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Revision History 

Revision Reason for Revision 

0 Initial Issue. Issued for Procurement (to reuse UFP-VSL-00002A/B and 
HLP-VSL-00027 A/B). 

1 Incorporated insulation support details, updated OSHA requirements, 
updated scope to include all verification document requirements for 
complete vessel fabrication. Updated to implement 24590-BOF-DCCE-
MS-17-0001. Incorporated 24590-WTP-SDDR-MS-17-00121 and 
24590-WTP-SDDR-MS-17-00141. 

2 Exhibit 5 was unintentionally left out in revision 1. This revision will 
include exhibit 5 back into the specification. The previous version was 
reviewed on EDR with exhibit 5 included. Revision Bars not used as 

exhibit 5 was re-inserted in its entirety. 

3 Incorporated editorial comments from Ecology review. 
Incorporated 24590-WTP-SDDR-MS-18-00021. 
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Notice 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic 
Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities 
exclusively by DOE acting pursuant to its AEA authority. DOE asserts, that pursuant to the 
AEA, it has sole and exclusive responsibility and authority to regulate source, special nuclear, 
and byproduct materials at DOE-owned nuclear facilities. Information contained herein on 
radionuclides is provided for process description purposes only. 
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1 Scope 

1.1 Project Description and Location 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

The Office of River Protection (ORP) and its contractors manage 177 underground radioactive waste 
storage tanks at the Hanford Site in Washington. These tanks contain approximately 56 million US 
gallons of radioactive waste. Bechtel National, Inc. (BNI) has a contract with the US Department of 
Energy to design, construct, and commission the Hanford Tank Waste Treatment and Immobilization 
Plant (WTP) to process and vitrify this waste into a stable form that is suitable for permanent storage or 
disposal. The WTP will be constructed in the 200 East Area of the Hanford Site, near Richland, 
Washington. The main facilities within the WTP complex will be the Pretreatment facility (PTF), Low
Activity Waste facility (LAW), High-Level Waste facility (HLW), Analytical Laboratory (Lab), Balance 
of Facilities (BOF) and the Effluent Management Facility (EMF). 

1.2 Equipment, Material, and Services Required 

This specification describes the minimum technical requirements for the design, fabrication, and testing 
of Quality Level CM, stainless steel vessels for use in the EMF. 

The vessels applicable to this specification were partially fabricated and are considered Work In Progress 
(WIP). The scope of this specification is all work required to design, fabricate and inspect the vessels in 
accordance with the requirements contained in this specification and its associated reference documents 
and drawings. Design scope includes all documents that compose the pressure boundary of the vessel, 
active nozzles and active internal piping utilized for mixing. Also included in the design scope are any 
attachment points to the vessel pressure boundary. Fabrication of the vessel pressure boundary, mixing 
eductors, insulation supports, all nozzles and piping associated with active piping are included as scope. 
Internal and external components that will be abandoned in place, and do not affect pressure boundary, 
are excluded from the scope of this material requisition (MR) except for requiring material test reports for 
all components including those components which are abandoned in place. The vessels may include 
internals and appurtenances such as pulse jet mizers (P JMs ), spargers, cooling jackets, wear plates, spare 
level instrumentation and other components because of the vessels being partially fabricated. Due to cost 
of removal, these internals and appurtenances will remain attached to the vessel, however, perforations 
will be made to some internals to minimize void space within the vessels. Portions of the appurtenances 
may be removed to accommodate new design features . 

In case of conflict between any requirement in this specification and requirements in any other referenced 
document, the SELLER shall submit a Supplier Deviation Disposition Request (SDDR) for resolution. 
All deviations considered for incorporation must be submitted to the BUYER on a completed SDDR form 
for BUYER's approval. 

The scope of work for the SELLER includes, but is not limited to, the following: 

1.2.1 Perform all design, fabrication, and testing activities necessary on the WIP provided by the 
BUYER to meet the requirements contained in this specification and its associated reference 
documents and drawings. 

24590-G048-F000l 9 Rev 4 (2/12/2008) 
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and Overhead Sampling Vessels 

1.2.2 Identify any defects or deficiencies in the existing WIP and notify BUYER for concurrence prior 
to the performance of any repair activities. 

1.2.3 Furnish vessels and internal/external components in accordance with this specification. The 
SELLER shall provide the necessary equipment listed below that meets the requirements of this 
specification, applicable industry codes, and their design. 

a) Vessels 
b) Spray nozzle(s) or wash ring(s) 
c) Eductor(s) 
d) Vessel internal piping associated with spray nozzles/wash rings and eductors. Internal 

piping includes but not limited to external nozzle extensions, all pipe inside the vessels 
and associated pipe supports, requiring only connecting to BUYER's pipe system. 

e) Maintainable vessel components (Platform, Ladder, Vessels Clips for Platform, and 
Pipe/Conduit Supports, etc.). 

f) Insulation supports 

For the purpose of this specification, the vessel internal piping is defined as piping between vessel 
internal components (spray nozzle/wash ring and eductors) and vessel nozzles. 

1.2.4 Provide the documents, as submittals, required in this specification and reference specifications, 
per the G-321-E, Engineering Document Requirements, and G-321-V, Quality Verification 
Document Requirements forms attached to the Material Requisition (MR). 

1.2.5 The SELLER may subcontract portions of the work, including any portion of the design, 
fabrication, manufacturing, or inspection, provided it meets the conditions of this specification. 

1.3 Work by Others 

The following items and services will be supplied by the BUYER and are not included in the SELLER's 
scope of work: 

1.3.1 Installation at BUYER's facility including installation labor and interconnecting piping. 

1.3.2 Instrumentation and controls (including installation). 

1.3 .3 Ring beam support for the vessels. 

1.3.4 Vessel vent systems. 

1.3.5 Utility (i.e. air, steam, service water, demineralized water and cooling water) supply systems. 

1.3.6 Foundation and anchorage. 

1.3. 7 Thermal insulation 

1.4 Acronyms 

AISC 
ASME 

American Institute of Steel Construction 
American Society of Mechanical Engineers 
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CM 
DFLAW 
EMF 
MOS 
MTR 
MR 
NOE 
NTE 
OSHA 
PIP 
PMI 
QAP 

Commercial Grade 
Direct Feed Low-Activity Waste 
Effluent Management Facility 
Mechanical Data Sheet 
Material Test Report 
Material Requisition 
Non-Destructive Examination 
Not-to-Exceed 
Occupational Safety and Health Administration 
Process Industry Practices 
Positive Material Identification 
Quality Assurance Program 
Seismic Category 
Supplier Deviation Disposition Request 
Uniform Building Code 
Work in Progress 

and Overhead Sampling Vessels 

SC 
SDDR 
UBC 
WIP 
WTP Hanford Tank Waste Treatment and Immobilization Plant 

1.5 Safety/Quality Classifications 

1.5. l The components specified in this specification do not perform a safety function and are therefore 
identified with a "Commercial Grade (CM)" classification. 

1.5.2 The vessels shall be designed as Seismic Category IV (SC-IV). 

2 Applicable Documents 

2.1 General 

2.1. l When specific chapters, sections, parts, or paragraphs are listed following a code, industry 
standard, or reference document, only those chapters, sections, parts, or paragraphs of the 
document are applicable and shall be applied. 

2.1.2 For the codes and standards listed in Section 2.2, the specific edition year identified shall be 
followed. For the codes and standards that are incorporated by reference (daughter codes and 
standards), the referenced daughter edition or current edition shall be followed. If an edition year 
is not identified, the latest issue, including addenda, at the time of award shall apply. 

2.1.3 The edition year listed in Section 2.2 shall apply to, and govern in case of conflict with, 
subsequent references to the codes and standards within the referenced documents in Section 2.3 
and exhibits. In case of conflict between this specification and referenced codes and standards, 
the requirements for all must be met with the most stringent governing. 

2.2 Codes and Standards 

2.2. l ASME B3 l .3- l 996, Process Piping 

2.2.2 ASME B46.l-1995, Surface Texture (Surface Roughness, Waviness, and Lay) 

24590-G048-F000I 9 Rev 4 (2/12/2008) 
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and Overhead Sampling Vessels 

2.2.3 ASME Boiler and Pressure Vessel Code, Section II: Materials - 2001 A2003 

2.2.4 ASME Boiler and Pressure Vessel Code, Section VIII, Div. I: Rules/or Construction of Pressure 
Vessels - 2001 A2003 

2.2.5 ASME Y 14. l 00, Engineering Drawing Practices 

2.2.6 DOE 10 CFR Part 851, Worker Safety and Health Program 

2.2.7 OSHA 29 CFR Part 1910, Occupational Safety and Health Standards - November 18th
, 2016 

2.2.8 UBC 1997, Uniform Building Code 

2.2.9 ASCE 7-98, Minimum Design Loads for Buildings and Other Structures 

2.2.10 ASTM A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel 
Products 

2.2.11 ASTM A143, Standard Practices/or Safegarding Against Embrittlement of Hot-Dip Galvanized 
Structural Steel Products and Procedure for Detecting Embrittlement 

2.2.12 ASTM A385, Standard Practice/or Providing High-Quality Zinc Coatings (Hot Dip) 

2.2.13 ASTM A653, Standard Specification/or Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron 
Alloy-Coated (Galvannealed) by the Hot-Dip Process 

2.2.14 ASTM B695, Standard Specification/or Coatings o/Zinc Mechanically Deposited on Iron and 
Steel 

2.2.15 SSPC-SPl, Solvent Cleaning 

2.2.16 PIP INICl000, Cold Insulation Installation Details 

2.3 Reference Documents and Drawings 

2.3.1 Reference Documents 

2.3.1.1 24590-WTP-3PS-G000-T0003, Engineering Specification/or Packaging, Handling, and 
Storage Requirements 

2.3.1.2 24590-WTP-3PS-G00O-T0014, Engineering Specification/or Supplier Design Analysis 

2.3.1.2.1 24590-WTP-3PN-G000-00072, Engineering Specification/or Design Analysis - Addition of 
Software Documentation. 

2.3.1.3 24590-WTP-LIST-ESH-16-0001, Restricted Materials List 

24590-G04B-F00019 Rev 4 (2/12/2008) 
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2.3.1.4 

2.3 .1.5 

2.3.1.6 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

24590-WTP-DC-ST-01-001, Structural Design Criteria 

24590-WTP-3PS-MVB2-T000 I, Engineering Specification for Welding<~[ Pressure Vessels, 
Heat Exchangers and Boilers* 

24590-WTP-3PS-NN00-T000 1, Engineering Specification.for Thermal Insulation for 
Mechanical Svstems 

*Any reference to 24590-WTP-3PS-MY00-T000I in this document should be replaced with Exhibit 6. 

2.3.2 Reference Drawings 

2.3.2.1 24590-WTP-MV-M59T-0000 1, Pressure Vessel Tolerances Standard Details 

2.3.2 .1.1 24590-WTP-MVN-M59T-00036, Tolerance Changes for Weld-Connection Type Nozzle 

2.3 .2.1.2 24590-WTP-MYN-M59T-00038, Revised Standard Pressure Vessel Tolerances in Note A of 
Drawing 

2.3.2.2 24590-WTP-MV-M59T-00007, Thermowe/1 Connection Standard Details 

2.3 .2.3 24590-WTP-MV-M59T-00009, l{fiing lugs Standard Details 

2.3.2.4 24590-WTP-MV-M59T-000I0, Tailing lug Standard Details 

2.3.2.5 24590-WTP-MV-M59T-000l2, Grounding lug Standard Details 

2.3.2.6 24590-WTP-MV-M59T-000l6001, Vessel Connections Standard Details Sheet I of 3 

2.3.2.7 24590-WTP-MY-M59T-00016002, Vessel Connections Standard Details Sheet 2 of 3 

2.3.2 .8 24590-WTP-MY-M59T-00016003, Vessel Connections Standard Details Sheet 3 of3 

2.3.2.9 24590-WTP-MY-M59T-000 17, Vessel Inspection Manway Standard Details 

2.3.2.10 24590-WTP-MY-M59T-00018, Vessel Name Plate Standard Details 

2.3.2.11 24590-WTP-MY-M59T-00026, Anchor Bolt Chair Details/hr Vertical Vessels 

2.3.2.11.1 24590-WTP-MYN-M59T-00035, Add Notes.for Weld Size Tolerance and Three Sided Weld 
as Necessary Between the Plate Washer and Anchor Chair. Add Additional Weld Symbol 
Between the Plate Washers and the Top <~{the Anchor Chairs 

2.3.2.12 24590-WTP-PW-P30T-0000I, WTP End Prep Detail for Field Butt Welds 

2.3.2.12.1 24590-WTP-PWLN-P30T-00001, Correct Typographical Error in Table I 

2.3.2.13 24590-BOF-DD-25-00004, Effluent Management Facility Vessel Support Ring Beam Details 

2.3.2.14 24590-BOF-DD-25-00012, Effluent Management Facili~v Concrete Embedment Details 
Vessel Support Ring Beam Installation 
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2.3.2.15 24590-BOF-MV-DEP-00006001, Design Proposal Drawing Equipment Assembly Overhead 
Sampling Vessel DEP-VSL-00004A 

2.3.2.16 24590-BOF-MV-DEP-00007001, Design Proposal Drawing Equipment Assembly Overhead 
Sampling Vessel DEP-VSL-00004B 

2.3.2.17 24590-BOF-MV-DEP-00008001, Design Proposal Drawing Equipment Assembly Process 
Condensate Lag Storage Vessel DEP-VSL-00005A 

2.3.2.18 24590-BOF-MV-DEP-00008002, Design Proposal Drawing Equipment Assembly Process 
Condensate Lag Storage Vessel DEP-VSL-00005A 

2.3.2.19 24590-BOF-MV-DEP-00009001, Design Proposal Drawing Equipment Assembly Process 
Condensate Lag Storage Vessel DEP-VSL-00005B 

2.3.2.20 24590-BOF-MV-DEP-00009002, Design Proposal Drawing Equipment Assembly Process 
Condensate Lag Storage Vessel DEP-VSL-00005B 

3 Design Requirements 

3.1 General 

The SELLER shall comply with Sections 1, 2, 3 and 4 of Exhibit 6, Pressure Vessel Design and 
Fabrication. 

3.2 Basic Function 

3.2.1 Unless otherwise specified, equipment shall be designed and fabricated in accordance with the 
drawings, design standard identified in the Mechanical Data Sheet (MDS), and any additional 
requirements of this specification. Any difference between SELLER's final design and 
BUYER's data specified in the MOS shall be identified to the BUYER for resolution. 

3.2.2 Vessels shall be constructed to ASME Section VIII, Div. 1 requirements and shall have an ASME 
code stamp and National Board Registration. 

3.2.3 Spray nozzle/wash ring requirements, for washing of the interior walls of the vessel, shall be 
provided as indicated on the vessel MOS. 

3.2.4 Vessels shall have the ability to be flushed with demineralized water and 0.5 M nitric acid for 
decontamination. The vessels shall be designed to maintain functionality without degradation of 
the electrical, instrumentation, mechanical, or any other components involved. 

3.2.5 Eductors for mixing contents inside of the vessel shall be provided as indicated on the vessel 
MOS and located per vessel Equipment Assembly drawings. 

3.2.6 Vessel internal piping associated with eductors shall be free-draining and have no traps or pockets 
that can accumulate liquids or solids. 
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3.2. 7 All removable vessel internals shall be fabricated for installation and removal through the 
specified vessel nozzles on the drawings. Note that any existing pulse jet mixers (P JMs) are not 
considered removable. 

3.2.8 The vessels insulation thickness and material, as specified in section 3.2.9, shall be considered in 
determining nozzle projection. 

3.2.9 The SELLER shall provide supports for the insulation per drawings from Process Industry 
Practices for Cold Insulation (reference 2.2.16 ). Insulation will be cellular glass with a density of 
up to 8.5lbs/ft3 and will be jacketed with up to 0.024" thick stainless steel jacketing that will be 
banded. Vessel shall be designed to support weight of insulation, insulation supports, and 
jacketing. In addition to PIP INIC I 000; 

• Intermediate insulation support rings shall be installed every 6' and be welded to the 
vessel (applicable to vessel shell). 

• The standoff distance for the rings shall match the insulation thickness of 3" (applicable to 
bottom vessel head and shell). 

• Support rings shall extend 2" from vessel skirt. Bottom supports shall extend 2" minimum 
from vessel skirt (applicable to vessel skirt) . 

3.2.10 All engineering analyses and calculations provided as supplier submittals shall be in accordance 
with 24590-WTP-3PS-G000-T00 14, Engineering Specification for Supplier Design Analysis. 

3.3 Performance 

3.3.1 General 

3.3.1.1 Unless otherwise specified in the MOS, the SELLER shall propose any recommendations for 
equipment for BUYER review and approval prior to the initiation of fabrication activities and/or 
incorporation into the design of the equipment associated with the scope of work of this 
specification. Contact BUYER for proper avenue to submit recommendations. 

3.3. 1 .2 The SELLER shall provide completed MOS for each equipment as indicated by the BUYER. 

3.3.2 Vessels 

3.3.2.1 The vessel skirt support shall be designed to support BUYER-specified ring beam design and 
with the same internal diameter as the vessel ( References 2.3 .2. 13 and 2.3 .2 . 14 ). 

3.3 .2.2 Vessels shall incorporate nozzle connections for temperature and level instrumentation as 
specified in BUYER-specified drawings (References 2.3 .2. 15 through 2.3 .2.20). 

3.3.3 Spray Nozzles 

3.3.3.1 At a minimum, SELLER shall provide the following spray nozzle performance characteristics 
based on information specified in the vessel MOS. 

a) Number of spray nozzles 
b) Performance curve (flow vs. pressure) 
c) Operating range (flow, pressure, and temperature) 
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3.4.1 All vessels and associated equipment covered by this specification shall be designed for a 
minimum design life of 40 years, inclusive of maintenance. Design life of equipment shall 
consider the effects of chemical, radiological, and thermal exposure. 

3.4.2 SELLER shall conform to BUYER's requirements for layout, and dimensions as shown in the 
drawings and the not-to-exceed {NTE) dimensions on the vessel MOS. 

3.5 Loadings 

3 .5 .1 Loads to be considered for the structural design of vessels, including vessel skirt support, and 
associated internal /external components shall be in accordance with applicable codes, standards, 
and reference documents listed in Section 2 of this specification. 

3.5.2 SELLER shall include the location of the anchorage of the vessel skirt support in relation to the 
vessel outline drawings supplied to the BUYER. In addition to location, the SELLER shall 
provide the BUYER maximum anchorage loads for all load cases (including seismic). 

3.5.3 SELLER shall complete a seismic analysis of the vessels and vessel components, including 
support skirt, welded anchor points, eductors, spray nozzles/wash rings, internal piping, and 
maintainable vessel components. 

3.5.4 Seismic load capability requirements of the vessel components shall be calculated in accordance 
with Exhibit 2, Structural Design Loads for Seismic Category IV Equipment and Tanks. 

3.5.5 Vessel seismic analysis shall be performed per the requirements of Exhibits 6, Pressure Vessel 
Design and Fabrication, Section 3.2 and Exhibit 7, Seismic Qualification Criteria for Pressure 
Vessels. 

3.5.6 SELLER shall comply with nozzle loading requirements in Exhibit 6, Pressure Vessel Design 
and Fabrication, Section 3.7, Appendix A, Table A2 and Exhibit 9, Refined Nozzle Loads. 

3.5.7 Platforms, ladders, and handrails shall meet 29 CFR 1910 Subpart D requirements as revised by 
the Occupational Safety and Health Administration (OSHA) on November 18th, 2016. Loads for 
platforms, handrails, and ladders are to be in accordance with Section 4.4.1 of Reference 2.3.1.4 
and Section 4.4 of Reference 2.2.9 as listed below: 

• 100 psf for minimum uniform load for platforms. 
• For handrails, in accordance with UBC 1997, Table 16-B, Special Loads. 
• For ladders, in accordance with ASCE 7-98, Section 4.4.2, Loads. 

3.5.8 Weld pads may be required. They shall be designed using 25 psf for minimum allowance for 
dead loads due to piping, raceway and other permanent static loads in accordance with Section 
4.3 of Reference 2.3.1.4. 

3.6 Environmental Conditions 
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3.6.1 Vessels shall be designed, equipped, and furnished to be fully operational throughout the entire 
range between, and including the limits of, the minimum and maximum conditions specified on 
the vessel MOS. Vessels are located outdoors and are subject to snow, ash and wind loads. 

3.6.2 Equipment target radiation level and average contact dose rate are as specified on the vessel 
MOS. 

3.7 Accessibility and Maintenance 

3.7.1 The design of the vessels shall support the ability to replace maintainable components (ladders, 
platforms, vessel clips for conduit supports, etc.) as shown on BUYER drawings. 

3.7.2 SELLER shall design the vessel skirt support to provide means of gaining access for installation, 
maintenance, removal, and welding activities. 

4 Materials 

4.1 General 

The SELLER shall comply with all requirements of Section 4 of Exhibit 6, Pressure Vessel Design and 
Fabrication. 

4.2 Materials and Equipment 

4.2.1 Provide equipment and components with the materials of construction as specified per this 
specification and on the listed data sheets in Part 2 of the MR. Where specific criteria are not 
provided, material selection shall be determined by the SELLER and have properties and 
composition suitable for the specific service conditions and consistent with this specification and 
its addenda. 

4.2.2 Corrosion and erosion allowance are specified on the vessel MOS and shall be applied to each 
surface exposed to process liquid. Vessel internal components shall have the specified corrosion 
allowance applied to both internal and external surfaces. 

4.2.3 The SELLER shall not substitute materials without written approval, via the SOOR, from the 
BUYER. 

4.2.4 SELLER shall comply with the requirements in Exhibit 1, Positive Material Identification (PMI). 

4.2.5 Carbon steel and stainless-steel materials shall not be stored in contact with one another. 

4.2.6 Insulation support material shall be suitable for use in an outdoor environment and be constructed 
of stainless-steel components. 

4.2.7 Ladders and platforms shall be galvanized per SSPC-SP l , ASTM Al 23, Al 43, A385, A653 and 
B695. 

4.3 Construction 
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4.3. l For vessels, classification of fabrication materials for bolts and nuts shall be in accordance with 
ASME Boiler and Pressure Vessel Code, Section II. 

4.3.2 All piping, flanges, and pipe fittings shall comply with the requirements specified in Exhibit 8, 
Technical Supply Conditions for Pipe, Fittings, and Flanges. 

4.4 Prohibited Materials 

4.4.l The materials listed in 24590-WTP-LIST-ESH-16-0001, Restricted Materials List shall not be 
used on any supplied equipment and shall not be brought onto WTP site. 

4.4.2 Bronze, copper, lead, zinc, tin, antimony, cadmium, their alloys or materials containing such 
metals as their basic constituents, or molybdenum and halogens, shall not be used in direct 
contact with stainless steel. 

5 Fabrication 

5.1 General 

5.1.1 The SELLER shall comply with requirements of Sections 5 and 6 of Exhibit 6, Pressure Vessel 
Design and Fabrication. 

5.1.2 The SELLER shall fabricate vessels and associated components, in accordance with the BUYER 
standard details listed in Section 2.3.2 of this specificat_ion. 

5.1.3 Fabrication of pipework shall be performed in accordance with Exhibit 5, Shop Fabrication of 
Piping. 

5 .1.4 Design and fabrication of vessel skirt support shall be in accordance with Exhibit 6, Pressure 
Vessel Design and Fabrication, Section 3.10 and 24590-WTP-3PS-MVB2-T000I, Engineering 
Specification for Welding of Pressure Vessels, Heat Exchangers and Boilers. 

5.1.5 All fabrication shall be performed by personnel qualified in accordance with this specification 
(including exhibits) and applicable documents referenced in Section 2. 

5 .1.6 For the equipment supplied per this specification, except for vessel internal components retired in 
place, the SELLER shall ensure that all sharp edges are broken/smoothed and all burrs removed. 
Machined metal surfaces subjected to human touch through maintenance or operational reason 
shall be constructed to have no sharp edges unless it serves the function of the equipment. 

5.1.7 Machined exposed metal surfaces (excluding internal components retired in place) shall have a 
surface finish of 125 microinches per ASME B46.1, Surface Texture (Surface Roughness, 
Waviness and Lay), or better. 

5.1.8 Nozzle connections in the piping system shall be butt welded, in accordance with 24590-WTP
PW-P30T-00001, WTP End Prep Detail for Field Butt Welds. 
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6.1.1 The SELLER shall comply with all requirements of Section 7 of Exhibit 6, Pressure Vessel 
Design and Fabrication and Section 3.2 of Exhibit 5, Shop Fabrication of Piping. 

6.1.2 The SELLER shall submit original set of radiographic film with associated technique and reader 
sheets in accordance with Section 7.2 of Exhibit 6, Pressure Vessel Design and Fabrication per 
G-321-E. Film shall be packaged to preclude moisture and handling damage. 

6.2 Shop Tests 

6.2.1 The SELLER shall not perform hydrotesting on piping ( e.g. vessel internal piping). Refer to 
Exhibit 5, Shop Fabrication of Piping, Section 3.2.3.1 for hydrotesting on fabricating piping 
assemblies. 

6.2.2 SELLER shall furnish blind flanges or other acceptable closures for the nozzles, as required for 
hydrotesting. Closures shall be removed after testing, unless they are required for shipment. 

6.2.3 All test results shall be documented, certified, and submitted to the BUYER, in accordance with 
G-321-V, Quality Verification Document Requirements forms attached to the MR. 

6.2.4 Vessel maintainable components (e.g., ladders, platforms, vessel clips for conduit supports, etc.) 
shall be tested to the same criteria as the parent vessel. 

6.3 Non-Destructive Examination (NDE) 

6.3 .1 All pressure vessels shall meet the requirements for welding and non-destructive examination 
(NDE) from Sections 5.4, 6 and 7 of Exhibit 6, Pressure Vessel Design and Fabrication and 
24590-WTP-3PS-MVB2-T000 1, Engineering Specification for Welding of Pressure Vessels, 
Heat Exchangers and Boilers. This includes work previously performed on provided WIP. 

6.3.2 All pipework shall meet the requirements for welding and NDE from the following 
specifications: 

a) Exhibit 4, General Welding and NDE Requirements/or Supplier Fabricated Piping 
b) Exhibit 5, Shop Fabrication of Piping, Section 3.2 
c) 24590-WTP-3PS-MVB2-T000 1, Engineering Specification for Welding of Pressure 

Vessels, Heat Exchangers and Boilers 

6.4 Inspection and Test Status 

6.4.1 The SELLER shall maintain a system for identifying inspection and testing status of items and 
systems. 

7 Preparation for Shipment 

7.1 General Requirements 
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7 .1.1 The SELLER shall comply with all requirements of Section 8 of Exhibit 6, Pressure Vessel 
Design and Fabrication. 

7 .1.2 The vessels shall be packaged, prepared for shipment, handled, and stored in accordance with 
24590-WTP-3PS-G000-T0003, Engineering Specification for Packaging, Handling, and Storage 
Requirements; exclude any NQA-1 requirements. 

7.1.3 All equipment shall be thoroughly cleaned of all debris, trash, weld splatter, loose mill scale, 
tools and foreign matter and dried in preparation for shipment. 

7.2 Tagging and Marking 

7.2.1 Tagging of equipment shall be per this specification and the applicable documents listed in 
Section 2 and Exhibits of this specification. Plant item numbers shall be per the MOS. In case of 
conflict, SELLER shall submit a report identifying any deviations and/or conflicts on an SOOR 
form, attached to the MR. 

7.2.2 Slinging points and orientation for storage shall be clearly marked. 

7.2.3 A stainless steel nameplate shall be rigidly attached to the vessels in a prominent position for ease 
of visibility, unless a location is indicated on the drawings. The nameplate physical location shall 
be visible after insulation is installed. Nameplates shall include the following, in addition to all 
markings mandated by ASME Boiler and Pressure Vessel Code Section VIII at a minimum: 

a) Manufacturer's name 
b) Shop location 
c) Date of manufacture 
d) Serial number 
e) Equipment name and tag number 
f) Weight of assembly 
g) Purchase order number 

8 Quality Assurance 

The SELLER's manufacturing Quality Assurance Program (QAP) applicable to production of standard 
product offerings is acceptable to meet the requirements of this procurement. 

9 Configuration Management 

Equipment and/or components covered by this specification are identified with Plant Item Numbers 
shown in the listed MOS in Part 2 of the MR. Each item shall be identified in accordance with Section 7 .2 
of this specification. Configuration management is maintained by conformance to approved drawings and 
procedures. 
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10 Documentation and Submittals 

10.1 General 

10.1.1 SELLER shall submit to BUYER all detailed designs, drawings, documentation, procedures, 
instructions, calculations, analyses, manufacturer documentation, manufacturer data, inspection 
reports, test reports, certificates, and manuals required per this specification, the applicable codes, 
standards, and reference documents in Section 2 of this specification, and the MR. 

10.1.2 Documentation shall be submitted to BUYER as summarized on the G-321-E, Engineering 
Document Requirements, and G-321-V, Quality Verification Document Requirements forms 
attached to the MR. 

10.1.3 Interim reviews shall be presented by the SELLER upon reaching or completing specific 
milestones as indicated in the "Remarks" column on the G-321-E, Engineering Document 
Requirements form attached to the MR. Interim review discussions are intended to help clarify 
interface points in system requirements, review design and design progress, and resolve 
outstanding issues. 

10.1.4 The SELLER is encouraged to provide to the BUYER copies of documentation or information 
that is expected to be discussed and presented at the design review prior to the scheduled meeting. 
The SELLER shall participate in the design review and present the design, including discussion 
of provided submittals. Following the review meeting, the BUYER will formally transmit to the 
SELLER any comments or other requests on the appropriate design documentation. The 
SELLER is required to provide a response/resolution to the BUYER's comments. The SELLER 
shall be responsible for producing and submitting meeting minutes, as a formal document of 
record. The meeting minutes shall include, at a minimum, a list of actions, actionees, and a 
documented record of agreed comments from the meeting. 

10.1.5 The first interim design review (30%) commences when calculations, drawings and general 
engineering deliverables are completed. The second interim design review (60%) will be held 
during the fabrication stage. The final interim design review (90%) will start once fabrication is 
completed and prior to shipment. All reviews will be conducted at the SELLER's facility per 
remarks on G-321-E. 

10.1.6 Each document to be submitted shall be listed on the l 5EX form. This form tracks the scheduled 
and actual delivery of each submittal. The form shall be submitted per the G-321-E. 

10.1.7 SELLER shall submit their Quality Assurance (QA) program manual (Section 8). 

10.1.8 All drawings shall be produced per the drawing practices set forth in ASME Yl 4.100, 
Engineering Drawing Practices. 

10.2 Submittals 

l 0.2.1 Schedule and Drawing Index 

SELLER shall develop, and deliver to the BUYER, a schedule detailing the chronological 
sequence of activities required to meet the equipment delivery date. At a minimum, the schedule 
shall cover equipment design, procurement, fabrication and manufacture, tests and inspections, 
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verifications and hold points, and production deliverables. In addition, a drawing index (Fann 
l 5EX) shall be submitted at this time. 

10.2.2 Data Sheets 

SELLER shall provide completed Mechanical Data Sheets as listed in Part 2 of the MR. 

10.2.3 Drawings 

10.2.3. l Outline Drawings 

SELLER shall provide drawings with outline dimensions, services, foundations, and mounting 
details. Drawing shall show internal components with internal piping In addition, drawings 
shall show external envelope, including lugs, and centerline(s), fluid and other service 
connections, isometrics, insulation supports and details related to vessel skirt support. SELLER 
shall provide support requirements for the vessels (e.g. vessel skirt access points) to support 
BUYER's ring beam design. 

In addition, shop detail drawings shall meet the requirements from the following: 

a) Exhibit 5, Shop Fabrication of Piping, Sections 1.9.2.2 and 1.9.3.1. 
b) Exhibit 6, Pressure Vessel Design and Fabrication, Section 9.2. l. 
c) Section 3.5.2 of this specification 

10.2.3.2 Shop Detail Drawings and Bill of Materials (BOM) 

SELLER shall provide shop detail drawings with sufficient detail to facilitate fabrication, 
manufacture, or installation. This includes a complete Bill of Materials (BOM), pipe spool 
drawings, internal piping, cross-section details, and structural details. 

In addition, shop detail drawings shall meet the requirements from the following: 

a) Exhibit 5, Shop Fabrication of Piping, Sections 1.9.2.2 and 1.9.3. l . 
b) Exhibit 6, Pressure Vessel Design and Fabrication, Section 9.6. 

10.2.3.3 Vessel Nozzle Locations 

SELLER shall provide vessel nozzle locations to interface with BUYER-supplied piping. 

10.2.3.4 Scope Delineation Drawing 

SELLER shall provide drawings that clearly depict the scope of work outlined in this 
specification and the associated drawings and datasheets. These drawings shall show existing 
WIP that is not subject to work outlined in this specification and associated documents as 
"ghosted" (in dashed lines) or otherwise clearly distinguished from components that are included 
in the scope of work, which shall be represented with solid lines. 

10.2.4 Lists 

10.2.4.1 Material List 
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SELLER shall provide a material list with specific model number, manufacturer, and catalog cut 
sheets for all equipment. 

10.2.4.2 Recommended Spare Parts List 

SELLER shall provide a list of recommended spare parts and supplies for maintainable vessel 
components required for maintenance and repair to ensure continued service or operation 
without unreasonable delays, including the cost of each item. The SELLER shall provide a list 
of startup and commissioning spares, including all components or equipment that may be needed 
during startup and commissioning. 

10.2.4.3 Nameplates 

SELLER shall provide a drawing for all nameplates. 

10.2.5 Product Data 

10.2.5.1 Inspections and Test Plans 

SELLER shall provide a detailed description of their work inspections and tests planned during 
the receipt of materials, manufacturing, testing, and conformance verification activities. 
SELLER shall include identification of witness and hold points. In addition, SELLER shall 
provide inspection and test plans in accordance with Exhibit 6, Pressure Vessel Design and 
Fabrication, Section 9.7. 

10.2.5.2 Structural Support Requirements 

SELLER shall provide structural support data and drawings with recommended support 
locations for vessels (i.e., load points, weight distribution, and maximum weight, geometry of 
equipment, and location of center gravity). 

10.2.5.3 Transportation and Shipping Documentation 

SELLER shall provide drawings and a proposed tie down plan for applicable items in 
accordance with 24590-WTP-3PS-G000-T0003, Engineering Specification for Packaging, 
Handling, and Storage Requirements, Section 11.2. 

10.2.6 Manuals 

10.2.6.1 Installation Instruction Manual 

SELLER shall submit an Installation Instruction Manual with drawings and procedures required 
for safe assembly and installation of material, including any explanations for special tools in 
accordance with 24590-WTP-3PS-G000-T0003, Engineering Specification for Packaging, 
Handling, and Storage Requirements, Section 11.1.1. 

10.2.6.2 Maintenance Manuals and Instructions 

SELLER shall submit maintenance manuals with detailed written instructions to disassemble, 
reassemble, and maintain components. Manuals shall include specific instructions, procedures, 
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and illustrations for preventative and corrective maintenance. Provide a list of special tools 
required for maintenance and repair of components. 

Corrective maintenance manuals shall include the manufacturer's procedures and instructions 
for correcting problems and making repairs. Provide a troubleshooting guide and diagnostic 
techniques, maintenance and repair procedures, removal and replacement instructions for 
components, identification of all parts of end items subject to replacement (including special 
hardware requirements), warranty information, and personnel training requirements for 
operating and maintaining equipment. 

10.2.6.3 Site Storage, Handling, and Maintenance Requirements Manual 

SELLER shall submit a Site Storage, Handling, and Maintenance Requirements Manual with 
procedures and instructions for site storage, handling, and maintenance that will preserve 
equipment until it is put into operation in accordance with 24590-WTP-3PS-G000-T0003, 
Engineering Specification for Packaging, Handling, and Storage Requirements, Section 11.1.2. 

10.2.7 Procedures 

10.2.7.1 Welding and NDE Procedures and Qualifications 

SELLER shall provide weld procedure specifications, procedure qualification records, weld 
inspection, NOE procedures, weld repair procedures, weld repair plan and personnel 
qualifications in accordance with the following: 

a) 24590-WTP-3PS-MVB2-T000 1, Engineering Specification for Welding of Pressure 
Vessels, Heat Exchangers and Boilers, Section 4. 

b) Exhibit 6, Pressure Vessel Design and Fabrication, Sections 5.4 and 7.2. 
c) Exhibit 4, General Welding and NDE Requirements for Supplier Fabricated Piping, 

Sections 4 and 13.3. 
d) Exhibit 5, Shop Fabrication of Piping, Sections 1.9.2.4 and 1.9.2.5. 

10.2.7.2 Material Control Procedures 

SELLER shall provide material control procedures including controlling issuance, handling, 
storage, and traceability of materials such as weld rod. 

10.2. 7 .3 Cleaning Procedures and Qualifications 

Include procedure for descaling after hot working or heat treatment per Exhibit 6, Pressure 
Vessel Design and Fabrication, Section 8.1.2. 

In addition, SELLER shall provide cleaning procedures per Exhibit 5, Shop Fabrication of 
Piping, Section 1.9.2.7. 

10.2.7.4 Positive Material Identification (PMI) Procedures 

SELLER shall submit procedures covering how PMI will be conducted and documented per 
Exhibit 1, Positive Material Identification (PMI), Section 3.2. 

10.2.7.5 Pipe Bending Procedures and Records 
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SELLER shall submit pipe bending procedures and bend qualification records as applicable per 
Exhibit 6, Pressure Vessel Design and Fabrication, Section 5.1.10 and Exhibit 5, Shop 
Fabrication of Piping, Section 1.9.2.9, and Exhibit 3, Cold Bending of Pipe, Sections 5 and 10.2. 

10.2.7.6 Inspection Procedure 

SELLER shall provide inspection procedures for the purpose of determining that specified 
requirements (e.g. dimensions, properties, performance results, etc.) are met. 
In addition, SELLER shall provide measurement and inspection procedures per Exhibit 5, Shop 
Fabrication of Piping, Sections 1.9.2.12, 1.9.2.14, and _l.9.2.17. 

