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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-line 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 acfrvities: 

1. Ductwork transitions and housings for single stage high-efficiency 
particulate air (HEPA) filters with prefilter section, test sections, expansion 
joint, exhauqt 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 on 
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 bleed 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 th at 
is regulated under the requirements of 10 CFR 830. System requirements 
are also governed by WAC 246-247. 

The filter/fan 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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to, dimensioning and associated tolerances, mounting and weld details, and 
material types a·nd 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 shall 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. 

1.2 NOT INCLUDED IN SCOPE 

Work not included 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 p1p1ng 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 

10 CFR 830 

29 CFR 1910 

47 CFR 15 

DOE/RL-92-36 

WAC 246-247 

Table 2-1: Government Documents 

"Nuclear Safety Management," Code of Federal 
Regulations, as amended. 

"Occupational Safety and Health Standards," Code of 
Federal Regulations, as amended. 

"Radio Frequency Devices," Code of Federal Regulations, 
as amended. 

Hanford Site Hoisting and Rigging Manual, 
U.S. Department of Energy, Richland, Washington. 

"Radiation Protection - Air Emissions," Washington 
Administrative Code, as amended. 

2.2 NON-GOVERNMENT DOCUMENTS 

AISC 

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

Manual of Steel Construction-Af/owable Stress 
Design, Ninth Edition, American Institute of Steel 
Construction, Chicago, Illinois. 
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Table 2-2: Non-Government Documents (7 sheets} 

::::'~;E::3· ).¢:&~:~l§,f:~im~t~.: .. ,,,. 
AISC Manual of Steel Construction-Load and Resistance 

Factor Design, Third Edition, American Institute of 
Steel Construction, Chicago, Illinois. 

AISI 1018 

AISI M1020 

AFBMA 11 

ANSI/AWS 01 .3 

ANSI C63.16 

ANSI FCI 70-2 

ANSI Y14.1 

ANSI Y14.5M 

ASCE 4-98 

ASCE 7-98 

ASHRAE Standard 52.2 

ASHRAE Standard 87.1 

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

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

Load Ratings and Fatigue Life for Roller Bearings, Anti
Friction Bearing Manufacturers Association, 
Incorporated, Washington, D. C. 

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

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

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

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

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

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

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

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. 

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) 

it11~ill1!'1i':H11::~_g:ij~f§'.t~H~IrijJ}1!:'.'/\]_;:~.·,/:;):,;t•::::,, ·:', .,~'\)'.,,,,;;,.~ .,, .. ,, .,,,:.-

ASMEAG-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 Pr9cess Piping, American Society 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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ASNT SNT-TC-1A Recommended Practice, American Society of 
Nondestructive Testing, Columbus, Ohio. 

ASTM A 361A 36M Standard Specification for Carbon Structural Steel, 
American Society of Testing and Materials, New York, 
New York. 

ASTM A 1051A 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 Society for 
Testing and Materials, West Conshohocken, 
Pennsylvania. 

ASTM A 1821A 182M Standard Specification for Forged or Rolled Alloy-Steel 
Pipe Flanges, Forged Fittings, and Valves and Parts 
for High-Temperature Service, American Society for 
Testing and Materials, West Conshohocken, 
Pennsylvania. 

ASTM A 1931A 193M Standard Specification for Alloy-Steel and Stainless 
Steel Bolting Materials for High-Temperature Service, 
American Society for Tes ting and Materials, West 
Conshohocken, Pennsylvania. 

ASTM A 1941A 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 2401A 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, Penns0van~. 

ASTMA 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. 
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ASTM A 307 Standard Specification for Carbon Steel Bolts and 
Studs, 60 000 PSI 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, Penns~van~. 

ASTM A 354 Standard Specification for Quenched and Tempered 
Alloy Steel Bolts, Studs, and other Externally Threaded 
Fasteners, American Society 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 Cellular Materials-
Sponge or Expanded Rubber, American Society for 
Testing and Materials, West Conshohocken, 
Pennsylvania. 
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ASTM F 436 

AWS D1.1ID1.1M 

AWS 01.6 

AWS 09.1/09.1 M 

AWS QC-1 

HNF-SD-GN-ER-501 

IEC 61000-4-2 

IEEEC62.41.1 

IEEE C62.41.2 

IEEE Std C37.90.2 

IEEE Std 141 

IEEE Std 519 

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

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

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

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

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

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

Electromagnetic Compatibility (EMC) - Part 4-2: · 
Testing and Measurement Techniques - Electrostatic 
Discharge Immunity Test, International Engineering 
Consortium, Chicago, Illinois. 

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

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

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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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 Society 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 
Protection 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. 

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

UL 508A Standard for Industrial Control Panels, Underwriters 
Laboratories, Inc., Northbrook, Illinois. 

UL-listed Electrical Appliance and Utilization Equipment 
Directory, Underwriters Laboratories, Inc., Northbrook, 
Illinois. 

'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 outlet 
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 In-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 .. 
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The 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 transportation and movement, and 
interface connections between the skid assembly and other systems of the Bulk 
Vitrification OGTS. 

3.1.1 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-145579-36-V-0007, 
F-145579-36-A-0 108, and H-14-106795 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. Fan discharge backdraft damper; 

7. Inlet and outlet plenums; 

8. Interconnecting ductwork; 

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 
36-058-140): 

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. Outlet isolation 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 interface Definition 

3.1.2.1 

3.1.2.2 

3.1.2.3 

Each Filter/fan skid assembly will 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 inlet and outlet connections 
shall be a 8-in. standard class 150-lb 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 
6-in. standard class 150-lb lug style butterfly valve. The inlet connection shall be 
12-in standard class 150-lb 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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Each Filter/fan skid assembly and bypass bleed skid assembly shall be 
configured for conventional 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 
lift 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. 

3. i .2.5. i 480V Power Connection 

Each Filter/fan skid shall receive 480V ac power from an external 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 labeled 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. 

3. i .2.5.2. 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 shall be capable of monitoring the 
contained process and utility equipment from either a 24V de, or 120V ac 
termination. Solenoid valves shall be 24V de. The MCS instruments or 
components 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 

3.2.1.1 

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. 

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: 

Static Pressure (across the fan): 

Temperature, maximum at inlet: 

Relative Humidity, maximum at inlet: 

Nominal Chemical Compone·nts 

ppmV = parts per million by volume .. 
w.g. = water gauge. 

Flow Rate = 1 , 150 acfm 

Design Pressure= -11 in. w.g. (at max 
Temperature) 

250 °F (121 °C) 

70% 

HF 12 ppmV 
SO2 1,250 ppmV 

NOx 120,000 ppmV 
HCI 120 ppmV 
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Table 3-2: Air Stream Properties Entering Bypass Bleed Skid 

~;:F~re.R'.i!JJ;i~t)tk{ __ : 
Maximum Flow Rate: 
Static Pressure (across the fan): 

Temperature, minimum/maximum at inlet: 
Relative Humidity, maximum at inlet: 
Nominal Chemical Components 
ppmV = p·arts per million by volume .. 
w.g. = water gauge. 

Performance Range 

Flow Rate = 680 acfm 
Design Pressure= -15 in. w.g. (Standard 
temperature and pressure) 
-25 °F (-32 °C)/130 °F (54 °C) 
100% 
Ambient Air 

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/fan 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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3.2.3 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 before fabrication. 

3.2.4 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. 

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

5. 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. 

6. 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 outfitted in protective clothing and gloves. 
Components shall also be designed so they can be removed and replaced. 
in a modular manner. 

7. Lock and Tag. Both mechanical 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 
lock and tag. 

8. 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. 
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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 

:fi~\i½,;t·· ··.'.; ,; ;: ~:ir~m~i:~i~:i~;t%2:\t1;1ii~~ ~i~¥D7iE.;:~lik,:*y~~~~;;· gnyi'.~sirimkiji~r~9.hd1,(ie]}%}·:~~:· .,,J~\f~~~Ef,,;, 
Ambient air temperature -25 to 115 °F with a maximum 24-h differential of 52 °F 
range(a) 

Relative humidity range<a) 

Maximum precipitation(•) 

Sand and dust 
concentrations<•> 

Near 0 to 100% 

2.5 in. in a 6-h period 

1.1 0 x 10·5 lbm/ft3 with a size of 150 µm or less 

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

(a)HNF-SD-GN-ER-501, Natural Phenomena Hazards, Hanford Site, Washington, 
Revision 1 B, 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. 

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

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

3. 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 loads 
associated with transportation. 

4. 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. 

3.3 DESIGN AND CONSTRUCTION 

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 substitutions 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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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 unless 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-145579-36-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 N509, ASME N510, and ASME AG-1. Where 
conflicts occur, ASME AG-1 takes precedence. 

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

3.3.1.2.1 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 2-8 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 14 in. in the 
direction of airflow. 
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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 
nondestructive examination (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. Underwriters 
Laboratories, Inc. (UL) Class l 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 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 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 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. 

8. 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. 

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

10. 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. 

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN ANO BYPASS 
BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 32 of 122 
10-Jan-06 

GS-1363 



RPP-24544 REV ld 

technology ame& 
TECHNICAL SPECIFICATION 

PROJECT: Final DBVS Design 145579-V-SP-017 I 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 

i 1. 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. 

12. 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. 

13. 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. 

14. 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. 

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

16. 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. 

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

18. 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). 

2. 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 2-8 mill finish. All welded 
components shall be fabricated from Type 316 stainless steel, Grade L. 

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

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

5. 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 NOE/inspection as required to remove heat discoloration, 
oxidation, all burrs, and sharp edges. 

6. Each housing shall each accommodate one Flanders GG-F Fluid Seal™ 
(24 in. by 24 in. 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. 

7. 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 
ASTMA312/A312M, Type 316 or 316L stainless steel. All welded 
components shall be fabricated from Type 316 stainless steel, Grade L. 
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The ports shall extend a minimum of 1 in. beyond the insulation false 
panel and threaded to accept a 1 /4-in. FNPT fitting. 

8. 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 316 or 316L stainless steel. All welded components shall be 
fabricated from Type 316 stainless steel, Grade L. 

9. A _toggle or over-center ("Davis-Lok") type filter clamping assembly or 
locking tray 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. 

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

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

12. 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. 

13. 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 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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14. 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 0-ring (compatible with 
the maximum bag temperature) hemmed into the open-end of the bag. 

15. 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. 

16. 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. 

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

18. 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. 

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

20. The door shall interface with the housing in such a nianner 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. 

3.3.1.2.3 Test Sections 

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

2. The inlet test section shall be a Flanders™ test "inlet" section, type 1 
arrangement for a BF Series TM, 1 H x 1 W, 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. 

3. The outlet test section shall be a Flanders TM test "outlet" section, type 1 
arrangement for a BF Series™, 1 H x 1 W, 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. 

4. 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. 

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

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

7. 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. 

8. 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 NOE/inspection as required to remove heat discoloration, 
oxidation, all burrs, and sharp edges. 

9. 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 sam pie outlets. 

b. Downstream sample outlets - challenge aerosol inlets, mixing 
apparatus (diffusers) and upstream sample outlets. 
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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. 

10. 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. 

3.3.1.2.4 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. 

2. 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 
2-8 mill finish. All welded components shall be fabricated from 
Type 300-series stainless steel, Grade L. The flanges shall be, at a 
minimum, 150-lb raised-face flanges and meet the requirements of 
ASTM A 182/A 182M. 

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

4. 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 NOE/inspection as required to remove heat discoloration, 
oxidation, all burrs, and sharp edges. 

3.3.1.2.5 Valves and Installation 

1. 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. 

2. 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. Seat Test. No leakage past valve resilient seats above limitations 
stated in ANSI FCI 70-2 (for Class VI), or MSS SP-72 and 
MSS SP-82, as applicable, is permitted. 

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

4. All valves shall be installed per manufacturer's instructions. 

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

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

7. 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 I 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. 

8. 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. 

9. 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). 

· 2. Major components in the Exhaust Fans shall be fabricated from Type 3 i 6 
or 316L stainless steel. 

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

4. The exhaust fans shall be Arrangement 8, direct drive, clockwise upblast. 

5. The fan casing shall be not less than·10 ga (1/8 in.) thick. 

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

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

8. The casing shall have a Class 150-lb drilled flanged inlet and drilled 
flanged outlet, minimum flange thickness of ¼-in. 
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9. A 1-in. diameter, minimum, half coupling with plug drain connection shall 
be provided at the lowest point in the casing. 

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

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

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

13. 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. 

14. The impeller and shaft shall be statically and dynamically balanced after 
mounting of the impeller 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. 

15. 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. 

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

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

18. The VENDOR shall select the bearings and shall state the size/type, 
manufacturer, and manufacturer's model number. Bearings shall be to 
AFBMA 11, B-10 standards. 
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19. L 10 Bearing life shall be a minimum of 50,000 hours continuous operation 
under design operating conditions. 

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

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

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

23. 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. 100-0HM Resistance Temperature 
Device's (RTD's) shall be supplied by the Vendor. Type of vibration 
transducers shall be recommended. 

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

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

26. 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. 

27. 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 II, 
Frame Leakage Class A. 
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2. Backdraft dampers may be round or rectangular, Rectangular dampers 
shall include round transition plates and flanges. 

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

4. 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. 

5. 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. 

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

7. Linkage: External with minimum 3-in. lever arms AISI M1020 and 
ASTM A 36/A 36M welded to axles and with stainless steel pins and 018 
bearings 

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

9. 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. 

2. Provide Type 316L stainless steel laminated bellows and liner with Type 
316 or 316L fixed flat faced plate flanges drilled to class 150-lb 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. 

3.3.1.2.9 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. 

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

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

4. 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. 

3.3.1.2.10 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). 

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 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™, 1 H 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 
mill 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 
31 GL 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 
NOE/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 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. 

7. 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 meeting the requirements of ASTM 
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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. 

8. 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. 

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

10. 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. 

11. 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. 

12. 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. 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. 

14. 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. 

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

16. 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. 

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

18. 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). 

2. 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. 

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

4. The filter housings shall not exceed a nominal depth of 25 in. in the 
direction of airflow. 
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5. 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 NOE/inspection as required to remove heat discoloration, 
oxidation, all burrs, and sharp edges. 

6. Each housing shall each accommodate one Flanders GG-F Fluid Seal™ 
(24 in. by 24 in. by 11-1/2 in.), 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. 

7. 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. 

8. 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. 

9. A toggle ?r over-center ("Davis-Lok") type filter clamping· assembly or 
locking tray 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. 

10. Each housing shall be equipped with an access port for the filter. 
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11. The filter clamping assembly or locking tray shall be accessible from the 
access port and shall be operable through any containment change-out 
bags. 

12. Each ho using 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. 

13. 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 continuous ribs. The ribs are required to 
hold the containment bag elastic cord and/or safety strap during filter 
bag-in/bag-out procedures. 

14. 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. 

15. 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. 

16. 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. 

17. 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 
shall be designed in such a manner as not to impede the bag-in/bag-out 
process. 

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

20. 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. 

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. 

2. 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-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-lb raised-face flanges and meet the requirements of 
ASTM A 182/A 182M. 

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

4. 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 NOE/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 UL-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 in~o 
stainless-steel terminals extending at least 1 in. into the airstream and all 
termin~I 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, latching 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. 

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS 
BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 51 of 122 
10-Jan-06 

GS-1382 



RPP-24544 REV ld 

·lmology ame& 
TECHNICAL SPECIFICATION 

PROJECT: Final DBVS Design 145579-V-SP-017 I 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 

3.3.1.3.5 Valves and Installation 

1. 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. 

2. 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. Seat Test. No leakage past valve resilient seats above limitations 
stated in ANSI FCI 70-2 (for Class VI), or MSS SP-72 and 
MSS SP-82, as applicable, is permitted. 

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

4. All valves shall be installed per manufacturer's instructions. 

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

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

7. Butterfly valves shall be used to isolate the inlet of Filter/fan skid 
assembly. Isolation valves shall meet the design requirements of 
ASME 831.1 and MSS SP-68 (use of ASME 831.1 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 I 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. 

8. A 6-in. (minimum) valve shall be located after the outiet to the HEPA filter 
housing transition section. Reach handles shall be provide8 if easy 
access to the valves is not attainable. 

9. 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. 

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

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

4. 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. 

3.3.1.3.8 Pressure Monitoring 

3.3.1.4 

3.3.1.5 

3.3.1.6 

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 supports. 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 ta equipment shall be installed with fasteners made finger-tight 
until alignment is achieved, at which time all fasteners shall be tightened. 
Tightening torque shall be that which is recommended by the ASME B31.3 piping 
code far "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 PC<:-1. Piping support bolting shall 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 831.3 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 detaHed 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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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. 

3.3.1.7.1 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. 

3.3.1. 7.2 Flanged Pipe Fittings 

Flanges for pipe greater than 1 /2 in. shall be standard 150-lb or 300-lb 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. 

3.3.1. 7.3 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. 

3.3.1.7.4 Butt-Welded Fittings 

Butt-welded fittings shall be in accordance with ASME B16.9. 

3.3.1. 7.5 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 shal_l be 
ASTM A 182/A 182M, Grade F, 300-series, Type 304, 304L, 316, 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 grndes 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 stainless-steel tubing shall be seamless and shall meet the chemical and 
physical characteristics given in ASTM A 269. Tubing shall be a listed 

. component as stated in ASME B31.3. 

3.3.1,.7.7 Stainless-Steel Tubing Fittings 

Fittings for instrument air tubing may be Swagelok® compression fittings or 
approved equivalent, stainless . steel, 300-series, per ASTM A 276 or 
ASTM A 182/A 182M. Copies of CoCs shall be provided. 

3.3.1.7.8 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 
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. 

3.3.1. 7 .9 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 shaH be used for flat-face flanges. 

1 . All elastomeric seals shall have radiation resistance for the radiation dose 
levels shown in this specification. Viton® 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 shall not be less than minimum wall 
thickness considering corrosion-erosion and mill 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). 

6. Bend flattening (the difference between maximum and minimum diameters 
at any cross section) shall 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 Pl.ate and Sheet 

All carbon-steel plate shall be general purpose, hot-rolled, low-carbon steel 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. 

3.3.1.8.4 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 shall 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 

3.3.1.9 

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

Fasteners 

The Seller shall select fasteners, when they are not specifically called out in ttiis 
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 wtien the mating 
parts are stainless steel; 

3. Pipe flange bolting - components shall be listed in ASME B31.3 
(Table 326.1) meeting the requirements of ASME B18.2.1 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. 

6. Stainless-steel bolts, and cap screws shall be ASTM A 193/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 s.hall be grade 
18-8 in accordance with ASME B 18.22.1, stainless-steel lockwashers shall 
be in accordance with ASME 818.21.1. Bolts and cap screws shall be 
grade marked. 
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7. General purpose carbon-steel bolts shall be ASTM A 307 or better, 
depending on strength and torque requirements. Carbon-steel nuts shall 
be ASTM A 563a. Bolts and cap screws shall be grade marked. 

8. 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. 

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

10. All graded fasteners shall conform to ASME B 18.2.1, SAE J429, and 
ASTM A 354. 

11. 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); 

c. 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 Items (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 
http://www.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 control systems shall be designed, constructed, 
and listed or labeled to UL 508A, as applicable. 

Design and operation of the assembled system shall meet the 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. 

3.3.1.10.2 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 Fill 

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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Strength - The device shall be capable of withstanding a 35 lb 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. 

3.3.1.10.6 Electrical - 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. 

3.3.1.10.7 Electrical - Segregation of Control and Power Wiring 

Power circuit wiring and control circuit signal wiring shall 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. 

3.3.1.10.8 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 pigtail leads. 

3.3.1.10.9 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. 

3.3.1.10.10 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 unintentional 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 supplied 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 load 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. 
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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, 1/2 in. 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 unless 
specifically designated otherwise on the drawings. All wire and cable shall 
be NRTL-listed. 

2. Wire insulation shall be 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, 
3-phase systems 

208Y/120V ac, 
3-phase systems 

120/240V ac, 
1-phase systems 

Phase A 

Phase B 

Phase C 

Neutral 

EquipmE!nt 
Grounding 
Conductor 

Phase A 

Phase B 

Phase C 

Neutral 

Equipment 
Grounding 

. Conductor 

Hot No. 1 

Hot No. 2 

Neutral 

Equipment 
Grounding 
Conductor 

Red 

Yellow 

Blue 

White or Gray 

Green (or bare) 

Black 

Purple 

Brown 

White or Gray 

Green (or bare) 

Black 

Brown 

White or Gray 

Green (or bare) 

THWNffHHN or 
XHHW 

6. Instrumentation cable shall be 600V, twisted shielded pair for analog 
signals, multiconductor 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 (if not included on 
manufacturer's cut sheets), flow and electrical diagrams, material and fastener 
sizes, descriptions, weld symbols, and notes. The arrangement drawings shall 
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 
or 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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attention of the Buyer for resolution. Any changes from the approved drawings 
shall be identified to the Buyer using the Request for Information 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 
quantity, 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. 

3.3.1.13 Material Control Process 

The Seller shall 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. 

3.3.1.13.1 Exposure of Stainless Steel to Chloride Materials 

Stainless steel 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. 

3.3.1.13.2 Contact of Stainless and Carbon Steel 

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

3.3.1.14 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 O1.1/D1.1M, ANSI/AWS D1.3, AWS D1.6, AWS D9.1/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 O1.1/D1.1M or AWS D1.6 (depending on material). 

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

3.3.1.14.1 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 01 .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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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 01 .1/D1 .1 M 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 NOE (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 N509 (Section 7.3), then a copy of their 
procedure, marked to indicate the applicable requirements, shall be submitted as 
part of the NOE procedures package for approval before the start of fabrication. 

3.3.1.14.2 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 

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. 

3.3.1.14.4 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 control number, welder identification, NOE 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. Place 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 materials 
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 Monitoring 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 1 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 WeidmOller® 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 w1nng. 
Individual wires shall be labeled for the destinatibn with the cable being labeled 
with both FROM and TO information (see Appendix G). 

1 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 Instrumentation Calibration and Characteristics 

In general, all 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 shall be installed 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 process instrumentation are to be provided as 
listed in the Bidder's Drawing and Data Commitments sheet (Appendix D). 

3.3.1.18 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 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. 

3.3.1.20 Workmanship 

1. General: Remove 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 on 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 ± 20 

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 within ± 2° of vertical 
or horizontal, whichever is appropriate; 

b. Pipe flange bolt holes shall straddle centerlines; 
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c. 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 

3.3.3.1 

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. 

3.3.3.1.1 Unintentional Radiators 

Equipment shall comply with the em1ss1on 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. 

3.3.3.1.2 Radio Frequency Interference Susceptibility 

Applicable equipment shall be evaluated for the immunity to radio frequency 
interference from portable communications equipment, in accordance with 
IEEE 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 

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

3.3.3.1.4 Electrostatic Discharge Protection 

3.3.3.2 

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 available to operating personnel. The 
manufacturer shall provide certification that electrostatic discharge testing was 
performed according to the methodologies found in ANSI C63.16 or 
!EC 61000-4-2. The test voltage should be at least 4 kV. ANSI 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.. 

3.3.4 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 loose corrosion particles; 

4. Magnetic/liquid penetrant residues, dye check, etc.; 
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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/fan 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. 

Painting Preparation 

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

Paint Application 

1. All 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 applied 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 shall be paid to 
crevices, weld lines, corners, and edges to obtain the required thickness. 
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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. 

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 Identification and Marking 

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

3.3.8.1 Equipment Labeling 

The Seller shall label all equipment in accordance with this specification. 
Equipment to be labeled 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 de): 

b. Electrical (11 OV ac): 

36-IJB-t##f. 

36-EJB-i#t# 

c. Power (110, 120, 480V ac): 36-PJB-i#t# 

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 f9r tn~ environment on which they are installed. 

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 all 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 

0.75 1.25 8 0.5 

1.5 2 8 0.75 

2.5 6 12 1.25 

8 10 24 2.5 

10 32 3.5 

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. 

Wire and Cable Labeling 

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 

Terminal 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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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: 

I E-123-110VAC1PH 

2. The minimum letter height shall be 1/4 in. The label length shall be as 
long as required to contain the required information. The label 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. 

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-92-36, 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 lb), 

4. Drawing number (if applicable), and 

5. Serial number (if applicable). 
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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 components 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 swivel manufacture nameplates are not to be 
painted. 

3.3.9 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: 

• Fan capacity _____ cfm 

• Fan operating static pressure ____ in. w.g. 

• Fan revolutions per minute 

• Brake Horse Power 

• Centrifugal wheel size ______ in. 

• Fan bearings: size, identification number, lubricant used, etc. 
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• Fan weight 

• Motor: type, RPM, HP, frame, bearings, insulation class, NEMA 

characteristics, weight, etc 

• Drive 

• Manufacturer's Model identifications and serial numbers 

• 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 label 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 
modi.fications. 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. 

3.3.12.1 Structural Calculations 

In general, equipment and structures shall be analyzed and designed in 
accordance with ASME AG-1, USC (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 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 7-98. 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. 

3.3.12.1.2 Live Loads 

Live loads are those loads 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 l_oad or 
concentrated load stipulated in ASCE 7-98. 

2. The minimum design live load shall be 20 lb/ft2 (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. 

3.3.12.1.3 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, Ip = 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, Ca 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 Snow Loads 

Snow loads for the equipment shall be in conformance with ASCE 7-98. 
A ground snow load, of 15 lbf/ft2 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. 

3.3.12.1.5 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. 

3.3.12.1.6 Ash Loads 

An ash loading of 5 lb/ft2 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 governing 
loads for design and analysis. 

3.3.12.1. 7 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, I = 1.5). 
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Anchorage shall comply with UBC (1997). Acceptable types of concrete 
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 (1/2 in.) regardless of 
calculated anchorage requirements. Alternative anchorage methods or types 
may be proposed for Buyer consideration. 

3.3.12.1.8 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-Allowable 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 lifting each comp.onent. 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. 

3.3.12.2 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 calculations 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 
sim pie 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 
fluid 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 

:,:;q~#:~~p~(~:ff i~1~1I~~:;;iF}i~:;_-
Main air stream ducting and filter 
assemblies 

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

3.3.12.3 Electrical Calculations 

Electrical calculations shall be done in support of NEC® (NFPA 70) 
requirements, ANSI/IESNA 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. 

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. 

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS 
BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 92 of 122 
10-Jan-06 

GS-1423 



RPP-24544 REV 1 d 

·Imo.1<igy ame& 
TECHNICAL SPECIFICATION 

PROJECT: Final DBVS Design 145579.V-SP-017 I 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 

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. 

3.3.13.1.1 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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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. 

All design calculations required for the ASME AG-1 components and 
ASME B31.3 piping, support structures, and lifting ·and handling shall be included 
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. 

3.3.13.1.2 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 (if 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). 

3.3.13.2 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 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 all other documents. The 
Buyer shall provide a calculation review sheet identifying requirements for the 
calculations. 

3.3.13.4 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 

3.3.14 

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 complete 
and approved by the Buyer. The Seller shall notify the Buyer three weeks before 
the intended shipping date, and shall 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). 

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 

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

3.3.14.2 Weld Examination 

Welds shall be examined per ASME B31.3 at a minimum for piping and pipe 
supports and per AWS D1 .1/01 .1 M for structural steel. An ASME 831.3 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 QUALITY ASSURANCE REQUIREMENTS 

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

4.1 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 other 
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 indoctrination and training, as necessary, of 
personnel performing activities affecting quality to ensure that suitable 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. 

4.1.1 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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4.1.2 Procurement Document Control 

Procurement documents must includ(3 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 Coe 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. Identify 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 Seiter before access, and verification activities may be performed 
jointly. 

The Seller shall warrant that all 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 shall provide legible and reproducible documentation, with the 
materials, that provides objective evidence that the items were provided by the 
origin91 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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the replacement part, and the part's drawings, specification, or catalog identity 
including applicable change or revision infom,ation. 

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. 

4.1.3 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. 

4.1.4 Computer Software Important to Safety 

When applicable, software applications important to safety shall meet the 
requirements of ASME NQA-1-1994 subpart 2.7, Quality Assurance 
Requirements for Nuclear Facility Applications. 

Safety 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 ta 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 qualitative acceptance criteria for determining that 
prescribed activities have been satisfactorily accomplished. 

4.1.6 Identification and Control of Items 

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 shall be compatible with the material being marked. Small 
items shall be bagged/wrapped and tagged. 

OFF-GAS TREATMENT SYSTEM BYPASS FILTER/FAN AND BYPASS 
BLEED SKID ASSEMBLIES DESIGN AND FABRICATION Page 102 of 122 
10-Jan-06 

05-1433 



RPP-24544 REV ld 

ame& 
TECHNICAL SPECIFICATION 

PROJECT: Final DBVS Design 145579-V-SP-017 I 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 

4.1. 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 NOE). 
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 CWI 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. NOE personnel qualification and certification procedure; 

2. Level I, II, and/or Ill personnel qualification and certification records, 
including objective evidence of NOE training, formal education, 
examination, experience, date of hire, and current visual acuity exam; and 

3. NOE method procedure(s) compliant with the applicable requirements of 
the Buyer's contract. 
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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 NOE examiner. All NOE 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. 

4.1.8 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. Identification 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, subassem blies ); 

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. Item 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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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 shall 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. ldenti.fication 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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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 authority for 
application and removal of tags, markings, labels, and stamps. 

Control of Nonconforming Items 

The Seller must have a process to control 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-ls" or "Repair," as defined below, shall be approved by 
the Buyer before supplier implementation of the nonconformance report (NCR) 
disposition: 

1. Accept-As-ls: 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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Nonconforming items identified as "Repair" or "Rework" shall be re-examined in 
accordance with applicable procedures and with the original acceptance criteria, 
unless 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) related 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 shall have a process to specify, prepare, and maintain records that 
furnish documentary evidence of quality. Records shall be legible, identifiable, . 
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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. 

Control 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 lot and material heat. Fastener packaging and 
labeling shall be traceable 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.· 

4.2 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 °For 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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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. 

4.2.1 Electrical Testing 

4.2.1.1 

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. 1 000V de Megger test for one minute, phase to ground. 
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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 shall 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 installation, 
manual operation of handles, and suspect/counterfeit parts. 

Instrument Tests 

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

4.2.2 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. 

4.2.3 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. 

4.2.4 High-Efficiency Particulate Air Filter System Testing 

4.2.4.1 

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

Filter Housing Testing 

1. The filter housing assembly, including inlet and outlet transitions, shall be 
visually inspected in accordance with the requirements of ASME N5i0 
(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 results 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 N5i0 (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 N5'10 (Section 8). 

3. The filter housings or test sections shall be tested for air-aerosol mixing 
uniformity in accordance with the requirements of ASME N5'10 (Section 9). 
Qualification testing of sampling manifolds 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 N5'10 (Section 9). 
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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-5400) 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 I). 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 N51 0 (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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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 ASH RAE 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. 

4.2.5 Lift Tests 

The fully assembled skid assembly shall be lifted from a horizontal position 
without incurring any damage. The lifting points shall 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. 

4.2.6 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. 

4.2. 7 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 

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

5.1 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. 

5.1.1 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. 

5.1.2 Operation and Maintenance Manual 

Provide an Operation and Maintenance Manual containing all information 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. Illustrated parts lists with manufacturer catalog numbers; 

3. Certified copy of factory test results; 

4. Recommended maintenance schedule; 

5. Maintenance 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 thoroughly 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 shall 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 
loading. Damaged areas shall be repaired. Items shipped with desiccants 
shall be inspected after loading to verify that seals are intact. 

4. 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 cushioned, and shall not readily support combustion. 

5. Temporary cushioning, blocking, bracing, or anchoring placed within an 
item for shipping protection that shall be removed before ope.ration of the 
item, shall be identified by a warnihg(s) placed in a conspicuous manner to 
effect proper removal of the packing material. 

6. Blocking and bracing used 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. 

7. The weight, lifting points, or center of gravity indicated on the crate, skid, 
or package of major components shall be used to ensure proper handling 
during loading. 

8. Written instructions covering the location 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. 

9. Precautions shall be taken to minimize marring of the finish of painted 
surfaces during handling and shipping, as practicable. 

10. 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. 

11. 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. Items 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. 

13. 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. 

14. Nonmetallic plugs and caps shall be brightly colored. Clear plastic caps or 
plugs are not to be used except when specified. 

15. Plugs or caps shall be prevented from falling into, or being pushed into, 
openings after installation and shall be secured to prevent accidental 
removal. 

16. Items subject to corrosion, either internal or external, shall be suitably 
protected. 

17. Items packed in containers shall be blocked. braced, or cushioned to 
prevent physical damage. 

18. 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 shall 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. 

19. "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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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 b-e 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. Items not specifically covered by these requirements shall be handled in 
accordance with sound material handling practices. 

5.4 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 withiri the crate. Each package shall be 
labeled as part of the entire shipment, such as "Crate 1 of 2." 

5.5 HANDLING 

The Seller shall lift equipment using a forklift or crane, using the lifting points 
designed for that purpose. 

5.6 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. Verify all parts are present and not damaged during shipping. 

2. 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. 

2. 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. 

3. 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 
materiafs comply with this specification and that adequate provision is 
made in the skid assembly design and fabrication for mounting 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 appendices make up part of this specification: 
----··---- ------.. ·-------·· ····--··-•--· .. ·-·······---····-····· -·-·----- ···---···------ ······· ·····-····-·-··----··---

Appendices Description 

A Drawings and Sketches 
----····· --·-···•····--·-·•·-•-···---------·-··-·--·-"· •·-----·- ·----·-·· ··- .......... ·------- .......... ······ -----. -------·-·· .. ------···• ---------------
1-----B ___ , _A_S_M_E_A_G-1 __ Compliance .Matrix Example··-----

C I Example Data Sheets 
D i Bidder's Drawing and Data Commitments ·····---···----·· 

ii----E--..;/ .. TFC:°~ESl::i6~ci C-C-03, Revisi~~--Ei-c;;-~tro/ of ---·---••·----·-·--·--

! ......... •-· ..... -······-· ... L_~!!~B~?.t(Co~~e_r!_€1Jt.Ite_'!1~.-· ............... ·---·- .. .. 
i F ! Request for Information ;··--------·-····---· ... ··-- ; .......... .--.-·--··-·· -· .......... ···----·-··- .............. _._. ·-··--· ······~·•····•-·· ... . 

G ! Instrumentation Naming and Tagging Convention 
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Appendix A 

Drawings and Sketches 

A77977-M-001 A 1 Bulk Vitrification Off-Gas Treatment Melt & Dryer 

Lower Plan 

A77977-M-003 A 

F-145579-00-A-0100 p 

F-145579-00-E-0006 B 

F-145579-36-A-0108 D 

H~14-106795 

Bulk Vitrification Off-Gas Treatment Scrub & 

Stack Plan 

Bulk Vitrification P&ID Symbol Legend 

Bulk Vitrification OGTS By Pass One-Line Diagram 

Bulk Vitrification OGTS Bypass P&ID 

Bulk Vitrification Tri-Mer Scrubber Foundation -

Plan & Details 

7 
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Reguiremen 
I Number 

Source Requirement Text 

Each sec\ion o! \his Code detinea\es ma\erial requiremen\s applicable to that section. In addition, the materials !isled in Section Ill 
or the ASME Boiler Pressure Vessel Code (hereafter referred to as the ASME Code) are acceptable materials. 

The ASME or ASTM numbers !or a·cceptable materials designate a chemical composition and a material thickness limit. A grade 
designation is usually required to determine the minimum strength of the material. If the specific grade material has an assigned 
minimum yield and tensile strength, these values shall be used for design purposes. If values have not been established and 
assigned, then tests in accordance with the procedures outlined in ASTM A 370 shall be performed to obtain these values. Results 
of mill certified tests performed as above designating these values shall be calculated by the procedures in M-4000. 

VerificationNali 
dation 

R - Review 
A· Analysis 

T - Test 

Design Document 
Reference 

(Where is this 
requirement 
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2 AA-4100 Scope: 

3 . 

4 

5 

6 

7 

8 

9 

This Article contains the minimum requirements for design of equipment for which this Code is applicable. Nonmandatory 
A endices AA-A throu h AA-O contain uidance on im lementin these rules. 

AA-4110 Environmental Qualifications: 
Electrical equipment shall be qualified to meet the environmental conditions specified for the equipment in Divisions II and Ill of this 

Code. 
AA-4200 Design Criteria: 

This Subarticle contains the load, stress, deflection. and other criteria for the design of equipment. Verification of equipment 
desi n shall be based on calculations or tests, or a combination of both. 

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 

desi nin e ui men! and shall include, but not be limited to, the loads listed in AA-4211. 
AA-4211 Loads: 

additional dynamic loads (AOL): loads resulting from system excilalion due lo structural motion caused by safely relief-valve 
actuation and other hydrodynamic loads due to design basis ccidenl (OBA), small pipe break accident (SBA). and intermediate 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 constraint of free end displacement that resulls from thermal or other 
movements. 
dead weight (OW): the weight of-equip men\ or ductwork including supports, stiffeners, insulation, all internally or externally mounted 
components or accessories, and any contained fluids. design pressure differential (DPD): dynamic pressure loads resulting from a 
OBA, IBA. or SBA. 

AA-4211 external loads (EL): applied loads caused by attached piping, accessories, or other equipment. 
fluid momentum loads (FML): loads other than those listed here. such as the momentum and pressure forces due lo fluid flow. 
live loads (L): loads occumng during constniclion and maintenance and loads due lo snow, ponded waler, and ice, 
normal loads (N): loads consisting of normal operating pressure differential. system operating pressure transients, dead weight. 
external loads, and inertia loads. 
N = NOPD+SOPT+DW+EL+FML 
normal operating pressure differential (NOPD): the maximum positive or negative pressure differential that may occur during normal 

AA-4211 seismic loads: loads that are the result of eilher an operating basis earlhquake (OBE) or safe shutdown earthquake (SSE). Both 
orthogonal componen\s of the horizontal seismic excitation are applied simultaneously with the verlical seismic loading. These 
seismic forces are applied in \he directions that produce worst-case stresses and deflections. 
system operational operational transient (SOPT): pressure transient loads due to events such as rapid damper, plenum or housing 
door, and valve closure, or other normal loads that result in a short duration pressure differential. 

AA-4212 Load Combinations: The load combinations to be considered for equipment 
desi n are iven in Table AA-4212. 
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AA-4212 Table AA-4212, Load Condi/ions: 
C:0J11QO_Dfill!:~~-=:0v1,:; 1 ,., 

C (Note (1)) 

[I 

General Notes: 

1'-l OBE + T .;- .:....OJ. 
N i·,1 + T and 
N ~ SSE r- l:.DL 

N Di'D 8SE + liDL 

(a} Constraint of lree end displacemenl loads, external loads, additional 
dynamic loads, and fluid momentum loads are associated 
with the service level of concern and are not, in general, lhe IV same for all service levels. (b) If particular equipment design criteria 
require additional load 
combinations, those reauirements shall be slated 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 alter 
a seismic event and operability can be assured by test or analysis. 

11 AA-4213 Service Conditions: 
The equipment Design Specification or the applicable equipment section of this Code shall identify the loads and shall designate 

the appropriate design and service limits for design of equipment systems. The design and service loads shall be established 
considering all plant and system operating conditions anticipated or postulated to occur during the intended service life of the 
eouioment svstems . 

12 AA-4214 Design and Se,vice Limits 
13 AA-4214.1 Design Limits. The limits ror design 

/oadina are desianated as desian limits. 
14 AA-4214.2 Service Limits. The equipment design specification may designate service limits as defined in (a) throuh (d) below. 

(a) Level A Service Limits. Level A service limits are those sets of limits that must be satisfied for all loads identified in the equipment 
design specilication to which the equipment may be subjected in the performance of its specified normal service function. 
(b) Level B Service Limits. Level B service limits are those sets of limits that must be satisfied for all toads identified in the equipment 
design specification for which these service limits are designated. Equipment must withstand load combinations specified for -Level B 
service limits without damage that would require repair. 
(c) Level C Service Limits. Level C service limits are those sets of limits that must be satisfied for all loads identified in the 
equipment design specification for which these service limits are designated. These sets of limits permit large deformations in areas 
of structural discontinuity. 
Id\ Level D Service Limits. Level D service limits are those sets of limits thal must be satisfied for all loads identified in 1h"' eauioment 
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:; i.'.'.~r;•;~~{:.': . ''.:_:5~•AA.~2·20:,•::::: .STR es·s?c1t11i;R1~•< .. \•''. , ... _.• --~-- ... ,,~· ·····=~_,_~-- ·~•";~:·-.-,,-i'.;;:_···=n.;·, .. ·. ... . . . . ,::' .-:::··::;' ·;·: .. -.,,,.·,· ... -··· :.-- ···. ✓ .·:'(·~-?~::-:-,~-: .. ·~-~'.•:t:";:•/ \''."-~~\? '\ ;•,·:,-~ > •:~:-~•-:?:t·:>Y'?t·~~I·•:"~: ·-;;,::~;;·~-,.;tt,{'?.Pfr··:;, 1''.''.t;~•;;(•';'._".-'./","_ r~·--~y.J·--~- ?':'t?YJ/·;•:·:··:::·c:-'..·~~~:::::·?'2Y'+•'•"·r ··~: 
15 AA-4221 Stress Limits: 

The maximum normal stress limits for the service levels defined in AA-4212 are stipulated in AA-4320 and AA-4330. 
;:;::-,'.:.:. '\·-c/.'': .,, '(5•AA;4230!''!; DE~IH:CTION'CRltERJA'(·>>:.::>:·:::,};ti:-':'.:.:; ·:· .. :i!.-x,,,,,,s;'·-'./v.::-.·:;"-.•:· '.:,,:: .;.': ><.-: ·. : .. '., .. _.;,;,.;, :·., ' .. • :::_:: .. :;,'.::,,>.:,,j\;;,·.,,>_.:;,:·'·: ;·.·,;;:_:;,,if;,.,:,:~ci<,;.,,,:.;L .. :< ,;,:;:;,,/<'.s.:::}.<.!J.:~"-'' ........ :'··::<:"\"'",,~···yr·"•·,-::,'.····:; 

16 AA-4231 Deflection Limits: 

Date Printed: 1/10/2006 

The maximum deflection d "'"'·' including all equipment tolerances, that may be sustained so that equipment function is not impaired 
shall be determined. This maximum deflection may be defined in the equipment Design Specification or the applicable equipment 
section of this Code. Allematively. ii 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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A jNoce 
13 INo:e 
C !Norn 
D r i~ote 

!.,,~vc~l 
( 1) ) 

{ l l ) 
(2)) 

{'.<!) 

G,:--:!U ~ct :.on i.,j£1;_ 

d.,11 ~ 0. 6 d::1,,:c 

d"u s; 0. 6 ci::i,,:L 

d,,ll :f O. 9 d::hl/':, 

d.,.u :; 0. 9 d:::,,:(. 

General Notes: 
(a) If particular equipment design criteria require more restrictive limits on deflections, those requirements will be stated in the 

applicable equipment section of this Code. 
(bl Deflections shall be limited to prevent transmission of excessive load to other components such as filter frames, coils, 

bearings. and access doors. 
Notes: 

(1) Deflections shall be limited to values that prevent buckling in primary load carrying elemenls. . . . . . 
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-~} ;!/'~~i~-~~-F.~::1·,:~.:~{i'.:~~ ::,:·:~ AA.~4240':!.~~:-: O}rHER;{C"Ri:tER'lA~~t'.~:;:f;~~ii-t'f}~-~~-~;!~-:~·::·_H\t:~::~·/:.)~::-~_; '.:.0.'?{::::~~::::·:·.;q~~1~~t;;;:~~~f&~b%,:,~5~{-~:1::~':i::;v-:·:ff~~%.f•}i:F1}1:-;;:.:;~,~-;F~::tm~:f~ f.f P@.:~•i~i,iH~;(:(;Hif ::f'-:'::~-~~- ;!~-W~Nf:M4Y~-:I~~·}r.W~ffS&fpt~;;wu&n:T$JJf 
18 AA-4241 

19 

20 

21 

22 

24 

25 

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 wilh adequate restraints to resist the loads 

enerated under an service level. 

AA-4242 Provisions for Re/alive Movement: 
Consideration shall be given lo lhe relative motion between equipment systems and their supporting elements, as this will affect 

ability lo 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 to allow for fabrication and installation tolera~ces. 

AA-4243 Structural Attachmenls: 
Structural attachments ma be of either the inte ral or noninte ral t e, as defined in AA-4243.1 and AA-4243.2. 

AA-4243.1 Integral Attachments: 
(a.) Integral attachments are those fabricated as an integral part of the equipment. Consideration shall be given to local stresses 

induced in equipment by integral attachments. 
(b.) Integral Items used as pan of an assembly for the support or guiding of the equipment may be welded directly to lhe 

equipment, provided the design is adequate for all applicable service conditions and load combinations set forth in AA-4212 and the 
requirements of AA-6300 are met. 

AA-4243.2 Noninlegral Attachmenls: 
Nonintegral attachmenls are those that are bolted, pinned, clamped to. or bear on the equipment. Consideration shall be given to 

lhe mechanical connection and local stresses induced in the e ui ment b noninte ral attachments. 
'.';'4$00>;: OE.Si.GN'.OF;i:0:UIRMi:NiJll'S, M_Siil,Nt:i°:,;THEIR'.S0PRio>:R1!iffG'./Ei:EME 
: .\'4afo>'' ~ENERAl.':'cRECiUlREMENt ="-'''.c:::'-':';:...:.'''c:::t:·:..;;:·,::..;;:''.·:..;;·•,·.:·"","";;~:..;;-•· ====== 

AA-4311 Acceptability: The requirements for acceptability of the design of equipment systems and their supports are given in AA-4311.1 
throu h AA-4311.3. 

AA-4311. 1 The design shall be such that the allowable stresses will not exceed the limits given in this Subarticle. Design stress values S, 
yield strength S v• and ultimate strength S ,. are given in AA-3000 references. These values form the basis for determining allowable 
stress, depending on analysis lype. 

AA-4311.2 For self-limiting loads under Service Level D, localized material yielding is permitted, provided that yielding does not form a 
mechanism that would result in calla se of the structure. 

26 AA-4311.3 For configurations where compressive stresses occur, critical buckling shall be considered . 
• ,•·,:.:;-;;,::,;_,.:,,; !..O:J(A'.4312Y', SASIS<FQR;DE::TERMINING·:GTRESSES'lN DESIGWBY:ANALYS1S:,·..s\'"< 1') .• /:.: .. :, ,""<' "' :,;;:,·:·:,,,::,,_::,' T ',· .• Y:. :) .::; ,;, .f,;;,;,,\:'.,-\; ?;.:&, ';\c',:;Jff,!·· ;,;+;/, :,,,\:,''\~,,;, .. _.:;, ''e'-,<:1,,··,< ,,t;s,· 

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 lhe maximum stress theory, the conlrolling stresses are the membrane and bending 
stresses. 
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28 AA-4312.1 

29 AA-4312.2 

30 AA-4312.3 

31 AA-4313 

32 AA-4313.1 

33 AA-4313.2 

34 AA-4313.3 

35 AA-4313.4 

36 AA-4313.5 
37 AA-4313.6 

38 AA-4313,7 

39 
AA-4313.8 
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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, but are not necessarily limited to, the following may be 
required to determine the limiting case: 

(a) elastic analysis based on maximum stress theory; 
(b) elasllc analysis based on maximum deflection: 
(c) elastic analysis based on allowable buckling stress (see AA-4323). 

Linear-Type Systems and Supports -- Analysis Procedures: 
Elastic analysis based on maximum slress theory in accordance with the rules of AA-4330 shall be used for the design of linear-

type systems. 
Applicability of Mathematical Analysis: 

The design procedure that may be used shall be either analysis or test, or a combination, and is dependent upon the nature of the 
structural system under consideration. The choice shall be based on the practicality of the method for the type, size, shape, and 
complexity of the equipment, and the reliability of the conclusions. The analysis method is not recommended for complex equipment 
that cannot be modeled lo correctly describe the static and dynamic structural characteristic of the equipment. Furthermore, analysis 
without testing may be acceptable only If structural integrily atone 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 with the rules of AA 
4350, 
Terms Related to Design by Analysis: The terms used in the design of equipment systems and their supports are shown in AA-
4313.1 throuqh AA-43 13. 11. 
Gross Structural Discontinuity. Gross structural discontinuity is a geometric or material discontinuity that affects the stress or strain 
distribution throughout the entire thickness of the member. Gross discontinuity-type stresses are those portions of the actual stress 
distributions that produce net bending and membrane force resultants when integrated through the thickness. Examples of gross 
structural discontinuities are junctions between parts of different diameters or thicknesses, and flange-to-shell junctions. 

Normal Stress. Normal stress is the component of stress normal to the plane of reference, also 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 
lo be made up of two components, one of which is uniformly distributed and equal lo the average value of stress across the 
thickness under consideration, and the other of which varies from this average value with the location across the thickness. 

Membrane Stress. Membrane stress is the component of normal stress that is uniformly distributed and equal to the average of 
stress across the thickness of the section under consideration. 
Bending Stress. Bending stress is the variable component of normal stress described in AA-4313.2. The variation may or may not be 
linear across the thickness. 
Shear Stress. Shear stress is the component of stress tangent to the plane of reference. 
Primary Stress. Primary stress is any normal stress or a shear stress developed by an imposed loading that is necessary to satisfy 
the laws of equilibrium of external and internal forces and moments. The basic characteristic of a primary stress is that it is not self-
limiting. Primary stresses that considerably exceed the yield strength will result in failure or, at least, in gross distortion. A general 
primary membrane stress is one that is so distributed in the structure 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 lo distributed live loads. 

Secondary Stress. Secondary stress is a normal stress or a shear stress 'developed by the constraint of adjacent material or by self-
constrain! of the structure. The basic characteristic of a secondary stress is that ii is self-limiting. Local yielding and minor distortions 
can satisfy the conditions that cause the stress to occur, and failure from one application of the stress is not lo be expected. An 
example of secondary stress is bendinq stress at a qross structural discontinuitv. 

Peak Stress. A peak stress includes an increment added to primary or secondary stresses by a stress riser. such as a notch. 
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43 AA-4321 

44 AA-4321 
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Free End Displacement. Free end displacement cons is ls of the relative motions that would occur between an attachment and 
connected structure or equipment if the two members were separated. Examples of such motions are those that would occur 
because of relative thermal expansion of ductwork, piping, equipment, and equipment supports, or because of movements imposed 
uoon the eauioment bv sources other than the oioina. 
Limit Analysis. Limit analysis is a method used to compute the maximum load or combinalion of loads a structure made of ideally 
plastic (nonstrain hardening) material can carry. Among the methods used in limit analysis is a technique that assumes elastic, 
perfectly plastic, material behavior. and a constant level of moment or force in those redundant structural elements in which the level 
of membrane yield, plastic hinge formation, or critical buckling load in the.member has been reached. Any increase in load must be 
accompanied by a stable primary Structure until' a failure mechanism defined by the lower bound theorem of limit analysis is reached 
in the primarv structure. 
Collapse Load: Lower Bound. The collapse load is the load at which deformations of an ideally plastic structure increase wilhout 
bound. If, for a given load, any system of stresses can be found that everywhere satisfies equilibrium and nowhere exceeds lhe 
material yield strength, the load is at or below the collapse load. This is the lower bound theorem of limil analysis, which permits 
calculation of a lower bound to the collaose load. 
DE:Slt3NNERlFICATfON,QF)J>,fAtE?:At-ib:sHEU.!AT:YREICbMPbNENtS}AND1J:HEiR'StlRl?..0RT:1Nt1E:l¾EME:NJ:SWi'i!:IJiitWi\'.fiJiiJ!~~li\ .'·i)':f(f, >f:•?Ll~\}ll,\i'"·'.:~._1' '.f}'.'.f~jf.J.'.S·~;;::?i:~i~IJ-::,)1:\f'•!),~~•·:(,~1t,;~;_z){{,~ 

Stress Analysis: 
A detailed stress analysis of all major structural plate and shell-type components and their supporting elements shall be prepared in 

sufficient detail lo show thal each of the stress limitations of Table AA-4321 is satisfied when the component and its supporting 
elements are subiected to the load combinations of AA-4212. 
Table AA-4321, Pla/e- and Shell- Type Componenls -- Primary Stress Allowables 

St:n~s.~ r.a C~G.f21.: ... Y 
Nemhran0 and 

General Bending 
Service Nambi:an<? (1; a, + a, 

b~t2. I I-in r: <!-1.ll..l. .LJw.J;.fL.1.?.J-1 
11 1.0 s [Note (3) J 1.5 s 
r, ],() s !.5 s 
C 1.2 s 1. 8 s 
D Less O{ l. 5 s Lesser of 2.25 3 

()l" (J,,J Su [!Jo::i:• (]) 1 C>!" 0.6 So 
Noles; 

(1) General membrane stress er, is the average membrane stress across the solid section, excluding discontinuities and 
concentrations. 

(2) Bending stress cr2 is the linearly varying portion of stress across lhe solid section under consideration, excluding effects of 
discontinuities and concenlrations. 

(3) S = design stress 
Su = 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 slated in lhe 

equipment Design Specificalion ii lhe requirements of Eq. (1) and (2) are met (see AA-4322.2 for service limits associated with the 
service levels of AA-4212). 

a, 51.0S (1) 

a 1 + cr2 5 1.5S (2) 

where 
S = design stress value from AA 3000 references 
a, = membrane stress 

cr2 = bending stress 

46. AA-4322.2 Service Limi/s: 
The maximum normal stress limits for Service Levels A throuah Dare as stioulated below. 

47 AA-4322.2 (a) Level A service limits are satisfied for the service conditions of AA-4214.2(a) for which these limits are designated in the 
equipment Desiqn Specification if the requirements of Eqs. ( 1 l and (2) are met. 

48 AA-4322.2 (b) Level B service lim_its are satisfied for the service conditions or AA-4214.2(b) for which these limits are designated in the 
equipment Design Specification if lhe requirements or Eqs. ( 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 Desiqn Specification if the requirements of Eqs. (1) and (2) are not 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 designated in the 
equipment Design Specification if the requirements of Eqs. (3) and (4) ~re mel. 

a, 5 lesser of 1.5S or 0.4 S" (3) 

a,+ cr2 :; lesser of 2.25S or 0.6 S" (4) 

where Su= specified minimum ultimate tensile strength of material found in AA-3000 references. other terms are as defined in AA 

4322.1. 

51 AA-4323 Buckling and Stress Limits Set by Buckling Stress Criteria: 
The allowable deflection due lo compressive loads shall be limited to prevent postbuckling failure in the plate. Buckling stresses 

shall be verified aaainst Service Level D allowable values or Table AA-4323. 
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AA-4332 Table AA-4323, Linear•Type Systems•· Primary Stress Aflowables 
3 t.re..:.'i.-Ll .. a ... rqonr\: 

Stl·ess r1·am 
Service General Load 

Jnti!JCs!."l St 1·~ 

s /Note /l)j 

-~ 

Const.rain r o.f Free 
]'::nd !J.!_JJ.fl.lj) cemen rs: l~@vel ,, 

ll 

C {Note 
D [No:e 

(2) J 
(2) J .1.2 S,-li", •· $ 

not co 2sceed 
0. 7 S 1,/Ft " S 

J s 
3 s 

Not .il.ppli cab.i e 
No!: Applicable 

Notes: 
(1) S refers to the primary allowable slresses developed in the ASME Code, Section Ill, Appendix XVII, XVll-2211 through XVJI· 

2214. ' 
Sy= yield stress 
Su= ultimate stress 
F, = allowable tensile slress 
Values are found in AA-3000 references 

(2) Loads shall not exceed 0.67 times the critical buckling load of !he p,rimary framing system. 

53 AA-4323. 1 Local Yielding and Buckling: 
The maximum stress for the load carrying capacily of plates shall be based on the pos/-buckling behavior of the plale, 
(a) When buckling governs. defleclions shall be computed based on effective widlh concept. 
fb) When local vieldinq· qoverns, deflections shall be comouted based on the averaqe or reduced section. 

54 AA-4323.2 Lateral Buckling: 
Critical lateral buckling stresses shall be computed based on moment resisting caoacity. 

55 AA-4323.3 Flexural Buckling: 
Maximum stresses shall be comouted based on stabilitv considerations. 

56 AA-4323.4 Torsional Buckling: 
Maximum shear stresses shall be com outed based on the torsional caoacitv of the section. 

57 AA-4331 Stress Analysis: 
A detailed stress analysis of all major linear•type equipment shall be prepared n sufficient detail lo show that each of lhe stress 

limitations of AA-4332 is satisfied when the equipment is satisfied when the equipmenl is subjected lo the load combinations of AA-
ffl2 . 

