acceplable uniformity is achieved, an upstream sample
laken in the same position that the uniformity data were obtained is defined as an acceptable single point upstream sample.

This test is performed upon completion of inilial system installation and after modification or major repair. W is nol required each
lime an in-place leak test of the filters or adsorbers is perdormed. If the location of the injection and/or upsiream sample ports is
changed, the air-aerosol mixing uniformity shall be recertified.

1139

9.2

Summary of Method:

DOP aerosol is introduced into the airstream al a previously selecled injection poinl. Aerosol concentration readings shall be laken
across a plane parallel 1o, and a short dislance upstream of, the HEPA filter bank or adsorber slage. The uniformity of the reading
establishes the acceptabilily of the injection port focation, DOP aeroso! is used to establish uniform challenge/air mixing upstream of
both HEPA filter and adsorber banks.

1140

9.3

Prerequisites:
The airflow capacity and distribution tests of Seclion 8 have been satisfactorily petformed. If permanent manifolds are installed,
the injection and sample manifold qualification testing has been completed in accordance with Appendix D of ASME N509.

1141

9.4.1

Aerosol generalor.,

1142 9.4.2

[ Aerosal detection instrument.
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Connect an aerosol generator lo the injection port.

dation Reference
Requiremen . R - Review {Where is this
S . .
t Number ource Requirement Text A - Analysis requirement
T - Test incorporated in the
| - Inspection design)
1143 9.4.3 System fan or auxiliary fan (for systems normally without fans) capable of producing the airflow specified in the test program.

1145 9.5.2 Slart system fan (or auxiliary fan). Establish airflow as specified by the lest program and project specifications.
1146 9.5.3 Connecl aerosol detection instrument to an upsiream sample port.
1147 9.5.4 Start DOP injection.
1148 9.5.5 Take a concentralion reading approximately 1 fl upstream and at the center of each filter. Allow adequate lime at each location to
ensure regresentative readings.
1149 9.5.6 Calculate average concentration (Section 3).
1150 9.5.7 Calculale lhe percent difference of each reading with respect to the average.
1151 9.5.8 If the maximum and minimum readings do nol meel the acceptance crileria, notify owner,
1152 9.6 Acceptance Criteria:
No readings shall exceed +/~20% of the caiculated average reading.
1153 9.7 Report;

The les_t’gpt;equ_re shall include documentalion of the results of the test and conform to the owner’s test program.
IEPAFILTERBANICIN-PEACETEST; ; : 2

Purpase:
This test is used for both acceptance and surveillance leak lesting of the installed HEPA filler bank.

11585

Summary of Method:

A DOP challenge is injected into the airsiream upstream of the HEPA filler bank. Cancentrations shall be determined upstream
and downstream of the filter bank. Percent penelralion is delermined {rom the ralio of the downstream to upstream concentrations
(Section 3).

1156

Prerequisites:
The upsiream sample and injection points lo be used are those qualified per Section. Single point downstream sample points shall

be downstream of a (an, or downstream sample manifolds shall be qualified per ASME N509

ARPARA

0.4.1

DOP éerosol (or suilable allernate).

1157 1

1158 10.4.2 DP aerosol generator.

1159 10.4.3 Aerosol detection instrument.

1160 10.4.4 System fan or auxlliary fan (for syslems normally without fans) capable of producing the airflow specified In the test program.

ROCEDURE::

1161 10.5.1 Establish airflow through the HEPA filter bank at the flow rale specified by the lest program or projecl specifications.

1162 10.5.2 Measure and record the pressure drop across the bank, using system or lemporary test instrumenlalion.

1163 10,5.3 Connect aerosol detection inslsument sample lines to lhe upstream and downstream sample ports.

1164 10.5.4 Check the background parliculate concentration upstream and downslream of the HEPA filter bank. The preinjection background
levels shall be slable lo ensure proper instrumenl response. The levels shall nol inlerfere wil the detector’s ability to detect
penetration smaller than the maximum penelration allowed by the lest program or project specifications.

1165 10.5.5 Connect POP aerosol generator 10 injection port and start injection.

1166 10.5.6 Record upstream concenlration reading.

1187 10.5.7 Record downstream concenlration reading.

1168 10.5.8 Repeal steps from paras. 10.5.6 and 10.5.7 until readings are repealable within +/-56% of respective previous readings. Use final
sel of readings {o calculale penetration.

1169 10.5.9 Calculate penelralion {(Section 3). I calculated penetralion exceeds lhe acceptance criteria. nolify the owner.

1170 10.5.10 When the housing conlains more than one bank of HEPA filters in series which are required {o be leak tesled, repeat the procedure

for each bank.
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The test procedure shall include documentation of the results of the tests and conform to the owner's test program or Project
specifications.