10.2.7.7 Heat Treatment Procedure 

SELLER shall submit a procedure for heat treatment per Exhibit 6, Pressure Vessel Design and 
Fabrication, Sections 7.1.5 and 8.12. 

10.2.7.8 Pressure Test Procedure 

SELLER shall submit pressure testing procedures including hydro, air, leak, separation, or 
vacuum test procedures for performing hydrostatic or pneumatic structural integrity and leakage 
tests per Exhibit 6, Pressure Vessel Design and Fabrication, Sections 7.3 and 7.4, and Section 
6.2 of this specification. 

10.2.7.9 Hardness Testing Procedure 

SELLER shall submit a procedure for hardness testing per Exhibit 6, Pressure Vessel Design 
and Fabrication, Section 7 .1.3. 

10.2.7.10 Wall Thickness Measurement Procedure 

SELLER shall submit a procedure for wall thickness procedure per Exhibit 5, Shop Fabrication 
of Piping, Sections 1.9.2.12 and 1.9.2.17. 

10.2. 7 .11 Coating Procedures 

SELLER shall prepare a detailed written procedure for material receiving, marking, storage, 
handling, surface preparation, environmental control, application, curing, inspection, testing, 
touch-up/repair, application personnel qualification, inspector qualification. The procedure shall 
be submitted and reviewed with BUYER's permission to proceed prior to the start of coating 
Work. 

I 0.2.8 Reports 

I 0.2.8. l Seismic Analysis 

SELLER shall provide a seismic analysis as required in Section 3.5.3 of this specification. 
Analysis shall demonstrate suitability of materials, components, or systems in relation to the 
conditions imposed by the stated seismic criteria. 
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10.2.8.2 NDE Records 

SELLER shall keep records and submit reports pertaining to NDE, base materials, filler 
materials, fabrication, and inspection in accordance with Exhibit 6, Pressure Vessel Design and 
Fabrication, Section 9.4 and 24590-WTP-3PS-MVB2-T000I, Engineering Specification/or 
Welding of Pressure Vessels, Heat Exchangers and Boilers, Section 11. 

10.2.8.3 Test Reports fo r Vessels and Piping 

SELLER shall supply quality records and test results for the following items in accordance with 
Exhibit 6, Pressure Vessel Design and Fabrication, Section 9. Test reports shall include, but not 
limited to: 

a) Heat treat reports. 
b) Ultrasonic examination and verification reports. 
c) Radiographic examination and verification reports. 
d) Liquid penetrant examination and verification reports. 
e) Pressure testing and verification reports. 
f) Inspection and verification reports. 
g) Mechanical test reports. 

SELLER shall supply NDE test reports in accordance with the following: 

a) Exhibit 4, General Welding and NDE Requirements for Supplier Fabricated Piping, 
Section 13.2.1. 

b) Exhibit 5, Shop Fabrication of Piping, Sections 1.9.2.5, 1.9.3.4 and 1.9.3.5. 
c) 24590-WTP-3PS-MVB2-T000 1, Engineering Specification for Welding of Pressure 

Vessels, Heat Exchangers and Boilers, Section 12 

10.2.8.4 ASME Data Reports 

SELLER shall provide ASME Boiler and Pressure Vessel Code Section VIII data reports in 
accordance with Exhibit 6, Pressure Vessel Design and Fabrication, Section 9.5. 

I 0.2.8.5 Positive Material Identification (PMI) Reports 

SELLER shall submit PMI testing reports, including a PMI map per Exhibit 1, Positive Material 
Identification (PM/), Section 6. 

10.2.8.6 l\'laterial Test Reports 

SELLER shall submit material test reports (MTR) in accordance with the following: 

a) Exhibit 4, General Welding and NDE Requirements for Supplier Fabricated Piping, 
Section 6.5. 

b) Exhibit 5, Shop Fabrication of Piping, Section 1.9.3.2. 
c) Exhibit 6, Pressure Vessel Design and Fabrication, Section 4.1.1. 
d) 24590-WTP-3PS-MVB2-T00O 1, Engineering Specification for Welding of Pressure 

Vessels, Heat Exchangers and Boilers, Section 6.1.4. 
e) Exhibit 8, Technical Supply Conditions/or Pipe, Fittings, and Flanges, Section 8. 
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Material test reports shall be supplied for all alloy and stainless steel construction materials that 
make up vessels. 

10.2.8.7 Wall Thickness Measurement Reports 

SELLER shall submit wall thickness measurement reports per Exhibit 5, Shop Fabrication of 
Piping, Section l.9.3.7. 

10.2.8.8 Hardness Test Reports 

SELLER shall submit hardness test reports, where required, per E_xhibit 6, Pressure Vessel 
Design and Fabrication, Section 7.1. 

10.2.8.9 Ferrite Data 

SELLER shall submit ferrite data on welding materials in accordance with the following: 

a) 24590-WTP-3PS-MVB2-T0001, Engineering Specification/or Welding of Pressure 
Vessels, Heat Exchangers and Boilers, Section 6.1. 

b) Exhibit 4, General Welding and NDE Requirements/or Supplier Fabricated Piping, 
Section 6.3. 

10.2.8.10 Obstruction Reports 

SELLER shall certify in writing, via a verification report, that all internals are free from 
obstruction in accordance with Exhibit 6, Pressure Vessel Design and Fabrication, Section 
7.5. 

10.2.8.11 Spray Nozzle Performance Reports 

SELLER shall provide a test report of each model/type of spray nozzle to list and demonstrate 
that the equipment meets the performance criteria listed in Section 3.3.3.1 of this specification. 

10.2.8.12 Certificates and Inspection Reports 

SELLER shall provide certificates and inspection reports which correspond with section 
10.2.7.6, and for the following activities, as applicable: 

a) Section 2.2, Coating work per applicable standards in this specification, 
b) Exhibit 5, Sections 1.9.2.9, 1.9.2.15, 1.9.3.7 and 5 
c) Exhibit 6, section 9.7, Work inspection reports 

10.2.8.13 Record of any Major Weld Repairs 

SELLER shall submit a record for any major weld repairs per Exhibit 5, Shop Fabrication of 
Piping, Section 1.9.3.8 and 24590-WTP-3PS-MVB2-T0001, Engineering Specification/or 
Welding of Pressure Vessels, Heat Exchangers and Boilers, Section 4. 7. 
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SELLER shall submit a weld map for each weld in accordance with 24590-WTP-3PS-MVB2-
T000 1, Engineering Specification for Welding of Pressure Vessels, Heat Exchangers and 
Boilers, Sections 4.1.6 and 11. Include NDE/PMI maps on the weld map drawings. Note that 
this requirement includes all existing pressure boundary welds on the WIP, however, does not 
include welds on internals that are abandoned in place. 

10.2.8.15 Analysis and Design Report 

SELLER shall provide analysis and design reports, including analytical data (stress, fluid 
dynamics, etc.), which demonstrates that an item satisfies all specified requirements per 
Exhibit 6, Pressure Vessel Design and Fabrication, Section 9.5. 

10.2.8.16 Deleted 

10.2.9 Calculations and Analysis 

10.2.9.1 Nozzle Loading Calculation 

SELLER shall submit nozzle loading calculations in accordance with Exhibit 6, Pressure 
Vessel Design and Fabrication, Section 9.2. 

10.2.9.2 Code Calculation 

SELLER shall submit code calculations in accordance with Exhibit 6, Pressure Vessel Design 
and Fabrication, Section 9.2. 

10.2.9.3 Lifting and Erection Calculations 

SELLER shall submit lifting and erection calculations in accordance with 24590-WTP-3PS
G000-T0003, Engineering Specification/or Packaging, Handling, and Storage Requirements, 
Sections 9.1 and 9.2, and Exhibit 6, Pressure Vessel Design and Fabrication, Section 9.2. 

10.2.9.4 Transport Calculations 

SELLER shall submit Transport calculations in accordance with 24590-WTP-3PS-G000-
T0003, Engineering Specification/or Packaging, Handling, and Storage Requirements, 
Sections 4.4 and 8.5. 
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EXHIBIT 1 I POSITIVE MATERIAL IDENTIFICATION (PMI) 

Specification 24590-WTP-3PS-G000-T0002, REVISION 9 was used as applicable to create the 
following exhibit. 

N ote: e erences on t 1s ex 1 1 are me us1ve o 1s ex 1 1 on1y. All R fi h" 1 . t th· 
Specification Requirement 
1 Scope This exhibit covers the minimum requirements for and the extent of application of Positive 

Material Identification (PMI) testing of shop fabricated pressure retaining equipment and 
piping. This exhibit applies to shop fabrication only. 

3 Technical 
Requirements 
3.1 General The purpose of PMI is to provide evidence that the materials are correctly supplied as 

specified by project documents. PMI is required for shop-fabricated items fabricated from 
the alloys identified in Table 1. 

When required by this exhibit, PMI testing will be done on each component of a pressure 
retaining assembly. This shall include each individual segment of pipe, each plate, and all 
other pieces of base materials ( e.g., forgings, fittings, and tubing) and all required pressure 
retaining welds. 

For purposes of this exhibit, the following definitions are used: 
Alloy: Metallic materials (including welding filler materials) which contain alloying 
elements including but not limited to: Chromium (Cr), Nickel (Ni), Molybdenum (Mo), 
Copper (Cu) or Tungsten (W). 
300 Series Stainless: Austenitic Stainless Steels (304L, 316L, etc.) 
6 % Mo: AL6XN, 254 SMO, etc. 
DuQlex Stainless Steel: CD4MCu, etc. 
Nickel Base: Alloy C-22, 625, 690, etc. 

3.2 Responsibility The Seller shall submit to the Buyer, for review and comment prior to fabrication, 
procedures covering how PMI will be conducted and documented. The Seller's procedures 
shall include the instrument manufacturer's procedures and requirements, operator 
qualification/re-qualification requirements, instrument calibration method(s), calibration 
frequency during testing, criteria for acceptance or rejection, material identification method, 
and record keeping. 

3.3 Verification 
Method 
3.3. l Instruments used for PMI shall be of the type that will provide quantitative, recordable, 

elemental composition results for positive identification of the alloy elements present. 

a) PMI shall be done per the procedures outlined by the manufacturer of the PMI 
instrument being used. Modification of these procedures must be approved by the 
Buyer. 

b) Each PMI instrument shall be calibrated according to the manufacturer's 
requirements. 

3.3.2 
The methods/instruments listed below are acceptable. In application, they must not be used 
in a "go-no-go" mode. The only acceptable objective is the positive identification, listing, 
and quantification of the relevant elements listed in Section 7. 
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3.3.3 

3.3.4 

3.4 Welding 
Consumable 
Control 

4 Extent of PMI 

4.1 Vessels, 
Exchangers, Tanks, 
Filters and other 
Manufactured 
Equipment 
4.2 Shop 
Fabricated Pipine: 
4.2.1 

4.2.2 
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Requirement 
a) Portable X-ray fluorescence analyzers. Use is limited to the following instruments or their 
equivalent unless prior approval is given by the Buyer: 

• TN Technologies Alloy Analyzer 9266, 9277 (The Metallurgist XR) or 9288 

• Outokumpu X-Met 840, or X-Met 880 

• Ni ton Alloy Analyzer (800 Series) 

• Thermo Scientific Niton XL3t Analyzer 

• Metorex X-Met 920, X-Met 3000TA or X-Met 3000TX Metal Analyzer 

• lnnov-X Systems XT Series Analyzer 

• lnnov-X Systems Alpha 6500 Series Analyzer 

• lnnov-X Systems Delta Model DP-2000, DS-2000, or DC-200 Analyzer 

b) Portable optical emission analyzers. Use is limited to the following instruments or their 
equivalent unless prior approval is given by the Buyer: 

• SpectroPort Model TP-07 or TFO-02 

• Outokumpu ARC-MET 900 or the New Spectrotest 

• SpectroLab, Spectrotest and Spectrotest Jr . 
Any other instrument will require Buyer's approval via the submittal process. 

Note: Arc strikes, if any, need not be removed. 
In lieu of using portable instruments, chemical analysis can be performed on actual material 
samples. Care must be exercised while collecting samples, as contamination can be 
contributed by the removal tools. Sample extraction shall not weaken or reduce the 
functionality of the component. Laboratory analysis reports shall be traceable to the 
individual component from which the sample was taken (See Section 6, below). 
Parts that are too small to be tested using an alloy analyzer are exempt from PMI testing. If 
such exemption is claimed, the PMI procedure shall specify the minimum part size capable 
of being tested. 
In addition to PMI testing required by this exhibit, the Seller shall have in place, and 
implement, welding consumable material control systems that can be verified by auditing. 
PMI of completed pressure retaining welds is required as indicated in Table 1. Production 
"Run Off' weld test coupons may be used for chemical analysis checks. 
PMI shall be performed on completed equipment, or assembled parts of equipment, at such 
time as to ensure that only verified materials have been used in the fabrication and final 
assembly of components. If the assembled equipment configuration prevents PMI of any 
individual part, then that part shall be tested prior to assembly and be noted as such on the 
PMI documentation. 
Vessels, exchangers, and other manufactured equipment shall have PMI testing performed 
at the Seller's facilities. This shall include piping and components supplied as part of an 
equipment "package" or skid. 

PMI is required for all piping and piping components, circumferential pressure retaining 
welds, and non-autogenous longitudinal welds as indicated in Tables 1 and 2. Note that to 
the greatest extent possible (considering minimum size restraints of the PMI analyzer), the 
requirements for examining tubing are equivalent to that of piping. 
PMI is not required on autogenous welds, fillet welds, or socket welds. 
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Requirement 
PMI of valves and pumps is required for materials as indicated in Table 1 and piping fluid 
codes as indicated in Table 2. 
PMI is required as indicated in Table 1. Table 2 does not apply. 

All shop-fabricated items/pieces that have been successfully subjected to the required PMI. 
shall be marked. The mark shall be durable and last through transportation and receiving 
inspection at the Buyer's facility. See Section 7 for items that do not pass PMI. 
Marking materials and adhesive tape selected shall not cause corrosion or other harmful 
effects. Requirements for marking materials: 

• The total chloride/fluoride content shall not exceed 200 ppm . 

• The total sulfur content shall not exceed 400 ppm . 

• The total of low melting point metals such as lead, zinc, copper, tin, antimony, and 
mercury shall not exceed 1 percent; of this, mercurv shall not exceed 50 ppm. 

When it has been verified that the material has a composition consistent with the material 
specified, then it must be stamped with letters "PMIV". Use low stress stamps for 
identification. Items that cannot be stamped shall have an alternate system of marking. Heat 
exchanger tubing shall not be stamped. Any alternate system, and the items for which it will 
be used, must have Buyer approval. To the maximum extent possible, the stamping/marking 
shall be located for ease of future reference/verification. 
When it has been verified that the material has a composition consistent with the material 
specified, then a colored adhesive tape, or other approved marking method, shall be applied 
at one end to facilitate proper identification. 
Fasteners and small parts shall be marked in accordance with the Seller's procedure using a 
hard marking method, an indelible ink, or paint. 
Results shall be recorded on PMI report forms, which shall indicate, as a minimum, the 
following for each examination: 

a) Name of inspector 
b) Date of testing 
c) Test method, including PMI instrument name and serial number 
d) Equipment tag number or pipe spool number (PO number for bulk items) for the 

specific piece tested 
e) Quantitative analysis results for relevant elements (see Section 7) 

A PMI map consisting of assembly and sub-assembly drawings shall be prepared for each 
piece of fabricated equipment or pipe spool. The map shall include components and welds 
and show the locations of PMI testing. 

An extended Shop Spool Sheet shall be provided for each individual spool number where 
PMI was done. 

In the case of bulk items, PMI results may be submitted in the form of a certificate verifying 
that parts were tested according to the requirements of this exhibit. Results shall be reported 
by heat/lot and shall include the following: 

a) Name of inspector 
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7.2 

7.3 

Requirement 
b) Date of testing 
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c) Test method, including PMI instrument name and serial number 
d) Type and number of pieces tested 
e) Acceptable composition ranges for the relevant elements (see Section 7) 
t) Material identified 

PMI forms shall become a part of the permanent inspection records. Seller shall submit the 
completed forms as part of the Final Document Package when required by the Form G-321 -
V in the Purchase Order. 
All materials tested shall be identified by the PMI instrument as being consistent with the 
composition of the specified material. The results shall fall within the chemical composition 
requirements of the ASTM, AWS or other applicable material specification allowing for the 
accuracy of the instrument. Any questionable PMI result shall be re-analyzed by the same or 
another instrument, after verification of proper surface preparation. See Section 7 .1, below, 
for materials and welds that fail to meet requirements on the second analysis. 

The following elements shall be identified and recorded, even if the instrument does provide 
immediate identification (e.g. display of "316", 116 Mo", etc.): 
Alloy Elements 
304, 304L Ni, Cr 
316, 316L Ni, Cr, Mo 
347 Ni, Cr, Nb 
Duplex, 6% Mo, 254 SMO, AL6XN, etc. Ni, Cr, Mo, Cu 
Nickel base alloys, C-22, 625, 690, etc. Ni, Cr, Mo, W 

Welds joining dissimilar base materials or having filler materials that do not match the base 
material composition may include an allowance for dilution. Acceptable composition ranges 
for commonly used combinations of base material and weld filler metals are included in 
Table 3. Other combinations, when required, shall be identified to the Buyer for approval. 
Please note that the only proper use of Table 3 is for assessing dissimilar welds. 
If any material, component, or weld of a type not requiring l 00% testing is found to be 
unacceptable, all other materials, components, or welds (same heat, lot, etc.) represented by 
that failed item shall be considered suspect. The Buyer shall be notified immediately if a 
component is confirmed to have failed the PMI. The Seller will then have the following 
options, with Buyer concurrence: 

a) Scrapping/removing all materials, components, or welds represented by the test 
piece (all of that heat, lot, etc.) and replacing with new components or filler metals, 
or 

b) Performing I 00 percent examination of the remainder of the represented materials, 
components, or welds, and replacing each item that fails the PMI check, or 

c) Verifying correct chemistry by laboratory chemical analysis. 
If questionable values obtained with portable analyzers are verified by laboratory analysis, 
the laboratory analysis data shall be used and recorded. 
Any item or component containing materials that have not passed the PMI shall be clearly 
marked as "DO NOT USE - PMI FAILED" and segregated from the remainder of the 
stock. 
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Requirement 
Table 1 PMI Requirements for Shop Fabricated Items/Pieces 

ITEM-(NOTE 1) VERIFICATION REQUIRED 

Type 304 & 304L Stainless Steel Components No 
Type 316, 3 l 6L, & 347 Stainless Steel Components Yes - 100% 
6% Mo Components Yes - 100% 
Duplex Stainless Steel Components Yes - 100% 
Nickel Base Alloy Components Yes-100% 
Alloy Valves Yes - 100% Body and Bonnet Only 
Alloy Pumps Yes - 100% Casing Only 
Alloy Piping - including non-autogenous longitudinal Yes - 100% for 6 % Mo alloys 
welds and Nickel base alloys 

(Spools, Fittings, Straight-Run Pipe, and Tubing) 
Yes - 100% for 3 l 6L, used in the 
fluid codes listed in Table 2 
Yes - 100% of completed welds 

Alloy Pressure Retaining Welds that join material required to have 
PMI testing 

Bolting - B8M used for Pressure Retaining Yes - 5 % of total bolts, minimum 
Connections one check per heat 

Alloy Heat Exchanger Tubing 
Yes - 5 % of total tubes, minimum 
one check per heat 

Venturis Yes - 100% pipes and welds 

Note: 
1. The following items are exempted unless specifically designated for PMI by the Purchase 

Order: 

a) All type 304L stainless steel components, piping, and welds 
b) Deleted 
c) Non pressure-retaining parts, such as baffles, trays, tray clips, supports, pall-rings, 

support rings, etc. 
d) Non pressure-retaining welds and sections of piping, such as drains, vents, 

overflows, etc. 
e) Gaskets 
f) Instrumentation ( except when the instrument is a shop fabricated piping component 

placed in-line of a piping system requiring PMI) 
g) Internal instruments parts (including pressure retaining parts) 
h) Instrument tubing less than 1/2 inch in diameter 
i) HV AC ducting 
j) Piping components located within piping systems for which PMI is NOT required. 
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Table2 Fluid Codes Requiring PMI Testing (Sbop Fabricated Piping and Piping Syste~ 
Componenb) 

..... c. IWIICede ~ n.ldC... 
DR Suspect GU Nitric Acid Fume GV Vessel Vent 

Radioactive Steam Radioactive 

HN Nitric Acid HR Recovered Nitric PA Radioactive 
Acid Aqueous 

PB LAW Feed PC HL W Feed Slurry PE Entrained Solids 
Concentrate 

PF Cs/Tc Concentrate PH LAW Melter Feed PJ HL W Melter Feed 

pp UI trafilter PR Suspect PS Suspect Radioactive 
Permeate Radioactive Liquid Slurrv 

PU Suspect PV Strontium PW Radioactive 
Radioactive Carbonate Gaa/Vapor 
Gas/Vapor 

PX Radioactive Slurry PZ Waste Feed RK Sodium 
Pcnnane.anate 

ZE Plant Wash Fluid ZF Plant Washings ZH Acidic Effluent 

lJ Alkaline Effluent ZL Spent IX Resin ZN Neutralized 
Effluent 

ZR Suspect ZS Process zx Special 
Radioactive Radioactive Dccontaminant 
Condensate Condensate 

zv Scrubber Effluent 

TableJ Base Material and Weld Filler Metal Composition Requirement• (Wt %) 
, __ _.,_ 

U' ftl - a w -304LBM 18.0 - 20.0 8.0 - 12.0 - - -
308L WFM 19.S - 22.0 9.0 - 11.0 0.75max - - E/ER308L & LT 

304L Welds 18.0 - 22.0 8.0 - 12.0 0.75max - - Note I 

304LBM 18.0 - 20.0 8.0 - 12.0 -- - -
316LBM 16.0 - 18.0 10.0 - 14.0 2.0- 3.0 - -
316LWFM 17.0 - 20.0 11.0-14.0 2.0-3.0 - - E/ER316L & LT 

304U3 16L Welds 16.0 - 20.0 8.0 - 14.0 3.0max - - Nole I 

304LBM 18.0 • 20.0 8.0 • 12.0 - - -
316LBM 16.0 • 18.0 10.0 . 14.0 2.0. 3.0 - -
308L WFM 19.S • 22.0 9.0 - 11.0 0.75 max - - E/ERJ08L & LT 

304U3 16L Welds 16.0 - 22.0 8.0- 14.0 3.0max - - Note I 

304LBM 18.0 • 20.0 8.0 - 12.0 - - -
308LWFM 19.5 • 22.0 9.0 - 11.0 0.75max - - E/ER308L & LT 

CD4MCuBM 24 . .5 • 26 . .5 4.7.5 -6.0 1.7.5 • 2.2.5 2.7.5 - 3.2.5 -
304UCD4MCu Note I 
Welds 18.0-26.S 4.75-12.0 2.0max - -
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TableJ Bue Material and Weld FlDer Metal Composidoa Requirements (Wt o/e) (coat.) 

go - - D ,, -316L BM 16.0 • 18.0 10.0 - 14.0 2.0. 3.0 - -
316L WFM 17.0- 20.0 I 1.0- 14.0 2.0 . 3.0 -- -- E/ER316L &LT 

316L Welds 16.0- 20.0 10.0- 14.0 2.0 • 3.0 - -- Note I 

316L BM 16.0 - 18.0 10.0 - 14.0 2.0 • 3.0 - -
316L WFM 17.0- 20.0 I 1.0 • 14.0 2.0 • 3.0 - - E/ERJ 16l &: LT 

CD4MCu BM 24.5 • 26.5 4.75 - 6.0 1.75 • 2.25 2.75 • 3.25 -
316UCD4MCu 

16.0 • 26.S 4.75 - 16.0 l.75 . 3.0 Note I 
Welds - --
AL6XN BM 20.0 • 22.0 23.5-25.5 6.0- 7.0 0.75 max -
625 WFM 20.0 • 23.0 58.0 min 8.0 • 10.0 0.50 max -- E/ERNiCrMo-3 

AL6XN Welds 20.0 • 23.0 25.5 min 7.0 • 10.0 0.75 max -- Note2 

C-22 BM 20.0- 22.5 Remainder 12.5 . 14.5 - 2.5 • 3.S 

CD4MCu BM 24.5 - 26.5 4.75 -6.0 1.75 - 2.25 2.75 • 3.25 -
C-22 WFM 20.0 - 22.5 Remainder 12.5 - 14.5 0.5max 2.S • 3.5 E/ERNiCrMo-10 

C-22/CD4MCu 
16.0 - 22.5 25.0 min 10.5 - 14.5 2.5 • 4.5 Welda -

C-22BM 20.0 . 22.5 Remainder 12.5- 14.5 - 2.5 - 3.5 

C-22 WFM 20.0 - 22.5 Remainder 12.5 • 14.5 0.5max 2.5 • 3.5 E/ERNiCrMo-10 

C-22 Welds 20.0 - 22.5 52.0 min 12.5- 14.5 - 2.5 - 3.5 Note I 

Alloy625 BM 20.0 - 23.0 58.0min 8.0 - 10.0 - -
to 304l 18.0- 20.0 8.0-12.0 - - -
to 316L 16.0 - 18.0 10.0 - 14.0 2.0 . 3.0 - -
625 WFM 20.0 . 23.0 55.0 min 8.0. 10.0 O.SOmax - E/ERNiCrMo-3 

Alloy 625 to 
19.0 -23.0 50.0 min 8.0min 0.50 max -304U3 16L Welds 

AL6XN (N08367) 
20.0 - 22.0 23.5 -25.5 6.0 -7.0 0.75 max -BM 

to 304L 18.0 - 20.0 8.0- 12.0 - - -
to 31 6L 16.0 - 18.0 10.0-14.0 2.0-3.0 - -
625 WFM 20.0 - 23.0 55.0 min 8.0 - 10.0 o.somax - E/ERNiCrMo-3 

N08367to 
19.0 -23.0 25.0min 4.0-10.0 304U316l Welds - -

BM • Base metal; WFM z Weld filler metal 

Notes: 
1. Acceptance is based on the combined base: metal and WFM spec requirements. 

2. Acceptance is based on WFM spec and the expected amount of dilution for molybdenum. 
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24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

EXHIBIT 2 I STRUCTURAL DESIGN LOADS FOR SEISMIC CATEGORY IV EQUIPMENT 
AND TANKS 

Specification 24590-WTP-3PS-FB01-T0001, REVISION 6 was used as applicable to create the 
following exhibit. 

Note: All References on this exhibit are mclusive to this exhibit only. 
Specification 
1.1 General 

1.2 Definitions 

2 Aoolicable Documents 
2.1 American Concrete 
Institute (ACI) 

Requirement 
This exhibit provides structural design loads for Seismic Category IV 
(SC-IV) equipment and tanks on the River Protection Project-Waste 
Treatment Plant (RPP-WTP) located at the Department of Energy 
(DOE) Hanford Site in Richland, Washington. 
The seismic categories are derived from the performance categories 
defined in DOE-STD-1020-94 (Ref. 2.7). The loads include dead, live, 
wind, fluid, earthquake, snow, ashfall, lateral earth pressure, operating 
pipe reaction, and thermal loads. 

Equipment and Tanks required to perform a nuclear safety function 
during and following a seismic event shall be qualified by analysis or 
by testing. 

This exhibit is to be used in combination with the Main Equipment 
Specification, which may include supplemental codes applicable to the 
specific Structure, System, or Component (SSC). Appendix B provides 
guidance for documenting seismic qualification. In case of conflicts 
between this exhibit and other technical requirements in the Main 
Equipment Specification, the Seller shall identify such conflicts to the 
Buyer in writing and obtain resolutions documented in writing. These 
conflicts may also include inconsistency of load definitions, conditions 
and combinations as specified by the referenced codes and standards. 

EQUIPMENT: Mechanical, electrical, or control system component or 
element that is part of a mechanical and/or electrical system. 

SC-IV EQUIPMENT/TANK: Equipment/Tank required to be designed 
for the SC-IV loads and load combinations provided in this exhibit. 
This may include equipment/tank: 

A Safety Class (SC) or Safety Significant equipment/tank that has no 
natural phenomena hazards (NPH) safety function. 

Assigned SC-IV for seismic design per the facility-specific 
Preliminary Documented Safety Analysis (PDSA) document or 
Documented Safety Analysis document, 
Non-safety SSC with no potential for seismic interaction with a safety 

SSC 
Non-safety SSC with a low interaction potential with a safety SC-III 

SSC 

ACI 318-99 Building Code Requirements for Structural Concrete and 
Commentary. 
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Specification 
2.2 American Concrete 
Institute (ACI) 
2.3 American Institute of 
Steel Construction (AISC) 
2.4 American Society of 
Civil Engineers (ASCE) 
2.5 American Society of 
Civil Engineers (ASCE) 
2.6 Deleted 
2.7 Deleted 
2.8 International Conference 
of Building Officials (ICBO) 
2.9 International Conference 
of Building Officials (ICBO) 
2.10 Deleted 
2.12 Deleted 
2.13 Deleted 
2.15 American Society of 
Mechanical Engineers 
(ASME) 
4 Design Loads 
4.1 Wind Loads 

4.2 Snow and Ashfall Loads 
4.2.1 

4.2.2 

4.3 Earthquake Loads 
4.3.1 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

ACI 349-01 Code Requirements for Nuclear Safety related Concrete 
Structures and Commentary. 
AISC MO 16-89 Manual of Steel Construction - Allowable Stress 
Design, Ninth Edition. 
Manuals and reports on Engineering Practice; No. 78, Structural Fire 
Protection, ASCE 1992. 
Minimum Design Loads for Buildings and Other Structures, ASCE 7-
98. 
Deleted 
Deleted 
Acceptance Criteria for Seismic Qualification Testing of Nonstructural 
Components ICBO AC 156, January 2000. 
Uniform Building code, UBC-97 

Deleted 
Deleted 
Deleted 
ASME Boiler and Pressure Vessel Code, Section 11, Part D, Subpart 1 
(Any edition of the code between 1995 and current edition) 

Wind loads shall be calculated per the provisions of ASCE 7-98 (Ref. 
2.5), using the following parameters: 
Basic wind speed (3-second gust) at a height of 33 feet above ground: 
85 mph for SC-IV 
Exposure Category: C 
Importance Factor: 1.0 

Snow loads shall be calculated per the provisions of the ASCE 7-98 
(Ref. 2.5), using 15 psf ground snow load. 
Ashfall loads shall be as follows. 
For SC-IV equipment 3 psf 

Earthquake loads on equipment and tanks supported by structures shall 
be calculated per the provisions ofUBC-97 (Ref 2.9), Section 1632, 
using the following parameters: 
Ip = 1.0 For SC-IV equipment tanks 
Ca = 0.24 
ap = 1.0 for rigidly mounted rigid* equipment 

= 2.5 for flexible equipment• * and flexibly mounted rigid 
equipment 

= 1.0 for tanks 
• Rigid equipment are defined as those with a fundamental period of 
less than or equal to 0.06 seconds (~17Hz). 
•• Flexible equipment are defined as those with a fundamental period 
of greater than 0.06 seconds (<17Hz). 
Rp = 3.0 To be used when equipment is attached directly to structural 
steel 

= 1.5*** To be used by suooliers unless otherwise specified on the 
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Specification 

4.3.2 

4.3.4 
4.3.5 

4.5 Live Loads on 
Equipment-Supported and 
Tank-Supported Platforms 
and Walkways 

4.6 Thermal Loads 
4.6.1 Base Temperature 

4.6.2 Outdoor Ambient 
Temperatures 

4.6.3 Operating 
Temperatures (Normal and 
Abnormal), To 

4.6.4 Deleted 
4.6.5 Temperature 
Limitations on Structural 
Elements 

5 Loads and Load 
Combinations 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Requirement 
Main Equipment Specification 
*** Based on actual conditions and location, Buyer's Civil, Structural, 
Architectural (CSA) personnel may approve an Rp of 3.0 in 
calculations. 
Earthquake loads for self-supporting tanks (i.e. supported on their own 
foundation) shall be calculated per the provisions of UBC-97 (Ref. 2.9), 
Section 1634, using the following parameters: 

I = 1.0 for SC-IV tanks 
Ca= 0.24 
Cv = 0.32 
Deleted 
The Seller shall submit the proposed test program (test plan) to the 
Buyer for review prior to testing. 

Test plan and sequence, as referenced by IEEE Std 344 (Ref. 2.10) and 
IEEE Std 382 (Ref. 
2.12), shall be per Sections 6.3 .1.1 and 6.3 .2 ofIEEE Std 323 (Ref. 
2.13), respectively. 

For qualification (line or duct-mounted application), see Appendix D. 
Platforms and Walkways 100 psf 

Stairs treads 100 psf or 300 lbs. concentrated loads applied over an 
area of four ( 4) square inches, whichever load produces greater effect 
on equipment. 

Handrails for stairs and platforms per Table 16B of UBC-97 (Ref. 2.9) 

The base temperature for thermal analyses shall be 70°F. This 
temperature is based on recommendations from ACI 349 (Ref. 2.2). 
Unless specified otherwise in the Main Equipment Specification or 
datasheets, ambient air temperatures shall be as follows: 
For SC-IV equipment:115 °F maximum, -25 °F minimum 
Operating (normal and abnormal) temperatures are provided in the 
Equipment Datasheets. Abnormal Temperatures are due to an 
anticipated eight-hour loss of cooling event, which is postulated to 
occur once per year, and is not the result of an accident or NPH. 
Abnormal temperature thermal loads shall not be considered concurrent 
with earthquake (E) loads. For load combinations which include 
earthquake (E), To shall be normal operating temperature thermal loads 
only. For load combinations without seismic (E), To shall be greater of 
normal or abnormal operating temperature thermal loads. 
Deleted 
SC-IV designed steel and stainless steel structures shall use reduced 
yield stress (Fy) and elastic modulus (E) in accordance with the ASCE 
Engineering Practice 78 (Ref. 2.4), see example provided in Appendix 
A. 
The following loads and load combinations are applicable to SC-IV 
equipment and tanks. 
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Specification 
5.1 Structural Steel Design 
Load Combinations 

5.1.1 
5.1.2 Other Loads 

5.2 Reinforced Concrete 
Design Load Combinations 
(Anchorage design) 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

For the design of equipment and tanks, the following loads shall be 
combined with other applicable loads, per the provisions of the 
Equipment/Tank Technical documents included with the Purchase 
Order (P.O.). 
A Ashfall Loads 
D Dead Loads 
E Earthquake (Seismic) Loads (Due to DBE) 
L Live Loads 
SN Snow Loads 
W WindLoads 
To Thermal Loads during Normal & Abnormal Operating Conditions 
Ta Thermal Loads due to Accident (DBE) Temperature 
Po Maximum or minimum differential pressure load generated by 
Normal or Abnormal HV AC operations 
Pa Maximum or minimum differential pressure load generated by DBE 
HPAVdef Pipe reactions due to HPAV high-speed deflagration loading 
HPA V det Pipe reactions due to HP AV detonation 
S Allowable Stress per Allowable Stress Design Method 

For the design of equipment/tank supports, the following service-level 
load combinations shall apply. Note: the 1/3 allowable stress increase 
discussed in UBC-97 (Ref. 2.9), Section 1612.3.2, has been 
incorporated into the following combinations through the use of the 
0.75 factor. No further stress increase is allowed. 

The following load combinations are based on Section 1612.3.2 of 
UBC-97 and using the Allowable Stress Design Values of AISC M016, 
ASD Ninth Edition (Ref. 2.3). 
s = D+L+A+Po+To 
s =D+L+S~Po+To 
S = 0.75(D+L+W+Po+To) 
S = 0.75(D+L+SN/2+W+P0+T0 ) 

S = 0.75(D+L+S~W/2+Po+To) 

S = 0.75(D+L+Po+To+E/l.4) 
S = 0.75(0.9D+Po+To±E/1.4) 
S = 0.75(D+L+Pa+Ta) 
S = 0.75(D+L+Ta+E/1.4) Where Ta is Due to HELB 
Deleted 
Where other loads are to be considered in design, each applicable load 
shall be added to the combinations specified above per requirements of 
Section 1612.3.3 of UBC-97 (ref. 2.9). 
For equipment and tanks anchorage design, the following loads shall be 
combined with other applicable loads, per the provisions of the Main 
Equipment Specification. 
A Ashfall Loads 
D Dead Loads 
E Earthquake Loads 
F Fluid Loads 
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Specification 

6 Equipment and Tank 
Anchorage 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

H Lateral Earth Pressure Load 
L Live Loads 
R, Operating Pipe Reaction Load 
SN Snow Loads 
T0 Thermal Loads during Normal & Abnormal Operating Conditions 
W WindLoads 
Ta Thermal Loads due to Accident (DBE) Temperature 
Po Maximum or minimum differential pressure load generated by 
Normal or Abnormal HV AC operations 
Pa Maximum or minimum differential pressure load generated by DBE 
U Required Strength per Strength Design Method 

The following load combinations are based on section 9.2 of ACI 318 
(Ref. 2. 1 ). 
U = 1.4D + 1.7L + 1.7A 
U = 1.4D + l.7L + l.7SN 
U = 0.75(1.4D + 1.7L + 1.7W) 
U = 0.75 (1.4D + l.7L + l.7SN + 1.7W) 
U = 0.9D ± 1.3W 
U - 1.4D + l.7L+ 1.7A + 1.7H 
U = 1.4D + l.7L + l.7S~ 1.7H 
U = 0.9D + 1.7H 
U = 1.4D + 1.7L+ 1.7A + l.4F 
U = 1.4D + l.7L + l.7SN + l.4F 
U = 0.9D + l.4F 
U= 1.4(D + To) 
In addition, the following load combinations based on UBC Section 
1612.22 shall apply. 
U= l.l(0.9D±E) 
U = 0.75(1.4D+l.7L+l.7S~l.4Ta+ l.4R,) Where Ta is Accident 

(DBE) Temperature [see 4.6.4(b)] 
U = D+L+S~F+H+Ta+Ri+E where Ta is due to (HELB) [see 4.6.4(a)] 
U = 0.75(1.4D+ l.7L+ l.4To+ l.4Po+ l.4R,) 
U = 0.75(1.4D+ l.7L+ l.7SN+ l.4To+ l.4Po+ l.4R,) 
U = 1.4(D+To+Po) 
U= 1.1 (1.2D+L+0.2SN+l.3F+l.6H+ l.2To+ l.2Po+ l.2R,+E)where 

To and Po are the normal operating values only 
U = 0.75(1.4D + l.7L + l.7SN+ 1.4Ta+ 1.4Pa + l.4R,) 
U = D + L + SN + F + H + Ta + Pa+ R, 
The Supplier shall furnish the Buyer with the following information: 
• Location of anchorage in relation to equipment. 
• Design loads on the anchorage shall be reported by individual load 
and load combination. 
• Coordinate system and sign conventions. 
The selected anchor bolt material for the WTP project is ASTM Fl554 
(Ref. 2.6). Use of other anchor bolt materials, require the approval of 
the Buyer. 
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24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

EXHIBIT 3 I COLD BENDING OF PIPE 

Specification 24590-WTP-3PS-PS02-T0002, REVISION 2 and its associated Specification 
Change Notice (SCN) 24590-WTP-3PN-PS02-00111 were used as applicable to create the 
following exhibit. 