VerificatlonNali 
datlon 

R • Review 
A• Analysis 

T-Test 
I • Inspection 

Design Document 
Reference 

(Where is this 
requirement 

incorporated In the 
design) 

;_.:;~~t. ·:· · .. ::AA~.:~t~s·t~~L~ S;r;RES'S5LI MJms:::};:.f:'.~r.:/~·:,.:::·:{c:\\' _:::i.,)::.;~~·.;:;i/~;::Sf!~;~;:::;;;\'.;~;~~~.'.~f;·\T~::J:ir:! ·'.:;/:\~.:·:? ~-?§ADJ~~t}WX.,:r~I:~=~i;?:'.:/tf&~~~: · ·. -~.: ... f :. :::-. -~ .. :~·: . .,/>~)1,;J.:Y·Y\. · _ · -1,t,; ✓·: / ~"-~:. · :,_. ·;-. ~;)·;.;·· . .: .. ::.::-.1:,. ... · • .2:: ·/-·:}'.··(> ,i :{,:; >:N': :Y<,fr1f, >•'!,.ir./· ).- .: :· .. : \ 
58 AA-4332.1 Design Level A and B Limits: 

Design Level A and Level B limils are idenlical and are given in the ASME Code. Section Ill, Appendix XVII. The allowable stress 
for the combined mechanical loads and effects !hat result from constrainl of free end displacements (see AA-4313.6) but not thermal 
or peak stresses. shall be limited lo three limes !he stress limits of lhe ASME Code, Seclion Ill, Appendix XVII, XV11•2000. 

59 AA-4332.2 Level C Limits: 

Date Printed: 1/10/2006 

The stress values for Level C limits may be increased by 50% over the values given in the ASME Code, Section Ill, Appendix XVII, 
XVll-2000. Constrained free end displacement and differential support motion effects need not be considered. Primary stresses shall 
not exceed 0.67 times the critical buckling strength of the primary framing system. In such analysis, local instabilities, such as 
comoression, flanae, and web buckling shall be evaluated. 
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AA-4332.3 Level D Limits: 
If the equipment Design Specification specifies service loads for which level D limits are designated, the following rules shall be 

used in evaluating them independently of all other design and service loadings. 
(a) The allowable stresses presented in the ASME Code, Section Ill, Appendix XVII, XVll-2000, may be increased by a factor of 

1.2 (S ylF, ), but not lo exceed a factor of 0.7 (S ulF 1 ), where Sy is the specified minimum yield strength of the material, F, is the 
allowable tensile stress, and S" is the ultimate tensile stress. 

(b) Primary stresses shall not exceed 0.67 limes 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. 
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61 The stress limits specified by this Code do nol assure that the equipment will be able lo perform lhe required safety function. 

Funclionabililv is assured by followinq the rules stioulaled below. 
62 AA-4341 Functionability of Mechanical Systems: 

The methods of AA-4341.2, AA-4341.2, or AA-4341.2 shall be used to assure operability of mechanical systems and their 
suooorting elements. 

53 AA-4341.1 The Service Levels C and D stress limits of AA-4322 and AA-4332 shall be reduced to the Levels Band C limits, respectively. 

64 

65 
66 

67 

68 

69 

AA-4341.2 

AA-4341.3 
AA-4342 

The deflections at all crilical locations 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 Specification, or by both. 
Furthermore, for equipment where buckling is of concern, deflection checks shall be performed for the component or support load 
condition as soecified in AA-4323. 

The functionability of the equipment shall be verified experimentally. 
Functionability of Electrical Systems: 

Ooerabililv of electrical svstems and their suooortina elements shall be assured usina the method outlined in AA-4350. 

AA-4351 General: 
Design verification by testing shall be in accordance with the rules of this Subarticle. Seismic tests are to be performed by 

subjecting the equipment lo vibratory motion lhal conservatively simulales that postulated al the equipment mounting during the OBE 
and an SSE. In addition, other loads that may occur concurrently with lhe seismic event shall be accounled for (see AA-4212). The 
rules of this Subarticle are consistent with and complementarv to ANSI/IEEE 344. 

AA-4351. 1 Equipment Mounting: 
The equipment lo be tested shall be mounted on lhe test machine in a manner !hat simulates the intended service mounting. The 

mounting method shall be the same as lhal recommended for actuaf service, which includes the recommended bolt size and 
configuration, weld pattern, and type. The efiect of all attached hardware such as electrical connections, conduil, sensing lines, 
piping, and ductwork shall be considered. The melhod of mounting the equipment to the lest machine shall be documented and shall 
include a description of any interposing fixtures and connections. Effect of such fixtures and connections shall be evaluated if they 
are only used during qualification and not for inservice mounting. Equipment orientation shall be along the major and minor axes for 
each test condition unless specified othe,wise by the equipment Design Specification or the applicable equipment section of this 
Code. 

AA-4351.2 Equipment Monitoring: . 
Sufficient monitoring equipment shall be used lo evaluate the performance of !he safely function of the equipment before, during, 

and after the test. In addition, sufficient vibralion monitoring equipment shall be used to allow determination of !he applied vibration 
levels. In addition to the monitoring of the tesl machine, as many points of the equipmenl shall be monitored as needed to provide 
information that shalt be used in evaluatinq the test resul\s. 
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Exploratory Tests: 

Exploratory vibration tests required for all qualification tests except mulliple frequency tests (see AA-4356) shall be run on 
equipment to aid in the delerminallon of the test method !hat will best qualify or de\ermine the dynamic characteristics of the 
equipment. As per AA-4352, the type of \est required to qualify equipment for various applications shall be dependent on the ma\ure 
and dynamic characteristics of the equipment and the required response spectrum (RR$). tr ii can be shown that the equipment is 
not in resonance a\ any frequency within \he frequency range of interest. ii shall be considered to act as a rigid body and analyzed or 
\ested accordingly. If there are resonances, one of \he various methods of AA-4352 or olher justifiable methods shall be used. 

Exploratory Tests: 
The exploratory test shall be in the form of a low level (the level shall be chosen lo give a usable signal lo noise ratio on the 

vibra\ion sensing equipment) continuous sinusoidal sweep at a rate no greater than 2 octaves per minute over the frequency range 
equal to or grea\er than that to which the equipment is to be qualified. If the configuration or the equipment is such Iha\ critical 
natural frequencies cannot be ascertained due to 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 cannot be ascertained, 
seismic qualification shall be accomplished by proof testing with a random input molion that shall generate a lest response spectrum 
(TRS) to envelop the RRS. An acceptable alternative shall be to qualify the equipment by a fragility test as described in AA-4351.7. 

Exploratory Tests: 
It must be noted Iha! for certain equipment, due to geometric or material nonlinearities, a low level resonant frequency search may 

not be a conclusive determinant of equipment resonances. In those cases, a higher level input shall be used and lhe exploratory 
tests rerun. 
Seismic Qualification Tests: 

Seismic qualification tests designed to show acceptable performance of equipment during and following an SSE shall be preceded 
by one or more OBE tests. The. number of OBE tests shall be given in the equipment Design Specification and shall be followed by 
one SSE test. Each minimum test duration shall be given in the equipment Desian Specification. 
Equipment Loads During Testing: 

Seismic qualification tests of equipment shall be pertormed with the equipment subjected to the combined loads idenlified in AA-
4212. These loads shall be simulated and shown to be equal 10 or greater than those expected. If any load is not included during 
lhese tests, justification for the absence of the load shall be provided. 
Proof Testing: 

Proof testing is used lo qualify the equipment for a particular application or lo a particular requirement. A proof lest requires that 
the equipment be subjected to one of the tests described in AA-4352 lo lhe particular response spectrum or lime history defined for 
the mounting location of the equipment. A proof test requires that lhe equipment be subjected to one of the tests described in AA-
4352 to the particular response spectrum or lime history defined for lhe mounting location of the equipment. An attempt lo determine 
lhe failure threshold of lhe equipment need not be made. The equipment shall be lesled lo the pertormance requirement or the 
equipment Design Specification and need not be tested lo its ultimate capability. 

Fragility Testing: 
Fragility testing shall be used to qualify the equipment by determining its ultimate capability for performing its safety function. 

Equipment fragility shall be demonstrated by using sine beat, continuous sine, transient, or multi-frequency excitation lo random-type 
waveforms. A measurement or the equipment's fragility level for a particular excitation demonstrates its ultimate capability lo pertorm 
its safety function while subiecl lo that motion. 
Device Testing: 

Devices shall be lested under simulated operating conditions lo either the levels dictated by expected service requiremenls or lo 
their ultimate capability. The devices shall be mounted on the shake table in a manner lhal dynamically simulates lhe in-service 
mounting conditions. If a device is inlended lo be mounted on a panel. the panel shall be included in the lest setup, or the response 
al the device mounting location shall be monitored in the assembly lest, (see AA-4351.9) in which case, the device shall be mounted 
direclly to the shake table, if lhe inservice excitation can be simulated. Devices shall be tested using the melhods described in AA-
4352. 
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78 M-4351.9 Assembly Testing: 
Large complex assemblies shall be tested under simulated operating conditions and monitored for proper functional performance; 

however. it may not always be practical lo simulate all system simultaneously. II is acceptable. therefore, lo test such equipment in 
an inoperative mode with the actual or simulated devices installed, including any nonsafety-related devices. The test shall determine 
the vibration response at the device location by either direct measurement al full excitation or by determination of the transfer 
function from the assembly mounting points lo the device mounting point. The resulting vibration response of the device at its 
location in lhe assembly shall be less than the vibration to which the device is qualified. The test methods described in M-4352 
shall be used. 

79 M-4352 Test Methods: 
Present test melhods fall into two major categories: proof Jesting (AA-4351.6) and fragility testing (AA-4351. 7). The choice of 

method will depend upon the nature of the equipment and the expected vibration environment. Consideration shall be given to the 
choice of single axis or mulliple axis testing as described in AA-4358. 

A proof lest seismic simulation waveform shall: 
(a) produce a lest response spectrum (TRS) that closely envelops the RRS or the applicable portions thereof, using single or 

multiple lrequency input motion; 
(b) have a peak amplitude equal lo or greater than the zero period acceleration (ZPA) of the required response spectrum 

(RRS); 
(c) have a test duration in accordance with the requirements of AA-4357. 

80 AA-4353 Artificial Broadening Required Response Spectra: 
If single frequency tests are to be conducted to artificially broadened response spectra, lest shall be conducted at frequency 

intervals on either side of the center frequency of the response spectra. If the center frequency in the broadened area is f« testing 

shall be conducted at this frequency and also at the frequencies fc +I- Mc ... where t.fc corresponds lo a 116 to 1/3 octave interval, 

until the entire broadened area has been covered. The TRS generated during each individual lest shall have at least the same 
amplitude as the original narrow-band response spectrum. 

81 AA-4354 Damping Selection: 
The damping value used in analyzing Jhe lest machine motions that generate the TRS shall be the same damping value as lhal of 

the RRS. 
82 M-4355,4 Single Frequency Tests: 

If it can be shown that the equipment has no resonances, only one resonance, or distinct resonances which are widely spaced 
such that the resonance interaction does not reduce the fragility level, single frequency testing may be used to qualify the equipment. 

83 AA-4355.1 Derivation o( Test Input Motion: 
For any input waveform, the shake table motion shall produce a TRS acceleration al the lest frequency that is al least equal lo that 

given by the RRS. Additionally, the inpul motion shall be adjusted to produce a TRS that envelops the RRS al all frequencies, as 
described in AA-4353. Also, the maximum acceleration of the shake table mo lion shall be at least equal lo the ZPA value of the 
RRS. 

84 AA-4355.2 Continuous Sine Tes·1: 
A test at any frequency shall consist of the application of a continuous sinusoidal motion corresponding lo the maximum 

acceleration to 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 test is lo be run shall produce at least the maximum response acceleration given in AA-
4355.1. The peak input acceleration must be al least equal to the ZPA of the RRS, except at low frequencies where !he RRS is 
below the ZPA for which the value of the RRS must be met (see AA-4358 for requirements on the axial relationships for the lest). 
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85 AA-4355.3 Sine Beal Test: 

86 

87 

BB 

Fig.AA-
4355.3 

AA-4355.4 

Date Printed: 1/10/2006 

A test at any frequency shall consist of the application of sine beats of peak acceleration corresponding to that for which the 
equipment is to be qualified. The sine beats consist of a sinusoid at the frequency and amplitude of interest, as shown in Fig. AA-
4355.3. The number of cycles per beat and the peak amplitude of the beat are chosen in accordance with the criteria of AA-4355.1. 
The peak ampli\ude of the beal shall a\ least be equal lo lhe ZPA of lhe RRS, excep\ a\ low frequencies where lhe RRS is below the 
ZPA for which \he value of the RRS musl be met. For a test at any frequency, a series of beats are used lo 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). 

Decaying Sine Test: 
A test at any frequency shall consist of the application of decaying sinusoids of peak acceleration corresponding lo lhal 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 rale are chosen lo obtain a TRS from the shake table motion that envelops the 
RRS (see AA-4355.1 ). The peak amplitude of the sinusoid shall al least be equal 10 lhe ZPA of the RRS, except at low frequencies 
where the RRS is below the ZPA for which the value of the RRS musl be met. For a test at any frequency, a series of decaying 
sinusoids are used with a sufficient pause between the sinusoids so that there is no significant superposition of equipment response 
motion. The frequencies of interest are the natural frequencies of the equipment being tested (see AA-4358 for requirements on the 
axial relationships for the test). 
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89 AA-4356 Mu//iple Frequency Tests: 
When the seismic ground motion has not been slrongly filtered, the floor motion retains the broadband characteristic. In that case 

multiple frequency \es\ing shall be used for qualification. ll is used as a general qualificalion method as long as lhe TRS envelopes 
\he RRS. Specific inpul excitation to the tesl !lJachine shall include a lime history molion consisting of random and complex wave 
shapes. 

The lest machine input excilalion waveforms described in the following subparagraphs shall be employed to tesl lo an RRS level. 
Other inputs that are no\ specifically referenced here may also be employed, provided that lhey envelope the RRS. 

90 AA-4356.1 Derivation of Test Input Motion. 
For any waveform, the lest machine motion must be adjusted so that \he TRS envelopes the RRS over the frequency range for 

which the particular test is designed; and, as a minimum. the lest machine acceleralion must equal lhe ZPA of lhe RRS. This 
comparison must be made using equivalent values of damping. The adjustment of the input motion lo produce an envelope 
spectrum shall be made considering the following factors: 

(a) the RRS may have motion amplification over a narrow or broad band of frequencies: 
(b) the input excilalion waveform may be one of several multiple frequency types: 
(c) the equipmenl being tested may have one of many possible dynamic characteristics. 
For assemblies or devices where the dynamic response results from numerous interacting modes, the shake table input excitation 

must be adjusled so lhal the TRS envelops the RRS over a frequency range that includes all natural frequencies of the equipment 
up lo the ZPA. 

91 AA-4356.2 Time History Test: 
A tesl may be performed by applying to the equipment a specified time history that has been synthesized lo simulate the required 

input to the equipment. II shall be demonstrated that the aclual test machine motion was equal to or greater than the required 
motion. 

A time history record may be synthesized to malch the RRS using simulation techniques. The duration of \he input excitation must 
be sufficient to simulate lhe effects of a seismic event. Alternatively, the equipment Design Specification may con\ain time history 
dala for use in lesting. 

92 AA-4356.3 Random Motion Tesr: 
A tesl shall be performed by applying to the equipment random excitation, the amplitude of which is controlled in 1/3 octave, or 

narrower, frequency bandwidth filters with individual output gain controls. The excitation shalt be controlled to provide a T_RS !hat 
equals or exceeds the RRS. 

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

93 AA-4356.4 Random Motion With Sine Beat Tes\: 
To meet an RRS thal includes a moderately high peak random excilation, it is acceptable to adjust the random input, as described 

in AA-4356.3, to equal or exceed as much of the RRS as possible wilhout using a peak input acceleralion substantially greater than 
the ZPA. A sine beal or beats shall be superimposed with random inpul motion to provide a composite excitation, so that the TRS 
equals or exceeds the entire RRS over a frequency range that includes lhe nalural frequencies of the equipment up to \he ZPA 
frequency Isee Fig.AA-4356.4-1]. The optimum number of oscillations per beat shalt be determined from a plot showing lhe ratio 
belween lhe 1/2% and 5% spectrum damping values and the oscillations per beat, as shown in Fig. AA-4536.4-2. 
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96 AA-4356.4 Random Motion With Sine Beal Tes/: 
When more than one frequency of sine beats is required lo meet the bandwidth of a spe~lrum, the beats shall be in_itialed 

simultaneously. However, if the bandwidth or the peak value of the RRS has been widened to account for uncertainty due to building 
freauencv analvsis. the beats shall be applied in sequence or the techniaues of AA-4353 shall be aoolied. 

97 AA-4356.5 Complex Wave Tes/: 
This test may be performed by subjecting the equipment to a motion thal has been generated by summing a group of sine beats or 

decaying sinusoids. The frequencies of the 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 rate controls covering the range of 1/2% to 
10%. Each frequency must have individual amplitude and phase controls.· Ali frequencies shall be initiated simullaneously with the 
phase controls set to shape the peak amplitude of the composite waveform. 

98 AA-4356.5 Complex Wave Test: 
The decay rate shall be varied, and the amplitude of each frequency shall be varied lo optimize the fit of the TRS to the RRS. The 

peak acceleration of the test table during composite waveform excitation shall be greater than 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 applications 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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Other Tests: 
The iollowing faclors shall be considered lo justify the test method employed to qualify equipmenl: 
(a) band width of the RRS compared to that of the TRS and equipmenl characteristics and responses; 
(b} duralion of lhe lest compared to the defined seismic event; 
(c) peak acceleration of the test input and the amplification observed; 
(d) natural modes and frequencies of vibration of the equipment; 
(e) typical damping of the equipment; 
(I) fragility levels; and 
(g) total number of cycles and the simulation of fatigue failure. 

Test Dura/ion: 
The number of required OBE events per 40-year plant life shall be a minimum of five unless stated otherwise in the equipment 

Design Specification. 
The number of tests run as proof tesls (see AA-4351.6) shall have an appropriate input level to fulfill lhe requirements of AA-

4351.4. The OBE tests 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 multi-frequency lest, 
and a minimum of 15 sec for a s·ingle frequency test. Credit may be taken for any test preceding the SSE tesl if ii Is shown to be 
greater than or equal in severity to the required OB Es. Fragility lest durations shall be least equal the time duration for the strong 
motion portion of the SSE in order lo properly account for vibration buildup. 
Single and Multi-axis Tests: 

Single axis tests are permitted if the tests are designed lo reflect conservatively the seismic event al the equipment mounting 
locations, or if the equipment being tested can be shown lo respond independently in each of the three orthogonal axes or otherwise 
withstand the seismic event at ils 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 th al amplifies mo lion in one direction, or if a device is reslrained to have motion in one 
direction, slnqle axis testing of lhe device is permitted. 
Single and Multi-axis Tests: 

If lhe preceding considerations do not apply. multi-axis testing shall be used. The minimum is biaxial testing with simultaneous 
inputs in a principal horizontal axis and the vertical axis. Independent random inputs are preferred and, if used, the lest shall be 
performed in two steps with the equipment rotated 90 deg. in the horizontal plane for the second step, If independent random inputs 
are not used (such as with single frequency tests), four tests shall be run. First, wilh lhe inputs in phase; second, with one input 180 
deg. out of phase; third, with the equipment rotated 90 deg. horizontally and lhe inputs in phase: and fourth, with the same equipment 
orientation as in the third step but with one input 180 deg. out of phase. 

Design of Bolts: 
The number and cross-sectional area of bolts required for the load combinations of AA-4212 shall be determined in accordance 

with lhe ASME Code, Section Ill, Appendix XVII, Bolled joint design shall be in accordance wilh Appendix XVII, XVll-2460. 

o.o:cuMENTATION:REQUiREMENISf:'.;':i.:i;::::.r:>'.>,:.:.:;·.:.•··.·.•:••·, ••• , .. ;,,:·•··•ey\;5.;;.'.:i::;;;_;1~\-:.,::7,::c,::');_';,;;;;(!J;::i';h'.;W{i\ZD:-':'.·:;:.:::::.:.::::-:t,(. '1•:?1!{·.·:<:'~~iY,;{:tf1N::~'itf<,lJsf !/k~J,f:·/.~~t~'c;i?~~-t{•::~·,::i,~:'.:./~~-;~!f$·1.fa.~1 
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: 

(a) design verification stress report; 
(b) design verification lest report; 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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1 05 AA-4410 Certification of Design Verification: 
A Certificate of Design Verification shall be provided with the DVR. This Certificate shall include: 
(a) description and identification of equipment covered by the DVR. including the name of lhe plant, 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 report identification number of the analysis or test program; and 
(d) names and signatures of responsible persons performing, reviewing, and approving the desiqn verification. 

106 AA-4420 Equipment Description: 
The OVR shall include a detailed description of the equipment being qualified. Outline drawings showing equipment interface 

points, anchor locations, weights, and locations of major components shall be included. In addition, plant specific information such 
as building location and elevation shall be reported if appropriate. Any appropriate tag numbers and equipment model numbers, 
where applicable, shall be included. 
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107 AA-4431 Safety-Related Functions: 

Equipment safetv-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 safety-related functions of the eauioment shall be identified in the DVR. 
109 AA-4433 Failure Modes and Evaluation Criteria: 

110 

111 

For all critical components listed, the pctential failure modes being considered in the design shall be described in the DVR. In 
addition, the evaluation criteria used to verify that the critical components will not enter a failure mode shall be defined in the DVR. 

,.,. 
AA-44 41 Design Verification Report: 

The DVR shall address all items listed in this paragraph: 
(a) description of analytical melhod used: 
(b) description of mathematical model in sufficient detail to allow reconstruction of the model by referring only to lhe repor1 

content: 
(C) 
(d) 

(e) 
(f) 

list of the static loads considered; 
method of developing dynamic loadings, including: 
( 1) identification of response spectra and damping used: 
(2) method of combining modes: 
(3) method of combining spatial components of dynamic loads: & 
(4) assurance that rigid body motions are included; 
load combinations considered. including interface loading effects and differential movement of mulliple equipment supports; 
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, including: 

(1) failure mode analysis: 
(2) description of significant mode shapes and natural frequencies: 
(3) location and value of maximum stresses; 
(4) location and value of maximum deformations; 
(5) allowable interface loads: 
(6) reaction data at equipment supports: tllese data may be reported in a summary form only if foundation loads are to be 

included. Otherwise. detailed listings of individual support reactions for each load case considered shall be included; 
(7) summary of maximum anchor boll or anchor weld stresses compared lo allowable limits. 
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M-4442 Design Verification Test: 
The DVR shall address all items lisled in this paragraph: 

(a) detailed test procedure used for lhe equipmenl design verificalion tesl (DVT); 
(b) idenlificalion of the lest facility performing the Iesl and the test dales: 
(c) list or lest equipment used and certified calibration records for each; 
(d) laboratory mounting details for the equipment test and a comparison of this lo inservice mounting; justification for all 

differences must be addressed: 
(e) melhod used lo simulate significanl inservice interface loads, if applicable; 
{[) variable lo be measured during and afler dynamic molion and the accuracy required for each measurement; 
(g) number, type, and location of each sensor used to measure important equipmenl funclion and motion; 
(h) descriplion of vibration input lo lhe test equipment including: 

(1) single or multiaxis; 
(2) single or multifrequency: 
(3) if multifrequency, type used (sine beal, random): 

AA-4442 Design Verification Test: 
(i) evidence lhal all significanl modes were adequately excited; 
U) evidence that, for multifrequency lests, lhe lest response spectra (TRS) enveloped lhe required response spectra (RRS); 
(kl data showing that lhe safely-related funclions as defined in AA-4431 were not compromised during or after the simulated 

dynamic loading: 
(I) results of measurements performed to verify equipment funclionability; 
(m) maximum equipment response (displacemenl) during most violenl lests; 
{n) maximum reactions al equipmenl supports (measured or calculaled); 
(o) list or all anomalies during lhe DVT and the resolution of each: 
(p) equipment modifications made during the DVT, if any, and justification for using test data wit haul retesting, or full report of 

any retesting accomplished; 
(q) summary of results of DVT and conclusions drawn. 

M-4443 Design Verification by Comparative Evaluation Report: 
If the equipment design being verified has been previously verified to different criteria, 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 lest, all of the points required by M-4441 or AA-4442 must be addressed, 

In addition, any differences between the previous design verification melhod and the requirements of M-4000 must be identified and 
justified as conservative. Any differences in equipment design between the previously verified design and the design being 
considered musl be shown lo be conservative. 

M5110 Scope: 
This Article contains oeneral reauirements for the examination. ins•eclion, and testina of materials and eauiomenl. 

AA-5120 Responsibility for Procedures: 
When an inspeclion or tesl is required by AA-5000 or by any other section, writlen inspection or tesling procedures shall be 

developed by lhe parties performing the lest or inspeclion subjecl to lhe specific requirements of this Code. The inspection or testing 
shall be performed by personnel qualified in accordance wilh AA-8000 and wilh applicable portions of lhe olher sections. 

AA-5130 Measuring and Test Equipment: 
Control and calibration of Measuring and Test Equipment (M&TE) shall be in accordance with ASME NQA-1, including Supplement 

12S-1. 
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AA-5221 Direct Visual Examinalion: 

AA-5222 

AA-5230 

AA-5240 

AA-5250 

Direct visual examination usually may be made when access is sufficient to place the eye within 24 in. (610 mm) ol lhe surface lo 
be inspected and al an angle not less lhan 30 deg. to the surface lo be examined. Mirrors may be used to improve the angle or 
vision, and aids such as magnifying lens may be used lo assist inspections. The specific part, component, vessel. or section thereof 
shall be illuminated lo a minimum or 15 fc ( 160 Ix) lor general inspection and 10 a minimum of 50 re (540 Ix) for the detection or study 
or small anomalies. Visual inspection personnel shall successfully pass an annual visual examination to assure natural or corrected 
near distance acuity so lhal lhey are capable of reading standard J-1 lellers on standard Jaeger-type lesl charts for near vision. 

Remote Visual Inspection: 
In some cases, remote visual examinations may have lo be substituted for direci examination. Remote visual inspection may use 

visual aids such as mirrors, telescopes, borescopes, liber optics, cameras, or o\her instruments. Such systems shall have a 
resolution caoabilitv al leas I equivalent to that obtainable by direct visual observation. 
Requirements: 

When required bv lhe referencinq Code section, visual inspections shall be oerformed. 
Inspection Checklist: 

When required by the referencing Code section, a checklisl shall be used lo plan visual inspections and 10 verify lhal lhe required 
observations were performed. This checklist shall establish minimum inspection requirements to be followed by lhe Manufacturer. 

Reports: 
When required by another section of lhis Code, a wrillen report shall be provided and shall contain lhe following as a minimum: 

(a) lhe inspection procedure used, dale of lhe inspection results, and inspector's signature: 
(b) idenlification of instruments, equipment, tools, and documents lo lhe extent lhal they or their equivalents can be identified 

for future examinations; 
(c) observations and dimensional checks specified by the respective lest data and reports developed during inspection and 

testing; 
(e) 
(f) 

conclusion and recommendation by visual inspection and lesling personnel; 
reference to previous reports if lhis report is for re-inspection and lesling. 
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123 AA-5300 Examination, inspection. and testing of welds shall be in accordance with AA-6000 and other sections of lhis Code. 

124 

125 

126 

127 

AA-5410 Before Bolting: 
Flange seating surfaces shall be visually examined for cleanlines,s and acceptable surface finish. Flange faces shall be examined 

for compliance wilh tolerances for mutual parallelism and axial alignment, as will as for planarity of each flange. 
Gaskets shall be visually examined lo assure conformance with specified dimensional tolerances and freedom from tears, breaks, 

or other defects. 
AA-5420 After Bolting: 

Bolts in all bolted connections shall be examined 10 ensure bolls are in place. A uniform sampling of 25% of all bolls in a bolled 
connection shall be tested with a calibrated torque wrench. 

Torquing requirements shall be established for each bolled connection. 
IF any boll in lhe sample fails lo meet torque requirements, all bolls in the connection shall be re-torqued. 
Gaskets in bolled connections shall be visually examined for uniform compression. 

AA-5500 Equipment and components shall be examined for conformance lo tolerances required by this Code and by lhe design 
soecification. Reier to other Code sections for soecific reauirements. 

AA-5600 Pressure and leak testing of equipment and components shall be performed in accordance with lhe requirements of lhis Code. 
Refer lo lhe other Code sections for specific testinq reauiremenls. 
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128 AA-5700 Tesling shall be performed lo ensure that prototype and production equipmenl possess dynamic and functional characteristics Iha! 
meet requirements of this Code and of the design specification. 

Among the characteristics that may be determined by testing are fluid flow rates and pressures, air filler performance, electrical 
quantities, bearing operation, rolor balance, and sound power level. 
NOTE: Divisions II and IV of this Code, in the course of preparation, will provide specific factory lesling requirements and field testing 
requirements. 

129 AA-5800 Seismic Testing: 
Refer to AA-4350 for the requirements of structural desiqn verification bV testinq. 
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130 AA-6110 ScopeandApplicabi/i!y: 

131 

132 

133 

134 

135 

136 

AA-6121 

AA-6122 

AA-6123 

This Article contains general requlremenls for the fabrication, joining, welding, brazing, protective coating, and installation of 
components, parts, and equipment. 

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

Materials to be used in the fabrication of components, parts, and appurtenances shall conform 10 the requirements of Article 3000 
of each Code section. 
Material /dentilicalion: 

Materials lo be used in lhe fabrication of components, parts, and appurtenances shall be identified on fabrication and installation 
I plans and specifications as required in AA-8000. 
Repair of Material with Defects: 

Material wilh defects Iha! are discovered or produced during the fabrication and installation processes may be used, provided the 
defects are repaired in accordance with the requirements of AA-8000, and for weld repairs, in accordance with AA-6300. 

AA-6130 Control 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. 

AA-6210 Cutting, Forming, and Bending: 
Material may be cut lo shape and size by any means that does not degrade the mechanical or chemical properties of the male rial 

below the minimum specified values. The method or methods selected shall not create critical stress areas, such as less than 
accepted corner radii. 

When lhenmal cutting is used, consideration shall be given to prehealing the material. 
Forming and bending of pressure retaining parts that are lo meet requirements of Section Ill or Section VIII of the ASME Code shall 

conform to the applicable article or articles of the applicable section of this Code. 
AA-6220 Forming Tolerances: 

Forming tolerances shall be defined in the Design Specification, 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 mav be made to formed parts 10 correct unacceptable tolerances in accordance with AA-6123. 
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R-Review (Where is this 

A-Analysis requirement 
T-Test incorporated in the 

I - Inspection design) 
Fitting and Aligning: 

Parts that are to be assembled or joined by mechanical means (e.g .. bolts) or welding shall be titled, aligned, and when necessary. 
retained in position during assembly. 

Attachments that are welded lo the component during construction, bul are nol incorporated into lhe final component, such as 
alignment lugs or straps, lie straps, braces, preheat equipment, and poslweld heal treatment equipment, are permitted provided the 
following requirements are met: 

(a) allachment material shall be identified by ASTM or ASME specification number and shall be certified when required by 
another Code section: 

(b) the temporary material is compatible for welding to the component material and_ the altachmenl and subsequent removal 
does not reduce the component's structural integrity below the minimum specified value: 

(c) the welder and welding procedure shall be in accordance with M-6300: 
Fitting and Aligning: 

(d) the immediate area around the temporary attachment shall be marked in an acceptable manner so lhal, after attachment 
removal, the area can be examined in accordance with the requirements of M-5000; 

(e) The temporary attachment shall be completely removed by mechanical means such as machining, shearing, clipping, or 
1mindinq, or bv thermal cuttinq, in accordance with AA-6210. 
Welded Joints: 

Manufacturer's fabrication drawings shall provide complete informalion regarding location, type, size. and extent of all welds, Field 
and shop welds shall be clearly identified. 

Members lo be joined by welding shall be brought into correct alignment when necessary and held in position by bolts, clamps, or 
temporary weld attachments meeting the requirements of AA-6230, until the welding is completed. 

Welding shall conform to the requirements of AA-6300. 
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Fasteners and Threaded Joints: 
Fasteners and threaded joints shall be provided with locking devices or other means lo prevent loosening under lhe vibratory loads 

expected during system operation. The threads of all bolls or studs shall be engaged for the full length of the thread in the ·nut 
unless specified otherwise on Manufacturer's design drawings or specifications. Thread engagement of all bolts and studs shall be 
as specified on the drawings. 
Structural and Pressure Boundary Fasteners: 

Type, size, and spacing of structural and pressure boundary fasteners shall be selected lo meet the maximum stresses anticipated 
for the worst load combination and shall be documented by calculations 
Thread Lubricants: 

Any lubricant or compound used in threaded joints shall be acceptable for the seNice conditions and shall not react unfavorably 
with any conlacl material. Contact surfaces within friction-type joints shall be free of oil, paint. lacquer, galvanizing, or other plating. 

Removal of Thread Lubricants: 
All thread lubricants or comoounds shall be removed from surfaces that are lo be welded. 

Bolled Connections: 
Surfaces of bolted parts in contact wilh the bolt head and nut shall not have a slope of more than 1 :20 with respect to a plane 

normal lo the bolt axis. Where the surf ace of a high strength bolted part has a slope of more than 1 :20, a beveled washer shall be 
used to compensate for the lack of parallelism. Bolts loaded in pure shear shall not have threads located in lhe load bearing part of 
the shank unless permitted by the Design Specification or Manufacturer's specification. 
Precautions Before Bolling: 

All parts assembled for bolting shall have contact surfaces free from scale, chips, or other deleterious material. Surfaces and 
edges to be joined shall be smooth, uniform, and free_ from fins. tears, cracks. and other defects that would degrade the strength of 
lhe joint. 
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R. Review (Where Is this 

A - Analysis requirement 
T • Test incorporated in the 

I • Inspection design) 
Bolt Tension: 

All high strength structural bolls shall be tightened lo a boll torque equal lo lhal given in the Design Specification or Manufacturer's 
specification. Tightening shall be done by the turn or nut method or wilh properly calibrated wrenches. Bolts tighlened by means of 
a calibraled wrench shall be installed with a hardened washer under lhe nul or bolt head, whichever is the element turned in 
lightening. Hardened washers are not required when bolls are lightened by lurn of the nut method, except that hardened washers 
are required under the nul and boll head when lhe bolls are used lo connect malerial having a specified yield point less lhan 40.0 ksi 
(276 MPa). 

Locking Devices: 
Threaded fasteners, except high strength bolls, shall be provided with locking devices to prevent loosening during service. Elastic 

slop nuts (when compatible wilh service temperature), lock nuts, jam nuts, and drilled and wired nuts are all acceptable locking 
devices.· Upset threads may service as lockinq devices. 
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(a) Scope: The requirements of AA-6300 apply to the preparation of welding procedure specificalions, qualification of welding 
procedures, welders, and welding operators for all types of manual and machine welding processes, and lo lhe workmanship, weld 
quality, and inspection or weldmenls produced during the manufacture of equipment and components. 

The requirements of this Subarticle are applicable lo the extent they are invoked by the other sections. Unique requirements are 
qiven in each section. 
(b) Responsibility: Each Manufacturer is responsible for the welding done by ils organization and shall conduct the tests required in 
this Code lo qualify the welding procedures used in the construction of the weldmenls built under !his Code, lhe performance of 
welders and welding operators who apply these procedures, and the inspection required for workmanship and weld quality 
verification. 
(c) Records: Each Manufacturer shall maintain a record of lhe results obtained in welding procedure and welder and welding 
operator performance qualifications. These records shall be certified by the Manufacturer and shall be accessible for review. 

(d) Base Mela/: 
(1) Base metals lo be joined by welding shall be one or a combination of those listed in Article 3000 or each Code section. 
(2) Rust inhibitive coatings, galvanized coatings. or anlispaller compounds may remain on (he metal lo be joined provided the 

welding procedure is qualified with these materials present. 

(e) Filler Melals: Filler metals selected shall be one or a combinalion of those listed in (he ASME Code, Section II, Part C, and shall 
be comoalible with the wieldina orocess used and lhe base metal desionaled on lhe Manufacturer's drawinqs. 
(f) Processes: Joining processes under this specification shall include oxyfuel gas welding (OFW). shielded metal-arc welding 
(SMAW), submerged-arc welding (SAW). gas mela-arc welding (GMAW). flux-cored arc welding (FCAW), gas tungsten-arc welding 
(GTAW). plasma-arc welding (PAW), resistance welding {RW). stud-arc welding, {SW), and carbon-arc welding (CAW). 

l(<:1l Terms and Definitions: Terms and definitions shall be interpreted in accordance with ANSI/AWS A3.0. 
h) Symbols: Svmbols used on the Manufacturer's drawings shall be in accordance with ANSIIAWS A2.4. 

(i) Safety Precautions: Safely precautions shall conform lo the latest edition of ANSI/ASC 249.1. 
U) Standard Units of Measuremenl: The values s\aled in U.S. customary units are to be regarded as lhe standard. The melric (SI) 
eauivalenls of U.S. cuslomarv units as aiven are approximate. 
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AA-6310 (k) Welding Procedure and Performance Quatificalion: 
(1) Qualification of lhe Manufacturer's welding procedure specifica\ions and welder and welding operator performance shall be 

in accordance with the requiremenls of one or more of the following, as defined in each Code section. 
(a) ASME Code, Section IX 
(b) ANSI/AWS D1.1 
(c) ANSI/AWS D9.1 
(d) AWS C1.1 
(e) AWS C1.3 
(f) ANSI/AWS D1.3 

(2) Welding of performance qualification test samples shall be periormed in accordance wilh the Manufacturer's qualified 
welding procedure for the process used. 

(3) Welding procedure qualificalion of coated base melals qualifies the procedure for uncoaled base metals, but not vice versa. · 
(4) Base metal sensitization shall be considered in selecting !he welding process and filler metals for welding procedures 

developed for welding stainless steel. 
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159 AA-6321.1 Surfaces and edges to be welded shall be free from fins, tears, cracks, and disconlinuilies lhal would adversely affect the quality or 
s\renglh of the weld, Surfaces lo be welded and surfaces adjacent to a weld shall also be free from loose mill scale, slag, rus\, 
moisture, grease, and foreign material Iha! would prevent proper welding. Mill scale Iha\ can withstand wire brushing, a thin rust
inhibitive coatinq, or anti-spatler compound mav remain. 

160 AA-6321.2 Galvanized surfaces need not have lhe zinc coaling removed before welding, provided the welding procedure is qualified with the 
aalvanizina Present. 

161 AA-6322. 1 Joints to be welded shall be brough\ into correct alignment within the \olerances required by the qualified welding procedure. 

162 AA-6322.2 When lack welds are used to assemble \he joint for welding and are incorporated into the final weld, !hey shall be made with 
electrodes meetinQ \he requirements of the final welds. 

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

164 AA-6323.1 Where cleaning of base metals is required, ii shall be accomplished by wire brushing, grinding, blasling, solvents, or other suitable 
means that are noniniurious to the material or weld oualitv. 

165 AA-6323.2 Before welding over previously deposited metal, slag, if present, shall be removed and the weld and adjacent base metal shall be 
brushed clean. This requirement shall apply not only to successive layers, but also lo successive beads and lo the crater area when 
waldinq is resumed after anv inlerruption. 

166 AA6323.3 Upon completion, the weld and adjacent areas shall be cleaned of all slag excessive spatter, soot, dirt, or any residue from welding, 

167 
168 
169 

170 

Welds shall be left in a condition readv for subseauent insoection. 

AA-6324.1 The sizes and lengths of welds shall be no less than those specified by design requirements and detail drawings. 
AA-6324.2 Weld profiles shall be in accordance with the acceptable weld profiles shown in Fig. AA-6324.2. 
AA-6324.3 The faces of fillet welds may be slightly convex, flat, or slightly concave, as shown in Fig. AA-6324.2, sketches (a) and (b), with none 

of lhe unacceotable profiles shown in sketch ( c ). 
AA-6324.4 Groove welds shall preferably be made with slighl or minimum reinforcement except as may be o\herwise provided. In the case of 

bull and corner joints, the reinforcement shall not exceed 1/8 in. (3.2 mm), in height and shail have a gradual transition lo the plane 
or the base metal surface. See fig. AA-6324.2, sketch (d). They shall be free of the discontinuities shown for bull joints in sketch 
(el. 
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172 AA-6331.1 Production welds shall be inspected. As a minimum, visual inspection shall be made. Welds that conform to the following criteria 

173 

174 

175 

176 

shall be acceptable: 
{a) fusion: complete fusion is required; 
{bl penetration: required joint penetration as specified for the application; 
{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 convexity of fillet welds: a minimum weld leg size, as required on the design drawings, with maximum convexity not 

to exceed 0.125 in. (3.2 mm); 
(e) porosity or slag inclusion: a maximum of three visible pores or slag inclusions, or both, that do not exceed 0.25Vin. {0.25V25.4 

mm) of weld, and a maximum o one visible pore or slag inclusion /hat does not exceed 0.25Vin. (0.25V25.4 mm) of weld, where tis 
the thinner base metal thickness; 

{f) undercut: no undercut exceeding 0.151 where I is 0.125 in. (3.2 mm) or thinner, or exceeding 1/32 in. (0.79 mm) where I 

AA-6331.2 Completed welds shall be visually inspected for location. size, and length in accordance with the requirements of applicable 
Manufacturer's drawin s and s ecifications. 

AA-6331.3 When specified by lhe Engineer, the weld acceptance criteria of NCIG-01 may be used in lieu of the criteria of AA-6324 and AA· 
6331.1 for structures and su orts fabricated to the re uirements of the AISC s ecification and AWS D1.1. 

AA-6332 Resistant Spot-Welds: 
The diameter of the spot and cross section of the nugget shall be in accordance with the sizes specified on detail drawings and in 

Weldin Procedure S ecilications. 

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 lime of welding, the studs shall be free from rust, rust 
pits. scale. oil. painl, galvanizing, or plating. and other deleterious material that would adversely affect the welding operation. After 
weldin . stud ferrules shall be broken free for visual ins ection. 
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177 AA-6333.2 Stud weld reinforcement shall be as specified by the Manufacturer's drawings and procedure. 
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178 AA-6334.1 When nondestructive testing other than visual inspeclion is required. ii shall be so slated in the Manufacturer's drawings and 

soecificalions. 
179 AA-6334.2 Sur1ace inspection, when required, shall be performed using the dye penelrant me I hod. The standard methods set forth in ASTM E 

165 shall be used for dve oenelranl inspection, and lhe acceolance criteria shall be in accordance wilh AA-6331. 
180 AA-6334.3 For detecting surface or subsurface discontinuities, radiographic or ultrasonic inspection may be used. Radiographic or ultrasonic 

inspection shall be used only when joint designs require multiple pass welds. The standard methods sel forth in Section V of lhe 
ASME Code shall be used for inspection and acceptance criteria and shall be in accordance with lhe following: 

(a) no cracks are permilted; 
(b) not more lhan three individual discontinuities, wilh lhe greatest dimension being less than 0.25 times lhe base metal thickness 

per linear inch of weld. 

181 AA-6335.1 Personnel performing visual inspections shall meet the requirements of ANSI/ASME NOA-1, including Supplements 2S-1 and 2S-2, 

182 

183 

184 

," ,, 

185 

186 

187 

188 

189 

190 

191 
192 
193 

Date Printed: 

lo a Level I capability and be working under lhe supervision of a Level I or Ill individual, or shall be Level II or Ill individuals, 

AA-6335.2 Personnel performing nondestructive lesling shall be qualified in accordance with SNT-TC-1A. Only individuals qualified for NDT 
Level I and working under an NDT Level II or Ill individual, or individuals qualified for NDT Level II or Ill, may perform nondestructive 
testino. 

AA-6335.3 Personnel performing visual inspections lo lhe requirements of AA-6331.3 shall be trained in accordance wilh NCIG-03 with regard to 
the acceptance criteria of NCIG-01, 

AA-6336 Repairs: 
Defects in welds or base metals may be repaired in accordance with the applicable equipment seclion of this Code, Weld repairs 

shall be performed by qualified welders using qualified procedures and inspected lo the original acceptance criteria. 

AA-6410 (a) Scope: The requirements of AA-6400 apply lo the preparation or brazing procedure specifications, the qualifications of brazing 

AA-6410 

M-6410 

AA-6410 

AA-6410 

AA-6410 

AA-6410 
AA-6410 
AA-6410 

1/10/2006 

procedures, brazers, and brazing operators for all types of manual and machine brazing processes, and the workmanship, braze 
quality, and inspection or brazemenls produced during the manufacture 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. 

(b) Responsibility: Each Manufacturer is responsible for the brazing done by ils organization and shall conduct the lesls required 
in this Code to qualify the brazing procedures used in the construction of the brazements built under this Code, the performance or 
brazers and brazing operators who apply these procedures, and the inspection required for workmanship and braze quality 
verification. 

(c) Records: Each Manufacturer shall main lain a record of the results obtained in brazing procedure and brazer and brazing 
operator performance qualifications. These records shall be certified by lhe Manufacturer and shall be accessible for review. 

(d) Base Metals: Base metals lo be joined by brazing shall be as listed in each section of this Code and applicable lo that section, 

(e) Filler Metals: Filler metals selected shall be one or a combination of those listed in the ASME Code, Section II, Part C, or 
ANSI/AWS A5.8 and shall be compatible with lhe brazing process used and the base metal designated on the Manufacturer's 
drawinos. 

(f) Processes: Joining processes under this specification shall include torch brazing (TB), furnace brazing (FB), induction brazing 
(IB), resistance brazino {RB), and dio brazinq IDB). 

/q) Terms and Definitions: Terms and definitions shall be interpreted in accordance with ANSI/AWS A3.0. 
(h) Symbols: Symbols used on the Manufacturer's drawings shall be in accordance wilh ANSI/AWS A2.4. 
(i) Safety Precautions: Sa/etv precautions shall conform to \he latest edition of ANSI/ASC 249.1. 
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AA-6410 OJ Standard Units of Measurement: The values slated in U.S. customary units are lo be regarded as the standard. The metric 
SI e uivalenls of U.S. cusloma units as iven are a roximale. 

AA-6410 (k) Brazing Procedure and Performance Qualification: 
(1) Qualification of lhe Manufaclurer"s bra.zing procedure specifications and brazer and brazing operator performance shall be 

in accordance with the requirements of one or more of the following. 
(a) ASME Code, Section IX 
(b) ANSI/AWS C3.3 

(2) Brazing of performance qualification lest samples shall be performed in accordance with the Manufacturer's qualified 
brazing procedure for the process used. 

AA-6421 Preparation of Base Metal: 
Surfaces and edges to be brazed shall be free from fins, tears, cracks, and discontinuities lhal would adversely affect lhe quality or 

strength of the brazemenl. Surfaces lo be brazed and surfaces adjacent to a brazement shall also be free from loose mill scale, slag, 
rust, moisture, rease, and forei n material that would revent ro er brazin . 

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

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

199 AA6423.2 Upon completion, the brazement and adjacent areas shall be cleaned of flux residues and oxide scale formed during the brazing 
rocess . 
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200 AA-6431.1 Visual examination of brazed joints is used for estimaling the soundness by external appearance, such as continuity of the brazing 

201 

filler metal, size, contour, and wetting of filler along the joint. and where appropriate, to determine if filler metal flowed through the 
·oint from the side of a lication to the o osile side. 

AA-6431.2 Brazed joints shall be inspected by visual means prior to mechanical or section tests. As a minimum, visual inspection shall be 
made. The results of the visual examination shall meet the following requiremenls: 

(a) braze metal shall be present at all edges of the joint; 
(b) no unrused 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 between 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; 
(f) no cracks are permiUed. 

202 AA-6431.3 Mechanical or section lesls, when required, shall be accomplished in accordance with the applicable code specified in AA-6410. 

203 

204 

205 

AA-6432.1 When nondestructive testing other than visual inspection is required. it shall be so stated in the Manufacturer's drawings and 
s ecifications. · 

AA-6334.2 Surface inspection, when required, shall be perfonned using the dye penetrant method. The standard methods set forth in ASTM E 
165 shall be used ford e enelrant ins ection, and the acce lance criteria shall be in accordance with AA-6431. 

AA-6432.3 For detecting surface or subsurface discontinuities, other nondestructive methods may be used. The standard methods set forth in 
Section V of the ASME Code shall be used for NOT inspeclion. The extent of examination and acceptance criteria shall be 
sti ulaled in the rocurement documents. 
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AA-6433.1 Personnel performing visual inspections shall meet the requirements or ANSI/ASME NQA-1. including Supplemenls 2S-1 and 2S-2, 
(o a Level I capability and be working under lhe supervision or a Level I or Ill individual, or shall be Level II or Ill individuals. 

207 AA-6433.2 Personnel performing NDT shall be qualified in accordance with SNT-TC-1A. Only individuals qualified for NDT Level I and working 
under an NDT Level II or Ill individual. or individuals aualified for NDT Level II or Ill, mav perform NDT . 
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208 AA-6434. 1 Defects in base metal or brazed joints may be repaired in accordance wilh wrillen repair procedures mutually agreed upon between 

209 

210 

211 

212 

213 

the manufaclurer and purchaser. Repairs shall be performed by qualified brazers in accordance wilh the qualified Brazing Procedure 
Specificalion. Repairs shall be inspected to the oriqinal acceplance crileria. 

AA-6510 General: 
The design specification shall specify the required coating service levels for both inlernat and external surfaces of the equipment. 

Coating level designation shall be determined based on equipment location, function, and effect or coating system on Intended 
comoonent or system oerformance. 

AA-6511 Service Level 1 Areas: 
These areas require coating systems that are essential to the attainment of the accident miligating performance of structures, 

systems, and components that are essential to the prevention of, or mitigation of the consequences of, postulated accidents that 
could cause undue risk to the health and safety of the public. A Service Level I protective coating system shalt conform to the 
Service Level I coating requirements specified in ANSI N512 Pl and ANSI N101.2 12l. In addilion, quality assurance requirements 
a 
n 
d 
d 
0 

C 

AA-6512 Service Level II Areas: 
These areas require coating systems lhal are essential lo the allainmenl of the intended normal operaling performance or 

structures, systems, or componenls. Service Level II proleclive coating systems may conform to Service Level I coating specified by 
ANSI N512 quality assurance requiremenls, except that documentation required may be defined in the Design Specification or 
Manufacturer's specificalion. (Documentation specified in ANSI N101.4 is not required for Level II coating systems.) The coaling 
systems shall be designed for the applicable post-accident service conditions for the specific surfaces, but not for the in-contalnmenl 

I oost-accident service conditions. 
AA-6513 Service Level Ill Areas: 

These areas require coating systems that are not essential to either the normal or accident operaling performance of a structure, 
system, or component. Coaling systems designated as Coaling Level Ill shall conform to the specific equipment Manufacturer's 
specifications. Documentation shall be defined in the Design Specification or Manufacturer's specification. (ANSI N101.4 
documentation is not reauired.) 

AA-6514 Stainless Steel Surfaces: 
Stainless steel surfaces shall not be coated. 

214 AA-6520 Surface Preparation: 
Surface preparalion for carbon steel shall meet lhe requirements specified in Section 8 of ANSI N512. Carbon steel surface 

preparation for Service Level I coalinas svstems must be blast cleaned to the requirements of SSPS SP10 . 
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215 AA-6531 Scope of Work: 
Outline the areas to be coated or olheiwise protected. 

216 AA-6532 Coating System Selection and Evaluation: 
Provide specific quidelines and requirements for coatinq svstem tesls and required criteria for tested material evaluation. 
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222 AA-6538 
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224 AA-6539.1 

225 AA-6539.2 

Requirement Text 

Quali/y Assurance Manual: 
The quality assurance manual must address the 10 CFR so. Appendix B, requirements and pertinent requirements of ANSI 

N101.4. 
Coaling Inspector's Qualifications: 

The inspector's qualifications must meel the requirements of ANSIIASME NQA-1, including supplements of 2S-1 and 2S-2. 

Coating Applicator's Qualifications: 
These requirements must be established in application procedures for each specific substrate and material lo be used prior lo 

allowinn lhe aoolicator lo aoolv anv material lo surfaces installed in Service Level I areas. 
Safety and Environmental Control: 

Venlilalion. temperature, and humidity must meet the coaling Manufaclurer"s requirements. Proper illumination, safe equipmenl, 
scaffoldino, and orocedures reoardinq work practices must be followed. 
Quality Control Procedures: 

These procedures must be developed-by the coaling applicator and approved by lhe Owner or his authorized representative. 

Coating Material Certification: 
The coating Manufacturer must provide product identity certification thal lhe material meets lhe requirements of ANSI N101.2, 

ANSI N101.4. and ANSI N512, or anv other soecific reauirements. 
Surface Preparation: 

Surface preparation must be defined as lo lhe degree of cleanliness and req·uired anchor profile in lhe sleet surface. The blast 
abrasives lo be used and cleaning residual contaminants from blast abrasives must be addressed. The lime elapsed between 
surface preparation and the first coat of coaling material application should be indicated lo prevent any rusl bloom appearing on lhe 
blasted surface . 
Coaling Application and Cure Requiremenrs. Unacceptable coating application, with respect to overspray, dryspray, sags, runs, 
mudcracking, blisters. pinholes, insufficient film buildup or excessive film buildup, and other defects must be addressed. Curing 
requirements al various temperature ranges should be addressed for each coal of specific material used. 

For carbon steel, the Design Specification or Manufacturer's specifications shall stale the requirements for prime coal and finish coat 
thicknesses. Galvanized steel surfaces from which the coaling has been removed during fabrication shall be coaled with an 
aooroorlate oualified material oer ANSI N101.2 to a thickness eouivalent to the oriainal coalina. 

226 AA-6540 Repair of Coating Sys/em: . 
(a) Service Level I and Service Level II coaling systems thal require repair due lo damage or defects iri the original coaling 

227 

228 

system shall be repaired in accordance Chapter 11 or Chapter 12 (if coating has been in place for several moths or years) of Manual 
of Coaling Work. · 

th, - i- -''"'",.("",..""'""th ... , h..,.,,.. 1-,.,..,,.,.. .-l..,m..,,, .... r1 ,-h..,11 hA ,.,.....,..,;,.,,,.~ uuilh ~n ,..,...,1:1;,..,.r m~f,,.,.;.,,1 """"r t\l\lCI N1n1 ') 

AA-6560 General: 
Inspection for shop and field work on Level I and II coaling systems shall conform lo Section 10 of ANSI N512. The design 

specification or Manufacturer's specifications shall include lhe acceptance criteria for lhe degree of continuity of coating, 

AA-6560 General: 
(a) Coating level I systems shall conform to lhe quality assurance requirements of ANSI N101.2, ANSI N101.4. Level II and Ill 

coating system documentation shall conform lo Manufacturer's or Design Specification requirements. 
(b) Coaling Level I documentation in accordance with lhe requirements of ANSI N101.2, ANSI N101.4, and ANSI N512 shall be 

maintained on file. Documentation shall be provided lo lhe Owner in accordance wilh the requirements of AA-8000. 
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AA-551 O Handling and Rigging: 
(a) Handling and rigging requirements for assembled components or subassemblies shall be identified in Manufacturer's 

installation procedures in accordance with AA-7000. Manufacturer's procedures shall include the classification of !he ilem to be 
handled as defined in ANSIIASME, NQA-2. 

(bl Items lhal will be handled or supported during installation by a crane or other lihing device shall be equipped wilh lifting 
eyes or other means lo maintain the item in proper orientation without exceeding structural design integrily or the assembly while 
being handled or supported. The design specification shall identify any special rigging requirements or restrictions for final erection. 

AA-5520 Field Assembly: 

AA-6530 

AA-5530 

(a) Where equipment requires component assembly during final installation, the equipment manufacturer shall provide detailed 
written procedures for making lhe proper final assemble. Installation procedures shall include requirements for al other inleriacing 
services, such as electrical, piping, supports, and ductwork. Installation procedures shall also address assembling, selling, erecting, 
leveling, aligning, securing, doweling, connecting, cleaning, lubricating, final adjusting, inspecting, and all other operation necessary 
to make the equipment operable. 

(b} The equipment Manufacturer shall be responsible for advising the Owner or his designee of field connections or services 
required for the proper and safe operation of the equipment as specified in the Design specification. These requirements shall be 
explained in the installation procedures. The equipment Manufacturer shall make provisions in the design of his equipment for the 
required field connections. 

(c) Alignment markings where required for the proper field positioning and connection of parts or subassemblies shall be shown 
Temporary Field At/achmenls: 

(a} Field allachmenls and ducts not specified in the design drawings, the Design Specification, or this Code are permilted only 
when authorized in writing by the equipment Manufacturer, Owner, or his designee. The method of attachment shall meet the 
requirements or !he drawings, specifications, or this Code, as applicable, and neither lhe atlachmenl nor the method of allachment 
shall adversely affect present or future periormance, reliabilily or structural integrity or the item or the installed syslem. Temporary 
attachments shall be removed before delivery or final acceptance of the installed system, whichever is applicable. 