+|ADSORBER BANKIIN:PIEACEILEA

dation Reference
Requiremen . R - Review Where is this
t Number Source Requirement Text A- Analysis (requlrement
T- Test Incorporated In the
| - Inspection design)
1171 10.6 Acceptance Criteria;
Allowable penelration shall be as stated in the tesl program or project specifications.
1172 10.7 Report:

1173 11.1 Purpose:
This tesl shall be used for both acceplance and surveillance leak festing of the installed adsorber bank, If samples of adsorbent
are to be taken for laboratory testing (Section 15), remove such samples prior to this test, and reslore bank to operating condition.
1174 11.2 Summary of Method:
A halide challenge gas is injecled into the airsiream upstream of the adsorber bank. Concentrations shall be determined upstream
and downslream of the bank. Percent penelration is determined from the ratio of downstream to upstream concentration (Section 3).
1175 11.3 Prerequisites:

The upstream sample and injection points to be used shall be those qualified per Section 8. Downs\ream sample points shall be

downstream of a fan, or downslream sample manifolds shall be qualified per ASME N508.
PRARATU 2

1176A

Halide gas R-11is preferred; R-112 (or R-12A) is an acceplable aiternate.

11.4.
1177 11.4.2 Halide gas generator.
1178 11.4.3 Halide gas delection instrument.
1179 11.4.4 System fan or auxiliary fan (for syslems normally without fans) capable of producing he airflow specified in the test program or

project specifications.
NOTES:

1) Sample line lengths should be minimized to reduce sample response time and of equal lenglhs lo eliminate time delay errors.

2) It may be necessary lo operale system for a period lo purge all residual challenge gas from a prior test to reduce background

concentrations to acceptable values.

PROGEDURE.

1180 .5. Establish airflow through the adsorber bank at the flow rate specified by the lest program or project specifications.

1181 11.5.2 Connect sample lines to the upstream and downstream sample poris.

1182 11.5.3 Measure upstream and downstream background halide concentrations. The concentrations shall not interfere with the halide
detection instrument’s capability lo delect leaks smaller than the maximum leak allowed by the test program or project specifications.

1183 11.5.4 Connect the generator to the injection port.

1184 11.6.5 Slart injection. Afler generator stabilization, maintain upstream challenge concentration +/-20% ol average concentration during
the Injection period.

1185 11.6.6 Take upstream and downstream halide concentralion readings as rapidly as instrument response permits. Record lhe time and
concenlration for each reading.

1186 11.5.7 Calculate penetration. If calculaled penetration exceeds the acceptance crileria, nolify the owner.

1187 11.5.8 When the housing contains more than one bank of adsorbers in series, repeal lhe procedure for each bank utilizing the injection
and sample ports gualified in Seclion 9.

1188 11.6 Acceptance Criteria:

Allowable penetration shali be as staled in the test program or project specifications.
1189 11.7 Report:

The test procedure shall include documentation of the resulls of the tests and conform to the owner's lest program or Project

spacifications.
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For low leakage valves, a pressure decay lest is usually lhe method of choice. For higher leakage devices (a few tenths of a
percent of raled flow or grealer) a DOP aerosol or halide leak test may be more convenient. if a DOP aerosol or halide leak lesl is
specified, only one damper at a time is lo be lested. The method shall be defined in the lest program or project specifications.

dation Reference
Requiremen . R - Review Where s this
t Number Source Requirement Text A - Analysls (requlrement
T- Test incorporated In the
| - Inspection design)
1190 12.1 Purpose:
To measure the leakage through closed dampers or valves intended to eliminate flow through a bypass duct.
1191 12.2 Summary of Method:

For a DOP aerosol leak test or a halide leak test, injection and samiple ports shall be localed to ensure proper challenge to the

damper and r e upstream an nstream sample

: .VSER”ARATUS. B E : FEIR R S R SR
For a DOP aerosol leak test or a halide leak tes!, the equipment shall be thal listed in Section 10 or 11, respectively.

12.4.2 For a pressure decay leak tesl, the equipment shall be that listed in Section 6.
PROCEDURE;

For a DOP aerosol leak tesl or a halide leak test, the procedure shall be thal listed in Seclion 10 or 11, respectively.

12.5.2 For a pressure decay leak tesl, lthe procedure shall be (hat listed in Seclion 6.

12.5.3 If the calculaled leakage exceeds lhe acceptance criteria, nolify owner.

12.6 Acceptance Criteria:
Airflow leakage rales can be calculaled in percentage penetration by the following formula: % penelration = 100 x bypass leakage
rale/measured airflow capacity flow rate. Allowable penetration shall be in accordance with the test program or project specilications.