N ote: e erences on t 1s ex 1 1t are me us1ve tot 1s ex 1 1t only. All R fi h" . I . h" 
Specification Requirement 

1 Scope This exhibit establishes the requirements for Shop and Field cold bending of stainless 
steel pipes. 

2 Applicable Documents 
Work shall be done in accordance with the referenced codes, standards, and documents 
listed below, which are an integral part of this exhibit. The following codes and 
standards shall apply: 

ASME - 1996 Process Piping 
PFI ES-3 Fabricating Tolerances 
PFI ES-24 Pipe Bending Methods, Tolerances, Process and Material Requirements 

3 Materials Cold bending is pennitted for seamless ASTM A312 Type 304L and Type 3 l 6L 
stainless steel pipe. Pipe may be cold bent by rotary draw bending or ram and roll 
bending. Material allowances will vary with the cold bending method, material, pipe 
size and bend radius and are dependent upon the equipment used. The maximum size 
pipe to be bent shall be 4 NPS Schedule SOS for stainless steel. Bending is restricted to 
3-D or larger radius bends. The wall thickness after bending shall not be less than 70% 
of the specified pipe class schedule nominal wall thickness for Buyer designed piping. 

Thinning that exceeds that allowed in the pipe class shall be brought to Buyer's 
attention via a Supplier Deviation Disposition Request. For Supplier designed piping, 
the wall thickness after bending shall not be less than the minimum required thickness 
calculated in accordance ASME B3 I .3-1996, Paragraph 304.2. l . 

4 Qualification Testing 
4.1 Qualification testing shall be perfonned in accordance with ASME B3 l .3 and this 

exhibit. Sample bends shall be made using Schedule 40 pipe with the minimum bend 
radius used in production, or smaller. 

5 Bending Procedure The Shop and Field Fabricator shall submit a detailed procedure for review and 
acceptance prior to use. Procedure shall include the bending method to be used, 
equipment descriptions, lubricants, inspections, and documentation. 

6 Acceptance Criteria 
6.1 Pipe bends shall be free of cracks, seams, gouges, and notches and be free of any 

indication of buckling. Minor defects shall be removed by grinding or buffing provided 
the thinning allowance pennitted by the Pipe Class Sheet is maintained. Bends with 
cracks or other maior defects shall be reiected. 

6.2 Pipe bend dimensional tolerances shall be in accordance with ASME B31.3, the Pipe 
Class Sheets, and as follows: 

6.2.1 Degree of bend ±1.0 degree 
6.2.2 Plane of bend ±1.0 degree 
6.2.3 Linear PFI ES-3 
6.2.4 Minimum Radius and tangent PFI ES-24 
6.2.5 Ovality 
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Specification 

6.2.5.1 

6.2.5.2 

6.2.5.3 

6.2.5.4 

6.2.5.5 

6.2.6 Wall Thickness 
6.2.6.1 

6.2.6.2 

6.2.6.3 

6.2.6.4 

9 Materials for Use In 
Contact with Stainless 
Steel 
9.1 

9.2 

9.3 

10 Documentation and 
Submittals (Applicable to 
Shop Fabrication Only) 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Ovality shall not exceed 8 % of the nominal outside diameter [Ovality % = (Dmax - Dmin) 
X 100 / Dnoml 
Ovality shall be checked at the bend start, finish, 1/4, mid, and 3/4 points on the first 
five bends with each procedure for each diameter and schedule or wall thickness on 
each shift. 

If Ovality test results are acceptable, the ovality test may be reduced to a single test at 
the mid point of 10 % of the bends for the remainder of the shift, as long as the ovality 
remains acceptable. 
If any bend is found with Out of Tolerance Ovality, all previous bends from that 
procedure shall be verified by the full ovality check (start, finish, 1/4, mid, and 3/4). 
Full ovality testing may again be reduced after five consecutive acceptable full 
examinations. 

Wall thickness measurements shall be made along the extrados at the start, finish, 1/4, 
mid, and 3/4 points on the first five bends with each procedure on each shift. The 
measured wall thickness shall equal or exceed the minimum specified for the pipe. 
If wall thickness measurements are acceptable, all subsequent bends made with the 
same procedure on the same shift of the same diameter and schedule or wall thickness 
of pipe shall have wall thickness measurements taken at the location of greatest 
thinning only. 
If any bend is found with Out of Tolerance Thickness, all previous bends from that 
procedure shall be verified by the full thickness check (start, finish, 1/4, mid, and 3/4). 

Full wall thickness testing may again be reduced after five consecutive acceptable full 
examinations. 

The thinners, solvents, and cleaning materials that are to be used in direct contact with 
austenitic stainless steels shall meet the following requirements: 

• The leachable halogen content shall be less than 200 ppm . 

• The leachable sulfur content shall not exceed 400 ppm . 

• Low melting points metals (lead, bismuth, zinc, mercury, antimony, cadmium, 
and tin) shall not exceed I percent. Of this, mercury should not exceed 50 ppm. 
These low melting point metals shall not be intentionally added to materials in 
direct contact with austenitic stainless steels. 

Bending lubricants shall be thoroughly removed using an approved cleaning procedure 
after bending is complete. 
A certificate of analysis for bending lubricants to ~e used shall be included with the 

bending procedure. 
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Specification 

10.2 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

The Supplier shall submit dimensional tolerance acceptance verification in accordance 
with this exhibit and the Purchasing documents. Verification reporting format may be 
either by tabular listing of reports or by tabular listing and sketch, and specified by 
Supplier's accepted procedure. 
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24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

EXHIBIT 41 GENERAL WELDING AND NOE REQUIREMENTS FOR SUPPLIER 
FABRICATED PIPING 

Specification 24590-WTP-3PS-NWP0-T0001, REVISION 2 and its associated 
Specification Change Notices (SCNs) 24590-WTP-JPN-NWP0-00003 and 24590-WTP
JPN-NWP0-00006 were used as applicable to create the following exhibit. 

Note: All References on this exhibit are mclusive to this exhibit on1y. 
Specification Requirement 
1 Scope This exhibit establishes the welding, nondestructive 

examination (NDE), and heat treating requirements for 
Supplier-fabricated piping and is applicable to purchase orders 
for equipment as well as to piping fabrication purchase orders 
(i.e., the fabrication of pipe spools). 

2 Applicable Documents 
2.2 Codes and Standards 

2.2.1 

2.3 

For codes and standards listed below, the specific revision or 
effective date identified, as well as the specific revision or 
effective date of codes and standards that they incorporate by 
reference ( daughter codes and standards), shall be followed. If a 
date or revision is not listed, the latest issue, including the 
addenda, at the time of award shall apply unless otherwise 
specified in the purchase order. The use of any other edition, 
revision, or issue requires Buyer's approval. Conflicts shall be 
referred to the Buyer for resolution. 
American Society of Mechanical Engineers (ASME) 

• B31.3 1996 Process Piping 
• Section II 1995 Boiler & Pressure Vessel Code, 

Section Il, Materials 
• Section V 1995 Boiler and Pressure Vessel Code, 

Section V, Nondestructive 
Examination 

• Section 
IX 

1995 Boiler and Pressure Vessel Code, 
Section IX, Welding and Brazing 
Qualifications 

American Society for Nondestructive Testing (ASNT) 

• SNT-TC- * 
IA 

Recommended Practice No. SNT-TC
IA Personnel Qualification and 
Certification in Nondestructive Testing 

*Personnel who perform NDE (including radiographic testing, 
magnetic particle testing, ultrasonic testing, liquid penetrant 
testing, electromagnetic testing, neutron radiographic testing, 
leak testing, acoustic emission testing, and visual testing) to 
specified acceptance criteria shall be qualified to a "Written 
Practice" (or procedure) meeting the requirements of the 
American Society for Nondestructive Testing Recommended 
Practice No. SNT-TC-lA. This "Written Practice" must meet all 
the requirements from any one given edition of SNT-TC-lA 
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Specification 

2.4 Reference Documents 
2.4.3 

3 Definitions 
3.4 
4 Submittal of Procedures 
4.1 

4.3 

4.4 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

(and its applicable supplements) as follows : 1988, 1992, 1996, 
2001, and 2006. Only the SNT-TC-lA edition selected and its 
applicable supplements shall be used in the "Written Practice" 
and that edition shall be met in its entirety 
(except as shown below). Combining SNT-TC-lA contents 
from one edition year with another edition year is prohibited, 
except as follows : 

If the 1988, 1992, or 1996 editions are utilized, the additional 
requirements for periodic technical performance evaluation and 
documentation found in paragraphs 10.2 and 12.1 of the 2006 
Edition shall also be met. 

The re-certification interval for Level Ill nondestructive 
examination personnel shall not exceed five years. 

Exhibit 5 of24590-BOF-3PS-MVSC-T0003, Shop Fabrication 
of Pip inf! 

Supplier-Fabricated: performed at the Suoolier's facility . 

Before any fabrication is to commence, procedures for welding, 
control and storage of filler material, hardness testing, and 
postweld heat treatment (PWHT) shall be submitted to the 
Buyer for review against Code requirements and for suitability 
for each intended application. Additionally, the Seller shall 
submit a detailed Welding Procedure Application List 
identifying Welding Procedures being used for each individual 
pipe material. This document will also identify the extent of 
NDE per individual pipe material and the extent of Positive 
Material Identification (PMI). Exhibit 5 of 24590-BOF-3PS-
MVSC-T0003 covers the extent ofNDE and PMI. The attached 
form (Figure 1) is a typical example of a Welding Procedure 
Application List. The submittal of procedures for review 
applies to any sub-vendor used by the Supplier. A review status 
of "Work May Proceed" shall be obtained prior to use. Early 
submittal is necessary to allow time for possible revision. 
Welding procedures shall be qualified in accordance with the 
requirements of the applicable Code and any additional 
requirements defined on the Welding Procedure Application 
List. The procedure qualification record (PQR) shall be 
submitted with the welding procedure specification (WPS). 
Personnel qualifications will be verified at the Supplier's shop. 
It is not the Buyer's intent to require revisions to the Supplier's 
standard WPSs to meet these requirements, yet the limitations 
shall be clearly acknowledged and the instructions employed by 
the welders on the shop floor. To accommodate this, Supplier's 
may revise WPSs or issue job-only amendments or addenda to 
standard WPSs. Any amendment or addenda shall become part 
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4.5 

4.6 

4.7 

5 Welding Process 
Limitations 
5.1 Root Pass of Single 
Side Butt Welds Without 
Backing 
5.1.1 

5.1.2 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

of the WPS for the purchase order and shall be issued to the 
welders employed in the work. 
For repair of a weld, either the original WPS or one originally 
submitted as a designated repair WPS shall be used. 
Repair plans that use welding for repair of welds or base metals 
shall be submitted to the Buyer for review and permission to 
proceed prior to the start of the repairs. A repair plan shall 
include the following: 

a) The method of evaluating the type and the extent of the 
defect. 

b) Methods used for removing the defect, and testing conducted 
to ensure that the defect has been removed. 

c) Welding procedure employed and NDE methods used to 
inspect the completed repair. 

Any incident of breaching the pressure boundary will require 
the submittal of a repair plan, specific to the incident, to the 
Buyer for review and permission to proceed prior to the start of 
the repairs. 
Postweld heat treatment procedures describing cleaning 
requirements, heating and cooling rates, thermocouple 
locations, type of heating equipment, etc. shall be submitted to 
the Buyer for review and permission to proceed if required per 
ASME/ ANSI B31.3 Code. 

Subject to the limitations listed, only the following welding 
processes shall be used: 

Shielded Metal Arc Welding (SMAW) 

a) EXX:10 or EXXl 1 electrodes on P-No. 1, S-No. 1, S-No. 3, 
P-No. 3, SP-1, SP-2, and SP-3 (see B3 l.3) steels. 

b) Maximum electrode diameter of 3/32 inch for nominal pipe 
size (NPS) less than 2-1/2 inch. 

c) EXX:10, EXX:11, EXX12, and EXX:13 limited to impact test 
temperature not lower than -20°F. 
Gas Tungsten Arc Welding (GTAW) 

a) Backpurge two layers minimum for alloy content higher than 
2-1/4 wt% Cr and 1 wt % Mo. 

b) GT AW is required for all lubrication, hydraulic and 
instrument piping (lines). 
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c) Filler material addition is required, except for thin wall 
expansion bellows and titanium. 
Gas Metal Arc Welding (GMA W) 

a) Globular transfer with mixed gas or CO2. 

b) Pulsed spray transfer. 

c) Short circuiting transfer using solid wire and shielding gas 
neutral to the base metal. 

d) For nominal pipe sizes (NPS) less than 6 inch, all shop 
welding should be performed in the I G rotated position 
whenever possible. 
Subject to the limitations listed, only the following welding 
processes shall be used: 

Shielded Metal Arc Welding (SMAW) 

a) Maximum electrode diameter 3/32 inch on socket welds. 

b) Filler metal "F" numbers (see ASME IX-QW-432). 

Fl & F2 - not permitted on pressure retaining welds. 

F3 - not permitted for welding on castings. 
- acceptable for P-No. I with 0.30% maximum carbon or 70 

ksi maximum ultimate tensile strength. 
- not permitted for use when base material requires impact 

testing below -20°F (minus 20°F). 

F4 - Maximum electrode diameter 3/32 inch for NPS less than 
2-1/2 inch. 
Gas Tungsten Arc Welding (GTAW) 

a) All groove welds in 1-1/2 inch NPS and smaller shall be 
welded with GTA W. 
Gas Metal Arc Welding (GMA W) 

a) GMA W-P - Pulsed spray transfer - No limitations. 

b) GMA W-S - Short circuiting or globular transfer - maximum 
base metal thickness 3/8 inch. 

c) Continuous spray transfer - No limitations. 

d) For nominal pipe sizes (NPS) less than 6 inch, all welding 
shall be performed in the I G rotated position. 
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Flux Cored Wire Arc Welding (FCAW) 

a) Arc shielding gas required for pressure retaining welds. 
Submerged Arc Welding (SAW) 

a) Six inch NPS minimum. 

b) Neutral flux (no active or alloy). 

c) Run on/run off tabs where possible. 

Except where specifically accepted otherwise, welding 
materials shall be selected so that the deposited weld metal is 
similar in chemical composition and not significantly harder or 
stronger than the base material (e.g., Stainless steel L-grade 
base metal shall be welded with L-grade filler metal). Test 
temperature shall be at or below the design metal temperature. 
E6013 electrodes may be used for joints in cement lined pipe 
with prior permission from Buyer. 
Austenitic stainless steel (A-No. 8) welding materials for 
pressure boundary and load bearing welds shall contain a 
minimum delta ferrite content of five percent. Compliance with 
the ferrite requirements may be based upon the certified 
chemical analysis and the WRC Delta Ferrite Diagram (Figure 
2) or a ferrite gage complying with A WS A4.2. Alternately, for 
SMAW and solid wire filler material manufactured in the USA, 
a Certified Material Test Report (CMTR) of minimum ferrite 
content is acceptable. 
For dissimilar welds, such as carbon or low alloy steels to 
austenitic stainless steels, the Welding Procedure Application 
List shall specify the correct filler material type. When postweld 
heat treatment of these joints is required, the carbon or low alloy 
steel member shall be "buttered" with the selected stainless steel 
or nickel alloy (when the design temperature exceeds 800 °F) 
filler material, and postweld heat treated. Then the joint shall be 
welded to the austenitic stainless steel member without further 
PWHT. 
For all filler metal, a Material Test Report (MTR) with actual 
test results is required for each heat. Alternatively, a Certified 
Material Test Report (CMTR) in accordance with ASME Boiler 
and Pressure Vessel Section II, Part C, is acceptable. 
The storage, baking and drying of all welding consumables (i.e., 
covered electrodes, flux cored electrodes and fluxes) shall be as 
recommended by the manufacturer. Segregation of carbon steel, 
low alloys, and alloy consumables is required during storage, 
baking, holding, and handling (including portable ovens). 
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All welding shall be protected from wind, rain and other 
harmful weather conditions which may affect weld quality. 
All surfaces to be welded shall be dry and substantially free of 
mill scale, oil, grease, dirt, paint, galvanizing, and other 
contaminants. The welding to austenitic stainless steels or 
nickel alloys to attachments which have been coated with 
galvanizing or zinc type paint, even if the coating has been 
removed, is prohibited. 
Weld bevel preparations for P-No. 4 and higher alloys shall be 
machined or ground back to bright metal if they have been 
flame, arc, plasma, or laser cut. 
Permanently installed backing rings or straps shall not be used. 
Temporary backing requires Buyer approval prior to use. 
The individual weld layer thickness for all processes shall not 
exceed 3/8 inch for materials less than 1-1/4 inch thick, or 1/2 
inch for greater material thicknesses. 
All weld joints for pressure retaining applications shall have a 
minimum of two passes. This includes socket welds. 
Where joints are welded from both sides, the first pass shall be 
backchipped, ground or arc-gouged to sound metal before 
welding the second side. This requirement shall be stated on the 
WPS. (Except on welds that are not full-thickness.) 
Peening shall not be used. The use of pneumatic tools or steel 
shot for slag removal is not considered peening. 
Welding sequences in which a layer is not completed before the 
next layer is started (block welding) shall require approval by 
the Buyer. 
Except for root passes, vertical welding shall be vertical up 
unless approved otherwise by Buyer for each specific 
application. 
Gas mixture combinations for weld shielding and purging shall 
be documented and approved as part of the welding procedure 
specification (WPS). Any change in gas mixture requires 
revision of the WPS and may require requalification. Welding 
consumables shall be qualified using the gas mixture of the 
WPS. 
Welding of stainless steel and nickel based materials shall be 
physically separated from carbon steel to ensure contamination 
by tools, grinding dust, etc., does not occur. 

Preheat temperature shall be in accordance with the applicable 
codes and Welding Procedure Application List, except that code 
recommended minimum preheat temperatures shall be 
mandatory. Preheat requirements shall apply to all welding, 
including tack welding and welding of temporary attachments. 
Preheat requirements also apply to all thermal gouging and 
cutting operations except for P-No. 1 steels. For GTA W root 
pass welding only, reduced preheat levels as permitted by the 
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applicable code may be used. Preheat shall be maintained a 
minimum of 3 inches on either side of the ioint. 
For welds requiring preheating, the weld joint shall be 
completed with no intermediate cooling except that cooling 
under an insulating blanket is permitted provided at least 
applicable code required minimum joint depth has been filled, 
and provided that applicable documents do not specify more 
stringent requirements. 
The interpass temperature for austentitic stainless steel and 
nickel base alloys shall not exceed 350 °F, except that for hard 
facing of low carbon austentitic stainless steels, the interpass 
temperature shall not exceed 800 °F. 
Preheat shall be determined by temperature indicating crayons, 
contact pyrometers or other equally suitable means. 
Temperature indicating crayons used on austenitic stainless 
steels and nickel base alloys shall not cause corrosive or other 
harmful effects. It is the Seller's responsibility to determine 
suitable brands that may be used. This information shall be 
made available to the Buyer's representative on request. 
If oxy-fuel torches are used for preheating, the torch tip shall be 
appropriate for the work (i.e., a "rosebud," not a cutting or 
welding tio ). 

Postweld heat treatment requirements for piping shall be in 
accordance with the applicable code and project specifications. 
The heat treatment temperature range and time at temperature 
shall be as specified in the Welding Procedure Annlication List. 
Direct impingement by furnace burner flames is not permitted. 
Only resistance, induction, furnace or quartz lamp heating 
methods are permitted. Exothermic heat treatment is prohibited. 
All PWHT cycles shall be recorded on print out charts. 
Thermocouples shall be independently recorded. When PWHT 
is performed outside of a controlled furnace environment, each 
weld shall have at least one thermocouple attached for 
temperature monitoring. The heat treat chart shall be submitted 
to the Buyer for review. 

Welding Procedure Application List shall identify the extent of 
NDE per individual pipe class and the extent of PMI to address 
the NDE and PMI requirements of Exhibit 5 of 24590-BOF-
3PS-MVSC-T0003. 

Each layer of welding shall be smooth and free of slag 
inclusions, porosity, excessive undercut, cracks and lack of 
fusion prior to beginning the next layer. In addition, the final 
weld layer shall be sufficiently free of coarse riooles, non-

24590-G04B-F000 19 Rev 4 (2/12/2008) 
Exhibit 4, Page 4-7 

Ref: 24590-WTP-3DP-G04B-00049 



Specification 

11.2 

l l.3 

11.4 

11.5 

11.7 

11.8 

11.9 

13 Documentation and 
Submittals 
13.2 Inspection and Test 
Reports 
13.2.1 

13.3 Procedures and 
Qualifications 
13.3.1 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

Requirement 
uniform bead patterns, high crown and deep ridges to permit the 
performance of any required inspection. All arc strikes, starts, 
and stops shall be confined to the welding groove or shall be 
removed by grinding. Welds containing cracks shall be locally 
repaired. 
Marking materials and liquid penetrant materials used on 
austenitic stainless steels and nickel-base alloys shall not cause 
corrosive or other harmful effects. See 8.4 of this exhibit. 
Socket welds shall have a gap of l/16 inch minimum to 1/8 inch 
maximum between the bottom of the socket and the end of the 
pipe prior to welding. 
Misalignment (high-low) in butt joints shall not exceed 
applicable code requirements. 
Deposited weld metal shall meet the hardness requirements 
identified on the Welding Procedure Application List. Testing 
shall be done after any postweld heat treatment. Hardness 
readings shall be taken with a portable tester in accordance with 
ASTM or approved equivalent Standards. Hardness 
measurements taken as part of a weld procedure qualification 
shall be taken on weld transverse cross sections. Hardness 
measurements shall be taken as near as practicable to both the 
inside and outside diameter surfaces. If a hardness test fails to 
meet the acceptance criteria and either of two subsequent 
adjacent tests exceeds the specified hardness, the weld shall 
either be replaced or reheat treated and retested. 
Each weld shall be marked with the welder's unique symbol or 
number identification using low stress stamps or "vibro-etch". 
Alternate method(s) shall be submitted for Buyer review and 
aooroval. 
All examination and inspection reports, including radiographic 
film, shall be made available to Buyer's representative. 
All nondestructive examinations, including visual examination, 
shall be performed by personnel certified in accordance with 
ASNT Recommended Practice SNT-TC-lA. Alternatively, 
personnel performing visual examinations may be qualified in 
accordance with A WS QC-1 as either a CWI (Certified Welding 
Inspector) or a SCWI (Senior Certified Welding Inspector). The 
Supplier NDE certifications and procedures shall be submitted 
to the Buyer for review and permission to proceed. 

Nondestructive examination test reports shall be provided at the 
time of shipment. 

Welding/weld repair procedures and procedure qualification 
records shall be submitted prior to the start of work. 
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Welder, heat treat, and NDE personnel certifications or 
qualifications shall be made available to the Buyer prior to the 
start of work. 
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Piping Classes 

I Category: 

___ l Lim~:• _!"emperature_~. •c I Pressure psig, __ ~ _ 

' _ , ______ ------ - -

P Number: I Hardness 
Requirements: 

I 
PMI 
Requirements: I Ferrite Requirements: 
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Figure 1 - Welding & NDE MATRIX (Welding Application List) 
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EXHIBIT 5 j SHOP FABRICATION OF PIPING 

Specification 24590-WTP-3PS-PS02-T0001, REVISION 10 and its associated 
Specification Change Notices (SCNs) 24590-WTP-3PN-PS02-00088, 24590-WTP-3PN
PS02-00090, 24590-WTP-3PN-PS02-00103, 24590-WTP-3PN-PS02-00106, and 24590-WTP-
3PN-PS02-00108 were used as applicable to create the following exhibit. 

N ote: All R fi h" h"b" . 1 . t h" e erences on t IS ex 1 It are me usive 0 t IS ex l l only. 
Specification Requirement 
1 General 
1.1 Scope This exhibit defines the requirements and the work necessary for 

fabrication of piping subassemblies (pipe spools) in accordance 
with the requirements of ASME B31.3, Process Piping, other 
codes and standards, and documents as referenced in this exhibit. 
This exhibit applies to all quality levels as specified by the 
purchase order. 

1.2 Work Included 
1.2.1.1 Furnish shop pipe spool sheets or extended spool sheets or 

detailed drawings when specifically required by the purchase 
order. 

1.2.1.2 Furnish materials as required by the purchase order including 
pipe, fittings, flanges, and welding materials required for 
fabrication. 

1.2. l.3 Fabricate pipe spools as fo llows: 
l.2. l.3.1 Fabricate pipe spools including the installation of fittings, 

nozzles, thermowell connections, radiographic access 
holes/bosses, breather holes when required, and the preparation 
of field welding ends. 

1.2.1.5 Supply and install integral structural attachments and supports as 
shown on piping isometric drawings, orthographic drawings, 
and/or detailed support drawings. 

1.2.l.6 Perform post-weld heat treatment (PWHT) as required. 
1.2. l.7 Perform all required testing and examinations. 
1.2. l.8 Perform all required cleaning, lining, preservation, and shipping 

preparation. 
1.2.1.9 Chemically clean and/or pickle piping where indicated on the 

design drawings and/or the piping material class. 
1.2.1.10 Mark pipe spools with identification numbers in accordance with 

the identification numbers shown on the piping isometric 
drawings, orthographic drawings, or other instructions furnished 
by the Buyer. 

1.2.1.11 Furnish all required documentation. 
1.2.1.12 Package fabricated spools and associated materials, with packing 

lists, for delivery to the jobsite. 
1.2.1.13 Apply color coding for material lay down purposes when 

required by the purchase order. 
1.2.1.14 Perform Positive Material Identification (PMI) on completed 

fabrication in accordance with specification Exhibit 1, Positive 
Material Identification (PM/) for Shop Fabrication, and as 
required by Section 2.1.5. PMI is not to be performed on Buyer-
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furnished valves unless otherwise stated in the purchase order. 
Refer to Section 2.1.5. 
Perform hydrostatic testing of fabricated spools when 
specifically required by contract documents using Buyer 
aooroved test procedures. 
Perform pneumatic testing of fabricated spools when specifically 
required by contract documents using Buyer approved test 
procedures. 
Installing fusion-bonded epoxies for linings is within a Supplier's 
scope of supply when called for in the purchase order. 

The following items are not included in the Supplier's scope of 
work unless otherwise specified: 
Furnishing and installing pipe supports ( except as noted in 
Section 1.2.1.5). 
Furnishing of cast or ductile iron pipe. 
Furnishing thermowells. 
Furnishing and installing flow nozzles and associated hardware. 
Installing fabricated piping subassemblies in the field. 
Furnishing and installing thermal insulation for piping. 
Pressure testing of all piping, except as required by Sections 
1.2.1.15 and 3.2.3 of this exhibit and the pressure test required 
by the aoolicable ASTM or ASME material specification. 
Design of piping and preparation of piping drawings (except 
detailed spool drawings in accordance with Section 1.2.1.1 ). 
Furnishing bolting materials, gaskets, insulating flange kits, or 
backing rings required for field assembly. 
Pipe wall thickness and branch reinforcement calculations. 

ASME B31.3 1996, Process Piping, is the piping code for the 
WTP Project. 

When using ASTM material specifications for commercial 
material (CM) items, any version more recent than the ASTM 
version listed in Appendix E of ASME B31.3 1996 is acceptable. 
A SDDR is not required for these commercial material (CM) 
item ASTM material specification edition changes. 

ASME materials identified in ASME Boiler & Pressure Vessel 
Code, Section II Material Specifications as being identical to the 
ASME B31.3, Appendix E listed ASTM Material Specifications, 
for the year, alloy, type and / or grade, (if applicable), are 
acceptable for use. 

See Specification Exhibit 8 of24590-BOF-3PS-MVSC-T0003, 
Section 2.1 for ASTM Material Specifications table for 
acceptable years. 
The American Society of Mechanical Engineers (ASME) 
ASME B 16.11- 1991 , F orf!ed Fittinf!s, Socket- W eldinf! and 
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ASME 16.25-1986, Buttwelding Ends 
ASME B 16.28-1986, Wrought Steel Buttwelding Short Radius 
Elbows and Returns 
ASME B16.36-1988, Orifice Flanges 
ASME B16.47-1990, Large Diameter Steel Flanges NPS 26 . 
through NPS 60 
ASME B16.5-1988, Pipe Flanges and Flanged Fittings NPS 1/2 
through NPS 24 Metric/Inches 
ASME B16.9-1986, Factory-Made Wrought Buttwelding 
Fittings 
ASME B36.l0M-1985, Welded and Seamless Wrought Steel 
Pipe 
ASME B36.19M-1985, Stainless Steel Pipe 
ASME Boiler and Pressure Vessel Code (B & PV) 
ASME B & PV Code Section V- latest edition, Nondestructive 
Examination 
ASME B & PV Code Section VIII, Division 1, latest edition, 
Rules for Construction of Pressure Vessels 
ASME B & PV Code Section IX- latest edition, Welding and 
Brazinf! Ouali/ications 
American Society for Testing and Materials (ASTM) Material 
Specifications 

For ASTM material designations, refer to Exhibit 8, Technical 
Suooly Conditions for Pipe, Fittings, and Flanges. 
Pipe Fabrication Institute (PFI) Standards 
ES-7 - 1962 (Rl 984), Minimum Length and Spacing/or Welded 
Nozzles 
Manufacturers Standardization Society 
MSS SP-25-1978 (R1988), Standard Marking System/or Valves, 
Fittings, Flanges, and Unions 
MSS SP-83-1987, Class 3000 Steel Pipe Unions Socket Welding 
and Threaded 
MSS SP-95-1986 (R1991), Swaged Nipples and Bull Plugs 
MSS SP-97-1987, Integrally Reinforced Forged Branch Outlet 
Fittings 
The following standards are not reference standards of ASME 
B31.3, 1996, but are acceptable for use to facilitate ASME B31.3 
piping fabrication, or are used for pipe fabrication that is not 
within the scope of ASME B31.3. 
Pipe Fabrication Institute (PFI) Standards 
ES - 3, Fabricating Tolerance 
ES - 5, Cleaning of Fabricated Piping 
ES - 24, Pipe Bending Methods, Tolerances, Process, and 
Material Requirements 
ES - 31 , Standard for Protection of Ends of Fabricated Piping 
Assemblies 
International Association of Plumbing & Mechanical Officials 
Uniform Plumbing Code (UPC), 1997 Edition 
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1.5 Reference Documents 
and Drawin2s 
1.5.2 

1.5.3 

1.5.9 

1.5.11 
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1.7.1 Cleanin2 
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1.7.1.2 
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Exhibit 3 of24590-BOF-3PS-MVSC-T0003, Cold Bending of 
Pive 
Exhibit 4 of24590-BOF-3PS-MVSC-T0003, General Welding 
and NDE Requirements for Suvvlier Fabricated Pioinfl 
Exhibit I of24590-BOF-3PS-MVSC-T0003, Positive Material 
Identification (PM)for Shop Fabrication 
24590-WTP-3PS-G000-T0003, Engineering Specification for 
Packaflinfl, Hand/inf!, and Storafle Requirements 
24590-WTP-PW-P30T-0000I, WTP End Prep Detail/or Field 
Butt Welds 
Exhibit 8 of24590-BOF-3PS-MVSC-T0003, Technical Supply 
Conditions for Pipe, Fittinfls, and Flanfles 

Perform cleaning after fabrication has been completed. Cleaned 
piping shall be free of loose rust or mill scale, blisters, grease, 
sand, oil, dirt, and other foreign materials. 
Fabricated spools shall be cleaned in accordance with the 
standard cleaning method described in PFI-ES-5. 
Clean austenitic stainless steel, nickel alloy, and titanium piping 
in a protected area that is free from airborne chloride 
contamination. Prevent contamination from non-stainless steel, 
non-nickel alloy or non-titanium particles such as machine chips, 
grinding dust, weld spatter, and other debris during fabrication 
by shielding or other suitable means. 
Only austenitic stainless steel brushes not previously used on 
other material may be used on austenitic stainless steel piping. 
Stainless steel wire brushes that have not been used on other 
materials shall be used to clean nickel alloy or titanium. 
Where solvent is required to remove grease or oil from austenitic 
stainless steel piping, acetone, or alcohol ( ethyl, methyl, or 
isopropyl) shall be used. Alternatively, a detergent flush may be 
used in lieu of solvent cleaning with prior permission to proceed 
from Buyer. 
Final cleaning materials in contact with austenitic stainless steel 
shall contain less than 200 ppm chlorides. If detergent cleaning 
is used, rinse austenitic stainless steel with potable water having 
no more than 100 ppm chloride content. After rinsing, the piping 
shall be drained out completely such that no standing 
pockets/puddles of water remain that may later concentrate by 
evaporation. Removal of excess rinse water may be augmented 
by swabbing, use of a "squeegee," or air blowing. 
After cleaning, blow dry the interior surfaces of all piping with 
clean, filtered, oil-free air. 
Packaging, handling, and storage of pipe spools are as list below. 
These requirements are based on the applicable requirements 
listed in Specification 24590-WTP-3PS-G000-T0003. 
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Comply with the minimum end protection requirements criteria 
outlined in PFI-ES-31 to protect all openings and/or as required 
in the purchase order. The Buyer must provide review and give 
permission to proceed prior to use of each specific type of 
desiccant material. Fabrications must be clearly marked 
indicating desiccant inside. 
Cover all pipe openings with metal, polyethylene, or nonmetallic 
end caps, flange protectors, or plugs. Polyethylene or 
nonmetallic end caps and plugs shall be friction fit, ( e.g., 
Niagara series) or secured by other means. At a minimum, one of 
the caps or plugs on each spool shall be provided with a 1/8-inch 
max diameter vent hole to preclude the buildup of internal 
pressure. A void placing the cap or plug with the vent hole on a 
spool that is oriented in an upward, vertical position. Tape shall 
not be used to secure end caps or plugs. Clamps used for 
securing end caps, on stainless steel or alloy spools, shall be 
made of stainless material. 

Place paint markings so that paint is at least 4 inches away from 
a surface to be welded. 
Any marking material and packing tape used on stainless steel or 
alloy material is required to be made from low chloride (less 
than 200 ppm) and low sulfur (less than 400 ppm) type material. 
The Supplier shall provide a chemical analysis report of the 
marker/tape for each lot or typical representative sample. The 
chemical analysis report shall be submitted for Buyer's review 
and permission to proceed. A copy of the report is not required 
with each shipment of pipe spools. 

Block, strap, or otherwise hold pipe, fittings, and valves in 
position and further separate them by dunnage as necessary to 
prevent damage during shipment. 

Submit the following documents for Buyer's review and 
permission to proceed as specifically noted in the purchase 
order: 
Pipe spool sheets/extended spool sheets/detailed drawings for 
shop-fabricated spools 
(including identification of shop welds), when specifically 
required in the purchase order. Shop spool drawings and/or 
extended spool sheets based on isometric drawings provided by 
the Buyer may be generated by the Supplier. However, unless 
otherwise noted in the purchase order, pipe spool 
sheets/extended spool sheets/detailed drawings are not required 
to be submitted for review and permission to proceed. Final 
Supplier Quality inspection will be in accordance with the 
isometric or orthographic drawing, as aoolicable. 
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Welding/weld repair procedures and procedure qualification 
records (WPS/PQR). 
Nondestructive examination (NDE) procedures prepared in 
accordance with the applicable code and/or standard, and ASME 
Section V and NDE reports including all radiographs as 
applicable to the purchase order and piping material class. 
For components that are not coated, cleaning procedures only are 
to be submitted. 
Bending procedures and bend qualification records. 
Wall thickness measurement procedure for pipe bends. 
Inspection procedure. 
Chemical analysis report for marking material and packing tape. 
Each specific type of desiccant material. 
Procedure for measuring minimum wall thickness for bulk pipe 
and butt weld fittings. Submittal shall include Supplier's 
inspection and sampling plan. The term "butt weld fitting" 
includes elbows, tees, reducers, caps, laterals, crosses, and 
swages; however, it excludes, pipe nipples, flanges, socket weld 
fittings, and integrally reinforced fittings. 
The following documentation shall be submitted for each spool 
as appropriate, with the spool shipment: 

Pipe spool sheets/extended spool sheets/detailed drawings (as 
applicable) with heat numbers of piping and pressure containing 
parts or items. 
Material test reports (MTRs) shall be submitted for each pipe 
spool shipment for all metallic pipe spool and weld filler 
materials. This is not applicable to Buyer supplied valve and /or 
components. 
NDE results (including volumetric, surface, and visual 
examination results, as applicable) shall be documented and 
forwarded with the pipe spool shipment. CM pipe spools outside 
the HLW and PTF require a Certificate of Conformance (C ofC) 
certifying the NDE was performed in accordance with the 
aoolicable codes and the test results were acceptable. 
Pressure test results for fabricated piping, as applicable. CM pipe 
spools require a Certificate of Conformance (C of C) from the 
vendor certifying the pressure test was performed in accordance 
with the applicable codes and the test results were acceptable. 
Wall thickness measurement reports. Wall thickness 
measurement applies to pipe bends, piping, bulk piping, and butt 
weld fittings. The wall thickness reports are to be submitted for 
these components for each heat/lot used for spool fabrication. In 
addition, the applicable bulk pipe and butt weld fitting wall 
thickness report is to be linked to every pipe and fitting on each 
extended spool sheet or referenced on each extended spool sheet 
where that heat/lot of pipe or butt weld fittings has been used. 
The term "butt weld fitting" includes elbows, tees, reducers, 
caps, laterals, crosses, and swages; however, it excludes pipe 
nipples, flanges, socket weld fittings, and integrally reinforced 
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Record of any major weld repairs. A major weld repair is when 
the depth of repair encroaches on specified minimum wall 
thickness which is 87 1/2% of generally published specification 
or standard nominal wall thickness. CM pipe spools require a C 
of C from the vendor certifying a major repair was perfonned 
and accepted in accordance with the applicable Buyer reviewed 
procedure where the Supplier has been granted pennission to 
proceed. The C of C shall identify the spool piece mark and the 
work perfonned. 