Temporary Field Aflachments: 
(b} Unauthorized attachments shall not be made lo equipment or duels and, when discovered, shall be removed in a manner hat 

will not affect the immediate or future periormance, reliability, or structural integrity of lhe item or the system. The equipment 
Manufacturer, or the.Owner cir his designee, as applicable, shall be advised or the unauthorized attachment and shall review the 
impact of such-allachmenl. The method or removal or repair. or both, if necessary, shall be authorized by the equipment 
Manufacturer or the Owner or the Owner's designee. If the a\lachmenl does adversely affect immediate or future performance or 
reliability, and removal of lhe attachment or repair dies not eliminate the adverse result. the item affected shall be replaced. 
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233 AA-7110 General: 

This Article contains general requirements for packaging, shipping, receiving. storage, and handling of components, parts, and 
234 AA-7120 Responsibility: 

Dale Printed: 1110/2006 

The requirements for the activities covered by this Code are identified in this article and in each Code section. The establishment 
of practices and procedures, and the providing of resources for personnel, equipment, and services necessary to implement the 
requirements of this Code, may be delegated lo other organizations, and such delegation shall be documented. However, it is the 
responsibility of each organization periorming work covered by this Code lo comply wilh procedures and instructions issued for the 
project and lo conform to the requirements of this Code as it is applicable to its work. 
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AA-7200 General Requiremen/s: 
This article contains requirements that are to 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 items to be incorporated in the nuclear power plant and for lhe inspections, examinations, testing, 
and documentation to verify conformance to specified requirements. This article is intended to supplement ANSI/ASME NQA-2, Part 
2.2. The provisions of this article shall 
replace these respective sections and subsections of ANSIIASME NQA-2, Part 2.2. The balance of ANSI/AS ME NQA-2, Part 2.2, 
shal a I and be art of his Code. Terms used in Article AA-7000 that relate to ualit assurance are defined in ASME N A-1 

AA-7210 Planning, Procedures, and Instructions: 
The Design Specification and drawings for air and gas treatment items shall include provisions for accomplishing the packaging, 

shipping, receiving, storage, and handling activities described in this Code. The preparation and control of procedures and work . . . . . . 
AA-7220 Personne/Qualificalions: 

Those personnel who perform inspection, examination, and testing activities at the job sile to assure compliance to this Code shall 
be qualified In accordance with ANSIIASME NQA-1, Supplement 2S-1 and 2S-2. Of/site inspection, examination, or testing shall be 
audited and monitored by personnel who are qualified in accordance with ANSI/ASME NQA-1, Supplements 2S-1 and 2S-2. 

AA-7230 Classification ofltems: 
The requirements for activities covered by this Article (AA-7000) are divided into lour levels with respect to protective measures to 

prevent damage, deterioration, or contamination of the items, based upon the important functional characteristics of the item with 
respect to safety, reliability, and operation. It should be recognized, however, that within the scope of each level there may be a 
range of controls and that the detailed requirements for an item are dependent on !he importance of lhe item to safety or reliability. 
Items, once classified, shall be restricted to that level or higher far each of the packaging. shipping, receiving, storage, and handling 
operations. Any package unit or assembly made up of items of different levels shall be classified to the highest level designated for 
any respective parts, unless the higher level subassembly or part can be packaged to its respective level while still attached to the 
total assembly or is totally protected within lhe assembly. The balance or the unit or assembly may be classified lo a lower level. If 

AA-7230 Classification of Items: 
Items covered by lhis Code are given lhe appropriate proIectic>n classification level in accordance with the provisions ol 

ANSI/ASME NQA-2, Part 2.2. Section 2, and these levels and detailed requirements are delineated in each equipment section of this 
Code. 

AA-7310 General: 
This subarticle contains the requirements for packaging items for protection against corrosion, contamination, physical damage, or 

any effect I hat would lower lhe quality or cause the item lo deteriorate during the lime it is shipped, handled, and stored. 
Implementation of Subarticle AA-7300 shall be accomplished by apply"1ng the appropriate criteria contained In ANSI/ASME NQA-2, 
Part 2.2, concerning cleaning, preservatives, desiccants, inert gas blankets, cushioning, caps and plugs, barriers and wrapping 
materials. tapes, blocking and bracing, containers, marking, other quality assurance provisions, and documentation. 

AA-7320 Level of Packaging: 
The acka in criteria are divided into four levels corres ondin to the levels desi nated b AA-7230. 

242 AA-7410 General: 
This subarticle covers lhe requirements for loading and shipment of items as defined in AA-7230. Described herein are 
environmental protection during transit, procedures lo minimize damage in transit, precaution required when handling items during 
loading and transit. and identification and inspeclion on overseas shipmenls. The made of transportation used shall be consistent 
with the rotection classification or the item and with lhe ack · methods em lo ed. 

y;(;''=ii~;;,';i{: ·• . '-AA,sooo< aTJ~li"Fli.Yi-AS"SUR'.4:Nbi~:r;//(:',:Y-:'/i',:);')j\ 
:7:t)': ''.: •••.i:".' • ·; ';"AA;B1 oci'':!" i:;JeNERAt!.Wt'/J_:;<;;/;'li'-,;',{;':i'i:c,;:.:,: ·.;,'.:'':'.,·,;~ ,:;/,t.: 
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AA-8110 SCOPE AND APPLICABILITY: 
This article contains general requirements for the quality assurance of components, parts, and equipmenl. The requirements of 
ASME NQA-1 apply to lhe componenl, parts, and equipment covered by this Code. The requirements of Article AA-8000 are 
..,;.. .... !i ....... ~r,.. f,.. ~._ ,.. .. , ....... , •~,.., • ..,,.,..., ,.,.. ...... :,: ...... u, :,....,,..,,,..,.. h\l c.---k ,..,..,..,,.., ,.,..,.,;,... ... r...,1,.,1:1; ........ ,,.1 nr- c11nnJo .................... 1 ---··: ______ ,_ --· - 1-- hn 

AA-8120 Responsibility: 
The organization invoking lhis Code for lhe design, conslruclion, and acceptance Jesting of equipment, parts, and components 

used in nuclear safely-related air and gas treatment systems in nuclear facilities shall be responsible for specifying any additional 
requirements and aooroorialelv relatinq them lo soecific ilems or seivices. 

AA-8130 Responsibility of Fabricators, Material Suppliers, and Material Manufacturers: 
(a) Some or all of the responsibilities of lower lier organizations may be assumed by any higher tier organization (e.g., lhe Owner 

may assume some of the responsibililies, such as certifying test results, of the Material Manufacturer.) The organization assuming 
lower lier responsibility shall meet the requirements n_oled herein for that organization. ,-

(b) In addition lo the specific responsibilities delegated to the Fabricator, Material Supplier, and Material Manufacturer by the 
Owner of designee, the following shall apply: 

AA-8130 (1) each member of the chain depicted in Figure M-8130 shall be responsible for evaluating and qualifying the suppliers of 
contracted seivices or material from lhe next level down, i.e .. Fabricator shall be responsible for evaluating and qualifying the 
Material Suoolier's quality assurance oroqram, and so forth; 

AA-8130 (2) each member of lhe chain depicted in Figure M-8130 shall be responsible for notifying the party that qualified their program of 
lnlanned modifications lhal miahl affect the oualilv of the delivered oroduct: 

AA-8130 (3) the Fabricator, Material Supplier, and Material Manufacturer shall be responsible for establishing and maintaining and 
identification and verification oroaram for the traceabilitv of material while under his control; 

AA-8130 (4) the Fabricator, Material Supplier, and Material Manufacturer shall be responsible for controlling quality during manufacture and 
fabrication, including control or manufacturing processes, testing, examination, repair, and treatment of the material, including 
subcontracted services. 

Fig. AA-8130 Fig. AA-8130, Hierarchy of Responsibility 

Owner-> Fabricator-> Material Suooliar -> Material Manufacturer 
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251 AA-8210 Documentation: 

252 

253 

Documents for procurement of material and subcontracted seivices shall include requirements to the extent necessary lo assure 
their compliance with ANSIIASME NQA-1 and lhe additional requirements of this paragraph. Measures shall be established to 
assure that all purchased and fabricated material and services conform to the requirements of this paragraph. 

Measures shall be established for identification and control of material, including partially processed material, throughout 
manufacturing, fabrication. and the shipping processes. These measures shall assure that identification is maintained either on the 
material or on records traceable to the material through manufacture and fabrication. Welding filler metal for use in repair of the 
material shall also be controlled in accordance with this paragraph. 

AA-8220 Identification and Completed Material: 
(a) Identification of material from the Material Manufacturer shall consist of mari<ing the material with the applicable specification 

and grade of material, heal number or heal code of the material, and any additional marking required by this Section to facilitate 
traceability of the reports of lhe results of all tests and examinations performed on the material: except that, for those materials for 
which the Material Manufacturer's Certificates of Compliance are allowed, heat numbers or heal code identification need not be 
indicated either on the material or the Certificates, Allernatively, a marking symbol or code lhal identifies the material with the 
material certification may be used, and such symbol or code shall be explained in the Certified Material Test Report or Certificate of 
Compliance, as applicable. 

AA-8220 Identification and Completed Material: 
(b) Physical identification on individual material used in the assembly of a component by heat number or code or specification and 

grade need not be done provided the completed assembly is marked wilh a unique identification number that is traceable lo 
documentation that identifies the material used in the assemblv bv the requirements of AA-8220/al. 
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AA-8230 Marking Requirements for Small Products: 
(a) Except as required by lhe male rial specification, small parts need nol be individually marked provided lhey are packed in 

packages or containers lhal shall be clearly identified by legible marking to ensure posilive identification of the malerial up to the 
point of use. 

(b) Welding and brazing materials shall be clearly identified by marking on the package or container 10 ensure positive 
identification of the material. The package or container marking shall include lhe heal or lol number as applicable, a conlrol marking 
code Iha! identifies the materials wilh the Certified Material Test Report, and other information such as specification, grade, 
classification number, supplier's name, and trade designation. 

AA-8240 Cenified Material Test Repons: 
The Certified Material Test Report, when required, shall include the aclual results of all required chemical analyses, mechanical 

tests. and examinations. 
AA-8250 Records of Examinations and Tesls: 

All characteristics required lo be reported by the material specification and by this Section shall be traceable to lhe resulls 
recorded. Records shall identify the procedure and revision lo which an examination or lest was performed and include \he recorded 
resulls of examinations and tests. Measures shall be established so that the status and results of any required examinations and 
lests can be determined for the material. · 

257 AA-8300 Qualify Assurance Records: 
Documentation required by this Section and each of the other sections shall be prepared, maintained, and submitted lo the Owner 

for recording as required by the applicable section and ANS II AS ME NQA-1. 
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258 AA-9110 Scope and Applicability: 

This Article contains lhe general requirements of nameplates for components and equipment. 
The requirements of lhis Article are applicable lo lhe extent they are specifically invoked by the olher Code sections. Unique 

requirements are given in each Code section. 
Stamping is required only for those components conslructed in accordance with the ASME Code. No other lhird party inspection or 

certification is required by this Code. 
259 AA-9120 Requirements: 

260 

Each ilem shall have a nameplate, except as otherwise permilted by this Code. Nameplate informalion shall be as required by (a) 
through ( e) below: 

(a) Manufacturer's name; 
(b) Manufacturer's serial number and, if applicable, model number; 
(c) Capacity in appropriate units: 
(d) Operaling temperature and pressure; 
(e) Other data prescribed by the specific equipmenl section of lhis Code. 

The data shall be in characters not less thal 3132 in. (2.4 mm) high. All nameplate markings shall be stamped, etched, cast, or 
impressed on the nameplate. Nameplates shall be of a noncorrosive material. Stamping directly on items, where permilled by lhe 
respective equipment section of this Code and used in lieu of a nameplate, shall be done with blunt nose continuous or blunt nosed 
inlerrupled dol die stamps, The selected marking method shall not result in any harmful contamination or sharp discontinuities. 

M-9140 Attachment of Nameplates: 
If the nameplate is marked before it is affixed lo the item, the Manufacturer shall ensure that 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 lhe structural or operational integrity of lhe item and Iha! shall 

assure permanent attachment during lhe life expeclancv of lhe component. 
261 AA-9130 Location of Nameplates: 

The location of the nameplate shall be shown on the as-constructed drawing. It should be readily visible when the componenl is 
installed. Nameolates shall be located so insulation does not obscure nameplale data. 

BA-1100 Applicabilitv: 
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This Section provides minimum requirements for the performance, design, construction, acceptance testing, and quality assurance 
for rans, fan drivers, drives, and relaled fan accessories used as componenls in nuclear safely-related air or gas treatment systems 
in nuclear fadlilies. 

BA-3100 1-G_e_n_e_ra_l: ________________________________________ ~ 

Fan materials, components, and accessories shall be capable of meeting all requirements of BA-4133. As a minimum, malerials 
shall be in conformance wilh the ASME or ASTM malerials lisled in Table BA-3100. Subslilute materials shall be equivalent to or 
exceed the requirements in Table BA-3100. 

BA-3110 Material Stress Values: 

BA-3200 

BA-3300 

BA-;,4G8 
NIA 

BA-3410 

NIA 

The ASME or ASTM numbers in Table BA-3100 designale a chemical composition and a malerial thickness limit. A grade 
designation is usually required to determine the minimum strength of the material. If the specHic grade material has an assigned 
minimum yield and tens lie strength, thes·e values shall be used for design purposes. If values have not been established and 
assigned, then tests in accordance with the procedures outlined in ASTM A 370 and AA-5000 shall be performed to obtain these 
values. Results of mill certifled tests performed as above designating 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 ror normal 
structural requirements, and correction of allowable stress for conditions where buckling can take 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% or yield. 

Soecial Limitations on Materials: 
All materials shall be comoatible with ooeratino environmenlal conditions. 
Desionation of Materials: 
The ASME or ASTM material numbers and orade for the fan components selected from BA-3410 shall be identified. 
Geftiflealion of Ma!erialc:-
+Ae-fllafltlfaeltlr-er-sAaH-malte-aveiktble, as a minimurn,eef!ifled-!est-,eports of cllemieal-ane-physical properties ef material-and
haftlware...isetl-fer-all-slrecs components of fan&--an0-fe!atea-a~e&;-iR€looing--faA-Whe e I co rnponents, faft-5f!a/!s-;-aAEkifwef
st1pport-plate,-bt1t--ettelt1aifl~1tt river-s,drives,anc!-ileafin§-i=afHlompoF1ents,listeG-in-8A 341 0 and B/\ 3420,shall-l,e-providee
wi!fl-a-MaAtlfue!t1FeF's Gertifica!e-0f-GempliaAre-€&VefiA~e-A&ME-er-A&r-M-material-si,eeifieilOOfl;ilfaSC;-aREl-elass-: 

In lieu of FTR (Factory Test Report) CFC (Certification of Compliance) is acceptable. 
Centrifuqal Fans: 
A manufacturer's Certificate of Compliance shall be provided for scroll. housing side sheels, inlets, side plates, back (center) plate, 
weld filler materials, and suooort framing integral to the fan. 
Aida/ Fans: 
A-manufacturer's Gertilieate-ef-GompliaRee-sllall be provided ier fan c-.,sing;--§Hide-Y-af\es,wela-lillOf-fmlleFials,arul-driver support 
69ffit,ef!MI$, 

BA-3500 Purchased Materials: 
All purchased items shall meel lhe requirements of BA-3100, BA-3200, BA-3300, and BA-3400 or CFC in lieu of CTR (Certified Test 
Reoortl 

BA-3600 Driver Materials: 
Driver materials shall be selected such that the drivers meet the electrical and mechanical requirements of NEMA MG-1, as required 
bv the Desion Soecification. 
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10 BA-4000 General: 
Design of fans shall be in accordance with Uie requirements of Section BA and of those portions of Section AA invoked in Section 
BA. Refer lo Non-mandatorv Aooendix BA-A for fan svstem considerations. 

11 BA-4110 Performance: 
Fans shall be selected lo provide lhe specified volume and pressure requirements while operating in the stable region of the fan 
curve. Fans shall not be selected lo operate in lhe stall or unstable region of the fan curve. Details of fan inlet and discharge 
conditions shall be considered and documented in support of fan sizing and selection. Fans shall be sized with consideration of 
dynamic losses that may be encountered. System characteristics shall be considered using AMCA 201. The following fan data shall 
be established in suooort of the fan selection: 

(a) fan type and blade shape; 
(b) air flow, actual; 
/cl tolaf pressure to be developed: 
(dl maximum allowable discharge velocitv; 
(e) air density at which the fan is to be rated; 
{I\ maximum air density expected; 
(g) operatinQ temperatures; 
/h) details of intake and discharne transitions that affect fan performance; 
Ii) parallel fan operation, if required: 

m peak design temperature: 
(k) fan operating range, if required. 

~ 8A--44-2-1- Ef>viroAmeR\al-Gefl€iitleft5--GeAe@I;- NIA NIA 
NIA NIA filAS.iAclliaiRg-Giwers, drives. boariAgs,aAd-aGGeSSefie&rSAall--Be--iJesi§Aea-le-af)er-ate--€6Rtinuously !or a perioa-ef..al.leasl-dG-Gays, 

er-for-a-r,er-ioo~r-tirne-etlfl~iE-Ft-aesew-fer-maiA!enaAee-eaAAe1--be-j3f0Videe,wl,ile-eKpeSi>e I a IAe e AVironme-Alal-GaAdiHeAs--
eauSBHy--a-i,e~€€i€leA!,---+/ii!,-ai,plies--Je-/aAs-1;s,Hl---awin!if10fffial-planlc-Gi,eFati0R-and to fans oA-5\anaby-s!atus iAleAaes fur 
0peFalJen-;;neer-a6€iaeAf-Wneitlens--enly,--+h~ays--e/-€eAlifltlet&eperalioA-is---in-aaailion to the projeeled---life-eH!'le-j,lanl for fans 
usea-illclAA§-Aermal-j,lanl--Opera!ioo-aA4-iA-aedilio~x-pe£le€1--0peration,iAeiudiAfr"<!pefa\iOFHWAAff6riodio-te51~ 
maintenance for fans oA-StaAdev-stattis, 

~ ~ A§in§;- NIA NIA 
NIA NIA +oo-a§iA~iwls---listed-iA-8/\ ~ 123 shall--be---a~e-d---le41,e-eq1,ipmenl-aAd---wmpeABAls.9esi~ieolien sl'lall be sp ecilie a 

iA-aeeer-aanee-wilf\-ANSl/leE~--lis!-ef-recommeneed-spare---parts-and-\heir--expeeted-life---shaU--be---pr-1eea-leHA~i;ipmenl-
aAe-ooffij,0fl6f\\S-\M\---af€---fl0l-expeet€e-te-last-fBF-1Ae-life---el4Ae---plaAHJAdef-Spe6ific--eA\lifBA~rulillens, 

44 B/\-44-2:l En•,<iFeAmental Gonsi6€ra!iel¥.r.- NIA NIA 
NIA NIA +he fullewiA"-""'in<>-=echanism!,-a#eeiiAe-li' -- --- L all-be--€onsieered-as-a-miniffit1Ar. 

~ialleA 

fer-tempera\tlr€-vafiation-r-aAge 
~resStlf€---¥Cfialiert-faA>)e 
1<A-,,eff0Sive---€Remieals-and moisltlfe eeAdilions 

fel erosi•,•e peflisles-iA-aiF--StreaFAS 
/ft----ilu~Gl€s 

15 BA-4130 Loadin•: 
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 followina normal loads shall be considered: 

ai positive or neaative oressure differential transients imoosed on the fan housina bv: 
111 sudden closure of air damoers in lhe fan or svstem in which the fan is installed. or 
121 maximum normal fan pressure differential: 

bl dead weioht of fan. driver. drive. and related fan accessories: 
.... 
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1c) forces imoosed on the fan in anv of its modes of ooeralion, includina a sinale failure of anv inleraclina comoonent; 
d) loads imoosed on fan inlet and oullel bv duel connections: 

'e) loads imoosed on fan. driver, or both, bv electrical conduit connections; and 
(fl loads imposed on the fan bearings. 

17 BA-4131.2 Loads Due to Constraint of Free End Displacement. Loads due to constraint of free end displacement may be caused by thermal 
exoansion and contraction. 

18 BA-4131.3 Design Pressure Differential Loads. Design pressure differential loads may be cause by hurricane, lornado, and design basis 
accident or oioe break. 

19 BA-4131.4 Loads Imposed on Driver and Fan When Starting. Loads imposed on the driver and fan may be caused by fan pinwheeling 
(inadvertent reverse rotation) caused by backflow of air while on standby status. 

20 BA-4132 Missile Protection: 
Fans shall be designed lo prevenl any internally generated missiles from penetrating the fan housing unless other external protection 
is provided. 

21 BA-4133 Conslruction: 
As a minimum, the fan construction shall be capable of meeting the maximum conditions in which fan pressure and outlet velocity are 
specified. Fans shall be designed in accordance with the structural requirements given in AA-4000. Structural requirements, load 
definitions, 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 deflection criteria associated with the loads qiven bv BA-4433. 

22 BA-4142 Fan Leakaae; 
Fans are subject lo the leakage criteria when the location of the tan and direction of leakage impose a contaminalion burden on the 
space housing lhe fan or the space supplied wilh air by the ran. Leakage testing shall be as given in BA-5142. 

23 BA-4142.1 Fan Housina Leakaae: 
Housings subject to the leakage criteria, including penetrations such as cable connections of axial fans, shall be made air light, 
accordino to lhe method outlined in BA-5142.1. 

24 B~ Sl'lall-teakaa~ NIA NIA 
NIA NIA Sl'la!ls subjeeHe-leakage sri:eria sl'lnli-Ge-limited ta 0.01 % of4he-ooffflai--aif--llew-f)er--inoo-e/-laA-ei,era\iAg pressure, or 0.6 SCFM-

1,'.;.!;"' ~: _a/mi- ... ~· ·--::;realer, 
25 BA-4150 Support Boundary: 

The support boundary for the fan shall be the point of allachment of the fan housinq or mounl to its foundation. 
26 BA-4151 Centrifuqal Fan Suooort Boundary: 

The support boundary tor a centrifugal fan is the atlachmenl point for lhe fan housing lo the concrete foundation. The following data 
shall be specified: 

(a) size and type of anchorage atlachment: 
(b) anchorage loads to be imposed on the atlachmenl points. 

:l-7 ~ Axial..fiaR-&IAAAF!-Bw~ NIA NIA 
NIA NIA +he support bouooaiy-ier-afl--al!ial-la!HS-leeated-at-H1e--inlel-ans-oollet-FOOuntiAg-llan§e5;-t!RleS5-!i¾l-allial-fon is base mollnt~ 

f " .. : .. , ·:ta-shall-G~e<li ,_, 
:nd-\yjle--eH3nel1erage---a¼\aGAmenl; ,-

(l,¼----anellerage--lea€i5--1o--be-im13osed on tAe aHael'lmeAt-13oin!s-, 

28 BA-4160 Vibration - General: 
BA-4161 Fan wheels shall be dynamically balanced prior lo fan assembly. Final balancing shall be performed after assembly, All test results 

shall be documented. After installation, rans shall be checked and re-balanced if necessary lo correct changes due to handiing, 
shiooing, and rinal support structure conditions. 

29 BA-4162 Ge!llfiiuaal-Foos;-
:r-tte-oouble--amf,iilooe-radiaklisi,JaeeFAeR\-rneasur-e~fr-llae-1:><=a,iA~f>S-aHlae--i!esigAat-es--faA-Si,eeEi-sllall-oot-el<eeeE!-Ule-vatues-
listed in +able Bl, l 1 e::! l. measurea-wilfl-a-meter-lilteree--\o--11,e---faFt-FelalieAal-<aAHee, 
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AMCA 204 Balance Quality and Vibration Levels for Fans applies lo this specification. 

NIA ~le--afll!)liitJee-raeial-eisplaeeff\eflt-ffieasurea-eA-1!1e--laA-h0usiA~lfl-lfle-iAlehifle-eisc-l1a~alioos-at-tAEHl~a-
l Sl)eeEl-sl,alf-ftet m,eeed 1.0 mi :::. ··- , f!leasured wilh a meteHilterea-le-tAe--laA-1-etalieAel-sGeeEh 

BA-4211.1 General-Application: 
· Each Ian shall have a title and numbering system that uniquely identifies that fan. 

BA-4211.2 "D""u=tv~:.,.._~-~---,-,------.,------~-~-~--~~----------~-~----i 
The duty of the fan shall be described by the operating and Idle lime periods, their frequency, and the corresponding fan load 
characteristics. 

BA-4211.3 Fan Location: 

BA-4211.4 

BA-4211.5 

BA-4211.6 

BA-4212 

The fan orientation, elevation above sea level, type of foundalion, and means of support shall be included in the Design 
Specification. 
Fan orientation and means of support per DWG F-145579-V-0007 Bulk Vitrification Off Gas Treatment, Scrub & Stack Area Plan. 

Fan Environment: 
The environmental conditions, including air stream and gas stream contaminants, of BA-4120 that can affect the operability service 
life, maintainability, or need for special features as to construction or materials of the fan shall be included on the Design 
Specification. 
Fan Drive Arranqement: 
The fan drive arranqement shall be included in the Desiqn Specification. 
Special Limitations: 
Special limitations, such as space, weight, outlet velocity, fan speed, sound power level, and driver nameplate horsepower, that 
influence fan selection shall be considered and included in the Desion Specification. 
Performance Ralina: 
Fan oerformance ratino shall consist of the followina information for all fan ooeratinq ooinls, as a minimum: 

(a) flow rate al fan inlet, actual; 
(b) fan lotal and Ian static pressure: 
(c) fan air density; 
(dl fan air temperature; 
(e) fan operalinq speed: 
(f) fan power input. 

BA-4213 Pressure Relationships: 

NIA 

Fans shall be rated using both fan static pressure and fan total pressure. Fan pressure relationships are illustrated in AMCA 201. 

Fa1¥.rSAall be selected to-salisfy--lfle-malHffiuffi--j,erfer-maAee-requifemeAb--GperaHoo--at--reetl€W---ilew-shall Ile e·1aluatee-euFiA§41'1e
imlial-faA-&elee\ie~ure-staele--lafl-eaefolieR-e'leHhe-eAliFe--faA€le-<>i--exoeGled-/aR-6BAfAfiefr. 

BA-4215 Construction Information: 
The followinq dei;l~;;i,,ri:'alfonstruction information shall be identified in selectinq the fan (see BA-4300): 

(a} fan arr~ngement and orientation 
(b) peak design and operating temperatures 
(c) special critical speeds or safe speeds 
(dl type of bearings 
( e) lvpe of drive 
(f) accessories 
/q) leakaqe considerations 
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BA-4216 Bases for Fan Ratinq Data: 
Fan performance shall be based on tests of a full size fan, or on test results of a smaller, geometrically similar ran, in accordance 
with BA-5111. Performance ratings shall not be based on calculations alone. Geometric similarity requires linear proportionality' and 
angular similarity with no omission or addition of parts. Performance ratings from reduced size fans shall be obtained by tests 
complyinq with the requirements of AMCA 210. 

BA-4217.1 Sound Power Level: 

Fan sound shall be expressed as sound power level in dB (referenced lo 10· 12 wall) for eight octave bands. Data shall be obtained 
from lests of lhe actual fan or by calculation rrom test data from a similar fan. Data shall be provided in accordance with BA-4420. 

BA-4217.2 Test Data From Actual Fan: 

NIA 

Fan sound oower level data shall be orovided in accordance with BA-5130. 
+est-Data From Fan Model,-
A-/aF\--fAaeel-el-111e-same--Mam,fasltirer'.s-geAerie-0e&i§A-Sl'lall--btH;eleetetH<>--<>l>\aiA-SOtiR<keSHlala-per-8/\ 4 21 7.2. 8 sali~f..ll<e
les\-Ga\a-s!aal!-l,e-oe#effAea-iFHaeeeroanee-willt-AMGA-3()4-, 

BA-4221 Information Reauired for Driver Selection: 

BA-4~ 
NIA 

NIA 

Information reouired ror driver selection shall consist of the followina, as a minimum: 
(a) fan speed torque curve with operating brake horsepower point identified; 
(b) fan inertia applied lo the driver shaft; 
(c) external forces acting on the driver shaft; 
(d) driver rated electrical power source; 
{e} environmental requirements; 
If) driver and fan phvsical orientation: 
(g) applicable standards such as IEEE and NEMA requirements: 
'~' 1€Hequiremeitts; 

Sj;oolat-hiffiilalklAs GeA!rilu§a~flSi-
BeJt-er-ives41alt be p ermitled--OAly-ifH!reas-tlli!l-are-aGGe&sible-fer--maiflleAaAee-dufiA§-fleffAaklr-ae£ia~eAS' The AUmbef-ef
bells se lesled-shall-allew-rer-a--sif;gle-belt-fail.ire--wi1lletiHess-.if--f uA6lie1r.--1A--t1se--of-eill,eHlireel-ef-aelklfives, the e q uiJ,ff16f1!--shall-be
eat,aele-ef.apeFaHAft-tlAEleF-lhe-5pe6i~eEl-£GREliH6f\5-Wflile-JleFlormiAg-its-ffileAEleEl-5afety-relalea--fuA~ves-lf¼-Whi5h-§eaF
reaueers are used 5half-fl61-lle--allewee,-Bystems--thal-are-air-balaAee~siA§-Yariaele-J3it€fl-Eliarnelef-sheaves-5flall-ee--jmwlaee--wiUt
liile a ei ametCi'-sheave&-fef--leAQ--lemH,Jcleratie1r. 

Al;Jaf-laAS-5hall-be-sele€tee-fGHJireek-eAAeele€!-eperatieA.similar-l&AMGA--99-241-0-«lf-ltloolaf-€ef\!firu§a!-falls;---€esigffa!ea
a,ranaement-N&.-4. 

BA-4311.1 Cenlrifuaaf Fans-General: 
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The housing materials and design shall meet the requirements of BA-41 DO and BA-4200. Spark resistant construction, where 
specified shall meet lhe requirements of AMCA 99-401. 

BA-4311.2 Centrifugal Fans-Bearings: 

BA-43-1-2..4 
NIA 

BA-~-2-,2 
NIA 

~ 
NIA 

~ 
NIA 

Bearings shall be self-aligning, anti-friction, and shall have an L-10 service rating life of at least 100,000 hr in accordance with the 
load and speed conditions, Bearing rating life shall be established in accordance with ANSI/AFBMA 9 or 11. When the driver 
bearings are also the Ian bearings, an L-10 life less than 100,000 hr is permissible, This limitation shall be documented. Bearings 
shall be provided with grease fittings, useable in accessible areas without·interrupIing fan operation. 

+he-faFl-€0FlStHJetiGA-Shall-iAell1E!e-adjHstable-pitelrlllaaed-wheels-AaaHAled-.lpeA-the-driveFS--e¾f\eAde~El-lesa\BG-iAside-tl,e
flaAged-fafl-eaSifl~all-meeHll9-ret\1JiFemeAfS-e~AB Bl\ 1220. Wher>-reEjtiired-by BA q112, elestric eooles

l=elratiA0-1Re-faA-h&t1Sffi,l-5flall-mee\-lR<Heei;ir~ents-5f.BA~A4-13A-4J2G, 

Axial-Fan-i=afl-l-!ausinw.-
+!le-laFH-1oo~terials-&\&eesiaR-SAall-fAeet-lhe-reeuifements-e~R~G, 

Adjtlstaele-piteh-blae!es-5hall-flave-€eff05f3aFldiRg-blade-afl§les-inElisalee-afl-the-/afl-j'le,leFffiaAce euP,•e. Blilse pasitieA cJesi§Flalloo5-
aweariA~e-fafK;"""e-,;!iall-bear a eerrespandeA€e-willra-peffRaoofli-iAdex-loc-aletk!Hhe-elase-htlb-66Anec!ion. AlleF-Se!ling
ltle-elaser.!he-Je:!·' - - ~ · se-sl'la!Hle-lefflueEl-an6-5€€tir-ed-iA-elaee, 

Aulal !=ans BearinEts;-
BeafiA§s-5fla1Hae-af½li-lfk;~aA-iypec-BeariA~-O-lifB-llAEleF-ae{uak,pera!iR§-OOAGWoAs-s!lall-be-at-leasl-400;00{H\f,.-Bearifl§-l~f. 
w-eslaeliSAOO-ilHl660fSaRw-with-ANSYAF8MA-9-e~eA-lhe-eeaFiAg-size-i&-Jiffiitoo-by-a~iFReASienal-eoAstraiflls-anEl-ll\e
sfiver--bearifl§&-ilre-alse-lhe-taA-eeafings,an-L--1-0-li~aA4-0(J.QGG-l,F-i5-p8fffiissi!ll~i&-liflliiatjell-Sha!~FRenleEI.-
Bearin!Js shall be pmvides-wilR-9rease fiHiR§S. FoHIHYBfS-WithiA-lhe-larr-easing,oo\fKupi,Iy-an~es shall ee extonsea-!G
outsiEle-th-e-foA-easir,g-te-permit-bearirl§-lubricatioA-willieut-iAtOff-uJlHA!)-fan-oper-a\ien-, 

BA-4322 Drive Alionment and Adiustment: 
Direct drives shall make use of metal shims to orovide final alionments. 

BA-4323 Mechanical Desiqn Requirements for Drivers: 
(a) Bearings shall be anti-friction type. Bearing L-10 life under actual ·operating conditions shall be at least 100,0DD hr. An L-
10 life of less than 1D0.000 hr may be used when limited by driver conslraints. Bearing life expectancy shall be documented. 
Bearings shall be provided with grease fittings. For drivers located within fan casing, both supply and purge grease lines shall 
be extended lo outside the fan casing to permit bearing lubrication without interrupting fan operation. 

(b) Maximum sheave arrangement shall be limited per NEMA MG-1. 
(c) Drivers shall conform to NEMA MG-1. 

BA-4324 Electrical Desion Reauirements: 
(a) All drivers shall be designed for single voltage supply. 

(b) Drivers shall conform lo NEMA MG-1. 
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(c) Provision shall be made for solid grounding of the driver. 
BA-4325 Application: 

All fan drivers shall be designed to operale at maximum Joad brake horsepower without encroaching on the driver seNice factor. 
Drivers shall be selected to come lo speed under reduced voliage conditions peculiar lo the specific accidenl requirement, as 
detailed in the Desian Soecification. 

BA-4331 Accessories Common lo Cenlrifuoal and Axial Fans: 

~ 

NIA 

(a) Fan liftina luos or eyeballs shall be provided on fans and drivers 50 lb and heavier. 

fb) lnspection-i,anel::;-s!Jali-eB-j,Fevieee-iF>-f.aft-llOOSttl§s--11avin§-Wl,e~Fb-anEHaf!l~iameter.--Panels shall be-ef-a-sii!e
!Aal-will-i!llew-mainleflaflGe-en-,,wnJ30nent&-le(;fllee-wilRifl-lfle-iaf!-fl0usin~ick--openin§ latches shall-fler-mally be used. 
el(£eJ3Hhal-wheF\-lea!\a§e-i,rileria-aFe-reEjuired--pef--BA-44-4&.-wltea-ans-gaske\eEl--5eals--sllall be useel. Lat6fle5-sl,all-ee
Fetaiflall~el-eF-f6fl-t~ess--ef..lalGRes--iA-\lle-4a!Hl6Usina, 
(c) Arrows clearly indicating 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 wilhoul loss of function for a minimum predetermined qualified life. and capable of withstanding !he environmental 
conditions of BA-4121. 

(e) Bearing lubricants shall be selected lo wilhsland the accident aging mechanisms of BA-4123 for a minimum 
predetermined qualified life consist en! wilh the term provided by provisions of accessibility and !he environmental conditions of 
BA-4121. 

(fl ProvisiOfl5-SFtal~be-maee-feHfte--ffi5lallaH0Ft-of-{hefffiewui,le&-0Ft-fan-ana-t!fiVef-bearings el fans !hat are-inoccessiele for 
t1ASffieOOled-insaeaien, 

- r ns---Variable-4nlel-¼Aer. 
Variable-iAie+-vafte&.-wheA-1Jse~l--be--c-apaale--el--reooGH'fg-llle-ra1e-flew-to-al--leasl---tlGo/o--0f-eesign. and shall-ee-flaAgcd and bolted 
lo,-eH3llill-as-aR-lntegraf.-j,ai+ef-the-faR-lnleh-MaflWl-aGlualion-shal~ilh-i!~ee!\in!J-tltJaerant-,---Be&1riG.jlflellmalie.-ef
nenwmeu5tible electro hydratJli&-aet"1at0rs-fef-feffiole--eF-a\Jl0maliE-Bi,eralioA--Of-vaFiable-inlet-vanes-shall-ee-mounted on the fan
Roosing--ef--SRall be pro•,•ided wit1t-a-,,0mm&A-Struc!tlral-5ui,pert--eaS&.---Wl'leA-femate-inaeee55lele-i!Elualian is required, the vane 
aGlua!ioR-j,osi!ioo-shall-ee--iJi&jllayed--al-i!Ft--aeGeSSible-loealion,-FaR-j,e-l¾fffiane.x-harilcleristies with-inlelc-VaA~ali--ee-GeteffiliRea
in-aeeereonco 1~itR B,~ 6G9El-c---Vancc assemblies-for--dooele-inlet---faw.;-sl,all-b~0Afl~roi;gh-i!-€frfAffi0fHofrfllref-.5hak-feF
simullaAefrl!S--frj,eralion, 

B~ Geflt,iltiaa~ns lnlel Scrfrefr-Guaftf&i-
NIA Gt1a~llln<,-lo-lhe-fan-inlel-ef-G1c1Uet-shall-meet-!he-maiefial-r-eeuiremenls--ef..8A--a.1.G, 

NIA Vier-atien-isolalef5---s!lall-fle!-6fr-;Jsed-ane-fafl5-Shali-ee-mounled-fi9iely-t!nles5-j3rovisi0ns-are-maele-w-wilhstand the fSfOOS-§eooralee-
er-amialilietklur-in ·s-evenl, 

NIA 8llafl-ane-bear-ln§-§uaras-ans---V-eelklrive-g1JaFGS-5llall-be-ef-lhe-quiek-reme¥al-eesi9A-type. V belt gwffls.-shali-peffilil-elleel\in!J-lhe-
fan-s · ~ ... ... -tJaFe---removal, 

BA-4332.5 Cenlrifuaal Fans -Inlet Transitions: 
The inlet and outlet connections shall be flanged. The housing connected flange shall be drilled to match the fan inlet flange, the 
other flanae shall be drilled usinq the same bolt spacinq. 

NIA Shalt-wal&;-Wll-ifee-;-4all-meeHhe-ieakaae-€filefia.ef..SA~ 
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FlaA§eEHflletlootiet-£eAes-sllall--ea--faefiealee-ef-!Ae--same-mate~e-laR-lleiisiAg,----Hie-ooi,siA!f connested llan9~e-.;enefs)
shall be drilled to match the ran iflletlooilet-!laA§esfsr----+l,e-e\llef-ooFle-4laA!jeS--Shalf-ee-efiHea-lising a similar s~•mmelffoal-be!!
oal\effu 

~ /1.)(ial Fans IRlet--Bel!s;-
N/A FlaRged inlet bells, drillee-t&-ma\6Mhe-taR-llousi~et-llange,shal!-meeHAe-requiH,fAeRt~ BA 3100, IAlel eells-sllookl-always-be

Bfffi'iaed-k)f-faA5-Wi\lt-fiel'Hluel€d-JA!eifr.-

~ 
NIA 

NIA 

NIA 

AKial Fans Jnlet-atad Outlet SsreeA-Guafd!r.
Gt1ards--fer--aaltita!I-IG-!he-faA-tAiet-eH3u\let-shalf-!ReeHhe-matefiakeouiremeAts--e~G, 

Faf\-ffiet1Rts shall tie welded le :he easing-and-£hall--be-6est!}noo-w--suflfl€lFl-tAe-wei!}hl-el--#le-fan-an~siliee---f!leufl!ing-
affafl ::;:-:: ·A-£0AsideralieA-i,/-all-iRleffi8hsnG-8l\lernaklynalflis--¼FC-t>S-, 

>Jiaratien-iselatGfS-SRBll-flot-be used and fans-shal~l,e--me,;A!eo-rl@idly--unless--i,mvlsiens-are made le withstand a seismiG event-, 

8~ Axial FaAs Variable-lAlet,.J,laRe<r. 
NIA 1/-afiaele--iAlet-vancs shall not ee-tisea-for axial !ans unle=-<>HJvisioos-are-mad"'-"'-"ravenkwerlea 

BA-4411 Ra!tnA--C:;ileula\ienSf-
(Gaieulatioos-aM--leSl&t!sea-le-eelai!Ha!ttaliA!Js-shalHAeltlae-the--effeG\~af\Ge-ffi-a!l-shaf!s-and bearing blosl<a9es, 
aeeesWfles,ana-elftef-means--ekeA!ffil-assesialea-wilfl-lhe-fafl:-Fan-peweHBquir-ernenls-sRalHReltlee-tl'le-effeets of tlearlfl§-ffiG!iGF\
aflS-flAV-<>tfleF-losses-e!fe-lG-!he-afive5-lflat-ara-suosliea-as--ilA-iAte<aral-wFt-ffi-l!'le-fair.-) 

Manufacturer's standard ratinq calculations are acceptable. 
BA-4412 Documentation of Final Ratinq Data: 

As a minimum. the 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 identificalion informalion such as fan size, lype, inlet and outlel area, 
system and fan duly. fan speed, and fan air density. The performance curve shall show fan lotal pressure, fan static pressure, and 
fan horsepower versus flow rate from free delivery lo shuloff. The operation point of rating as well as the permissible operating range 
over which stable operation will occur shall be clearly identified. Unstable portions of lhe performance curve shall be clearly labeled. 

BA-4421 Sound Level Data Report: 
When required. a sound level data report shall be prepared. The sound level data in the report shall be expressed as sound power 
level in dB (referenced to 10"12 wait) for eight octave bands. The report shall state whether the data were obtained from tests of the 
actual fan or bv calculation from test data of a similar fan (see BA-4217) 

BA-4431 Structural Verification by Analysis: 
When verification of design by analysis is selected, the results of the analysis shall be in the form of a Design Verification Report 
(DVR). The DVR shall comply with M-4441. Equipment shall be deemed lo be designed verified if the stress conditions and 
deflections identified in BA-4131 and AA-4341.2 are not exceeded under the applicable load combinations. The DVR shall address, 
as a minimum the stress and deflection ol the following fan components in both the normal and accident conditions: 

(a) housings, including flanges and mounting supports 
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I ir..Lwl,eef-lwe 
I~ 
i,,.W,eafiA- -· 

I /.A....,lw,,et-5tjA-

f!tt--weld-fille, mateFiaf 
(~rivet' 

---------------- ---------------------------------
Maximum shaft deflection shall not exceed 90% or the radial clearance between blade and housing. No deflection shall be allowed to 
exceed !he limits of AA-4341.2. 
Structural Verification bv Testina: 
When verification by testing is selected, a design verification test procedure (DVTP) shall be established. The lest procedure, as a 
minimum, shall identify the specific components lo be tested and the respective test methods and acceptance values. Upon 
completion of the tests, a DVR shall be prepared. The DVR shall comply with AA-4442, Equipment shall be deemed to have 
successfully passed the tests if the equipment meets the acceptance requirements identified in AA-4442 when subjected to the 
selected load combinations. 
Structural Soeciat Considerations: 

(a) The maximum deflection that may be sustained without loss of equipment function during normal or accident conditions 
shall be determined by analysis or test. The allowable deflections in any plane ror the load combinations of BA-4131 shall not 
exceed the limits expressed bv and measured accordin!l lo BA-4162 and BA-4163. 
~A-SUPJ,Grts shall be desigooa-{o-wilhs!aAe-lhe-leaes-eesefibed-iA--BA ·t1:l1. l=oundaliGR--ilnd suppaFls st.a~-w-.lesi!1ft00-
se-!ftal-ll,e-;,at~-al-ireqi,Cfl~br-a~eFHll-\Re-ever-all-SHf3f30FM~tJ~s--al-l~eWfi/Hl~hef-il'laA-!f\e-
FOlali8F\Sl-fre(lt:1eA~e-HlfHlf-6AYeF, 

FANliNSP.E.CJ:ION''ANDimESTING,,W?i'1\\{'i'W?-i•i.1};'.;/;:;/i•·iif@ENJl•·;:,',::@:fiii@11i,: ··'.:,_ ."'•,'::.:· .. i•:;:c(-t,:(•k:•·:>·:>·>::·;·.df~~l~ih~;1,,,v•·'.1ti:~~:sri:l,ts\:,;.·~,.:~ :~{:~;_p·~~l~~;;,_.,/i••·t✓-,~~~-J~- :i·r,.~i:':•J;!Jtf;agg,;t~~l.!:,;~t~::,·.•M1.Wii'.~!i•~~~1r1 

Fans Requirina Testinq: 
Pertormance ratings may be based on Jest resulls of a fan that is identical as to type and size, of a small, geometrically similar fan, in 
accordance with BA-4 216. Pertormance ratings established for a fan may be applied lo several identical fans of the same type and 
size, with the same nominal dimensions. irrespective of fan orientation. 
Test Facilities: 
Eauioment shall be tested in a raci!itv that orovides for testina in accordance with the reauirements of AMCA Code. 
Facilities: 
The facility shall have the space, power, and instrumentation lo conduct full-scale performance or mechanical operating tests without 
comoromisina the data or intent of \he lest. 
Instrument Calibration: 
An updated listing of all test instrumentation and equipment shall be maintained along with a description of methods used to calibrate 
each instrument, the calibration interval, and the dale of the last calibration. Calibration intervals shall be a maximum of 1 year or the . 
Manufacturer's minimum requirement. whichever is less. Calibration of instruments shall be traceable lo the National Bureau of 
Standards. 
Qualification Records: 
Records shall be maintained in the \est facility to verifv that all test facililv qualification requirements are met. 
Dacumentatian: 
Documentation" shall be required for all pertormance testing, including a report that details witness test procedures and test setups. 

Performance Acceptance Tests: 
Performance tests to determine a fan's flow rate, pressure. and oower consumotian shall be conducted. 
Test Codes: 
All performance tests shall be conducted in accordance with AMCA 210. These tests shall include the effects of the drive, fan, and 
accessories. 
Test Setups: 
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87 BA-5123 

88 BA-5123.1 

89 BA-5123.2 

90 BA-5123.3 

91 BA-5123.4 

92 BA-5123.5 

93 BA-513D 
BA-5131 
BA-5132 

94 BA-5140 

95 BA-5141 

96 BA-5142.1 

91 BA 6142.2 
NIA NIA 

98 BA-5143 

99 BA-5144 

Dale Printed: 1/10/2006 

VerlficationNall Design Document 
datlon Reference 

Requirement Text 
R-Review (Where Is this 
A-Analysis requirement 

T. Test incorporated In the 
I-Inspection design) 

Prior to testing, a test procedure containing details of all test setups and lest methods shall be established based on AMCA 21 O or an 
eauivalent code. The buver must aoorove use of the eouivalent code. 
Measurements: 
Test measurements shall be in accordance with AMCA 210 and yield results within the limits sel byAMCA 210, Appendix D. A (_an 

I oerformance lest shall consist of lhe followino measuremenls. 
Flow Rale: 
The fan flow rate shall be determined in accordance wilh AMCA 210 by eilher pilot lube traverse or AMCA nozzle method. 
Pressure: 
Pressure shalt be measured by AMCA 210 oitot tube or bv oiezomeler rinos. 
Power: 
Measurements shall be made to determine shaft input power lo lhe fan in accordance with AMCA 210or an equivalent code. For the 
purposes of this Code, a driver with complete lest results in accordance with IEEE 112A meets requirements of a calibrated driver. 
on AMCA. The buver must aoorove use of lhe equivalent code. 
Fan Soced: 
The fan soeed shall be measured in accordance with AMCA 210. 
Other: 
Measurements such as temperature and barometric pressure associated with intermediate calculations shall be made in accordance 
with AMCA 210 or an equivalent code. The buyer must approve use of the equivalent code. 
Sound tests: 
Sound test data shall be obtained in accordance with either of the followina methods. 

Semi-reverberant .Room Method - Sound power level ratings shall be taken in accordance with AMCA 300 or an equivalent code. 

The buver must approve use of the equivalent code. 
Induct Method - Sound Power level ratinqs shall be taken in accordance with ASHRAE 68. 
Mechanical Tests: 
Mechanical tests shall be conducted lo verify the basic integrity and function of mechanical parts. These tests include the following. 

Oversoeed Tests: 
The impeller of each fan shall be overspeed tested.to a minimum of 15% above ils maximum operating speed for a 10 minute 
duration without increased vibration. Visual inspection shall serve lo further verify that no deformation or cracks have occurred. 

Leakaae Tests-Housina: 
Housing leakage tests required by BA-4142 shall be conducted in the fan housing, pressurized to a level at least 1.25 limes the fan 
operation pressure. using a soap solution at all welds and joints. The acceptance criteria shall call for the absence of any visible 
bubble formation. 
beaka · - ,_ c-a..af'.t- NIA NIA 
8Hall-leak-age-tes!s-fetttiired by BA 41 42 sholH3e-wootieted-Brt-ll,e-la1t-Wilh-the-sRafl-afltl-5eaHl5SefflB1ee,41,e-sl,afketalffig-al-!Ae-
R0Fma!-lafl-ef3e@¼iF19-sJ,e96;-4Re-/aA-epeAiAgs-s;ea/e€/-d0sefrc-i!Ae-lhe-lafl-sueje61w-l&-ifle-oorfllal-faR..epefa!iAttFeSSt1~e-fafl.. 
wlleef-sRal\-ee-femeved-j,fief-l~llaH-lea"'"ge-tesl;-eF-fJFeVi&iefl-Sllall-0e-maee-te-aeeet1nt..foF-lhe-if!6rease-ifl-aif-leffijlefilttJre-il-ihe-
lan-wlleeHs-leH-iaialaee, 

Fan Vibration Test: 
Fans shall be given a vibration test as required by BA-4160. Prior lo laking the vibration measurements, the fans shall be operated 
at the normal operating speed for a run in period of time until the bearings reach a stable equilibrium temperature, at which point the 
temperature no longer rises. Vibration readings taken on the bearing caps on centrifugal fans, and on the fan housing on axial fans 
shall be no qreater than those qiven In BA-4162 and BA-4163, respectively. 
Mechanical Runninq Test: 
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All fans shall be given a mechanical running test for at least 1 hr, after which all parts and accessories shall be inspecled lo determine 
anv sian of excessive wear or mechanical defect. 
Seismie---TosP.--

BA-5150 Test Resulls and Reoorts: 
All test results and recorts shall be certified and documented. 

VeriflcatlonNali 
dation 

R • Review 
A• Analysis 

T-Test 
I • Inspection 

NIA 

Design Document 

Reference 
(Where is this 
requirement 

incorporated in the 
design) 

NIA 

-100 
NIA 
~ Flf5t---tlflil-okl-9e~ NIA NIA 

-W3 
NIA 

104 

105 

106 

107 

108 

-W9 
NIA 

110 

111 

-m 
NIA 

NIA Fifst-lffiils-e~e5igft-5hall-o~ivefl--a--<;om13lete--test-per-!EEE 112/1. FeF-a-lelally-eAetosBG.ilif---e¥ef-(+EAQt-eFiver,\he full load hea\
ttJA-SAalHle-!alrnA. Test enla sllall ee dowmeAteeh 

BA-6000 1--::G:-e..,.n~e~ra~I~: ---,-----------,--------,---~----------------------------------l 
Fabrication shall be in accordance with the reauiremenls of Section BA and of AA-6000. 

BA-6100 Fabrication: 
Wrillen fabrication procedures shall be established and used during the fan manufacture. All heal-treating requirements shall be 
indicated on drawinqs or in lhe fabrication procedures. 

BA-611 o Selection of Materials: 
Materials shall conform ID the requirements of BA-3000. The material designations shall be provided on the fabrication drawings. 

BA-7000 f--'G'--'e"-n""e'""'ra""'l: __ ____, _____________________________________ --l 
Packaoino, shiooino, and storaoe of fans shall be in accordance with the reauirements of Section BA and of AA-7000. 

BA-7100 l--::Fa::-'-A_!r.----,-....,,..,_----:---:------c------,-----,--=---:---:------,--,---,----,----,-------,--::--,------:--c----,--,,------:,c--,---,-,-----,,--,--------1 
~ll--&e-j,Fej,aree-feF-SilijlffleAl-ifHlecorElance with-ASM&NQA 2, Proleetien--bcvel C, wheA ship~ireel-witool¾l4Ae---afiYef,er-

BA-74-1-0 
NIA 

BA-7120 

BA-7210 

BA-+m 
N/A 

w!lefHffitf3f300"WilMRe-oovef-iAslalle€!4e--a-stlp13lier-who-will-as-semble the faA with-afle1tlerJ,ie€e--tif-efj(JipmeAt. 'NheA-llle--faA-ls--te-be 
shi~he--jel,--site--wilMAe--ofiYef-ifl5laliw;-pr-eparali0fl--5hall-be~mlcceFGaAee--wi~iofl-tellel--& 

Buver will soecifv oackaoina reauirements in soecificatian. 

FeA5-51laH-be-stered--iA-aeeer-danee-witlt-ASMe-NQA--2-,----Wlieft-ilqe--1Br;&-ilre--paekaged-le-Pfelec\ieA Level C, they shall--ee-sleFee--ifl
aCC0feaflse-wijl't-Slorage Level 3. 'NheA packagir;g-is--f2f0\€€iioo--heve~As-,-0Fivefs;--aA-0-eeeessoFies shall be stored iA
aeeefflaAtle-wilfl-Stefaae--hevel--&. 

Documentation: 
One copy af the storage procedure shall be attached to the equipment or crate at the time of shipment. The storage procedure shall 
cover both short term and long term (over 6 months) storage maintenance oroarams. 
Drivers Shiooed Seoaratelv--Short Term: 
Any driver that is to be used within 6 months of shipment shall be packaged according lo good commercial practice, shipped within 
an enclosed carrier. 

AA)'-dfiveF-\hat-is-to--be--sler,1d--ft>F-a-J3eriod--ef-6-meA\Rs-eF-leA!Jer-mus!-e&-f3"slffigea-per--ASMe-NQ/\ 2, Preteetien Le•,•el B. If lho
ElFiveF-is-eEjuif,f384-wi!fl-5pace--11ealeffi;-\fle-spac.e-l1eateFs-may-be-eAef§ii!ed--iA-stoH1ge,iA-lieu-of.-pr-oviaiflg--moisture-baffief--Wf'aWing
aAd--inlefAaHjesieeaAtc 
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BA-8000 1-'G=-.:ea:.nc::e;_;ra:;.cl: ________________________________________ -l 

Oualil Assurance of fans shall be in accordance with lhe re uirements of Section BA and of AA·B000. 
BA·8110 Certified Fan Performance Curves: 

Documentation shall be established to verify that the certified fan performance curves were generated in accordance with AMCA 
210. The certified fan performance data shall include a description of the test setup, instruments used, calibration data, and 

ersonnel ualifications. 
BA-8120 Malefial-Geflifieaiiei,s;-

MaleHal-lesl-fejoie~tiifeG--i~aRee--w~~PefffiaRenkleeeimef\laooR-SF1all-ee--eslaelished aAEI shall insli; 
miflimi;m;--pFeGur-emeAt-rewfd~~l"OR5,Ala11tJfaelt!FiR§-FeeaRJs.-iAsi,eetief!--ffif,ef1S;-matefial--wffiFel-r-ec-ef6fr,--ilRe-Gef!iliee
Malefial-+esl-Rei,oos--f8F-Whislct--teflilieatieR--i5-ffi<juif€eJ.,..PefmaAefll.GeetJmeAlalieR-Shall-ee-maifllaifle<!-feF-ll1~e-jilaAI, 

CFC are acce table in lieu of MCR. 
116 BA·8200 Qua/it Assurance for Drivers: 

Each driver shall be manufactured under a ualil assurance ro ram that conforms lo QA er S ecificalion. 
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''·' · .. •:.·· .,. /.:'.(:':''', ·:-··aA,9ci0'0'''•'· 'l'iA'Me·PcAtES''AJ~'b''dPERATING:'A'.Nl.l;liil'AINTENANCtiMANLIAl.:St:V(''''''.'J;,jr,"'••·•:•· 1 •\\\f"'''''·•"'!'•·>P:'h'-"''lit•'}';Ji,W'"''''•':f''n,:-<?•:ptPK§)ij ;.'ft'''"t;:·,,.;;;{¥,1-ffr"'""' t •::•\;· '•''"''{'R!'-':;"J:y.•r,,~i,,;u;zp;;; 
117 BA-9110 RElquir~d~-~.r:TI,e![ll9le Dal.a;........ . .............................................................................................. -·--·-------I 

Each fan assembly shall be provided with a legibly marked nameplate giving the identifying name. normal fan capacity, manufacturer, 

118 

119 

120 

263 

264 

265 

fan type, size, rotation, rating, maximum speed, and mark numbers, as applicable to Section BA and AA-9000. 