12.7 Report:
The (est procedure shall inciude documentalion of the resulls of the tests and conform to the owner's lest program or Project
specification

SYSTEMR)

Purpose:
Syslems using HEPA filters and adsorber banks may contain bypass dampers, ducls, conduils, floor drains, pipe penetrations, elc.,

which could potentially

defeat the purpose of high efficiency nuclear air treatment components. Therefore, il is necessary lo perform tests which challenge

all these potential bypass leakage palhs. In cases where performance of Sections 10, 11, and 12 can be shown to have challenged

all polential bypass paths, then the requirements for the system bypass test may be considered to have been salisfied.

1202

13.2 Summary of Method:
Selecl injection and sample localions which encompass al possible bypass leakage palhs to the trealment system. Testing is

gerfp_qngd per Seclions 10 or 11.

PREREQUISITES

1203 13.3.1 Sections 10 and 11 of this Standard shall have been compleled prior to the performance of this test.

1204 13.3.2 For bypass leakage paths, uniform upstream challenge agenl mixing is required to ensure adequate challenge during the lest, If
challenge cannol be verified during the system test, a separate lest should be specified per Seclion 12.

1205 13.4 Apparatus:

The D}QP or halide leak test equipment shall be thal listed in Seclions 10 or 11, respeciivel
PROCEDURE

1208 13.5.1 Establish airflow through the syslem as specified by the test program or project specifications.

1207 13.5.2 Connect sample lines from the detector(s) to upsiream and downstream sample poris.

1208 13.5.3 Check the background concentration levels. The levels shall nol interfere with the detector’s capability to detect leaks smaller than
the maximum leak allowed by the test program or project specifications.

1208 13.5.4 Connect the challenge generator to the injection port. Star injection.
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The test procedure shall include documentation of the results of the tests and conform (o the owner's tesl program or project
specifications. .

ARHEATER'PEREORMANGETES;

dation Reference
Requiremen . R - Review (Where is this
t Number Source Requirement Text A - Analysis requirement
T - Test incorparated in the
i - Inspection design)
1210 13.5.5 Record upstream and downstream readings per sections 10 and 11 depending on type of challenge used.
1211 13.5.6 Calculale penelration (section 3). If calculated penetration exceeds lhe acceptance criteria, notify the owner.
1212 13.6 Acceplance Criteria:
Allowable penelration shall be as stated in Ihe test program or project specifications.
1213 13.7 Report:

1214 14.1.1 Purpose:
This test is used to verify that the nuclear air Ireaiment syslem air heater performance meets lhe lest program or project
specificalions.
1215 14.2 Summary of Method:
Power-on electrical and mechanical tests shall be performed to verify correct operation and condilion of the air healer.

PREREQUISITES

Visual inspection of the heater is cogeled (para. 5.5.1 7)

Eleclncal conlrol and feed pow

Clamp -on ammeler and vollmeler accurale o +/-5% of readlng

Temperature indicating device accurale lo +/-1.0 degrees F.

Pawer-On Eleclrical Tests:
With power on, and system aperaling al rated airflow, measure the vollage and current of all power circuits,

1221 14.5.2 Power-On Mechanical Tests:
With heater energlized and system operaling at raled airflow, measure lhe temperature of the entering and leaving alr. A sufficient
number of measurements shall be taken lo determine average entering and leaving temperatures.
1222 14.5.3 If measured values do not meel acceptance criteria. notify the owner.
1223 14.6 Acceptance Criteria:
Operating cusrents, voltages and change in lemperature shall be within the limits of test program or projecl specifications.
1224 14.7 Report:

The test procedure shall include documentalion of the resulls of the tests and conform lo the owner's tesl program or Project
specifications.

EABORATORYTESTINGIOF/ADSORBEN

1225 . 151 Purpose:
These tests shall be performed to verify the acceptability of (he adsorbent in the adsorber bank on periodically withdrawn samples.
1226 156.2 Summary of Method:
Adsorbent samples shall be lested in the laboraltory to determine the overall efficiency of the enllre bank for the retention of
radioiodine.
1227 15.3 Prerequisites:
Refer to Table 1, Note (3) (Exhibit G)
1228 15.4 Apparatus:

The laboratol

ified i ASTM D 3803

1231 15.6

1229 15.5.1 Test adsorbent samples in accordance with ASTM D 3803.
1230 15.5.2 If results do not meet acceptance crileria, nolify the owner.
Acceptance Criteria:

Adsorbent test criteria shall be as stated in the lest program or project specilications.
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The tesl procedure shall include documentation of Lhe resulls of the tests and confarm to the owner's test program or Praject
specifications.

dation Refarence
Requiremsn Source Requirement Text R - Revisw {Where Is this
t Number A - Analysis requirement
T - Test Incorporated in the
| - Inspection design)
1232 15.7 Report:
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