Per Section 2.1.9, base metal repairs using welding shall not be 
performed. 

All materials shall confonn to the specified material 
specification and the applicable code. All materials shall be new 
and traceable to the respective MTRs. 
For CM piping, outside BC or HtR areas, identify material by the 
specific ASTM or ASME material specification number and 
grade or type on shop spool drawings and extended spool sheets 
(as applicable), along with heat number or heat number code 
aoolied to or maintained on the pipe, traceable to the MTR. 
Weld filler metal MTR/CMTR requirements are as listed in 
Exhibit 4 of24S90-BOF-3PS-MVSC-T0003, General Welding 
and NDE Requirements for Suvvlier Fabricated Pipinf!. 
Unless otherwise identified on piping design drawings, all 
materials shall confonn to the piping material classes for the 
pipe class, except as allowed by specification Exhibit 8 of 
24S90-BOF-3PS-MVSC-T0003 and as specified below. 

Seamless pipe and fittings, if available, are preferred in all cases. 
Where material is specified as triple stamped, seamless 
A 106/ AS3/ API SL Grade B, the following single stamped 
materials are acceptable: 
(a) A 106 Grade B 
(b) Seamless AS3 Grade B 
( c) Seamless API SL Grade B 
Where material is specified as double stamped, seam welded 
AS3/API SL Grade B, the following single stamped materials 
and/or triple stamped material are acceptable: 

(a) Seamwelded AS3 Grade B 
(b) Seamwelded API SL Grade B 
(c) Seamless AS3/A106/API SL Grade B 
Where material is specified as dual grade Type 316/316L 
stainless steel, a single grade Type 316L is acceptable. 
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Where material is specified as dual grade Type 304/304L 
stainless steel, a single grade Type 304L is acceptable. 
Where the purchase order description specifies pipe to be 
furnished "Beveled Both Ends," pipe furnished with "Plain 
Ends" is acceptable. 
Where the purchase order description specifies pipe is to be 
furnished "Double Random Lengths," pipe furnished in "Single 
Random Lengths" is not acceptable. 
Individual line service class material will be identified on piping 
design drawings by indicating the appropriate piping class. Stock 
codes will generally be assigned for each item of shop material. 
The supplier shall ensure that the stock code shown on the 
isometric Bill of Material matches stock codes attached to or 
inscribed on materials prior to their installation. 
The Supplier shall purchase material based on the Buyer stock 
code's "long" or "purchase" description. The Buyer's short 
description shall not be used for purchasing material. 

Material traceability (such as identification of the item to 
applicable material specification, heat, batch, lot, part, or serial 
number or specified inspection, test, or other records) also 
includes transferring material identification mark(s) prior to 
subdividing material for all piping material. Traceability is being 
able to trace the piping material to the applicable MTR. All 
piping material, regardless of quality level, requires traceability. 
As a minimum, individual spools shall have a pipe spool sheet, 
extended spool sheet. or detailed drawing that reflects the heat 
number of pressure containing items. Heat numbers and general 
PMI locations of piping and pressure containing parts or items 
shall be noted on the pipe spool sheet, extended spool sheet, or 
detailed drawing for material traceability. A pipe spool sheet, 
extended spool sheet, or detailed drawing may be defined as the 
actual fabrication detail drawing, Bill of Materials, and/or 
traveling data table for that spool piece. Second sheets, if used, 
that provide spool material heat number information that is not 
shown on the pipe spool sheet, extended spool sheet or detailed 
drawing shall list the pipe spool number in order to maintain 
traceability. These sheets/drawings shall accompany each 
shipment of fabricated spools. 
Identification (PMI) tests in accordance with Exhibit l of 24590-
BOF-3PS-MVSC-T0003. The Supplier shall submit their PMI 
test procedure for Buyer's review and permission to proceed. 
The Supplier shall submit to the Buyer a complete itemized 
listing of all materials purchased or reserved from the Supplier's 
inventory for each project. The Supplier shall also provide, upon 
request, the current status of pre-bought or Buyer-furnished 
material. 
All materials shall be in accordance with the Buyer-furnished 
drawings, the purchase order, and specifications, unless written 
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permission to proceed is granted by the Buyer via the SDDR in 
accordance with the purchase order requirement. 

All materials shall be marked with the information and using 
marking materials required by the specific ASTM or ASME 
material specification. 
Labeling with a marking pen on stainless steel and nickel based 
alloy material shall be done by any permanent method that will 
neither result in harmful contamination or sharp discontinuities, 
nor infringe upon the minimum wall thickness. All marking 
materials other than material manufacturer's marks shall be of 
the low chloride (less than 200 ppm) and low sulfur (less than 
400 ppm) type. It is acceptable to use a rounded, low stress, 
vibro-etch tool for this marking. 

Weld identification symbols must be recorded on detailed spool 
sheets and extended spool sheets (as applicable) with a cross-
reference to any NOE report numbers. 
Any piece of material not readily identifiable during fabrication 
shall be rejected, including other components welded thereto. 

Materials that have been damaged, gouged, or found to have 
defects affecting their form, fit, function, or encroaching on 
minimum wall thickness, shall not be used. Minor surface marks 
may be dressed, provided that the minimum wall thickness is not 
encroached upon after considering the manufacturing tolerances 
defined in the appropriate material or technical specification. 
Raised metal shall be blended into surrounding base metal. Base 
material repair of damaged material, using welding shall not be 
permitted. 
Particular care must be taken with flange faces. Flanges are 
required to meet the requirements of ASME Bl6.5. Flange 
facing imperfections outside of those specifically discussed in 
ASME B 16.5, Pipe Flanges and Flanged Fittings NPS 1/2 
though NPS 24 Metric/Inches, are not permitted. In addition, 
should a scratch be deeper than the flange facing serrations, the 
flange may be refaced, provided the height of the raised faced 
portion of the flange is maintained. Weld repair of the damaged 
flange facing is not permitted. 
The Supplier shall not make any base metal material repairs 
using welding. 

Fabricated piping shall be in accordance with Buyer-furnished 
design drawings and specifications. Use welded joint 
construction for all piping, except where otherwise called for on 
the design drawings and the piping material class. 

24590-G04B-F000l9 Rev 4 (2/12/2008) 
Exhibit 5, Page 5-9 

Ref: 24590-WTP-3DP-G04B-00049 



3.1. l.2 

3.1. l.3 

3.1.l.4 

3.1.1.4.1 

3.1.1.4.2 

3.1.1.4.3 

3.1.1.4.4 

3.1.1.9 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

Make all welds full penetration butt welds except as permitted 
otherwise for welded attachments, socket welds, slip-on flanges, 
and joggle pipe jacket. Mark all welds with welder's unique 
identification marks. It is acceptable to use a rounded, low stress, 
vibro-etch tool for this marking. 
All flanges shall be installed with the bolt holes straddling the 
vertical centerline unless otherwise specified on the design 
drawings. 
All welds performed by a supplier shall be shown on vendor 
spool sheets and extended spool sheets, as applicable. Additional 
requirements are as follows : 
Pipe lengths composed of two or more welded-together 
segments of straight pipe at intervals of less than 6 feet are not 
permitted, except as specified in Sections 3.1.1.4.2 and 3.1.1.4.3. 
Shop butt welds not represented on the isometric drawing(s) may 
be added to fabricate the spool(s) in accordance with the general 
configuration portrayed on the isometric drawing(s), provided 
the additional welds do not rest on pipe supports and provided 
the additional weld is not within 2 feet of existing butt welds or 
additional new butt welds. Bends shall not be replaced by elbows 
without prior written concurrence from the Buyer. The minimum 
required edge distance (D) between an integral attachment to the 
pipe and pipe weld or other inline components is provided in the 
table below. (The equation used to develop this table is ..JRmt . 
Rm= Mean Radius of the pipe and t = thickness of the pipe.) 

Table 1 Minimum Required Edge Distance Between Field and Shop Welds 

Nominal Pipe Size D 

(inches) (inches) 

3" and under 1 

3.5" to 6" 1 5/8 

8" to 12" 23/4 

14" to 18" 3 7/8 

20" to 24" 51/8 

Addition of butt welds is preferred over the addition of socket 
welds, even in a socket welded system. However, socket welded 
couplings may be added by the Supplier to socket welded piping 
systems, provided the couplings are not located any closer than 2 
feet from other welds, and provided the added couplings do not 
rest on pipe supports. 
It is acceptable for the Supplier to add a socket welded coupling 
to one side of the field weld joint when just a field weld (without 
a coupling) is shown on an Isometric for a socket welded system. 
Certain Buyer isometric drawings are dimensioned to the 
centerline of a Buyer field supplied and installed welded 
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component between the two spools. For these isometrics the 
Supplier shall fabricate that portion of the spool length to the 
centerline of that component. Each of these spools shall have a 
plain end at the center point of the Buyer field installed welded 
component. Buyer is responsible for cutting and end preparation 
(as required) for field installation of this Buyer supplied 
component. These plain ends are not field fit up welds (FFW). 
As such do not require an additional 6" of pipe length. 

Unless otherwise noted on the design drawings, field butt weld 
end preparations shall be in accordance with drawing 24590-
WTP-PW-P30T-00001. 
Do not use backing rings. 
Pipe bending shall be in accordance with document Exhibit 3 of 
24590-BOF-3PS-MVSC-T0003, exceot as follows: 
Refer to standard PFI ES-24, Paragraph 5 .1, for tolerances 
associated with specific bend angles as shown on project 
isometric drawings. Also, refer to PFI-ES-24, Paragraph 6 for 
form tolerances related to buckling. 
Unless otherwise indicated on the design drawing, do not exceed 
the dimensional tolerances of PFI-ES-3 for fabricated piping 
assemblies. . 

Use welding processes in accordance with document Exhibit 4 of 
24590-BOF-3PS-MVSC-T0003 and the applicable code and/or 
standard. 

Welding shall be performed by qualified welders in accordance 
with welding procedures prepared and qualified in accordance 
with the applicable code and/or standard, and ASME Section IX 
using procedures reviewed by the Buyer and after receiving 
permission to proceed. 
Type 316L or Type 316LSi weld filler metal may be used for 
welding Tvoe 304L stainless steel. 
Furnish flanges for flanged connections in accordance with the 
piping material classes and as shown on design drawings. 
All slip-on flanges shall be double welded in accordance with 
paragraph 328.5.2 of ASME B3 l.3 unless directed otherwise by 
design document(s). 

Branch connections shall be in accordance with the applicable 
piping material class (es). 
Threaded branch fitt ings on piping spools that have been hot-dip 
galvanized shall have the threads "chased" after dipping to 
ensure that threads are free from excess galvanizing materials 
that would prevent the threaded joints from being made up upon 
installation. 
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Straight pipe orifice runs shall not contain welds, except at 
flanges. Pipe ends at orifice flanges shall be machine cut 
perpendicular to the pipe axis. Welds at orifice flanges shall be 
ground smooth inside. Pipe tap connections (if required) are to 
be drilled through the pipe wall and shall be smooth inside. 
Orifice flanges shall be drilled and tapped for jack screws. Buyer 
supplied drawings show the orientation of orifice flange taps and 
the locations of pipe taps. Unused orifice flange taps shall be 
supplied with appropriate plugs. 

Reworked spools being shipped to the jobsite shall be provided 
with a Certificate of Conformance (C of C) stating the spools 
identified are the same spool number(s) originally delivered and 
received. The C of C shall state that the re-worked spools are in 
strict accordance and fully comply with the purchase order and 
all procedures and specifications. The C of C shall also state the 
re-work performed on each spool. 

If additional materials are added, or if additional documentation 
is provided (NOE reports, MTRs, etc.) a complete 
documentation package for that spool shall be furnished. 

The Supplier is responsible for nondestructive examination and 
testing of piping furnished under this exhibit. 
All examination, inspection, and testing shall be in accordance 
with this exhibit and other governing codes and standards, as 
applicable. This includes nondestructive examination of the 
piping spools in accordance with'the requirements for Normal 
Fluid Service piping in ASME B31.3-96. 
Buyer's representative shall be provided free access to the 
Supplier's and Supplier's subcontractor's or Supplier's facilities, 
to witness, inspect, and report progress of work. 
Note: No sub-supplier shall perform NOE work without prior 
submittal of the sub-supplier's NOE procedure and Buyer's 
review and permission to proceed. 

Examine all completed pressure boundary welds in accordance 
with the ASME B31.3-96 and/or standard, including the 
requirements listed below, as applicable. Weld repair shall be 
examined according to the requirements used for the original 
weld. 
Perform and evaluate examinations in accordance with 
procedures and acceptance standards prepared in accordance 
with the ASME B31.3-96 and/or standard, and the ASME Boiler 
& Pressure Vessel Code, Section V. 
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The following are the NDE and inspection requirements for 
piping welds. These requirements are summarized in Appendix 
A. The acceptance criteria are as listed in ASME B31.3, Table 
341.3.2, for Normal Fluid Service Conditions with the following 
additions: 
Where radiographic examination (RT) is allowed or specified for 
shop welds, the radiographic acceptance criteria for ormal 
Fluid Service apply, except that incomplete penetration shall not 
be permitted. 
Where liquid penetrant examination (PT) or magnetic particle 
examination (MT) is allowed or specified, no cracks shall be 
permitted. 
All shop girth welds require full visual examination in 
accordance with the requirements of ASME B3 l .3-l 996, para 
341.4.1 (a), and NDE examination in accordance with the 
requirements of ASME B3 l.3-1996, para 34 l.4.1 (b ). 

Fillet welds including socket welds, integral support wdds, and 
non pressure and non load bearing piping attachment welds ( e.g., 
cathodic protection clips) welds require NDE in accordance with 
ASME B31.3, para 341.4.1. 
Integrally reinforced forged branch fitting connection welds, 
welded to the main piping run shall be examined in accordance 
with the requirements of ASME B31.3, para 341.4.1. The girth 
weld that connects the fitting to the branch pipe run shall be 
examined in accordance with requirements of ASME B3 l .3, 
para 341.4.1. 
Full penetration welded stub-in lateral branch connection fittings 
used on gravity drain piping require 100% VT and 100% PT of 
final pass only 

Do not perform hydrostatic test on fabricated piping assemblies 
other than piping coated and wrapped in the Supplier's shop, and 
other spools when designated by approved documents. 
Perform pressure test of coated piping in accordance with the 
applicable code prior to coating operations, unless the Buyer 
opts to leave joints uncoated for inspection during field 
hydrotest. Potable water shall be used for the pressure test 
performed by the Supplier. When pressure testing stainless steel 
piping, the test water shall not contain more than 200 ppm 
halogen. The Supplier shall submit a pressure testing procedure 
for Buyer's review and permission to proceed prior to performing 
the test. The Supplier shall also include a record of the test result 
as part of pipe spool documentation 
Welding of integral supports shall be avoided in previously 
hydrostatically or pneumatically tested piping. Buyer 
Engineering shall be consulted immediately when this situation 
occurs. 
After installation, all fabricated assemblies will be tested by 
others in accordance with the applicable code. Should any defect 
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be detected during field testing, the defect will be repaired by the 
Buyer at Supplier's expense. 
Configuration management is maintained by fabrication and 
installation in accordance with approved drawings and 
procedures. Fabrication and installation shall be performed in 
accordance with approved documents. Where fabrication and 
installation cannot be accomplished in accordance with approved 
procedures and drawings, the Buyer shall be promptly notified 
via a SDDR or other suitable means. Fabrication and installation 
shall not proceed until a resolution is approved and proper 
documentation is provided. 
Documentation is provided by approved procedures and 
drawings. Any records generated by working to procedures and 
drawings shall be submitted to the Buyer for logging and 
issuance. Refer to section 1.9 for submittal details. 
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Appendix A 

Summary Table of Non-Destructive Examinations (NDE) of Pipe & Tubing Shop Welds 

-
Table I Piping Weld Examination Requirements 

SEE SECTIONS 2.1.4, 3.2.2.2, 3.2.2.3, 3.2.2.4 FOR APPLICABLE SHOP WELD NDE, INSPECTION, AND ACCEPTANCE 
CRITERIA RE UIREMENTS. 2. SEE NEXT SHEET FOR NDE LEGEND AND TABLE FOOTNOTES. 

Type or Weld J. 

Al! Girth and Miter Welds 

All Longitudinal Seam Welds on Scamwelded Pipe and Fittings 

Piping 
CCIS i&Blliid 10-
llcazh at caa 1 

100%VT 
5% RT or 5% lIT 

See Note 2 

Outer Pipe Shop Performed Longitudinal/Clam Shell Welds fur Dual NfA 
Contained Piping 

Double Encased Pipe Joggle Assem~ (shop welds on both inner and NfA 
outer piping) 

Sleeved Joggle Assemblie~ ( lhop welds OD inner piping only) NIA 

All Pipe and Integral Attachment Fillet Shop Welds. including 
tbermoweU socket welds, integral support welds, non pressure & non 
load bearing piping attachment welds 

All.integrally reinforced forged branch fittings welded to main piping 
run. 
Fu 80:ltrlt:'plplHg, U 168)8 kt Will 00( p1auace mt i&&VIEMDI! P&l]66ilp8, 
12 Rz::wss 5:rnmimtin snd l"T ·1 r , tr t · · litl J is ufhdi 
±s :sot mid !Bill pas wettl IS accept&O&. 4 
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100%VT 

100%VT 

100%RT 

100% VT 
100%RT 

100% VT 

Dual Containment 
(outside BC or BIR arus) 

Inner Plpln& 

100%VI' 
lOOo/aR.T 

100%VT 
100%PTor 
100%MT 
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Leae.nd: VT= Visual Examination per ASME 831.3 para 344.2 
RT .. Radiographic Examination per ASME B31,3 para 344.!i 
UT .. Ultrasmuc Enmioetion per ASME BJ 1.3 para 344.6 

100%Vf 
100%PT 

100%Vf 
100-/4RT 

PT• Liquid PcncttaDt Examination per ASME B31.3 pan 344.4 
MT• M8gnetic Particle. Examination per ASME B31.3 para 344.3 

1 Includes embedded piping. but docs not apply to dual containment piping. double enca.,ed joggles, or sleeved joggles. Those requirements arc specified 
elsewhere in Table 2. · 
' LcogitudinaJ seam welds in seam welded stainless stccl, Hastelloy, AL-6XN, Inconel and titanium pipe and fittings that are not in black cell and hard-to-reach 
areas but arc within the HL W and PTF shall be 100% volumetrically (UT or RT) examined. Based on service applications this r~uircment is not applicable to 
scam welded carbon stool pipe and fittings within the HLW and J>TF. · 
3 

Applies to longitudinal scam welds in all pipe and fittings, including all stainless, titanium, or nickel alloy, wed in Black Cells or Hard-to-Reach areas, or for 
the inner pipe of dual containment piping. 

:llll]!,(QH11a· ~weld that cowiects an integrally reinforced forged branch fitting to the branch pipe nm shall be examined as a girth weld. 
5 

This · licahle to eci owed a · ns in bl,'!!,il"--""-'~"' hard-=------~areas list on 3.2~..---. 
6 This is licahle to sp ifically application · ack cell an •to-reach sted in S .. 2.3.7. 
:_,:pu~s;£,~~=;;:~~ly allo d applicatioru i black cell and d-to-reach ar fated in Sectio .2.2.3.8. 

~i:-~ectiti~ ~4j~J{Q---in~ .. ccsii~tf · n ~;,;~emcnfir1'cit1sn· ' /_,-, f~m~~~f -~ ; Q\j(er.(M',!llli~"~-'inal~ditli»J·'. · gii.vol~etri'""1ly examined by RT ·~-- -• . . ... , i PW. --·· . Q •~~•·- . . QJJ~ ....... :g_ __ ...... -~ -------------" Mllllll.. ·""'"' . . .. 
qr,ltf. 
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EXHIBIT 61 PRESSURE VESSEL DESIGN AND FABRICATION 

Specification 24590-WTP-3PS-MV00-T0001 , REVISION 5 was used as applicable to create the 
following exhibit. 

N ote: All R fi h" e erences on t IS ex I I . h" It are me usive tot IS ex I It only. 
Specification Requirement 

1 Scope 

1.1 Project This exhibit is included in the Purchase Order, Material Requisition or in the scope of 
Description and work of subcontract packages. It defines the technical requirements for the design, 
Location fabrication, and testing of pressure vessels for the Hanford Tank Waste Treatment and 

Immobilization Plant (WTP) project located in the southeastern part of Washington 
State. 

1.2 Acronyms and 
Definitions 
1.2.2 Containment: Components that contain active process fluids inside the plant process 

system. Refer to the MDS for the containment classification of components. 
• Primary Confinement: The boundary within which the process fluids, gases, and 
vapors are contained and confined during the plant process operation. In this 
document, the entire process vessel and nozzle walls are generally referred to as the 
Primary Confinement. 
• Primary Containment: The part of the Primary Confinement that is in contact with 
the process fluid. This is typically the wetted portion of the vessel wall below the top 
of the overflow. 
• Auxiliary Containment: This term is used in this document to identify the portion of 
a Primary Confinement that is not subject to a static pressure head of liquid but may 
be in contact with splashing liquid, vapor, or gases. This is typically the vessel 
components above the prescribed high operating liquid level. 
• Secondary Containment: The boundary that will contain process liquid if the 
Primary Containment is breached. This boundary will not normally be in contact with 
the process liquid. Typically, this is the cell liner or wall structure of the facility. 

1.2.7 ECDS: The section of the MDS titled Equipment Cyclic Data Sheet. If components of 
a vessel are subjected to cyclic loads, those loads will be detailed in the ECDS. 

2 Applicable 
Documents 
2.1 General 

2.1.1 Work shall be in accordance with the referenced codes, standards, and documents 
listed below, which are integral parts of this specification. 

2.1.2 When specific chapters, sections, parts, or paragraphs are listed following a code, 
industry standard, or reference document, only those chapters, sections, parts, or 
paragraphs of the document are applicable and shall be applied. When more than one 
code, standard, or referenced document covers the same topic, the requirements for all 
must be met with the most stringent governing. 

2.2 Codes and 
Industry Standards 
2.2.1 The Seller shall apply the latest issue, including addenda, at the time of request for 

quote or award as applicable for the following codes and industry standards with 
exceptions as noted. 
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2.2.1.1 

2.2.1.2 

2.2.1.3 

2.2.1.4 

2.2.1.5 

2.2.1.6 

2.2.1.7 

2.2.1.8 

2.2.1.9 

2.2.1.10 

2.2.1.11 

2.2.1.12 

2.2.1.13 

2.2.2 

2.2.2.1 

2.2.2.2 

2.2.3 

2.2.3.1 

2.3 Related 
Documents 

2.4 Project Documents 

2.4.1 

Requirement 
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ASME Section VIII, Division 1 , Rules for Construction of Pressure Vessels, 
American Society of Mechanical Engineers 

ASME Section II, Materials, American Society of Mechanical Engineers 
Use oflater version of the code or standard directly comparable and equivalent in 
approach, Buyer approval is NOT required. If the later version of the code or standard 
is not directly comparable and essentially equivalent use of the later version requires 
Al's approval 
ASME Section V, Nondestructive Examination, American Society of Mechanical 
Engineers 
NBIC, National Board Inspection Code, National Board of Boiler and Pressure Vessel 
Inspectors 
WRC-107, Local Stresses in Spherical and Cylindrical Shells due to External Loading, 
Welding Research Council 

WRC-297, Local Stresses in Cylindrical Shells due to External Loadings on 
Nozzles- Supplement to WRC Bulletin No. 107, Welding Research Council 

PFI Standard ES-24, Pipe Bending Methods, Tolerances, Process and Mechanical 
Requirements, Pipe Fabrication Institute, Engineering and Fabrication Standard 

ASME Section VIII, Division 2, Rules for Construction of Pressure Vessels -
Alternative Rules, American Society of Mechanical Engineers, (Note: Code year not 
later than 2004 Edition with 2005 and 2006 Addenda). 

ASME B31.3, Process Piping, 1996, American Society of Mechanical Engineers 

AISC M016 (AISC 316-89), ASD Manual of Steel Construction, 9th Edition, 
American Institute of Steel Construction 

ANSI/ AISC N690-1994, Specification for the Design, Fabrication, and 
Erection Steel Safety-Related Structures for Nuclear Facilities, American 
Institute of Steel Construction 
SNT-TC-lA, Recommended Practice No. SNT-TC-lA, American Society for 
Nondestructive Testing, Inc. (Note: Refer to the Quality Assurance Program 
Requirements Data Sheet in the Purchase Order for acceptable editions). 

ANSI/ A WS D 1.1, D 1.6 Structural Welding Code 

The Seller shall apply the issue and addenda as referenced in Table U-3 of ASME 
Section VIII, Division 1 for the following codes and industry standards: 

ASME B16.5, Pipe Flanges and Flange Fittings NPS 1/2 through NPS 24 

ASME B16.47, Large Diameter Steel Flanges NPS 26 through NPS 60 

The Seller shall apply the issue and addenda as stated for the following codes and 
industry standards: 
ASCE 7-98, Minimum Design Loads for Buildings and Other Structures, American 
Society of Civil Engineers 

Other project specifications, standards, and standard details as listed or referenced in 
Section 2 of the purchase order shall be used as applicable for the design and 
fabrication of the vessels. 

Exhibit 7 of 24590-BOF-3PS-MVSC-T0003, Seismic Qualification Criteria for 
Pressure Vessels 
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2.4.3 

2.4.4 

2.4.5 

2.4.7 

2.4.8 

3 Design 
Requirements 

3.1 Basic 
Requirements 
3.1.1 

3.1.3 

3.1.4 

3.2 Loadings 

3.2.l 

3.2.2 

3.2.3 

3.2.4 

3.3 Corrosion/Erosion 
Allowance 
3.3.1 

3.3.2 

3.3.3 

3.4 Heads 

3.5 Supports and 
Anchors 
3.5.1 

Requirement 
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Exhibit 1 of24590-BOF-3PS-MVSC-T0003, Positive Material Identification (PMI) 
for Shop Fabrication 

24590-WTP-MV-M59T-00001, Pressure Vessel Tolerances Standard Details 

24590-WTP-3PS-MVB2-T000 1, Engineering Specification for Welding of Pressure 
Vessels, Heat Exchangers and Boilers 

24590-WTP-3PS-G000-T0003, Engineering Specification for Packaging, Handling 
and Storage Requirements 

Exhibit 2 of24590-BOF-3PS-MVSC-T0003, Structural Design Loads for Seismic 
Category IV Equipment and Tanks 

Unless otherwise specified, all vessels shall be designed and fabricated in accordance 
with ASME Section VIII, Division 1, any additional requirements of this exhibit, 
MDS, and the referenced Drawings. 

Seller shall consider design details and material thickness shown on Drawings and 
MDS as the minimum requirements. 

Seller shall not scale Drawings 

Seismic analysis shall be performed per the requirements of Exhibit 7 of24590-BOF-
3PS-MVSC-T0003. 
If wind or snow loadings are specified on the MDS, the design for such loadings shall 
be based on the requirements of the ASCE 7, using the indicated wind and snow 
loading parameters. 
If the MDS contains an ECDS, the Seller shall analY,ze for fatigue per the 
requirements detailed in 24590-WTP-3PS-MVB2-T0001, Engineering Specification 
for Welding of Pressure Vessels, Heat Exchangers and Boilers. Seismic loadings shall 
not be considered when performing a fatigue analysis. 
Unless indicated otherwise on the MDS or Drawings, the Seller shall design the 
vessels to support process liquid filled to the top of the overflow. 

Corrosion allowance is specified on the MDS and shall be applied to each surface 
exposed to process vapor or liquid. Internal piping shall have the specified corrosion 
allowance applied to both internal and external surfaces. 

Unless otherwise specified, corrosion allowance shall not be applied to external vessel 
surfaces. 
Erosion allowances, where required, will be specified in the MDS. 

The Seller shall use head shapes as specified on the vessel drawing. Deviations from 
this profile may be considered for economic, space or fabrication concerns. Any 
change, however, requires the approval of the Buyer via SDDR. 

Seller shall provide vessel supports as illustrated on the Drawings. 
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Specification Requirement

3.5.2 Supports and anchors shall be designed to secure the buoyant vessel in case the vessel 
is empty and submerged to the level indicated in the MDS. 

3.5.3  Criteria Detail design of vessel supports shall be in accordance with the recommendation of 
ASME Section VIII, Division 1, Appendix G, except as noted below. 

3.5.3.3 SC-IV stainless steel vessel supports are to be designed in accordance with the 
allowable stresses from N690 to the load combinations from Exhibit 2 of 24590-BOF-
3PS-MVSC-T0003, Engineering Specification for Structural Design Loads for 
Seismic Category IV Equipment and Tanks. 

3.6  Nozzles and 
Manways 
3.6.1 Nozzle wall thickness shall be per ASME Section VIII, Division 1 and at least that 

specified on the Drawings. Seller shall understand that minimum nozzle thicknesses 
indicated on the Drawings may not support the nozzle loading requirements listed in 
Appendix A. 

3.6.2 Nozzles and manways and their reinforcements located on the head shall be located 
fully within the crown region of the head unless noted otherwise on the Drawing. 

3.6.3 All nozzles shall be set-in type or through type with full penetration welds. All 
nozzles, which are flush with the inside surface of the vessel, shall be rounded to 1/8 
inch minimum radius as shown below. Nozzles for pressure relief devices, vents, and 
drainage shall be flush with the inside surface of the vessel. Nozzles with internal 
projection in primary containment shall have an additional fillet weld between the 
internal projection and the inside surface of the shell or head. 

3.6.4 The following illustrates acceptable and unacceptable nozzle configurations and 
welding: 



Specification 

3.6.5 

3.7 Nozzle Loading 

3.7.1 

3.7.2 

Requirement 
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Unacceptable Nozzle Connections 

Set-on Nozzle with Full Penetration Wtld Throi,gh Houle with Double Fillet -

Flange boltholes shall straddle natural vessel centerlines unless otherwise specified. 

Unless otherwise specified, Seller shall design nozzles for the minimum nozzle design 
loads listed in the applicable table of Appendix A for the connected pipe size. 
Nozzles/shell on vessels are to be designed according to the methods of WRC-107, 
WRC-297 as a minimum. 

Appendix A lists minimum design nozzle loads by nozzle size, connecting pipe 
material, and Seismic Category for weight, seismic, and thermal expansion cases. The 
coordinate system conforms to the 'right hand rule'. Loads provided in Appendix A do 
not have a sign convention; Seller must ensure that the direction of load application 
provides the most conservative stresses at the nozzle to shell or head junction. The Y
axis is vertical and in the direction of gravity regardless of the orientation of the 
nozzle. Loads act at the · uncture of the nozzle and shell. 
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3.7.3 

3.7.4 

3.7.5 

3.8 Nozzle 
Reinforcement 
3.8.1 

3.8.2 

3.8.3 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Nozzle load combinations to be considered for Primary and Secondary Stress in the 
design shall be: 

Weight + Seismic + Operating Pressure + Thermal Load (Appendix A) 

Note: Thermal Loads listed in Appendix A are from the loads resulting from the 
restrained free end movement of the attached pipe and are considered as primary loads 
per paragraph 4-138 of Appendix 4 of ASME VIII Division 2. 

With regard to the radial load, the internal pressure shall not be used to oppose the 
compressive stress due to the force acting inwards; for this load condition a null 
pressure condition is to be considered to exist. 

Nozzle load combinations to be considered for Secondary Stress in the design shall be: 

Weight + Operating Pressure + Thermal Load (Appendix A) + General Thermal (per 
code definition) 
The nozzle loads provided are for the piping connected to the external nozzle. If a 
nozzle projects and is loaded internally to the vessel, design the nozzle for the sum of 
the internal and external loads. 

The nozzle loads due to thermal expansion listed in Appendix A are estimated based 
on the operating temperature of 350 °P. If the maximum operating temperature of the 
attached pipe is less than 350 °P, the nozzle thermal loads may be reduced by a scale 
factor of the absolute value. of~, 
Where X is the maximum vessel operating temperature of the attached pipe. 

When required, suitable nozzle reinforcements must be provided. Reinforcement 
methods are limited depending on the assigned Design Level and cell designation. 
Refer to Section 6 for allowable reinforcement methods. If the wall thickness of the 
nozzle neck is greater than that of the connecting piping, the requirements of ASME 
Section VIII, Division l, and Figure UW-13.4 shall be satisfied. · 
Nozzle reinforcing pads, where permitted, shall have one-piece construction (not 
segments). Nozzle insert plates (integral pads) shall be in accordance with ASME 
Section VIII with a 3 to I taper. 
For external nozzle reinforcing pads, the pad thickness shall not exceed 1.5 times the 
thickness of the penetrated shell. To meet nozzle loading requirements, pad diameter 
may exceed the limits of reinforcement per ASME Section VIII, Division 1. Pad width 
shall be at least 2 inches but shall not exceed ten times the thickness of the pad. Each 
pad shall have single 1/8 inch nominal pipe size (NPT) telltale hole for testing 
purposes. On completion of all fabrication activities, the hole shall be fitted loosely 
with a screwed plug of the same material as the reinforcement plate. 
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3.8.4
The following illustrates acceptable reinforcement practices for nozzles irrespective of 
Design Level: 

3.8.5 Nozzles on Commercial Grade may use external reinforcing pads (See figure below). 
As a warning, the nozzle loads specified in Appendix A may exceed the practical use 
of repads. In such cases, the Seller should consider locally increasing the thickness of 
the shell or head with an insert plate or increasing the nozzle neck thickness as 
required. The following illustrates acceptable reinforcing practices with full 
penetration welds for nozzles on Commercial Grade vessels. 

3.8.6 Material used for nozzle reinforcement shall be the same as the parent vessel unless 
approved by the Buyer as stated on the MDS. 

3.8.7 Structural reinforcing elements such as reinforcing rings or pads (integral or non-
integral) can be used as necessary to accommodate new design load combinations on 
fabricated and partially fabricated vessels. Any butt-weld seams to be covered by the 
pads shall be ground flush and radiographically examined, in accordance with ASME 
Section VIII, Division 1, subdivision UW-51, before the reinforcing pads are welded 
in place. Reinforcing pads may be formed to the required shape by any process that 
will not unduly impair the physical properties of the material. Reinforcing pads shall 
be fitted to conform to the curvature of shell, head, or other surfaces to which they are 
attached to minimize flat spots and horizontal surfaces that could collect solids. Edges 
of non-integral pads shall be tapered 3 to 1 minimum to match the height of the legs of 
the attaching fillet welds. The fillet welds shall fully seal the dead space between the 
pad and the shell, head, or other surfaces to which the pad is attached. 
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3.9 Internal 
Components and 
Suooorts 
3.9.1 

3.9.1.1 

3.9.1.4 

3.9.3 

3.9.4 

3.9.5 

3.9.6 

Requirement 
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Design of support members for vessel internals shall be the responsibility of the 
Seller. 

Piping Internal to the Vessel 

Piping internal to the vessel is to be designed in accordance with ASME B31.3-1996, 
Process Piping with following modification: 

In Table D300, the description of welding tee per ASME B16.9 shall be revised so it 
is consistent with that shown in Table D300 of ASME B31.3-2002: 

Stress Intensification 
Factor !Notes (2), (3)1 

Fle1ibility Fie ibility 
Factor Out-or- In-Plane Cbaracteri 

Description k Plane, ,, stic, Sketch 
I, h 

Welded tee per ASME 0.9 31.U,+ 1/4 
3.1 f 

Same 
B16.9 I hJIJ as 

(Notes (2). (4). (6), (11 ), '1 ASME 
(13)) B31.3-

1996 

This means that for "elding tees per ASME B 16.9. nole 11 in Table DJOO is also changed to: 

( 11 J If r, .'!: I / 8D~ and T, .'!: I .Sf. a nexibilit)' characteristic of 4.4 ¼ may be used. 

SC-IV stainless steel support structures within the vessel that support items such as the 
internal piping or other internal components, that are away from the discontinuity shall 
be designed in accordance with the allowable stresses from N690 to the load 
combinations from Exhibit 2 of24590-BOF-3PS-MVSC-T0003, Engineering 
Specification/or Structural Design Loads/or Seismic Category IV Equipment and 
Tanks. The support at the discontinuity with the vessel is within the code pressure 
boundary and shall be designed per ASME Section VIII. 
Seller shall design support members to avoid the column of space directly below the 
manway. 
The design of internal supports shall consider stresses caused by differential thermal 
expansion. 
If indicated on Drawings, the internal surface of the head or shell subjected to direct 
impingement of process fluid shall be protected by a wear plate. See the MDS for the 
wear plate material. 
Internal process piping which opens to the vessel contents shall be designed for the 
vessel design pressure and temperature or greater. Internal process piping which is 
connected to equipment internal to the vessel, shall be designed to that internal 
equipment design pressure and temperature. 
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3.10 External 
Components and 
Supports 
3.10.1 

3.10.2 

3.10.3 

3.10.4 

3.10.5 

3.10.7 

3.10.8 

3.10.9 

4 Materials 

4.1 General 

4.1.1 

4.1.2 

Requirement 
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If the MOS specifies insulation, the Seller shall provide and install insulation supports 
per the Drawings. 
Lifting and tailing lugs shall be provided and installed by the Seller per the Drawings. 
The Seller may propose alternate designs and submit SDDR for Buyer approval prior 
to detail design. 
The Seller is responsible for determining the necessity of stiffening rings. 