BA-9120 i-=D:::.r.:.:ivc.::e.:.:rs:::.: __________________________________________ -1 

Each driver shall have one or more engraved or embossed nameplates of stainless steel, which as a minimum, shall convey the data 
re uired b NEMA MG-1. 

BA-9210 Acee table Markin Methods: 
Each accessory shall be marked with lhe Name of !he Manufacturer or a distinctive marking, which may be in code, by which ii is 
idenlified as lhe roducl of a articular manufacturer. 

BA-9310 0 eratin and Maintenance Manuals; 
The manufacturer shall provide an operating and maintenance manual for lhe 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: 

Exclusion of Items: 
Valves whose design, manufacture, tesl, and installation are covered by the ASME Code, Section Ill, or ASME B31.1, are 

excluded from this Section even thou h lhe ma be used lo erform !he function of a dam er. 

DA-3110 Materials of Construction: 
Materials used in lhe construction of frames, blades, shafts, and linkages shall conform to requirements of specifications for 

materials iven in Table DA·3110. Note: refer lo Table DA-3110 in AG· 1-2003. 
DA-3120 Allowable Stress: 

Allowable stress values for the design of frames, blades, shafts, and linkages are specified in AA-4000. 
At temperatures above 650 degrees F for ferrous material or 200 degrees F for nonferrous material, the special limilalions cited in 

DA-3211 shall a I . 
DA-3130 Bearing Material: 

Bearin materials shall conform lo the re uirernenls of DA•4250. 
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DA-3140 Seal Material: 

Physical Properties Reduction: 
The reduction in lhe physical properties of metals al higher temperatures must be recognized and factored into lhe design of 

dam ers used in hi h tern erature a licalion, articularlv where fire hazard is involved. 
DA-3212 Galvanic Corrosion: 

The possibility of galvanic corrosion due lo the relative potentials of aluminum, copper, and their alloys should be considered when 
used in con·unclion with each other, or with steel or other metals and !heir allo s. 

DA-3213 Corrosive Vapors: 
Aluminum and zinc shall not be used in lhe presence of corrosive vapors unless protected by coatings or other suitable means 

desi ned lo revent deterioration of the metal. 
DA-3220 Nonmetallic Materials: 

DA-3230 

DA-3300 

The use of nonmetallic materials such as plastics, elastomers, and similar substances is permitted in the conslruclion of 
components provided that in the selection of these materials, consideralion is given lo: 

(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. 

Deterioration of Materials in Service: 
II is the responsibility of the Owner or his designee lo identify the environment in which the components must operate so lhal the 

Manufacturer can select the rade of materials to meet the conditions stated in the Desi n S ecification. 
Certification of Materials: 

The manufacturer shall make available, as a minimum, certified lesl reports of chemical and physical properties of material and 
hardware for stress components such as related accessories including frames, blades, shaf!s, and linkages. For those ASTM 
materials which do not have physical testing required by the ASTlvl specification, testing should be performed per ASTM A 370. 

All other components used in the construction of the damper shall be provided with a Manufacturer's Certificate of Compliance 
covering the ASME or ASTM material specification, grade, and class, if applicable. 

273 DA-4100 General Design: 

274 DA-4110 

Dale Printed: 1/10/2006 

Design of dampers and louvers shall be in accordance with lhe requirements of Section DA and of those portions of Section AA 
invoked in Section DA. 
Requirements of the Design Specifica/ions: 

Design specifications prepared by the Owner or his designee in sufficient detail to provide a com pie le basis for design and 
manufacture in accordance with this Code shall include, as applicable: 

(a) reference to this Code 
(b) function, as defined in DA-1320 
(c) configuration, as defined in DA-1330 
(d) maximum allowable seal and frame leakage and the specific differential pressures, ad defined in DA-1340 and 

Mandatory Appendix DA-I 
(e) pressures, as defined in DA-1350 
([) temperatures, as defined in DA-1360 
(g) volumetric flow rate at defined lemperalure, pressure, and density 
(h) maximum relative humidity of the air or gas stream 
(i) maximum design pressure drop at design volumetric flow rate 
U) composition, concentration. and nature of the entrained contaminants in the air or gas stream 
(k) normal operating position and failsafe position of blades 
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276 DA-4110 

277 DA-4120 

ffr:://:'.'il:V_','.::;]/i('.~ ,;xo1.>Ai1~orw 
278 DA-4131 

279 DA-4132 

280 DA-4133 

281 DA-4134 

282 DA-4135 

Date Printed: 1110/2006 

VerificatlonNall Design Document 
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Requirement Text 
R-Review {Where is this 
A-Analysis requirement 

T •Test incorporated In the 
I - Inspection design) 

Requirements of the Design Specifications: 
(I) inslallation parameters 
(m) mounting configuration and support, i.e., flange mounted, inside-of-duel mounted, wall or canlilevered mounting 
(n) orientation of damper and direction of airflow 
(o) blade orientation relative to frame 
(p) maximum closure and opening time 
(q) actuator data, as required by DA-4300 
(r) anticipated number of operating cycles (e.g., specify number for two-position or slate ·continuous operation" for 

modulating service) 
(s) allowable materials per DA-3000 
(I) special requirements for blades, frames, linkages, seals, and bearings 
(u) accessories required and mounting /ocalion 
(v) any and all anticipated internal and external loadings other than pressures 
(w) combination of loading conditions, seismic requirements, and the design transients applicable lo the appropriate service 

level per AA-4000 
Requirements of the Design Specifications: 

(x) radiation integrated life dose and maximum dose rate (rad/unit time) 
(y) finish and coaling requiremenls 
(Z) fire resislance ratinq as 1-112 or 3 hr 

Requirements of lhe Manufacturer: 
When required by the Design Specificatio_ns. documentation provided by lhe Manufacturer lo the Owner or his designee shall 

include the following, as applicable: 
(a) mounting connection details 
(b) weigh! and center of gravity 
(c) service connections, size, type, and locations 
(d) pressure drop al rated flow 
(e) maximum seal and frame leakage at design pressures 
(f) maximum closure and opening lime al staled conditions 
(g) materials of construction 
(h) bearing design life 
(i) seal design life 
(j) actuator torque supplied 
(k) damper or louver torque required 
(I) actuator environmental and seismic qualifications 
(m) verification of structural inlegrily, performance, and qualificalion in accordance with AA-4000 
(n) actuator position or orientation 
(a) UL fire resislance rating and UL installation instructions 

P.ER-~OltM/\Wt:E "REQUfREM"EN'ts·:-:--- '~_.:' .-~tr..Jl<'!~?~~/~~~9.~;[<.~:-~<:::·;-:.;.:\.: ·-~·-· r\'.~i::?.t.,;c:··:· .::.: -~ . :·.-.-··.~:~~":..I"·''~;._;:· .. .-:~-....-(:·~:··,:~)~~-f~:f'J?;:~x:t::•:: ·-.~~ ·.· J~~itt?ffi ~t%~t1;,1~~~~~;tJ~111r~t~ f.;$\~1.t:.in-~t1}t;f.}:f[{~t:~::z.·1f?:~t~-~"%;;{-;; 
Seat Leakage: 

Seal leakage shall be equal lo or less than lhe amount shown in Mandatory Appendix DA-I for the class specified in the Design 
Scecification. 
Frame Leakage: 

Frame leakage shall be equal to less than the amount shown in Mandatory Appendix DA-I for the class specified in the Design 
Pressure Drop: 

Pressure drop shall be less lhan or equal lo lhal staled in the Desiqn Specification al the desiqn volumetric flow rate. 
Fire Ratings: 

Fire Damcers shall have a 1-112 or 3 hr ratina in accordance with UL-555 as determined bv NFPA 90A and NFPA 803. 
Fire Damper Closure: 

The fire damoer shall close aaainsl lhe specified volumetric flow rate and specified operatinq pressure. 
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DA-4136 Cycle Time: 
The damper must cycle full open to full closed or full closed ID full open wilhin lhe lime specified in the Design Specification. 

?·.::--:·t: •:'.:·/i:::>:" \ ~-./:.DA.)420d';n mECHNfeAl,glf -
· ,,. ,;,,;.,·. ?'bA[~2~:ow1• STRti¢;r.ORA 
284 DA-4211 General: 

Dampers or louvers shall be designed in accordance with lhe struclural requirements given in AA-4000. Structural requirements 
and load definitions are iven in DA-4212 throu h DA-4 214. 

285 DA-4212. i Methods of Support: 

286 

287 

288 

289 

290 

A damper or louver assembly may be supported by one or more of several melhods. II may be line supported as an assembly 
inserted inlo a run of duel; it may have ils support al it~ end attachments to the duct and be iolally supported by that line of duct; or ii 
may be flange mounted lo a bulkhead type of building structure of auxiliary structure. 

(a) Line Supported Assembly: The support boundary for this case shall be the interlace flanges or other mechanical 
connections designed lo lransfer all components of loads across the join ls. 

(b) Bulkhead of End Supported Assembly: The support boundary for this case shall also be the interface flanges or other 
mechanical connections or structural connections designed to transfer all components of load. 

(c) Side, Top, or Bollom Supported Assembly: The support boundary far this case shall be lhe allachmenl point for the 
assembly. Although support ta the building superstructure. auxiliary sleet, equipment foundation, or other structure represents 

DA-4212.2 Documentation: 
The damper or louver Manufacturer shall be responsible for providing all information necessary lo define the support boundary 

interfaces. The interface control information lo be specified shall include but not necessarily be limited lo the following: 
(a) identification of any special support requirements as well as the configuration and size of the damper flanges; 
(b) . magnitudes and direclions of all loads imposed on the anchorage points, including all static, dynamic, and operational loads 

resulling from lhe installed assembly. Load dala shall be provided in a form which shall allow combinations lo be considered as 
required in M-4000: 

(c) other informalion, such as bending momenls, shear forces, axial loads, torsional moments or stiffness requirements 

DA-4213 Loads: 
Loads to be considered are as iven in AA-4211 and AA-4212 with the follawin clarifications. 

DA-4213.1 Normal Loads: 
Normal loads N shall include: 

(a) actuator load: the load or loads imposed by the actuator lo a specific area of lhe assembly. 
(b) deadweighl load: the load imposed by lhe weight of all components of the assembly. 
(c) externally concentrated load: the load or loads imposed by the application of an external force·lo a limited area of the 

assembly. 
(d) normal equipment interface load: the normal externally applied load or loads from other equipment attached to the 

assembly. 
(e) operating pressure load: the load resulting 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 
other devices in a system. 

DA-4213.2 Thermal Loads: 
Thermal loads T shall include loads resulting from constraint or forces and displacements caused by temperature variations. 

DA-4213.3 Other Loads: 
Other specific load conditions such as shock loads due to pressure transients shall be provided in the Design Specification to allow 

loads la be combined for the service levels as requ'ired under AA-4212 and compared to the applicable service limits required under 
M-4214 and AA-4230 and other criteria imposed under AA-4240 and stress limits of this Section. 
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DA-4214 Struc/ura/ Verification: 
The technical and documentation requirements of AA-4000 shall apply to verification of design by analysis, lest, or comparison. 

DA-4215 Special Considerations: 
(a) Frame deflection under normal and upset plant conditions (Service Levels A and 8) shall not exceed 1/360 of the span In any 

direction, or 1/8 in. (3.175 mm), 'whichever is less. 
(b) Blade edge or center line defleclion under normal and upset plant conditions (Service Levels A and 8) shall not exceed 11360 

of the blade length (or diameter) or 1/8 in. (3.175 mm), whichever is less. 
(c) The blade edge and center line deflection under loads due lo normal plant conditions shall not allow the leakage crileria lo be 

exceeded. 
(d) Fire damper design shall be based on loads imposed on damper blades when closing with design volumetric flow rate and 

pressures present. 
DA-4220 Thermal Expansion: 

To prevent binding and restraint of free movement, the design shall provide for the ref alive motions that occur between 
components due to variations or temperature and coefficients or expansion. Such provisions for differential expansion shall include, 
as a minimum: 

(a) blade end clearances 
(b) bearing clearances 
(c) longitudinal movement or the shafts 
( d) sealing capabilities 

DA-4231 Torque Determina/ions: 
In determining the torque required lo actuate lhe blades, the Manufacturer shall consider the blade position and direction of the 

applied torque lo produce the desired movement. Al lhe maximum specified operating pressure this determination shall include, as a 
minimum, the following torque components: 

(a) breakaway torque 
(b) dynamic torque 
(c) friction torque 
(d) sealing torque 

DA-4232 Actuator Torque: 
The actuator and associated linkage shall deliver lo lhe damper or louver a minimum of 1,5 limes the maximum torque as 

determined in DA-4231, except for self-conlained actuators used lo counterbalance a specific force, and must be designed lo match 
lhe required torque. Aclualors shall be evaluated in both directions for the maximum torque, al lhe beginning or lhe blade 
movemenl, while stroking the blades through the full ranQe or movemenl. 
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296 DA-4241 Linkage Componenls: 

Dale Printed: 111012006 

The linkage includes lhe arms, brackets, pivots, bars, levers, and fasteners required to perform lhe following functions: 
(a) interconnect the blades of multibladed dampers or louvers so they acl in unison: 
l(b) interconnect the actuator and blades so as to orovide the desired ooeration. 
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DA-4242 Linkage Design: 
Linkage design shall include the following minimum requirements. 
(a) Brackets, arms. and levers shall be of a length and stiffness lo provide stable operation of lhe blades al the maximum 

specified operating pressure and airtlow without flutter or binding al all blade positions. 
(b) The linkage system shall be designed lo transmit sufficient torque 10 each blade to set the seats of each and every blade at 

the maximum specified operating pressure and airflow 10 limit leakage lo less than the specified leakage. 
(c) All linkage components shall be designed lo transmit a minimum of 1.5 limes the torque required by DA-4231 without 

exceeding the allowable stress listed in AA-4000. 
(d) If a linkage system is designed lo be field adjustable. suitable locking devices such as jam nuts. etc .. shall be provided. 
(e) The linkage system shall be designed to be compatible with the actuator selected for the application·. 

DA-4251 Genera/ Application: 
(a) Bearings shall permit axial shaft movement lo provide for operating clearances and differential expansion in both vertical and 

horizontal inslatlalions. 
(b) Bearing materials shall be selected for the loading and environment conditions lo which the bearing will be subjected. 

299 DA-4252.1 Metallic Sleeve Bearings: 

300 DA-4252.2 

301 DA-4252.3 

302 DA-4253 

Sintered sleeve bearing material shall be lubricant-impregnated bronze or s!ainless 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. 

Nonmetallic Sleeve Bearings: 
Nonmetallic sleeve bearings, i.e., phenolic, nylon, and similar materials, may be used subject lo the limitations of DA-3220. 

Rolling Element Bearings: 
Premounled bearing assemblies. llanges. or pillow blocks shall be self-aligning and mounted in such a manner as lo be 

replaceable. Grease fillings shall be provided when the lubricant must be periodically renewed. Flanges and pillow blocks are to be 
made of steel. malleable iron. or cast iron. 
Bearing Design: 

(a) Bearing running surfaces of sleeve bearings shall have a finish as recommended by the bearing Manufaclurer. 
(b) Sleeve bearings shall be contained to prevenl rotational movement except between the intended bearing surtaces. 
(c) Sleeve bearings shall have a bearing load suriace 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 lo allow bearings to be slipped onto the shaft. The maximum clearance in shaft 

diameter shall be as recommended by the bearing Manufaclurer, plus clearance for thermal expansion. 
303 DA-4254 Bearing Loading: 

Date Printed: 1/1012006 

(a) Sleeve bearing loading on the radial and thrust load areas shall not exceed 67% of the bearing Manufacturer's recommended 
static load rating. 

(b) Sleeve bearing radial load area shall. as a minimum, be equal to one -quarter of the diameter limes the length supported by 
the bearing housing or damper/louver frame. 

(c) When sleeve bearings are subjected to thrust loads, a lhrusl washer shall be used lo transmil the load lo the bearing, or the 
load lransmiUing member shall meet the requirement of DA-4252.1. 

(d) Maximum radial or thrust loading on rolling element bearings shall not exceed the bearing Manufacturer's recommended 
static load rating. 

(e) The calculated load on each bearing shall consist of all design forces applied lo that bearing, including that of the actuator 
and linkage. 
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DA-4261 General: 
Seals may be utilized lo reduce seat leakage and frame leakage lo the degree required by the design specification, The control of 
seat leakage requires seals such as metal or elastomer blade edges, slops, or seals. Control of frame leakage may require shaft 
seals such as slutfinq boxes or cover plates. 

DA-4262 Design: 
The seal design shall maintain lhe specified leakage limits during the design life of the seal. 
Where the design life of lhe assembly exceeds the life expectancy of lhe seal material. the seals shall be replaceable, and lhe 

means of attaching the seal or installing the packing in a stuffing box shall be so designed to facilitate their replacement. When 
environmental or system conditions prevent the use or the replacement of elastomer seals, metal seals or seats shall be considered, 

DA-4263 Material: 
Selection of seal material by the damper Manufacturer shall be based on specific system design performance requirements and 

environmental conditions lo which ii is exposed. 
Physical characteristics of the seal material, such as compression set, 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. 

!- "' ,..r • "• fl~,_ 'II t. __ , • 
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307 DA-4271 Frame Construction Class A or B: 

Dampers requiring frame construction lo Leakage Rate Classes A or B (see Mandatory Appendix DA-I) shall be provided wilh 
stuffing boxes, gaskeled cover plates, or other sealing devices lo reduce frame leakage lo less than or equal to that stated in the 
Design Specification. 

308 DA-4272 Gasket and Packaging Material Requirements: 
Gasket and oackina materials shall conform lo the reauirements of DA-3220, DA-3230, and DA-4263. 
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309 DA-4281 Mounting Structure: 

Each aclualor and/or accessory shall be provided with a riqid structure suitable for mounlin~ such devices. 
310 DA-4282 Accessibility: 

311 

312 

313 

314 

315 

316 

The arrangement of actuators and accessories shall provide accessibility for removal and replacement of each component. 

DA-4283 Mounting Structure Material: 
The structure for mounting actuators and accessories shall be fabricated of material listed in Table DA-3100. Structures shall be 

desiqned as required bv AA-4000. 
DA-4284 Attachment of Actuators and Accessories: 

Actuators and accessories shall be allached to the mounting structure wilh removable fasteners, of material listed In Table DA-
3100. si2ed to conform lo the stress limitations stated in AA-4000. 

DA-4285 Linkage Adjustability: 
The actuator mounting or linkage shall permit adjustment to achieve the required positioning of the blades at each end of the 

actuator movement. 

DA-4311 Torque Required: 
The actuator shall be caoablv of providinq the torque required bv DA-4232. 

DA-4312 Forces and Loads On Actuators: 
Determination of actuator capability shall include consideration of forces transmitted to the actuator directly, through the mounting, 

and through the linkage; especially side loads on extended rods, and impact loads caused by acceleration and deceleration of 
blades. 

DA-4313 Acceleration and Deceleralion of Loads: 
Actuator design shall include consideration of loads caused by acceleration and deceleration of connected components such as 

blades, sorinas, and counterbalances. 
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325 DA-4410 

326 DA-4420 

327 DA-4430 

328 DA-4440 
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Actuator Vol/age or Pressure Load Rating: 

The actuator ralinq shall be based on the minimum soecified voltaoe or oressure. 
Power Actuator Specification Requirements: 

The Design Specification shall include (he following as a minimum to establish requirements for actuator performance: 
(a) function 

(1) two-position or modulating 
(2) fail open, closed. or last position 
(3) power lo open or power lo close 

(b) p·awer source 
(1) type (such as electric, pneumatic, hydraulic) 
(2) characteristics (such as vollage, pressure, and their ranges) 

(c) control signal charac(erislics 
(d) frequency of actuation 
(e) damper opening and closing lime 
(f) environmental conditions 
(g) mounting location and any limilalions on space and orientation 
(h) manual override requirements 
(i) accumulator sizing requirements 
(j) actuator environmental and seismic qualificalions 
(k) type of motion (linear or rotary) 

Manual Actuators: 
Manual actuators should be eauiooed with lockinq devices and posilion indicators. 

Torque Requirements: 
Manual actuators shall be capable of delivering the torque required by DA-4232 . Manual actuator components shall be sized as 

renuired bv AA-4000. 
Forces and Loads on Actuators: 

Determination of manual actuator capabilily shall include consideration of forces lransmilled lo the actuator directly and through the ....... 
linkaae, includino side loads on extended rods. 0.. 
Maximum Input Forces: 

lnout force reauired la ooerate manual actuators shall not exceed 25 lb. 
Self-contained Actuators: 

Self-contained acluators shall be capable-of deliverina the torque required by DA-4231. 
Heat or Temperature Operated Actuators: 

Heal or temoerature operated actuators such as fusible links shall be in accordance with NFPA 90A. 
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Accessory Requirements: 

As required by (he Design Specification, the damper or louver assembly shall be provided with appropriate accessory equipment to 
lorovide orooer function and oerformance of lhe assembly. 
Auxiliary Energy Source: 

When required by the Design Specification, actuators shall be provided with an auxiliary energy source, such as springs, 
counterweiahts, or accumulators. 
Modulating Actuator Requirements: 

When required by lhe Design Specification, actuators for modulating service shall be provided with a pilot pasitioner or similar 
device to assure conlrolled posilioninq of lhe damper in response lo the control si>1nal. 

Position Indicators: 
When required by lhe Design Specification, local position indicators shall be provided to enable surveillance and operability 

verification. 
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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 Slandard(s) stated in the Design Specification. All other pneumatic, hydraulic, or other type of accessories shall be 
suitable for the environment specified in the Desiqn Soecilication. 

330 DA-4 460 Piping of Pneumatic Actuators: 
For pneumatic actuated dampers or louvers. the pneumatic piping system required for the operation of the assembly shall be 

arranged lo provide a single field connection for each supply. or a control signal source /or each assembly. Pneumalic piping syslem 
materials and installation shall conform to the requirements of the Design Specification. Pipe sizes shall be provided to assure 
operation within !he specified operatinq lime. 

331 DA-4470 Electrir;al Wiring Requirements: 

332 

333 

334 

For electrically actuated dampers or louvers, interconnecting electrical wiring required for the operation of the actuators and 
accessories shall not be installed, unless specifically required by the Design Specification. When interconnecting electrical wiring is 
required by the design specification, the Design Specification shall specifically identify all interface materials and installation 
requirements for each assembly, 

DA-5000 General: 

DA-5100 

DA-5110 

Inspection and testing 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 responsible for establishing the wrillen visual 
examination procedures and necessary tolerances lo assure that the products are built to the Manufacturer"s drawings. Examination 
procedures shall include appropriate checklists to verity that the required observations were performed. Written reports of visual 
inspection shall contain, as a minimum, the requirernenls of AA-5200. 
Testing: 

The purpose of this Subarticle is lo ensure the performance of the damper or louver prior lo its installation. Acceplance shall be 
based on the performance requirements of DA-4140. The use of the lest shall be al the discretion of the Engineer as related to the 
service requirements. Specific tests required by the Engineer shall be specified in the Design Specification. 

Pressure Drop Testing: 
Pressure drop data shall be based on tests performed in accordance with AMCA Standard 500, The AMCA Standard figure 

number used shall be slated with the pressure drop data . 
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335 DA-5121 Required Cycles: 

336 

337 

338 

339 

The damper or louver assembly, as applicable. shall be cycled a minimum of 10 limes from !he full open lo the full closed position 
to verify the free operation of all parts and the correct adiustment, posilionino, and seatino of all blades. 

DA-5122 Pneumatic Air Pressure: 
The minimum specified air oressure shall be used for pneumatic operators durino cvclino. 

DA-5123 Cycle Time: 
The maximum lime for operation of any of the cycles shall be compared with the allowable specified cycle time. If the specified 

time is exceeded, the necessarv correction shall be made and the cycle test reoealed. 
DA-5124 Operational Requirements: 

Determine that movement of lhe blades, actuators, and linkage shall be smooth and without hesitation, and limit switches operate 
in their intended position. 

DA-5130 Frame Leakage Testing far Frame Leakage Classes A and B: 
Pressure plates shall be bolted lo the inlet and oullet side of the damper. The chamber created shall be pressurized to the 

specified frame design pressure with the blades partially open. Testing for Leakage Class A shall be in accordance with the bubble 
method of DA-5741, with the bubble solution applied lo the frame. Testing for Leakage Class B shall use a calibrated flowmeter 
outlined in DA-57 43. Leakage shall be equal lo or less than lhe amount shown in Mandatory Appendix DA-I tor !he leakage class 
soecilied in the DesiQn Specification. 
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340 DA-5140 Seat Leakage Testing: 
Seal leakage le sling shall be performed or verified afler cycling time and cycle repetition le sling and frame leakage tesling. 

Leakaae shall be eaual to or less than that stated in Mandatory Aooendix DA-I. 
341 DA-5141 Sear Leakage Test for Leakage Class O Dampers (Bubble Method): 

The damper shall be bolted lo a pressure chamber, which is then pressurized lo the specified blade design pressure. A bubble 
solution (a commercial lest solution or a solution consisting of equal parts liquid detergent, glycerine, and water) shalt be applied to 
the damper seal area la be tested. A few moments later, but before !he soap solution can dry, check the welled areas and mark 
places where bubbles are being generaled. 

Unless otherwise specified, a leak indicalion is any bubble 1116 in. (1.58 mm) diameter lhal forms in 1 sec, or a bubble 9132 in. 
(7.14 mm) lhal forms in 1 min. 

342 DA-5142 Seat Leakage Test for Leakage Class II or Ill Dampers or Louvers: 
Leakaae data shall be based on lesls performed in accordance with AMCA 500 or other approved methods. 

343 DA-5143 Seat Leakage Test for Leakage Class I Dampers: 
The damper shall be bolled lo a pressure chamber, which is then pressurized lo the specified blade design pressure using 

compressed air of instrument air quality. The inlet compressed air line shall have a calibrated flow meler having capabilily of 
resolvina flow to within ±10% of allowable leakaqe in the line to measure all air passinq lhrouqh the damper. 

344 DA-5144 Fire Damper Closure Test: 
The fire dampers shall be leslecj 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 applicalions of the damper in ducts with dampers installed in !heir inlended posilion. For closure under 
dynamic airtlow conditions, the damper shall be tested al the specified volumetric flow rate when open and lo the maximum operating 
pressure when closed. 

345 DA-6000 General: 
Article AA-6000 shall apply for fabrication. finishing, ·and inslallalion, except lhat the design and seismic qualificalions of the 

damper assembly are based on the damper assembly being adequately supported for (he appropriate loads. The owner or his 
designee shall provide supports for lhe damper assembly lo ensure Iha! the damper is adequately supported as required by lhe 
Manufacturer's requirements and DA-4212. All of (he welding codes or standards listed are allowed. tnslallalion of UL lire dampers 
shall be in accordance with the Manufacturer's UL Installation Instructions. · 

346 DA-6100 Welding and Brazing: 
Soecific weldina and brazina oarameters shall conform to lhe reauiremenls of AA-6000. 
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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, slorage, and handling of all 
Items. Such classification is as follows: 

(a) dampers and louvers only - Level C 
{b) eleclric actuator - Level B 
(c) actuator, olher than electric - Level C 
(d) accessories - Level B 
(e) dampers and louvers wilh electric actuators or accessories - Level B 
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348 DA-8000 General: 

349 

350 

Oualitv assurance of damaers and louvers shall be in accordance with the requirements or Section DA and AA-B000. 
OA-81 DO Damper and Louver Performance: 

Documentation shall be eslablished lo verify that damper and louver performance complies with lhe lesling criteria of DA-5000. 

DA-8300 Quality Assurance Records: 
Documentation shall be prepared, maintained, and submilled to lhe Owner for record in accordance with (he requirements of DA-

9000. 
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351 DA-9000 General: 

352 

353 

Article AA-9000 requirements for nameplates. stampings, and manuals shall apply, except lhal the nameplate shall require only the 
following information: 

(a) Manufacturer's name 
(b) equipment, tag, or mark number information as supplied by lhe purchaser 
(c) size 

DA-9100 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 lhe Manufacturer or a distinctive marking, 

which ma be in code, b which il is identified as a roducl of a particular Manufacturer. 
DA-9200 Manuals: 

The Manufacturer shall provide a manual or manuals for lhe equipment furnished. The manual shall include a recommended spare 
==l=====,,t-5-i:artts°"'lisl and recommended installation, maintenance, and o erational rocedures. 

354 

355 

Mandatory Maximum Permissible Seat Leakage Rate, SCFM, of Damper or Adjustable Louver Face Area at 1 in. w.g. Differential Pressure: 
Appendix DA 

I Damper Leakage I.,ca kage 
Blade Leal:uge Lea}:agc CJ.as~ II Class III 

Length or Class Class I (Moderate ~ormal Lea l:age 
DJa .. .,6 __ .i_[L_ IQ T.r.J~ ~· ao~ l .U.:!.Q!LLPa \.;ane_l La,;1-k_i,l_u...eJ_ ;-,eakr10P,.l .LS.:.u.'i.:Lltl 
Up to 12 [No:e I 1 I I [Note 121 I 15 6D (l,ote i3): 
Up to 2,, [Note ill] [Note 12J I 10 ,10 [!\Oi:e I 3 I J 
Up r.o 36 (Note (l)] (Nore < 2 I I 8 32 [l,ote 13)) 

/II Up to 48 (Note :111 [Note <2J l 8 32 [>lore 13)) 
Up to 60 [J;ote ill] [Note· (2)) 6 ?.7 (Note i3J J 
Up to 12 [Note 11)) [Note (2)) 5 25 [isote 13)) 

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. 

Mandatory (b} The total maximum permissible leak rate is determined by mulliplying the above quantities by the damper area {in sq. fl.) times 
Appendix DA lhe square root of the specified blade design pressure (in Inches water gage). 

I Noles: (1) Leakage shall be zero as determine by the bubble method damper leakage test of this Code. 
(2) Low Leakage is 1 SCFMlsq. (l. or 1 SCFM, whichever is the largest al 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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Materials used in the construction of mounting frames shall conform lo requirements of specifications for materials given In Table 
FG-3100 Exhibit B. 

363 FG-3200 Malerial limitations: 

364 

365 

Ta e. mastics, caulk, lubricants, and sealant materials are not allowed in lhe fabrication of mountin frames. 

FG-4100 General Design: 
The design and construction of mounting frames shall incorporate requirements for slruclural strength and rigidity, and sealing 

surface requirements to provide leak-tight individual positive clamping of HEPA filters and Type II adsorber cells to lhe mounting 
frames. Mounting frames shall be designed from structural welding to the housing wall, and for seal welding of adjoining members. 

FG-421 O General: 
·Mounling.frames shall be designed in accordance with the structural requirements given in Article AA-4000. Additional structural 

re uirements and load definitions s ecific to T e II adsorber mounlin frames a ear in FD-4300. 
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I - Inspection design) 
Loads lo be considered In lhe slruclural design of mounting frames are !isled 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 filters and 200 pounds (91 kg) for Type II adsorber cells. These loads are 

based on net weight of the HEPA tiller and Type II adsorber cells. 
(c) Normal operaling pressure differential (NOPD); for type II adsorber cells as defined in Table FC-5100, unless specified 

otherwise by the Owner in lhe Design Specification. The dirty filler pressure drop value shall be slated in the Design Specification, 
with input from the Manufacturer. 

Svstem Oneralion Pressure Transient (SOPT) shall be orovided in the Desiqn Soecification. 
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. 
Load Combinations: 

Unless staled otherwise in the Design Specification, 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: OW+ EL + NOPD + SOPT + OBE + ADL 
(c) Service Level C: DW +EL+ NOPD + SOPT + SSE + ADL 
(d) Service Level D: not applicable 

Acceptance Criteria: 
The acceptance criteria are listed in Table AA-4321. The stress design value, S, shall be calculated as 0.6 Sy, where Sy is yield 

slress, as defined in Article AA-4000. 

Structural Design Analysis: 
The mounlino frame shall be analyzed as a statically indeterminate lallice. 

HEPA Mounting Frame Deflection Limits: 
The mounting frame should deflect no more than 0.0007 in. (0. 18 mm) per inch (25.4 mm} span under a load equivalent for the EL 

plus NOPD for HEPA fillers. The uniform frame loading d~e to NOPD is determined from equation: 

W= 0.036( 1.5 )LlpC (1) 

Where 
W = uniform frame loading, lb/in. 
0.036 = conversion factor, in. wg lo psi 
il.p = dirty filter pressure drop across bank, in. wg 
C = center-to-center spacing of filter bank, in. 

The value determined from equation ( 1) and EL is used in standard beam equations lo determine the minimum moment of inertia 
required. Based on the minimum moment of inertia required tor the member, the size and shape is determined by analysis or can be 
selected direclly from the tables of structural shape properties given in lhe AISC Manual of steel Construction. 

Type II Adsorber Cell Mounting Frame Deflection Limits: 
The mounting frame shall deflect no more than 0.0007 in. per inch span under a load equivalent to the mounting weight when in a 

water flooded condition (empty cell weight plus double the dry carbon weight) plus 1.17 lb/in. {0.02 kg/mm) lo account for NOPD. 
The load value is lo be used in standard beam equations lo determine the minimum moment of inertia required. Based on the 
minimum moment of inertia, lhe size and shape of the material can be determined by analysis or can be selected directly from lhe 
tables of structural shape properties given in lhe AISC Manual of steel Construction. 
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FG-4330 Impact Loading: 

FG-5000 

FG-5100 

FG-5200 

FG-5210 

in addition lo 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 limit of lhe frame material. The section moduli given in Part 1 of the AISC Manual of Steel 
Construction shall be compared with ltie minimum values obtained from the following equation. 

M=13'L2 IS 

where 

M = section modulus, in.3 

S = maximum allowable stress, psi 
L = length of member, in. 

(2) 

The value obtained in Eq. (2) shall be less lhan ihal determined in the AISC Manual. 

inspection and testing of lhe HEPA fillers and Type II adsorber mounting frames shall conform to the requirements in Article 
M-5000. 
Dimensional Inspection: 

Overall dimensions shall be inspected lo determine conformance 10 Manufacturer's drawing requirements. Lenglh and spacing of 
members shall be inspected such thal the openings are within tolerance. See Appendices FG-1 and FG-11 for details. 

Alignment and Surface Finish: 
The alignment of adjoining members shall be inspected, as will as the filler sealing surface. Adherence lo lhe following tolerances 

for HEPA filter and Type II adsorber cell mountin~ frames is required. 
Alignment: 

(a) perpendicularity; mounting frame adjoining members are lo be perpendicular, with a maximum offset of: 1/64 in. (0.4 mm) per 
fool 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 1164 in. (0.4 mm) at any point on the joint 
belween the members. 

FG-5220 Flatness: 
Each HEPA filler or adsorber cell sealing surface shall be plane within 1/16 in. (1.6 mm). The HEPA filler or adsorber cell sealing 

surface is defined as a 1 ¼ in. (31.8 mm) perimeter around the HEPA filler or adsorber cell opening only. The entire mounting frame 
shall be plane with½ 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 long as the overall flatness is not compromised. 

FG-5240 Surface Finish: 
Filter sealing surfaces - 125 micro in. (0.003) AA, maximum, in accordance wilh ANSI Standard B46. 1,. Pits, roll scratches, weld 

splatter, and other surface defects within the sealing areas shall be ground smooth. After welding, ground.areas shall merge 
smoothly with the surroundino base metal. 

FG-5300 Weld Inspection: 
Seal and structural weld shall be inspected in accordance with Article M-6300. 

FG-5400 Coating Inspection: 
Coatino, when reauired, shall be inspected • er Subarticle M-6500. 

f1/':''./J}:1/ii,i fiFG&liiiO\':'( c'Acicr,:,;,.,n,,.,,,., ' ?iF:> /i}/JiMI!~f? ,,.,n,.,.,\Lit 

383 FG-6100 General: 
The fabrication and assembly of the mountinq frames shall be oerformed in accordance with aooroved desion drawinus. 

384 FG-6200 Welding: 
All welding orocedures and welder oualificalions shall be in accordance with lhe reouiremenls o( Subarticfe M-6300. 

385 FG-6300 Clamping Devices: 
Reauired bolt or stud size ½ - 13-UNC or¾ - 11-UNC. 
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FG-6400 Cleaning: 
All surfaces shall be cleaned per Article M-6000 prior to acceptance. No halogen bearing malerials or carbon steel tools shall be 

used to clean frames constructed of stainless steel. Cleaning shall be performed in accordance with Manufacturer's written 
rocedure. 

FG-6500 Coating: 
Coatin of the frames, if a licable, shall be in accordance with Subarticle M-6500. 

FG-7000 General: 
Packaging and shipping of mounting frames shall be in accordance with ANSI/AS ME NQA-2 Level D Criteria if shipped by 

themselves. Mounting frames installed by the unit manufacturer in an air fillration unit shall be packaged and shipped in accordance 
with lhe Level assi ned to the unit. See Article M-7000 for eneral re uirements. 

FG-8000 General: 
The mounting frame manufacturer shall establish and comply with a quality assurance program which complies with Article M-

8000. 
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390 FG-9000 General: 

391 

392 

393 

394 

395 

· The following information, as a minimum, shall be permanenlly marked on an accessible on-sealing surlace ·or the mounting frame; 
TYPE OF FRAME BY: (Manufacturer's name or symbol) 
FRAME SERIAL NUMBER: (or other identification) 
PURCHASE ORDER NUMBER: 
YEAR OF MANUFACTURE: 

This does not apply to frames inslalled as integral parts of air handling units or duels. 
Any other stampings necessary shall be specified in the design specifications. 

FG-I-1100 HEPA Filter Mounting Frame Dimensions: 
A minimum frame widlh of 4 in. is required for major and cross members of face sealed HEPA filter frames. This allows a 1 in. 

wide filter seating surface to compensaJe for any misalignment of the filter during installation, and allows a 2 in. space between filters 
horizontally and vertically. to give adequate room for clamping, handling, for use of power tools, or torque wrenches during filter 
change, and for manipulating a test probe between 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-411 D for filler sizes. 

FG-I-1200 HEPA Filter Clamping: 
HEPA filters are lo be clamped wilh al least four pressure points. Each cell is to be independently clamped. The clamping device 

shall be designed with a faclor of safety of four (4) at the required gasket compression load. If the filters are gasketed, the clamping 
shall roduce a uniformil of askel com ression of 65% + 15%. 

FG-I-1210 Galling Prevention: 
Threaded surfaces in the region of clamping device movement shall be lubricated with a chemically compatible lubricant to prevent 

galling, as specified in the Design Specification, or the clamping device nuts shall be of a dissimilar metal that is environmenlally and 
structural! com atible with the threaded surface. · 

FG-I-1300 Filter Support: 
Supports or cradles are required for HEPA filters to _facilitate installations. The supports shall permit inspection of lhe filter-to-frame 

interface when the filter is installed. 
FG-I-1400 Penetrations: 

No enetration of HEPA filler mounlin frames is allowed. 
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Mounting Frame Dimensions: 
(a) Mounting frame dimensions for installing Type II adsorber cells shall be: openings-6-3/8 x 24-118 in. (+1/8, -0) [162 x 614 mm 
+1.7 -0 . 

FG-11-1100 Clamping: 
Type II adsorbers are lo be clamped with al least four pressure poinls. Major requirements for filter 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) at the required gasket compression of 65% +15% of the original gasket thickness. Clamping shall be 

• • • 1 • • • 

FG-11-1110 Gal/ingPreven/ion: 
Threaded surfaces in the region of clamping device movement shall be lubricaled with a chemically compatible lubricant to prevent 

galling, as specified in the Design Specification, or the clamping device nuts shall be of a dissimilar metal that is environmentally and 
structurall com atible with the threaded surface. 

FG-II-1200 Sealing: 
Type ii adsorber cells employing gaskets for sealing lo the frame shall be by a method which will produce a gasket compression

deflection of at least 65% + 15% without exceeding a stress in the clamping device of 67% of its yield strength. 

400 FG-11-1300 Adsorber Support: 
A structure is required behind lhe Type II adsorber frame openings to support the weight of .lhe cells. Structure minimum length is 

30 in., and shall be buill without backsto s. 
401 FG-11-1400 Penetrations: 

An enetralion in the mountin frames shall be seal welded and isolatable. 
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402 Nol In the Course of Preparation 
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403 Allowable Materials (General Requiremen/s): 
(a) Material used shall have properties and composition suitable for lhe application as defined by the Design Specification 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). Substitute materials shall be approved by lhe 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 explicitly described in the Design Specification. 

404 HA-3111 Protective Coatings: 
All carbon steel surfaces shall be painted to protect against corrosion and lo facilitale cleaning and deconlamination. Coalings 

shall comply with the requirements of Section AA-6500 and ASTM D5144. Coatings shall meet radiation resistance, chemical 
resistance, and decontamination requirements in accordance wilh the Design Specification. Stainless steel (galvanized), bronze, 
cop er. aluminum, and lass surfaces are not required to be coated.~~==== 

,:::;i\\?r:,;::.;,1ii/'-i ii?,HA'.~;32ii"O:f[,:¼ SP.ECfALGIMimAtieiNS'.ON'.MA1'1:RfAG$ii:i;(ii;(:,\l','.'.il;\\' 

405 HA-3211 Physical Properties: 
Changes In the physical properties of melals at minimum and maximum design temperatures must be recognized and factored into 

lhe desi n of housin s. 
406 HA-3212 Gal'(anic Corrosion: 

Date Printed: 1/10/2006 

The possibility of galvanic corrosion due lo the relative potentials of aluminum, copper, and their alloys should be considered when 
used in con·unclion with each other, or wilh steel or other metals and their allo s. 
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HA-3213 Corrosive Vapors: 
Aluminum and zinc shall not be used in the presence of corrosive vapors unless protected by coatings designed to prevent 

deterioration of the metal. Protective measures other than coatin shall be a roved b the Owner or desi nee. 
HA-3214 Nonmetallic Materials: 

The use of nonmetallic materials such as plastics, elastomers, and similar substances is permitted in the conslruction of housings 
provided that in the selection of these materials. consideration is given to: 

(a) emission of toxic vapors: 
(b) degradation of properties caused by temperature extremes, radiation exposure, chemical exposure, and aging; and 
(c) mainlainabilit . 

HA-3215 Deterioration of Materials in Service: 
II is the responsibility of the Owner or designee to identify the environment in which housings must o·perate so that the 

Manufaclurer can select the rade of materials to meet the conditions stated in the Desi n S ecification. 
HA-3300 Certification of Material: 

For structural and pressure boundary materials, the supplier shall make available certified test reports of chemical and physical 
properties. For those ASTM materials which do not have physical testing 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 and class, if 

\ 'h-··,·)·,y~.-.. : .---~'.-,HA~~4."0'()'i'J}i~S 

411 HA-41 00 General Design: 
Housings shall be designed in accordance wilh the requirements of AA-4000 and this Section. The design shall incorporate 

requirements for structural strength, rigidity, and sealing surfaces to provide leak-tightness of internal mounting frames to the 
housing. Decontamination requirements shall be specified by the Owner or designee in the Design Specification. 

·i}U,[/,, >:, i\HAi~2oof) OESiG}fCRITER( 
,:.,,i,•:,(,:;j :c;c: f!A:''4°21'.0iii iJjAoKe'RiT:ERIA'' 

412 HA-4211 Loads: 

413 

414 

415 

416 

Loads to be considered in the structural design of housings are listed in AA-4211 with the following additions and clarifications. 

HA-4211 Component load (CL): 
The force of the internally mounted components imposed on the housing. CL is separated into four portions: dead weight, normal 

operating pressure differential (NOPD) for the particular component, QBE, and SSE. Additional dynamic loads (ADL) will be 
rovided b the Desi n S ecificatlon, as a licable. 

HA-4211 Dead weight (DW): 
The weight of the lousing members excluding the dead weight of internal equipment such as HEPA filters and their respective 

mounlin frames. DW includes sheet metal anels. door anels, frame members, and stiffeners. 
HA-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). Housings should be located 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 criteria see the following Sections and/or other applicable Division II Code Sections: 
(1) Mounting frames - FG-4200 
(2) Dampers - DA-4000 
(3) Moisture separators - FA-4000 
(4) Coils - CA-4000 
(5) Ductwork - SA-4200 

HA-4211 External load (EL): 
As defined in AA-4211. 
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Fluid momentum load (FML): 
As defined in AA-4211. Housing internal components shall be designed lo wilhsland the FML resulting from air turbulence, from 

fan discharges into lhe housing. The housing portion where this load is significant is determined by the length required to regain 
uniform airflow as qiven by AMCA 201 Fig 3-3. 
Hydrostatic load (HL): 

Shall be added lo lhe dead weight (DW) as applicable. Hydrostatic loads from accumulated condensate, waler deluge systems, 
moisture separators, and associated housing flooding. The hydroslalic load shall be established by documented analysis based on 
housing internal confiquration and component function. 
Live load {L): 

Includes a construction mainload of 250 lb on the roof of the hOusing. Housing sheet metal floors shall be designed for al least a 
50 psf live load when no other floor svstem is provided (e.Q .. qratinq, concrete slab). 
Normal operating pressure differential (component) (NOPO c): 

The op!lning pressure differential across the component from upstream to downstream of the component included in the housing. 
See applicable Division II component sections for all component NQPD's. 

Normal operating pressure differential (housing) (NOPO 1,): 
The maximum pressure differential between inside lhe housing and external lo the housings. For ease of design, a housing may 

be designed using one pressure value that envelopes SQPT and NQPD. 

Seismic loads (SL}: 
Loads that are lhe result of lhe envelop of the operating basis earthquake (QBE) and the safe shutdown earthquake (SSE). As an 

option, the OBE, and SSE may be considered separately with the QBE loads used for the Level B load combination. Both 
orthogonal components of 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 the sum 
of lhe squares {SRSS) method. 
System operational pressure transient (SOPT): 

As defined in M-4211 or mav be enveloped with NDPDh and NOPDC. 
Tand N: 

Defined in AA-4211 
Load Combinations: 

The applicable loads are oiven in Table HA-4212. 
Table HA-4212, Load Combinations: 
Si:rvice 

j,.,{lV@.1 !,Gad Cnmbj nc-J I: ion 
,1 N t T .,. L ·I CL• •,: 

B Not rcqu.ircd, ~aa Lt?ve1 C 
C N t- T + L T CL + SL ·• 1WL 
D If DPD Applicahle, N -:- DFD ·f ssz ;. i1DI, 

Service Conditions: 
The reouiremenls of AA-4213 aooly. 

Design and Service Limits: 
The requirements of AA-4214 aoptv. 
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HA-4215 Housing Supports: 
Housing supports shall be designed per lhe loads and load combinations in HA-4211 and HA-4212. The stress criteria for each 

load combination shall be per HA-4220. 
Floor mounted housing supports shall be designed to acl as an integral base of lhe housing. Anchorage to the floor shall be 

designed to transfer the lateral forces withoul overturning or deformation of !he housing unit. Units with internal mounling frames 
where leakage is a design consideration, shall have floor anchorages near the junction of !he mounting frame and base. Small units 
which are typically provided wilh lhe base from the vendor's facility shall be designed for the installation/erection loads associated 
with a package unit. Larger units !hat are installed using modular construction need only consider lhe installation loads associated 
wilh each piece. 

HA-4220 Stress Criteria: 
The allowable stresses for housing sheet metal material and cold formed members shall be as defined in lhe AISI "Specification for 

the Design of Cold Fonned Steel Structural Members." The allowable stresses for hot rolled shapes and plates shall be as defined in 
the AISC "Specification for lhe Design, Fabrication and Erection of Structural Steel for Buildings." 

The basic general membrane design stress for lhe Service Level A condition shall not exceed 0.6 FY and shall be reduced as 
appropriate to consider lateral-torsional buckling of bending members and effective lengths of compression members. The basic 
general membrane design stress for the Level C condition shall nol exceed 1.2 x 0.5 Fy per AA-4321. 

The combined membrane and bending design stress for Service Level A shall not exceed 1.5 x 0.6 Fy and shall be reduced as 
appropriate to consider lateral-torsional buckling of bending members and effective lengths of compression members. The combined 
membrane and bending design stress for the Level C condition shall nol exceed 1.8 x 0.6 Fy per AA-4321. 

HA-4231 Deflection Limits: 
The deflection limits shall be specified in the Desiqn Specification and shall be in accordance with AA-4231, 

432 HA-4232 Deflection Limits for Mounting Frames and Equipment Interfaces: 
For walk-in housings, lhe deflection limits for the mounting frames shall also be considered at the interface between the frame and 

lhe housing. 
For deflection limilations of other eauiomenl (e.g., fans, damoers, ductwork\ see lhe aoolicable Division II Code Sections. 

433 HA-4241 Vibration Isolation: 

434 

435 

436 

437 

438 

Vibration isolation requirements shall be soecified bv the Owner or desianee in the Desian Soecification. 
HA-4242 Provisions for Relative Movement: 

Clearance shall be provided lo allow for relative movement of the internal equipment during operation and during mainlenance of 
lhe eauioment. 

HA-4243 Tolerances: 
Tolerances shall be specified for all external and internal interface boundaries. Tolerances shall be specified in the design 

documents. Tolerances shall be accounted for in aoolicable desian analvsis Ce.a .. location of aoolied load). 
HA-4244 Housing Attachments: 

Housing attachment design shall include all Service Limits and Load Combinations set forth in HA-4212 and HA-4213, or as 
required bv lhe Desion Specification. Attachments shall be either lhe welded or bolted tvoe. 

HA-4245 Welded Attachments: 
Consideration shall be given to local stresses induced in the housing wall by integral.attachments as defined in AA-4243. 

Attachment and housing material shall be compatible for welding. See AA-6000. The permissible types of welded joints shall be in 
accordance with AWS 01.1, AWS 09.1, AWS 01.3, or ASME Section IX, as applicable. 

HA-4246 Bolted Actachments: 
Consideration shall be given to bolling and local stresses induced in lhe housing wall by integral allachments as defined in AA-

4243. The design of bolls for structural supports shall meel the requirements of AISC Specification for the Design, Fabrication, and 
Erection of Structural Steel. Ninth Edition. Part 4. 
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HA-4247 Fatigue Considerations: 
Internal housing components subjected FML should be designed for faligue based on cyclic loading of the element. See HA-4211 

to determine the portion of the affected internal housing components. The appropriate reductions in allowable stresses are given in 
Seclion 5, Appendix B of the AISC Specification for the Design, Fabrication, and Ereclion of Structural Steel, 9th Edition. 

HA-4248 Fire Protection: 
Fire protection requirements shall be specified by lhe Owner or designee commensurate with individual component requirements. 

Fire protection for Type Ill adsorbers shall be provided per FE-4620. 

HA-4310 General Requirements: 
Selection of joinls and seams used in lhe assembly of housing sections shall be based on lhe required structural integrity, leak

tighlness, and the fluid flow within !he system. Duct-housinq interconnections shall be desiqned with consideration of !he air 

HA-4321 Acceptable Longitudinal Seams and Joints: 

HA-4322 

HA-4323 

The following longitudinal seams and joints are acceptable for use in housing sections subject lo limilalians of HA-4330, -4340, -
4500: 

(a) welded lap jainl 
(b) welded bull joint 
(c) welded flange 
{d) fillet corner welds 

Acceptable Transverse Joints: 
The following longiludinal seams and joints are acceptable for use in housing sections subject to limitations or HA-4330, -4340, -

4500: 
(a} welded lap joint 
(b} welded bull joint 
(c) welded flange 
(dl companion angle: ciasketed & bolted 

Other types of Connections: 
Other types of rigid longitudinal and transverse connections may be acceptable provided that the design structural characteristics 

are qualified. Qualification shall be documented by engineering evaluation or test as specified by the Owner or designee. 
Qualification lest shall demonstrate the joint's abilily lo wilhsland load combinations in HA-4212. Joint design qualification shall be 
completed prior lo the start al fabrication. 

HA-4324 Bolts and Fas/eners: 
Connections shall be designed to sustain all loading combinations. Bolled connection and joint design shall be designed to meet 

allowable leakaae of HA-4500. 

HA-4331 Welds: 
The pressure boundary ioinls and seams for all air cleaning unit housings shall be continuouslv welded. 

HA-4332 Seals: 
Penetrations on housings shall be sealed by welding, with a sealant qualified for the housing's environment, or wilh adjustable 

compression or gland-type seals. Gland-type seals include but are nol limited to "O" rings, gaskets, and other nonmetallic materials. 

HA-4333 Electrical Conduits and Drains: 
All penetrations by electrical conduit and drains shall be arranged and individually sealed or valved so that bypassing or HEPA filter 

banks or adsorber banks cannot take place. Electrical conduit open to lhe inside shall be internally sealed lo meel allowable leakage 
determined in HA-4500. 

HA-4334 Separate Mounting Frames: 
Where separate mounting frames for HEPA fillers and adsorbers are required, they shall be continuously seal welded lo the 

housinq. 
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HA-4340 Air Condilioning and Air Handling Unirs Housing Joinrs and Seams: 
These unit joints and Seams shall be of either welded or bolted construction or other types meeting the requirements of HA-4323 

and the allowable leakage criteria specified in the Desiqn Specification. 
HA-4341 Penetrations: 

Penetrations on housings shall be sealed by welding, adjustable compression, gland-type seals, or other method capable of 
meetinq allowable leakaqe criteria for the housinq as determined in HA-4500. 

HA-4410 Gaskets: 
Gaskets shall be made of materials which are compatible with the conditions of HA-4600. Gasket dimensions shall be based on 

joint design. An Acceptable criterion for compression of gasket material shall be eslablished on the basis of the gasket chosen. This 
acceptance criterion and lhe service life of the gasket and joint shall be documented by evaluation or testing as determined by the 
Owner or designee. 

453 HA-4420 Access Doors and Panels: 

454 

455 

456 

Construction of doors/panels and door frames shall be selected lo meet the allowable leakage determined in HA-4500. Sealing 
surfaces between lhe door/panel and frame shall be designed for compression sealing. The design shall incorporate means for 
adjusting compression forces. gasket 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 light enough lo assure leakage requirements are met {HA-4500) and provide a gasket 
compression uniformity of 1'/-20 deg. 

Hinged, if specified, shall be designed lo minimize damage to compression seals due to friction and shear forces during opening 
and closing of lhe doors. 

Doors shall be designed for ease of operation by one person. Man entry housing doors shall be operable from both inside and 
outside lhe housing and be clearly labeled for open and closed latch position. 

Hinnes and latches shall be desianed such lhal lubrication materials shall not enter the interior of the housino. See NonmandatoN 

HA-4431 Test Ports: 
The Owner or designee shall evaluate lhe design function of the equipment lo determine where lest ports (including injection and 

sampling ports) are required. 
The penetration shall comply with HA-4332, and have a cap or plug lhal is suitable lo meel the pressure requirements of the 

housin,:i. 
HA-4432 Manifolds: 

The Owner or designee shall determine where injection and sampling manifolds are required. Injection and sampling manifolds 
shall be constructed of metal to minimize damage potential and to maintain manifold qualification. Sampling and injection manifolds 
which are required to be inslalJed within the filler housing should be designed for permanent installation within the housing, If 
permanently installed manifolds cannot be provided. then manifolds shall be designed lo be removable. with each manifold piece 
numbered, lagged, and marked for reinstalling prior lo each lesl. Permanent manifold inslallalion is recommended to obtain better 
repeatability of lest results. When an air cleaning unit contains two or more HEPA filler banks or adsorber banks in series, or both, 
injeclion and sampling manifolds for the respective lest agents are required for each of lhe filter and/or adsorber banks. 

Injection manifolds shall be qualified in accordance with HA-5800. Sampling manifolds shall be qualified in accordance with HA-
5800. 

HA-4433 Housing Access: 
Walk-in housings shall be protected and braced lo prevent 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 component section when housing size 
permits. A permanent platform shall be installed internal lo the housing lo provide access lo fillers for filler banks greater lhan or 
equal lo six (6) fl. (approx. 1,8 m) in height. Platform shall not interfere with filler access or air flow dislribution. 

Space shall be provided both internal and external lo the housing for equipment removal and maintenance. See Nonmandatory 
Appendix HA-B for additional guidance. 
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HA-4434 Lighting: 
Walk-in housings shall be fitted with vapor-light lights between each bank or components. For walk-in air cleaning unit housings, 

fixtures shall be flush mounted and serviceable from outside or the housing. Lighting levels shall be determined based on personnel 
safety visual requirements as given in the Design Specification and guidance provided by IES Lighting Handbook as published by the 
llluminatinq Enoineerino Societv or North America. 