If specified on the Drawings, Seller shall provide and install support clips for piping or 
platforms. Materials internal to the vessel shall match the material of the shell. 
If indicated on the Drawings, Seller shall provide and install grounding lugs. 

The base of the vertical vessel support skirt shall be marked, using a line of welding 
bead, at the O degree orientation as shown on the Drawings. 

If a separate ring beam support is specified on the vessel drawing, the top flange shall 
be marked, using a line of welding bead, at the O degree orientation as shown on the 
Drawings. Vendor shall include ring beam geometry in their vessel/skirt analysis and 
shall provide forces and moments at the bottom of ring beam at embed 
location/interface. 
The external supports; skirts, legs, saddle, lugs, etc., shall be designed in accordance 
with AISC M016 (AISC 316-89, 9th edition). The support at the discontinuity and 
with vessel is within the code pressure boundary and shall be per ASME Section 
VIII. 

Materials shall be new and free from defects. Classification of fabrication materials 
shall be in accordance with ASME Section II. The Seller shall furnish legible copies 
of the mill test reports from the manufacturer for materials comprising the Primary 
Confinement, internals, supports, and welded attachments. Other materials shall be 
provided with certified statements that the material meets the requirements of ASME 
Section II. 
Material shall be furnished to the specification and grade shown on the MOS. The 
fabricator shall not substitute materials without written approval from the Buyer. 
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Specification 

4.1.3 

4.1.4 

4.2 Pipe F~ttings 

5 Fabrication 

5.1 General 

5.1.1 

5.1.2 

5.1.3 

5.1.4 

5.1.5 

5.1.6 

5.1.7 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Contact materials including marking materials, temperature indicating crayons, 
adhesive backed and pressure sensitive tape, and barrier and wrap materials may be 
used only under the following limits: 

• The total halogen content shall not exceed 200 parts per million (PPM) 
• The total sulfur content shall not exceed 400 PPM 
• No intentionally added low melting point metals such as lead, zinc, copper, tin, 
antimony, and mercury. 

Anti spatter compounds shall not contain chlorine, fluorine, sulfur, mercury or other 
low melting point metals. 

Materials and residue shall be completely removed when no longer required. Cleaning 
materials may be non-halogenated solvents or potable water containing no more than 
50 PPM chloride. Contact materials shall be controlled and documented in accordance 
with the Seller's inspection and test plan as approved by the Buyer. 
Seller shall maintain a positive system of identification of materials used in the 
fabrication of each vessel per Exhibit 1 of 24590-BOF-3PS-MVSC-T0003. 

· Pipe fittings shall conform to the appropriate ASME and ANSI standards for materials 
and dimensions unless otherwise stated in the purchase order. 

Seller shall, if necessary, provide temporary stiffening and jigging to prevent shell 
distortion during fabrication, welding processes, heat treatment, hydrostatic testing, or 
shipment. 
Fabrication tolerances shall be in accordance with ASME Section VIII, Division 1 and 
standard drawing 24590-WTP-MV-M59T-00001. 

The sequence of fabrication shall be planned to permit maximum access to the internal 
surfaces to enable examination of all welds. 

Plates and pipes shall be cut to size and shape by machining, grinding, shearing, 
plasma, laser, or water jet cutting. Plates, 3/8 inch thick and above, cut by shearing, 
shall either be dye penetrant tested on the sheared edge or have 3/8 inch allowance left 
on the edges which shall be removed by machining or grinding. All thickness of plate 
or pipe cut by air plasma cutting shall have the edges dressed to a smooth, bright 
finish. Material cut by the inert gas shielded plasma, laser or water jet process will not 
require further dressing other than deburring. All lubricants, burrs, and debris shall be 
removed after cutting. 
All stamps used for identification reference markings shall be of the low stress type. 
Stampings shall not be located near discontinuities. 

If a butt welded seam is required between materials of different thickness, the thicker 
material shall normally be machined on the side away from the process liquid. 
Machining shall ensure a smooth finished profile with no sharp corners and shall be in 
accordance with ASME Section VIII, Division 1 . 
When rolling any austenitic stainless plate, care shall be taken to prevent carbon 
pickup or contamination of rolled material. The work area shall be free of carbon steel 
grindings and general cleanliness shall be maintained to preclude carbon 
contamination. · 
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Specification 

5.1.8 

5.1.9 

5.1.10 

5.2 Layout 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Only stainless steel brushes, clean iron-free sand, ceramic, or stainless steel grit shall 
be used for cleaning stainless steel or nonferrous alloy surfaces. Cleaning tools or 
materials shall not have been previously used on carbon steel. 

Internal piping bends shall have a center line radius of four times the pipe nominal 
diameter. In confined spaces, the centerline radius may be reduced to three times the 
outside diameter of the pipe. Piping shall not be terminated or butt welded within the 
bend. If a circumferential butt weld in the arc of a pipe bend is necessary, the bending 
process shall comply with PFI Standard ES-24 and require Buyer's prior approval via 
the SDDR process. The circumferential butt weld shall be radiographed prior to and 
after bending. 
Pipe bending methods, tolerances, processes, and material requirements shall comply 
with PFI Standard ES-24 and require Buyer's approval. These requirements shall 
apply equally to tube bending processes. Seller shall submit a pipe bending procedure 
for Buyer review prior to use. 

Plate size shall be chosen to minimize welding. For horizontal vessels, the 
longitudinal seams in cylindrical shells and conical heads shall be located above the 
specified normal operating level, where practical. Longitudinal seams shall be 
completed before welding any adjoining circumferential seam. 
The longitudinal seams of adjacent shell courses shall be staggered by a minimum 
length (measured from the toe of the welds) of 5 times the plate thickness, or 4 inches 
whichever is greater. Where it is considered impractical to meet this requirement, 
Seller shall submit a proposed layout to the Buyer for approval via the SDDR process. 

For large diameter formed heads, where two or more plates are butt welded prior to 
forming, the butt welds shall be located such that the weld in the knuckle region is 
minimized. 
Saddles shall be continuously welded to the shell. Welded seams under the saddle or 
wear plate are not permitted. Longitudinal weld seams in the shell should not be 
located within 15 degrees of the horn of the saddle or wear plate. 

Plate layouts shall be arranged so that longitudinal and circumferential weld seams 
clear all nozzles, manways, and their reinforcing pads to the maximum extent 
possible. A minimum clearance of eight times the plate thickness from the toes of the 
welds is required. Where it is considered impractical to meet this requirement, Seller 
shall submit a proposed layout of all weld joints to the Buyer for approval via the 
SDDR process. 
Structural attachment welds such as internal support rings or clips, external stiffening 
rings, insulation support rings, and ladder, platform or pipe support clips shall clear 
weld seams by a minimum of 2 inches. If overlap of pad type structural attachments 
and weld seams is unavoidable, the portion of the seam to be covered shall be ground 
flush and radiographically examined before the attachment is welded. The seam shall 
be radiographed per ASME Section VIII, Division 1, Paragraph UW-51 for a 
minimum distance of 2 inches beyond the edge of the overlapping attachment. Any 
protrusion through the weld seam when unavoidable shall be radiographically 
examined after completing the joint weld for at least minimum distance of 8 times the 
thickness of thicker material at protrusion. Radiographic examination of longitudinal 
weld seams is not required when single plate edge type attachments such as tray 
support rings, stiffening rings, insulation support rings, ladder, platform, or pipe 
support clips cross such weld seams. 
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Specification 

5.3 Nozzles, Man ways, 
and Reinforcing Pads 
5.3.1 

5.3.2 

5.3.3 

5.4 Welding 
Requirements 
5.4.1 

5.4.2 

5.4.3 

5.4.4 

5.4.5 

5.4.6 

5.4.7 

5.4.8 

6 Design and NOE 
Requirements 
6.1 All Design Levels 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

For forged nozzles connecting to pipe oflesser wall thickness, the Seller shall prepare 
the nozzles per ASME Section VIII, Division I, Figure UW-13.4. 

If a manway is specified with a welded cover, the cover shall be tack welded to the 
manway neck, prepared for field welding to the manway neck, sealed to prevent dirt 
and water from entering the vessel using adhesive tape which meets the contact 
material requirements. The cover shall be marked with the plant item number of the 
vessel. 
Nozzles to be butt welded to connecting pipe shall be prepared for field welding and 
fitte~ with a plastic or rubber protective cover and sealed to prevent dirt and water 
from entering the vessel using adhesive tape which meets the contact material 
requirements. 

Seller shall comply with 24590-WTP-3PS-MVB2-T000 1, Engineering Specification 
for Weldin!< of Pressure Vessels, Heat Exchan~ers and Boilers. 
All welding shall be continuous. Stitch welding is prohibited. 

Joints shall be assembled and retained in position for welding. The use of 
manipulators or other devices to permit welding in the flat position should be 
employed where practical. 
All attachments such as lugs, brackets, nozzles, pads and reinforcements around 
openings and other members (when permitted) shall follow the contour and shape of 
the surface to which they will be attached. The gap at all exposed edges to be welded 
shall not exceed the greater of 1/16 inch or 1/20 of the thickness of the attachment at 
the point of attachment. 
Where fillet welds only are used, the maximum gap between the components being 
joined shall be 1/8 inch. The components_ shall be clamped or otherwise maintained 
together during welding. 
Attachment point of spiders, braces, or other temporary attachments shall match the 
material of the vessel. 

All temporary attachments shall be removed prior to shop hydrotest unless specifically 
approved by the Buyer. 

Where practical, internal structural components and piping welds shall be full 
penetration. If it is not practical, seller shall propose fillet welded attachments for 
Buyer approval via the SDDR process. 

24590-G048-F000l 9 Rev 4 (2/12/2008) 
Exhibit 6, Page 6-12 

Ref: 24590-WTP-3DP-G04B-00049 



Specification 

6.1.1 

6.1.2 

6.1.3 

6.1.6 

6.4 Additional 
Requirements for 
Commercial Grade 
(CM) Vessels 
6.4.l 

6.4.2 

7 Tests and 
Inspections 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

The shell and head sections which are subjected to concentrated or large loads through 
welded attachments (such as lifting and tailing lugs) shall, prior to welding, be 
ultrasonically examined over l 00 percent of the areas, in accordance with the 
following: 

• For connections or attachments directly welded to the shell or head, the area tested 
shall extend 3 inches beyond the extremity of the proposed weldment 

• For connections or attachments welded via a reinforcement or doubler plate, the 
shell area tested shall extend 5 inches beyond each side of the perimeter of the 
proposed fillet weld attaching the reinforcing or doubler plate to the shell or head 

• Not required for nozzle penetrations. 
All full penetration welds attaching internal or external structural components to the 
heads or shell shall be ultrasonically tested. If fillet welds except for Lifting and 
Tailing Lugs are permitted by writing by the Buyer and are not readily ultrasonically 
tested, they may be dye penetrant tested or magnetic particle tested with approval from 
the Buyer via the SDDR process. 
All full penetration welds forming part of the jacket shall be ultrasonically tested. 

Additional NDE requirements are specified in the drawings and MDS. 

Nozzles may use either a pad or integral reinforcement. 

The following weldments shall be subject to volumetric testing unless otherwise 
indicated on the MDS or Drawings: 

• At least 10 percent of the length of each welder's production of vessel main seams 
butt welds. The minimum extent of volumetric testing shall include all "T" junctions 
and l 0 percent of the remaining longitudinal weld with a 6 inch minimum length of 
volumetric testing. 

• For nozzle-to-shell welds located in the Primary Containment, at least 10 percent of 
the number of welds made by each welder over l 00 percent of its circumference. 

• At least 10 percent of butt welds in internal piping for the full circumference. 

Radiography is the preferred method of volumetric testing. Where it is considered 
impractical to perform radiographic examination due to joint configuration, the Seller 
may propose ultrasonic examinations; the seller shall use the SDDR process to 
propose ultrasonic examinations. The SDDR shall include UT procedure reference, 
technical justification of UT proposal for every weldment and schematic location of 
every weldment proposed to be UT tested. 
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Specification 

7.1 Hardness Testing 
for Austenitic Stainless 
Steel Components 
7.1.1 

7.1.2 

7.1.3 

7.1.4 

7.1.5 

7.2 Nondestructive 
Examinations 
7.2.1 

7.2.2 

7.2.3 

7.2.3 .1 

7.2.4 

7.2.5 

7.2.7 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Hardness testing is required when austenitic stainless steel plates are cold formed to 
make sections such as angles, channels, and conical sections. This requirement is not 
applicable to the cold forming of dished heads, which is covered by the relevant 
section of ASME Section VIII, Division 1. 
Hardness testing is required when austenitic stainless steel pipe is cold formed for 
bends with a centerline radius less than three times the nominal pipe diameter. 

Any cold forming process, which may significantly increase hardness, shall be in 
accordance with an approved procedure, which contains hardness testing. The 
procedure shall be submitted for Buyer's approval. 

Hardness testing shall be performed on areas subject to the greatest deformation after 
cold working or any rework or rectification. The maximum permitted hardness is HRB 
92 or as indicated by the material specification acceptance criteria for hardness. 

If the maximum permitted hardness is exceeded, the Seller shall solution anneal (heat 
treatment) in accordance with the applicable ASME specification for that material. 
Heat Treatment process shall include heating and cooling rates, thermocouple 
locations, and type of heating equipment. Seller shall submit a written procedure for 
suitable heat treatment and testing for Buyer's aooroval. 

Radiography, ultrasonic testing, visual examination, magnetic particle, and dye 
penetrant examination, where specified or required, shall be performed in accordance 
with ASME Section VIII, Division 1 and ASME Section V, and procedures developed 
and submitted to the Buyer for review prior to use. 
All mandatory nondestructive examination (visual, surface flaw, and volumetric) shall 
be carried out after the completion of fabrication, including any heat treatment. Where 
Seller carries out additional nondestructive examination prior to any heat treatment 
process, such examinations shall be included in the Quality Plan or Inspection 
Schedule. The Buyer's representative need not witness this additional nondestructive 
examination; however, the records of such inspection shall be made available to the 
Buyer's representative. 
Nondestructive examination must be performed by an inspector certified to the 
requirements of SNT-TC- I A. The interpretation of the results shall be by either Level 
II or Level III inspectors certified to SNT-TC-IA. Visual examination is not included 
in this requirement. 
All weld visual examinations shall be performed by personnel certified in accordance 
with American Society for Non-Destructive testing (ASNT) Recommended practice 
SNT-TC-1 A, Level I, II, or III or certified in accordance with A WS QC-1 as either a 
Certified Welding Inspector (CWI) or a Senior Certified Weld Inspector (SCWI) 

Ultrasonic testing, where specified by the Buyer or proposed by the Seller, shall be in 
accordance with Appendix 12 of ASME Section VIII, Division 1. 

Radiographic acceptance criteria shall be in accordance with ASME Section VIII, 
Division 1, Paragraph UW-51 where full radiography is required or UW-52 where 
spot radiography as defined in this exhibit is per Section 6.4.2. 

Dye Penetrant testing, where specified by the Buyer or proposed by the Seller, shall be 
in accordance with Appendix 8 of ASME Section VIII, Division 1. 
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7.2.8 

7.2.9 

7.2.10 

7 .3 Hydro tests 

7.3.l 

7.3.2 

7.3.3 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Magnetic Particle testing, where specified by the Buyer or proposed by the Seller, 
shall be in accordance with Appendix 6 of ASME Section VIII, Division l. 

Weld visual examination, where specified by the Buyer or proposed by the Seller, 
shall be in accordance with ASME Section V, Article 9. 

Fillet Weld Measurement: 
• A fillet weld leg size specified on the drawing weld symbol is the minimum size 
required 360 degrees around the nozzle/attachment. The effective throat based on that 
fillet size must be fully met around that circumference, including the obtuse 
(downhill) location. Both leg and throat dimensions must be met as an example, for a 
specified fillet weld leg size of 1/4", the throat thickness on the obtuse side as shown 
in the figure below is NOT acceptable (less than 0.707 x l/4") and consequently the 
actual leg size must be increased on the obtuse side to meet an effective throat 
thickness of 0.707 x 1/4". For angles greater than 135 degrees, submit an SDDR for 
buyer review and approval. Fillet weld design is applicable between 60 degrees and 
135 degrees (per A WS Dl.l, Section 16, Dl.6 Annex B) any weld outside these limits 
is not considered a fillet weld and shall be designed accordingly. 

1. .I 
114 • Size 

AcuteSide 

Off Set Nozzle Fillet Weld 

If paint is specified, the vessel shall not be painted prior to the pressure test. Coating 
shall not be applied to external welds of items requiring leak/hydrostatic testing prior 
to testin . 
All welds shall be sufficiently cleaned and free of scale or paint prior to hydrostatic 
testin . 
Testing of vessels or components made of austenitic stainless steel materials shall be 
conducted with potable water containing no more than 50 PPM chloride. 
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7.3.4 

7.3.6 

7.3.7 

7.3.8 

7.3.9 

7.3.10 

7.3.11 

7.3.12 

7.4 Leak Tests 

7.4. 1 

7.4.2 

7.5 Obstruction Test 

7.5.1 

7.6 Final Inspection of 
Completed Vessel 
7.6.1 

8 Preparation and 
Shipment 
8.1 Cleaning 

8.1.1 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

For vessels oflow alloy steel, before application of the test pressure, the test water and 
the vessel material shall be allowed to equalize to approximately the same 
temperature. The temperature of the pressure resisting components during the pressure 
test, regardless of test media, shall be at least 30 °F warmer than the minimum design 
metal temperature to be stamped on the nameplate, but need not exceed 120 °F. 

After completion of the hydrostatic ·test, the vessel shall be drained, dried, cleaned 
thoroughly inside and outside to remove grease, loose scale, rust, and dirt and closed 
as quickly as practicable. Test water shall not be in contact with austenitic stainless 
steel for more than 72 hours, unless treated with an appropriate biocide. 

If field assembly or erection is involved, the final hydrostatic test shall be at the job 
site. The Seller or the field subcontractor shall provide the Buyer with a detailed test 
procedure for review and approval prior to testing. 

A horizontal vessel shall be tested while resting on its support saddles without 
additional supports or cribbing. 

Tall vertical vessels may be shop hydrotested in the horizontal position. The vessel 
shall be designed for vertical hydrotest loading. These vessel supports must be 
adequately designed to support the vessel (in accordance with the ASME code) during 
the hydrotest to prevent damage. 
Each chamber of a multi-chamber vessel Gacketed vessel) shall be subject to a 
hydrotest pressure with atmospheric pressure in the adjacent chamber. 

Parent vessels are in the Black Cell or Hard to Reach Areas. no hydrotest required for 
Pulse Jet Mixers and Charge Vessels. 

Seller shall submit a hydrostatic test procedure in accordance with the requirements of 
Section 7.3 of this exhibit and ASME Section VIII, Division 1, Paragraph UG-99 for 
buyer review prior to use. 

If gas or pneumatic testing is specified in the MDS, Drawings or in the purchase order, 
the Seller shall conduct the tests in accordance with ASME Section V. Seller shall 
submit a test procedure for Buyer review prior to use. 

Reinforcing pad attachment welds and accessible surfaces of inside nozzle to vessel 
wall welds shall be tested for leaks with 15 PSIG dry air or nitrogen and bubble 
forming solution. This test shall be performed prior to the final hydrostatic or 
pneumatic test as aoolicable. 

Seller shall ensure and document that all internals, internal piping, and jacketing are 
free from obstructions. 

Final inspection of the completed vessel shall be the sole responsibility of the Seller. 
The finished dimensions and cleanliness of the vessels shall comply with the relevant 
Drawings and specifications after completion of all tests. 

Seller shall comply with 24590-WTP-3PS-G000-T0003. 
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8.1.2 

8.1.3 

8.2 Packaging 

8.2.2 

8.2.3 

8.2.4 

8.3 Shipping 

8.3.1 

8.3.2 

9 Documentation and 
Submittals 
9.2 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

If specified in the purchase order and in any event following hot working or heat 
treatment, the equipment shall be descaled. The procedure to be used by Seller shall be 
submitted for Buyer's prior aooroval. 
If blast (mechanical) descaling process is specified in the purchase order for stainless 
steel construction, clean and iron-free glass or ceramic beads, or sand of alumina or 
zirconia type shall be used. The type, grade, and chemical composition of the abrasive 
shall be submitted for Buyer's approval prior to its use. Recycling of abrasive is 
prohibited. Blast cleaning shall not be used on weld metal or as a final finish on 
fabrications. 

All flanged openings, which are not provided with a cover, shall be protected by an 
ASME B16.5 or B16.47 carbon steel blind flange of the same rating as the flange, a 
full faced rubber gasket with a minimum thickness of 1/8 inch and carbon steel bolts 
with stainless steel washers. 
For internal parts, suitable supports shall be provided to avoid damage during 
shipment. Temporary internal bracing shall be painted yellow and a label, located near 
the nameplate shall state that the vessel contains temporary bracing that must be 
removed. 
Small parts, which are to be shipped loose, shall be bagged or boxed and marked with 
the order and plant item number of the vessel. 

Seller shall take all necessary precautions in loading by blocking and bracing the 
vessel and furnishing all necessary material to prevent damage. 
The Seller shall verify, by calculation, that the vessel and internals will withstand 
loads occurring during shipping for the chosen mode of transportation. The Buyer 
shall inform the Seller of the chosen mode of transportation 

Design calculations shall include relevant ASME Section VIII, Division I formulas, 
and source paragraphs, values used in the formulas, the calculated results, and 
comparison with acceptable values. Where calculations are based on other than the 
ASME Section VIII, Division I formulas, the source of the formulas shall be 
referenced. Where a computer program is used for calculations. a brief program 
description shall be given. including name and version of the program. If the program 
is not commercially available to industry, Seller shall maintain and provide, upon 
request, program documentation. Calculations shall include, but not be limited to: 
• Code calculations 
• Nozzle neck calculation per UG45, average primary stress Pm across the nozzle wall 
• Seismic calculations including base horizontal seismic force and moment and loads 
for anchorage and anchor bolt design 
• Support calculations including empty weight, operating weight and location of center 
of gravity 
• Calculations associated with lifting and erection of the vessel 
• Nozzle load analysis for local and gross effect, per Section 3.7 above, or by other 
approved method 
• Design of attachments, both internal and external 
• Thermal and discontinuity stresses as applicable 
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9.2.1 

9.3 

9.4 

9.5 

9.6 

9.7 · 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

• Fatigue analysis as applicable for vessels in fatigue services 

Seller shall submit an Outline drawing for each item. The Outline drawing shall 
include the following minimum for each item: 
• Shell and head thickness 
• Head type 
• Vessel empty weight, test weight and shipping weight 
• Center of Gravity 
• Lifting lugs and tailing lugs 
• Diameter, tangent-to-tangent dimensions and appropriate support details 
• Nozzle, flange support locations from datum point 
• Nozzle schedule with nozzle marks and service conditions 
• All appropriate design conditions, NDE and materials of construction 
• Foundation/Mounting details 
• Installations of appropriate internals 

Seller shall make a complete set of Buyer approved drawings and other documents 
available to the Buyer's representative at the time the quality surveillance activities are 
being conducted. 
All records pertaining to the nondestructive examination, base materials, filler 
materials, fabrication, and inspection shall be traceable to the area and part inspected 
and is accessible for Buyer's examination. 
Seller shall provide ASME Section VIII, Division 1 data reports per ASME Section 
VIII Division 1, Paragraph UG-120. 

Seller shall submit assembly drawings and shop detail drawings for buyer's review. 
These drawings shall include bill of materials, weld symbol, and NDE for each weld, 
and parts used in vessel construction. Assembly and shop detail drawings shall also 
include shell and head plate layout (including nozzles) for compliance with Section 
5 .2 of this exhibit. 
Seller shall provide a detailed description of their work inspections and tests planned 
during the receipt of materials, manufacturing, testing, and conformance verification 
activities. This shall include identification of Bechtel and supplier witness and hold 
points. 
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Appendix A 
Minimum Nozzle Design Loads 

Vertical Shell Horizonlal Nozzle 

0 

Vertical Bollom Head Nozzle 

24590-G04B-F00019 Rev 4 (2/12/2008) 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Horizontal Shell. Bollom Nozzle 

Horizonlal Head Nozzle 
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24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Table A2- Minimum Nozzle Loads Due to Stainless Steel Piping on Vessels 
D . ted SC II Ill d 1 V eSIJ.!.113 as - . an 

Pi!K' Si7i Lo11d T~pr t·orrn \lomenb 
Fx (lb) IFY (lb) IFzClbl Mx (ft-lb) IMY (ft-lb) IMz (ft-lb) 

Weight 10 I<, 10 II 7 7 
I in Sci,mie 66 44 bt, 92 137 D7 

r hcrmal 2K 24 3K 38 77 77 
Weiiht 20 32 20 26 (I, 16 

1-112 in Sci,mic 1311 92 IJK 228 342 342 
l'hcrrnal SK 51 7K 96 192 192 
Weight 34 56 34 .«, 1\1 2'l 

2 in Sci~mic 244 162 244 398 597 5'l7 
I h.:rmal 104 92 UK 169 337 .B7 
Weight 71 113 71 IKO 112 112 

.Hn Sci,mic 491 327 491 1570 2350 2350 
r hermal 209 IRS 278 6(.-t 13JO 1330 
Wci{!ht 120 1'12 120 342 2 14 21 4 

4 in Seismic 834 557 KJ 4 2960 4440 4440 
lbcrmal 356 317 47-t 1260 2520 2520 
Weight 290 462 290 95 1 595 595 

6 in Seismic 2025 1350 2025 11291) 12400 12400 
Thermal K75 777 1170 3580 7160 7160 
Weight .lB 534 333 1210 758 HK 

8 in SciMnic 2360 1580 23(,11 10700 16000 H,000 
rhcrmal 1050 \138 141 0 4800 9590 9590 

Weight Jl1 I 57K 361 2210 IJKO IJKU 
IOin Sci~mic 2S40 1690 2540 19400 29100 2'>!00 

rhcrmal 1110 991 1490 8500 17000 17000 
Wdght 502 803 502 32-tO :?020 2020 

12 in Sci,mic :mo 2340 J5IO 28100 42100 42100 
l'hermal 1550 1380 2070 12400 24800 2-tllOO 
Weight 51)1 946 591 3870 2-120 2420 

14 in Sci,mic 416() 2780 4 160 33900 50900 50900 
l11cnn.tl 1850 1640 2460 I 5000 30 100 311100 
Weight 757 1210 757 5080 3 1110 3180 

16 in Sci:.mk 5310 3540 5310 44100 66!00 hl,IOO 
lh.:rmal 2380 2 120 3180 19800 Jl)500 31)500 
Weighl 1200 1930 1200 8190 5 120 5 120 

IR in Sci~mic 8490 5660 8490 71SOO l07000 107000 
·1111.:mial 29'10 2660 3980 25200 50300 50300 
Weight 1280 2050 1280 8(,30 5-100 5-100 

20in S..:ismic 8914' 5940 8910 n~ 11'"100 11 4000 
Thcnnal 3660 ]2(,0 4880 31200 62400 h2-lt10 
\\'eight 1380 2200 1380 93811 5860 5860 

22 in Seismic 9510 6340 9510 81SOO 122000 122000 
rhcm111I 4420 3930 5900 37900 75800 751100 
\\'eight 16(10 2~70 1600 I l000 61170 6870 

Hin Sei:.mic 11100 7430 11 100 96100 144000 144000 
Thermal 5240 -1660 6990 45200 90400 9(),1()() 

Note: Unless othenvise specified on the MOS utilize tbe minimum noale loads specified 
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24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Table A4- Minimum Nozzle Loads Due lo Carbon Steel Piping on Vessels 
D . t d SC II Ill IV cs1gna e as - . or 

PiiwSiu l.oad -r,iw •·on:..-, \lomtnl\ 
Fx (lb) IFy(lb) IFz (lb) Mx (ft-lb) IMV (ft-lb) IMz fft-lb) 

\\',•ij!ht 10 16 10 n K K 
I in S.:i,mic t,K 46 6K 110 166 166 

lhcrnml '1 ·'- JO 44 53 I06 10<, 
\\'.:ight 20 32 20 31 20 20 

1-1/2 in S.:i,mic 140 92 140 27' 412 412 
11,crmal hi! 60 t.10 132 2(,5 265 
\\'.:ight J,1 5-1 34 55 3-1 3-1 

2 in Scbmk 234 IS6 2.l4 480 721 721 
lhcrmal 11-1 100 150 232 465 4f>S 
\\'eight r.2 99 62 176 110 110 

3 in Scismk 4K2 321 482 19!0 2870 2870 
·1hcm1al .?JI 206 3UK t.115 1830 11130 
\\'.:ight 104 1(,7 104 335 209 2()() 

4 in !-.ei,mic KO-I 536 804 36IO 5420 5420 
lh .. "l'mal 3K7 344 516 17-10 3480 3480 
\\'eight 2-13 JK<J 243 <)49 593 593 

t,in Sci~mk 1860 1250 11160 10200 15200 152(KI 
111 .. .,,mal 906 806 1210 -1930 9870 9870 
\\'eight 353 56-t 353 1450 903 903 

8 in Seismic 2690 1800 261)0 13400 20200 202(KI 
rh .. -rmal 1320 1180 1770 6610 13200 13.?IKI 
\\'.:ight JK-1 615 38-1 2600 1630 1630 

10 in SciMnic 2920 1950 2920 23700 35600 :m,oo 
I hcrmal 1-1~0 1290 19311 11700 2.1-IOO 23.UHI 
\\ eight 567 908 567 4150 2590 2590 

12 in S.:i,mic 43111 2880 HIii 37100 SS600 55600 
l"hcrmal 21-10 1910 2860 18400 36800 36800 
Weight 707 1130 707 5400 JJKO 3380 

14 in Sci,mk 5380 3590 5380 -18100 72200 72200 
lncrmal 2(,70 2380 3570 23900 -17900 -17900 
\\eight 9!10 1~70 9KO K0-10 5020 5020 

l6in Sci,mic 7450 4970 7450 71900 108000 IOKOOO 
lhcrmal 3700 32<><1 -19-tO 35800 71500 71 sou 
\\eight I J(HI 20KO 1300 11300 70911 7090 

IK in Sci,mic 91190 6590 Q89() 102000 152000 152000 
lhcrmal -19!10 -1-100 6h00 !10900 102000 1020(KI 
\\ eight IMO :!(,JO 1640 1-1900 9330 9:Uo 

20in ,ci,mic 12.500 11.no 12S(Kl l32CKIO 198000 198000 
lh.:rmal l>JOO 5(,(1() 8400 (,6500 133000 I.BOO<! 
\\ eight 1900 30-lO 1900 15400 9620 lJ620 

:?:? in ..,ci,mic 14-1110 961(1 14-t(KI 135000 203000 20JOCHI 
fhcm1al 7330 6520 9770 681100 1311000 138000 
Weight :?!IIO -1020 :?SIil 2-lKIHl 15!100 ISSOO 

.?4 in Seismic 11)000 12700 l9(KKI 217000 326000 3260(KI 
rhcrmal 97611 8(,80 13000 11 IUOO .?22<HKI 22:!<KJO 

Note: Unless otberwi~ spttined on the MOS utilize- the minimum nozzle loads specined 

24590-G048-F00019 Rev 4 (2/12/2008) 
Exhibit 6, Page A-3 

Ref: 24590-WTP-3DP-G04B-00049 



This page intentionally left blank. 



24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

EXHIBIT 71 SEISMIC QUALIFICATION CRITERIA FOR PRESSURE VESSELS 

Specification 24590-WTP-3PS-MV00-T0002, REVISION 3 was used as applicable to create 
the following exhibit. 

N t All R fi o e: e erences on th' 1s ex . 1 . t th· 1 1 are me us1ve o 1s ex 1 1 orny. 
Specification Requirement 

I.Scope 

1.1 This exhibit covers pressure vessel seismic analysis criteria and supplements the 
requirements of the exhibits listed in Section 2.3. 

1.2 This document shall be used by the vessel equipment designer. 

2 Applicable 
Documents 
2.2 Codes and 
Industry Standards 
2.2.1 American Society of Mechanical Engineers, Boiler and Pressure Vessel Code 

2.2.1.1 ASME Section VIII, Division I, "Rules for Construction of Pressure Vessels" 

2.2.1.2 ASME Section VIII, Division 2, Rules for Construction of Pressure Vessels -
Alternative 
Rules, American Society of Mechanical Engineers (Note: Code year not later than 2004 
Edition with 2005 and 2006 Addenda). Linearization of Stress Results for Stress 
Analysis (ASME VIII Div 2, Annex 5.A, 2007 Edition, no Addenda) 

2.2.1.3 ASME Section II, Part D, "Properties" 

2.2.2 UBC, 1997 Uniform Building Code 

2.2.3 . 
AISC MO 16, ASD Manual, of Steel Construction, "9th Edition, American Institute of 
Steel Construction 

2.2.4 DOE-STD-1020-94, Department of Energy, "Natural Phenomena Hazards Design and 
Evaluation for the Department of Energy Facilities", including change notice dated 
January 1996 

2.2.5 ASME B3 l .3, Process Piping, 1996, American Society of Mechanical Engineers 

2.3 Project 
Documents 
2.3.2 Exhibit 2 of24590-BOF-3PS-MVSC-T0003, Structural Design Loads for Seismic 

Category IV Equipment and Tanks 

2.3.3 Exhibit 6 of 24590-BOF-3PS-MVSC-T0003, Pressure Vessel Design and Fabrication 

3 Abbreviations EQD Equipment Qualification Data Sheet 
and Definitions MDS Mechanical Data Sheet 

NPH Natural Phenomena Hazard 
Performance Per DOE-STD-1020-94, each SSC is assigned a 
Category NPH Performance Category ranging from PC-0 

through PC-4 
RPP-WTP River Protection Project - Waste Treatment Plant 
SC Seismic Category 
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Specification 

5 Buyer's 
Responsibilities 
5.2 

6 Seller's 
Responsibilities 
6.1 

6.2 

6.3 

7 Design 
Requirements 
7.1 Seismic 
Catee:orv 
7.1.1 

7.1.2 

7.1.3 

Requirement 

SC-I, II, Ill, IV 

Seismic Loading 

SSC 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

Specifies the required seismic category of an 
equipment item. Refer to Exhibit 2 for a more 
detailed explanation. 
Seismic loading is defined in terms of a site-
specified design response spectrum, also referred to 
as Design Basis Earthquake (DBE), or specified for 
the site by Uniform Building Code (UBC) 
Structures, Systems and Components 

The Buyer provides the Seismic Response Spectra where necessary to perform the 
seismic analysis. 

The Seller is responsible for the seismic analysis of the vessels according to the 
assigned Seismic Category. The Seller shall ensure that stresses in the vessel do not 
exceed those allowed, as defined in Section 7.4 for the vessel proper and reference 2.3.3 
for the vessel supports, for the required loads and combinations thereof. 
Depending on the Seismic Category of the vessel and its internal components, a finite 
element analysis may be required to determine the vessel stresses when subjected to 
operating and seismic loading. The software and implementation used for the analysis 
shall be in accordance with the quality assurance requirements defined in the purchase 
order. 
The Seller shall obtain approval from the Buyer before nominating others to perform the 
design services. 

. 

The RPP-WTP Structures, Systems, and Components (SSC) are categorized as SC-I, II, 
III, or IV. The SC level is based upon the contents and the required functionality of the 
SSC following a seismic event. The Seismic Category defines the applicable analysis 
method and the acceptance criteria. 
Seismic loading shall not be considered when performing the primary plus secondary 
stress range analysis required by Section VIII, Division 2, Appendix 4. In addition, 
seismic loading shall not be considered when performing a fatigue analysis required by 
Section VIII, Division 2, Appendix 5. 

As indicated in UG-23(c), seismic loads are combined with normal operating loads 
when applying the factor of 1.2 to the allowable stress. Seismic loading and wind 
loading or Multiple Overblow need not be considered to act simultaneously. 
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Specification 

7.1.4 

7.2 Design Code 

7.2.1 

7.2.2 

7.3 Seismic 
Analysis 
7.3. l 

7.3.3 

7.3.5 

7.4 Maximum 
Allowable Stresses 
and Acceptance 
Criteria for the 
Vessel Proper 
7.4.1 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

Requirement 

NPH Performance Categories for each SSC are assigned using criteria specified in 
DOE-STD-1020-94, and range from PC-0 through PC-4 depending on overall risk of 
the facility operation and the assigned function to the SSC. The following table 
summarizes the descriptions of the NPH Performance Categories as defined in DOE-
STD-1020-94 and the correlation to Seismic Category: 

Performance Performance Goal Description RPP-WTP Seismic 
Category Category (Sq 

PC-0 No safety, mission, or cost considerations SC-V 

PC-I Maintain occupant safety SC-IV 

PC-2 
Occupant safety, continued operation with minimum SC-III 
interruption. 

PC-3 Occupant safety, continued operation, hazard SC-II or SC-I 
confinement. 

PC-4 Occupant safety, continued operation, confidence of Not required for this 
hazard confinement. project 

The governing design code for the vessel proper is ASME Section VIII, Division I. The 
loadings to be considered in designing the vessel shall include those listed in paragraph 
UG-22 of the code. 
The governing design code for the vessel supports is as per Exhibit 6 of 24590-BOF-
3PS-MVSC-T0003, Pressure Vessel Desi~n and Fabrication. 

Internal components, supports, and piping systems shall be analyzed the same as the 
parent vessel unless otherwise noted. Requirements for internal piping and supports are 
provided in Reference 2.3.3. 

The seismic loads for SC-III and SC-IV vessels shall be determined according to 
Exhibit 2 of 24590-BOF-3PS-MVSC-T0003. Factors for UBC equations are given in 
Section 4.0 of that exhibit. 
The seismic analysis of SC-III and SC-IV vessels and their supports shall be performed 
in accordance with specification Exhibit 2 of24590-BOF-3PS-MVSC-T0003 and 
Exhibit 6 of24590-BOF-3PS-MVSC-T0003. 