HA-4441 Drains: 

HA-4442 

HA-4443 

Consideration shall be given to drains depending on requirements, services, or componenls within each compartment. For 
example, drains shall be required for: 

(a) fire protection systems 
(b) removal of decontaminalion liquids 
(c) moisture separators 
(d) condensing cooling coils 

Drains form an integral part or the housing pressure boundary and are subject lo 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). 

lnsvlation: 
(a) Insulation shall be provided as specified by the Owner or designee lo ensure air condiHoning runction, limit condensation, or 

provide acoustic noise reduction as required. 
(b) Acoustic linings and thermal insulation shall not be applied lo the inside or housings that may become contaminated. 
(c) Insulation applied lo the outside or housings shall not prevent access lo doors, access panels, or other components requiring 

adjustment or maintenance. 
(d) The fire hazard classification or applied insulation, adhesive, and sealer shall not exceed a flame spread of 25 and smoke 

developed of 50 in accordance with NFPA-90A. 
Clamping Mechanism: 

Side access housings shall have a clamping mechanism, riller retrieval reatures, and filler indexing mechanisms. The clamping 
mechanism shall be individually adjustable ror each HEPA filter or adsorber. 

For side access housings with fluid seals, the filter clamping mechanism shall be capable of moving the filter on and off through 
adequate travel lo ensure the knife edge is embedded into the pliable sealant and provides seal for the complete perimeter of each 
filler or adsorber. . ,. . .. .. '- -

461 HA-4510 General: 
Pressure boundary leakage shall be controlled to ensure satisfactory environmental conditions, either within or outside of the 

nuclear racility. 
Allowable leakage for a housing, or portion or a housing, shall be determined considering the following ractors: 

(a) control or airborne contamination 
(b) control of space pressure 
(c) control ol space temperature 
(d) control of space humidity 

462 HA-4520 Applicability: 

Dale Printed: 1/10/2006 

Housing pressure boundary leakage shall apply lo 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 
(c) penetrations for instrumentation piping, electrical, and other utilities. 
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Requirement Text 

Responsibility: 
The Owner or designee shall establish the allowable leakage to assure ventilation, temperature, and contamination control 

functions are achieved. 
Allowable Leakage Determination: 

The following 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 operating mode, including anticipated system upset condition, such as rapid closure of 

dampers 
(c) normal and maximum operating pressures throughout the pressure boundary 
trf, -··-·-~ :-• ----· __ .., ---·----· --· :---- ··- ,-I!•: 

Exceptions lo 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 syslems serving only the protected space and located only within the same protected space. 
(b) Housings under negative pressure which are located entirety in a clean interspace, and only provide air cooling or heating 

function. 
However, the housing shall be pressurized to locate and seal all audible leaks. Reference Section SA, Non mandatory Appendix 

SA-8, Figs. SA-8-1410-1 through SA-B-1410-3 for typical system configurations. 

Documentation: 
Derivation of allowable leakage for each hOusing, or portion thereof, shall be documented by the Owner or designee. This 

documentation shall include the following: 
(a) identification of housing or portion of housing 
(b) governing codes. regulations, and plant-specific requirements 
(c) purpose of leakage control; see HA-4510 
(d) system mode of operation 
(e) normal and maximum operating pressure 
(fl method of derivation of allowable leakage 
(g) test pressures and associated allowable leakage 

Design Specification: ~ 
The Owner Design Specification shall contain the following information which is relevant to the housi . and housing supports 

covered by this Section. 
(a) Loads as defined by HA-4211. 
(b) Environmental conditions. 

(1) Housing external-design environmental condilions including, but not limited to pressure, temperature, relative humidity, 
radiation exposure, and hostile environmental factors tor all plant conditions. 

(2) Housing internal-design environmental conditions for all system operating conditions 
(c) Service conditions as defined by AA-4213. 
(d) Design and service limits as defined by AA-4214. 
(e) Allowable housing leakage as defined by HA-4500. 
(f) System safety-related function: Identify the function of the housing for each plan I condition. The function shall consist of 

purpose and qperational parameters (i.e .. flow, leakage, pressure, temperature). Plant conditions and service limits are defined by 
AA-4213 and 4214. 
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468 HA-4600 Design Specification: 
(g) Fire protection requirements. 
(h) Material certification requirements. 
(i) Tolerance requirements. 
U) Inlet and outlet configuraIions. 
(kl Housing componenls. 

(1) adsorbers 
(2) rans 
(3) filters 
(4) moisture separators 
(5) dampers 
(6) heaters 
(7) coils 
(8) insulation 

.(9) access requirements (i.e. doors, access panels) 
(10) instrumentation and controls 
(11) spray-type conditioners 

:':';'?:'-',, "',: i?ff1A;soo0Jii! INSP.l:(a;Tl©N,AND/TES;J;(J(f 
.. :,.,.,::,·, :_··:,:. :.·. .:·.</ ~:J;{ft~~SfO.bt?ti .G'EN.Ei:t~~Uft'.~1{q;Vf~\~:;1ifa:!U::iih:?tb: 

469 HA-511 0 Scope and Appficabilily: 
This Section contains eneral re uirements for the ins ection and testin or housin s and housin su arts. 

4 70 HA-5120 Responsibility for Procedures: 

471 

472 

473 

474 

When an inspection or test is required herein. written inspection or Jesting procedures shall be developed, by the parties 
performing the tesl or inspection, lo lhe specific requirements of this Section. The inspection or testing shall be performed by 

ersonnel ualified in accordance with ASNT SNT-TC-1A as amended b ASME NOA-1 and AA-6433. 

HA-5210 General Requirements: 
Visual inspections shall be performed in accordance with AA-5200 and TA-3410, 
Ins ection and testin of welds shall be erforrned in accordance with AA-5300 and AA-6000. 

HA-5220 Housings: 
Housings shall be inspected for proper dimensions including tolerances. as specified by HA-6400 and governing construction 

HA-5221 Joints and Seams; 
Joints and seams shall be visually inspecled. Acceplance criteria shall be as follows. 

(a) Joints and seams shall comply with the requirements of HA-6400 and HA-6500. 
(b) Gasketed joints shall provide uniform gasket compression. Gaskets shall be installed per construction documents. 
(c) Longitudinal or transverse welded joints shall comply with AA-6000 requirements. 
(d) Threaded fasteners shall be provided wilh lockin devices in accordance with AA-6258. 

HA-5222 Stiffeners: 
Stiffeners shall be visually inspected to ensure compliance with the rollowing acceptance criteria. 

(a) Stiffeners shall comply with the fabrication and installation requirements of HA-6000. 
(b) Welds shall comply with AA-6000 requirements. 
(cl Threaded rasteners shall be provided with locking devices in accordance with AA-6258. 
d Removal of tern ora atlachments shall be verified. 
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HA-5230 Housing Supports: 
Supports shall be visually inspected during inslallation, afler inslallalion, or both in accordance with the following acceptance 

criteria. 
(a) Supports shall comply with the fabrication and installation requirements of HA-6400. 
(bl Welded joints shall comply with AA-6000 requirements. 
(c) Threaded fasteners shall be provided with locking devices in accordance with AA-6258. 
{d) Removal or temporarv attachments shall be verified. 

476 HA-5240 Filter Mounting Frame to Housing Weld Inspection: 
The housing filter mounting frame for HEPA filler and adsorbers shall be inspected using visual and nondestructive tesl methods 

loer AA-6330. 
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4 77 HA-5310 General: 

478 

479 

Temporary isolation al a transverse joint shall be allowed subject 10 lhe following requirements. 
(a) Transverse joints nol subjected to a quantilalive leak lest shall be companion angle type or other types wliich enable visual 

inspection of the sealing mechanism between mating housing sections. 
(b) Assembled joints utilizing gaskeling shall be visually inspected to ensure uniformity of gasket compression. 
(c) The reduced allowable leakage (L,) of housing ·sections shall be as follows: 

L,=L,-R 
R = (Ci IC 7 )L, 

where 
R = reduction in allowable leakage in cfmlsq. fl 
Ci = total perimeter of capped end joints of lesl section 
C 7 ·= total perimeter of all join ls in tested section, including capped end joints 
L, = section allowable leakage 

HA-5320 Allowances for Housing Leakage Rates by Sections: 
Temporarv isolation al a transverse ioint shall be allowed subject lo lhe followinq requirements. 

HA-5330 Testing Procedures: 
Prior lo pressure boundary leakage testing, lest procedures shall be developed in accordance with T A-3330. All test equipment 

shall be specified with the proper range and required accuracy. Test procedures shall include acceptance criteria determined by HA 
-4500, HA-5320. and HA-5350. 

480 HA-5340 Documentation: 
A lest report shall be prepared 10 document lhe Pressure Boundary Leakage Test. This report shall include the following 

information. 
(a) housing or portion of housing tested 
(b) specified allowable leakage and lest pressure 
(c) calculations for housing section square footage ror housings lesled by sections 
(d) adjustments lo allowable leakage per HA-531 O(c) 
(e) measured leakage test 
(f) list or pressure boundary components which were not installed during lhe pressure boundary leakage test 
(g) lesl equipment used: including model number, serial number, and evidence of calibration 
(h) names or test personnel 
(i) date of lest 

F:~~~;fi~~=Jt;{;id~;::;:~ ::~~H~~sasa?.<i~ ~c·e·ee:1:AN·cetcR11.1:R,.~~r\;}~?·:~s:~~•-~:\t;.;\Hf,f::~~~!~)f,\tlSt:~~~:~~w~1(,r:1.0;.\~t~\i~;~~0.z1g~~m:;::\)~.\~ts{i:::~~~-;r.?~::=~x .. ~;;i_..✓,,1,:.t-\ ~:-01• ....... :r:hwz! _ 1-~i.-N\~~,r~:~! .. ~'t•t_~r:%ri;,{itfn1:~:11:~;i; .. ;.,.:.:t:J:,.\-tP.1 Jq:•.it~/' /?W 1~-Ji~: •:"~j>1t-::•:· %ffi,1:~tA½Y=;.4;.47
~~ 

481 HA-5351 Quantitative Leakage Tests: 
Acceotance criteria for auanlitalive leakaae tests shall comely with HA-4500 and HA-5320/c\. 
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HA-5352 Nonquantitative Leakage Tests: 
For non-quantitative leakage tests allowed by HA-4533, the acceptance criteria shall be that audible leaks have been sealed. 

HA-5400 Mounting Frame to Housing Leakage Test: 
A mounting frame pressure leak test may be used lo detect leaks in the HEPA filler and adsorber mounting frames that could affect 

the results of the in-place leak lest I TA-4300. The test, if used, shall be conducted in accordance with Nonmandatory Appendix TA
A. 

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 lest, housings exhibiting permanent distortion or breach of integrity shall be 
repeated after repair or replacement until no permanent distortion or breach of inteqritv is observed. 

HA-5600 Air Flow Distribution Tests: 
When required by the Owner, air flow distribution qualification test for housings containing more than one HEPA filler 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. Acceptance criteria shall be in accordance with TA-4600. Housings containing HEPA filler(s), adsorbers, or both shall 
be field tested 10 demonstrate adequate air flow distribution in accordance with TA-4600. Tests shall be performed wilh components 
in the housing and lhe housing complete (i.e., assembled). Minor items such as temperature elements. pressure laps, etc., 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 outlet conditions could result in 
nonuniform flow distribution. 

486 HA-5700 Air-Aerosol Mixing Uniformity Tests: 
When required by the Owner or designee, air-aerosol qualification test for housings containing more than one HEPA/adsorber shall 

be made in the shop in accordance with T A-4600 for each manifold design. This requirement shall be specified in the Owner's 
Specification. Acceptance criteria shall be in accordance wilh 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 
installed as these components do not significanlly influence mixing. This design qualification test may be performed once and 
submitted to the Owner or designee for approval. This design qualification lesl may be performed once and submitted to lhe Owner 
or designee for approval. The design of lhe manifold and its location in the housing must be the same as qualified or a new aerosol 
mixing lest is required. 

487 HA-5800 Sample Manifold Testing: 
Sampling manifolds shall be qualified to demons Irate that they collect a representable sample equivalent to a single point sample 

taken at a point at least len duel diameters downstream of the fillers. Refer to Nonmandalory Appendix D for performance test 
guidance. To ensure required leakage detection, acceptance criteria for sampling manifold shall be equal to or greater than lhe 
concentralion detected wilh the single point sample. 

488 HA-5900 Air Conditioning and Air Handling Unit Testing: 
When required by the Owner or designee, integrated component functional acceptance testing shall be performed in the shop per 

T A-4000. This reauirement shall be included in the Owner's Soecilication. 
,f,iW<\\%}':'.ff, ii:iHA'.~lib.oo)\fi ~., 0 , '"'//.-+Y:;iift': · ·:. 

489 HA-6100 General: 
Air cleaning, air conditioning, and air handling unit housings and supports shall be fabricated in accordance with this Section and 

AA-6000. 
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490 HA-6121 Material Selection: 

Materials used In fabrication performed under this Section shall conform to HA-3000 requirements. 
491 HA-6122 Material Identification: 

Dale Printed: 111012006 

Materials to be utilized in lhe fabrication and installation of components, parts, and appurtenances shall be identified on fabrication 
drawinqs and in the specification, as required in AA-6000. 
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492 

493 

494 

495 

496 

497 

Source Requirement Text 

HA-6123 Repair of Material with Defects: 
Material with defects that are discovered or produced during the fabrication process may be used, provided the defects are 

re aired in accordance with the re uirements of AA-8000, and for weld re airs, in accordance with AA-6300. 
HA-6130 Control of Installation and Fabrication Process: 

Quality control procedures shall be prepared and maintained current for all fabrication processes in accordance with AA-8000 
re uirements. 

HA-6140 Welding: 
The welding of filler housings and supports shall comply with the requirements of AWS 01.1, AWS 01.3, AWS 09.1, or ASME 

Boiler and Pressure Vessel Code, Section IX. 
Weldin and brazin erformed in accordance with this Section shall meet the re 

!JiHA:62tiii'ij~, FABRlt:AtioN!P.ROC:Es·s,!:'t,\'.•
:[i;:,9A-:El2j O'// C:OtrlNGI!F-ORMiN.G~B·ENOIN 

HA-6211 Uncoated Metal: 
Uncoated metal may be cul, formed, or bent by any means that does not degrade lhe mechanical or chemical properties of the 

material. 
HA-6212 Coated Metal: 

Coated metal may be cut, foJmed, or bent as described in HA-6211. Coating damaged by scratches, gouge marks, or lhe removal 
of coalin shall be re aired in accordance with AA-6540. 

HA-6213 Inside Bend Radii: 
Inside bend radii shall not be less than the values of the material grade given in the AISC Manual of Steel Construction, Allowable 

Stress Desi n. 
498 HA-6214 Joining Pans: 

Parts that are to be joined may be fitted, aligned, and retained in position during the joining operation by the use of bars, jacks, 
clamps, drill pins, lack welds, or other temporary attachment. The filling and aligning process shall not damage the joined parts, or 
their suriaces, or enlarge bolled holes greater than the values shown in AISI, Specification for Design, Fabrication, Erection of 
Structural Steal tor BuildinQs, Table 1.23.4. 

499 HA-6215 TemporaryAttachments: 
Temporary welded attachments may be used in the fabrication process but shall be completely removed after use. Where such 

temporary attachments are used. lhey shall be subject lo the following requirements. 
(a) Material shall be suitable for welding wilh no deduction in the structural integrity of the member to which the attachment is 

secured. 
(b) Attachment material shall be identified as required by HA-3000. 

1-.----=+=--=-=-,.....,_(c°")~T:...:h-"e'--w.;;.ec,;l.;;.dc,;er;,..a:c;n.;.;dc..w,...;c.el.,,.d"-in""-"g procedures shall be qualified in accordance wilh HA-6140, 
\'\ <,,'.f.£!ff,, iJiHAis·3·o(l;:'l), rili:.CH~NfCA:friF.A$'11eNING5i 
:-·=·.::§=;g~:J;: i?JiflA~~310!lii' ;GENERA!:::/:?}'i'.'5~,;:1/ ,:·o,:·:· :=::':•·:::;:.':>:!. 

500 HA-6311 Nuts: 
Nuts for all bolts and studs shall be engaged for the full length of the nut thread. Margin shall be allottE:d to prevent the nut from 

en a in the unthreaded ortion of the boll or stud. 
501 HA-6312 High Strength Bolts: 

High strength bolts, used in making bolled struclural joints, shall be installed in accordance with lhe requirements of the 
"S ecification for Structural Joints Usin A325 or A490 Bolts," AISC Co.de. 

502 HA-6313 Pins: 
Pins for securing insulation should be secured lo lhe metal surface by welding. Other attachment methods are acceptable, if 

allowed by the Design Specification. Justification of the allachment melhod used shall be supported by evaluation or calculation as 
determined by the Owner or designee, considering the requiremenls of the Design Specification. 

503 HA-6314 Connecting: 
Connecting flange faces shall be free of joint crevices at corners. These defects shall be eliminated by welding or grinding. 
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504 HA-6410 General: 
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. 

?-::;:~r;:;=.;:..;:~·-:,\ :.·,.·H~J6420:::~s :SfDE:-Acc·es·s::HdUs·1~G·"AND·:-GAsk:ETiSEAt.·st.1RFACES·;·•·:·~:-~"-~'"''',~Y:;:·.~.,_:_----._:···~:;.:{:·:,,:;~r~'-~~,_-·~···:·:;_:?:··~~·r::r·'::;t(:::5z.,??'•:.;:-_··~;~~~-•\:·,~:.··~::···:•.•···~-':❖:~:·z~: ;_;:-1t::~-~-;~7(;a;;;;;;;zr(LJ. fiYJ-'.t)T.ft:t%1~ ... ::z·•·~~--.J0t;0w··r 
505 HA-6421 Flatness: 

Each HEPA (ilter/adsorber housina seatina surface shall be plane within 1/16 in. (1.6 mm). 
506 HA-6422 Surface Finish: 

Pits. roll scratches. weld spatter. and other surface defects within the sealing areas shall be ground smooth. After welding, ground 
areas shall merae smoothlv wilh the surroundina base metal. 

.•::~?;th:~;:%··/:,:.:·;_:;·:~., ;Y:~'HA'~~30~~t~ s10:e.Acc·E S.S.~ H0U SINGfEll?iJiE·Ra;.tt:uDYSEA'C:~S.UR"lf~CES:~~··/::~s·/~ _ .. i::,;"_.:'?:~~'.-'.Z{:1.~>)~X~:Ht:.:~~'.~~~:;f@}}~~r~:~w1~1~%'.1iW~1~~:f.M(•i;)~-!~:%'.it:KWf!;~{~~~;:~~y~:~mR~?~~~ ~~--~~~W~1i;fiJt~t4ft%=~~ 1;~~:K1;~~~~~!:~J:~i,fJ~o/.iWt?:-~~~~~;'.¾~E:"ffi'1f~ 
507 HA-6431 Flalness: 

The tolerance on each knife edqe shall be plane within 1/8 in (3.2 mm). 
508 HA-6500 Cleaning: 

All surfaces shall be cleaned per AA-6500 prior to acceptance. No halogen-bearing materials or carbon steel tools shall be used to 
clean housings or components constructed of stainless steel. Cleaning shall be performed in accordance with the Manufacturer's 
written orocedures. 

f:!i>I\?J'.i;i/'i: );;'.iHA~to'olJ;t;\'; l?ACK-AGING/SHIPRll'iG'i,RECEIYtNG/STO:RAGE'''ANDJ:H'ANDt:IN(f'f;WJ,;'\}:)'.;'.;i/K.?,\:./f.;[c;:,\,-·:c~iU1'i;;''/,,&%~,il)l§{~(~i)!ii~l(i/J~li!W}'.{i/A1~ tf?t'ii:~~ii\tt'ilifiliif,i.,X ':%;(;;J)i/hiz1M(1fa"i.~im@•;{Ri@IJ 
509 HA-7100 General: 

510 

511 

512 

513 

514 

Packaging, shipping, receiving, storage, and handling requirements shall be in accordance with AA-7000 and this Section. 

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 exceotions are orovided below. 
HA-7211 Protec/ion: 

Air 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 shall be idenlified and specifically protected from damage. Protection equal to Level 'D" is required lor the basic 
unit. Protection for housing components must be equal to that required by the level of protection specified in the applicable Code 
section. 

HA-7300 Shipping: 
This Subarticle relates to transportation methods from the manufacturer or supplier, lo the job site. Shipping shall comply with the 

provisions of AA-7100, AA-7200, and AA-7300. 
HA-7400 Receiving: 

Receiving at the Job site or intermediate location, where additional work is to be performed or for long term storage, shall be 
accomplished in accordance with the provisions of AA-7000. II shall be the requirement, at any receiving point, to have adequate 
descriptions of items to permit suitable inspection for conformance, damage acknowledgment, and proper documentation. 

HA-7510 General: 
Housing storage requirements are dependent upon the protection level described by AA-7230. Protection equal to Level "D' is 

required for the basic unit. Protection for housing components must be equal to that required by the level of protection specified in 
the applicable Code section. These levels shall be the required storage requirements along with the req~iremenls of HA-7511 and 
HA-7512. 
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515 HA-7511 Drains and Venls: 

516 HA-7512 

517 HA-8100 

518 HA-8200 

All housing drains or vents shall be sealed or closed as specified by lhe Owner or designee. Provisions may be made to use 
certain drains or vents for assurance Iha! water or olher objectionable malerial does not accumulate within the housing. 

Other Components: 
Components covered by other Sections of this Code. that are installed into and integral assembly which is covered by this Section, 

shall be stored in accordance with AA-7230. 

General: 
Equipment and material covered under this Section shall be manufactured, fabricated, installed, inspected, and tested in 

accordance with the rovisions of a Qualil Assurance Pro ram meetin AA-8000 re uirements. 
Ma/erial Identification: 

Measures shall be established for conlrolling and idenlifying malerial throughout the manufacturing process and during shipment in 
accordance with AA-8000. 

519 HA-8300 Drawings and Documentation: 
The Design Specification shall list the documentation requirements for the housing and !'1st when this documentation is lo be 

provided by the manufacturer, supplied to the Owner or designee. Housing-related items shall include, but not be limited to the 
following: 

(a) material certification and test reports; 
(b) housing drawings including: 

(1) outline drawings 
(2) piping and instrumentation diagrams 
(3) wiring diagrams 

( c) material list 
(d) welding procedures and procedure qualification records as required by appljcable welding codes listed in HA-6140 
(e) reports for tests an inspections required by HA-5000 
(f) seismic and environmental qualification reports 
(g) operating, installation, and maintenance manuals 

VerificationNali 
dation 

R -Review 
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T -Test 
I • Inspection 
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520 HA-9100 General: 

521 

522 

523 

All items manufactured under lhe requirements of this Section shall be identified lo assure compliance with AA-9000 requirements. 
Records, as necessary lo assure compliance with AA-8200, shall be maintained by lhe responsible organization in accordance with 

the approved quality assurance program. 

HA-9110 Stamping/Marking: 
Stamping/marking, as used herein, provides a means of maintaining idenlificalion of finished products !or the purpose ol retaining 

traceabilit of material. 
HA-9111 Housings: 

Housings shall be provided with nameplates, in accordance with AA-9120, which relate the housings to the applicable design and 
fabrication documents. Housings fabricated in multiple sections need only one nameplate. Each section shall have identification 
markings, observable after completed installation, which relate all sections. Nameplates shall be visible after completed installation. 

HA-9112 Housing Accessories: 
Housing accessories shall be marked, stamped, or provided with a nameplate which shall relate lo the design and lablicalion 

drawin s. Identification shall be observable after com leted installation. 
· "', .• , .• eo,,, .. ·:·:\',1A:c;y:·1s1:c-i(dN;iKiit,i$TRiJM ··tibNf' === 
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524 IA-3100 

525 IA-3200 

526 IA-3300 

527 IA-3400 

.'.:\'·;;.{'·.;~i};!:;~\\?i \::iilA4iliioX,\, 
528 IA-4120 

529 IA-4120 

530 IA-4120 

Dale Printed: 1110/2006 
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Materials of Construction: 

All materials used shall have propenies and composition suitable for lhe application as defined by the Design Specification and the 
operating environmental conditions as defined in Subsubarticle IA-4120. Materials shall be in conformance with the latest revision of 
the ASME and ASTM malerlals lisled in Table IA-3100 {Exhitlil D). Sut>slitule materials shall be equivalent to or exceed lhe ----. ,_ ~ ,,._~rnn '<=--~:ha m J-..1--:-1. 11--1 --- --.,.j. n( u.,,_ ---- ··-- hn, . ...1.-- ,....,. ,,..,-- -" o.n,.l-- ·-• •'-,II---• iho 

Nonpermissable Materials: 
Use of the following materials is prohibited in lhe manufacture and installation of instrumentation and controls in nuclear air and gas 

treatment systems: 
{a) mercury 
(b) radiologically unstable fluorinaled polymers 
(C) asbestos 

Restricted Materials: 
All material shall be compatible with the operating environment The following material shall not be used unless approved by the 

Owner or his designee: 
(a) Aluminum and 2.inc in the presence of corrosive vapors 
(b) Adjoining materials which may cause galvanic corrosion. 
(c) Chlorine producing materials, e.g. Polyvinylchloride (PVC). 

Certification of Material: 
The Manufacturer shall make available a Certificale of Conformance for panel structural material and lubing to the ASTM numbers 

listed in Exhibit D. For those materials which do not have ASTM ratings, testing should be performed per ASTM A370. 
All other componenls used in lhe construction of the panel assembly shall be provided wilh a Manufacturer's Certificate of 

Compliance lo lhe requiremenls in I.he Design Specificalion. 

·0·1:s1GN1R .. eQUJR"EMEN7tS.:\t;Jj{f:;'}:1~::~:VlW:~tfLf::¥.iY~~;\:&~r~:;:;:·::·1\:: .. ~i;;t\:Vitg;jf(~ff~{'1t?/•:i\?:·~~:-:\Jtif?~;}1,t~f:: · ):--~ ,;;:··:'.~--'./.··;~i:ff'?P?f~r~\ti.i~;.Jt::;_:{.kl ~~:-;,· ::; ~t-l:;i:i~ff~,;{;\%JtiSft:~•J:t;'. it?:ff:!!:~~Xf:il1~ttiEl~l~i~~J?Sfi!if:!i~~ 
Design Specification: 

The Design Specificalion shall establish lhe purpose (design funclion) of lhe inslrumenlalion and control components. The Design 
Specificalion shall also identify lhe inslrumentalion and conlrol componenl safely classilicalions. For guidance in determining 
inslrumenlalion and conlrols for nuclear air and gas lreatment systems refer lo Nonmandalory Appendix IA-C. The Design 
Specification shall provide requirements for the design, fabricalion, and seleclion of inslrumenlalion and control systems in 
accordance wilh lhis Code and shall include, as applicable: 

(a) Performance requirements for all plan! operating modes (accident and normal) wherein lhe equipment is expected 10· 
perform an intended function. 
Design Specifi"cation: 

(b) Ambient and process operaling conditions including lhe measured variable for each of the applicable operating modes 
described in Subsubarticle IA-4120(a). 

(1) temperalure: lhe minimum and maximum lemperatures lo which the instrumenlalion and control syslem devices will be 
subjecled. 

(2) pressure: the minimum and maximum pressures lo which the inslrumentalio.n and control system devices will be 
subjected. 

(3) relalive Humidity: !he minimum and maximum relative humidilies lo which lhe instrumentation and conlrol sysIem devices 

Design Specification: 
(5) chemicals: concentration and duration of chemical exposure lo which lhe equipmenl will be subjecled. 
(6) electrical: all electrical power lransients lo which the inslrumenlalion and control system devices may be subjecled. 

Variations in parameters such as voltage, frequency, and currenl shall include minimum and maximum values and their duralion. 
(7) structural: slructural loads lo which lhe instrumentation and conlrol system components will be subjected. The loads shall 

include as a minimum lhe applicable loads Ii sled in para. AA-421:. 
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IA-4130 Manufacturer's Documentation RequiremenJs: . 
When required by lhe Design Specification, documenlalion provided by the Manufacturer to lhe 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 localions 
(d) materials of construclion 
(e) design life 
(f) environmental and seismic qualifications 
(g) mounting restrictions and insIructions 
(h) loop and logic diagrams 
(i) electric schematic and wiring drawings 
(/) panel general arrangement and conslruction drawings 
(kl instrumenl piping and tubing drawings 
(I) Certificate of Conformance 
(m) calibration procedures and data 
(n) panel mounted inslrument list including nameplate engraving 
(o) maintenance and surveillance requirements 

IA-4140 Clarification of Code Applicability: 
Pressure retaining part whose design, materials, manufacture, tesl, and documentation are covered by ASME Section Ill shall be in 

accordance with lhe applicable requirements or that Code. When confl[cl exists between this Section and ASME Section Ill, the 
latter shall take recedence. 

IA-4200 Single Failure Criteria: 
Where redundanl safety channels are required by the Design Specification, they shall meet the single failure requlremenls of 

ANSI/IEEE 379. 
4lOC(:'{ :sEPAAATIOWi':RiTERIAT'''·""·;:',•·:qj{T'-:·,, ;,-,.,_ ... ,,. ·.• ' · ··. ··:·.· 

31Ci".'.1"' CfRCUITS.ANQ~i)f;V,ICES·,ye,T>:\<r"n"·","' y··:··· :· ·; ,·: ·•'. 
IA-4311 Ph sical se aralion of nuclear safet -related circuits and devices shall be in accordance with IEEE Standards 384. 
IA-4312 Instrument Cables, including but not limited to computer, transducer, thermocouple, resistance temperature detector, or other low 

level si nal cables shall be installed in se arale racewa s from ower-car in cables. 
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536 IA-4321 Instrument sensing lines and interconnecting lubing for redundant safety channels shall be routed a minimum of 18 in. (450 mm) 

537 IA-4322 

538 IA-4323 
539 IA-4324 

540 IA-4325 

541 IA-4326 
542 IA-4400 

Date Printed: 1/1012006 

a art from each other, in areas free of or rotected from missiles, hi h-ener 'et streams, and i e whi s. 
Where 18 in. (450 mm) of separation cannot be mainlained each line shall be separated by a barrier extending at leasl 1 in. (25 

mm) beyond the line of sight between redundant sensing lines. The design and installation of se para lion barrier shall be in 
accordance with lhe re uirements of Article AA-4000. 

Tubin shall not rest a ainst surfaces that can cause wear or mechanical dama e. 
Sensing lines shall be routed to ensure that the intended function is not jeopardized due to high vibration, abnormal temperalure or 

stresses due lo thermal ex ansion. 
Divisional separation or permanently filled capillaries, sensing lines and interconnecting tubing for nuclear safely-related devices 

shall be identified b color codin and ta in • as a minimum, at both ends. 
Redundant tubin inside anels shall be se arated b a minimum of 1 in 25.4 mm . 
Qualification of Equipment: 

All components shall be operable when exposed to the range of operating conditions specified during normal and accidenl 
conditions. Manufacturer installation and maintenance requirements that are needed to maintain qualification of lhe equipment shall 
be identified b the Manufacturer and followed in the ualilication ro ram. 
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IA-4410 Normal Operating Conditions: 
All components shall be specified, manufactured, and qualified 10 ensure operation within performance limits (e.g., accuracy) when 

exposed to their normal operating conditions. Normal operating conditions include but are not limited to exposure to the following: 
tern erature. ressure. humidit . vibration, chemicals, ewer levels and fJuctualions, radiation. 

IA-4420 Environmental Qualification: 
Safety related components operating in a harsh environment (as defined in 10CFR50.49) shall be qualified in accordance with 

IEEE Standard 323. 
545 IA-4430 Seismic Qualification: 

Safety related components and mounting shall be seismically q·ualilied using the guidelines of IEEE Standard 344 lo the Owner's 
required response spectra, plus applicable amplification factors, for the components location and mounting. Components thal do not 
perform a safety-related function but must retain their structural integrity so as not to damage, degrade or interfere with the 
performance of safety functions by any safety related equipment or components shall maintain lheir structural integrity when 
sub·ected to applicable seismic loads. 

546 IA-4440 Qualification Documentation: 
The Owner shall have documentalion demonstrating the qualification of components and showing the Owner's acceptance of the 

l====.,...,-+-,,--;:===:d:=iuc'ia:i;lic:fi::-ca;.:;tion testin and results. 
,~%}::,;c-:;.0•::L=:' .. ::,.-,;1A1/<i:so1li':,;, ·eANei.: ·-•·>:•·•·•• .. •:• '·>"· •• ·•.•.··• '": ..... , •.. 
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547 IA-4511 Control panels shall be designed to support and protect the nuclear safety-related instrumentation and controls and to facilitate the 

548 

549 

monilorin and control of the mechanical e ui ment o eralion and erformance. 
IA-4512 Instrumentation and control devices on the front and the inside of conlrol panels shall be arranged in accordance with the 

IA-4513 
re uirements of ISA-RP60.3. 

Temperature limits inside a control panel shall be maintained within the allowable specified design temperature range for ail 
com onents mounted inside the anel. 

VeriflcatlonNall 
dallon 

R -Review 
A-Analysis 

T-Test 
I - Inspection 

Design Document 
Reference 

(Where Is this 
requirement 

Incorporated In the 
design) 

:·: \:'.? _.. ;.,_; :::_;•::y_ ;· ::· 1~···:.'{A.<4520>" ... STHUCTURE' A~D ·ENCtOSURt:ttjJA.TERIA,.L~.rf .' · .. f:C<~' ·.::·:: .. · .:+·: .i: <·-.: .~ .. "/~ '. ?.t.~> ;Lf?%:'..~F·:t1~S}:'''.'.'.\ -:::~'- .~(: F. .\ .' ... ~u>pp.-'.~>.t~,/->_~:·;~.._;\ i,~vKAt<?;'';r,,:~ }.:rJ(~ ·r~•R:\J:r:~{Y~,}¼?~ ({ :, · .. ~ ... ,.\,;\~ ·;1:•1"·;.:·: _:·-;;.j_;;_.: ··;~; 

550 IA-4521 Material for enclosures, sliffeners. braces, supports and frames shall be selected lo meet the structural design requirements of 

551 IA-4522 
552 IA-4523 

553 IA-4524 

554 IA-4525 

Article AA-4000. 

Subpanels and brackets for mounting instruments shall meet lhe structural loads and load combinations set forth by the Design 
S ecificalion. 

Panels weighing over 200 lb (91 kg) shall be provided with removable lifting eyes or other means as required for loading, 
unloadin . and movin the anels to their final installation location. 

All lubing, wire troughs or raceways used in the panel shall be of !he metallic type or shall be manufaclured from fire retardant or 
self-extinguishing material. Nonmetallic components and devices shall be manufactured from self-extinguishing malerials, as 
classified by ASTM Siandard D635, Standard Method of Test !or Flammability of Self-Supportive Plaslics. 

555 IA-4526 Panels shall be provided with an integral mounting plate or a separate struclural channel member, as required by the Design 

556 IA-4531 

557 IA-4532 
558 IA-4533 

559 IA-4534 
560 IA-4535 

Dale Printed: 1110/2006 

S ecificalion, lo facilitate the mountin of anels on embedmenl lates or anchor bolls rovided in walls or floors. 

Wiring bundles shall be supported by such devices as clamps. straps, wire lies. wirewrap, etc. Uninsulated metallic/wire ties shall 
not be used. 

lnsulalin rommets shall be installed throu h all o enin s rovided in artitions for the assa e of wires or cables. 
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 hin e. rotecled from dama e. 
Both ends of each wire shall be marked with color-coded wire markers as re uired b lhe Desi n S ecificalion. 
All wiring shall have current capacity, mechanical strength, thermal rating, and insulation characteristics lo meet the circuit and 

installation requirements required by the Design Specification and NFPA 70, para. 384-9. The wire insulation and Class 1E cables 
shall meet the re uirements of ANSI/IEEE 383. 
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562 
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564 

Source Requirement Text 

IA-4536 Terminal blocks shall be installed on subpanels for terminating cables entering and leaving the panels, except that wire leads from 

IA-4537 
IA-4538 

IA-4539 

thermocouples and certain other temperature-detecting devices may be brought directly to the terminal blocks in the instrument 
cases. 

Terminal blocks shall be provided with a markina strip, and terminals shall be clearlv identified. 
The terminal blocks used for the termination of power voltage circuits, the control voltage circuits, and signal circuits (low voltage or 

current) shall be physically separate from each other. 
The control panel and its appurtenant equipment shall be connected to a ground bus inside the panel for personal safety. The 

method of grounding shall nol compromise the independence of the redundant safely-related instruments and shall be in accordance 
with IEEE 1050. A method of terminatinq lo the Owner's station around bus shall be provided. 

565 IA-4541 Power supplies within control panels shall be provided with branch circuit overload protecf1on and a means to disconnect incoming 

566 IA-4542 Fuses shall be installed in locations free from obstructions. 
567 IA-4543 Fuses shall be sized to limit fault currents within the requirements of the cable insulation. 

568 IA-4551 
569 IA-4552 

570 IA-4553 
571 IA-4554 

572 IA-4555 

573 IA-4556 

574 IA-4557 
575 IA-4558 

Process sensina lines. fittinas and valves installed within panels shall meet the reauiremenls of Subarticle IA-4600. 
All non-process piping, tubing. or valves Installed inside panels shall be In accordance with ANSI B31.1 unless otherwise required 

bv the Oesian Soecification. 
Tubina bends shall be smooth and formed to avoid flattened, kinked. or wrinkled bends. 
Panel piping or tubing installation shall not interfere with panel mounted instrument removal or access lo the instrument for 

mainienance purposes. 
Isolation valves and tesl connections shall be installed in an easily accessible location to allow in-place calibration of all 

instrumentation, 
Isolation valves shall not be solely supported by the instrument lubing, Isolation valve supports shall be secured lo the panel 

structure or substructure lo prevent toraue beinq applied to !he tubinq. 
Bulkhead fitlinqs shall be used for termination of the control tubinq from inside and outside of the panel. 
Instrument lines shall have permanent tags on both ends where required lo assure proper identification. The type of material, color 

codino, and method of laaainri shall be as reouired bv the Desirin Specification . 
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576 IA-4561 Where required, pressure reducing valves, complete with isolation valves, relief valves, and gauges, shall be installed inside the 

577 IA-4562 
578 IA-4570 

i panel to provide a reaulated instrument air supply lo an instrument air header. 
The Instrument air header shall be orovided with isolation valves for each branch suoolv line. 
Permanent nameplates shall be installed on control panels to designate instrument function and tag number, Nameplates shall be 

in accordance with ISA·RP60.6 or the Owner's requirem·enls. 
579 IA-4600 Mounted Instruments and Sensors: 

Instruments shall no! be mounted in locations where their performance will be adversely affected by equipment vibration. 
Instrument chassis and attached capillary lubing shall be supported to meet the seismic requirements for their particular location. 

580 IA-4700 Interconnecting Wiring for Skid Mounted Components: 
Interconnecting circuits between components mounted on a skid shall meet the requirements of the National Electric Code, 

Sections 250-59 and 250-95, and paras. IA-4534 and IA-4535. 

;;;i;itt::::t;~~!;;~ ;;;i:t:.:~~iI~:: :l:::oit~;;:~;l~!1~~!i~ ~~~~!f:ig%1 
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IA-4811 Instrument piping, tubing, isolation valves, and permanenliy filled capillaries in systems designed to ASME Section ill shall be 
designed and constructed to the requirements of /SA Standard S67 .02 as supplemented below: 

(a) lnslrumenl sensing lines that are connected lo Class 2 process piping or vessels shall not be less than Class 2 Seismic 
Category I from their connections to the process piping or vessel to and including the accessible isolation valve. 

(bl Instrument sensing lines that are connected lo Class 2 processing piping or vessels and that are used to actuate or monitor 
safety related systems shall not be less lhan Class 2 Seismic Category I from lheir connections to the process piping or vessel to the 
sensing instrumentation. 

(c) Instrument sensing lines that are connected to Class 3 processing piping or vessels and that are.used to actuate or monitor 
safety related systems shall not be less than Class 3 Seismic Category I from their connections to the process piping or vessel to the 
sensing instrumentation. · 

IA-4812 Instrument sensing Jines not connected to ASME Section Ill Class 2 or 3 piping, vessels or ductwork shall meet the requirements of 

IA-4813 
ANSI B31.1. 

Filling material shall be compatible with the tube or pipe material to avoid galvanic corrosion and provide acceptable soldering or 
brazinq joints. 

IA-4820 Tube Pilch and Condensate Trap: 
Where the polenlial for condensation or oil migration exists, condensate or oil traps wilh valved drain legs shall be provided al the 

low points of the lubina. 
':•''.'·:·;• ,,tr:>' :,;;,,;1>;-4aaon~~ ._,·,, 

585 IA-4831 

586 IA-4832 

587 IA-4833 
588 /A-4834 

Sensing lines and tubing shall be installed in a continuous support system such as metal trays wherever practical. Sensing lines 
and lubing shall be run along walls, columns and ceilings to avoid damage by pipe whip, missiles. Je/ forces or falling objects. 

The support system for instrument sensing or inlerconnecling lines shall be taken into accounl in the tray or duct hanger loading 
requirements. 

·supports for nuclear safetv-related sensinq lines shall be desiqned usinq the requirements of Article AA-4000. 
Loads such as thennal expansion and weight of insulalion shall be evaluated in accordance with para. AA-4212 for instrument 

tubing. 

589 IA-4841 Root valves shall be located in the vicinitv of the ooint of connection to lhe process pipe or duct. 
590 IA-4842 Isolation valves and tesl connections shall be installed in a location to allow in-place calibration of instrumentation. 

591 

592 

593 

IA-4910 The Owner shall eslablish setpoinls for nuclear safety-related air and gas trealmenl systems with allowance for loop inaccuracy 
and have provision for maroin lo assure that svstems perform within their desiqn limits. 

IA-4920 Safety-re/a led setpoints and loop error determinations shall be determined using the methodology of ISA Standard S67 .04. 

IA-5100 Inspection and testing of instrumentation and control components shall be in accordance with IEEE 336. In addition, the 
reouirements of Article AA-5000 SUPPiemented bv the followina shall aoPIY. 

594 IA-5111 Wrillen procedures with acceptance criteria for visual examination. inspection and functional testing shall be developed in 

595 
596 

597 

598 

IA-5112 
IA-5120 

accordance with Sub article AA-5120 and Article TA-3000 for instrumentation and control components. 
The orocedures shall be reviewed and a• oroved bv the Owner or desianee. 

Test Reports: 
After inspection and testing is completed a written test report shall be prepared by personnel performing the test in accordance with 

Subsubarticle AA-5250. 
IA-5200 Visual Inspection: 

Visual insoection shall be performed in accordance with.a wrillen checklist per Subsubartic/e AA-5240. 
IA-5220 Methods of Visual Examination: 

Visual examination shall be performed by either method of direct visual or remote visual examination in accordance with 
Subsubarticle AA-5220. 
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599 IA-5230 

600 IA-5300 

601 IA-5311 

602 IA-5312 

603 IA-5313 

604 IA-5321 

605 IA-5331 
606 IA-5332 

Requirement Text 

Wril/en Procedures: 
Visual examinalion shall be performed in accordance with aoproved written orocedures. 

Calibration and Testing: 
Manufacturer's calibralion and test instrumentalion shall be in accordance with Article TA-3000 and traceable to NIST. 
All instruments and devices shall be calibrated and tested in accordance with the procedures developed for para. IA-5111. 

Wiring for control power shall be subjected lo a Megger tesl al lhe panel assembly facility. Megger or other high vollage lest shall 
not be applied to instrumentation or shielded cables. 

An electrical continuity lest shall be performed to demonslrale lhe correctness of the wiring termination of all panel mounted 
instruments. Functional tests shall be performed in accordance with wrillen test procedures approved by the Owner or designee. 

All local mounted instruments and devices shall be calibrated and lesled in accordance wilh the Manufacturer's calibration and test 
lorocedures and the orocedures develooed for oara. IA-5111. 

Pressure teslino of oneumalic control circuits shall be oerformed in accordance wilh ISA Standard RP7.1. 
Pressure testing of sensing lines shall be performed in accordance wilh ANSI/ASME 831.1 or ASME Section Ill as applicable. 
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607 IA-6100 General Requirements: 

In addition lo the reauiremenls of Article A-6000, the followinq requirements shall apply. 
;c,,:;';\,!j ::,'.:•,,,:,;,·::?f:;:;;;;:,;_:;'i/\°::,(;:\":j/i?'.!f: 

608 IA-6111. 1 Material Selection: 

609 

610 

611 
612 
613 

614 

615 

616 

617 

618 

619 

620 

Materials to be used in the fabrication of control panels, instruments, devices, components, parts, sensing lines: and support 
svstems, anchors and bolls shall conform to the reauiremenls of Article IA-3000. 

IA-6111.2 Material Selection: 
Thickness of plate material for the enclosure skin, stiffeners braces, and frame shall be selected lo meet the structural loadings 

and applicable seismic requirements of Article IA-4000 and the Desiqn Specification. 
IA-6112 Reoair of materials and surfaces wilh defects shall be performed in accordance with para. AA-6123. 

IA-6210 
IA-6211 

IA-6212.1 

IA-6212.2 

IA-6220 

IA-6230 

IA-6300 

IA-6400 

IA-6500 

IA-6600 

Cuttino. formina, and bendina shall be in accordance with Subsubarticle AA-6210. 
Thermal cullina shall be in accordance with para. AA-6212 

Panel Fabrication by Welding: 
When the control panel enclosure is fabricated by welding more 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 culling, punching or welding operations shall 
not extend beyond the outer edqe of the oanel mounted device. 
Panel Fabrication by Welding: 

The control panel shalt be all welded sheet steel or plate construction. Reinforcing shall be provided so that the deflection due to 
the added weiaht of the instruments will not exceed 0.125 in. (3.2 mm) for anv 4 fl (1219 mml of oanel surface. 
Fillings and Aligning: 

Fillina and alianina shall be in accordance with Subsubarticle AA-6230. 
Mechanical Joints: 

Mechanical joints shall be in accordance with Subsubarticle AA-6230. 
Welding: 

Weldino shall be in accordance wilh Subarticle AA-6300. 
Brazing: 

Brazinq shall be in accordance with Subarticle AA-6400. 
Cleaning and Coating: 

Cleaninq and coatina shall be in accordance with S ubarticle AA-6500. 
Installation Requirements - Handling and Rigging: 

Handlinq and riooina shall be in accordance with Subsubarticle AA-5610. 
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IA-6700 Material Identification: 
Materials of construction of the control panel shall be as specified by the Owner or designee. A Certificate of Conformance shalt 

be suoolied as reauired bv the Oesion Soecification and Subarticle IA-3400. 
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622 IA-7100 General Requiremenls: 

Packaging, shipping, receiving, storage, and handling ol all control panels. instrumentation. and accessories shall be in accordance 
with Article M-7000 and ANSI/ASME NOA-2, Part 2_.2. ' 

Any control panel made of items requiring different levels of handling shall be classified to the highest level designated for any of 
the respective items. 

623 IA-7200 Packaging: 
All control panels and sensitive instrumentation (if packaged separately) shall meet the requirements of packaging level B in 

accordance with ANSI/ASME NOA-2, Part 2.2 paras. 2.2.2 and 3.2.2. · 
When bulk accessories are packaged separately {i.e., valves, sensing lines, instrument cables) the packaging shall meet the 

requirements of packaging level C in accordance with ANSIIASME NQA-2, Part 2.2 paras. 2.2.3 and 3.2.3. 
Identification and marking on the outside of all packages shall be maintained and weather-proofed. 

624 IA-7300 S/Jipping: 
The mode of transoortation used shall be consistent with the orotection classification of the item and wilh the oackaqino method 

625 IA-7410 /nspeclion (Receiving): 
Preliminary visual inspection shall be performed prior to or immediately affer unloading to determine if any damage occurred during 

shipping. Unless the packaging marking prohibits unpacking, the contents of all shipments 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 
to the level of storaoe requirement for the item (see Subarticle IA-7500). 

626 IA-7420 Disposition: 
Packages shall be controlled in accordance with ASME NOA-1. 

627 IA-7500 Storage: 

628 

629 

630 

631 

632 

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 shalt be wetl ventilaled and shall be provided with uniform temperature control lo prevent condensation 
and corrosion. Original packaging is recommended if item is Jo be stored for a long period of time. 

Miscellaneous accessories such as valves, sensing lines, and instrument cables shalt be stored as described above. except that 
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 to permit ready access for 
inspection, maintenance, or relrieval without excessive handling to minimize risk or damage. 

IA-8100 General: 
Quality assurance for instrumentation and controls shalt be in accordance with the requiremen\s or Article AA-8000 and the 

reauirements below. 
IA-8210 Test Reports and Data: 

The following test reports and data supporting the design and installation of instrumentation and control devices used in nuclear 
facilities air and gas treatment systems shall be maintained in records: 

(1) Alt records and procedures that are required to be maintained by ANSI B31.1 for the portion of installation designed to 
ANSI B31.1 and ASME Section Ill for the portions of installation designed to ANSI B31.1 and ASME Section Ill. 

(2) Documentation as identified in Subsubarticles IA-4130 and IA-4440. 
IA-8211 All records and procedures that are required lo be maintained by ANSI B3 1.1 for the portion of installation designed to ANSI B31.1 

and ASME Section Ill for the portions of installation desiqned to ANSI B31.1 and ASME Section Ill. 
IA-8212 Documentation as identified in IA-4130 and IA-4440. 

IA-9100 General: 
Permanent types of nameplates shall be designed. manufactured, and installed in accordance with the requirements of Article AA-

9000 and the reouirements below. 
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IA-9200 Requirements: 
Each instrument and control device shall b_e rovided with a ermanent t a of Manufacturer's name late. 

IA-9310 Material: 
Name lates su lied and installed b lhe manufacturer shall be made from noncorrosive material. 

IA-9320 Size: 
Name lates shall be sized lo accommodate all ertinent information. 

IA-9330 Information: 
The following information shall be slamped or engraved on each nameplate in lieu of requiremenls of Subsubarticle M-9120: 
(a) Manufaclurer; · 
(b) model or catalog number; 
(c) serial number; · 
(d) range. 

,i;::,tsA:iltff $ECiilfONl:SA: .. ::;; ;p•iii/;i'i,:/·· 
·· ,?\SA:::ioeio\!Jf MAi:ERIA!!S1!: · . · .:.:,,;;:;-:_:.-:t/Ps't'??'t 

637 SA-3100 General: 

638 

639 

640 

641 

642 

SA-3200 

SA-3300 

SA-3400 

For components of ductwork and ductwork supports, lhe supplier shall make available, (as a minimum) certified test reports of 
chemical and physical properties. For those ASTM materials, which do nol have physical tesling required by the ASTM specification, 
lensile tesling shall be performed per ASTM A370. 

All other components used in the conslruction of duclwork shall be provided wilh a manufaciurer's Certificale of Compliance 
coverin the ASME, ASTM, or olher material specification, grade, and class, if applicable. 
Material Substitution: 

Measures shall be established for controlling and idenlifying material substitutions lhroughout the manufacturing and installation 
recess. 

Material Testing: 
When required by lhe Design Specification. malerial shall be lested in accordance wilh the applicable malerial specificalion. 

Su lemental material teslin , when re uired, shall be erformed in accordance wilh Article AA-3000. 
Material Specifications: 

Material for ductwork and ductwork supports shall be capable of meeling all requiremenls of Article SA-4000. Materials shall be in 
conformance with lhe ASTM materials listed in Table SA-3400 (Exhibit E). Subslitule materials shall be equivalent, or exceed the 
requiremenls of Table SA-3400 (Exhibil E), as delermined by lhe Engineer. Materials selected shall be evaluated for suitability with 
service conditions and compalibilily wilh other materials used In duct construclion. 

The ASTM numbers in Table SA-3400 (Exhibit E) designate a chemical composition ;,nd a material thickness limit. A grade 
designation is usually required to determine the minimum strength of the material. If lhe specific grade material has an assigned 
minimum yield and lensile strenglh, lhese values shall be used for design purposes. If values have nol been eslablished and 
assigned, then tests in accordance with the procedures outlined in Article M-3000 shall be performed lo ensure that the slrength of 
the malerial meets the required design stress values. 

SA-3400 Material Specifications: 
Material listed in Exhibit E under "Carbon Steel Plales and Sheets· when coated in accordance with "Zinc Coatings" shall be 

allowable under "Galvanized Slee! Plales and Sheets: Materials !isled under "Carbon Steel Struclural Members" and "Carbon Steel 
Bolls and Nuts" shall be coated in accordance with Zinc Coatings" when used in conjunction with materials listed under "Galvanized 
Steel Plates and Sheets." 

SA-4100 General: 
Ductwork and ductwork supports shall be designed in accordance with lhe requiremenls of Article AA-4000 and this Section, 

:Mi2·00Tit O:SSIGN'.'.CRIT:ERIAf/ 
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643 SA-4211 

644 SA-4211 

645 SA-4211 

646 SA-4211 

647 SA-4211 

648 SA-4211 

649 SA-4211 

650 SA-4211 
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Ductwork Loads: 
Additional dynamic loads (AOL), dead weight (DW ), design pressure differential (DPD), design wind (W), external loads (EL), 

normal operating differential pressure (NOPD), and system operational pressure transient (SOPT) as defined in M-4211 

Constraints of free end displacement load (T): 
These are loads caused by thermal movement. When duct construction utilizes gasketed companion angle construction, effects of 

T for normal operations may be ignored. For postulated accident conditions, a review of the effect of Tis necessary. 

Fluid momentum load (FML): 
This is as defined in M-4211 with the following clarification: Duclwork shall be designed to wilhsland the FML resulting from air 

turbulence. often found In sections following fan discharges, and certain dampers and duct fittings. The termination of such seclions 
is marked by the length of straighl ductwork required to regain uniform airflow as given by AMCA 201 Fig 20: 

D1=VD 11000 or (VD0 )1(3281) 
for round and equivalent rectangular ducts where 

V = velocity, IVmln (mlsec) 
D = duct diameter, 11 (m) 
Df = length of straight ductwork connected to fan or component discharge fl (m) 

The equivalent diameter (D0 ) for rectangular duct, with side dimensions of a and b, is given by: 
D. = 1,30[(ab)os2s/(a+b)o.2S] 

Live load (L): 
Live loads 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 lhe 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 distribuled over 10 square inches (64.5 cm2). 

Normal Operating Pressure Differential (NOPD}: 
This is defined in para. AA-4211 with the following clarificalion: 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 
case shall be considered in the desiqn. 
Seismic loads {SL): 

Loads lhat are the result of the envelope of the operating basis earthquake (OBE) and the safe shutdown earthquake (SSE). As 
overall system functionalism is not generally compromised by loads from the OBE, lhe SSE will govern the design. As an option, the 
OBE, and SSE may be considered separalely with the QBE loads used for the Level B load combination, The horizontal and vertical 
componenls of the seismic excitation shall be applied simullaneously in the direction that will produce worst-case slresses and 
deflections. These components may be combined by lhe square root of the sum of the squares (SRSS) method. 

Hydrostatic loads from accumulated condensate, water deluge systems, or moisture separators: 
The hydrostatic load shall be conservalively established by documenled analysis base on ductwork configuration, accessories, and 

component function. Hvdrostalic load /HY) shall be added lo the dead weiqht (OW) as aoolicabte. 
Design Pressure Differential (DPD): 

The dynamic pressure loads resulling from a design basis accident (OBA), intermediate break accident (IBA), or small break 
accident (SBA). Generally, HVAC should be routed oulside the local pipe break affected area. If HVAC is subjected to these loads, 
the Design Specificalion (Subarticle SA-4600) shall address the slation specific design requiremenls considering a Service Level D 
combination. 
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651 SA-4211 For componenl load crileria see the following sections: 
(1) HEPA fillers: FC-4300 
(2) Mounting frames: FG-4200 
(3) Fans: Article BA-4000 
(4) Dampers: Article DA-4000 
(5) Refrigeralion equipment: Article RA-4000 
(6) Conditioning: Article CA-4000 
(7) Moislure separators: Article FA-4000 
(8) Prefillers: Article FB-4000 

652 SA-4212 Ductwork Load Combinations: 
The aoolicable comoonenl loadina 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 Nol required 
C DW + NOPD + FML + EL + SL + ADL + W 
D Not required unless DPD is applicable 

654 SA-4213 Service Conditions: 
The reouirements of oara. AA-4213 aoolv. 

655 SA-4214 Design and Service Limits: 
The reauiremenls al oara. AA-4214 aoolv. 

656 SA-4215 Ductwork Support Loads: 
Loads per SA-4211 for L, NOPD, SL DW, El, and AOL shall also be used for duct supports. The definition of loads per para. AA-

4211 for dead weight (DW), external 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 lhe supports. Hydroslatic loads as defined in paragraph SA-
4211 (g) shall be trealed as a DW load when lhe loads have an effect on lhe supports. The fluid momentum load as defined in ....... 
paragraph SA-4211 (c) is nol typically a significant load for supports and may be neglected. 0.. 

657 SA-4216 Ductwork Support Load Combinations: 
The aoolicable suooort shall be combined in accordance with Table SA-4216. 

658 SA-4216 Table SA-4216, Load Combinations: 
Service 
Level Load Combination 

A OW + NOPD + EL + L + T 
B Nol required 
C DW + NOPD + EL+ SL + AOL 
D Not required unless DPD is applicable 

659 SA-4220 Stress Criteria: 
The duclwork stress shall be based upon lhe AISI "Specificalions for the Design of Cold Formed Steel Slructural Members." The 

duclwork support slress shall be based upon lhe AISC "Specification for the Design, Fabrication and Erection of Structural Sleel for 
Buildinos." 

660 SA-4220 Sire ss Criteria: 
The basic general membrane design stress for the Service Level A condition shall nol exceed 0.6 Fy and shall be reduced as 

appropriate 10 consider lateral-torsional buckling of bending members and effective lengths of compression members. The basic 
general membrane design stress for lhe Service Level C condition shall not exceed 1 .2 X 0.6 F, per AA-4321. 
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661 SA-4220 Stress Criteria: 
The combined membrane and bending design stress for Service Level C shall not exceed 0.9 Fy 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 Fy per AA-4321. 

t::;f~•:::•;~,)i)}ti,\t;l ttsi>:4i2soiJ$ ••·CC ,., ... <,.'/) ··•··•··· ........... •.•,·· 

662 SA-4231 Deflection Limits: 
The maximum deflection (dm;ix), may be sustained so that the duct funclion is not impaired shall be determined by analysis, test or 

both. The allowable deflections are as defined in para. AA-4231 for various service level conditions. 
663 SA-4232 Deflection Limits for Panels. Flanges, and S/iffeners: 

The maximum deflection (d), which occurs as the result of the applicable load combinations of para. SA-4212 is the lesser of two 
values derived from the followinq: 

664 SA-4232 Criterion No. 1 - Deflection shall not exceed the following criteria : 
(a} Plate or sheet: 1/8 in. per ft. of the maximum unsupported panel span in direclion of airflow but not more than ¾ in. 
(b} Stiffeners and flange connections: Not to exceed 1/8 in. per foot of span but not more than¾ in. 
(cl Flanoe connection to components: 11360th of the span bul not to exceed 1/8 in. 

665 SA-4232 Criterion No. 2 - Deflections shall be limited to assure that the fol/owing will not occur: 
(a) Distortion of air flow path cross-section in excess of tolerances specified on SA-6400. 
(b) Damage to safety related ilems such as instrumentation or accessories. 
(c) Impingement of deflected elements on adjacent services, such as equipment, pipe, cables, tubing, etc. 
(d) Loss of leak tightness in excess of leakage limit. See SA-4500. 
(e) Functional failure of components attached to the duel (e.g., instrument lines). 

666 SA-4233 Deflection Limits for Mounting Frames and Equipment Interfaces: 
(a) See subsubarticle FG-4310 for mounting frame deflection limits. 
(bl See applicable eouioment section for other deflection limits. 

;~~~/::i~~'.:~·~;;:f\:T?i~.'.:~ %i.;SA'#4240:). ,.-,:, .. ,, .• ,.,,,_,.c,. ;'\:Y\:: ·,,.:,, :1:·,:§):',:.'..!f{:f.:~--:~t·· _,;: ·1 i~:2WWtf~\~@r-q~W,l~~¥@?-:1'.~§~{tl~~i~~~; 
667 SA-4241 Vibration /so/a/ion: 

The vibration isolation type and efficiencies, primarily belween duct and equipmenl, shall be as designated in the Design 
Specification. The vibration isolation equipment shall be designed with restraints to resist the loads generated under any Service 
Condition. 

668 SA-4242 Provisions for Relative Movement: 
Clearances shall be provided to allow for the relative motion belween 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 lo allow 
for variations due to fabrication and inslallation. Design clearances and travel ranges shall be based on the maximum range that 
might occur between two operating conditions and not necessarily the maximum cold lo hot range. 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 de.sign of the ductwork and supports. Fabrication 

tolerances shall comolv with subarticle SA-6400. 
670 SA-4244 Permanent Attachments: 

The attachment design shall include all Se1vice Conditions and Load combinalions set forth in SA-4212 and SA-4213, or as 
required by the Design Specification. 

The permissible types of welded joints shall be in accordance with AWS D1. 1, or AWS D1 .3, as applicable. 
Attachments mav be either the welded or bolted type and shall be considered as follows: 

671 SA-4244 Welded Attachments: 
Consideration shall be given lo local slresses 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 ductwork, lhe materials shall be compatible for welding, see 

Article AA-6000. 
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672 SA-4244 Bolted Attachments: 
Consideration shall be given to the mechanical conneclion and local stresses induced in the ductwork by nonintegral attachments 

as defined in paragraph AA-4243. 
The desicin of bolls for structural supports shall meet the reauirements of Subarticle AA-4360. 
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673 SA-4310 General: 

Selection of joints and seams used in the assembly of ductwork sections shall be based on the required structural integrity. leak
tightness, and the fluid flow within the system. Duct-housing interconnections shall be designed with consideration of the air 
distribution uniformitv. 
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674 SA-4321 .The following longitudinal seams are acceptable for use in ductwork sections subject lo the limitations of para. SA-4324. 

675 

676 

677 

678 

SA-4322 

(a) groove weld 
( b) lock type 
( c) Pittsburgh lock 
(d) Fillet weld 

The following to.ngitudinal types of transverse joints are acceptable for use in ductwork seclions: 
(a) welded flange 
(b) companion angle 
(c) Vanstone flange 
(dl Welded couplinq 

SA-4323 Other types of rigid transverse connections may be acceptable provided that the struclural characteristics are documented by 
enQineerinq evaluation and tested per Subarticle SA-5400 

SA-4324 Limitations of Ductwork Joints and Seams: 
Longitudinal seams and transverse joints whose structural integrily is dependent on the folded or punched metal, shall be pressure 

tested. Test pressure shall be the structural capability pressure. 
Longiludinal seams using sealants or elastomers to meel the leakage requirements shall be qualified by test, analysis, or test and 

analysis lo assure meeting lhe design criteria of subarlicle SA-4600. Brazed welding may be used for sealing purposes. 

SA-4325 Bolts and Fasteners: 
Requlremenls for bolled connections of duct-to-duct and duct-to-housing, with a design pressure differential less than 15 in. w.g. 

(3735 Pa) shall be as follows: 
(a) Maximum boll spacing shall be four inches on center unless otherwise specified by the Design Specification. The adequacy of 

boll spacing greater than four inches on cenler, for pressure boundary inlegrily, shall be documented by calculation or testing. 
(b) Minimum boll diameler shall be three-eighths (3/8) inches (9.52 mm) unless otherwise specified by the Design Specification. 

The adequacy of boll diameters less than three-eighths shall be documented by calculations or testing. 

6 79 SA-4325 Bolts and Fasteners: 

Dale Printed: 1 /1 D/2006 

Requirements for bolled connections for duel with design pressure differentials exceeding 15 in. w.g. shall be delermined by 
calculations or testing. 

Nonbolted, nonwelded type fastening devices (e.g., screws, rivets, elc.) shall have their adequacy demonstrated for the load 
combinations of SA-4212 and documented by calculation or testing. 

Bolled connections shall be verified as being capable of sustaining all loading combinations by using an appropriate stress 
intensification factor. 
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SA-4410 Flexible Connections: 
(a) Flexible connections shall be designed to meet the requirements for design given by para. SA-4212, Subarticie SA-4500, and 

NFPA 90A. Allowable leakage (fabric leakage and joinl leakage) shall be determined in accordance with Subarticle SA-4500. 
(b) Flexible connections shall be rated by pressure and qualified life. The qualified lite shall be determined by testing, or 

calculation, or both and be based on !he environmental conditions provided by the Design Specification. Minimum physical 
properties (i.e., tensile strength), subject to degradation due lo the environments required 10 satisfy design, shall be the basis of 
qualified life. 

SA-4410 Flexible Connections: 
(c) Flexible connection pressure rating shall be determined by an ultimate strength lest. The pressure rating of the connection 

shall be no greater than 50% of burst pressure. Calculation of burst pressure can be done in lieu of the lest. Bursi pressure shall 
exceed structural capability pressure. 

(d) If adhesive is used in fabrication or installation of flexible connections, it shall be environmentally qualified for use in expected 
environmental conditions. 

SA-4420 Gaskets: 
Gaskets shall be made of materials which are compatible with the Service Conditions (see Subarticle SA-4600). Gasket material 

dimensions shall be based on joint design. An acceptable criterion for compression of gasket material shall be established on the 
basis of lhe gaskel chosen. This acceptance criterion iind lhe service life of the gaskel material shall be documented by an 
engineerinq evaluation or testinq. 

SA-4430 Access Doors and Panels: 
Construction of doors/panels and door frames shall be selected lo meet lhe allowable leakage determined in Subarticle SA-4500. 

Sealing surfaces between lhe door/panel 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 bolls shall be determined by calculation or test lo ensure a uniform compression of !he gasket. 
Spacing shall enable a compression of at least 50% of nominal gasket thickness and provide a gasket compression uniformity of +l-
20%. 

Door hinges shall be designed lo minimize damage lo compression seals due lo friction and shear forces during opening and 
closing of the doors. 
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684 SA-4441 Test Ports: 
The engineer shall evaluate the design function of the equipment to determine where lest ports (including injection and sampling 

ports) are reouired. 
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685 SA-4451 Drains: 
(a) Consideration shall be given lo drains depending on requirements, services, or components within ductwork, 
(b) Drains form as integral part of lhe ductwork system pressure boundary and are subject la air leakage requiremenls established 

in Subarticle SA-4500. 
(cl For addilional guidance on lhe design of drains, see Nonmandatory Appendix SA-C (SA-C-1220). 

686 SA-4452 Insulation: 

Dale Printed: 1/1012006 

(a) Insulation shall be provided as required to ensure air conditioning function, limit condensation, or provide acoustic noise 
reduction. 

(b) Acoustic lining and thermal insulation shall not be applied lo the inside of duels which may become conlamina\ed during normal 
plant operations. 

(c) Insulation applied la lhe outside of duels shall nol prevent access la doors, access hatches, or other components ·requiring 
adjustment or maintenance. 

(d) The fire hazard classificalion of applied insulation, adhesive, and sealer shall nol exceed a flame spread of 25 and smoke 
developed of 50 in accordance with NFPA-90A 

(e) Insulation shall be attached lo ductwork using a method which will not adversely affect the system/component safety function, 
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687 SA-4453 Air Distribution Devices: 
Design of air dislribution devices and !heir attachmenls shall comply with Subarticles SA-4200 and AA-4300. 
The performance raling of air dislribution devices shall be delermined by actual tesls performed in accordance wilh lhe ADC 

Certificalions, Ralinq, and Tesl Manual 1062 Series, Revision 4 (1997). 
688 SA-4454 Security Barriers: 

The requiremenls for inlernal and bullet resislanl barriers inslalled for the purpose of security shall be consistenl wilh appropriate 
federal regulalions. 

Consideralion shall be given lo lhe impacl (pressure, noise, etc.) the inslallalion of security and bullet resislanl barriers will have on 
the overall performance of the air lreatmenl syslem in which I hey are installed. The dead weight of lhe security and bullel resislanl 
barriers shall be included in the design of ductwork supports. 

689 SA-451 O General: 

690 SA-4520 

691 SA-4531 

692 SA-4532 

Date Printed: 1110/2006 

Pressure boundary leakage shall be limited that allowed by the system functional and environmental design requirements. 
Allowable leakage for a system, or portion of a system, shall be determined considering the following factors (as a minimum): 

(a) control of airborne contamination 
/b) control of space pressure 
(c) control of space temperature 
(d) control of space humidity 

Applicability: 
Pressure boundary leakage shall apply lo air cleaning, air cooling, and venlilalion systems. Each system's pressure boundary shall 

include, bu! no\ be limited lo, lhe following ilems as applicable: 
(a) ductwork as defined in Subsubarticle SA-1130: 
(b) fan housings: . 
(c) damper frames and valve bodies (and seals, where used for pressure boundary isolation); 
(d) healing and cooling coil housings (or frames for duel mounted coils); 
(e) mounting frames for components used for lhe reduction of radioactive contamination; 
(f) instrumenlalion or other componenls connected lo !he ductwork: 
(g) air cleaning unil housings. 

+XfrU\(if\I'f' 
Responsibility: 

.... , •. ,, 

The Engineer shall evaluate each system to establish the allowable leakage lo assure its design ventilalion, lemperalure, and 
contamination control function is achievable. 
Allowable Leakage Determination: 

The following criteria shall be utilized in the determination of allowable leakage: 
(a) application of governing codes, regulations, and plant specific· requirements: 
(b) consideration of each syslem's operating mode, including anlicipaled system upset condilions such as rapid closure of 

dampers: 
(c) normal and maximum operaling slatic pressures throughout the pressure boundary; and 
,,..,, • ' "" 1:.: .......... 
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SA-4533 Exceptions to Leakage Requirements 
Portions of air cleaning, air cooling, and ventilation systems exhibiting one of the following conditions need not be subjected to 

quantitative measurement al leakage unless otherwise required by the design specification [however, the system shall be 
pressurized to normal operating pressure differential [NOPD) lo locale and seat all audible leaks}: 

(a) all ducts serving the protected space and located wilhin a protected space, regardless ol length; 
(b} plan\ vent stacks or duels oulside plant buildings, when high level or mixed mode release credit is not required lo meet off-site 

dose limits; 
(c} systems which provide air cooling or healing function only localed entirely in a clean inlerspace; 
(d) other exceptions lo quantitative measurement of leakage requirements shall be technically justified and specifically documented 

with basis by the Owner or his agent. 
694 SA-4534 Documentation: 

Evaluation for allowable leakage of each system, or portion thereof, shall be documented. This documentation shall include the 
following: 

(a} identification of system or portion of system 
(b) governing codes, regulations, and plant specific requirements 
(c) purpose of leakage control; see Subsubarticle SA-4510 
(d) system modes of operation 
(:l 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 result of the Engineer's evaluation, it shall be performed in accordance with 

Subarticle SA-5300 and Section TA of this Code. 
696 SA-4600 Design Specification: 

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; 
(bl environmental conditions 

(1) ductwork external design environmental cor1dilions ir1ctuding pressure, temperature, relative humidity, radiation exposure, 
and hostile environmental factors for all plant conditions; 

(2) ductwork internal design environmental conditions for all system operating conditions; 
(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 safely related function: Identify the function of the ductwork system for each plant condition. The function shall 

consist of purpose and operational parameters (i.e., flow, leakage, pressure, temperature.) Plant conditions and service limits are 

697 SA-5100 General: 
Inspection and testing shall be in accordance with the requirements of Subarticles AA-5100, AA-5200, AA-5300, TA-3300, and lhe 

additional requirements of this Section. 
698 SA-5120 Responsibility for Procedures: 

When an inspection or test is required herein, written inspection or testing procedures shall be developed (by the parties 
performing the test or inspection), lo the specified requirements of this Section. The inspection or testing shall be performed by 

loersonnel oualified in accordance with ASNT SNT-TC-1A as amended by ASME NQA-1 and oara. AA-6433, 
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699 SA-521 O Visual Inspection-General Requirements: 

Visual tnspections shall be performed in accordance with Subarticle AA-5200 and Subsubarticle TA-3510. 
700 SA-5220 Welded Connections: 

Inspection and testino of welds shall be oertormed in accordance with Subarticle AA-5300 and Article AA-6000. 
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Due/work: 
Ductwork shall be visually inspected for proper dimensions including tolerances, as required by Subart\cle SA-6500 and governing 

construction documents. Ductwork fabrication shall meet the applicable requirements of Article SA-6000. 
Joints and Seams: 

Joinls and Seams shall be visually inspected. Acceptance 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 wilh the requirements of Subsubarticle AA-6430. 
(d) Longitudinal 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. 

Stiffeners: 
Stiffeners shall be visually inspected to ensure compliance with lhe following acceptance criteria: 

(a) Stiffeners shall comply with Jhe fabrication and installation 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 temporary allachmenls shall be confirmed. 

Due/work Supports: 
Supports shall be visually inspected during inslallalion, after installation, or both in accordance with lhe following acceptance 

criteria: 
(a) Supports shall comply with lhe fabrication and inslallalion requirements of Subarticles SA-6400 and SA-6500. 
(b) Welded joints shall comply with lhe requirements of Subsubarticle SA-5220. 
(c) Threaded fasteners shall be provided wilh locking devices in accordance with para. AA-6258. 
{d) Removal of temporary attachments shall be confirmed. 

Pressure Boundary Leakage Testing-Genera/: 
The ductwork system shall be tested lo demonstrate compliance with the design leakage requirements identified in Subarticle SA· 

4500. unless exemoted by oara. SA-4533. 
Systems Completeness: 

Prior lo lesling, the system shall be complete including all pressure boundary items identified in Subsubarticle SA-4520, with the 
following exceptions: 

(a) Terminal air distribution devices may be excluded from the lest, 
(b) Pressure boundary items not yet installed may be excluded from the le sling with the approval of lhe Engineer. In such cases, 

prototype testing shall be performed to determine the typical leakage rate for the installation method. Detailed procedures shall be 
prepared to control installation of items not tested with the system, Procedures shall specify any hold points, special surface 
preparation or finish, and final inspection requirements lo ensure lhal the item is installed similar to the prototype. Typical teak lest 
values shall be increased by a factor of 1 O percent and added lo the actual leakage in lhe test report, and noted as such. 

(cl Systems mav be testes in sections, if necessarv, as allowed by Subsubarticle SA-5330. Teslin<:i shall be in accordance with 
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R -Review (Where is this 
t Number A-Analysis requirement 

T-Test Incorporated in the 
I - Inspection design) 

707 SA-5330 Allowances for Testing System Leakage Rates by Sections: 
Temporary isolation al a lransverse joint shall be allowed subject lo the following requirements. 

(a) Transverse joints not subjected to a quantitative leak test shall be companion angle type or other types which enable visual 
inspection of the sealing mechanism between mating ductwork sections. 

(b) Assembled join ls utilizing gaskets shall be visually inspected lo ensure uniformity of gasket compression. 
(c) Assembled joints utilizing mastic or liquid sealant shall be visually inspected lo 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=(C1ICr)L, 
where 

R = reduction in allowable leakage in cfm/sq. n· 
c1 = total perimeter of capped end joints of test section 
Cr = total perimeter of all joints in tested section, including capped end joints 
I - - ·" ·" --~ , __ , ____ 

708 SA-5340 Testing Procedures: 
Prior to pressure boundary leakage testing, test procedures shall be developed in accordance with Subarticle TA-3400. All test 

equipment shall be specified with the proper range and required accuracy. Test procedures shall include acceptance criteria 
determined bv Subarticle SA-4500, and Subsubarticles SA-5320 and SA-5330. 

709 SA-5350 Documentation: 
A lest report shall be prepared to document the pressure boundary leakage test. This report shall include, as a minimum, lhe 

following information: 
(a) system or portion of system tested; 
(b) specified allowable leakage and lest pressure; 
(c) calculations for ductwork square footage for systems tested by sections: 
(d) adjustments to allowable leakage per Subsubarticle SA-5330 (d): 
(e) measured leak rates; 
(fl list of pressure boundar)I components which were not installed during the pressure boundary leakage test: 
(g) test equipment used; including Model No., Serial No., and evidence of calibration: 
(h) names of test personnel: 
(i) date of test. 

/i · . .-·· t: .... :·;·:.·. . ' tsArs3eo> . 'ACCEPJANCE:'CRIT.ERJA:i/\,i:C /_;_ :. :·~,~ . .);."..,.::: '.. -~-> .. :,;i-. / :/.· ·.i:, .. ) ... ;'.;,<.:.~. ·,.,:.··.~·:;";'.·;. :,;:)\_·:.,::f; .. ·i'~-= ,:-:•: ... -: :: ~;tbtj:.ffr/.t.#N/{.::~·1, , . · · }'• , ·: ~ ':, -i~-'.}rJ:,;L: ,,~i-"%:l:•ii•~< i;:-~ ~it It:;\ 'j1~tt;:J .. n:r::~ Ci\~?~;;.~, :::t9W/t1:~~1~.~t.bJ,:%1~1;tf ,;I;• :: .. •., 

710 SA-5361 Quanlilalive Leakage Tests: 
Acceotance criteria for auantitative leakaae tests shall comolv with Subarticle SA-4500 and Subsubarticle SA-5350(d). 

711 SA-5362 Non-quantilalive Leakage Tests: 
For non-quantitative leakage tests allowed by para. SA-4533, the acceptance criteria shall be that audible leaks have been sealed. 

712 SA-5410 Ductwork Pressure Tes/; 
A pressure test shall be performed at .the slructural capability pressure per para. TA-3522. This test pressure shall be maintained 

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 after 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 greater than the duct construction allowed in SMACNA 
Rectangular Industrial Duct Construction Standards (1980), Round lnduslrial Duct Construction Standards (1975), and HVAC Duct 
Construction Standards (1985) for the system operational pressure transient (SOPT). 
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713 SA-5420 Longitudinal Seam Qualification Test: 
Ductwork utilizing folded or punched metal longitudinal seams, shall be pressure tested to qualify the structural design capability of 

those seams. This pressure lest shall be conducted al the beginning of fabrication and before any ductwork with these seams is 
installed in lhe facility. The pressure lest shall be conducted on each sheet metal gauge utilizing these seams. Seams shall be 
tested al the structural capability pressure for lhe syslem(s). 
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(Where is this 
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714 SA-6100 General: 

715 

716 

717 

718 

719 

-.,.:: 
720 

Ductwork and suooorts shall be fabricated and installed in accordance with this Section and Article AA-6000. 

SA-6121 Material Selection: 
Materials used in fabrication and installation performed under this Section shall conform to the requirements of Article SA-3000 

SA-6122 Material Identification: 
Materials lo be utilized in the fabrication arid installation of components. parts, and appurtenances shall be identified on fabrication 

or installation clans, or both and in the specifications, as required in Article AA-8000. 
SA-6123 Repair of Material Wi(h Defects: 

Malerial with defects lhal are discovered or produced during the fabrication and inslallalion process may be used, provided lhe 
defects are repaired in accordance with lhe requirements of Article AA-B000, and for weld repairs, in accordance with Subarticle AA-
6300. 

SA-6130 Control of Installation and Fabrication Process: 
Quality control procedures shall be prepared and maintained current for all fabrication and installation processes in accordance 

with the requirements of Article AA-8000 . 
SA-6140 Welding: 

The welding of ductwork and ductwork supports shall comply wilh the requirements of AWS D1.1, AWS D1.3, AWS-D9.1 and 
ASME Code, Section IX, as applicable. Welding and brazing per1'ormed in accordance with this Section shall meet lhe requirements 
of Subarticles AA-6300 and AA-6400. 

SA-6210 Cutting, Forming, Bending, Aligning, and Fitting: 
(a) Uncoated metal may be cul. formed, or bent by any means that does not degrade the mechanical or chemical properties of 

the material. 
{b) Coated metal may be cul. formed, or bent as described in para. SA-6211. Coaling damaged by scratches, gouge marks or 

the removal of coaling shall be repaired in accordance with Subsubarticle AA-6540. 
{c) Inside bend radii shall not be less than the values given in the appropriate ASTM standard for the material grade. 
{d) Parts that are lo be joined may be filled, aligned and retained in position during the joining by the use of bars, jacks, clamps, 

drift pins, tack welds or other temporary allachment. The fitl'lng and alignment process shall not cause damage lo the joined parts, 
or lheir surfaces, or cause enlargement of boll holes greater than 20% of hole diameter, or 118 in. (3.2 mm), whichever is greater. 
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SA-6210 Cutting, Forming, Bending, Aligning, and Fitting: 

SA-6310 

(e) Temporary welded allachments shall be completely removed after each use. They are subject to the following requirements: 
(1) Material shall be suitable for welding with no reduction in the structural integrity of the member to which the attachment is 

secured. 
(2) Attachment material shall be identified as required by Article SA-3000 
(3) The welder and welding procedure shall be qualified in accordance with Subsubarticle SA-6140. 
(4) The immediate area around and including the lemporary attachment shall be marked in a suitable manner so that after 

attachment removal, the area can be examined in accordance with Article SA-5000. 
(f) Access doors and access panels shall be fabricated and designed lo meet the design requirements of Article SA-4000. 
(g) Grilles, registers, diffusers and their accessories shall be designed to meet the design requirements of Article SA-4000. 

General: 
(a) Nuts for all bolls and studs shall be engaged for the full lenglh of the nut thread. Margins shall be allolled to prevent nut from 

engaging the unthreaded portion of boll or stud. 
{b) High strength bolts, used in making bolled joints, shall be installed in accordance with the requirements of the "Specification 

for Slructural Joints Using A325 or A490 Bolls" AJSC Code. SJandard bolls used in making bolted joints shall be inslalled in 
accordance with the requirements of paragraphs 1.4.4 and 1.5.2 of the "Specification or the Design, Fabrication and Erection ol 
Structural Steel for Buildings" AtSC Code. 

(c) Sell-drilling or sell-threading screws are permissibl~ ii they are qualified in accordance with the design criteria in Article SA· 
4000 . 

Mechanical Fastening-General: 
(d) Rivets must b·e qualified in accordance with Anicle SA-4000. 
(e) Pins for securing insulation should be secured to the metal surface by welding. Other attachment methods are acceptable, ii 

allowed by the Design Specification. Justification of the method of attachment used shall be supported by evalualion or calculation, 
considering the requirements of Subarticle SA-4600. 

(f) Flange faces shall be free of joint crevices at corners. These defects shall be eliminated by weldi 
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724 SA-6410 The fabrication of ductwork shall be accomplished within tolerances detailed in the following tables. These fabrication tolerances 

725 SA-6410 

Dale Printed: 1/10/2006 

provide a method of quality control. tnstatlalion tolerances \isled below are maximum deviations permilled from design dimensions. 
Greater deviations, due to rolling mill tolerances are not permitted. 

(a) Rectangular ducts, measured inside the duct al the joint end or stiffener, shall conform to Table SA-6400-1. 
(6) Circular ducts, measured by outside circumference or lwo interior diameters al 90 deg. (+/- 5) to each other, shall conform 

lo Table SA-6400-2. 
(c) After fabrication is complete. flat sheet or plate surfaces shall not have a waviness, or bulge, greater than the flatness 

loterance given in Table SA-6400-3. 
{d) The tolerances given in Tables SA-6400-1, 2, and 3 are for manufacluring. Maximum operating deflections are given 

Subsubarticle SA-4230. 
(e) Holes prepared for joining mating flanges shall not exceed the required bolt diameter by more than 20%, or 1/8 in. (3.2 

mm), whichever is larger, ol bolt diameter. The center-lo-center alignment of holes must be held to meet this tolerance or one fiange 
must be drilled. Hole spacing shall be a maximum of 4 in. (102.4 mm) center-to-center, with holes at corners of the flange. 

(f) Grilles, registers, and diffusers shall be fabricated to manufacturer's dimensions and tolerances. 
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TABLE SA .. G400-3 FLATNESS OF SURFACE - f'v\.A.XIMUM 
ALLOWABLE WAVINESS TOLERANCE 

·W·---_ -_~:1 
---

FLATNESS OF SURFACC 

MAXlMUM ALLOVvABLE WAVINESS TOLERANCE 

r = wJvlncs.s tolcranc.c ul na, ~uri,-.cc~ hctw'"--cn cluc1 cde,cs ar,d/ 
or .-.djoinins sii(fcncrs. It ih,'lll not CkCc<:d 1 25'1/ .. of .:illow~..J 
M:.ouf;,,c1urars~ 10\er:i.nce as. spcclii.,-d by: 

Cold rolled ~11.•id ~h1..--u1 I\STM-AS<.o 
Cold rolled ~le-cl pl,uc ASTM-A6 YoJblc 1 4 
t-101 rollc-,d ,1ccl sh~Cl A5TtY'l-A566 
Ho1 rolled Slccl pl.:1.1c ASTM-A6 T,-iblC' l ~ 
Co,lv;.ni7.C<J i.rcol sheer I\STM-A525 T.sblc II 

Installation Tolerances: 
Duclwork and their supports shall be installed within the tolerance specified by approved conslruction documents. These 

tolerances shall comolv with lhe desion reauirements of Article SA-4000. 
Cleaning, Finishing, and Coating: 

Galvanized surfaces shall be free of damage which impairs the effectiveness of the coating. Surfaces shall be repaired in 
accordance with Subsubarticle AA-6540. Painted surfaces shall be prepared and finished as described in Article AA-6000. 

Painted surfaces shall be free of scratches and welding damage. Surfaces shall be repaired and repainted in accordance with 
Article AA-6000. 

Required marking, for idenlificalion, shall be on the exterior of each section . 
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731 SA-7100 General: 

732 

733 

Packaging, shipping, receiving, storage, and handling requirements shall be in accordance wilh Article AA-7000 and this Section. 

SA-7210 General: 
Ductwork and accessory items packaging requirements are dependent upon the protection level as described by Subarticle AA-

7230. Additional clarification or exceptions are provided below: 
(a) Individual duct sections, assembled or unassembled, shall not require special packaging or end closures. These individually 

identified items may be pelletized for convenience. Protection equal lo level "D" of NQA-2, Part 2.2, paragraph 2.2.4. is required. 
(b) Acoustically lined or insulated duct sections shall have protective wrapping lo prevent water damage. Protection equal to 

level "C" of NQA-2, Part 2.2, paragraph 2.2.4, is required. 

SA-7210 General: 
(c) Grilles. registers, and diffusers shall be packaged individually by the Manufacturer to prevent any degradation. Protection 

equal lo level "C" of NQA-2, Part 2.2, paragraph 2.2.4, is required. 
(d) Extractors, turning vanes, and splitter dampers shall be packaged individually by the Manufacturer to prevent damage and 

degradation unlil installation. Protection 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 protected from degradation by 
methods equal to level "C." The basic duel section level shall remain "D" of NQA-2, Part 2.2, paragraph 2.2.4. 
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734 SA-7300 Shipping: 
This section relates lo all· transportation methods from the original manufacturer, or supplier, to the job site. In addition lo lhe 

applicable Federal and State transport requfalions, the provisions of Article AA-7000 shall also apotv. 
735 SA-7400 Receiving: 

Receiving at the job site or intermediate location, where additional work is lo be performed or for long term storage, shall be 
accomplished in accordance with the provisions of Article AA-7000. It shall be lhe requirement, at any receiving point, to have 
adequate descriptions of items lo permit suitable inspection for conformance, damage acknowledgement, and proper documentation. 
Records of such inspections shall be maintained until the item is reshipped or installed. 

''.\;jy,,;;;;,t;,/;;" i%SA~750:M?i so ,,.,,, "''"·'·'''"':: :,.,,;·"·";.;,,r.,, 
736 SA-7510 Genera/: 

Dale Printed:. 1/1012006 

Ductwork and accessory item storage requirements are dependent upon the protection level described by Subarticle AA-7230. 
These levels shall be the required storage requirements except in certain circumstances as listed below: 

(a) Duct sections shall be stored, on adequate dunnage, in accordance wilh level "D" requirements. Lined or insulated 
ductwork, unless waler-proofed at time of fabrication, shall be stored in accordance with level "C" requirements. Extractor and 
splitter dampers shall have moving paris protected in accordance with level ·•c" requirements. 

(b) Extractors, turning vanes, and sp\i\ler dampers shall be stored 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 support materials. 

(d) Components covered by others sections of this Code lhat are installed into an integral assembly which is covered by this 
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SA-8100 General: 
Equipment and material covered under this Section shall be manufactured, fabricated, installed, inspected, and tested in 

accordance with the rovisions of a Qualit Assurance Pro ram meelin the re uiremenls of Article AA-8000. 
SA-8200 Material Identification: 

Measures shall be established for controlling and identifying material throughout the manufacturing process and during shipment in 
accordance with Article AA-8000. 

SA-8300 Drawings and Documentation: 
As a minimum, the following drawings and documentation shall be provided lo the Owner: 

(a) design parameters 
(b) material certifications 
(c) maximum operating pressure 
(d) structural capability pressure 
(e) test pressures 
(f) basis and quantity for maximum allowable leakage 
{g) system layout drawings 
(h) welding procedures 
(i) visual inspection reports 
U) test acceptance criteria 
(k) leak test reports 
(I) environmental qualification reports 
(m) ductwork and ductwork support fabrication details 

SA-9100 General: 
All items manufactured under the requirements of this Section shall be identified to assure compliance with the requirements of 

Subarticle AA-8200, and Subsubarticles AA-9130 and AA-9140. Records. as necessary to assure compliance with Subarticle AA-
8200, shall be maintained by the responsible organization in accordance with the approved quality assurance program. 

SA-9111 Duels: 
Each duct section shall have noncorrosive, permanent identification markings. Identification markings shall relate each duct 

section to the applicable design and fabrication documents. Markings shall be located on the exterior of the duel. Markings need not 
be visible after installation is complete; however, markings shall be retrievable. It is recommended that the identification markings be 
placed on the "incoming air" end of the duct joint, as close lo the end of the joint as possible, and not in such position as to ba hidden 
or nonreadable. 

SA-9112 Ductwork Supports: 
Each duct support shall have noncorrosive, permanent identification markings. Identification markings shall relate each ductwork 

su ort to the a licable desi n and fabrication documents. 
SA-9113 Air Distribution Accessories: 

Air distribution devices (i.e., grilles, registers, diffusers, louvers. etc.) shall be marked, stamped or provided with a nameplate which 
shall relate lo lhe design and fabrication documents. Identification shall be retrievable after completed installation. 

SECJIOlil/FA':}FIElO(TE.STIN.G\O.F,¼IR;TREATMEfil:i\sY:s:r;eMs,f.,}%:\,fi{ 
.~ENERAU,JN$RE't:Jl0NiA,ND:trestr;/Rl:QUIREMEN1'S\/t;:"'((,{(.~t 
General: 

All inspections and tests shall be conducted in accordance with these requirements and the specific requirements of TA-4000. 

TA-3200 Test Instruments: 
A calibration program shall be established in accordance with the Owner's Quality Assurance Program. All permanent and 

temporary test instruments used in the conduct of lests required byTA-4000 shall be in calibration. Instrument accuracy shall meet 
or exceed the re uiremenls of Table TA-32DD. 
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Range Requirements: 
The full-scale range of instruments shall be limited as necessary to ensure lhal the readings are within the accuracy requirements 

ofTable TA-3200. 

r1L'>:iUU! 

P1euu1e 

Prcmue 

Mtmumntnl 

TemfX">lur• jNol• 1111 

Vibration 
flow 
Vclociq• (ainiow) 
Spc~d 
lime 
[loct,ic,l 1•0l1.1ge 
u,.,,,ic,lrosi1tance 
Challenge :ae,osol conccnlrJtion 
Ch,llenge g,s ro1trnIn1lon 

TABLE TA-1200 
INSTRUMENT ACCURACY REQUIREMENTS 

11,ange 

>1.0 psig 1>7.0 kP, (g,6e!I 
imrn 1.0 ~- ''11 In 1.0 p•io 
10.2; 1r, 10 i.O kPa ig>&cll 

lrorn 0.1 in. wg 10 1.0 in.\'•& 
11s r, 10 250 P, 1sascll 

· V.:iriahle 

Variable 

Variahle 
\';iri;ible 
\'a,lable 
\'.irfah!e 
V111iah11? 
Vaiiohlc 
Vi,iahle 

NOTE: ·. 
111 Required for p,eS!UIC IClling in Mandatory Apj><ndix TA,111. 

Acaimy 

:t-2.o-'k 
tO.I in. wi; 

{10,025 kPa) 
:0.01 in. wg 

lxl.S Pa) 
il.O'f 
(tl.0'0 
i-0.S'f 

(:0.2l'Q 
PcrT,\,3241 

:l5.0% 
:i.o.,; 
12.0% 

:I.Om 
±1.0%. 
tl.0% 

Pc:TA-3242 
Pcr1A,JJ;J 

T A-3220 lnsrrument Fluctuation: 
Symmelrical damping devices or averaging techniques may be used to reduce random signal fluctuations. Hydraulic instrumenls 

mav be damped bv usinq qauoe snubbers or bv (hrottlino valves in instrument lines. 
TA-3230 Evaluation Following Tesl lnslrument Loss, Damage, or Ca/ibrarion Failure: 

When a test inslrument is lost, damaged, or olherwise fails to meet the requirements of Table TA-3200 during calibration, all test 
resu\ls obtained using the inslrument s_hall be evaluated, dating back to !he lime of the previous calibration. If the evaluation does 
nnt ,.,..nfirm th.,,,f th.o' • 1P••- ·- rr'I.O.I Iha -,,...,..onl.,,...,,-.o ,..r:tari-,, fnr th.-,, tPc:.l(c:.) in r,porf:nn lho IPc;;l/c:.l rh<c>II h? __ _.. ........... ...1 ••• :,1.. r-:::r.lihr-!:!to~ 
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;\_ .- ~:!-. ·., : . .i·:.::):/.-i::· :~. /T.A%324o .. ·•: .{ SRE_dlf:il C· .INS.TRU ME Nil A-C.CUR1A.CY"RE001REM ENtrs~ ·-:.·.:-:·'::·,_,:>>.:~~'.· Ji~_Y,/;,;_U ( .. ,, .. · :, ·.: \, .. 1JPY. :;~ ::,\~ .11•f:1~AY¥-: \_ ·;~~:~~•~:::-~v,0)4,t•·;JiA<·'.i':t ,,::.-.!~~,F~1Jt~:01: (-·:~{:;~§;;:)'.:1;~?~~)1$½;:: '1 r_ ·:· %11-P,e,;] \ s; -\,):.;i/1,1~:r~c~!i:\ 
750 T A-3241 Vibration Instrument: 

Vibration instrument accuracy shall be at leas\ +l-10%. The minimum Frequency response range of ihe vibration measuring 
instrument shall be approximately one third ol lhe minimum shaft speed. For rota ling components, the maximum frequency response 
range shall be al least two limes the ro(ational shaft speed of the component being measured, For reciprocating components, lhe 
maximum frequency response range shall be al least two limes the sped of lhe crankshaft. limes lhe number of unique planes 
occupied by a piston throw. 

751 TA-3242 Challenge Aerosol Measuring /nslrument: 

The Challenge Aerosol Measuring lnstrumenl shall be verified to have a linear range of al least 105 tim'es the minimum detectable 
ln .. ~nlilv nf lhP '--•·· ·---• wllh ,in ~rr",~"" in ""h lhia F,id\il\ P,n;orl ~ · ,e ~n,-1 r-,,.,no,'s r-,,.~lih, 

752 TA-3243 Challenge Gas Measuring Instrument: 

Date Printed: 1/10/2006 

The Challenge gas Measuring Instrument shall be verified lo be capable _of distinguishing challenge gas from background and 

measuring challenge gas over a linear range of at least 105 limes lhe minimum deleclable quantity of the inslrumenl with an accuracy 
in accordance with the Facility Project Specifications and Owner's Qualitv Assurance Prooram. 
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Requirement Text 
R • Review (Where is this 
A-Analysis requirement 

T - Test incorporated In the. 
I • Inspection design) 

Establishment of Reference Values: 
Reference values shall be determined from results achieved during acceptance testing (seeTA-4000), when a component or 

system 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 

·- .. , __ . 
,.., 1--' -- , .u- /, I/ ,_ . ·"- -- ., ___ ·'--11 ..... :.-.. H,,_ ·--

Inspections and Test Requirements: 
Acceptance tests shall be conducted following initial component installation bui prior to releasing the system for normal operations. 

Applicable acceptance tests shall also be used lo obtain new reference values and verify design function following component 
replacement. repair, modification. or maintenance. Equipmenl shall be evaluated as separate components and as functioning parts 
of an inlegraled 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 acceptance tests shall be implemented as 
applicable and in accordance with this Section. 

Test designations associated with tests required by TA-4000 are listed in Table TA-3400. Within the context of TA-4000, when a 
test is not associated with a designator it shall be considered a prudent action and not a test requirement. 

TABLE TA-3400 
TEST DESIGNATIONS 

Te'!ol Ocslgnalor 

Ai,·-.:.1.,u,,;ol n1ixill!{ IC!,:I AA 
Airflow distribution test AD 
Oi(fcrentiill pressure- 1e:.L DP 
Oi{fie?renti.-,J h.~rnpar~lure test DT 
FIC)\.V rate•? IHSl Q( 
Funcliono'll lC'S\ \N<.HO. (l)I [' 

Hydro:-.tatk 1.c:;.1. HYD 
ln-pl.i\cC lc~k 1e..c;1 IP 
labor.it<.>ry analy~is Cads,>rbL"nl LAB 

methyl-iodide pcnctr;ition} 
l:.lcc1rical perforr1)iu)c.:.e lest AMP 
leak. [CSC PL ...... 
Stn-1c1urar ~pabili1y Lest PS 0.. 
Rotational sp1.~~ test. N 
8c:.:aring re,npcr~ture tesc Tb 
Vibration tesl Vb 
Vi.:i.ual inspcclian VT 

NOTE: 
(1) Func:tiC"Jn41 te5t5 con!,.hH of va.riol1S rncc:h'1nical ,uou.a1lon and 

pcriorniance vcrlflc:::arions nnd arc d~cailcd sep.:Jratc.•I>• in each 
test o.1rticlc. 

Inspection and Test Parameters: 
Parameters which need lo be observed, calculated, and recorded in order to meel the requirements of this Section shall be 

identified for each system based on the functional requirements of the Owner's Design Specification and shall be included in the test 
Procedure documentation ( see T A-6300l. 
System Operating Conditions: 

Operating conditions required for acceptance testing shall be determined for each system. These conditions and acceptance 
criteria shall be based on the requirements of the Owner's Design Specification and shall be included in the test procedure 
Procedure Requirements: 

The Owner shall be responsible for the development and implementation of written lest procedures that meet the requirements of 
this section, Each equipment test section consis1s of generic (see TA-3500) and specific (see TA-4000) test requirements and 
acceptance criteria which apply to each of the systems in the facility. The Owner shall document which requirements are applicable 
in the tesl procedure documentation (see TA-6300). 
Test Reports: 

Test reoorts shall be oreoared in accordance with T A-6300. 
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VerificationNali Design Document 
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Requirement Text 
R • Review (Where is this 

A -Analysis requirement 
T • Test Incorporated in the 

I - Inspection design) 
Generic Tests: 

Generic Tesls as specified in TA-3510 throuoh TA-3533 shall be used in Article TA-4000 where aoolicable. 
Visual Inspections (VT}: 

Visual inspections shall be conducted in accordance with AA-5000 and the applicable portions of Mandatory Appendix TA-I. Field 
acceplance visual Inspections, required in TA-400.0, shall include verification of component installation in accordance with the 
Owner's Design Specification and the applicable sections of this Code. Acceptance inspections shall be conducted prior to releasing 
the eouioment for normal operation. 
Pressure Boundary Tests: 

Pressure boundary tests consist of hydrostatic {or pneumatic) tests for hydraulic systems, leak tests for refrigerant systems, and 
structural caoabilitv and leak tests for ducts and housin!'}s, includina fan and damper housings. 
Hydrostafic Tests (HYO): 

Hydrostatic tests shall be conducted at lhe hydrostatic pressure defined by the Owner and shall verify that he component will not 
rupture, leak, or be permanently deformed under design pressure loads. Testing shall be conducted in accordance wilh the design 
codes used in \he Owner's Design Specilicalion (e.g .. ASME B31.1 ). Pneumatic testing may be used in lieu of water where allowed 
by the aoolicable codes and in the Owner's Desiqn Specification. 
Structural Capability Test (PS): 

Structural capability test shall be conducted at the structural capability pressure defined by the Owner's Design Specification and 
shall verify that the component will not rupture or be permanenlly deformed under design pressure loads. Testing shall be conducted 
in accordance wilh Mandatory Aooendix TA-II. 
Leak Test, Duel, Housing, and Frames (PL}: 

Leak tests for duct and housing sections shall be conducted using either the pressure decay method or the constant pressure 
method lo verify Iha! the leak rate for duct or housing does not exceed the allowable limit established for the system. Testing shall 
be conducted in accordance with Mandatory Appendix TA-Ill. Leak testing performed lo satisfy Section SA of this Code may be 
used to meet these lest requirements when the test method is compatible with Mandatory Appendix TA-Ill. 

An optional leak test for HEPA filler and adsorber mounting frames is authorized lo be conducted in conjunction with the housing 
leak test by blanking off the frame openings and pressurizing the isolated lest boundary. This procedure is useful for detecting small 
leaks in the mounting frame during acceptance testing. This tesl is used lo verify lhal I here are no defects in a frame that may cause 
failure of the in-place leak tesl. Testing should be conducted in accordance with Nonmandalory Appendix TA-A. 

Leak Test, Refrigeration Piping and Coils (PL): 
Leak tests of refrioerant oioina and coils shall be conducted in accordance with Mandatory Aooendix TA-VIII. 

Functional Tests (F): 
A functional lest shall be used to verify mechanical and system performance parameters of equipmenl. Functional tests include 

component and system tests as required in Arlicle TA-4000. Component functional tests are used to verify the operational readiness 
of individual components. Integrated system functional tests are used lo verify that all of lhe system components will operate 
together under normal operating or simulated conditions and will meet all of the performance requirements of the Owner's Design 
Soecification. 
Test Conditions: 

Equipment shall be tested within the normal operating range specified in lhe Owner's Design Specification except as otherwise 
specified in TA-4000. 
Restoration of Function Following Testing: 

Mechanical and electrical equipment status shall be restored as required by plant conditions and according lo approved procedures 
followinq completion of any test. 
Vibralion Test (Vb): 

Vibration measurements shall be taken on the accessible molar, fan, compressor, and pump bearing housings in al least lwo 
different orthogonal planes approximately perpendicular to the line of lhe rolalion shah. When the bearing housing is not accessible. 
the frame of \he component may be used if it will be representative of bearing housing vibration. When portable vibration 
instruments are used, reference points shall be clearly identified on lhe component being measured to permit duplication in both 
location and plane. 
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TA-3600 . Acceptance Criteria: 
Results of tests described on Article T A-4000 shall be subject lo lhe acceptance criteria in TA-361 O through TA-3630 and 10 the 

applicable operating and design criteria specified by lhe Owner's Design Specificalion. Acceptance criteria are specified in TA-4000 
only when they affect the qualily of olher tests. When test results do nol met the applicable acceptance crileria, the corrective 
actions required bv T A-5000 shall be initiated. 

T A-3610 Visualfnspection: 
Visual inspections are acceptable when lhere are no visual indications of improper installalion, physical damage, structural distress 

or deqradation that would impair the abililv of a component or system lo perform its intended runction. 
T A-3620 Pressure Boundo1ry Tests: 

TA-3630 

Pressure boundary lesls are acceptable when there is no permanent slructural deformation or leaks in excess of the limits 
specified in the applicable sections of this Code and the Owner's Oesiqn Specification. 
Functional Tests: 

Functional tests are acceptable when they meet lhe requirements of lhe applicable sections of lhis Code and lhe Owner's Design 
Specification. 

775 T A-4000 General: 

776 

777 

Field acceptance tests shall be conducted following initial syslem installation but prior lo releasing the equipment for normal 
operation. Application inspections and tests shall be conducted to verify compliance with the Owner's Design Specifications 
following equipment replacement, modification, or abnormal incident. Repair or maintenance that has not affected acceptance test 
reference values does not require repeating acceptance tesls. Within the context of Article TA-4000, a test not associated with a 
test designator is considered to be a prudent action and not a test requirement. 

TA-4110 This section provides the field acceptance test requirements for fans. molars, and related accessories. Integrated 
system testing shall be conducted in accordance with TA-4900 . 

Table TA· 
4110 

Acceptance Test Requirements: 
Acceptance tests shall be conducted with the fan operating al a flow rale within the normal operating range for the system. The 

tests listed in Table TA-4110 shall be conducted and test results verified to be within lhe acceptance limits of the Owner's Design 
Specification, the applicable portions of Section BA of this Code, and as required in T A-3500 and T A-4160. These test results shall 
be documented in accordance with T A-6300 and shall be retained as reference values for comparison during periodic in-service 
tests. 

TABLE TA-4110 
FAN ACCEPTANCE TESTS 

Test(s) Designator Measure Obs<irvc 

Visual inspection vr X 

Strucrurat capability PS X 

Leak PL X 

System flow balance F X 

Mechanical run F X 

Flow rate Qf X 

Diffcrentia 1 prcssur<> DP 
Elec:rrlcal AMP X 

Relational speed N X 

Vibration Vb " B<>aring temperature 
Fan performance/.airflow 

Tb X 

capacity F " 
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779 TA-4131 

780 TA-4132 
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782 TA-4140 

783 TA-4141 
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789 TA-4153 

790 TA-4154 

791 TA-4155 
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I - Inspection design) 

Visual Inspection (VT): 
A visual inspeclion of lhe fan and associaled components shall be conducted in accordance wilh TA-3510 and Mandatory 

Aooendix TA-I Cl-1100l. 
. ttf/it;~~t1.1.~J;~1~~~1~.ti Ef RESSliREf:8_0_UNOAR~;;nEsr:s.<~;ii·f. f~\\~f¼:. ~: /1::f\·<J:1::!;::•·:·:·:· -:-~:-;-·-:_:·'::-_-_:,·: :,'::f::.i;_;.:._; ~r?J:f':-:r1~•-;;~r.{\ -~ tL·~;.'{,:1,·1;~.1}~$:r-~·::,. .. :--r;-_.lt<; .. -✓.r·::::;t,: ~:-;.:-.\lr.$i~}~~~;$1'!)1·!'.:-tf£-:J11t~:~1:<i~{1 ~1~Jl~PJ~~{ttt~iil'J?.i~\}~~;:1~i?t&W.J/M'efs 

Structural Capability Test (PS): 
When a fan housing is part of lhe system pressure boundary, a slruclural capabilily lest shall be conducted lo verify structural 

capability o( the fan housing and connections in accordance with TA-3522 and Mandatory Appendix T A-11. The fan housing may be 
tested concurrent with the duel and housirn:1 structural caoabilitv lest soecified in TA-4331. 
Leak Test, Fan Housing (PL): 

When a fan housing is part of lhe system pressure boundary, a pressure boundary leak lesl shall be conducted to verify leak 
tightness of the fan housing and attached interfaces in accordance with TA-3523 and Mandatory Appendix TA-Ill, The fan housing 
mav be lested concurrent wilh !he duel and housinQ leak test specified in TA-4332. 
Leak Test, Fan Shaft Seal (PL}: 

When a fan shaft seal is part of lhe system pressure boundary, a pressure boundary leak lest shall be conducted lo verify leak 
tightness ot the shaft seal in accordance wilh TA-3523 and Mandatory Appendix TA-Ill. The shall seal may be tested concurrent 
with the duct and housing leak test specified in TA-4332. However, the shaft seal leakage rale shall be evaluated (qualitatively) 
independent of the overall system leak rate. The qualitative evaluation of lhe leakage shall be included in the lest report. 

Component Functional Tests: 
The following prerequisites shall be conducted on the fan and inolor assemblies prior lo the system functional tests specified TA-

4150, 
Electrical Prerequisites: 

Prior lo the initial energizing of the fan, the electrical power circuits shall be checked for installation, circuit continuity, voltage 
caoacitv, and orotective relav device setlinos. 
Control System Prerequisiles: 

Prior lo !he initial eneroizino of the fan, controls shall be calibrated and verified ooerational. 
Startup Prerequisites: 

Prior to lhe initial energizing or the fan, The fan and motor shaft shall be manually related lo verily moving parts are free of 
interference. The motor shall be momentarily energized lo verify correct rotational direction. The fan shall be restarted and stable 
operalion (no surging) verified. Fan and motor vibration, bearing temperature, motor electrical amperage and phase balance, fan 
speed, difforenlial pressure, and airflow shall be monitored, Following one hour of operation, or immediately after observation of 
unusual performance (i.e., unstable performance), lhe fan shall be secured and a detailed visual inspection for signs of damage or 
degradation shall be conducted. 
System Functional Tests: 

This section orovides the svstem level field acceotance test reouiremenls for fan svstems, 
System Flow Balance Test (F): 

A system flow balance shall be conducted. Recommended procedures include SMACNA, NEBB, ACGIH, or AABC (see Article TA-
2000), 
Svstem flow balancina mav be conducted usino artificial resistance in lieu of filters. However final comoonent reference values shall 
Mechanical Run Test (F): 

Prior lo conducting the tesls specified in TA-4153 lhrough TA-4159, the fan shall be operated at the design flow rate for at least 15 
minutes and stable svslem operalion (no surqinq) verified. 
Flow Rate Test (Qt): 

The fan flow rate shall be measured. Recommended procedures include ACGIH "Industrial Venlilalion" or eauivalent. 
Stalic Pressure Test (DP): 

The fan inlet and oullel static pressure and velocity pressure shall be measured and the overall fan static pressure determined. 

Electrical Tests (AMP}: 
The fan motor suoolv vollaoe and amoeraae shall be measured for each ohase. 
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T • Test Incorporated in the 
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Rotational Speed Test (NJ: 
The rotational speed f lhe fan shall be measured. 

Vibration Test (Vb): 
The vibration of each fan and motor bearinq shall be measured in accordance with TA-3533. 

Bearing Temperature Test (Tb): 
Following bearing temperature stabilization, lhe ran and motor bearing temperatures sh.all be measured, Stabilization occurs when 

lemPerature chances are less than or eaual to +I- 3 dearees Fin a 10 minute aeriod. 
Fan Performance/Airflow Capaci1y Test (F): 

For systems with filler or absorber banks, the ran performance shall be measured under maximum de sign dirty filter conditions, 
This may be done by increasing lhe system resistance lo lhe design dirty filter differential pressure, (design basis maximum dirty filler 
condition), using artificial resistance. The measurement procedures in TA-4152 through TA-4158 shall be used, 

Acceptance Criteria: 
The followino acceotance criteria are in addition to lhe reouirements or TA-3600. 

Airflow Capacity Test Acceptance Criteria: 
Airflow capacity shall be within +I- 10% of desiqn when tested in lhe normal clean and maximum dirtv filler conditions, 

· Fan Performance Acceptance Criteria: 
Fan performance (flow, static pressure, horsepower) shall meet the specifications of the Manufacturer's fan performance curve and 

the Owner's Desiqn Soecification, 
Damper Acceptance Tests: 

This section provides lhe field acceptance test requirements for dampers and related accessories. Integrated system testing shall 
be conducted in accordance wilh T A-4900. 
Acceptance Test Requirements: 

Acceptance tests shall be conducted with lhe dampers installed in lhe system. The tests listed in Table TA-4210 shall be 
conducted and lest results verified lo be within lhe acceptance limits of lhe Owner's Design.Specification, lhe applicable portions of 
Section DA of this Code, and as required in T A-3600. These test results shall be documented in accordance withTA-6300 and shall 
be retained as reference values for comparison to periodic in-service tesl results. 

TABLE TA-4210 
DAMPER ACCEPT I\NCE TESTS 

Tc5t(s) Designator Mcasul"C Observe 

Visual in!,p«.-cl.ion vr )l 

Structur.al Ciipnbilily PS X 

L(:!.lk PL X 

Position indic.i1ion r X 

Excrci:;c r X 

Sl:llic timing F X 

flow c:ontrnl F )( 

Fire: damper F X 

Dyn;;in1lc timu F X 

lnlcrlock F X 

Visual Inspection (V1): 
A visual inspection of the damper and associated components shall be conducted in accordance with TA-3510 and Mandatory 

Appendix TA-I. Subarticle TA-I-1200. 
e·RE:'StfUR·erSOlJND~R~JftEStS~Fji~''~?~?•/.''•:;;':.>·· ... ··,:'•···,·· .. •;::'.~-~-·1{J/~f\f\t,•"·•.'.:·1;t•.·'.··.<.?"~?\~r?~··' .. ···.•,··::·.':···:'.·.r•\~ ... -... y_:•;,,j::rf'~;t~:.;:,9,-1'r/~t?~::;··::.t?.1.";~ft~tf•:ti't:rt.f~? t~t!.;.'3/J,_;t,~;P·•/;~-~.~ ... }\,:),j~ ~.:1:::~i:i.\t~,:,.r?;:,.J1f.t1~1?.11:i}%;w{~!idlfit~ 
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Structural Capability Test, Damper Housing (PS): 
When lhe damper housing and actuator shaft seal are part of lhe system pressure boundary, a structural capabilily test shall be 

conducted lo verify the structural capability of lhe damper hOusing, shaft seal, and interfaces in accordance wilh TA-3522 and 
Mandatory Appendix TA-II. The damper housing may be tested concurrent with the duel and housing structural capability test 
specified in TA-4331. 
Structural Capability Test. Damper Blades (PS): 

Isolation dampers shall be tested lo verify lhe structural capability of lhe damper blade and seat in accordance with TA-3522 and 
Mandatory Appendix TA-II. The damper blades and seat may be lasted concurrenl wilh Uie duel and housing structural capability 
test specified in TA-4331. 
Leak Test. Damper Housing (PL): 

When a damper housing is part of lhe system pressure boundary, a pressure boundary leak lest shall be conducted to verify leak 
tightness of the damper housing and interfaces in accordance with TA-3523 and Mandatory Appendix TA-Ill. The damper housing 
may be tested concurrent with the duct and housino leak test soecified in TA-4332. 
Leak Test. Damper Shaft Seat (PL): 

When a damper shaft 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 wtth TA-3523 and Mandatory Appendix TA-Ill. The shaft seal may be tested concurrent 
with lhe duel and housing leak test specified in TA-4332. However, the shaft seal leak rate shall be evaluated (qualitative) 
independently of lhe overall system leak rale. The qualilalive evalualion of the leakage shall be included in the lest report. 