Maximum Allowable Tensile Stress - The maximum allowable tensile stress, S, for the 
material of construction of the vessel shall be as specified in ASME Section II, Part D, 
and Subpart 1 . 
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Specification 

7.4.2 

7.4.3 

7.4.4 

7.4.5 

7.4.8 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag 

Storage and Overhead Sampling Vessels 

Maximum Allowable Longitudinal Compressive Stress - The maximum allowable 
longitudinal compressive stress used in the vessel design shall meet the requirements of 
paragraph UG-23(b) of the ASME Section VIII, Division 1. 

Maximum General Primary Membrane Stress - The wall thickness of a vessel shall be 
determined such that the induced maximum general primary membrane stress does not 
exceed the maximum allowable stress in tension for any combination of loadings listed 
in paragraph UG-22 of ASME Section VIII, Division 1 that induce primary stresses and 
are expected to occur simultaneously during normal operation of the vessel. 
Combined Primary Membrane plus Primary Bending Stress - The combination of loads 
as discussed in Section 7.4.3 shall not induce a combined maximum primary membrane 
stress plus primary bending stress across the vessel wall thickness, that exceeds 1.5 
times the maximum allowable stress value in tension. 

Combination of Seismic Loadings with Other Loadings - For the combination of 
seismic loading with other loadings in UG-22, the wall thickness of a vessel shall be 
determined such that the general primary membrane stress shall not exceed 1.2 times 
the permitted maximum allowable stress, as defined in 7.4.1, 7.4.2, 7.4.3 or 7.4.4. 
Seismic loading and wind loading or Multiple Overblow need not be considered to act 
simultaneously. As indicated in UG-23(c), seismic loads are combined with normal 
operating loads when applying the factor of 1.2 to the allowable stress. 

Note that ASME Section VIII, Division 1, UG-23(d) is silent relative to any stresses 
other than General Primary Membrane, i.e., it does not address the same types of 
stresses (Local Primary Membrane, Primary Membrane plus Primary Bending) in the 
detail addressed in Section VIII, Division 2. Local Primary Membrane stress is 
discussed in ASME Section VIII, Division 2, Paragraph AD-140( c) and is limited to 
1.5kSm, as is Primary Bending stress (AD-140(d)). Table AD-150.1 of ASME Section 
VIII, Division 2, then provides guidance for "k" under Design and other conditions. In 
accordance with that Table and in accordance with the commitment to use S vs. Sm, a 
factor of 1.2 times the permitted allowable stress in 7.44 above shall be used for Local 
Primary Membrane or Primary Bending evaluations that include seismic loading (i.e., 
1.2 x 1.5 x S). 
The acceptance criteria for non-safety vessels shall be in accordance with ASME 
Section VIII, Division 1, using the allowable stress, S, from ASME Section VIII, 
Division 1. 
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24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

EXHIBIT 8 I TECHNICAL SUPPLY CONDITIONS FOR PIPE, FITTINGS, AND FLANGES 

Specification 24590-WTP-3PS-PB01-T0001, REVISION 9 was used as applicable to create the 
following exhibit. 

Note: All References on this exhibit are me us1ve to this exhibit orny. 
Specification Requirement 
1 Scope 
1.1 

1.2 

2 Code, Standards 
& References 
2.1 

This document specifies the minimum requirements governing the supply of metallic pipe, 
fittings, and flanges for piping in accordance with ASME B31.3 - I 996, Process Piping. 
This document is not applicable for temporary or non-permanent plant installation. The 
term pipe and related requirements listed in this exhibit are aoolicable to stainless steel tube. 
This exhibit shall be applicable to all material requisitions or purchase order packages for 
pipe, fittings, and flanges purchased in accordance with the requirements of the referenced 
Codes and Standards specified below, unless technical and quality requirements are 
specified on other approved engineering documents. 

ASME B31.3 - I 996, Process Piping, is the piping code for the WTP Project. 

ASME materials, identified in ASME Boiler & Pressure Vessel Code, Section II Material 
Specifications, as being identical to the ASTM Material Specifications, for the edition year 
listed below, alloy, type and / or grade, (if applicable), are acceptable for use. 

When using ASTM material specifications for commercial material (CM) items, any 
version more recent than the ASTM version referenced in ASME B31.3 - 1996 Appendix 
E, is acceptable. A SDDR is not required for these CM item ASTM material specification 
edition changes. 

ASME Standards 

ASME B31.3, • 1996 Acceptable Later 
edition, Appendix E listed Standard Edition 
Standard and Edition Date Dated Through 

ASMEB16.5 1988 2009 Pipe Flanges and Flanged Fittings NPS 1/2 
Through NPS 24 Metric/Inches 

ASMEB16.9 1986 2007 Factory-Made Wrought Buttwelding 
Fittings•• 

ASMEB16.ll 1991 2009 Forged Fittings, Socket-Welding and 
Threaded 

ASMEB16.25 1986 -- Buttwelding Ends 

ASMEB16.28 1986 - Wrought Steel Buttwelding Short Radius 
Elbows and Returns 

ASMEB16.36 1988 2009 Orifice Flanges 

ASMEB16.47 1990 -- Large Diameter Steel Flanges NPS 26 
through NPS 60 

ASME B36.1 OM 1985 - Welded and Seamless Wrought Steel Pipe 

ASME B36. l 9M 1985 --- Stainless Steel Pipe 

ASME B1.20.1 1983 -- Pipe Threads, General Purpose (Inch) 

•• SR ells are now supplied in accordance with ASME B16.9 and are acceptable. ASME B16.28 is 
replaced by ASME B16.9. 
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Specification ReQuirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

American Society for Testing and Materials (ASTM) Material Specifications 

ASME B31.3, - 1996 Acceptable Alternate 
edition, Appendix E listed Versions Dated 
Standard and Edition Date Through 

ASTMA36 1993a 2008 

ASTMA53 1993a 2010 

ASTMAI05 1993b 2010a 

ASTMAI06 1993 2010 

ASTMA182 1993b 2010a 

ASTMA234 1992a 2011 

ASTMA240 1993b 2011 

ASTMA269 1992 2010 

24590-G04B-F000 19 Rev 4 (2/12/2008) 

Standard Specification for Carbon 
Structural Steel 

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

Standard Specification for Carbon Steel 
Forgings for Piping Applications 

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

Standard Specification for Forged or Rolled 
Alloy and Stainless Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
High-Temperature Services 

Standard Specification for Piping Fittings 
of Wrought Carbon Steel and Alloy Steel 
for Moderate and High Temperature 
Service 

Standard Specification for Chromium and 
Chromium-Nickel Stainless Steel Plate, 
Sheet, and Strip for Pressure Vessels and 
for General Applications 

Standard Specification for Seamless and 
Welded Austenitic Stainless Steel Tubing 
for General Service 
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Specification · Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

American Society for Testing and Materials (ASTM) Material Specifications 

ASME B31.3, - 1996 Acceptable Alternate 
edition, Appendix E listed Versions Dated 
Standard and Edition Date Through 

ASTMA276 1992 2010 

ASTMA312 1993 2011 

ASTMA333 1991a 2011 

ASTMA335 1992b -

ASTMA350 1993 2010 

ASTMA351 1991b 2010 

ASTMA352 1989 --

ASTMA370 1992 2009a 

ASTMA403 1993 2010 

ASTMA420 1992 2010a 

ASTMB62 1993 --

ASTMB337 l 983(Rl 987) ---

ASTMB363 1983 (Rl987) --

ASTMB366 1991 2010 

ASTM B381 1993 2010 

24590-G04B-F000l9 Rev 4 (2/12/2008) 

Standard Specification for Stainless Steel 
Bars and Shapes 

Standard Specification for Seamless, 
Welded, and Heavily Cold Worked 
Austenitic Stainless Steel Pipes 

Standard Specification for Standard 
Specification for Seamless and Welded 
Steel Pipe for Low-Temperature Service 

Standard Specification for Seamless 
Ferritic A Uoy-Steel Pipe for High-
Temperature Service 

Standard Specification for Carbon and 
Low-Alloy Steel Forgings, Requiring 
Notch Toughness Testing for Piping 
Components 

Standard Specification for Castings, 
Austenitic, Austenitic-Ferritic (Duplex), for 
Pressure-Containing Parts 

Standard Specification for Steel Castings, 
Ferritic and Martensitic, for Pressure-
Containing Parts, Suitable for Low-
Temperature Service 

Standard Test Methods and Definitions for 
Mechanical Testing of Steel Products 

Standard Specification for Wrought 
Austenitic Stainless Steel Piping Fittings 

Standard Specification for Piping Fittings 
of Wrought Carbon Steel and Alloy Steel 
for Low-Temperature Service 

Standard Specification for Composition 
Bronze or Ounce Metal Castings 

Standard Specification for Seamless and 
Welded Titanium and Titanium Alloy Pipe 

Standard Specification for Seamless and 
Welded Unalloyed Titanium and Titanium 
Alloy Welding Fittings 

Standard Specification for Factory-Made 
Wrought Nickel and Nickel Alloy Fittings 

Standard Specification for Titanium and 
Titanium Alloy Forgings 
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Specification Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Amerxu Society for Testmc and Material• (ASTM) Material Spedficatiou 

ASME. Bll.J,. 1996 Acocptablc: AJlcmatc 
edilio11, Appendix E listed Versions Ollll:d 
Smndard and &lition Dale Through 

ASTMB444 1990 2006 Sandard Specification for Niekcl-
Chromium-Molybdenum-C'.ol1m1btum 
Alloys (UNS N066lS) Pipe md Tub~ 

ASTMIM62 1991 2010 Standard Specification fo, Forged or Rolled 
UNS N08020, UNS N08024, UNS 
N08026, UNS N08367, and UNS R20033 
Alloy Pipe Flqcl, Forged Filtinga, and 
Vall'Q and Pam for O:irrosive High-
Tc:mpcrarure Service 

ASTMBS64 1993 2010 Standard Specification r« Nickcl Alloy 
F<qilip 

ASTMBS7S 1992 2010 Standard Spccific:atiOD for Low-Carbon 
Nickd-Cbromium-Molybclenum, Low-
Carbon N!ckd-Olromium-MD!ybdalum-
Copper, Low-Carbon Nidu:1-Chromium-
Molyl,demirn,- Tantalum, 1111d Low-Cai:bon 
Nickel-Cbromium-Molybclem,m-Tunsllm 
Alloy Plaie, SMCI, Glld Strip, 

ASTMBS84 1993b - SWldard Spa:i&ation fOI" COJIPCf Alloy 
Sand CUlinp for (jcmmaJ. Applic:atiool 

ASTMB6l9 199'2 2010 Standard Spul:ilklllion for Welded Nickel 
and Nickel-Cooalt 

Alloy Pip11 

ASTMB67S 19'JOa 2002, R-2007 Standard Specification for UNS N08366 
and N08367 Welded P.,e 

ASTMB688 1993 1996(R2001>) S1andud Specification for Chromium-
Nickel-~lron (UNS N08366 
and UNS N08367) Platt, Sheet, and SCrip 

ASTMB86I Nol Lislled 2010 SWldlrd Specific&lioo for inmimn and 
Titanium Alloy Seamleu Pipe 

ASTM EI0 NotL• iw 2010 Slllldant Tesl Method for Brimlel Hardness 
of Mellllic Materials 

ASTME18 Not Lilted 2008b Slllldant Teat Methods far Rocbn:11 
HWICIS ofMelallic Material.! 

ASTME797 NotLulal 2005 Slalldard Practice for Meamring Thidmess 
by Manual Ulttuollic Pulse-Echo Comae! 
Mdiod 

Manllfact• ren S11• dardlzatlon S.Clety (MSS) 

MSS SP-2S 1978 (Rl988) - Slalldard Mming System for Valves, 
Filtmal, Flanges and Unions 
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Specification 

2.2 General 
Specifications 

5 Material 
5.2 

5.3 

5.4 

5.5 

Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Manufacturers Standardization Society (MSS) 

MSS-SP-79 1992 2009 

MSS SP-83 

MSS SP-95 

MSSSP-97 

1987 

!986(Rl991) 

1987 

American Petroleum Institute 

AP15L Nov. 1, 1992 

2006 

2006 

2006 

Socket Welding Reducer Inserts 

Class 3000 Steel Pipe Unions Socket 
Welding and Threaded 

Swage(d) Nipples and Bull Plugs 

Integrally Reinforced Forged Branch Outlet 
Fittings - Socket Welding, Threaded and 
Buttwelding Ends 

Specification for Line Pipe Fortieth Edition 

Exhibit 5 of24590-BOF-3PS-MVSC-T0003, Shop Fabrication of Piping 
Exhibit I of24590-BOF-3PS-MVSC-T0003, Positive Material Identification (PMJ)for 
Shop Fabrication 
24590-WTP-3PS-G000-T0003 , Packaging, Handling, and Storage Requirements 

Except as otherwise specified in purchasing documents, all materials shall be new and shall 
be traceable to their Material Test Report (MTR). 
All threaded pipe, fittings, and flanges shall be supplied with threads in accordance with 
ASME B 1.20.1. Threaded galvanized pipe, fittings, and flanges shall be supplied with 
threads free of galvanizing. Couplings ordered with threaded pipe shall be screwed on 
"handling-tight" as described in Paragraph 7.2 of API SL. 
Seamless pipe and fittings, if available, are preferred in all cases. 

Welded pipe and fittings are an acceptable substitute for seamless pipe and fittings only per 
Buyer approved SDDR unless already noted below. 

As required by the ASTM material standard the NDE results shall be shown on the 
applicable material test report that is supplied with the material. For RT the acceptance 
criteria shall be per UW-51 of ASME Boiler & Pressure vessel Code Section VIII, Division 
1. For UT the acceptance criteria for single longitudinal seam welds shall be per UW-53 of 
ASME Boiler & Pressure Vessel Code Section VIII, Division I. There are no procedure 
submittal requirements for NDE performed by material manufacturers of pipe and fittings 
manufactured in accordance with a standard listed in ASME B31.3 Table A-1 or Table 
326.l 

Where these longitudinal seam weld examinations have not been performed as required by 
the material manufacturer, the Supplier shall perform the examinations in accordance with 
the above paragraphs, including the following; 

• The Supplier RT and/or UT procedures used for the above examinations shall be 
submitted for Buyer's review and permission to proceed. 

• The results of these Supplier performed examinations shall be included in the 
material documentation package. 

Orifice flanges shall be supplied in pairs complete with jackscrews and plugs, but without 
bolts, gaskets, or orifice plates. 
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Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

To ensure material is correctly supplied as specified, the Seller shall perform Positive 
Material Identification (PMI) tests in accordance with Specification Exhibit I of 24590-
BOF-3PS-MVSC-T0003. The Seller shall submit their PMI test procedure for Buyer's 
review and permission to proceed. Note that PMI is not applicable for carbon steel, and 
titanium materials. 
The following are approved alternate materials per this exhibit: 
Where material is specified as triple stamped, seamless AI06/A53/API SL Grade B, the 
following single stamped materials are acceptable: 

a) Al06 Grade B 
b) Seamless A53 Grade B 
c) Seamless API SL Grade B 

Where material is specified as double stamped, seamwelded A53/API SL Grade B, the 
following single and triple stamped materials are acceptable: 

a) Seamwelded A53 Grade B 
b) Seamwelded API SL Grade B 
c) Seamless A53/Al06/API SLGrade B 

Where material is specified as dual grade Type 3 l 6/3 l 6L stainless steel, a single grade 
Type 316L is acceptable. 
Where material is specified as dual grade Type 304/304L stainless steel, a single grade 
Type 304L is acceptable. 
Where Buyer's purchase order description specifies pipe to be furnished "Bevelled Both 
Ends", pipe furnished with "Plain Ends" is acceptable. 
Where Buyer's purchase order description specifies pipe to be furnished "Double Random 
Lengths", pipe furnished in "Single Random Lengths" is acceptable unless otherwise noted. 
Where ASTM B675, N08367 Class I pipe with hydrostatic test is specified, ASTM B675, 
N08367 Class 2 pipe with hydrostatic test is acceptable. 
Where ASTM A536 Ductile Iron is specified for groove end fittings, Malleable Iron or 
Carbon steel are also acceptable consistent with the manufacturer's standard offerings. 
External rust staining of austenitic stainless steel and nickel alloys due to contact with 
carbon steel is acceptable. This applies to bulk piping materials and not to shop fabricated 
spools. 
Where ASTM B6 l 9 UNS N06022 Class I pipe is specified, ASTM B6 l 9 UNS N06022 
Class II is acceptable. 
Double Submerged-Arc Welded (DSA W) API SL Grade B is acceptable in lieu of Electric 
Resistance Welded (ERW) API SL Grade B for all pipe sizes larger than NPS 24. 
For stainless steel floor drains only, ASTM A351 Grade CF8M is an acceptable substitute 
for ASTM A35 l Grade CF3M. 
Where ASTM A53 Grade Bis specified, ASTM Al06 Grade Bis an acceptable alternate 
for NPS 2 and smaller. 
Galvanizing of ASTM Al06 Grade B shall be per ASTM Al53 and/or ASTM Al 23. 
Where malleable iron per ASTM Al97 is specified for threaded pipe plugs, ASTM Al26 
solid cast iron plugs are an acceptable alternate. 
Taper boring of standard schedule 40S butt weld reducing fittings, per ASME B 16.25, is 
permitted where NPS 4 and smaller schedule 40S piping transitions to NPS 6 and larger 
schedule IOS piping. The aoolicable fitting MTRs shall be annotated accordingly. 
ASTM B584, UNS C84400 and C83600, is an acceptable alternate material where ASTM 
B62 is specified in the stock code description for flanges or fittings. 
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Requirement 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Where ASTM B366 grades WP6XN, WP6XN-W, or WP6XN-WX are specified in the 
stock code descriptions for swages manufactured to the requirements of MSS SP-95, 
ASTM B366 grade CR6XN seamless shall be used. 
Where ASTM B366 grades WPHC22-S, WPHC22-W, or WPHC22-WX are specified in 
the stock code descriptions for swages manufactured to the requirements of MSS SP-95, 
ASTM B366 material grade CRHC22 seamless shall be used. 
4" pipe size and smaller fittings, and swages marked as ASTM A403 and/or A182 with the 
same Grade/Type markings are acceptable for use on Piping Isometrics. No Piping 
Isometric bill of material change is required. 
MSS SP-25, Standard Marking System for Valves, Fittings, Flanges and Unions, provides 
the material marking requirements for pipe, fittings, flanges, and unions. 
Please note that certain ASTM standards ( e.g., A312) list specific available lengths and do 

not use the terms "Double Random Lengths" or "Single Random Lengths". The lengths 
specified in the ASTM standard are to be used in those cases. 
Stainless steel tubing shall be solution annealed seamless tube supplied in accordance with 
ASTM Standard A269 Type 316L requirements. Seam welded solution annealed A269 
Type 316L tube is not acceptable. 
If purchase order calls out a specific item pipe length (e.g. 20 ft.), it is meant as a nominal 
length for a single random length or a double random length, as applicable. 
4" pipe size and smaller fittings, and swages marked as ASTM A234 and/or A105 with the 
same Grade/Type markings are acceptable for use on Piping Isometrics. No Piping 
Isometric bill of material change is required. 

All materials shall be marked with the information required by the applicable ASTM or 
ASME material specification. Marking shall be done by any permanent method that will 
neither result in harmful contamination or sharp discontinuities, nor infringe upon the 
minimum wall thickness. Any marking material and packing tape used on stainless steel are 
required to be made from low chloride (less than 200 ppm) and low sulfur (less than 400 
ppm) type material. Fabricator shall provide a chemical analysis report of the marker/tape 
for each lot or typical product sample. It is acceptable to use a rounded, low stress, vibro-
etch tool for this marking. 
Pipe, fittings, and flanges shall be color coded if specified in the material requisition. 
Fittings, flanges, and unions are marked in accordance with the applicable ASTM material 
specification requirements, including MSS-SP-25, Standard Marking System for Valves, 
Fittings, Flanges and Unions. This includes the omission of marking information because of 
small fitting, flange or union size or configuration limitations. 

This may require special tagging and packaging requirements in order to properly match 
and control the small fitting, flange, or union to the Material Certification requirements 
listed in Section 8. 
All carbon steel, stainless steel, steel alloys, and titanium materials shall have a heat 
number that is traceable to the Material Test Report (MTR) produced by the material 
manufacturer. MTRs shall include, as a minimum, all data required by the applicable 
material specification (e.g., chemical analysis, mechanical properties, heat treatment 
statement, nondestructive test results, hydrostatic test results, as applicable, and heat 
number). A material Certificate of Compliance shall be provided for all other materials. 
MTRs or Certificate of Compliance for all materials, as applicable, shall be included with 
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10 Configuration 
Management 

24590-BOF-3PS-MVSC-T0003, Rev 3 
Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

Requirement 
the shipment of the materials. 
The Material Certificate of Compliance (C ofC) shall contain the following information: 

a) Buyer purchase order number 
b) Buyer purchase order item number 
c) Buyer stock code number 
d) Manufacturer's name 
e) The C of C identifies the specific procurement requirements met by the purchased 

material, equipment, or service (i.e. codes, standards, and other specifications) 
f) Any approved changes, waivers, or deviations applicable to the material, service, or 

equipment (SDDRs). 
g) The C of C shall be signed or authenticated by an authorized Supplier 

representative. 
Configuration Management is maintained by conformance to approved drawings and 
procedures. If approved procedures and drawings cannot be followed, Engineering shall be 
promptly notified. 
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Engineering Specification for DFLAW EMF Lag Storage 

and Overhead Sampling Vessels 

EXHIBIT 91 DEP-VSL-00004A/B REFINED NOZZLE LOADS 

CCN 298623 

NOZZLE DESIGN LOADS 

Design Loads (Force in lbs, Moment in ft-lb) 

Nozzle Number Orientation Load Case Fa Fb Fe Ma Mb Mc 

Weight 200 50 50 50 50 250 
Seismic 300 150 150 250 250 950 

N03 VERTICAL Thermal 200 100 100 200 200 400 
W+S 500 200 200 300 300 1200 

W+S+T 700 300 300 500 500 1600 
Weight 120 50 50 50 50 50 
Seismic 380 150 150 250 250 1150 

N04 VERTICAL Thermal 200 100 100 200 200 400 
W+S 500 200 200 300 300 1200 

W+S+T 700 300 300 500 500 1600 
Weight 50 200 50 300 50 400 
Seismic 550 300 450 900 1150 800 

N05 HORIZONTAL Thermal 200 300 300 400 400 400 
W+S 600 500 500 1200 1200 1200 

W+S+T 800 800 800 1600 1600 1600 
Weight 300 50 50 50 50 600 
Seismic 200 150 150 250 250 600 

N09 VERTICAL Thermal 200 100 100 200 200 400 
W+S 500 200 200 300 300 1200 

W + S+T 700 300 300 500 500 1600 
Weight 300 1400 100 100 50 1300 
Seismic 1200 700 1400 2400 2450 1200 

N10 HORIZONTAL Thermal 1000 400 1000 1000 1000 1000 
W+S 1500 2100 1500 2500 2500 2500 

W+S+T 2500 2500 2500 3500 3500 3500 
Weight 100 200 100 100 100 100 
Seismic 900 800 900 1400 1400 1400 

N11 HORIZONTAL Thermal 1000 1000 1000 500 500 500 
' W+S 1000 1000 1000 1500 1500 1500 

W+S+T 2000 2000 2000 2000 2000 2000 

General Notes: 
1) Horizontal nozzle: loads are in local coordinates ( a = Axial, b = Vertical, c = Lateral ) 
2) Vertical nozzle: loads are in local coordinates (a= Vertical, b = East/West, c = North/South) 
3) Loads and Moments are based on actual operating temperature therefore, further thermal reduction does 

not apply. 
4) Load Case W + S = Weight + Seismic , W + S + T = Weight + Seismic + Thermal 
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Notice 

24590-BOF-3PS-MEE0-T0002 Rev.2 
DVP HEPA Filter Preheater 

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic 
Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities 
exclusively by DOE acting pursuant to its AEA authority. DOE asserts, that pursuant to the 
AEA, it has sole and exclusive responsibility and authority to regulate source, special nuclear, 
and byproduct materials at DOE-owned nuclear facilities. Information contained herein on 
radionuclides is provided for process description purposes only. 
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1 Scope 

1.1 Project Description and Location 

24590-BOF-3PS-MEE0-T0002 Rev.2 
DVP HEPA Filter Preheater 

The Office of River Protection (ORP) and its contractors manage 177 underground radioactive waste 
storage tanks at the Hanford Site in Washington. These tanks contain approximately 56 million US 
gallons of radioactive waste. Bechtel National, Inc. (BNI) has entered into contract with the US 
Department of Energy to design, construct, and commission the Hanford Tank Waste Treahnent and 
lmrnobiliz.ation Plant (WTP) to process and vitrify this waste into a stable form that is suitable for 
permanent storage. The WTP will be constructed in the 200 East Area of the Hanford Site, near 
Richland, Washington. The main facilities within the WTP complex will be the Pretreatment facility 
(PTF), Low-Activity Waste facility (LAW), High-Level Waste facility (HLW), Balance of Facilities 
(BOF), Analytical Laboratory (Lab), and the Effluent Management Facility (EMF). 

1.2 Equipment, Material, and Services Required 

This specification establishes the minimum requirements for the performance, design, analysis, materials, 
fabrication, testing, inspection, quality assurance, qualification, documentation, and preparation for the 
shipment of the Preheaters upstream of the high efficiency particulate air (HEPA) filters serving the 
Vessel Vent Off-gas System in the Effluent Management Facility (EMF). 

The scope of work for the Seller includes all work defined in this specification, its addenda, and exhibits. 
The scope of work for the Seller shall include, but is not limited to, the following: 

1.2.1 Provide design, materials, fabrication, testing, qualification, inspection, preparation for 
shipment, documentation, and submittals of Preheaters in accordance with this specification and 
its addenda, the Mechanical Data Sheets (MDS), purchasing documents, and referenced codes, 
standards, and documents. 

1.2.2 Provide a breakdown (by paragraph) of the codes, standards, and referenced documents to be 
applied to each aspect of design, drawings, analyses, fabrication, quality assurance, inspection, . 
testing, qualification, labeling, packaging, handling, and shipment of the Preheaters for review 
prior to beginning of detailed design. If an entire section or part of the listed codes and 
standards applies, a breakdown by paragraph is not required. Only the part or section shall be 
listed. 

1.2.3 Two (2) Heaters (DVP-HTR-OO00IA/B) and two (2) Control Panels (DVP-PNL-0OO0IA/B) to 
be mounted on a single structural skid base (DVP-SKID-0000 I), dimensions not to exceed 80 in 
(L), 72 in (W), and 78 in (H). 

1.2.4 Each Preheater shall include, but is not limited to, the following: 

• Mounting support 

• Circulation type flanged immersion heater 

• Terminal housing 

• Heating element protective thermocouple 

• Process thermocouple and well assembly in outlet nozzle 

1.2.5 Each Control Panel shall include, but is not limited to, the following: 
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• Heater temperature control 

• Heater power regulation 

• Heater over temperature controls 

• Power disconnect switch 

• Control Transformer 

1.2.6 Provide instructions for transportation, storage, handling, and installation of the Preheaters skid 
per Seller's recommendations and the requirements of this specification. 

1.2. 7 Provide and submit procedures, reports, operation and maintenance manuals, and all 
documentation per this specification, and Forms G-321-E and G-321-V of the Material 
Requisition (MR). 

1.2.8 Each Preheater and Control Panel shall be assembled on a skid and wired to the fullest extent in 
the shop, requiring minimum assembly, installation, and connection to Buyer's piping, electrical 
power supply, and control interface. 

1.2.9 ASME Section VIII Code stamp and certification for the preheater vessels only. 

1.3 Work by Others 

Any item not specifically listed as being supplied by the Buyer shall be provided by the Seller. The Buyer 
shall supply the following: 

1.3.1 Handling, storage, and installation of the Preheaters at the Buyer's job site. 

1.3.2 Electric power to the Preheaters control panel. 

1.3.3 Field testing of the Preheaters to ASME AG-I Section TA. 

1.3.4 Shipping and conveyance. 

1.4 Acronyms, Abbreviations and Definitions 

1.4.1 Acronyms and Abbreviations 

ACI 
ADL 
AISC 
ALARA 
ANSI 
ASME 
CFR 
MTR 
DBE 
DOE 
DPD 
ECI 
EMF 
EQ 
FML 

American Concrete Institute 
Additional Dynamic Loads 
American Institute of Steel Construction 
As Low As Reasonably Achievable 
American National Standards Institute 
American Society of Mechanical Engineers 
Code of Federal Regulations 
Material Test Report 
Design Basis Events 
US Department of Energy 
Design Proposal Drawing 
Export Controlled Items 
Effiuent Management Facility 
Equipment Qualification 
Fluid Momentum Loads 
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High Efficiency Particulate Air 
Hydrostatic Load 
Integrated Control Network 
In-Structure Response Spectra 
Important To Safety 
Institute of Electrical and Electronics Engineers 
Mechanical Data Sheet 
Material Requisition 
Mean Time Between Failure 
Mean Time to Failure 
Mean Time to Repair 
National Pipe Thread 

DVP HEPA Filter Preheater 

HEPA 
HL 
ICN 
ISRS 
ITS 
IEEE 
MOS 
MR 
MTBF· 
MTTF 
MTTR 
NPT 
NQA 
NIST 
NRTL 
PMI 
PPJ 
QA 
QAP 
SC 
SDDR 
ss 
SSC 
UL 
WTP 

Quality Assurance Program Requirements for Nuclear Facilities 
National Institute of Standards and Technology 
Nationally Recognized Testing Laboratory 
Positive Material Identification 
Programmable Protection System 
Quality Assurance 
Quality Assurance Program 
Safety Class or Seismic Category 
Supplier Deviation Disposition Request 
Safety Significant 
Structure, System, or Component 
Underwriters Laboratories, Inc. 
Hanford Tank Waste Treatment and Immobiliz.ation Plant 

1.4.2 Definitions 

Buyer: Bechtel National Inc. 

Seller: This term includes manufacturer, assembler, fabricator, supplier, vendor, contractor, 
sub-contractor, sub-supplier or equal who provides equipment, systems, components, services, 
or other products for delivery to the Buyer. 

Preheaters: Refers to the Preheaters upstream of the "Safe Change" HEPA Filters in the Vessel 
Vent System. 

MR: Refers to the material requisition for the Preheaters. 

MDS: Refers to the mechanical data sheet for the Preheaters. 

C3: C3 areas are the process areas where the potential for direct contact with radioactive 
material, contaminated systems and components, or both, exists. 

R3: Radiation classification for areas with a target dose equivalent rate of less than 2.5 
mrem/hr. Entry only to carry out prescribed tasks accordance with normal procedures and a 
Radiation Work Permit. Thermoluminescent Dosimeter and Radiation Worker training required 
for entry into Radiation Areas. 

Certificate of Compliance (C of C): A written statement attesting that the materials are in 
accordance with specified requirements. This is related to the material of construction. 
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Certificate of Conformance (C of C): A document signed or otherwise authenticated by an 
authorized individual certifying the degree to which items or service meet specified requirements. 
This is intended for electrical parts. 

1.5 Quality Level 

The quality level of all manufactured products associated with this specification is Quality Level 
"CM". 

1.5.1 Deleted. 

1.6 Seismic Category 

The EMF shall be designated a Seismic Category IV (SC-IV). 

2 Applicable Documents 

2.1 General 

2.1.1 Work shall be done in accordance with the referenced codes, standards, and documents listed 
below, which are an integral part of this specification. 

2.1.2 When specific chapters, sections, parts, or paragraphs are listed following a code, industry 
standard, or reference document, only those chapters, sections, parts, or paragraphs of the 
document are applicable and shall be applied. 

2.1.3 For the codes and standards listed below, the specific edition year identified shall be followed. 
For the codes and standards that are incorporated by reference (daughter codes and standards), 
the referenced daughter edition or current edition shall be followed. If an edition is not 
identified, the latest issue, including addenda, at the time of the award shall apply. The edition 
year listed in Section 2.2 shall apply to subsequent references to the codes and standards within 
the specification and shall govern in case of conflict with edition years specified in the reference 
documents listed in Section 2.3 more than one code, standard or referenced document covers the 
same topic, the requirements for all must be met with the most stringent governing. 

2.1.4 In case of conflict between this specification, referenced codes and standards, the requirements 
for all must be met with the most stringent governing. 

2.1.5 In the absence of a listed standard, the Seller shall utilize industry consensus standards and 
commonly accepted practice appropriate for equipment designed for use in a DOE Nuclear 
Facility. In the event that a listed practice, national standard or approach is not followed, the 
Supplier shall be required, upon request from the Buyer, to provide appropriate justification. 

2.1.6 Deleted. 

2.2 Codes and Standards 

2.2.1 IO CFR 835, Occupational Radiation Protection 

2.2.2 ASME AG-1-1997 with AG- l-a-2000 Addenda, Sections AA, CA and TA, Code on Nuclear 
Air and Gas Treatment 
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2.2.3 ASME Boiler and Pressure Vessel Code, Section V, Nondestroctive Examination. 

2.2.4 ASME Boiler and Pressure Vessel Code, Section IX, Qualification Standard for Welding and 
Brazing Procedures, Welders, Brazers, and Welding and Brazing Operators. 

2.2.5 ASME Boiler and Pressure Vessel Code, Section II, Materials. 

2.2.6 ASME Boiler and Pressure Vessel Code, Section VIII. 

2.2.7 ASME Yl4.100, Engineering Drawing Practices. 

2.2.8 UL, Underwriters Laboratories Inc., Listed. 

2.3 Reference Documents/Drawings 

2.3.1 24590-WTP-3PS-GOO0-T0003 , Engineering Specification for Packaging, Handling, and 
Storage Requirements. 

2.3.2 24590-WTP-3PS-GOO0-T0014, Engineering Specification/or Supplier Design Analysis 

2.3.3 24590-WTP-3PS-JQOO-T0004, Engineering Specification for Management of Supplier 
Software. 

2.3.4 24590-WTP-LIST-ESH-16-0001, Restricted Materials List W/'P- Hanford Tank Waste 
Treatment and Immobilization Plant Project. 

3 Design Requirements 
3.1 Basic Function 

3.1.1 The Preheaters are located upstream of their respective HEPA filters in the vessel vent offgas 
stream. The Preheaters are used to ensure the vessel vent offgas stream temperature is 
sufficiently above the dew point to prevent moisture condensation in the HEPA filter 

3.1.2 The Preheaters provide confinement of radioactive materials to prevent releases that may result 
in consequences to the public, co-located worker, and facility worker above radiation exposure 
standards in the WTP Safety Requirements Document. 

3.1.3 The Preheaters shall provide overheating protection to ensure HEP A filters, filter housing, 
concrete and structural components around the Preheater housing, and the Preheater enclosure 
are not damaged due to overheating. 

3.1.4 The Preheaters shall have the capability of variable power input to control heater outlet 
temperature. 

3.2 Performance 

3.2.1 The Preheaters shall be designed, fabricated and tested per the mechanical and performance 
requirements of this specification, the MDSs, and the purchasing documents. Seller shall submit 
updated MDSs with the required information for acceptance by the Buyer per Form G-321-E of 
the MR. 
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3.2.2 Seller shall recommend additional operating parameters to be monitored for the Preheaters to 
achieve their required performance. 

3.2.3 The Preheaters, with exception of the heating elements, shall be designed to operate for a 
minimum service life of 40 years. Control panels and its components (excluding fuses) shall 
have a minimum design life of l 0 years or longer. 

3.2.4 The minimum required mean time to failure (MTTF) for each heating element is 5 years @ 
8760 hours of use per year. 

3.3 Preheater Design 

3.3.1 As Low As Reasonably Achievable (ALARA) principles shall be applied to the design of the 
Preheaters per l 0 CFR 835, Occupational Radiation Protection. 

3.3.2 Seller shall design the Preheaters to meet the requirements of: 

a. ASME AG-l Articles AA-4000 and CA-4400 

b. ASME Boiler and Pressure Vessel Code, Section VIII, Division l (for Preheater housing) 

c. Exhibit 2, Pressure Vessel Design and Fabrication, Section 9.2. 

d. the MDSs 

For the above listed, the more stringent of the requirements shall govern the design. 

3.3.3 The vessel vent offgas stream shall be contained within each Preheater. 

3.3.4 Nozzle design, loading and reinforcement shall be in accordance with Exhibit 2, Pressure Vessel 
Design and Fabrication, Section 9.2. Seller shall provide nozzle loading calculations per Form 
G-32 l-E of the MR. 

3.3.5 Deleted. 

3.3.6 Refer to the MDSs for corrosion allowance requirements. 

3.3. 7 Seller shall design the preheaters skid to fit within the space envelope specified in the MDSs. 

3.3.8 Deleted 

3.3.9 Unless otherwise specified on the Data Sheets, the following loads (as defined in ASME AG-I 
Article AA-42 l l) may be considered not applicable to the design and therefore assumed to be 
zero: additional dynamic loads (AOL), fluid momentum loads (FML}, design wind (W), 
hydrostatic load (HL), design pressure differential (DPD). 

3.4 Environmental Conditions 

3.4.1 The preheaters skid will be installed indoors. 

3.4.2 The preheaters skid shall be stored indoors before installation and able to withstand ambient 
temperatures ranging from -23°F to l l 3°F with relative humidity ranging from 5% to l 00%, 
without incurring damage from such conditions prior to installation. 
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3.5.1 Seller shall design the preheaters skid to be self-supporting and be capable of handling the loads 
and moments imposed on the preheaters skid during testing, packaging, shipping, handling, 
storage, installation, and operation (including seismic event). Seller shall provide calculations 
and/or test reports to support that the preheaters skid meet all requirements for Seismic Category 
IV. Structural loadings at the equipment anchorages shall be developed in accordance with the 
criteria and load equations of Exhibit 3, Strnctural Design Loads for Seismic Category Ill & IV 
Equipment and Tanks. 

3.5.2 Loads to be considered for the structural design of the Preheaters shall be in accordance with the 
codes, standards, and referenced documents listed in Section 2 of this specification. 

3.6 Electrical Requirements 

3.6.1 Electrical requirements for the Preheaters shall be in accordance with Exhibit 1, Electrical 
Requirements for Packaged Equipment. 