Leak Test, Damper Seat (PL): 
When dampers have seat leakage limits, a teak test shall be conducted in the direction the damper is expected lo function, in 

accordance with TA-3523 and Mandatory Appendix TA-Ill. The seat leak rate shall be tested by blanking off or otherwise isolating a 
duel section upstream of the damper. The leak lest shall be performed with lhe damper cycled closed using its normal closing 
mechanism (without any additional manual assistance). 
Component Functional Tests: 

Component functional tests shall verify that lhe damper is operational prior to conducting the system functional tests specified in 
TA-4250. ...... 
Electrical Prerequisites: 0.. 

Prior lo lhe initial energizing of the damper operator, the electrical circuits shall be checked for proper inslalla\ion. circuit continuily, 
vollaqe capacity and protective relay device sellinos. 
Pneumatic Prerequisites: 

Prior to the initial pressurizing of the damper control system, pneumatic systems shall be checked for proper installation and leak 
liohlness. 
Control System Prerequisites: 

Prior lo the initial energizing of lhe damper operator, control instrumentation shall be calibrated and verified to be operational. 

Position Indication Test (F): 
Dampers having remote position indicators shall be observed during operation to verify that the mechanical damper position 

corresponds lo the remote indication. 
Exercise Test (F): 

Power operated dampers shall be fully cycled using a control switch or other actuating device lo verify operation. Manual dampers. 
including balancing dampers, shall be fully cycled to verify operation. Fire dampers shall be tested in accordance with TA-4252. 

Static Timing Test (F): 
Power operated dampers (electrical or pneumatic), thal are required to operate within a specified lime limit. shall be tested by 

measuring lime for the damner lo fully open or fully close (as reouired by lhe Owner's Desi,in Specificalionl. 
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815 TA-4251 

816 TA-4252 

817 TA-4253 

818 TA-4254 

Requirement Text 

Flow Control Damper Functional Test (F): 
Power operated dampers that control air flow shall be observed under lhrollled (throughout its anticipated operating range) flow 

conditions lo verifv free movement and stable ooeralion. 
Fire Damper Test (F): 

Fire dampers shaU be tested, using a normal or simulated actuation signal, to verify activation under design airflow conditions. 

Dynamic Timing Test (F): 
Isolation dampers having a required actuation response lime shall be limed to lhe fully open or fully closed position (as required by 

lhe Owner's Desion Soecificalionl under desion airflow condilions. 
Interlock Test (F): 

Dampers lhat have an opening or closing function interlocked with other components (e.g., fans, other dampers) shall be tested to. 
verify interlock action. 
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819 TA-4310 Acceptance T_est Requirements: 

820 

821 

822 

823 

824 

825 

Table TA-
4310 

TA-4320 

TA-4330 

TA-4331 

TA-4332 

TA-4333 

Acceptance tests shall be conducted with the ducts, housings and mounting frames installed in the system. The tests listed in 
Table TA-4310 shall be conducted and \es\ results verified lo be within \he acceptance limits of \he Owner's Design Specification, \he 
applicable portions of Section SA of this Code, and as required in TA-3600. These lesl resulls shall be documented in accordance 
with TA-6300 and shall be retained as reference values for comparison to periodic in-service lesl results. 

Table TA-4310, Duct, Housing, and Frame Acceptance Tests: 
Ifill Designator Measure Observe 
Visual inspection VT 
Structural Capability Tes\ PS 
Leak tests PL 
Visual Inspection (VT): 

A visual inspection of ducts, housings, and mounting frames, shall be conducted in accordance with TA-3510 and Mandatory 
Accendix TA-I fT A-l-1300l. 
Pressure Boundary Tests: 

Pressure boundary tests apply to all ducts housings, and interface connections that are parts of the system. Individual components 
may be tested at separate limes provided \hat all system pressure boundaries are ultimately tested prior lo the system being placed 
into service. 
Structural Capability Test. Duct and Housing (PS): 

A structural capability lest shall be conducted to verify structural capability of duels and housings in accordance with TA-3522 and 
Mandatorv Accendix TA-II. 
Leak Test, Duel and Housing (PL): 

A pressure boundary leak test shall be conducted to verify leak lightness of the ducts and housings in accordance with TA-3523 
and Mandatorv Aooendix TA-Ill. · 
Leak Test, Mounting 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 
resulls or the in-place leak tests in TA-4600 and TA-4700. This 1es\ is optional and may be conducted In accordance with 
Nonmandalorv Aooendix TA-A. · 

826 TA-4410 Acceptance Test Requirements: 

Date Printed: 1/10t2006 

Acceplance tests shall be conducted with the refrigeration equipment in service under normal operating conditions. The tests 
!isled in Table T A-441 O shall be conducted and test results verified to be within the acceptance omits of the Owner's Design 
Specification, applicable portions of Section RA of \his Code, and as required in TA-3600. These test results shall be documented in 
accordance with TA-6300 and shall be retained as reference values for comparison lo periodic in-service test results. 
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828 TA-4420 
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829 TA-4431 

830 TA-4432 

831 TA-4440 

832 TA-4441 

833 TA-4442 

834 TA-4443 

835 TA-4444 

836 TA-4445 

837 TA-4446 

Date Printed: 1/10/2006 

VerlficatlonNali Design Document 
datlon Reference 

Requirement Text 
R. Review (Where Is this 

A-Analysis requirement 
T - Test Incorporated In the 

I - Inspection design) 
TAOLI: TA•4000•4 

R.EflUCEKATION EQUIPMENT ACCl:rTANCE TESTS 

Yc:i.1 011;:'Jlgn.,.,or Meo11uro 01,s.c,....ic 

Vl3m1f lnr.pccllon VT 
Lt::il"- IC,.1 l'l 
Hydro~1;.11h: hl)I 1-tYO 
Val'w"C pa1,illon indlC1'1ion ICSI F 
V~lve c11mrch,t1 11.!U F 
V,llvt: liminf; lc:,.t F 
Flow Col"\ltol V;\lvc u:st F 
M~h!iinic.·'11 run tQII r 
Pcrlnrmaincu u:::11 F . 
Elecuir:,,1 IC111 AMP 
Ro1:111on31 sptH,d IUU N 
Vibr:.1lon ICSI Vb 
Uc-:itinc 1umpcr,,curc 11::.1 Tb . 

Visual Inspection {VT): 
A visual lnspeclion of the refrigeration equipment components shall be conducted in accordance with TA-3410 and Mandatory 

Appendix TA-I. Subarticle TA-1-1400. 
P.RS:S.S.8REfSOONDAR~~f.fESmsr:~./i•~-r/lt_.f'i.1t~~?~;·.z;\tt._:1-~ ... ~-t~A•/,:;._1;):t\~!iJ£'f~.Zi;..¥:9,:i~J>: .. 1·'\i;~{t:,;:?·./ltt.~.tJ::".f~j~1i.k~rlf,-1,f~:f..1.t~/dt,:,1':\rt1~J@•.·'~Mt,ttt!~:i:,0i~t~-;,'.l;1J};y, $]i}}{:~fffi't1~i¥}!iffJ~t¥~~ ~1ffe.i~t'i&,:3{i;;.&iwwltiWP:1l%iI~tf.il¼ 
Leak Test, Refrigerant Piping and Coil (PL): 

Relrigeration systems, including piping, coils. and pressure vessels, shall have a pressure lest conducted to verify structural 
integrity and leak tightness, Testing shall be conducted in accordance with TA-3424 and Mandatory Appendix TA-VIII. 

Hydrostatic Test, Hydronic Piping and Coils (HYO): 
Hydronic piping, coils, and pressure vessels, shall have a hydrostatic test conducted to verify structural integrity and leak lightness . 

Testina shall be conducted in accordance with TA-3421. 
Component Functional Tests: 

The following component functional tests and prerequisites shall be conducted to verify that the refrigeralion system equipment is 
operating acceptably prior to conducting lhe system functional tests specified in TA-4450. Fans shall be tested in accordance with 
TA-4100. 
Electrical Prerequisites: 

Prior 10 the initial energizing of the refrigeration system components, the electrical circuits shall be checked for installation, circuit 

..... 
0... 

conlinuily, voltaqe capacity, and protective relay device sellinqs. 
Control System Prerequisites: 

Prior to the inilial energizing of the refrigeration system components, the system controls shall be calibrated and verified 
ooeralional. 
Valve Position Indication Test /F): 

Valves having remote posilion indicators shall be observed during valve lull stroke operation to verify that lhe valve posilion 
corresoonds to the remote indication. 
Valve Exercise Test {F): 

Power operated valves shall be fully cycled using a control switch or other actuating device to verify operation. Manual valves shall 
be fullv cvcled to verifv ooeration. 
Valve Timing Test /F): 

Power operated valves that are required to operate withiri a specified time shall be tested by measuring the time to fully cycle. 

Startup Prerequis1les: 
Correct direclion of rotation shall be verified for compressor motors. Start the compressor motor, verify stable operation and 

monitor the compressor motor electrical supply voltage, amperage anq phase balance, vibration, bearing temperatures, rotational 
speed, as applicable. Following one hour or operation, or immediately after observation of unusual performance (i.e., unstable 
operation), the equipment shall be secured and a detailed visual inspection conducted for signs of damage or degradation. 

Example ASME AG-1 Compliance Matrix Page 105 ol 141 



Cl 
Vl 
I ...... 

V, 
0\ 
-..J 

Requlremen 
!Number 

838 
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TA-4450 

TA-4451 

TA-4452 

TA-4453 

TA-4454 

TA-4455 

TA-4456 

TA-4457 

Requirement Text 

System Functional Tests:_ 
The refrigeration equipment shall be tested lo verify mechanical component integrity and design cooling function. TA-4451 through 

TA-4457 shall be conducted in lhe same time frame. 
Flow Control Valve Test (F): 

Power operated valves, controlled by flow instrumentation, shall be observed under throttled (throughout ils anticipated operating 
ranael flow conditions to verifv freedom of movement. stable ooeration. and abilitv to maintain reauired flaw._ 
Mechanical Run Test (F): 

The refrigeration compressor shall be operated with the system in the normal heat load range for at least 15 minutes and stable 
svstem ooeration verified. 
Performance Test (F): 

The refrigeration compressor inlet and outlet pressure and temperature shall be measured with the equipment operating al 
achievable load points. 
Electrical Test (AMP): 

The comoressor motor electrical suoolv vo/laoe and amoeraae shall be measured for each ohase. 
Rotational Speed Test (NJ: 

The rotational soeed of the comoressor shall be measured when accessible. 
Vibration Test (Vb): 

The vibration of each accessible bearing on the compressor and compressor motor shall be measured in accordance with TA-
3533. 
Bearing Temperature Test (Tb}: 

Following compressor and compressor motor bearing temperature stabilization, the accessible bearing temperatures shall be -
measured. Stabilization occurs when temperature changes are less than or equal lo +1-3 degrees Fin a 10 minute period. 

TA-4510 Acceptance Test Requirements: 

TA-4500 

Acceptance tests shall be conducted with lhe conditioning equipment in service under normal operating conditions for the system. 
The tests listed in Table-TA-4000-5 shall be conducted and lest results verified lo be within lhe acceptance limits of lhe Owner's 
Design Specification, the applicable portions of Section CA of this Code, and as required in TA-3500 and T A-4570. These lest 
resulls shall be documented in accordance with TA-6300 and shall be retained as reference values for comparison to periodic in
se,vice lest results. 

TADLC TA-.;iooa.s 
CONDITIONINQ CQUIPN\CNT ..... cccf.Y .... N~C: TC:STS 

Vl,uftl lnsf>ae1lnn 
Hvdrr>.nnllc ICSI 
thn;l•h: hnau.ir l'IVII .... f\nulh.•r IOU 
thu:lflc IMJ,nc, coll ,c11,IJ1•nc:c 10>•1 
l:l~!~'i'c ho,.ler ICt,bl.an~r. In 9,,,-u,d 

Vnhta tJGrfnun.,nr:r "'"'" 
rcrrn,rnnncr IL"H 
Ua1;1t10:nl lr.,-t 
Mo1.-1l<,u.ol • ..,.,.,cJ IOH 
v1u,.,,,,. • .... , 
HC,o<l"fl l•"'P'"'"'' .. '"' trol 
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r,o,,,,.,.,.,.,co 1<1•1 

D••IK"•IOf' 

~ 

HYO 
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.... ,.,,,. ,. 
VO ·~ r 
r 

T A-4520 Visual Inspection (VT): 
A visual Inspection of the conditioning equipment components shall be conducted in accordance with TA-3410 and Mandatory 

Appendix TA-I, Subarticle TA-I-1500. 

T A-4531 Hydrostatic Test, Hydronic Piping and Coils (HYO): 
Hydronic piping, coils, and pressure vessels, shall have a hydrostatic lest conducted lo verify structural integrity and leak tightness. 

Testinq shall be conducted in accordance with TA-3521. 
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850 TA-4540 

851 TA-4541 

852 TA-4542 

853 TA-4543 

854 TA-4544 

855 TA-4545 

856 TA-4546 

857 TA-4547 

858 TA-4550 

859 TA-4551 

860 TA-4552 

861 TA-4553 

862 TA-4554 

863 TA-4555 

864 TA-4556 

865 TA-4557 

866 TA-4558 

Date Printed: 1110/2006 

Verification/Vali Design Document 
dation Reference 

Requirement Text 
R -Review (Where Is this 

A-Analysis requirement 
T-Test incorporated In the 

I-Inspection design) 
Component Functional Tests: 

The following component functional tests and prerequisites shall be conducted lo verify Iha! lhe conditioning system equipment is 
operating acceplaoly prior lo conducting lhe system functional tests specified in TA-4550. Fans shall be lested in accordance with 
TA-4100. Refriqeration comoonenls shall be tested in accordance wilh TA-4400. 
Electrical Prerequisites: 

Prior lo lhe initial energizing of the condilioning system equipment, the electrical circuits shall be checked for installation, circuit 
continuilv, vollaqe caoacitv. and protective relav device sellinqs. 
Control System Prerequisites: 

Prior lo the initial energizing.of lhe conditioning system components, lhe system controls shall be calibrated and verified 
operational. 
Electric Heater Step Control/er Test (F): 

Electric heater step controllers shall be lesled by iniliating a simulated demand signal lo verify the heater circuit step controller is 
operational. 
Electric Heater Coil Resistance Test (F): 

The electrical resistance shall be measured across each healer circuit in accordance with CA-5440. 
Electric Heater Resistance to Ground Test (F): 

The electrical resistance to qround shall be measured on each healer circuit. 
Valve Performance Tests (F): 

Conditioninq system valves shall be tested in accordance with TA-4443, TA-4444, and TA-4445. 
Startup Prerequisites: 

Prior to starting the condilioning system pumps, the pump shall shall be manually rotated 10 verify freedom of movement. The 
motor shall be momentarily energized to verify correct rolalional direction. Restart the pump molor and verify stable operation and 
monitor lhe pump molor electrical supply voltage, amperage and phase balance. bearing vibration, bearing temperatures, rotational 
speed, pump differential pressure, and fluid system flowrale, as applicable. Following one hour of operation. or immediately after 
observation of unusual performance {i.e., unstable operation), the pump shall be secured and a detailed visual inspection for signs of 
damage or degradation shall be conducted. 
System Functional Tests: 

The conditioning equipment shall be lesled in conjunction wilh the system to verify mechanical component inlegrily and design 
coolina or healina function. TA-4551 throuah TA-4556 shall be conducted In lhe same time frame. 
Hydronic System Flaw Balance Test (F): 

A hydronic system flow balance shall be conducted. Recommended procedures include SMACNA, NEBB, or AABC (see Article TA 

Flow Conlrol Valve Tes! (F): 
Power operated valves, controlled oy flow inslrumentalion, shall be observed under lhrollled (throughout its anticipated operating 

ranqe) flow conditions to verify freedom of movement, stable operation. and ability to maintain required flow. 
Mechanical Run Test (F): 

The conditioning system pumps shall be operated with the system in lhe normal operating range for at leas! 15 minutes and stable 
svstem ooeration (no surainal verified. 
Performance Test (F): 

The conditioning pump differential pressure and flow rate shall be measured wilh the pump operating at achievable flow rates. 

Electrical Test (AMP): 
The condilionina svstem oumo suooly voltaoe and amoeraoe shall be measured for each chase. 

Rotational Speed Test (NJ: 
The rotational soeed of lhe pump shall be measured. 

Vibration Test (Vb): 
The vibration of each bearino on the pump and motor shall be measured in accordance with TA-3433. 

Bearing Temperature Test (Tb): 
Following pump and _motor bearing lemperalure slabilizalion, lhe bearing temperature shall be measured. Slabilizalion occurs 

when lemoerature chanaes are less than or eoual lo +l-3 dearees Fin a 10 minute oeriod. 
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TA-4559 Electric Heater Performance Test (F}: 
With design airflow (+l-10%) through the heater 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 one hour of continuous 
operation, the healer shall be secured and a detailed visual inspection for signs of damage or degradation shall be conducted. 

TA-4560 Hydronic System Heating and Cooling Performance Test (F): 
With the conditioning system operating at design airflow (+l-10%) and design hydronic flow (+l-10%) and al achievable heal load 

conditions, the air-side flow, differential temperature and differential pressure, and the hydronic side flow, differenlial temperature and 
differential oressure shall be measured. 

T A-4561 Air Washer, Evaporative Cooler Performance Test (F): 
A performance lest for the conditioning system air washers and evaporative coolers shall be conducted in accordance with CA-

5000, Mandato,v Aooendix CA-II. 
TA-4570 Acceptance Criteria: 

The followinQ acceolance criteria are in addition to T A-3600. 
871 TA-4571 Electrical Heater Ground Resistance Acceptance Criteria: 

Conditioninq svstem electric heater resistance lo ground shall be qrealer than 50,000 Ohms. 
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872 TA-4610 Acceptance Test Requirements: 

873 TableTA-
4610 

Acceptance tests shall be conducted with clean moisture separator, pre-finer and HEPA filler banks installed in lhe system. The 
lesls listed in Table-TA-4610 shall be conducted and lest results verified to be within the acceptance limits of the Owner's Design 
Specification, the applicable portions of Sections FA, FB. and FC of this Code, and as required in TA-3600 and TA-4640. These test 
resulls shall be documented in accordance with TA-6300 and shall be retained as reference values for comparison to periodic in
service lest results. 

TABLE TA,4000-6 
MOISTURE SfrARATOR, PREFILTER, ANO HEPA FILTER 

ACCEPTANCE TESTS 

Test 

Visual inspeclion 
Dilferen1ial pressure test 
Airilow distribution lest 
Air-aerosol mixing test 
In-place leak test• 

Designator 

VT 
DP 
AD 
AA 
IP 

Measure Obsor,e 

'In-place leak 1e111 are not required on 1y11ems used for 100¾ rccirculalion (e.g., rcaaor con1ainmenl 
cleanup unl1s) unlesi the alll'Ospheric cleanup rate is lime dependenl: 

87 4 TA-4620 Visual/nspeclion (VT): 

875 

876 

A visual Inspection ol the installed moisture separator, pre-filter, and HEPA filter banks shall be conducled in accordance wilh TA-
3410 and Mandatorv Aooendix TA-I, Subarticle T A-1-1600. 

TA-4631 Differential Pressure Test (DP): 
With the system operating at design flow rate (+/-10%) the difterenlial pressure across each moisture separator. pre-filter, and 

HEPA filler bank shall be measured. 
TA-4632 Airflow distribution Tes/ (AD): 

With the system operating at design flow rate (+l-10%) the airflow distribution shall be measured downstream ol each moisture 
seoarator, ore-filter. and HEPA filler bank in accordance with Mandatorv Aooendix TA-IV. 
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Air-Aerosol Mixing Test (AA): 
Wilh the syslem operating al design flow rate (+/-10%) the air-aerosol mixing upstream of each HEPA filler bank shall be 

measured in accordance wilh Mandatory Appendix TA-V. 
In-Place Leak Test (IP): 

With lhe system operating at design flow rate (+/-10%) lhe challenge aerosol leak rate of each HEPA"filter bank shall be measured 
in accordance with Mandatory Appendix TA-VI. · 
Acceptance Cn1eria: 

The followin!l acceptance criteria are in addition lo T A-3600. 
Airflow Distribution Test Acceptance Criteria: 

With the system operating within +/-10% of design flow rate, the variation in velocity measurements across lhe HEPA filter banks 
shall be limited lo +/-20% of lhe average, when measured in accordance wilh Mandatory Appendix TA-IV. Airflow distribution across 
lhe moisture separator and pre-filter banks shall be in accordance wilh lhe Owner's Design Specification. 

TA-4642 Air-Aerosol Mixing _Test Acceptance Criteria: 

TA-4710 

Table TA-
4470 

With lhe system operating within +/-10% of design flow rale, the variation in concentration of lhe air-aerosol mixture immediately 
nf •ho H<=D~ ""or h~nk~ ~h~II hA 1;m:to,./ fro +1-?11% ,-,f <ho o.,Mnno .. hon ~--~· OM,, ;n ... :th 

Acceptance Test Requirements: 
Acceptance tests shall be conducted with the adsorbent media installed and in service under normal operating conditions for the 

system. The tests listed in Ta,ble TA-4710 shall be conducted and lesl results verified lo be within the acceptance limits of the 
Owner's Design Specification. 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 retained as reference values for comparison to 
periodic in-service test results. 

TABLE TA-4000·7 
TYPE II AND TYPE Ill ADSORBER BANK ACCEPTANCo TESTS 

Tesl 

Visu11I in,pcc1ion 
DIUerentl,11 pressure test 
Airflow dhmibulion \CSI 
Alr--.1crosol miidng 1cst 
ln-pl.1cc leak 1cst• 
Tes1 co1n·1nL-r flow ra1c lcsl 
Air he.1tcr pcrfcr,nance 1e~1 

Octignalor 

VT 
DP· 
AD 
AA 
IP 
QI 
f 

Measure Olncrvc 

•fn,pla,e lc.1k tem arc nol ,cquirc<l on S)'Slcms used for \00% ,cci1cul.:,1ian (e.g .• rc,1c1or con1.1inmcm 
cli.!.anur1 unlls) ~ir,lcn 1hc a1mosphcric r:lc,1oup ralc is lime= dcpcodcm1. 

884 TA-4 720 Visual Inspection (VT): 

885 

886 

887 

888 

A visual Inspection of the type I and type II adsorber banks shall be conducted in accordance with TA-3410 and Mandatory 
Appendix TA-I, Subarticle TA-I-1700. 

TA-4731 Electric Heater Step Controller Test (F): 
Electric healer step controllers shall be tested by initiating a simulated demand signal to verify the heater circuit step controller is 

operational. 
T A-4732 Electric Heater Coil Resistance Test (F): 

The electrical resistance shall be measured across each heater circuit in accordance with CA-5440. 
TA-4733 Electric Heater Resistance to Ground Test (F): 

The electrical resistance lo qround shall be measured on each heater circuit. 

TA-4741 Differential Pressure Test (DP): 
With the system operating at design flow rate (+/-10%) the differential pressure across each adsorber bank shall be measured. 
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Airflow Distribution Test {ADJ: 
With the system operating at design flow rate (+/-10%) the airflow distribution across each adsorber bank shall be measured in 

accordance with Mandatorv Aooendix TA-IV. 
Air-Aerosol Mixing Test {AA): 

With the system operating at design flow rate (+/-10%) the air-aerosol mixing immediately upstream of each adsorber bank shall be 
measured in accordance with Mandatory Appendix TA-V. This test is not required when it con be determined that the air-aerosol test 
conducted on a HEPA bank immediately upstream of the adsorber bank also provides equivalent challenge to the adsorber bank. 

In-Place Leak Test (IP): 
With lhe system operating at design flow rate (+/-10%) the challenge gas leak rate of each adsorber bank shall be measured in 

accordance with Mandatorv Appendix TA-VII. 
Test Canister Flow Rate Tes/ (Qf): 

When the system is equipped with test canisters used for obtaining adsorbent samples for laboratory analysis, the velocity through 
each test canister shall be measured (or calculated from flow measurements) with the system operating at design airflow rate. 
Alternatively, when access is limited and measurements cannot be performed, the design documenlation shall be verified to assure 
that the installed canisters meet the performance requirements, (differential pressure/flow rate), of canisters used during shop testing 
of the test canister sampling svstem. 
Electric Heater Performance Test (F): 

With design airflow (+l-10%) through the heater bank, the electrical supply voltage, amperage, and phase balance of each heater 
circuit, and differential temperature and air flow across the heater bank shall be measured. Leaving air temperature shall be 
monitored so that temperature limits are not challenged. Following one hour of continuous operation, lhe heater shall be secured 
and a detailed visual inspection for signs of damacie or degradation shall be conducted . 
Acceptance Criteria: 

The followin!l acceptance criteria are in addition to T A-3600 . 
Airflow Distribution Tes/ Acceptance Criteria: 

With the system operating within +/-10% of design flow rate, the variation in velocity measurements across the face of the adsorber 
banks shall be limited to +/-20% of the average, when measured in accordance with Mandatory Appendix TA-IV. ....... 

0.. 

Air-Aerosol Mixing Tesl Acceptance Criteria: 
With the system operating within +l-10% of design flow rate, the variation in the challenge gas or aerosol concentration readings 

immediately upstream· o/·each adsorber banks shall be limited to +l-20% of the average, when measured in accordance with 
Mandatorv APoendix TA-V. 
Test Canister flaw Rate Test Acceptance Criteria: 

The test canister velocity shall be within +l-10% oi the average adsorber design velocity as specified by the Owner's Design 
Soecification. 
Electric Heater Performance Test Acceptance Criteria: 

Ooeratino currents, vol!aaes and chancies in temperature shall be within the limits of the Owner's D n Soecification. 
'AD:SORBEN're'A:€.GEP.J'AN!:!E}TES!liS»,:t, ;.,J, .. h,,-'S:i.. .... · .. lf,;.,.J,,,, .. . ,'.7.'3t(;1,1!!'_,'_ ,,* .. :\.tf~:., . .;. ~ :t~;i~~J41!tF~:~~:f~$j}P,iJ!:!~i.l:·1~ltfr~1~ ({\~~~fil.~~~Nli¥~ii?Jtrn lt~§t11titf?fi1WJJt111tll~;.t~i{!~:WY~¾l 
Acceptance Test Requirements: 

Verify that laboratory acceptance rests have been performed on a representative sample of adsorbent per FF-5000. Test resulls 
shall be documented in accordance with TA-6300 and shall be retained as reference values for comparison to periodic in-service test 
results. 
Laboratory Analysis of Adsorbent (LAB): 

New adsorbent installed in the adsorber banks shall be certified in accordance with the Manufacturer's test data for 'radioiodine 
penetration (see FF-5000). Adsorbent stored more than 50% of Manufacturer's assigned shelf life or 5 y_ears per FF-5000 shall have 
a taboratorv test conducted in accordance with ASTM D-3803-89 orior to installation. 
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TA-4900 Integrated Sys/em Tests: 
Each system shall be tested to verify lhe functional performance al design operating conditions. Integrated system tests shall be 

conducted to challenge all integrated control functions including interlocks and manual or automatic actuation circuits, (damper 
position changes, fan starts and stops, compressor and pump stares or stops, valve position changes, heater energization or de
energization). Actuations can be from a number of different sources including radiation sensors, temperature sensors, chlorine 
sensors, pressure sensors, manual controls and emergency safeguard signals. Sensor operation shalt be verified in addition to 
control circuitry. Integrated testing shall also include an overall system leak test to verify that there are no unacceptable bypasses of 
the HEPA filter or adsorber banks. Integrated system testing shall verify that the intended design function of the system is achieved 
in accordance with the Owner's Design Specification. Test resulls 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 actuation signal shall be tested. se·quencing of starts, slops 

and speed chanqes shall be conducted ulilizinq an actual or simulated actuation siqnal. 
903 TA-4920 Damper Integrated System Test Requirements {F): 

Dampers designed to respond automatically to a process or emergency actuation signal shall be tested. Sequencing of damper 
position chanqes shall be conducted utilizinq an actual or simulated actuation sianal. 

904 TA-4930 Refrigeration and Conditioning Integrated System Test Requirements {F): 
Refrigeration and conditioning equipment designed to respond automatically to a process or emergency actuation signal shall be 

tested. Sequencing of equipment operation (starts, slops, speed changes, valve operations or isolation, heater operation) shall be 
conducted utilizing an actual or simulated actuation sii:mai. 

905 TA-4940 HEPA and Adsorber Sank Integrated Sys/em Test Requirements (F): 

906 

907 

908 

909 

All potential HEPA filler and adsorber bank bypass flow paths, including housing bypass ducts and associated dampers, shall be 
challenged to verify that leak rates are within the Owner's Design Specification. Bypass flow paths may be challenged during the in
place leak test specified in TA-4634 and TA-4744, by ensuring that 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 lhese in-place tests, a separate test shall be performed using Mandatory Appendix TA-VI 
or TA-Vil to verify that the HEPA or adsorber banks are not being bypassed in excess of the limits specified in the Owner's Design 
Specification. 

TA-5000 Corrective action is required when test results do not meet the acceptance criteria 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 obtained in accordance with the requirements of Subarticle TA-
3200. Additional guidance for corrective actions is included in Nonmandalory Appendix TA-B. 

TA-6100 General: 
Field testing of nuclear air treatment, healing, ven\ilating, and air conditioning systems shall be conducted in accordance with the 

oualitv assurance reouirements of Article AA-8000 and ANSIIASME NQA-1. 
TA-6200 Personnel: 

Tests shall be conducted by personnel who have demonstrated competence to perform the specified tests, as evidenced by 
documented experience and training. Personnel shall·be certified in accordance with ANSI/ASME NQA-1 or ANS 3.1, and in 
accordance with the Owner's requirements. 

TA-6310 Procedures: 
Wrillen acceptance test procedures shall document the field acceptance testing performed and test results obtained as specified in 

T A-4000. These records shall be maintained for the life of the faciiitv. 
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TA-6320 Reports: 
A wrillen report shall be provided 10 document lhe acceptance testing performed in accordance with TA-4000. The report shall 

contain lhe following as a minimum: 
(a) the system name. tesVinspection procedure(s) used, date of lest resulls, and the test performer's signature: 
(b) identification of instruments, equipment, tools, and documents to the extent thal they or their equivalents can be identified for 

future examinations; 
(c] observations and dimensional checks specified by the respective test data and reports developed during inspection and 

testing: 
(d) conclusions and recommendations by visual examination and testing personnel; 
(e) reference to previous reports if this report is for reinspection and testin . 

General: 
A specific inspection checklist for each component in the system shall be included in the acceptance test procedures. This 

Appendix lists typical items for each component Iha\ need to be inspected visually in Article TA-4000 (Acceptance tests). As a 
minimum. lhe lists of items indicated below shall be checked for compliance with \he Owner's Specifications. The inspection shall be 
conducted in accordance wilh TA-3410. The acceptance criteria for lhese inspections shall be in accordance with TA-3500 and TA-
3510. 

TA-I-1100 Fan Inspection Items: 
(a) housing and duel interface 
(b) fan belt and shaft guards 
(c) interferences with moving parts · 
(d) fan shaft seal· 
(e) bell adjustment and condition 
(f) lubricant levels 
(g) supports and attachments 
(h) bolling and fasteners 
(I) inslrumenlation 
0) electrical connections 
(k) control system components 
(I) pneumatic connections 
(m) as built configuration in accordance wilh design drawings 
(n) fan nameplate 
(o) provisions lor assess for performing lests and maintenance 
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Requirement Text 

Damper Inspection I/ems: 
(a) housing and duel interface 
(b) actuator linkage. motor, controller 
(c) interferences with moving pans 
(d) damper shaft seal 
(e) blade edge seals. damper seal 
(f) limit switches 
(g) supports and attachments 
(h) bolting and fasteners 
(I} instrumentation 

Ol electrical connections 
(k) pneumatic connections 
(I} as buill configuration in accordance with design drawings 
(m} damper nameplate 
(n) provisions for assess for performing tests and maintenance 

Duct, Housing and Mounting Frame Inspection Items: 
(a) housing and duel connections (no caulking) 
(b} provision for opening access doors from both inside and outside 
(c) access door seals. gaskets 
(d) access door latches 
(e) housing internal access ladders and platforms 
(f) sample and injection ports, location and caps 
(g) supports and attachments 
(h) bolting and fasteners 
(i) instrumentation, connections 

Ul electrical connections 
(k) housing/duct penetration seals 
(I) loop seals (water level), drain connections 

Duct, Housing and Mounting Frame Inspection //ems: 
(m) lighting conduits, socket housing seals (flush mounted} 
(n) HEPA/adsorber mounting frame continuous seal welds 
(o) Mounting frame penetrations seal welded 
(p) Mounting frame sealing surface (weld splatter. flatness, scratches) 
(q) Sample canister installation 
(r) Mounting frame clamping devices 
(s) as built configuration in accordance with design drawings 
(t) provisions for assess for performing tests and maintenance 
(u} lighting for lest and maintenance available 
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Requirement Text 

Refrigeration Equipment Inspection Items: 
(a) housing or duel interface wilh refrigeration equipment 
(b) fan, pump, compressor bell, and coupling guards 
(c) interferences with moving parts 
(d) bell adjuslmenl and condition 
(e) fluid leaks 
(f) lubricant levels 
(g) supports and allachmenls 
(h) bolling arid fasteners 
(i) instrumentation 
(j) electrical connections 
(k) control system and components 
(1) pneumatic connections and lubing (no crimping) 
(m) as built configuration in accordance wilh design drawings 
(n) fan, pump, and compressor nameplate 
(o) provisions for assess for performing tests and maintenance 

Conditioning Equipment Inspection Items: 
{a) housing or duct inlerface with condilioning equipment 
{b) belt and coupling guards 
(c) inlerterences with moving parts 
{d) belt tightness 
(e) fluid leaks 
(f) lubricant levels 
(g) supports and altachmenls 
(h) bolling and fasteners 
(i) instrumentation 
(j) electrical connections 
(k) control system and components 
(I) pneumatic 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 

Moisture Separator Bank, Pre-filter Bank, HEPA Filler Bank Inspection Items: 
(a) moisture separalor media, frame, clamps, and gaskets 
(b) moisture separator water collection system and drains 
(c) pre-filler media, frame, clamps, and gaskets 
(cl) HEPA filler media, frame, clamps, and gaskets 
{e) Sealant or caulking (none allowed) 
(f) Moisture separator, pre-filler, HEPA orientation (vertical) 
{g) bolling and fasteners 
(h) as buill configuration in accordance wilh design drawings 
(i) HEPA filler nameplate 
U) provisions for assess for performing tesls and maintenance 
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TA-1-1700 Type II, Type Ill Adsorber Bank Inspection Items: 

TA-11-2000 

TA-11-3000 

TA-11-4000 

(a) lype ll media, frame, screen, clamps, and gaskets 
(b) sealant or caulking (none allowed) 
(c) type Ill media, screens, frame 
(d) lesl canisters 
(e) bulk loading equipment 
(fl fire prolection syslem piping, nozzles, instrumenlalion 
(g) bolting and fasteners 
(h) as built configuration in accordance wilh design drawings 
(i) adsorber nameplate 

rovisions for assess for performi 

Summary of Method: 
Ducts and housings which form the pressure boundary of the syslem shall be pressure tesled, with air, lo lhe structural capability 

pressure lo verify that there is no breach of integrity or unacceplable dislortion, Fans, dampers, and olher components which form 
parts of lhe pressure boundary shall be installed and le sled with lhe duels and housings to verify the interface connection integrity. 

Prerequisites: 
Construction, modifications, or repairs affecting the test boundary shall be complete and inlet and discharge openings of the duct or 

housing sealed before the tesl is started. Electrical, piping, and instrument conneclions shall be complete and all permanent seals 
installed before lhe lest is started. 
Test Equipment: 

(a) pressurization source 
(b) covers lo seal tesl boundaries 
c ressure indicatin device accurate lo +/-0.1 in. w. 

Procedural Guidelines: 
(a) Connect lhe pressurization source to the duel or housing. 
{b) Install inslrumentalion lo indicate the pressure inside lhe duct or housing being tesled. 
(c) Start the pressurizalion source and operate un!il lhe structural capability pressure is achieved. Maintain pressure for lhe 

duration ol lhe inspection. 
(d) Inspect lhe test boundary for breach of inlegrily or dislortion. 
e) Release pressure and inspect for permanent distortion. 

T A-11-5000 Acceptance Criteria: 
All distortion shall be measured and com ared lo lhe acce 

~~r~0;~i]iiii~;~~;;;;:,~w; ~;*i;i,M 
TA-111-1100 SummaryofMethod: 

Duels and housings that form the pressure boundary of lhe system shall be leak tested. with air, using one of the methods listed in 
this procedure. Eilher melhod may be used and will produce a similar result. The conslant pressure method is useful in testing small 
volumes whereas the pressure decay method is useful in testing large volumes. Fans, dampers, and other components that are part 
of lhe pressure boundary shall be installed and tested with the pressure boundary to verify inlerface connection leak lightness. If lhe 
measured leak rale is in excess of the acceplance criteria, lhe leaks shall be localed by one of lhe melhods listed in lhis procedure. 
After leaks are repaired, lhe duel and housing shall be re-le sled lo verify leak lightness. 
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926 TA-11I-2000 Prerequisites: 
Construction, modifications, 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 started. Alf electrical, piping, and instrument connections shall be complete and all 
permanent seals shall be installed before the lest is started. For pressure decay testing, the volume of the pressure test boundary 
must be calculated. 

927 TA-I11-3000 Test Equipment: 
(a) pressurization source 
(b} covers to seal test boundaries 
(c} clock or timer accurate to +/-1.0 second 
(d) pressure indicating device accurate lo +/. 0.1 in. 
(e) flawmeter or totalizing gas volume meter accurate to +/-5% (constant pressure method) 
(f) temperature indicating device accurate to +/-0.5 degrees F 
(g) bubble solution for detecting air leaks (bubble method) 
(h) optional portable electronic sound detection equipment (audible leak method) 
(i) barometer 
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928 TA-I11-4100 Constant Pressure Method: 

(a) Connect the pressurization source to the duct or housing. 
(b) Connect the flowmeler or totalizing gas volume meter between lhe pressurization source and the housing (downstream of the 

throllling valve, if used). 
(c) Install temperature and pressure indicating devices so that 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) Start the pressurization source and operate it until the maximum operating pressure is_ achieved. Maintain pressure constant 

with the flow conlrol·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, temperature, and barometric pressure. 

929 TA-111-4100 Constant Pressure Method: 
(f) Measure the flow rate of the air being added to or removed from the duel or housing while maintaining the maximum operating 

pressure within +/-0.1 in. w.g. [0.025 Kpa(gage)]. When using the flow meter, record flow readings once a minute for a 5 minute 
continuous period and average the readings lo calculate the measured leak rate. When using a totalizing gas volume meter, 
measure the lot.al volume of air far 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) Convert the final calculated leak rate to standard cubic feel per minute (cubic meters per second) in accordance with the 
method illustrated in ACGIH Industrial Ventilation A Manual of Recommended Practice. 

930 TA-111-4200 Pressure Decay Test: 
(a) Connect the pressurization source (with a leak light shutoff valve) to the duct or housing. 
(b} Install the temperature and pressure indicating devices where they will indicate representative temperature and pressure inside 

the duct or housing being lested. 
(c) 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. 
(d) Start the pressurization source and operate until the pressure is 1.25 times the maximum operating pressure (but not to exceed 

the structural capability pressure). Maintain 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 minules. Clase shutoff valve. 
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Pressure Decay Test: 
NOTE: If lhe slruclural capability pressure for the duct or housing is less lhan 1.25 times the maximum operating pressure, lhe 

final test pressure shall be calculated as follows lo achieve an average test pressure equal lo the maximum operating pressure: 
P, = 0.B(OP,,,,) + (1.25(OPmaxl - SCP) 

where 
P1 = final test pressure 
OP ma,= maximum operaling pressure 
SCP = structural capability pressure 

(e) Record the inilial lime, pressure, temperature, and barometric pressure. 
(fl Record pressure readings once a minute until pressure decays lo 80% of lhe maximum operating pressure, or for a minimum of 

15 minutes (see NOTE in (d) above). 
(g) Record final time, pressure, temperature, and 

barometric pressure. 

Pressure Decay Test: 
(h) Calculate lhe leak rate from lhe following equation in English Unils: 

O,vo = (P/T; • P1fT1) •VI (R"llt•0.075) 
Melric units:. 

Q,1/D = (1.39 • 10"5
) • (P/T; - P1/T1)' V / (R'lll) 

where 
a,.,,,= average leak rate, scfm (sm3/s). [air density= 0.075 lblfl3 (1.2 Kgs/M3

)) 

V = volume within lest boundary, ft3 (m3
) 

P1 = initial pressure within lest boundary, psf ABS [Pa( absolute)] 
P1 = final pressure within test boundary, psf ABS [Pa(absolule)] 
T1 = absolule temperalure al slart of test, R (K) 
T1 = absolute temperature at end of tesl, R (K) 
lit= t; - t1 lime difference (minutes) 
I;= time al slart of test (minules) 
lr = lime al end of lest (minutes) 
R = gas constant for air; 53.35 fl-lb, (0.286 kJ, lb-R, kg-K) 

Acceptance Criteria: 
If the calculated leak rate exceeds the Owner's acceptance criteria. locale leaks in accordance with one of lhe techniques outlined 

in 111-4400 or 111-4500. 
Bubble Leak Location Method: 

(a) Pressurize the test boundary lo the maximum operating pressure for the system. 
(b) With the test boundary under continuous pressure, apply bubble solution to areas lo be tested. Identify places where bubbles 

are found and periorm corrective actions. 
(cl Followinq corrective actions. retest In accordance with 111-4100 or 111-4200. 

Audible Leak Location Method: 
(a) Pressurize the test boundary to the maximum operating pressure for the system. 
(b) With the lest boundary continuously pressurized, locale audible leaks (electronic sound detection equipment optional) and 

perform corrective actions. 
(cl Followino corrective action, retest In accordance with Jll-41 DO or 111-4200. 
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Summary of Method: 
The system is operated al design flow rate. Airflow velocity readings are measured downstream of each moisture separator, pre

filter, and HEPA filter in the bank. For adsorbers, readings shall be taken in line with the flow slots. Each reading is compared to the 
avera e for the bank. 

TA-IV-2000 Prerequisites: 
S stem o eralin wilhin +/-10% desi n flow rate. 

TA-IV-4000 Procedural GuicJelines: 
(a) For each moisture separator, prefilter, and HEPA filter, measure the air velocily al lhe approximate centers of equal areas wilh 

al leasl one measuremenl per each moisture separator, pre filler, and HEPA filler, and a minimum of 9 measurements per bank. 
Adsorber velocity 
measuremenls shall be made in lhe approximale cenler of the flow slots. For fow slots greater than 24 inches long (60 cm), 
measuremenls shall be nominally every 12 inches (30 cm) along the length of the slot. 

(b) Calculate lhe average velocity (V,,.) using the following formula: 

Vavo = 'i.V, In 
where 

i:v, = sum of individual velocity readings 

n = number of readings 
(c) ldenlify lhe highest and lowest velocity readings and calculate the percentage lhey vary from the average calculated above. 

System Test: 
Injection and sample port location shall be located so that the entire syslem, including housing bypass ducts and associated 

dampers. is challenged for inadvertent bypass flow paths around the HEPA filler or absorber banks. If this cannot be accomplished, 
and inlegraled syslem lesl shall be included in addition lo the bank tests oullined in Mandatory Appendices TA-VI, TA-VII, and TA-
4940. 

TA-V-1300 Injection Port Selection Criteria: 
Injection ports should be localed upstream of a flow dislurbance to maximize mixing. The challenge gas will pass through the 

HEPA bank and challenge lhe absorber bank. For systems with two or more HEPA filler banks in series, or lwo or more absorber 
banks in series, separate injeclion ports mus I be qualified for each bank. Use of injeclion manifolds may be necessary when there is 
insufficient room between banks to rovide ade uate.mixin . 

TA-V-2000 Prerequisites: 
The syslem is operating within +/-10% of design flow rate. The airflow distribution has been verified in accordance wilh Mandatory 

A endix TA-IV. 
TA-V-4000 Procedural Guidelines: 

(a) Connect challenge aerosol or gas generator lo lhe injection port to be tesled. 
(b) Place lhe challenge aerosol or gas measuring instrumenl sample probe upstream of the bank lo be tested with adequate hose 

lenglh to reach all areas of lhe bank. 
(c) Slart the challenge aerosol or gas injection and establish a constant injection rate. 
(d) Take a concenlralion 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 type II and type Ill 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 lhe length of the slot. 
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TA-V-4000 Procedural Guidelines: 
(e) Calculale the average concentration (C,val readings using the following formula: 

Cava= ~c,1 n 
where 

l:C; = sum of individual velocity readings 
n = number of readings. 

(f) Identify the highest and lowest concentration readings and calculate the percentage they vary from the average ca/culaled 
above. 

T A-V/-2000 Prerequis,fos: 
Airflow distribution shall be verified in accordance with Appendix TA-IV. The injection port shall be qualified ta provide uniform air

aerosol mixin in accordance with Mandala A endix TA-V. 
TA-Vl-4000 Procedural Guidelines: 

(a) Connect challenge aerosol generator ta the qualified injection port. 
(b) Place the challenge aerosol measuring instrument sample probes upstream and downstream of the bank la be tested. The 

sample tubing shall be of equal bore and approximately equal lengths and as short as possible to minimize the measuring instrument 
response lime. The upstream sample probe shall be localed in approximately the center of the bank. The downstream sample 
probe shall be located in a downstream sample manifold or downstream or a mixing source such as a turbulent fan discharge. 

(c) Start the system and verify stable flow rate within 210% or design flow rate. 
(d) Measure the upstream and downstream aerosol background concentration. The pre-injection background levels shall be 

stable lo ensure correct instrument response and shall not interfere with the detector's ability lo detect leaks in excess of the 
maximum allowed by the acceptance criteria. 

TA-Vl-4000 Procedural Guidelines: 
(e) Start the challenge aerosol injection. 
(f) Record the upstream and downstream concentrations. Repeal until al least three of the readings are stable. 
(g) Stop the injection. 
(h) Using the final set of readings meeting the stability and tolerance criteria. calculate the bank teak rate using the formula below: 

L = (100)Ca1Cu 
where 

L =%leak 
Cd= downstream concentration 
c. = upstream concentration 

Prerequisites: 
Airflow distribution shalt be verified in accordance with Appendix TA-IV. The injection port shall be qualified lo provide uniform air-

aerosol mixin in accordance with Mandato A endix T A-V. · 
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TA-Vll-4000 Procedural Guidelines: 
(a) Connect challenge gas generator to the qualified injection port. 
(b) Place the challenge gas measuring instrument sample probes upstream and downstream of the bank lo be tested. The 

sample lubing shall be of equal bore and approximately equal lengths and as short as possible to minimize the measuring instrument 
response lime. The upstream sample probe shall be localed in approximately the center of the bank. The downstream sample 
probe shall be located in a downstream sample manifold or downstream of a mixing· source such as a turbulent fan discharge. 

(c) Start the system and verily stable now rate and within 210% of design flow rate. 
(d) Measure the upstream and downstream challenge gas background concentration. ·The pre-injection background levels shall 

be stable lo ensure correct instrument response and shall not interfere wilh the detector's ability to detect challenge gas leaks less 
than the maximum allowed by the acceptance criteria. 

TA-Vll-4000 Procedural Guidelines: 
(e) Start the challenge gas injection. 
(f) Record \he upstream and downstream concentrations, as rapidly as instrument response time allows, until sufficient data have 

been recorded to allow calculation of adsorber bank leak rate. Care must be taken to obtain sufficient readings quickly after 
injection. 

(g) Terminate challenge gas injection. 
(h) Using the upstream and downstream concentration data, calculate the adsorber bank leak rate using the formula below: 

L = (1 00}c.,c, 
where 

L =%leak 
c. = downstream concentration 
C, = upstream concentration 

TA-Vlll-2000 Prerequisites: 
(a) All flare, flange solder, braze, weld, or thread fittings mechanically light. 
(b} All seats, packing glands, and service valve packing nuts mechanically tight. 
(c} All service, purge, and charging valves closed to the atmosphere. 
d Wire brush and wi e flux and oxides from all heated 'oints. 

TA-Vlll-4100 Leak Test Procedural Guidelines: 
(a) Open all interconnecting manual system valves, solenoid and expansion valves to ensure access to the complete system 

volume. 
CAUTION: Do not exceed the safe lest pressure limits established by the unit manufacturer. 
NOTE: It is advantageous and less costly to use an inert gas (nitrogen or carbon dioxide) to back up the refrigerant vapor 

pressure. Only about 5% to 10% of the total mixture need be refrigerant vapor for this method to work. 
(b) Pressurize the entire system to the Manufacturer's recommended test pressure with the lest mixture. 
NOTE: Allow time for the refrigerant and inert gas to mix before checking for leaks. 

TA-Vlll-4100 Leak Test Procedural Guidelines: 
(c} Leak lest the entire system, including factory joints, seals, and insulated lines with an electronic leak detector. Usually a one 

inch (2.5 cm) per second movement of the detector probe is sufficient lo pick up leaks. 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 lhe atmosphere. 
(e) Leak testing is complete when all leaks have been repaired and the system has been re-pressurized and retested to verify that 

there are no leaks. 
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TA-Vlll-4200 Evacuation_and Dehydration Procedure: 
Evacuate arid dehydrate afler leak testing per Vlll-4100. Proper evacuation and dehydration prove system tightness, expel non

condensables, and assure ad s stem before char in wilh refri erant. 
TA-Vlll-4210 Deep VacutJm Method: 

1-2000 

1-2000 

4.1.a 

(a) Vent all system pressure. 
CAUTION: Use appropriate reclaim equipment to prevent release of refrigerant gas to lhe atmosphere. 
(b) Connect a temporary connection between the system high and low pressure sides. Connect lhe vacuum pump, vacuum 

indicator, and refrigerant cylinder (o lhe system. 
(c) Open lhe vacuum pump suction and start the evacuation. 
(d) When the system reaches fess than 500 micrometers (Hg) absolute, il is isolated from the vacuum pump. 
(e) When the syslem holds 500 micrometer (Hg) absolute for al least 15 minutes, wilh lhe vacuum source isolated, the system is 

free of moisture and leaks and the vacuum should be released by charging · ant. 

--{~~ 1M~filW~f;~IJ~:1~~~ig: 
Inquiry Format: 

Inquiries shall be limited slriclly to inlerprelalions of lhe requirements or lo lhe consideration of revisions lo the present 
requirements on the basis of new data or technology. Inquiries shall include lhe following: 

(a) Scope: Preferably involve a single requirement or closely related requirements. An inquiry letter concerning unrelated subjects 
will be subdivided by the Committee, considered individually, and may be responded to individually. 

(b) Background: State purpose of inquiry, which would be either lo obtain an interpretation of Code requirements or lo propose 
consideration of a revision to 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 tables. 
Inquiry Formal: 

(c) Inquiry Structure: Stale in a condensed and precise question formal, omitting superfluous background information, and where 
appropriate, compose in such a way that .. yes" or "no" (perhaps with provisos) would be an acceptable reply. This inquiry statement 
should be technically and editorially correct. Those inquiries which in lhe Committee's (or the ASME staff Secretary's) judgment are 
not clear will be returned lo the sender 
for clarification and resubmillal. 

(d) Proposed Reply: Stale what il is believed thal lhe Code requires. If in !he inquirer's opinion a revision to lhe Code is needed, 
recommended wording should be provided. · 

Additionally, the inquiry shall: 
(a) be submitted in lypewrillen form; however, legible, handwritten inquiries will be considered; 
(b) include name and mailing address or lhe inquirer; 
(c) be submil!ed lo the following address: 

General: 

Secretary ASME Committee on Nuclear Air and Gas Treatment 
345 East 47lh Street 

Prefilters are required in air-cleaning units when design inlel particulate concentrations and particle size are such lhal the HEPA 
filler may be rendered ineffective prematurely. On other air-cleaning units prefillers are recommended only when it is desired to 
increase HEPA filter life. 
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General: 
HEPA fillers are required in all air-cleaning units when filtration of inlet particulate matter requires a minimum efficiency of 99.97% 

for particles equal to 0.3 micrometer in size. 

General: 
Adsorbers are required when air-cleaninq units are desiqned for removal of adsorbable comoounds. 

General: 
Moisture separators (demisters) are required when entrained waler droplet concentration may.be greater than 1 lb (0.45 kg) of 

water oer 1 000 ch (1 700 m3/hr) of airflow, 
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 lreatmenl syslems which are unaffected by outside air meteorological conditions. 
healers should be ulilized when an accident would result in an air-stream exceeding 70% relative humidity for more than 1 hr. 

General: 
When adsorbers are used in ESF air-cleaning units, provision shall be made for a postfiller to retain carbon fines. Poslfillers should 

also be considered in non-ESF air-cleaning units discharging into occupied spaces where carbon fine carryover is not acceptable. 

Design Parameters: 
Values of the following design parameters shall be specified when invoking lhis standard and shall be used whenever .referenced: 

a) volumetric 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 lest pressure; 
3) maximum design pressure; 
4) structural capability pressure (usually determined by component designer) 

Design Parameters: 
c) pressure-time transient (if applicable), in. w.g./sec (Pa/sec); 
d) maximum and minimum gas temperature (F) and density, lb/fl3 (kg/m3); 
e) maximum inlet relative humidity (percent): 
f} entrained liquid water (mass flow rale), lb/min (kg/min); 
g) concentrations of specific contaminants in airstream; 
h} required decontamination factors for each contaminant; 
i) component radiation integrated life dose (rad) and maximum dose rate (rad/hr); 
j) maximum dirty filter pressure differential, in. w.g.(Pa); 

Design Parameters: 
k) structural loadings: 
I) duel and housing maximum permissible leak rate (scfm) (mA3/hr) and associated operating pressure, in. w.g.(Pa); 
m) environmental design conditions including temperature, pressure, and relative humidity: 
n) expected duration and environmental conditions of storage area; 
o} particle size distribution and quanlily of aerosols and contaminants under normal and accident conditions (if known); 
p) safety classification (ESF or non•ESF); 
q) number of adsorber lest canisters per adsorber bank; 
r) healer capacity, walls, voltage, temperalure differential, if applicable. 

Example ASME AG-1 Compliance Matrix Page 122 of 141 



0 
V, 

I ...... 
V, 
00 
.i:,. 

Requiremen 
t Number 

967 

968 

969 

970 

971 

972 

Source 

4.3 

4.4 

4.5 

4.6 

4.6(a) 

4.6 (b) 

Requirement Text 

Size (Installed Capacity) of Air-Cleaning Unit: 
The inslalled capacity cfm (m'3/hr) of lhe air cleaning uni\ shall be no greater than the limiting 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 stage of 
components shall not exceed the number of components in the bank times the rated capacity of the individual components. Test 
canisters shall not be included in determining the installed capacity of any bank or stage of adsorbers. 

Environmental Design Conditions: 
All parts and components of the air-cleaning unit shall be selected or designed to operate under the environmental conditions 

(temperature, relative humidity, pressure, radiation, etc.) specified in paragraph 4.2. Materials of construction and components shall 
be selected or treated lo limit generation of combustibles and contaminants and to resist corrosion and degradation lhal would result 
in loss of function when exposed lo the specified environmental conditions for the design lite or lhe component. 