3.6.2 The available power supply for the Preheaters is 480 Volts, three phase, alternating current. 

3.6.3 Terminal housing shall be UL liquid tight. 

3.6.4 Immersion heating elements shall be designed for corrosive gas. 

3.6.5 Panel thermal magnetic breakers shall be operable from the front of the panel and have a short 
circuit rating of 65k.A or higher. 

3.6.6 Magnetic contactors and panels shall be rated to match magnetic breakers. 

3.6.7 Control panels shall be NEMA-4X stainless steel. 

3.7 Instrumentation and Control Requirements 

3.7.1 Seller shall design and fabricate each Preheater and thermostat in accordance with Industry 
practice and standards. 

3.7.2 Thermocouples for over-temperature controls shall be Type J. 

3.7.3 Thermocouples (DVP-TE-8125 and DVP-TE-8126) for outlet heater temperature control shall 
be TypeJ. 

3.7.4 Design of the Preheater shall allow for continuous operation despite individual heating element 
failure, until the maximum element failure percentage as stated in the MOS is reached. Each 
heating element shall include an internal thermocouple to provide over-temperature protection. 

3.7.5 Control panels including temperature controllers (DVP-TC-8125 and DVP-TC-8126) and 
instrumentation shall be furnished in accordance with Exhibit 8, lnstrnmentation for Packaged 
Systems. Controls shall maintain the preheater outlet temperature at a pre-set temperature. 
Temperature set point is to be adjustable at the control panel. 

3.8 Deleted 
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3.9.1 Preheater maintenance including replacement of individual heating elements and temperature 
sensors shall be readily accessible for routine maintenance and prompt return to operational 
service. 

3.9.2 Seller shall provide a list of equipment and components requiring maintenance or replacement 
over the 40-year minimum service life of the Preheaters. The list shall include 
recommendations for frequency of maintenance and replacement. Seller shall provide a spare 
parts list with cost. 

4 Materials 

4.1 General 

4.1.1 All materials of construction for the Preheaters shall conform to the requirements of: 

• ASME AG-I Articles AA-3000, CA-3400 and CA-3500 

• ASME Section VIII, Division 1 

• the MDSs 

• the purchasing documents 

4.1.2 All materials used shall be new and free of defects. 

4.1.3 All materials used shall be resistant to deterioration when used in a radioactive environment for 
a minimum service life of 40 years. 

4.1.4 Heater pressure boundary materials shall be stainless steel type 316L. 

4.1.5 Seller shall furnish legible copies of Material Test Reports (MTR) or Material Manufacturers 
Certificate of Compliance for all bulk carbon and stainless steel materials for mounting 
hardware and control/power enclosure support steel and mounting hardware. All materials shall 
be traceable to the MTR through markings or drawing prints. 

4.1.6 Seller shall not substitute materials specified in this specification, the applicable documents, the 
MDSs, and the purchasing documents without written approval from the Buyer. 

4.1.7 Seller shall maintain a positive system of identification of materials used in the fabrication of 
the Preheaters in accordance with Exhibit 4, Positive Material Identification (PM/) for Shop 
Fabrication. Heating elements are considered that same as heat exchanger tubing and shall not 
be stamped (Refer to Exhibit 4, Section 5.3). 

4.1.8 Seller shall submit (Material) Safety Data Sheets for all hazardous materials used in the 
construction of the Preheater housings, in the heating elements and temperature sensor 
thermowell assemblies. 

4.1.9 All material shall be controlled, issued, handled and stored with proper identification and heat 
traceability. Seller shall prepare and submit material control procedures for Buyer review. 

4.1.10 Deleted 
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4.1.11 The preheaters shall be insulated per material and thickness specified in Mechanical Data Sheet. 

4.2 Prohibited Materials 

4.2.1 Deleted 

4.2.2 Deleted 

4.2.3 Deleted 

4.2.4 Deleted 

4.2.5 Deleted 

4.2.6 The materials listed in 24590-WTP-LIST-ESH-16-0001 , Restricted Materials List shall not be 
used in any supplied equipment and shall not be brought onto WTP site. 

5 Fabrication 

S.1 General 

5.1.1 Fabrication of the Preheaters shall conform to the requirements of: 

• ASME AG-1 Articles AA-6000. 

• ASME Section VIII 

• the MDSs 

• the purchasing documents 

5.1.2 The pressure boundary for the off-gas stream shall be fabricated to the requirements of ASME 
Boiler and Pressure Vessel Code Section VIII, Division 1 and Exhibit 2, Pressure Vessel Design 
and Fabrication. 

5.1.3 All edges shall be rounded and smooth to the touch. All stainless steel surfaces shall be clean, 
free of stains, scale, and deposits. All weld spatter, slag, and heat affected zone oxides shall be 
removed. 

S.2 Welding 

5.2.1 Welding of the Preheaters shall conform to the requirements of: 

• ASME AG-1 Articles AA-6300. 

• ASME Section VIII 

• theMDSs 

5.2.2 Seller shall submit Welding Procedure Specification (WPS) and Procedure Qualification 
Requirements (PQR) and Welder Qualification Procedure (WQP) per Section 10.3.6.2 of this 
specification. 
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6.1.1 Seller shall conduct and be responsible for all testing and inspections of the Preheaters per the 
requirements of this specification, ASME AG-I Articles AA-5000 and CA-5400, and all 
applicable references in Section 2 of this specification. 

6.1.2 Seller shall develop and submit detailed procedures for all tests and inspections for the 
Preheaters per the requirements of this specification, applicable codes, standards, reference 
documents, and Form G-321-E of the MR for Buyer review. 

6.1.3 Seller shall complete and submit reports of all testing and inspections required by this 
specification and per Form G-321-V of the MR. Each report shall identify the component tested 
or inspected, date performed, applicable procedures, acceptance criteria, person performing the 
test or inspection, results, and conclusions. 

6.2 Measuring and Testing Equipment Calibration 

6.2.1 Measuring and Testing Equipment (M&TE) for final acceptance testing must be calibrated by 
an accredited lab. 

6.2.2 Laboratory service providers, such as suppliers of calibration services or material 
testing/analysis, may be qualified without audit if they are accredited by the American 
Association for Laboratory Accreditation (A2LA), National Voluntary Laboratory Accreditation 
Program (NVLAP); International Accreditation Services, Inc. (IAS); ANSI-ASQ National 
Accreditation Board (ACLASS); Perry Johnson Laboratory Accreditation, Inc. (PJLA); 
Laboratory Accreditation Bureau (L-A-B); Korea Laboratory Accreditation Scheme (KOLAS); 
Sistema Italiano di Accreditamento (ACCREDIA); Comite Francias d' Accreditation 
(COFRAC); United Kingdom Accreditation Services (UKAS) or certification to ISO 900 I for 
calibration service providers when the company is the original equipment manufacturer (OEM) 
and a justification for using ISO 900 I is documented. 

6.2.3 Use of the certification/accreditations in Section 6.2.2 requires that: 

• The supplier's QA Program permits the method of qualification. 

• The procured service is included in the scope of the certification/accreditation. 

• The certification/accreditation must be the current at the time the service is provided. 

• The supplier must have and retain a copy of the certificate/accreditation in effect at the 
time of the provided service. 

• The supplier must evaluate the validity of the certificate/accreditation. The evaluation 

must be documented and retained for review by Buyer. 

6.2.4 Calibration services obtained using the options in Section 6.2.2 must provide the following 
information: 

• Calibration certificate report/shall include identification of the laboratory 
equipment/standards used. 
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• Calibration certificate/report shall include as-found and as-left data, regardless of the 
need for adjustment or repair. 

• Well-defined and documented measurement assurance techniques or uncertainty analyses 
May be used to verify the adequacy of the measurement process. If such techniques are 
not used the collective uncertainty of the measurement standards shall not exceed 25% of 
the acceptable tolerance for each characteristic being calibrated. 

• Calibration certificate/report shall include reference to the calibration procedure number 
and revision or date, or the report shall reference the Quality Manual and the revisions or 
date. 

6.3 Personnel Qualifications 

6.3.1 All inspections and tests shall be performed by personnel qualified per the requirements of this 
specification and all applicable references in Section 2 of this specification. 

6.3.2 Seller shall submit personnel qualification documents of Seller' s inspection and test personnel in 
accordance with Exhibit 5, Welding of Pressure Vessels, Heat Exchangers and Boilers, Section 
4.10 for Buyer review. 

6.4 Shop Tests 

6.4.1 Seller shall provide all materials, labor, tools, equipment, appurtenances, and instrumentation to 
conduct all shop tests on the Preheaters. 

6.4.2 Seller shall conduct tests and inspections specified in ASME AG-I Articles AA-5000. 

6.4.3 Seller shall conduct visual inspection on the Preheaters and provide an inspection checklist in 
accordance with Exhibit 2, Pressure Vessel Design and Fabrication, Section 7.2.9 for Buyer 
review. 

6.4.4 Seller shall conduct weld inspections for soundness using radiography and liquid penetrant 
examinations on each Preheater in accordance with ASME AG-I Article AA-5300, Exhibit 2, 
Pressure Vessel Design and Fabrication, Section 7.2 and Exhibit 5, Welding of Pressure 
Vessels, Heat Exchangers and Boilers where applicable, Section l 0.1 .1. 

6.4.5 Buyer to review and accept Seller's PMI procedure prior to performance of PMI. In lieu of the 
Seller performing PMI, an accredited lab meeting the criteria specified in Section 6.2.2 will be 
utilized. 

6.4.6 Seller shall conduct pneumatic leak or hydrostatic test on each of the Preheater in accordance 
with ASME Boiler and Pressure Vessel Code, Section V and Exhibit 2, Pressure Vessel Design 
and Fabrication, Section 7.3. Acceptance criterion: No leaks observed. 

6.4.7 Instrumentation and control systems shall be functionally tested, inspected, and calibrated in 
accordance with recognized industry practice and standards. 

6.4.8 Seller shall provide all equipment, instrumentation, labor, and materials to perform a lifting test 
in the shop, demonstrating that the lifting lugs or attachment points are adequate to support the 
Preheaters skid without any distortion. Seller shall provide a shop test report on lifting points 
provided on Preheater skid. 

24590-G04B-F00019 Rev 4 (2/12/2008) 
Page 11 

Ref: 24590-WfP-3DP-G04B-00049 



24590-BOF-3PS-MEE0-T0002 Rev.2 
DVP HEPA Filter Preheater 

6.4.9 A test report shall be prepared for each completed test. All test results shall be documented. 
certified (signed) by appropriate employee of the Seller and included in the documentation 
package. 

6.4.10 Seller shall perform fit-up and functional tests on one (I ) of the fully assembled Preheaters and 
control panels on the skid to demonstrate: 

• Installation, removal, and replacement of the heating element and temperature sensor. 
• Over-temperature protection 

7 Preparation for Shipment 

7.1 General 

7.1.1 The Preheaters shall be prepared for shipment in accordance with Buyer specification 24590-
WTP-3PS-GOO0-T0003, Engineering Specification for Packaging, Handling and Storage 
Requirements. 

7.1.2 Seller shall verify, by calculation, that the Preheaters and its internals on the skid will withstand 
loads occurring during shipping, handling, and installation. 

7.2 Tagging 

7 .2.1 A stainless steel nameplate shall be permanently and rigidly affixed to each Preheater 
containing, as a minimum, the following information: 

a. Seller' s name and serial number 

b. year of manufacture 

c. Buyer's purchase order number 

d. plant item number as furnished by the Buyer 

e. capacity, kW 

f. electrical characteristics, V /Phase/Hz 

7.2.2 The information shall be stamped or etched on the nameplate using characters no less than 1/8 
inch tall. 

7.2.3 The attachment and location of nameplates shall be in accordance of Articles AA-9130 and AA-
9140 of ASME AG-I. 

7.3 Shipping, Handling and Storage Instructions 

7.3.1 Seller shall submit shipping weights as well as detailed shipping, handling, and storage 
instructions for the skid assembly prior to its shipment. 

7.3.2 Seller shall provide storage instructions for storage interval greater than one year. 

7.4 Painting 

7.4.1 Carbon steel components and structures (excluding standard control panels/boxes) shall be 
painted. 
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7.4.2 Seller to submit painting procedure for Buyer review and acceptance. 

8 Quality Assurance (QA) 

The SELLER's standard manufacturing Quality Assurance Program (QAP) shall be used to monitor and 
maintain the acceptable activities to meet the requirements of this procurement. A copy of the manual 
shall be submitted for information only. 

8.1 Deleted. 

8.2 Deleted. 

9 Configuration Management 

9.1 The equipment covered by this specification is identified with the plant item number shown in 
theMDSs. 

9.2 Deleted. 

10 Documentation and Submittals 

10.1 General 

10.1.1 Seller shall submit for Buyer review all detailed designs, documentation, procedures, 
instructions (including erection and installation instructions), calculations, analyses, models, 
manufacturer data, inspection reports, test reports, and seismic qualification reports, material 
test reports, certifications, certificates, manuals (including operations and maintenance 
manuals), (Material) Safety Data Sheets, spare parts list, and drawings required per this 
specification, its addenda and attachments, the purchasing documents, and referenced codes, 
standards and Buyer documents. 

10.1.2 Seller shall submit to Buyer the Engineering and Quality Verification documents in the forms, 
quantities, and timing shown in Form G-321-E, Engineering Document Requirements, and Form 
G-321-V, Quality Verification Document Requirements, in the MR. 

10.1.3 Seller shall provide detailed operating and maintenance instructions, in the form of a manual, or 
similar, for the Preheaters per Form G-321-E of the MR and sections 1.2.7 and 10.3.5 of this 
specification. 

10.1.4 All deviations and/or conflicts considered for incorporation in the work must be submitted to the 
Buyer on completed Supplier Deviation Disposition Request (SDDR) form, as attached to Part 2 
of the MR, for Buyer's review and consideration for approval. 

10.1.5 Seller shall submit their Quality Assurance (QA) program manual for review by the Buyer 
(Section 8). 

10.1.6 All drawings shall be produced per the drawing practices set forth m ASME Yl4.100, 
Engineering Drawing Practices. 
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10.2.1 Each document to be submitted per G-321-E form must be listed on the 15 EX form, as attached 
to Part 2 of the MR. This form tracks the scheduled and actual delivery of each submittal. 

10.3 Submittals 

10.3.1 Data Sheet 

Seller shall submit the following: 

a) Completed Mechanical Data Sheet as listed in Part 2 of the MR. 

b) Completed Instrument Data Sheet listed in Appendix B, Template for Instrument Data 
sheet for Thermocouples of this specification. 

c) Completed Non-Modifiable Configurable Firmware (NMCF) Supplier Data Request listed 
in Appendix C, Page C-1 of this specification. 

10.3.2 Drawings 

10.3.2.1 Outline Drawings 

Seller shall provide outline and assembly drawings for the HEP A Filter Preheaters. 

a. Seller shall provide drawings with outline dimensions, services, foundations, and 
mounting details. Drawings shall show external envelope, location, and size for electrical 
cable, conduit, fluid, other service locations and identification of parts included in the 
parts list, and details related to foundations and mountings. 

b. Outline drawings shall also include the requirements of Exhibit 2, Pressure Vessel 
Design and Fabrication, Section 9.2.l and Exhibit 8, Instrumentation for Packaged 
Equipment, Section 11.2.3. 

10.3.2.2 Assembly Drawings 

Seller shall submit assembly drawings in accordance with Exhibit 2, Pressure Vessel Design 
and Fabrication, Section 9.6. 

10.3.2.3 Shop Detail Drawings 

Seller shall submit shop detail drawings in accordance with Exhibit 2, Pressure Vessel Design 
and Fabrication, Section 9.6. 

10.3.2.4 Electrical Drawings, Schematics, and Wiring Drawings 

Seller shall provide single line diagrams, schematic diagrams, equipment internal wiring 
diagrams, and interconnection wiring diagrams for electrical items in accordance with Exhibit 
1, Electrical Requirements/or Packaged Equipment, Sections 9.1.2, 9.1.4, and 9.1.5 and 
Exhibit 8, Instrumentation/or Packaged Equipment, Section 11.2.5. 

Seller shall provide instrument loop diagrams in accordance with Exhibit 8, Instrumentation for 
Packaged Equipment, Section 11.2.7. 

10.3.3 Lists 
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10.3.3.1 Recommended Spare Part List 
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Seller shall provide a list of recommended spare parts and supplies required for maintenance 
and repair to ensure continued service or operation without unreasonable delays, including the 
cost of each item. Seller shall provide a list of startup and commissioning spares, including all 
components that may be needed during startup and commissioning. The list shall include 
manufacturer's name, model number, shelflife and lead time. 

In addition, the recommended parts list shall comply with Exhibit 1, Electrical Requirements 
for Packaged Equipment, Section 9.1.8 and Exhibit 8, Instrumentation/or Packaged 
Equipment, Section 11.6.2. 

10.3.3.2 Material List 

Seller shall provide a material list with specific model number, manufacturer, and catalog cut 
sheets for all equipment. 

In addition, seller shall provide a material list in accordance with Exhibit 1, Electrical 
Requirements/or Packaged Equipment, Section 9.1.6. 

10.3.3.3 Electrical Loads 

Seller shall provide a list of all electrical loads in the package in accordance with Exhibit 1, 
Electrical Requirements for Packaged Equipment, Section 9.1. 7 and Exhibit 8, lnstromentation 
for Packaged Equipment, Section 11.4.1. 

10.3.3.4 Deleted. 

10.3.3.5 Instrument List 

Seller shall submit an instrument list in accordance with Exhibit 8, Jnstromentationfor 
Packaged Systems, Section 11.2.2. 

10.3.3.6 Deleted. 

10.3.4 Product Data 

10.3.4.1 Inspection and Test Plans 

Seller shall provide a detailed description of their work inspections and tests planned during the 
receipt of materials, manufacturing, testing, and conformance verification activities. Seller 
shall include identification of witness and hold points. 

In addition, Seller shall provide inspections and test plans in accordance with Exhibit 2, 
Pressure Vessel Design and Fabrication, Section 9.7. 

10.3.4.2 Safety Data Sheets (SDS) 

Seller shall submit SDSs for all chemicals and hazardous materials shipped to WTP, including 
but not limited to lubricants, gears oils, greases, solvent, etc. 
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10.3.4.3 Hardness Testing Procedure 
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Seller shall submit a procedure for hardness testing per Exhibit 2, Pressure Vessel Design and 
Fabrication, Section 7.1.3. 

10.3.4.4 Shipping Preparation 

Seller shall provide shipping information in accordance with 24590-WTP-3PS-GOOO-T0003, 
Engineering Specification for Packaging, Handling, and Storage Requirements, Section 11.2 
and Sections 7.3.1 and 7.3.2 ohhis specification. 

10.3.4.5 Manufacturer's Technical Literature for Instrumentation 

Seller shall provide manufacturer's techni~al literature for all technical components and 
instrumentation. 

10.3.4.6 Software Configuration Documentation 

Seller shall submit software configuration documentation for "Profibus" protocol 
communication for the heaters in accordance with Buyer specification, 24590-WTP-3PS-JQ00-
T0004, Engineering Specification for Management of Supplier Software, Section 7. 

10.3.4.7 System and Component Descriptions 

Seller shall provide system and component descriptions. The system description shall describe 
how the overall system functions and the basic design basis as well as include component 
interfaces and interactions. The component description shall describe how each individual 
process component functions and the basic design basis as well as include component interfaces 
and interactions. 

10.3.4.8 Ferrite Data 

Seller shall submit ferrite data on welding materials to comply with requirements specified in 
Exhibit 5, Welding of Pressure Vessels, Heat Exchangers, and Boilers, Section 6.1. 

10.3.5 Manuals 

10.3.5.1 Installation Instruction Manual 

Seller shall submit an Installation Instruction Manual in accordance with 24590-WTP-3PS
GOOO-T0003, Engineering Specification for Packaging, Handling, and Storage Requirements, 
Section I I. I. I. 

Erection and installation manuals shall provide complete, detailed procedures for installing and 
placing equipment in initial operation. These manuals shall include all erection and installation 
drawings. 

10.3.5.2 Operation and Maintenance Manuals 

Operation and maintenance manuals shall provide complete, detailed descriptions of 
components and instrumentation with data sheets showing design, construction, and 
performance data for equipment. Manuals shall include drawings for operation, maintenance 
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and repair, maintenance requirements, instructions and operational trouble-shooting guides. All 
manuals/drawings shall include OEM part numbers. 

10.3.5.3 Site Storage, Handling, and Maintenance Requirements Manual 

Seller shall submit a Site Storage, Handling, and Maintenance Requirements Manual with 
procedures and instructions for site storage, handling, and maintenance that will preserve 
equipment until it is put into operation in accordance with 24590-WTP-3PS-GO00-T0003, 
General Specification for Packaging, Shipping, Handling, and Storage Requirements, Section 
11.l.2. 

10.3.5.4 Quality Assurance Manual 

Seller shall submit their Quality Assurance (QA) program manual for review by the Buyer 
(Section 8). 

10.3.6 Procedures 

10.3.6.1 Electrical Test Procedures 

Seller shall provide electrical test procedures and reports to demonstrate function and 
operational parameters are met (e.g., overload, voltage, temperature rise, calibration, saturation 
loss, etc.). 

10.3.6.2 Welding and NDE Procedures and Qualifications 

Seller shall provide welding, weld inspection, NDE and weld repair procedures and personnel 
qualifications in accordance with the following (including sub-tier contractors/suppliers): 

• 
a. Exhibit 5, Welding of Pressure Vessels, Heat Exchangers and Boilers, Section 4. 
b. Exhibit 2, Pressure Vessel Design and Fabrication, Sections 7 2.1, 7.2.2 and 9.1. 

10.3.6.3 Material Control Procedures 

Seller shall provide material control procedures including controlling issuance, handling, 
storage and traceability of materials such as weld rod. 

10.3.6.4 Functional Shop Test Procedure 

Seller shall submit functional shop test procedures in accordance with Exhibit 8, 
Instrumentation for Packaged Equipment, Section 11 .3.2 and section 6.4 of this specification. 

10.3.6.5 Positive Material Identification (PMI) Procedures 

Seller shall submit procedures covering how PMI will be conducted and documented per 
Exhibit 4, Positive Material Identification (PM/) for Shop Fabrication, Section 3.2. 

10.3.6.6 Heat Treatment Procedure 

Seller shall submit a procedure for heat treatment per Exhibit 2, Engineering Specification for 
Pressure Vessel Design and Fabrication, Sections 7.1.5. 
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10.3.6.7 Pressure Test Procedure 
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Seller shall submit pressure testing procedures including hydro, air; leak, separation or vacuum 
test procedures for performing hydrostatic or pneumatic structural integrity and leakage tests 
per Exhibit 2, Pressure Vessel Design and Fabrication, Section 7.3 and Section 6.4.6 of this 
specification. 

10.3.6.8 Radiographic Examination Procedures 

Seller shall conduct weld inspections for soundness using radiography examinations on each 
preheater in accordance with Exhibit 2, Pressure Vessel Design and Fabrication, Sections 7.2.1 
and 7.2.5 and section 6.4.4 of this specification. 

10.3.6.9 Liquid Penetrant Procedures 

Seller shall conduct weld inspections for soundness using liquid penetrant examinations on 
each Preheater in accordance with Exhibit 2, Pressure Vessel Design and Fabrication, Section 
7.2.7 and section 6.4.4 of the specification. 

10.3.6.10 Painting Procedure 

Seller shall submit painting procedure per section 7.4.2 of the specification. 

10.3. 7 Reports 

10.3.7.1 Seismic Analysis 

Seller shall provide Seismic Analysis of the equipment. Loading shall be calculated in 
accordance with Exhibit 3, Structural Design Loads for Seismic Category III & IV Equipment 
and Tanks. 

The seismic analysis shall be performed per the requirements of Exhibit 2, Pressure Vessel 
Design and Fabrication, Section 3.2 and Exhibit 6, Seismic Qualification Criteria/or Pressure 
Vessels, and section 3.5 of this specification. 

10.3.7.2 Electrical Test Reports 

Seller shall submit electrical test reports and certificates in accordance with Exhibit 1, 
Electrical Requirements for Packaged Equipment, Section 6. 

10.3.7.3 Deleted. 

10.3.7.4 Heat Treat Report 

Seller shall submit heat treat report in accordance with Exhibit 2, Pressure Vessel Design and 
Fabrication, Section 9.8.1. 

10.3.7.5 Radiographic Examination and Verification Report 

Seller shall submit radiographic examination and verification report in accordance with Exhibit 
2, Pressure Vessel Design and Fabrication, Section 9.8.3. 
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10.3.7.6 RT Film and Reader Sheets 
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Seller shall submit RT films in accordance with Exhibit 2, Pressure Vessel Design and 
Fabrication, Section 9.8.4. 

10.3.7.7 Liquid Penetrant Report 

Seller shall submit liquid penetrant report in accordance with Exhibit 2, Pressure Vessel Design 
and Fabrication, Section 9.8.6. 

10.3.7.8 Pressure Test Report 

Seller shall submit pressure test report in accordance with Exhibit 2, Pressure Vessel Design 
and Fabrication, Section 9.8.7. 

10.3.7.9 Inspection and Verification Report 

Seller shall submit documented findings resulting from an inspection. 

10.3.7.10 Mechanical Test Report 

Seller shall submit mechanical test report in accordance with Exhibit 2, Pressure Vessel Design 
- and Fabrication, Section 9.8.9. 

10.3.7.11 Certificates of Compliance/Conformance 

a. For items that do not require Material Test Reports, in accordance with section 4.1.5 of this 
specification, the SELLER shall furnish Certificate of Compliance confirming the materials 
for construction are new, free from defects, and purchased in accordance with the material 
requirements listed on the MDS. 

b. Seller shall submit a signed Certificate of Conformance, COC for NRTL (UL) requirements 
(Appendix A, within the body of this specification, Page A-1, NRTL Certification can be 
used by the Seller). 

10.3.7.12 Deleted. 

10.3.7.13 ASME Data Report 

Seller shall provide ASME Section VIII, Division 1 data reports in accordance with Exhibit 2, 
Pressure Vessel Design and Fabrication, Section 9.5. 

10.3.7.14 Positive Material Identification (PMI) Reports 

Seller shall submit PMI testing reports, including a PMI map in accordance with Exhibit 4, 
Positive Material Identification (PM!) for Shop Fabrication, Section 6 and Section 4.1. l O of 
this specification. 

10.3.7.15 Material Test Reports 

Seller shall submit material test report (MTR) and /or Certificates of Compliance (C of c) in 
accordance with 4.1.5 of this specification and Exhibit 5, Welding of Pressure Vessels, Heat 
Exchangers and Boilers, Section 6.4. 
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10.3.7.16 Deleted 

10.3.7.17 Welding Verification Documents (Weld Map) 
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A verification report of welds performed including the identification of the qualified weld(s), 
and certification of the qualified weld(s), and certification that the weld(s) were qualified. 

Seller shall submit a weld map for each weld in accordance with Exhibit 5, Welding of Pressure 
Vessels, Heat Exchangers and Boilers, Section 4.2. Include NDE/PMI maps on the weld map 
drawings. 

10.3.7.18 Design Compliance Matrix 

Seller shall submit a ASME AG-I Code Compliance Matrix identifying how the Seller is 
complying with the sections of ASME AG-1 referenced by the specification. 

10.3.8 Calculations 

10.3.8.1 Calculation and Analysis 

All calculations and analyses to be provided to the Buyer shall be done in accordance with 
24590-WTP-3PS-GO00-T00 14 Engineering Specification for Supplier Design Analyses, 
Section 3.2-3.3.8. 

Calculations/analyses to be provided for Buyer's review shall include: 

a. Deleted 
b. Preheater design and performance calculations/analyses in accordance with Section 3.3 of 

this specification, including ASME Boiler and Pressure Vessel Code Section VIII analysis 
as well as Exhibit 2, Pressure Vessel Design and Fabrication, Section 9.2. 

c. Deleted 
d. Lifting, handling and shipping load analyses in accordance with Sections 6.4.8 and 7.1 of 

this specification and 24590-WTP-3PS-GO00-T0003, General Specifications/or Packaging, 
Handling and Storage Requirements, Section 11 .1.1. 

e. Stress analyses per ASME AG-I. AA-4331 (Component service level A). 

10.3.8.2 Deleted. 

11 Design Changes Incorporated by Reference 

I 24590-WTP-SDDR-MS-18-00060 
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Exhibit 1 
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Electrical Requirements for Packaged Equipment 
Specification 24590-WfP-JPS-EKPO-TOOOl, Rev. 5 and its associated Specification Change Notices (SCN) (24590-WfP
JPN-EKPO-OOOOS and 24590-Wf~-JPN-EKPO-OOOlO) were used, as applicable, to create the following exhibit. 

1 Scope 

1.1 General 

I.I.I This exhibit is intended to be included as any one of the following: 

• An attachment to the primary packaged equipment specification 

• In the scope of Sub-contract packages 

• To have applicable sections included within the primary specification 

Included within this exhibit are definitions of the requirements for electrical equipment, 
materials and installation which are provided as manufacturer standard or custom design and 
pre-assembled units, in accordance with the National Codes and Industry Standards. 

1.1.2 The primary specification shall identify the scope of supply, installation, and testing of the 
interconnecting wiring and cabling between skids and/or shipping units for packages 
consisting of more than one skid or shipping unit. If it is not specified in the primary 
specification, the Supplier shall furnish, terminate and test all inter-connecting wiring and 
cabling within the package. The interface between the Buyer's and the Supplier's systems shall 
only be at the Supplier's interface panel(s) unless otherwise agreed to by the Buyer and 
Supplier. 

1.1.3 If conflicts arise between this exhibit and the primary specification, the primary specification 
shall take precedence. 

1.3 Definitions Buyer: Bechtel National Inc. 

Supplier: This is a comprehensive term and includes seller, vendor, contractor, subcontractor, 
sub-supplier, etc. 

Primary Specification: The mechanical packaged equipment specification or subcontract 
package in which this "Electrical Requirements for Packaged Equipment" exhibit is 
referenced. 

2 Criteria for • All electrical equipment for facility and equipment wiring, as defined by the National 
Acceptability of Electrical Electrical Code NFPA 70-1999, shall be Approved. Approval will be in accordance 
Equipment with Article 90-4, "Enforcements", Article 90-7, "Examination of Equipment for 

Safety," and Article 110-3, "Examination, Identification, Installation, and Use of 
Equipment." 

• Approved means "Acceptable to the Authority Having Jurisdiction" (AHJ), as defined 
in Article 100 ofNFPA 70-1999. Only the WTP Electrical AHJ can provide the 
approval. 

• "Equipment" is defined by the NFPA 70 as, "A general term including material, 
fittings, devices, appliances, fixtures, apparatus, and the like used as a part of, or in 
connection with an electrical installation". As used here, the entire mechanical 
assembly is not considered an electrical installation, only the electrical and/or 
electronic components, and the interconnecting wiring. 

• Listing and labeling by an OSHA Recognized NRTL is the primary means (Method I 
below) of obtaining WTP AHJ approval for electrical equipment, devices and 
materials. 

• All Control Panels shall be UL labeled by a certified UL 508A shop . 

• Electrical Equipment that is installed on (standard or custom fabricated) Mechanical 
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2.1 Method 1 (Primary): 
Listed, Labeled or 
Certified (i.e. UL508A) 
2.1.1 

2.1.2 

2.2 Method 2 (Alternate): 
Field Evaluation by a 
NRTL 
2.2.l 

2.2.2 

3 Applicable Documents 

3.1 Codes and Standards 
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Equipment shall comply with the requirements stated above. 
• Electrical Equipment, that is part of a Mechanical Packaged Equipment assembly, 

being field-evaluated and Labeled at the factory by a NRTL is an alternate method of 
obtaining WTP AHJ approval. 

The WTP AHJ will approve and accept electrical equipment without additional examination if 
it is Listed, Labeled, or Certified by a US NRTL, as recognized by OSHA under 29 CFR 
1910-Subpart S and is acceptable for the application, environment and other requirements of 
NEC Article 110. For a listing of and Typical Registered Certification Marks of US NRTL's 
recognized by OSHA go to the cWTent OSHA listing available on their website. 
The supplier shall submit a Certificate of Compliance (C of C) document for review and 
approval by the AHJ that lists the USA Electrical Standard(s) that each electrical material or 
equipment is evaluated to for it's NRTL Listing. Only those standards that are on the OSHA 
website are acceptable to the AHJ. The certification shall confirm that the NRTL Label for 
each electrical component will be as shown on the cWTent OSHA listing available on their 
website including the additional markings required to indicate acceptability for use in the 
USA 

Electrical equipment that is part of an overall electrical or mechanical assembly having a 
NRTL field evaluation, where the report states that the equipment has been accepted or 
otherwise deemed safe by the NR TL recognized by OSHA under 29 CFR 1910-Subpart S, 
using US standards, will be evaluated by the WTP AHJ for acceptability. If found acceptable 
no further examination of the equipment is required. 
The supplier shall submit all field evaluation reports completed by an OSHA recognized 
NRTL to the Buyer for review and approval by the AHJ. These field evaluation reports shall 
show compliance to the applicable USA Electrical Standard(s) recognized by OSHA. The 
NRTL Label will be as shown on the cWTent OSHA website with whatever additional 
markings that are necessary to indicate acceptability for use in the USA. 

The equipment and installation shall conform to the applicable sections of the following 
National Codes and Industry Standards. 

29 CFR 1910, Subpart S - Occupational Safety and Health Standards, Electrical 
NFPA 70 (1999) - National Electric Code (NEC) 
ANSI C80.1 - American National Standard For Electrical Rigid Steel Conduit (ERSC) 
IEEE 383 (1974) - Standard for Type Test of Class IE Electric Cables, Field Splices, and 
Connections for Nuclear Power Generating Stations (Only Section 2.5 - Flame Tests, shall be 
applicable.) 
IEEE 1202 - Standard for Flame Testing of Cables for Use in Cable Tray in Industrial and 
Commercial Occupancies 
NEMA ICS-1 - Industrial Control and Systems General Requirements 
NEMA RNl - Polyvinyl Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit 
and Intermediate Metallic Conduit 
UL 6 - Standard for Safety Electrical Rigid Metal Conduit - Steel 
UL 6A - Standard for Safety for Electrical Rigid Metal Conduit - Aluminum, Red Brass, and 
Stainless Steel 
UL 13 - Standard for Power-Limited Circuit Cables 
UL 2250 - Standard for Safety Instrumentation Tray Cable 
UL 44 - Standard for Safety Thermoset Insulated Wires and Cables 
UL 360 - Standard for Safety Liquid Tight Flexible Steel Conduit 
UL 508 - Standard for Safety Industrial Control Equipment 
UL 508A - Standard for Safety Industrial Control Panels 
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4 Design Requirements 

4.1 General 

4.1.l 

4.1.2 

4.1.3 

4.1.4 

4.3 Instrumentation and 
Control Requirements 
4.5 Accessibility and 
Maintenance 

5 Construction 

5.5 Cables and Wiring 
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UL 5148 - Standard for Safety Conduit, Tubing, and Cable Fittings 
UL 1581 - Safety Reference Standard for Electrical Wires, Cables, and Flexible Cords 
UL 1666 - Safety Test for Flame Propagation Height of Electrical and Optical-Fiber Cables 
Installed Vertically in Shafts 
NEMA WC 55 - Instrumentation Cables and Thermocouple Wire - ICEA S-82-552 
NEMA WC 57 - Standard for Control Cables - ICEA S-73-532 
NEMA WC 70 - Non-shielded Power Cables Rated 2000 Volts or Less for the Distribution of 
Electrical Energy - ICEA S-95-658 
NEMA 250 - Enclosures for Electrical Equipment ( l 000 Volts Maximum) 
NFPA 262 - Standard Method of Test for Flame Travel and Smoke of Wires and Cables for 
Use in Air-Handling Spaces 

Buyer will provide electrical service at the following voltages for Supplier's system, as 
applicable. The normal steady state voltage range for non-UPS supply is regulated within +/-
10% and frequency is within +/-0.5 Hz. 

Low voltage: 

• 480 V, 60 Hz, 3 phase, 3 wire, solidly grounded 
Transient voltage variations due to large motor starting, short circuits, disturbances from 
outside supplies, and their effect on plant operation cannot be avoided. The following criteria 
shall apply in such cases for non-UPS sources: 

a) Momentary voltage depression down to 80% of rated equipment voltage shall not 
affect equipment operations. 

b) Equipment having special requirements with respect to voltage and waveform shall 
be provided with a power supply adequately desiJmed to meet the requirements. 

Separation Requirements 

a) Internal enclosure wiring shall be neatly dressed in slotted non-metallic wireways. 
The wireway shall be securely fastened to the enclosure back-panel. Supplier shall 
provide non-metallic wireways on the opposite side of field terminations to be used 
by the Buyer. Adequate space shall be provided around terminal blocks to allow the 
Buyer to install, route and terminate cables. The field side wireway shall be designed 
for multi-core field cables with a minimum conductor size of# 14 A WG. 

b) Circuits of different voltages (service level) shall be terminated on physically separate 
terminal strips and clearly labeled to show the circuit voltage. Terminal blocks shall 
be segregated according to signal type. Pathways and entry points for Buyer's cables 
shall be identified. 

c) Not used. 

d) Instrumentation cables shall be terminated in separate junction boxes from the power 
and control cables. 

The Supplier shall identify all loads with power requirements for Buyer's review and 
concurrence. 
For instrumentation and control requirements, refer to Exhibit 8: Instrumentation for Packaged 
Systems. 
Enclosures shall be accessible from the front with sufficient room for maintenance. Clearances 
for inward-facing electrical enclosures shall meet requirements in NFPA 70-1999, Articles 
ll0.3(b), 110-26 & 110-34. 
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5.5.l 

5.5.3 

5.5.4 

5.5.5 

5.6 Raceway System 

5.6.1.2 

5.6.l.3 

5.6.1.4 

5. 7 Grounding 

5.7.4 

6 Tests and Inspections 

6.1 Shop Tests 

6.1.l 

6.1.3 
6.1.4 
6.1.6 

7 Preparation for 
Shipment 
9 Documentation and 
Submittals 
9.1 General 

9.1.l 
9.1.2 
9.1.3 
9.1.4 
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Other than the special cables furnished by Supplier, cables shall be in accordance with the 
following: 

a) Low voltage power and control cables shall be stranded copper, 600 V type XHHW-
2, THWN-2, RWH-2, MTW or Buyer-approved equivalent. 

b) For instrument cables (analog, digital circuits), thermocouple extension cables, data 
communication cables, fiber optic communication cable and other specialty cable, 
refer to Seller's standard. All power and control cables installed in cable trays or 
wireways shall meet the vertical tray flame test requirements ofIEEE 383-1974 or 
IEEE 1202 or IEEE 1581. 

c) Not used. 
d) Conductors shall be sized and protected in accordance with NFPA 70-1999. 