Environmental qualification requirements are contained in 10 CFR 50.49 and IEEE 323 and ASME AG1, Section AA and various 
specific ASME AG-1 Code sections. 

Structural Load Requirements: 
Engineered Safely Feature (ESF) systems and all of their components shall be shown, either by le sting or by a mathematical 

technique, lo remain functional under the structural loading specified in ASME AG-1, Article AA-4000 and various specific ASME AG
I Code sections. 

The maximum design pressure shall be documented by calculalion, including lhe basis for lhe condition, and included in procurement 
soecificalions for manufacturer's desian. 
Positive Pressure: Air-cleaning units and components including duels located on the discharge side of tan(s) which can be Isolated 
by closure of a downstream damper, or potentially plugged components, shall be designed lo withstand a positive internal pressure 
equal lo or greater lhan the peak pressure of lhe fan(s). If provision is made lo deenergize fans on high differential pressure or low 
fiow, the· components shall be designed lo withstand the trip point design pressure plus a margin lo include the rate or pressure rise 
between reaching the pressure setpoint and the lime for the inslrumenlalion response, or 10%, whichever is greater. 

Negative Pressure. Air-cleaning units and components localed on the inlet side of lan(s) which can be isolated by closure of an 
upstream damper, or potentially plugged componenls shall be designed to withstand a negalive internal pressure equal to or more 
negative than the peak pressure or lhe lan(s). If provision is made 10 deenergize fan(s) on high differential pressure or low flow, the 
components shall be designed lo withstand the trip point design pressure plus a margin to include lhe rate of pressure rise between 
reaching the pressure setpoinl and lhe lime for the inslrumenlalion response, or 10%, whichever is greater. 
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973 4.7 Physical location and arrangement of the components of a nuclear air-lrealmenl system influence lhe requirements for leak lightness 

for the various parts of lhe pressure boundary. Air flow should be from potentially less contaminated areas to potentially more 
contaminated areas. Whenever possible, routing or contaminated air through clean spaces or interspaces should be avoided. II lhis 
can nol be done, lhe general guidance in this Section should be followed. Figures B-1410-1,B-1410·2, and B-1410-3 of ASME AG-1, 
Section SA schematically depict examples of possible combinations and location of fan and air-cleaning unit lo minimize impacl of 
system contaminated oulleakage on surrounding clean spaces and inlerspaces as well as conlaminaled inleakage into a cleaner 
system component. 

· ·: . · _ _.,\;· ~<" ~_ :J: .. :~ {~:i:;· :·. ·4:1--1\t-.~~ .. : EFF-li.UENir-NUClEAR·.AIR:tREATM_l:NT.'~S°*-STCMFlbNE;JURQlJGHl/~/?\:.1;.~\-J)~;t.i-._ ·:·'.,~ilr ,~_::,:_ {.>:1f'~'5)11.1 ~A~ .. \··(c.?:.,:,/'Y{<,;.,,J...'·-;;:.,i!:,!;;i "~,A~h ht)·- .:Cf'is✓?l?'fLt~;.;.-·7; d(2').-i7v1~0??~,;Y:X-'.J:"~(i .:::} 
974 4.7.1.a Maintain duels conveying conlaminaled air through cleanspaces or clean inlerspaces al a negative pressure with respect to the 

surroundinq areas. 
975 4.7.1.b With air-cleaning unit localed in a clean inlerspace, exhaust fan shall be localed downstream or air-cleaning unit in order to keep 

air-cleaning unit under neqative pressure. Anv leakage lhrouoh Ian shaft will be from clean interspace. 
976 4. 7. 1 .c With air-cleaning units localed in conlaminaled spaces or interspaces, lhe fan shall be localed upstream of lhe air-cleaning unit to 

prevent infiltration of contaminated air through fan shaft, or into the filler housing downstream of fillers th·ereby bypassing fillers. 
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The length of posilive pressure discharge ducts from lhe air-cleaning unil routed through clean spaces or inlerspaces should be 
keot as short as practical to minimize oulleakaoe from ductwork from impaclino inolanl personnel exoosure. 

Outside air ducts routed through clean spaces or interspaces thal may convey radioaclive air following a release shall be under a 
neaative pressure relative to lhe spaces. 
Negative pressure recirculating air ducts lhal pass outside lhe habilable space should be avoided or additional filtration provided. 

980 4.7.2.c The makeup air fans shall be located: 
(1) upstream of air-cleaning unit if air-cleaning unit is in a contaminated space. 
(2) downstream or air-cleanino unit if air-cleaninq unit is in a clean space. 

981 4.7.2.d The lenglh or positive pressure ducts outside or lhe habitable boundary should be kepi as short as practical lo reduce effect of duel 
leakage on ability to pressurize 
habilable boundarv. 

982 4. 7.2.e Recirculating system housings should be kept at a positive pressure if located oulside habitable boundary in a contaminated space 
or interspace. 

983 4.7.3.a 

984 4.7.3.b 
985 4.7.3.c 

986 4.8.1 

987 4.8.1.a 

988 4.8.1.b 

989 4.8.1.c 

990 4.8.1.d 

991 4.8.1.e 
992 4.8.1.f 

993 4.8.1.Q 
994 4.8.2 

995 

Oate Prinlad: 1110/2006 

If an air-cleaning unil is located in a clean space or interspace oulside of the space served. the fan should be located downstream of 
the air-cleanino unit. 
Fans mav be either uostream or downslream of aircleanina units if localed totallv wilhin lhe space served. 
The lenoth of ductwork oulside the soace served should be keot as short as oractical. 

Access for Service, Testing, and Inspection: 
The air-cleaning unil shall be designed to keep radialion exposures during maintenance, testing, and inspeclion as low as 

reasonably achievable (ALARA). Some design features which conlribule to keeping lhese exposures ALARA are lhe following. 

Man-entry air-cleaning unils should be located al floor level or should be equipped wilh a permanent service gallery al leas I 4 ft 
l/1.23 ml wide with permanent stairs or fixed ladders. 

Smaller air-cleaning units should be localed al a heigh I above the floor or work gallery level convenient for access, based on 
human factors and lhe desian of lhe housing. 

The area in which the air-cleaning unil is located shall be served by a clear aisle wide enough lo accommodate servicing of internal 
components and equipment. 

Sufficiently wide clear area adjacent to lhe housing door or hatch shall be provided lo allow servicing the air-cleaning unil; a space 
of al leasl 4 fl 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 ii can be used while servicing lhe air-cleaning unil, or ii may serve as lhe clear space for an adjacenl air-cleaning unit. 

Clearance of 18 in. (0.46 ml is recommended above the housina for installation and insoection. 
Elevated work galleries servicing air-cleaning units shall be designed in accordance with Occupational Safety and Heallh Act 

l(OSHA) requirements. 
Duels that will have to be cleaned cul periodically shall be equipped wilh low leakaqe access hatches al strateqic points. 

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 components. If components are lo be replaced between mounting frames, 
the bank-to-bank dimension should be lhe maximum deflated length of component plus a minimum of 3 fl (0.92 m). The designer 
should consider susceptibilily or permanently installed lesling manifolds la damage in delerminalion of maintenance space. An extra 
3 fl (0.92 m) bank-to-bank spacing should be considered for testing manifold clearance when manifolds are pennanenlly inslalled. 

Instruments and Controls shall meet the requirements of ASME AG-1, Seclion IA. 
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Where heat of radioactive decay or heat of oxidation or both may be significant. means shall be provided to remove this heat from 
the adsorbent beds to iimil 
temperatures to values below 300'F {149'C) to prevent significant iodine desorption. 

For lhis purpose, a minimum circulalory air flow shall be available for all operational modes of lhe air-cleaning unil and shall be 
based on the maximum possible radioactivity 
loading on lhe adsorbent beds. Water deluge systems are nol acceptable for this purpose. 

4. 11. 1 General: 
Nuclear air treatment systems shall be designed, fabricated, and installed so as lo minimize the use of combustibles. Filler media, 

sealants, Qaskets. and insulation shall meet the reauiremenls of ASME AG-1. 
4.11.2 Fire Detection: 

4.11.3 

4.11.4 

4.11.5 

4.11.6 

4.11.7 

4.11.B 

4.11.9 

When air-cleaning units are provided with adsorbers, a fire detection syslem shall be installed downstream of each carbon 
adsorber bank to delecl either abnormally elevated temperature or products of combustion. The fire detection system shall be 
designed to be responsive to the unique features of lhe installation and application (e.g., low air velocity, stratification). A two-stage 
alarm shall be provided. The fire deleclion system shall operate an alarm {first stage) upon detection of temperature above a 
prearranged set-point and automatically trip fan{s) and isolate the air-cleaning unit. The second stage shall operate an alarm when a 
fire is delecled. Documentation shall be provided to the owner which shows lhal the fire detection system is designed to be 
responsive lo a fire within the carbon adsorber bed. 
Fire Hazard Procedures. Plant fire protection procedures should include requirements that upon firslslage, high-temperature alarm, 
the plant fire brigade is dispatched lo the area lo lake appropriate action. 
Fire Hazard Analysis: 

A fire hazard analysis shall be performed for all air-cleaning units and components in accordance with 10 Code of Federal 
Regulations {CFR) 50, Appendix Rand National Fire Protection Agency {NFPA) B03, except that for adsorbers consideration shall be 
:given to the type of carbon (or other media) utilized in adsorbers and lhe potential for fire. 
Rre Protection Sys/ems. Fire protection systems. when provided, may use water deluge, inert gases {e.g., halon, CO2) or other 
extinguishing agents as appropriate 
for lhe hazard and desiqned in accordance wilh all applicable NFPA standards. 
Water Deluge Systems: 

Deluge nozzles should be permanently mounted within the housing and localed lo ensure that both deep-seated or surface fires 
can be extinguished. Nozzles shall be piped lo an accessible location outside the housing and provided wilh redundant leak-light 
isolation valves and a connection suitable for manual allachem lo the ptant"s fire protection system. Permanently connected fire 
protection systems are not recommended, but may be used in lieu of manual hose connections. 

Actuation of Fire Protection Systems. If the result of the fire hazard analysis requires lhal a fire protection system be provided for an 
air-cleaning unil, the fire protection system should be manually actuated. Automatic actuating water deluge systems are not 
recommended because spurious actuation of deleclion/automatic protection systems will significantly degrade adsorber capability 
and damage \he adsorber. 

Permanenlly Connected Fire Pra/ection System. When air-cleaning units are provided with permanently connected lire protection 
systems, provisions shall be made to activate an alarm upon inilialion of flow of extinguishing agent (e.g., waler, halon, CO2). 

Returning Air-Cleaning Unit to Service; 
If carbon does become wet, the wet carbon s/Ja// be"femoved from the adsorber to prevent structural damage ta the adsorber due 

to chemical interaction. Before placing the air-cleaning unit back in service, the adsorber shall be thoroughly dried and visually 
inspected for corrosion damage. Dried carbon shall be laboratory tested per ASME AG-1, Section FF and adsorber leak testing 
shall be oerformed oer ASME AG-1, Section TA. 
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T • Test incorporated In the 

I • Inspection design} 
lnsulalion: 

Acoustic linings, thermal insulation, and similar materials shall not be applied to the inside of air treatment system duels and 
housings. Materials applied to the outside of ducts and housings shall not prevent access to any bolled construction joint, door, 
access hatch, or instrument in the housing or duels or result in penetrations through the pressure boundary which would result in 
exceeding allowable leakage rates in accordance with paraoraph 4.14. of ASME N509. 
Testability: 

To ensure that the testing requirements of this Standard can be met, sufficient permanently installed halide and DOP injection and 
sampling ports shall be provided lo permit accurate testing in accordance with ASME AG-1, Section TA. here required for proper 
challenge agent mixing and/or sampling. multiple inlet or outlet distribution manifolds shall be provided lo allow injection and sampling 
I per ASME AG-1. Section TA. -
Testability: 

Sufficient test cannisters or other means of obtaining samples (see Mandatory Appendix I) of used adsorbent shall be installed in 
the adsorber system lo provide a representative determination of the response of the adsorbent to the service environment over the 
predicted life of the adsorbent. Test cannisters shall be installed in a location where lhey will be exposed to the same airflow 
conditions as the adsorbent in the system, shall have the same adsorbent bed-depth as the adsorbent in the system, and shall be 
filled with representative adsorbent from the same batch of adsorbent as that of the system. 

The quantity of test cannisters lo be provided shall be based on the expected frequency of operation. For continuously operating 
systems, where laboralory testing of carbon is required every 720 hr of operation. a minimum of 18 lest cannisters is recommended. 
For those systems where laboralory carbon testing is required once every 18 months. a minimum 016 test cannisters is 
recommended. If the adsorber operation may vary rrom part time to continuous then classifying the adsorber as conlinuous is 
recommended. 
The type of test cannister design (including connection to adsorber bank) shall be qualified by the manufacturer. Any change in the 
cannister design or mounting ta bank shall require a retest. The qualification test shall measure air velocity al the lest cannister . 
Measured velocity shall be+/- 10% of adsorber bank design velocity. Tests on each production air-cleaning unit are not required. 

Testability: 
Access shall be provided between banks of components in the air-cleaning unit housing lo permit physical inspection of both sides 

of each bank. Components shall not be installed back-lo-back on the same or opposite sides of the same mounting frame, or on 
adjacent mounting frame, or on adjacent mounting frames which _are so close as not to permit adequate access space between 
banks. 
JiRESSORErBe..t:.fNtfARV.iffEAK'AGE.· ·:::.·.I,, .. _\:~:··\,~_-_..:;{.""_;;.{ 'i _\ .. :·: _ .. _:'":·. -,~~ii~1/t:'t--~·;:<f·.;"t~'-~i:"-i';·:· . .";: --_··. ·•._.-, .. -:· iJ{"\~:-1.;:~~ ·. -···}:? :.:· :·:"J12:'t!}. ·,g~;;~1.;;:,;,:,i{lt;~l jJ.itr·;~~t }~f.t11(f1it?1~\~~I:t~i~:.t~ ~Jj•f~;~\{f~f~?~i~~~f{~f;~~I~f.?~!'A]t 
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 roqm habitabilily; 
(b) plant personnel exposure during normal plant operation due to contaminated outleakage in clean spaces or clean interspaces; 
(c) plant personnel exposure due to excessive system inleakage which prevents the nuclear air-treatment system from performing its 
design [unction in conlaminaled spaces or contaminated interspaces during plant normal, upset, or accident conditions; 
(d) off site exposure during planl normal, upset. or accident conditions. 

Ca/r:ulalion of Allowable Leakage: 
The system designer (Engineer) shall determine leakage criteria and allowable leakage to meet governing Codes, Standards, 

regulations, and plant-specific requirements for required 
portions of the nuclear air-treatment system pressure boundary (duels, housing, dampers, fans. etc.). The basis for determining the 
leak rale, and coincident operating (static) pressure shau be documented and provided to the owner. 
Additional leakage criteria may be applied to the pressure boundary as determined by the owner to meet plant-specific ALARA 
programs and/or regulatory requirements. 

Additional leakage criteria can be found in nonmandalory Appendix SA-B of ASME AG-1, including examples of determining 
allowable leakage for tvpical installations. 
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Date Printed: 111012006 

Requirement Text 

Leak Tes( Parameters: 
Components shall be designed, fabricated, and installed to not exceed allowable leakage at specified operating pressure. See 

nonmandatorv Appendix CA-B or ASME AG-1. 

HEPA Filters: 
HEPA filters shall meet the requirements or ASME AG-1. Seclion FC. 

Tray-Type Bed and Deep Bed Adsorber Cells: Tray-type and deep bed adsorber cells 
shall meet the requirements for Type II or Type Ill cells, respectively, or ASME AG-1, Sections FD. Type II Adsorbers, and FE, Type 
Ill Adsorbers: and shall be filled wilh an adsorbent which meets the requirements or ASME AG-1, Section FE. 

Prefi//ers and Pose Fillers: 
Medium efficiency prefilters and oostiilters shall meet the reauirements of ACME AG-1, Section FB. 

Moisture Separa(ors: 
Moisture seoarators shall meet the reouirements of ACME AG-1, Section FA. 

Air Heaters: 
Heaters shall meet the requirements al ACME AG-1, Seclion CA 

Heater Stage: 
The heater stage shall be sized on the basis of heat transfer calculations showing a capability or reducing the maximum expected 

relative humidity or the entering airstream mixture to pproximately 70% in the housing space between lhe moisture separator or 
housing inlet (whichever is applicable) and the refilter stage, at the system design (low rate. The sensible heat produced by the 
heater stage shall not result in increasing air temperatures to more than 225°F. An overtemperature cutoff switch set at this value 
shall be provided. Manually reset overtemperature cutoff switches are not recommended for ESF air-cleaning unils located in areas 
not accessible following a DBA. 
Drawings: 

Drawings showing the details of construction, 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. 
Heaters for ESF Systems: Heaters in ESF aircleaning units shall be 
loualifled to meet the requirements of IEEE 323, IEEE 344. and ACME AG-1, Section CA. 
Documenlatian: 

A report containing description and results of qualifications testing and the resistance, certification and serial number (s) of the air
cleaning unit heaters purchased shall be furnished to the owner. If small scale model tests are the bases of design, scaled-up 
calculations must be orovided. Heat transfer calculations shall be submitted ta the owner if requested. 

General Requirements: 
Hausinq shall meet the requirements of ACME AG-1, Section HA. 

Fans shall meet the requirements of ASME AG-1, Section BA. 

Fans shall be selected on the basis of detailed system pressure lass calculations, and shall be capable of producing the specified 
design flow rates. The system designer shall, in accordance with AMCA 201, prepare a system characteristic curve for design and 
limitina conditions under which the fans will be reauired ta operate. 
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Requirement Text 

All resistances in the system, including clean and dirty component pressure drops (as well as lest pressure differential), full-open and 
intermediale control damper positions, duct inlel losses, and losses in duels, housing inlets and outlets, and fan inlels and outlets 
shall be considered in lhe estimate of the system characteristics. A sel of constant speed fan performance curves, showing the static 
or total pressure, corresponding efficiency, capacity, and brake horsepower shall be obtained from the fan manufacturer for each fan 
configuration. Fan inlet and discharge configurations, or other system characlerislics, lhal would adversely alter the published fan 
performance shall be avoided. Fan size shall be chosen after performing an analysis of the system characIerislic and fan 
performance curves, considering ail system faclors including temperature, pressure, required airllow and, particularly for fans 
operating in post-accident primary containment atmospheres, density and viscosity of the air or air-steam-entrained water mixture. 

1027 5. 7.1 Fan selection shall also allow for lest conditions in accordance with ASME AG-1, Seclion TA. The system designer shall identify the 
maximum allowable differenlial 

1028 
1029 5.8.1 

1030 5.8.1 

1031 5.8.2 

pressure for each filter bank plus a margin lo accommodate filter loading which may occur prior to the next surveillance (typically 
25% of the coincident dirty filler differential pressure). The fan and system characleristic curves shall be included in the system 
documentation. The fan shall be selected to operate on the stable portion of its pressure curve under all operaling conditions. 
Provision shall be made in the design lo maintain stable operation under lhe design flows and varying pressure range. Inlet vanes, 
inleVoullel damper modulation, variable speed fan control are acceptable alternatives. 

Fan drives shall meet the requirements of ACME AG-1. Section BA. 
Integral Horsepower Motors -· General: 

Motors shall comply with and be tested and rated in accordance with applicable requirements of NEMA MG1, and IEEE 112A. 
Performance shall be verified by either lest or certification as specified for each requirement. Rated service factor shall be a 
minimum of 1.0 unless soecified otherwise. 
Motors shall be sized lo supply maximum mechanical load demand without exceeding the rated horsepower under all identified 
operating conditions and lo produce the required torque and acceleration 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. 

Drives for ESF Systems: 
Drives in Engineered Safety Feature (ESF) systems shall comply with lnslilule of Electrical and Electronic Engineers (IEEE) 323. In 

addition, drives of ESF systems located inside containmenrshall be qualified in accordance with IEEE 334. 
ESF fan drives shall be qualified in accordance with IEEE 344. Motor supports and hangers shall be designed lo withstand all 

seismic and operating loads with the motor in its normal opera ling orientation without impairment of operating characteristics. 

1 033 5.1 O Ducts shall meet the reauiremenl of ACME AG-1, Secclion SA 
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1034 6 Packaging, shipping, receiving, storage, and handling shall meet the requirements of ASME NQA-1; ASME AG-1, Article AA-7000, 

and various specific ASME AG-1 Code section. 

1035 7.1 

Date Printed: 1/10/2006 

Drawings: 
Complete air-cleaning system layout drawings showing the location of housing, ducts, fan dampers, and the olher external 

components in each of three mutually perpendicular planes shall be prepared prior to the start of erection. Drawings shall show all 
connections, hangers, and anchors, lhe 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. Layout shall be checked for 
Interferences with other items lo be installed in the area, and conflicts shall be resolved before installaiion. 

Example ASME AG-1 Compliance Matrix Page 128 01141 



Cl 
Vi 
I ...... 

Vi 
\0 
0 

Require men 
t Number 

1036 

1037 

1038 

1039 

1040 

1041 

1042 

0 

. Source 

7.2 

7.3 

7.4 

7.4 

7,4 

Date Printed: 111012006 

Requirement Text 

Erec/ion: 
All ducts, housings, fans, dampers, hangers, anchors, and services (electrical, steam, drains, etc.) shall be installed in strict 

conformance with the layout drawings; deviations of more than the design tolerance from the location in any plane from lhe posilion 
shown in the drawings shall be approved by the system designer or other responsible Engineer, and shall be documented by "as-built 
drawings,· Prefabricated duel 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 ii was not designed; field runs of pipe, duct, or conduit 
or other systems of the facility shall not be permitted to penetrate the housing, Internal components (filters, adsorbers, etc,) shall not 
be installed until immediately before the system is presented for testing, and shall not be removed from their cartons or crates until 
they are ready to be installed. The recommendations for handling and installation of HEPA fillers given in ASME AG-I, Section FC 
shall be complied with. 
Welding: 
Weldin rocedures, welders, and weldin o erators shall be ualified in accordance wilh ASME AG-1. 

Installation of HEPA Fillers and Adsorbers: 
Installation personnel shall be instructed in the proper handling of the HEPA fillers and carbon cell adsorbers prior lo the 

installation and clamping of the fillers. 

Components should not be removed from protective cartons, crates, pallets, or skids unlit immediately before they are lo be installed, 
Each item should be checked for physical damage, or evidence of abuse. Replace or repair damaged ilems before use. The position 
and alignment of foundations, anchcrs, hangers, ducts, hcusings, dampers, fans, motors, and other components shall be checked 
and their locations shall be within tolerance as shown on the drawings. Pleats or HEPA filters shall be vertical, gaskets of HEPA 
fillers and adsorbers shall be securely affixed so that they are not displaced during installation. Clamping devices shall be in place 
and complete/ tightened to produce the required gasket compression. 
After fillers and adsorbers are unpacked and opened lo the atmosphere, extreme care Is required lo ensure lhal degradation does 
not occur either from exposure before loading or by system operation during testing, construction, repair, or plant modification. 
Refilters and HEPAs are particularly vulnerable lo degradation due lo construction dust. If additional welding is required on the filter 
housing alter HEPA filters or adsorbent is installed. the HEPA filters and adsorbent must be removed before starting this work. 
HEPA fillers are very susceptible 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 design organization. manufacturers of components, and constructors (including subcontractors) shall each establish and comply 
with a com rehensive ualil assurance °ro ram and Ian which meets the re uirements of ASME NQA-1. 

Acceptance testing shall be in accordance .yith ASME AG-1, Section TA and operational testing shalt be in accordance with ASME 
N510. II is recommended lhal prefillers be installed before fan is first turned on to protect 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 to clean up the worst of 
construction dirt (artificial resistance may have to be added during this operation lo prevent overloading of the fan motor). Prefillers 
may have lo be replaced after this evolution. For personnel protection, personnel should not enter housing until fan has·operated for 
a sufficient period of lime lo remove air entrainable debris. After installing the HEPA filters and adsorbers, the system healers should 
be operated, where provided, lo reduce, if necessary, the relative humidity of the air prior to making tests on the adsorbers. 
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Requirement Text 

General: 
The tests covered by this Standard are of two types: 

a) acceptance tests 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 systems. 
This classification of tests as acceptance or surveillance, and the recommended minimum frequency of tests are shown in Table 1. 

Tes/ Pror;edure: 
Procedures shall be prepared for each required lest, based upon lhe requirements of this standard 

Person no/: 
Tests shall be performed only by persons who have demonstrated the competence lo satisfactorily perform the specific tests in 

question as evidenced by experience and training. Personnel shall be certified in accordance with ANSI/ASME NQA-1 or ANS 3.1 
and in accordance with the facility project specifications and quality assurance proqram. 
Instrumentation • Permanent: 

The permanent instrumentation used on the installed systems shall have an established routine calibration program in accordance 
with the facilitv oroiect soecificalions and qualitv assurance proaram. 
Instrumentation - Portable: 

Portable instrumentation used in the perlormance of the tests specified in this standard shall meet the accuracy requirements of 
this standard and shall be calibrated in accordance with the facility project specifications and quality assurance program. 

Purpose: 
A visual inspection of lhe air treatment system, 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 tests. In addition, this inspection may be used lo verify that 
system design and construction are In accordance with ASME N509. 
Summary of Method: 

Visual inspection shall be made under a combination of background light plus supplementary light that provides adequate 
illumination of the surface lo be insoected. 

1051 5.3 Prerequisites: 
Construction. modification, and/or repairs shall be completed to the extent of supporting the test series. 

1052 5.4 Apparatus: 
Suoolementarv Hahl as reauired to orovide adeauale illumination of the surface to be insoected. 

1053 5.5 Procedure: 
As a minimum, the lists of items in para. 5.5.1 shobld be checked, When performed as part of the acceptance test, the visual 

inspection should be started prior to filler media installation and completed after completion of media installation. Those items 
indicated by an asterisk (") usually need only be inspected during acceptance testing and/or after any system modification or repair. 
Whenever "unacceptable" is used, ii is intended to mean any damage or condition that would impair the ability of the item to perform 
its function (reference ASME N509). 
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Requirement Text 

Housing and Ducts: 
(a) Adequate access lo housing. 
(b) Adequate space for personnel and equipment for maintenance and lesling.' 
(c) Doors of rigid construction lo resist unacceptable flexure under operating conditions.' 
(d) Adequate seal between door and casing. 
(e) Gasket 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) Adequate number and acceptable condition of operable latches on access doors to achieve uniform sealing. 
(h) Provision for locking doors.' 
(i) Adequate structural rigidity of housing lo resist unacceptable flexure during operating conditions.' 
U) Access to upper lie rs, (above the 7 fl level), provided with permanent ladders and platforms.• 
(k) At least 3 fl clearance between banks of components for maintenance and testing.' 
(I) Door provided on each side, (upstream and downstream of each HEPA filter and component bank).' 

Housing and Ducts: 
(m) No back to back inslallalion of components.• 
(n) Sample ports localed and labeled upstream and downstream of each HEPA filler and adsorber bank. 
(o) Challenge injection ports located and labeled. 
(p) Sample and injection ports equipped with leak-tight caps or plugged. 
(q) Housekeeping in and around housing adequate for maintenance, testing, and operation. 
(r) Adequate guards provided on fans for personnel safety. 
(s) Condition of flexible connection between housing and Ian located external to housing adequate to prevent leakage of 

untreated air, 
(I) Fan-shaft seals installed where required. 
(u) Airtight seals for conduils, electrical connections, plumbing, drains, or other conditions that could result I bypassing of the 

housing or any component therein. 

M No sealant or caulking of any type on/in housings or component frames. Caulking on/in ducts may be permissible 
depending on project specifications. 

(w) Loop seals have adequate water level. 

Local Instrumentation: 
(a) No unacceptable damage to instrumentation (e.g., gages, manometers, thermomelers, etc.). 
/bl All connections comolete. 

Lighting, Housing: 
(a) Adequate lighting provided for visual inspection of housing and components. 
(b) Flush mounted fixtures serviceable from outside the housinQ.' 

Mounting Frames far Filters and Moisture Separators: 
(a) Continuous seal weld between members of all frames and between frame and housing.' 
{b) Adequate structural rigidity for supporting internal components during operating conditions without flexure.• 
(c) No unacceplable damage lo the frames Iha! may interfere with proper sealing of components. 
(d) Sample canisters installed and unused connections capped or plugged leak-tight. 
(e) No penetrations of the mounting frame except for test canisters. 
(fl No sealant or caulking of any type. 

Filter Clamping Devices: 
(a) Sufficient number of devices of adequate size to assure specified gasket compression. 
(b) Individual Clamping of filters and adsorbers.' 
(c) All clamping hardware complete and in good condltion. 
/d) Adequate clearances orovided between filter and adsorber units in same bank to tiahtened clamoinq devices.' 
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5.5.1.6 Moisture Separators: 
(a) No unacceptable damage 10 media, frame. or gaskets. 
(b) No dirt or debris loading which creates a higher than lhe specified pressure drop across lhe bank of components at the 

design airflow rate. 
(c) Proper installation of moisture separators. · 

5.5.1.7 Air Heaiing Coils - Inside Housing: 
(a) No unacceptable damage to coils which may affect operability or lhe healers. 
/b) No unacceptable dirt or debris on or between coils. 

5.5.1.8 Pre-Fillers: 
(a) No damage to media. frame, or gaskets which may affect operabilily of prefillers. 
(b) No dirt or debris loading which creates higher than the specified pressure drop across lhe filler bank al the design flow rate. 
(c) Proper installation of prefillers. 

5.5.1.9 HEPA Filters: 
(a) No unacceptable damage lo filter media. 
(b) Acceptable condition and sealing of gaskets with at leas\ 50% compression. 
(c) No dirt or debris loading which creates higher than the specified pressure drop across the filler bank al the design flow rate. 
(d) No sealant or caulking of any type. 
(e) Filters are properly installed with pleats vertical. 

5.5.1.10 Adsorbers: 
(a) No unacceptable damage lo adsorbers or adsorbent beds .. 
(b) Acceptable condition and sealing of gaskets wilh at least 50% compression. 
(c) No through bolls on Type ll adsorbers or other structure that could cause bypass in an adsorber bank. 
(d) No sealant or-caulkino of anv tvPe. 

1065 5.5.1.11 Dampers - Housing and Associated Bypass Duct: 
(a) No unacceptable damage lo or distortion of frame or blades. 
(bl No missing seats or blade edging. 
(c) No unacceptable damage to shaft, pivot pins, operator linkages. operators, or packing. 
(d) Linkage connected arid free from obstruction. 
(e) No unacceptable damage to gaskets. 

1066 5.6 Acceptance Criteria: 
The acceptance criteria shall be in accordance with test orooram or oroiecl soecificalions. 

1067 5. 7 Report: 
The lest procedure shall document the results of Lhe lest and conform Jo the owner's test program. llems identified as 

unacceptable should be further documented in the comment section of the tesl report Lo assist the owner in preparation of corrective 
aclion. 
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1068 6.1 Purpose: 

1069 6.2.1 

1070 6.2.2 

Dale Printed: 1/1012006 

These tesls are to verifv the leak licihtness and structural inleqrilv of housinqs and duels. 

Structural Capability Test: 
Ducts and housings of once-through and recirculalion air treatment systems which could be subjected Jo structural capabilily 

pressure due to closure of dampers on suction or discharge or fans shall be pressure Jested and verified that there is no 
unacceptable distortion or breach or inteorilv. 
Duct and Housing Leak Tests: 

Duels and housings shall be pressurized lo determine leak lightness. If the measured leakage is in excess of lhe acceptance 
criteria, the leaks should be localed by one of the methods listed in paras. 6.5.4 or 6.5.5. After leaks are repaired, lhe housing or 
duel shall be retested. 
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Prerequisites: 
Construction, modifications, and repairs affecting lhe lest boundary shall be complete and the inlet and discharge openings of the 

duct or housing sealed before lhe lest is started. All electrical, piping, and lnslrumenl connections shall be complete and all 
ermanenl seals installed before lhe testis started. 
,· -~RATUS'1(t::;pf 

. , :J:LlRAtt:M~lfll:Jitr'11(J;J:' 
Test fan with flow control. 
Covers lo seal lest boundaries. 
Clock or timer accurate lo +/. 1 .0 sec. 

1075 6.4.1.4 Pressure indicating device accurate to+/. 0.1 in. w.g. 

1076 6.4.2.1 
1077 6.4.2.2 
1078 6.4.2.3 
1079 6.4.2.4 
1080 6.4.2.5 
1081 6.4.2.6 
1082 6.4.3 

1083 6.4.4 

Tesl fan with fiow control. 
Flowmeter or totalizing as volume meter accurate to +/- 5% of readin 
Temperature indicating device accurate lo+/· 5 degrees F. 
Pressure indicating device accurate lo +/· 0. 1 in. w .g. 
Covers lo seal tesl boundaries. 
Clock or timer accurate to +/. 1,0 sec. 

Bubble Method: 
Bubble solution in a plastic squeeze-type laboratory wash boUle (a commercial test solution or a solution consisting of equal parts 

Ii uid deter ent, I cerin. and waler . 
Audible Leak Method: 

Suitable electronic sound detection e 
f/'J,(.l·:,:~;.?:I,:: :'}c;:::§li(sfa.}\',!/J)/,; e,l{O',!:;EbtiREiJ;?,;'.1i\\'o;;J;-M.s,k' 
~~,:;; :,-,;_::;.:: '1iY: :~;;F,:1;':s,t)i;t;:f :SlrROl::ttORAlliiCAl?ABll:lt't'itE: 

1084 6.5.1. 1 Connect the test fan with flow control to the housing and /or ducting. 

1085 6.5.1.2 Install a pressure indicating device so thal it will indicate the pressure inside the duel and/or housin bein tested. 

1086 6.5.1.3 Seal lest boundaries and close access openings in lhe normal manner. 
1087 6.5. 1 .4 Start the fan and operate unlil the structural capability pressure is achieved. Maintain pressure for the duration of the inspection. 

1088 6.5., .5 Inspect the pressure bounda for distortion or breach of integrity. 
1089 6.5.1.6 Release pressure and inspect for permanent distortion. 
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1090 6.5.2.1 Connect the lest fan with flow control to the housing and /or ducting. Connect the flowmeteror totalizing gas volume meter 

between the fan and the housin downstream of lhe throtllin valve. if used . · 
1091 6.5.2.2 Install temperature and pressure devices to indicate representative lemperalure and pressure inside the duct and/or housing being 

1092 

1093 

1094 

1095 

tested. 
6.5.2.3 Seal test boundaries and close access openings in the normal manner. Do not use temporary sealants. duct tape, or similar 

tern ora materials exce t tor sealin and tern ora blankoffs. 
6.5.2.4 Start the fan and operate until !he maximum operating pressure is achieved. Maintain pressure constant with a flow control device 

until the tern erature remains constant within +/-0.5 de rees F for a minimum of 10 min. 
6.5.2.5 Measure the flow rate of the air being added lo or removed from the duct/housing while maintaining the maximum operating 

pressure within +/-0.1 in. w.g. The flow rate should be measured by one of lhe following methods. 
a) For a flowmeter: record flow readings once a minute for a 10 min continuous period and average the readings to calculate the 

measured leakage flow rate. 
b) For a lolalizing gas volume meter: measure the Iota! 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. 
6.5.2.6 If the calculated leak rate exceeds the acceptance value, report lo !he owner and locate the leaks in accordance wilh para. 6.5.4 

and /or ara. 6.5.5. Re air and retest as re uired. 
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1096 6.5.3.1 Connect test fan with shutoff valve lo ducVhousing. 
1097 6.5.3.2 Install temperature and pressure devices to indicate representative temperatures and pressures inside the duct and/or housing 

1098 
1099 

1100 
1101 
1102 

1103 
1104 
1105 

1106 
1107 

1108 

1109 
1110 

1111 

1112 

1113 

1114 

6.5.3.3 
6.5.3.4 

6.5.3.5 
6.5.3.6 
6.5.3.7 

being tested. 
Seal lest boundaries and close access openings in the normal manner. 
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. 

Record initial time, pressure, and temperature. 
Record barometric pressure. 
Record pressure readings once a minute until pressure decays to 75% of the lest pressure, or for a maximum of 15 min. 

6.5.3.8 Record final time, pressure, and temperature. 
6.5.3.9 Calculation leakage from the equation: ... 
6.5.3.10 If calculated leak rate exceeds the acceptance value, report \o owner. Locate leaks in accordance with paras. 6.5.4 or 6.5.5. 

Repair and retest as required. 

6.5.4. 1 Pressurize \he \est boundary to a pressure adequate to toca\e leaks (not \o exceed structural capability pressure). 
6.5.4.2 With les\ boundary under continuous pressure, apply bubble solution to areas to be tested. Identify places where bubbles are 

found. 
6.5.4.3 After repair of leaks, reles\ as required. 

6.5.5.2 With les\ boundary under continuous pressure, located audible teaks (electronic sound detection equipment optional). Identify 
places where leaks are found. · 

6.5.5.3 After repair of leaks, retes\ as required. 

6.6. 1 Structural Capability Test: 
Meets the reauiremenls of ASME N509. test oroaram and oroiect soecifications. 

6.6.2 Duct and Housing Leak Test: 
Meets the reauirements of ASME N509. test oroaram and oroiect soecifications. 

6.7 Report: 
The test procedure shall include documentation of the resul\s of \he test and conform to the owner's test proaram. 

: ;:::·_,. '.··,·:·,(;~;'.:;.;·y::}.'~J,: ~???~:~-1:.7,.:-:,,:_, ~ '.;-::·: ·rv,o U.NTCN G. f RAM E:•P.Rl:SSURE~ltEAK ffE~tfldPTIONA~l\h. 1:~:<Y ;·~- .. _'.'7!~~~:..\n~.Vi,, :<:".·: .·;_:r...:::.,:_.>::.-/,;,r_( "'l:: ... ~t. ;:,)~r~, ··) :•--~:.,z(.,1)_:l ·\t\.,):)l~-1·:'h'1• \'~r: f>:~ r: .i6h!::'·"t1d.'i:{)·t '\ 
1,ruw~ ,}\ 1•iM~&~~-.: -~~t. l :t-3I9.:;;.;. 

1115 7.1 

1116 7.2 

1117 7.3.1 
1118 7.3.2 
1119 7.3.3 
1120 7.4 

Date Prin\ed: 1/10/2006 

Purpose: 
This optional test is used to verify the absence of leaks through seal welds of lhe HEPA filter and/or adsorber frames, and between 

the frames and housina. 
Summary of Me/hod: 

Openings of lhe lest boundary and mounting frame shall be sealed with blank-off plates. The leak lightness of the mounting 
frames meets requirements of para. 6.6.2 when tested by the pressure decay method (para. 6.5.3) or the constant pressure method 
I (para. 6.5.2). 

Construction. modifications. and reoairs of lhe lest boundarv shall be comoleted. 
Moun\ina frame blank-off elates installed. 
Tes\ boundarv seated and ·a11 doors and access oanels closed in \he normal manner. 

Apparatus: 
The same as oara. 6.4. 
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1121 7.5 

1122 7.6 

1123 7.7 

1124 8.1 

1125 

1126 8.2.2 

1127 

1128 8.3.2 

1129 8.4.1 
1130 8.4.2 
1131 8.4.3 

1132 8.5.1 

Date Printed: 1/10/2006 

Requirement Text 

Procedure: 
The same as oaras. 6.5.2 or 6.5.3 

Acceptance Criteria: 
Meets the reauiremenls of ASME N509. the lesl pro,iram and project specifications. 

Report: 
The lesl procedure shall include documentation of the resulls of the test and conform lo the owner's test program or project 

soeclflcations. 

Purpose: 
These tests shall be used: 
a) lo verily Iha! the design airflow can be achieved with the fan as furnished, under actual field conditions al maximum and 

minimum filler pressure drop; 
bl lo verify that airflow distribution across each HEPA filter bank or adsorber bank is uniform al the desian flow rates. 

Airflow Capacity Test: 
Tesl airflow is measured to verify capacity al clean and dirty filler conditions when the system is operated at normal or simulated 

minimum and maximum desi,in conditions. 
Airflow Distribution Test: 

Velocity profiles of lhe filler bank(s) shall be made to evaluate uniform airflow distribution. The presence of uniform airflow 
distribution for the upstream HEPA filler bank shall be adequate to verify uniform distribution for the downstream adsorber and/or 
HEPA filter banks if the banks have relatively uniform geometry and cross-seclional area, and are not in1errupted by turns or bends. 

Airflow Capacity Test: 
System airflow balancing required for the performance of these tests shall be completed. The extent of the system balancing 

requirement shall be documented in the test program, All housing components, or equal artificial resistance devices shall be 
installed. 
Airflow Distribution Test: 

Airflow capacity test is complete and all components shall be installed. Nole: fillers should be in clean condition to prevent 
variations in flow due lo uneauat loadina. 

Standard pitot tube /length as required). 
Pressure indicating device accurate lo +l-5.0% of reading. 
Rotating vane, healed wire or heated thermocouple anemometer or other suitable measuring device accurate lo +1-5.0% of 

readinQ. 

Airflow Capacity Test: 
1) Start system fan and verify stable (no surging) fan operation for 15 min. 
2) Measure system airflow in accordance with para 2.2 or equivalent. 
3) Clean System Airflow: Wilh new housing components installed, or simulated, operate al lhe clean differential pressure and 

compare measured flow rate (using methods of para. 8.5.1.2) wilh the value specified by the tesl program or project specifications. If 
the specified value cannot be achieved, report to owner. 

4) Maximum Housing Component Pressure Drop Airflow: After successful completion of para. 8.5.1.3. increase housing 
component resistance (artificially by blanking off porlions of the filler bank or by adjusting throttling dampers} unlil lhe maximum 
housing component 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. 

5) Return system to "clean" condition. 
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1133 

1134 

1135 

Source 

8.5.2.1 

8.5.2.2 to 
8.5.2.4 

Requirement Text 

Airflow Dislribulion through HEPA Filler 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 fillers to take advantage of the 
airflow distribution damoenino effects of the HEPA filters. 
Airflow Distribution through Adsorber Banks: 

1) Type I - Follow same procedures specified !or HEPA filler banks in para. 8.5.2.1. 
2) Type II Modular Trays - Same procedure specified in 8.5.2.1 except lhal all velocity measurements shall be made in lhe 

plane of lhe face of the air channels, in the center of every open channel and an equal distance away from the adsorbers. 
3) Type Ill - 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 lhe 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 lowest velocity readings and calculate the percentage they vary from the average found in para. 

8.5.2.3. If acceptance criteria are exceeded, notify owner. 

Airflow Capacity Test: 
Airflow shall be within +/-10% of the value specified in the lest 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 velocity 
of air through \he carbon beds shall be limited to that value specified in the laboratory test (Section 15). 

1136 8.6.2 Airflow Dislribulion Test: 
No velocity readings shall exceed 420% of the calculated average. For systems with carbon adsorbers, maximum velocity of air 

throuoh the carbon beds shall be limited to that value soecified in the laboratorv test (Section 151. 
1137 8. 7 Report: 

1138 9.1 

1139 9.2 

1140 9.3 

1142 9.4.2 

Date Printed: 1/10/2006 

The lest orocedure shall include documentation of the results of the test and conform lo the owner's test oro• ram. 

Purpose: 
This lest is a prerequisite for conducting the tests in Sections 10 and 11, in-place leak tests of HEPA filler and adsorber banks, 

respectively. The purpose of the test is to verify that the challenge gas is introduced so as lo provide uniform mixing in the airslream 
approaching the HEPA filter bank or adsorber stage lo be lesled. When acceptable uniformity is achieved, an upstream sample 
taken in the same position that lhe uniformity data were obtained is defined as an acceptable single point upstream sample. 

This test is performed upon completion of inilial system installalion and after modification or major repair. It is not required each 
lime an in-place leak test of the filters or adsorbers is performed. If the location of the injection and/or upstream sample ports is 
changed, the air-aerosol mixing uniformity shall be recertified. 

Summary of Me/hod: 
DOP aerosol is introduced into lhe airstream al a previously selected injection point. Aerosol concentration readings shall be taken 

across a plane parallel to, and a short distance upstream of, the HEPA filler bank or adsorber stage. The uniformity of lhe reading 
establishes lhe acceptability of the injection port location. DOP aerosol is used to establish uniform challenge/air mixing upstream of 
both HEPA filter and adsorber banks. 
Prerequisites: 

The airflow capacity and distribution lesls of Section 8 have been satisfactorily performed. If permanent manifolds are installed, 
the injection and sample manifold qualification testing has been completed in accordance wilh Appendix D of ASME N509. 

Aerosol detection instrument. 
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t Number 

1143 

1145 
1146 

1147 

1148 

1149 

1150 
1151 
1152 

1153 

1154 

1155 

1156 

1157 
1158 

1159 
1160 

1161 
1162 
1163 
1164 

1165 
1166 
1167 

116B 

1169 

1170 

Source 

9.4.3 

9.5.2 

9.5.3 

9.5.4 
9.5.5 

9.5.6 
9.5.7 
9.5.8 
9.6 

9.7 

10.1 

10.2 

10,3 

10.4. 1 

10.4.2 
10.4.3 
10.4.4 

10.5.1 
10.5.2 
10.5.3 
10.5.4 

10.5.5 
10.5.6 
10.5.7 
10.5.B 

10.5.9 

10.5.10 

Date Printed: 1/1012006 

Requirement Text 

System fan or auxiliary fan (for systems normally without fans) capable of producing the airflow specified in the test program. 

Start system fan (or auxiliary fan). Establish airflow as specified by the test program and project specifications. 
Connect aerosol detection instrument to an upstream sample port. 

Start DOP injection. 
Take a concentration reading approximately 1 ft upstream and at the center of each filter. Allow adequate time at each location to 

ensure reoresentative readinas. 
Calculate average concentration (Section 3). 
Calculate lhe percent difference of each reading with respect lo the average. 
If the maximum and minimum readiniis do not meet the acceptance criteria, notify owner. 

Acceptance Criteria: 
No readings shall exceed +/-20% of the calculated averaqe readina. 

Report: 
The test procedure shall include documentation of the results of the test and conform to the owner's test prooram. 

Purpose: 
This test is used for both acceolance and surveillance leak testinq of the installed HEPA filter bank. 

Summary of Method: 
A DOP challenge is injected into the airstream upstream of lhe HEPA filler bank. Concentrations shall be determined upstream 

and downstream of the filler bank. Percent penetration is determined from the ratio of the downstream to upstream concentrations 
I (Section 3). 
Prerequisites: 

The upstream sample and injection points lo be used are those qualified per Section. Single point downstream sample points shall 
be downstream of a fan, or downstream sample manifolds shall be qualified per ASME N5og_ 

DOP aerosol (or suitable alternate). 
DP aerosol generator. 
Aerosol detection instrument. 
System fan or auxiliary fan (for systems normally without fans) capable of producing the airflow specified In the test program. 

Measure and record the pressure drop across the bank, usina svslem or lemporarv test instrumentation. 
Connect aerosol detection instrument sample lines lo lhe upstream and downstream sample ports. 
Check the background particulate concentration upstream and downstream of the HEPA filler bank. The preinjeclion background 

levels shall be stable to ensure proper instrument response. The levels shall nol interfere wil the detector's ability lo detect 
:penetration smaller than the maximum penetration allowed bv the test Pr• Qram or project specifications. 

Connect DOP aerosol generator to iniection port and start injection. 
Record upstream concentration reading. 

Record downstream concentration reading. 
Repeat sleps from paras. 10.5.6 and 10.5. 7 until readings are repeatable within +/-5% of respective previous readings. Use final 

set of readinos to calculate oenetration. 
Calculate penetration (Section 3). If calculated penetration exceeds the acceptance criteria. nolify the owner. 
When the housing contains more than one bank of HEPA filters in series which are required to be leak tested, repeat the procedure 

for each bank. 
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Acceptance Criteria: 
Allowable oenetration shall be as staled in the test proqram or project specifications. 

Report: 
The test procedure shall include documentation or the results of the tests and conform to the owner's test program or Project 

soecifications. 
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1173 11.1 Purpose: 

1174 11.2 

This test shall be used for both acceptance and surveillance leak testing of the installed adsorber bank. If samples of adsorbent 
are to be taken for laboratory testing (Section 15), remove such samples prior lo this test, and restore bank lo operating condition. 

Summary of Method: 
A halide challenge gas is injected into the airstream upstream of the adsorber bank. Concentrations shall be determined upstream 

and downstream of the bank. Percent penetration is determined from the ratio of downstream to upstream concentration (Section 3). 

1175 11.3 Prerequisites: 

1176 11.4.1 
1177 11.4.2 
1178 11.4.3 
1179 11.4.4 

1181 11.5.2 
1182 11.5.3 

1183 11.5.4 
1184 11.5.5 

1185 11.5.6 

1186 11.5.7 
1187 11.5.8 

The upstream sample and injection points to be used shall be those qualified per Section 9. Downstream sample points shall be 
downstream of a fan, or downstream sample manifolds shall be qualified per ASME N509. 

Halide qas R-11 is preferred: R-112 (or R-12A) is an acceptable alternate. 
Halide gas generator. 

Halide gas detection instrument. 

System fan or auxiliary fan (for systems normally without fans) capable or producing the 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 lengths to eliminate time delay errors. 
2) II may be necessary lo operate syslem [or a period to purge all residual challenge gas from a prior test to reduce background 

concentrations to acceptable values. 

Connect sample lines to lhe upstream and downstream sample ports. 

Measure upstream and downstream background halide concentrations. The concentrations shall not interfere with the halide 
detection instrument's capability lo detect leaks smaller than the maximum leak allowed by the test program or project specifications. 

Connect the generator to the inieclion port. 

Siart injection. After generator stabilization. maintain upstream challenge concentration +/-20% of average concentration during 
the lniection oeriod. 

Take upstream and downstream halide concentration readings as rapidly as instrument response permits. Record the time and 
concentration for each readino. 

Calculate penetration. If calculated penetration exceeds the acceptance criteria, notify the owner. 

When the housing contains more than one bank of adsorbers in series: repeal the procedure for each bank utilizing the injection 
and same le oons qualified in Section 9. 

118 8 11 . 6 Acceptance Criteria: 
Allowable oenelralion shall be as staled in the lest oroqram or project specifications. 

1189 11.7 Report: 

Dale Printed: 1/10/2006 

The test procedure shall include documentation of the results of the tests and conform to the owner's test program or Project 
soacifications. 
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1191 

1193 

Source 

12.1 

12.2 

12.3.2 

Requirement Text 

Purpose: 
To measure lhe leakaqe throuqh closed dampers or valves intended lo eliminate flow throuqh a bvpass duct. 

Summary of Method: 
For low leakage valves, a pressure decay test is usually the melho~ of choice. For higher leakage devices (a few t~nths of a 

percent of rated flow or greater) a DOP aerosol or halide leak test may be more convenient. If a DOP aerosol or halide leak lest is 
specified, only one damper at a time is lo be tested. The method shall be defined in lhe lest program or project specifications. 

For a DOP aerosol leak test or a halide leak lesl, injection and sarriple ports shall be located to ensure proper challenge lo lhe 
damoer and representative uostream and downstream samples. 

1194 12.4.1 For a DOP aerosol teak tesl or a halide leak lest, lhe equipment shall be that listed in Section 10 or 11, respectivelv. 
1195 12.4.2 For a pressure decav leak tesl. the equipment shall be that listed in Section 6. 

1196 12.5.1 
1197 12.5.2 
1198 12.5.3 
1199 12.6 

1200 12.7 

1201 13.1 

1202 13.2 

For a DOP aerosol leak test or a halide leak test. the procedure shall be Iha! listed in Section 10 or 11, respectively. 
For a pressure decay leak test, the procedure shall be that listed in Section 6. 
If the ccilculated leakage exceeds the acceptance criteria, notify owner. 

Acceptance Criteria: 
Airflow leakage rales can be calculated in percentage penetration by the following formula: % penetration= 100 x bypass leakage 

rate/measured airflow capacity flow rale. Allowable penetration shall be in accordance with the test program or project specilications. 

Report: 
The lest procedure shall include documentation of lhe results of the \ests and conform to the owner's test program or Project 

specifications. 

Purpose: 
Systems using HEPA fillers and adsorber banks may contain bypass dampers, ducts, conduits, floor drains, pipe penetrations, elc., 

which could potentially 
defeat the purpose of high efficiency nuclear air trealmenl components. Therefore, ii is necessary lo perform \ests which challenge 
all these potential bypass leakage paths. In cases where performance of Sections 10, 11, and 12 can be shown 10 have challenged 
all polential bypass paths, then \he requirements for lhe system bypass les\ may be considered lo have been satisfied. 

Summary of Method: 
Select injection and sample locations which encompass al possible bypass leakage palhs to lhe treatment system. Testing is 

cerformed cer Sections 1 O or 11. 

1203 13.3.1 Sections 10 and 11 of this Standard shall have been completed prior to lhe performance of this test. 
1204 13.3.2 For bypass leakage palhs, uniform upstream challenge agent mixing is required to ensure adequate challenge during the lest. If 

challenae canno\ be verified during the system test, a separate test should be specified cer Seclion 12. 
1205 13.4 Apparatus: 

1206 13,5.1 
1207 13.5.2 
1208 13,5.3 

1209 13.5.4 

Date Printed: 1/10/2006 

The DOP or halide teak lesl eauioment shall be lhat lisled in Sections 10 or 11. rescectivelv. 

Establish airflow through the system as specified by the test program or project specifications. 
Connect sample lines from lhe delec\or(s) to upstream and downstream sample ports. 
Check the background concentration levels. The levels shall not interfere with the detector's capabili\y lo detect leaks smaller than 

the maximum leak allowed bv \he test orooram or croiect scecifications. 
Connect the challenae aeneralor lo the inieclion oort. Start inieclion. 
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Requiremen 
Source 

t Number 

1210 13.5.5 
1211 13.5.6 
1212 13.6 

1213 13.7 

Requirement Text 

Record upstream and downstream readings per sections 10 and 11 depending on type of challenge used. 
Calculate penetration (section 3). If calculated penetration exceeds the acceplance criteria, notify the owner. 

Acceptance Criteria: 
Allowable oenetralion shall be as stated in lhe lest pro!'lram or oroiecl specifications. 

Report: 
The test procedure shall include documentation of the resulls of the tests and conform lo the owner's test program or project 

specifications. 

1214 14.1.1 Purpose: 
This test is used to verify thiit the nuclear air trea\men\ system air healer performance meets !he lest program or project 

specifications. 
1215 14.2 Summary of Method: 

Power-on elec\rical and mechanical tests shall be performed \o verify correct operation and condition of the air heater. 

1216 14.3.1 Visual inspection of the heater is completed (para. 5.5.1. 7). 
1217 14. 3.2 Electrical control and feed power is available and all safetv interlocks have been checked. 

1218 
1219 

1220 

1221 

1222 
1223 

14.4.1 Clamp-on ammeter and voltmeter accurate to +/-5% of reading. 
14.4.2 Temperature indicating device accurate lo +/-1.0 degrees F. 

14.5.1 

14.5.2 

14.5.3 
14.6 

Power-On Elec/rical Tests: 
With oower on, and svstem ooeralina at rated airflow, measure the vollaae and current of all oower circuits. 

Power-On Mechanical Tesrs: 
With healer energized and system operating al rated airflow, measure the temperature of the entering and leaving air. A sufficient 

number of measurements shall be taken to determine averaqe enterinq and leavinq temperatures. 
If measured values do not meet acceptance criteria. notify the owner. 

Acceptance Criteria: 
Operating currents, voltages and change in temperature shall be within the Ii mils of test program or projecl specifications. 

1224 14.7 Report: 

1225 15.1 

1226 15.2 

1227 15.3 

1228 15.4 

1229 15.5.1 
1230 15.5.2 
1231 15.6 

Dale Printed: 1/10/2006 

The test procedure shall include documentation of the results of the tests and conform lo the owner's test program or Project 
specifications. 

Purpose: 
These Jests shall be performed to verify the acceptability of the adsorbent in the adsorber bank on periodically withdrawn samples. 

Summary of Method: 
Adsorbent samples shall be tested in the laboratory to determine the overall efficiency of the entire bank for the retention of 

radioiodine. 
Prerequisites: 

Refer to Table 1, Note /3) (Exhibit G) 
Apparatus: 

The laboratorv apparatus required for the performance of these tests is lhal specified in ASTM D 3803. 

Test adsorbent samples in accordance with ASTM D 3803. 
If results do not meet acceptance criteria, notify the owner. 

Acceplance Criteria: 
Adsorbent lest criteria shall be as stated in the test oroaram or project specifications. 
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t Number 

1232 15.7 

Dale Printed: 1/1012006 

Requirement Text 

Report: 
The lest procedure shall include documentation· of the results of the lesls and conform lo the owner's lest program or Project 

specifications. 
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