No more than two wires shall be connected to one terminal point unless installed in a NRTL 
listed, labeled, 508A or field evaluated enclosure. Internal wiring shall be continuous from 
terminal to terminal without splices (except devices with pig tails). Bridge or comb jumpers 
are preferred to wire jumpers on terminal strips. Jumpers shall not be installed on field side of 
the terminal strip. Approximately 10% spare terminals shall be included in the terminal blocks. 
Where cables supplied and installed by Buyer are run to the package unit, the Supplier shall 
provide space for installing and terminating the cables. 
Terminal blocks for connecting AC power into an enclosure shall support conductors sized 
from #12 AWG to #4 AWG (such as Allen Bradley 1492Wl6S) 

Liquid-tight flexible metallic conduit shall be to isolate the transmission of vibration to the 
conduit system, and for connection to equipment which may be periodically removed. 
Liquid-tight flexible metallic conduit shall be supported and shall be secured per NEC 
requirements in accordance with Article 351 Section 351-8. 
Conduit connections to terminal and junction boxes, enclosures & panels shall maintain the 
integrity & NEMA Rating of the enclosure, panel or J-box. 

Junction boxes and control cabinets shall be provided with grounding means in accordance 
with NFPA 70- 1999, Article 250. 

Insulation Resistance (Megger) test before termination of all wires pulled into conduit. 

a) 300V insulation shall be tested at 500VDC with an acceptable minimum resistance of 
50Meg-O. 

b) 600V insulation shall be tested at I OOOVDC with an acceptable minimum resistance 
of 50 Meg-Q. 

Continuity check of all wiring for conformance with drawings. 
Complete functional test of all apparatus and equipment. 
For additional testing requirements, refer to primary specification and surveillance inspection 
requirements attached to Material Requisition/Purchase Order. 
Packaging, shipping, handling and storage requirements associated with this exhibit shall be in 
accordance with applicable sections of the Purchase Order of the primary specification. 

The Supplier shall furnish the following documents as per form G-32IE and G-32IV in the 
subcontract or primary mechanical packaged equipment material requisition or purchase order 
(all drawings and data shall be in U.S. units}. 
Functional description of the electrical operation of the package. 
Overall Single line diagram showing all electrical equipment. 
Overall layout showing location of electrical equipment. 
Interconnection diagram and cable schedule showing details of all internal connections and 
Buyer external connections. The Supplier's furnished cable schedule shall include service 
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9.1.5 

9.1.6 

9.l.7 

9.1.8 
9.1.8.l 

9.1.8.2 

9.1.9 
9.1.9.3 
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voltage and Class of Circuit per NEC Articles 725, 760 and 800 for each cable. 

Individual equipment schematic diagrams, wiring diagrams, general arrangement drawings, 
foundation details and junction/terminal box details. 
Material list with specific model number, manufacturer and catalogue cut sheets shall be 
submitted as part of the product data. 
The Supplier shall include a list of all the electrical loads in the package, their individual 
consumption (in kW) and voltaJ;?;e level (in volts). 
Recommended Spare Parts List 
Supplier shall provide a list of recommended spare parts as follows: 

a) Startup/warranty spare parts - are those parts that may be required at any time during 
equipment installation, startup, testing, and unit operation through the warranty 
period. 

b) Operational spare parts - are those parts that require replacement at regular intervals 
to maintain continuous operation of the supplied equipment and/or system. 

c) Capital spare parts - are major parts or equipment that provide reliable equipment 
operation throughout the plant life and having a significant lead time for 
manufacturer and delivery. 

The spare parts list shall include pricing and delivery information valid for one year after 
delivery of the equipment. 
Test reports for tests listed in section 6 and as required by the primary specification. 
Certificates and NRTL Field Inspection/Evaluation reports for the WTP Electrical AHJ 
acceptance and aooroval of the equipment inspected/evaluated. 
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Pressure Vessel Design and Fabrication 
Specification 24590-WTP-JPS-MV0O-T0OOl, Rev. 5 was used to create the following exhibit. Specification change notices 
(SCNs) have been evaluated and there are no applicable SCNs. 

1 Scope 

1.1 Project This exhibit is included in the Purchase Order, Material Requisition or in the scope of work of 
Description and .subcontract packages . It defines the technical requirements for the design, fabrication, and testing 
Location of pressure vessels for the Hanford Tank Waste Treatment and Immobilization Plant (WTP) project 

located in the southeastern part ofWashin~on State. 
1.2 Acronyms and 
Definitions 
1.2.2 Containment: Components that contain active process fluids inside the plant process system. 

Refer to the MDS for the containment classification of components. 

• Primary Confinement: The boundary within which the process fluids, gases, and vapors 
are contained and confined during the plant process operation. In this document, the entire 
process vessel and nozzle walls are generally referred to as the Primary Confinement. 

• Primary Containment: The part of the Primary Confinement that is in contact with the 
process fluid. This is typically the wetted portion of the vessel wall below the top of the 
overflow. 

• Auxiliary Containment: This term is used in this document to identify the portion of a 
Primary Confinement that is not subject to a static pressure head of liquid but may be in 
contact with splashing liquid, vapor, or gases. This is typically the vessel components 
above the prescribed high operating liquid level. 

• Secondary Containment: The boundary that will contain process liquid if the Primary 
Containment is breached. This boundary will not normally be in contact with the process 
liquid. Typically, this is the cell liner or wall structure of the faci lity. 

1.2.5 Design Level: Determines allowable nozzle reinforcement methods and nondestructive 
examination (NDE) requirements. Buyer assigns Design Levels on the MDS or Drawings. 

1.2.6 Drawings: The Buyer's Drawings include the vessel general outline drawing and any associated 
standard drawings. 

1.2.10 MDS: The Buyer's mechanical data sheet. 
1.2.11 NDE: Nondestructive Examination 
1.2.13 Quality Level: Establishes the qual ity assurance program requirements. Formerly, Quality Level 

also determined allowable nozzle reinforcement methods and NDE requirements. Refer to the 
Design Level for these requirements. Buyer assi1rns Quality Levels on the MDS or Drawings. 

1.2.14 SDDR: Supplier Deviation Disposition Requests 
1.2.15 Seismic Category: Classification of vessels defining the required condition, status, and operating 

function during and after a seismic event. The Seismic Category determines the analysis method 
and acceptance criteria appropriate for the intended service and safety function of the vessel. Buyer 
assims Seismic Category on the MDS. 

1.3 Conflicts In cases of conflicts between this exhibit and other drawings or specifications, the Seller shall call 
attention to the conflict and request an interpretation by the Buyer. 

1.4 Buyer's Process parameters of the vessel for performance, capacity, or configuration are the Buyer's 
Responsibilities responsibility, and are not part of this exhibit. 

24590-0048-FOOOl 9 Rev 4 (2/12/2008) 
Exhibit 2, Page 1 

Ref: 24590-WfP-3DP-G048-00049 



1.5 Seller's 
Responsibilities 
l.5.1 

l.5 .2 

l.5.3 

2 Applicable 
Documents 
2.1 General 

2.1.l 

2.1.2 

2.2 Codes and 
Industrv Standards 
2.2.1 

2.2.1.l 

2.2.1.2 

2.2.1.3 
2.2.l.4 
2.2.l.5 

2.2.l.6 

2.2.l.8 

2.2.l.9 
2.2.1.10 

2.2.1.l l 

2.2.1.12 

2.2.1.13 
2.2.2 

2.2.2.1 
2.2.2.2 
2.2.3 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Seller shall assume complete responsibility for the design, fabrication, testing, inspection, and 
documentation as required by the Buyer and detailed in the purchase order. 
Buyer's review of the Seller's drawings, or release of the vessel for shipment by the Buyer's 
representative, shall in no way relieve the Seller of the responsibility for complying with all the 
requirements ofthis exhibit and the purchase order. 
The Seller shall substantiate any necessary changes to the MOS, Drawings, specifications and 
purchase order and obtain approval from the Buyer. 

Work shall be in accordance with the referenced codes, standards, and documents listed below, 
which are intel!.Tal parts of this exhibit. 
When specific chapters, sections, parts, or paragraphs are listed following a code, industry 
standard, or reference document, only those chapters, sections, parts, or paragraphs of the 
document are applicable and shall be applied. When more than one code, standard. or referenced 
document covers the same topic, the requirements for all must be met with the most stringent 
J1;overninJ1;. 

The Seller shall apply the latest issue, including addenda, at the time of request for quote or award 
as aoolicable for the followin~ codes and industry standards with exceptions as noted. 
ASME Section VIII, Division 1, Rules for Construction of Pressure Vessels , American Society of 
Mechanical Engineers 
ASME Section II, Materials, American Society of Mechanical Engineers 
Use oflater version of the code or standard directly comparable and equivalent in approach, Buyer 
approval is NOT required. If the later version of the code or standard is not directly comparable 
and essentially equivalent use of the later version requires Al's approval 
ASME Section V, Nondestructive Examination, American Society of Mechanical Enwneers 
NBIC, National Board Inspection Code, National Board of Boiler and Pressure Vessel Inspectors 
WRC-107, Local Stresses in Spherical and Cylindrical Shells due to External Loading, Welding 
Research Council 
WRC-297, Local Stresses in Cylindrical Shells due to External Loadings on Nozzles - Supplement 
to WRC Bulletin No. 107, Welding Research Council 
ASME Section VIII, Division 2, Rules for Construction of Pressure Vessels - Alternative Rules, 
American Society of Mechanical Engineers, (Note: Code year not later than 2004 Edition with 
2005 and 2006 Addenda). 
ASME B31.3, Process Piping, 1996, American Society of Mechanical Engineers 
AISC M016, ASD Manual of Steel Construction, 9th Edition, American Institute of Steel 
Construction 
ANSI/AISC N690, Specification for the Design, Fabrication, and Erection Steel Safety-Related 
Structuresfor Nuclear Facilities, American Institute of Steel Construction 
SNT-TC-lA, Recommended Practice No. SNT-TC-JA, American Society for Nondestructive 
Testing, Inc. (Note: Refer to the Quality Assurance Program Requirements Data Sheet in the 
Purchase Order for acceptable editions). 
ANSI/ A WS D 1.1, D l.6 Structural Welding Code 
The Seller shall apply the issue and addenda as referenced in Table U-3 of ASME Section VIII, 
Division 1 for the followin~ codes and industry standards: 
ASME Bl6.S, Pipe Flanges and Flange Fittings NPS 112 throuJ!h NPS 24 
ASME Bl6.47, Large Diameter Steel Flanges NPS 26 through NPS 60 
The Seller shall apply the issue and addenda as stated for the following codes and industry 
standards: 
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ASCE 7-98, Minimum Design Loads for Buildings and Other Strnctures, American Society of 
Civil Engineers 
Other project specifications, standards, and standard details as listed or referenced in Section 2 of 
the purchase order shall be used as aoolicable for the design and fabrication of the vessels. 

Exhibit 6, Seismic Oua/ification Criteria for Pressure Vessels 
Exhibit 4, Positive Material Identification (PM!) for Shop Fabrication 
Exhibit 5, Welding of Pressure Vessels, Heat Exchangers and Boilers 
24590-WTP-3PS-G000-T0003, Engineering Specification for Packaging, Handling and Storage 
Requirements 
Exhibit 3, Strnctural Design Loadsfor Seismic Category Ill and IV Equipment and Tanks 

Unless otherwise specified, all vessels shall be designed and fabricated in accordance with ASME 
Section VIII, Division I , any additional requirements of this exhibit, MDS, and the referenced 
Drawings. 

I 

Pressure vessels shall be U-stamped and registered with the NBIC. Any exceptions are indicated on · 
theMDS. 
Seller shall consider design details and material thickness shown on Drawings and MDS as the 
minimum requirements. 
Seller shall not scale Drawings. 

Seismic analysis shall be performed per the requirements of Exhibit 6, Seismic Qualification 
Criteria for Pressure Vessels. 
Unless indicated otherwise on the MDS or Drawings, the Seller shall design the vessels to support 
process liquid filled to the top of the overflow. 

Corrosion allowance is specified on the MDS and shall be applied to each surface exposed to 
process vapor or liquid. Internal piping shall have the specified corrosion allowance applied to both 
internal and external surfaces. 
Unless otherwise specified, corrosion allowance shall not be applied to external vessel surfaces. 
Erosion allowances, where required, will be specified in the MDS. 

Seller shall provide vessel supports as illustrated on the Drawings. 
Detail design of vessel supports shall be in accordance with the recommendation of ASME Section 
VIII, Division I, Appendix G, except as noted below. 
For SC-IV vessels, the stresses for carbon steel vessel supports shall not exceed the allowable ' 

stress value for the material of construction per AISC MO 16, Manual of Steel Constrnction as 
tailored, and included in Appendix C. For combined loadings, see Exhibit 3, Structural Design 
Loads for Seismic Category III & IV Equipment and Tanks . 

SC-IV stainless steel vessel supports are to be designed in accordance with the allowable stresses 
from N690 to the load combinations from Exhibit 3, Structural Design Loads for Seismic Category 
III & IV Equipment and Tanks. 

Nozzle wall thickness shall be per ASME Section VIII, Division 1 and at least that specified on the 
Drawings. Seller shall understand that minimum nozzle thicknesses indicated on the Drawings may · 
not support the nozzle loading requirements listed in Appendix A. 1 
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Nozzles and manways and their reinforcements located on the head shall be located fully within the 
crown region of the head unless noted otherwise on the Drawing. 
All nozzles shall be set-in type or through type with full penetration welds. All nozzles, which are 
flush with the inside surface of the vessel, shall be rounded to 1/8 inch minimum radius as shown 
below. Nozzles for pressure relief devices, vents, and drainage shall be flush with the inside 
surface of the vessel. Nozzles with internal projection in primary containment shall have an 
additional fillet weld between the internal projection and the inside surface of the shell or head. 
Flange boltholes shall straddle natural vessel centerlines unless otherwise specified. 

Unless otherwise specified, Seller shall design nozzles for the minimum nozzle design loads listed 
in the applicable table of Appendix A for the connected pipe si:ze. Nozzles/shell are to be designed 
according to the methods ofWRC- 107, WRC-297 as a minimum. 
Appendix A lists minimum design nozzle loads by nozzle size, connecting pipe material, and 
Seismic Category for weight, seismic, and thermal expansion cases. The coordinate system 
conforms to the 'right hand rule'. Loads provided in Appendix A do not have a sign convention; 
Seller must ensure that the direction of load application provides the most conservative stresses at 
the nozzle to shell or head junction. The Y-axis is vertical and in the direction of gravity regardless 
of the orientation of the nozzle. Loads act at the juncture of the nozzle and shell. 
Nozzle load combinations to be considered for Primary and Secondary Stress in the design shall 
be: 

Weight + Seismic + Operating Pressure + Thermal Load (Appendix A) 

Note: Thermal Loads listed in Appendix A are from the loads resulting from the restrained 
free end movement of the attached pipe and are considered as primary loads per paragraph 4-138 
of Appendix 4 of ASME VIII Division 2. 

With regard to the radial load, the internal pressure shall not be used to oppose the compressive 
stress due to the force acting inwards; for this load condition a null pressure condition is to be 
considered to exist. 

Nozzle load combinations to be considered for Secondary Stress in the design shall be: 

Weight + Operating Pressure + Thermal Load (Appendix A) + General Thermal (per code 
definition) 

The nozzle loads provided are for the piping connected to the external nozzle. If a nozzle projects 
and is loaded internally to the vessel, design the nozzle for the sum of the internal and external 
loads. 
The nozzle loads due to thermal expansion listed in Appendix A are estimated based on the 
operating temperature of350 °f. If the maximum operating temperature of the attached pipe is less 
than 350 °f, the nozzle thermal loads may be reduced by a scale factor of the absolute value. 

~ of 
0 

Where X is the maximum vessel operating temperature of the attached pipe. 

When required, suitable nozzle reinforcements must be provided. Reinforcement methods are 
limited depending on the assigned Design Level and cell designation. Refer to Section 6 for 
allowable reinforcement methods. If the wall thickness of the nozzle neck is greater than that of the 
connecting piping, the requirements of ASME Section VIII, Division I , and Figure UW- I 3 .4 shall 
be satisfied. 
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Nozzle reinforcing pads, where permitted, shall have one-piece construction (not segments). 
Nozzle insert plates (integral pads) shall be in accordance with ASME Section VIII with a 3 to l 
ta er. 
For external nozzle reinforcing pads, the pad thickness shall not exceed 1.5 times the thickness of 
the penetrated shell. To meet nozzle loading requirements, pad diameter may exceed the limits of 
reinforcement per ASME Section Vlll, Division l . Pad width shall be at least 2 inches but shall not 
exceed ten times the thickness of the pad. Each pad shall have single 1/8 inch nominal pipe size 
(NPT) telltale hole for testing purposes. On completion of all fabrication activities, the hole shall 
be fitted loosel with a screwed lu of the same material as the reinforcement late. 
The following illustrates acceptable reinforcement practices for nozzles irrespective of Design 
Level: 

Nozzle Reinforcement Methods 
!of Al Dlllgn l.fta 

Nozzles on Commercial Grade vessels may use external reinforcing pads (See figure below). As a 
warning, the nozzle loads specified in Appendix A may exceed the practical use of repads. In such 
cases, the Seller should consider locally increasing the thickness of the shell or head with an insert 
plate or increasing the nozzle neck thickness as required. The following illustrates acceptable 
reinforcing practices with full penetration welds for nozzles on Commercial Grade vessels. 

Reri:xt,,g Pad l-1 Pla1I 

Nozzle Reinforcement Methods 
Only for Comrnoldal Grado VnNII 

Material used for nozzle reinforcement shall be the same as the parent vessel unless approved by 
the Bu er as stated on the MDS. 
Structural reinforcing elements such as reinforcing rings or pads (integral or non-integral) can be 
used as necessary to accommodate new design load combinations on fabricated and partially 
fabricated vessels. Any butt-weld seams to be covered by the pads shall be ground flush and 
radiographically examined, in accordance with ASME Section VIII, Division 1, subdivision UW-
51, before the reinforcing pads are welded in place. Reinforcing pads may be formed to the 
required shape by any process that will not unduly impair the physical properties of the material. 
Reinforcing pads shall be fitted to conform to the curvature of shell, head, or other surfaces to 
which they are attached to minimize flat spots and horizontal surfaces that could collect solids. 
Edges of non-integral pads shall be tapered 3 to l minimum to match the height of the legs of the 

• attaching fillet welds. The fillet welds shall fully seal the dead space between the pad and the shell, 
head, or other surfaces to which the ad is attached. 
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Lifting and tailing lugs shall be provided and installed by the Seller per the Drawings. The Seller 
may propose alternate designs and submit SDDR for Buyer approval prior to detail design. 
The Seller is responsible for determining the necessity of stiffening rings. The material shall match 
the material of the shell and attachment welds shall be continuous on both sides of the ring. 
Reinforcement Pads for nozzles, guides etc., shall match the material of parent vessel. 
Seller shall provide all vessels with a nameplate of Type 300 stainless steel attached securely on a 
bracket welded to the vessel at the location indicated on the Drawings. The bracket shall be the 
same material type as the adjoining vessel shell. The nameplate shall be in accordance with the 
specified Drawing. 
The external supports skirts, legs, saddle, lugs etc., shall be designed in accordance with AISC 
M016 for carbon steel or N690 for Stainless Steel Structures. The support at the discontinuity and 
with vessel is within the code pressure boundary and shall be designed per ASME Section VIII. 

Materials shall be new and free from defects. Classification of fabrication materials shall be in 
accordance with ASME Section II. The Seller shall furnish legible copies of the mill test reports 
from the manufacturer for materials comprising the Primary Confinement, internals, supports, and 
welded attachments. Other materials shall be provided with certified statements that the material 
meets the requirements of ASME Section II. 
Material shall be furnished to the specification and grade shown on the MDS. The fabricator shall 
not substitute materials without written approval from the Buyer. 
Contact materials including marking materials, temperature indicating crayons, adhesive backed 
and pressure sensitive tape, and barrier and wrap materials may be used only under the following 
limits: 

• The total halogen content shall not exceed 200 parts per million (PPM) 

• The total sulfur content shall not exceed 400 PPM 

• No intentionally added low melting point metals such as lead, zinc, copper, tin, antimony, 
and mercury. 

Anti spatter compounds shall not contain chlorine, fluorine, sulfur, mercury or other low melting 
point metals. 

Materials and residue shall be completely removed when no longer required. Cleaning materials 
may be non-halogenated solvents or potable water containing no more than 50 PPM chloride. 
Contact materials shall be controlled and documented in accordance with the Seller's inspection 
and test plan as aooroved by the Buyer. 
Seller shall maintain a positive system of identification of materials used in the fabrication of each 
vessel per Exhibit 4, Positive Material Identification (PM/) for Shop Fabrication. 
Pipe fittings shall conform to the appropriate ASME and ANSI standards for materials and 
dimensions unless otherwise stated in the purchase order. 

Seller shall, if necessary, provide temporary stiffening and jigging to prevent shell distortion during 
fabrication, weldin12. processes, heat treatment, hydrostatic testin12,, or shipment. 
Fabrication tolerances shall be in accordance with ASME Section VIII, Division I. 

The sequence of fabrication shall be planned to permit maximum access to the internal surfaces to 
enable examination of all welds. 
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Plates and pipes shall be cut to size and shape by machining, grinding, shearing, plasma, laser, or 
water jet cutting. Plates, 3/8 inch thick and above, cut by shearing, shall either be dye penetrant 
tested on the sheared edge or have 3/8 inch allowance left on the edges which shall be removed by 
machining or grinding. All thickness of plate or pipe cut by air plasma cutting shall have the edges 
dressed to a smooth, bright finish. Material cut by the inert gas shielded plasma, laser or water jet 
process will not require further dressing other than deburring. All lubricants, burrs, and debris shall 
be removed after cutting. 
All stamps used for identification reference markings shall be of the low stress type. Stampings 
shall not be located near discontinuities. 
If a butt welded seam is required between materials of different thickness, the thicker material shall 
normally be machined on the side away from the process liquid. Machining shall ensure a smooth 
finished profile with no sharp comers and shall be in accordance with ASME Section VIII, 
Division I . 
Only stainless steel brushes, clean iron-free sand, ceramic, or stainless steel grit shall be used for 
cleaning stainless steel or nonferrous alloy surfaces. Cleaning tools or materials shall not have been 
previouslv used on carbon steel. 

Saddles shall be continuously welded to the shell. Welded seams under the saddle or wear plate are 
not permitted. Longitudinal weld seams in the shell should not be located within 15 degrees of the 
horn of the saddle or wear plate. 
Structural attachment welds such as internal support rings or clips, external stiffening rings, 
insulation support rings, and ladder, platform or pipe support clips shall clear weld seams by a 
minimum of 2 inches. If overlap of pad type structural attachments and weld seams is unavoidable, 
the portion of the seam to be covered shall be ground flush and radiographically examined before 
the attachment is welded. The seam shall be radiographed per ASME Section VIII, Division I , 
Paragraph UW-5 l for a minimum distance of 2 inches beyond the edge of the overlapping 
attachment. Any protrusion through the weld seam when unavoidable shall be radiographically 
examined after completing the joint weld for at least minimum distance of 8 times the thickness of 
thicker material at protrusion. Radiographic examination of longitudinal weld seams is not required 
when single plate edge type attachments such as tray support rings, stiffening rings, insulation 
support rings, ladder, platform, or pipe suooort clips cross such weld seams. 

For forged nozzles connecting to pipe oflesser wall thickness, the Seller shall prepare the nozzles 
per ASME Section VIII, Division 1, figure UW-13.4. 

Seller shall comply with Exhibit 5, Weldin!! of Pressure Vessels, Heat Exchanf!ers and Boilers . 
All welding shall be continuous. Stitch welding is prohibited. 
Joints shall be assembled and retained in position for welding. The use of manipulators or other 
devices to permit welding in the flat position should be employed where practical. 
All attachments such as lugs, brackets, nozzles, pads and reinforcements around openings and 
other members (when permitted) shall follow the contour and shape of the surface to which they 
will be attached. The gap at all exposed edges to be welded shall not exceed the greater of 1/16 
inch or 1/20 of the thickness of the attachment at the point of attachment. 
Where fillet welds only are used, the maximum gap between the components being joined shall be 
1/8 inch. The comoonents shall be clamped or otherwise maintained together during welding. 
Attachment point of spiders, braces, or other temporary attachments shall match the material of the 
vessel. 
All temporary attachments shall be removed prior to shop hydrotest unless specifically approved 
by the Buver. 
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Records of the NDE and other tests shall be submitted to the Buyer as described in the purchase 
order. 
Additional NDE requirements are specified in the drawini;i;s and MDS. 

Nozzles may use either a pad or integral reinforcement. 
The following weldments shall be subject to volumetric testing unless otherwise indicated on the 
MOS or Drawings: 

• At least IO percent of the length of each welder's production of vessel main seams butt 
welds. The minimum extent of volumetric testing shall include all "T" junctions and IO 
percent of the remaining longitudinal weld with a 6 inch minimum length of volumetric 
testing. 

• For nozzle-to-shell welds located in the Primary Containment, at least IO percent of the 
number of welds made by each welder over I 00 percent of its circumference. 

• At least 10 percent of butt welds in internal piping for the full circumference . 

Radiography is the preferred method of volumetric testing. The SDDR shall include UT procedure 
reference, technical justification of UT proposal for every weldment and schematic location of 
every weldment proposed to be UT tested. 

Hardness testing is required when austenitic stainless steel plates are cold formed to make sections 
such as angles, channels, and conical sections. This requirement is not applicable to the cold 
forming of dished heads, which is covered by the relevant section of ASME Section VIII, Division 
I. 
Hardness testing is required when austenitic stainless steel pipe is cold formed for bends with a 
centerline radius less than three times the nominal pipe diameter. 
Any cold forming process, which may significantly increase hardness, shall be in accordance with 
an approved procedure, which contains hardness testing. The procedure shall be submitted for 
Buyer's aooroval. 
Hardness testing shall be performed on areas subject to the greatest deformation after cold working 
or any rework or rectification. The maximum permitted hardness is HRB 92 or as indicated by the 
material specification acceptance criteria for hardness. 
If the maximum permitted hardness is exceeded, the Seller shall solution anneal (heat treatment) in 
accordance with the applicable ASME specification for that material. Heat Treatment process shall 
include heating and cooling rates, thermocouple locations , and type of heating equipment. Seller 
shall submit a written procedure for suitable heat treatment and testing for Buyer's aooroval. 

Radiography, visual examination, and dye penetrant examination, where specified or required, 
shall be performed in accordance with ASME Section VIII, Division I and ASME Section V, and 
procedures developed and submitted to the Buyer for review prior to use. 
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All mandatory nondestructive examination (visual, surface flaw, and volumetric) shall be carried 
out after the completion of fabrication, including any heat treatment. Where Seller carries out 
additional nondestructive examination prior to any heat treatment process, such examinations shall 
be included in the Quality Plan or Inspection Schedule. The Buyer's representative need not 
witness this additional nondestructive examination; however, the records of such inspection shall 
be made available to the Buyer's representative. 
Nondestructive examination must be performed by an inspector certified to the requirements of 
SNT-TC-lA. The interpretation of the results shall be by either Level II or Level III inspectors 
certified to SNT-TC-lA. Visual examination is not included in this requirement. 
All weld visual examinations shall be performed by personnel certified in accordance with 
American Society for Non-Destructive testing (ASNT) Recommended practice SNT -TC-1 A, Level 
I, Il, or III or certified in accordance with A WS QC-1 as either a Certified Welding Inspector 
(CWI) or a Senior Certified Weld Inspector (SCWI) . 
Radiographic acceptance criteria shall be in accordance with ASME Section VIII, Division 1, 
Paragraph UW-51 where full radiography is required or UW-52 where spot radiography as defined 
in this exhibit is per Section 6.4.2. 
Dye Penetrant testing, where specified by the Buyer or proposed by the Seller, shall be in 
accordance with Appendix 8 of ASME Section VIII, Division 1. 
Weld visual examination, where specified by the Buyer or proposed by the Seller, shall be in 
accordance with ASME Section V, Article 9. 
Fillet Weld Measurement: 

• A fillet weld leg size specified on the drawing weld symbol is the minimum size required 
360 degrees around the nozzle/attachment. The effective throat based on that fillet size 
must be fully met around that circumference, including the obtuse (downhill) location. 
Both leg and throat dimensions must be met as an example, for a specified fillet weld leg 
size of 1/4", the throat thickness on the obtuse side as shown in the figure below is NOT 
acceptable Oess than 0.707 x 1/4") and consequently the actual leg size must be increased 
on the obtuse side to meet an effective throat thickness of0.707 x 1/4". For angles greater 
than 135 degrees, submit an SDDR for buyer review and approval. Fillet weld design is 
applicable between 60 degrees and 135 degrees (per AWS Dl.l , Section 16, Dl.6 Annex 
B) any weld outside these limits is not considered a fillet weld and shall be designed 
accordingly. 

l1llolr < 0. 707 ll I /4 
(•0.096 lbJ u,-, 

I 

Off Set Nozzle Fillet Weld 

Tbrolr > 0.707 I lhf 
(•0.2171,rW) 
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7.3.1 

7.3.2 
7.3.3 

7.3.4 

7.3.5 

7.3.6 

7.3.7 

7.3.8 

7.3.9 

7.3 .12 

7.4 Leak Tests 

7.4.1 

7.4.2 

7.6 Final Inspection of 
Completed Vessel 

7.6.1 

8 Preparation and 
Shioment 
8.1 Cleaning 

8.1.1 
8.1.2 

8.1.3 

8.2 Packaging 

8.2.1 
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If paint is specified, the vessel shall not be painted prior to the pressure test. Coating shall not be 
applied to external welds of items requiring leak/hydrostatic testing prior to testing. 
All welds shall be sufficiently cleaned and free of scale or paint prior to hydrostatic testing. 
Testing of vessels or components made of austenitic stainless steel materials shall be conducted 
with potable water containing no more than 50 PPM chloride. 
For vessels of carbon and low alloy steel, before application of the test pressure, the test water and 
the vessel material shall be allowed to equalize to approximately the same temperature. The 
temperature of the pressure resisting components during the pressure test, regardless oftest media, 
shall be at least 30 °F warmer than the minimum design metal temperature to be stamped on the 
nameplate, but need not exceed 120 °F. 
The final hydrostatic test pressure shall be held for a minimum of one hour. 

After completion of the hydrostatic test, the vessel shall be drained, dried, cleaned thoroughly 
inside and outside to remove grease, loose scale, rust, and dirt and closed as quickly as practicable. 
Test water shall not be in contact with austenitic stainless steel for more than 72 hours, unless 
treated with an appropriate biocide. 
If field assembly or erection is involved, the final hydrostatic test shall be at the job site. The Seller 
or the field subcontractor shall provide the Buyer with a detailed test procedure for review and 
approval prior to testing. 
A horizontal vessel shall be tested while resting on its support saddles without additional supports 
or cribbing. 
Tall vertical vessels may be shop hydrotested in the horizontal position. The vessel shall be 
designed for vertical hydrotest loading. These vessel supports must be adequately designed to 
suooort the vessel (in accordance with the ASME code) during the hydrotest to prevent damal!;e. 
Seller shall submit a hydrostatic test procedure in accordance with the requirements of Section 7.3 
of this exhibit and ASME Section VIII, Division I, Paral!;faph UG-99 for buyer review prior to use. 

If gas or pneumatic testing is specified in the MDS, Drawings or in the purchase order, the Seller 
shall conduct the tests in accordance with ASME Section V. Seller shall submit a test procedure for 
Buyer review prior to use. 
Reinforcing pad attachment welds and accessible surfaces of inside nozzle to vessel wall welds 
shall be tested for leaks with 15 PSIG dry air or nitrogen and bubble forming solution. This test 
shall be performed prior to the fmal hydrostatic or pneumatic test as applicable. 

Final inspection of the completed vessel shall be the sole responsibility of the Seller. The finished 
dimensions and cleanliness of the vessels shall comply with the relevant Drawings and 
specifications after completion of all tests. 

Seller shall comply with 24590-WTP-3PS-G000-T0003. 
If specified in the purchase order and in any event following hot working or heat treatment, the 
equipment shall be descaled. The procedure to be used by Seller shall be submitted for Buyer's 
prior aooroval. 
If blast (mechanical) descaling process is specified in the purchase order for stainless steel 
construction, clean and iron-free glass or ceramic beads, or sand of alumina or zirconia type shall 
be used. The type, grade, and chemical composition of the abrasive shall be submitted for Buyer's 
approval prior to its use. Recycling of abrasive is prohibited. Blast cleaning shall not be used on 
weld metal or as a final fmish on fabrications. 

Machined carbon steel surfaces, which are not protected by blind flanges, shall be coated with rust 
preventative. Rust preventative coating shall be approved by Buyer. 
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8.2.2 

8.2.3 

8.2.4 

8.3 Shipping 

8.3.l 

8.3.2 

9 Documentation and 
Submittals 
9.1 

9.2 

9.2. I 
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All flanged openings, which are not provided with a cover, shall be protected by an ASME B 16.5 
or B16.47 carbon steel blind flange of the same rating as the flange, a full faced rubber gasket with 
a minimum thickness of l /8 inch and carbon steel bolts with stainless steel washers. 
For internal parts, suitable supports shall be provided to avoid damage during shipment. Temporary 
internal bracing shall be painted yellow and a label, located near the nameplate shall state that the 
vessel contains temporary bracin~ that must be removed. 
Small parts, which are to be shipped loose. shall be bagged or boxed and marked with the order 
and plant item number of the vessel. 

Seller shall take all necessary precautions in loading by blocking and bracing the vessel and 
furnishing; all necessarv material to orevent dama11:e. 
The Seller shall verify, by calculation, that the vessel and internals will withstand loads occurring 
during shipping for the chosen mode of transportation. The Buyer shall inform the Seller of the 
chosen mode of transportation 

Seller shall comply with the requirements of forms G32 l -E and G321-V of the material requisition 
or subcontract. Furnish all applicable drawings, MDS, design calculations, reports of special 
analyses, welding procedure specifications with procedure qualification records, test procedures, 
and all other required documents. 
Design calculations shall include relevant ASME Section VIII, Division l formulas, and source 
paragraphs, values used in the formulas, the calculated results, and comparison with acceptable 
values. Where calculations are based on other than the ASME Section VIII, Division 1 formulas, 
the source of the formulas shall be referenced. Where a computer program is used for calculations, 
a brief program description shall be given, including name and version of the program. If the 
program is not commercially available to industry, Seller shall maintain and provide, upon request, 
program documentation. Calculations shall include, but not be limited to: 

• Code calculations 

• Nozzle neck calculation per UG45, average primary stress Pm across the nozzle wall 

• Seismic calculations including base horizontal seismic force and moment and loads for 
anchorage and anchor bolt design 

• Support calculations.including empty weight, operating weight and location of center of 
gravity 

• Calculations associated with lifting and erection of the vessel 

• Nozzle load analysis for local and gross effect, per Section 3.7 above, or by other 
approved method 

• Design of attachments, both internal and external 

• Thermal and discontinuity stresses as applicable 

• Fatigue analysis as aoolicable for vessels in fati~ue services 
Seller shall submit an Outline drawing for each item. The Outline drawing shall include the 
following minimum for each item: 

• Shell and head thickness 

• Head type 

• Vessel empty weight, test weight and shipping weight 

• Center of Gravity 

• . Lifting lugs and tailing lugs 

• Diameter, tangent-to-tangent dimensions and appropriate support details 

• Nozzle, flange support locations from datum point 

• Nozzle schedule with nozzle marks and service conditions 

• All appropriate design conditions, NOE and materials of construction 

• Foundation/Mounting details 
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9.3 

9.4 

9.5 

9.6 

9.7 

9.8 

9.8.l 

9.8.3 

9.8.4 

9.8.6 

9.8.7 

9.8.8 

9.8.9 

10 Quality Assurance 

10.1 General 
Requirements 
10. l.3 

• Installations of appropriate internals 
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Seller shall make a complete set of Buyer approved drawings and other documents available to the 
Buyer's representative at the time the quality surveillance activities are being conducted. 
All records pertaining to the nondestructive examination, base materials, filler materials, 
fabrication, and inspection shall be traceable to the area and part inspected and is accessible for 
Buyer's examination. 
Seller shall provide ASME Section VIII, Division l data reports per ASME Section VIII Division 
l ; Paragraph UG-120. 
Seller shall submit assembly drawings and shop detail drawings for buyer's review. These drawings 
shall include bill of materials, weld symbol, and NDE for each weld, and parts used in vessel 
construction. Assembly and shop detail drawings shall also include shell and head plate layout 
(including nozzles) for compliance with Section 5.2 of this exhibit. 
Seller shall provide a detailed description of their work inspections and tests planned during the 
receipt of materials, manufacturing, testing, and conformance verification activities. This shall 
include identification of Bechtel and suoolier witness and hold points. 
Seller shall supply quality records and test results in accordance with the 0321 V form of the 
Material Requisition to include the following. 
Document Category 16.0 Heat Treat Reports - in accordance with section 7.1 of this exhibit. A 
complete record of anv aoolicable heat treatment includiniz charts. 
Document Category 20.0 Radiographic Examination and Verification Reports - in accordance with 
Section 7.2.5 of this exhibit. 
Document Category 20. l RT Film and Reader Sheets - Seller shall submit the original set of 
radiographic film with associated technique and reader sheets for radiographic tests performed. 
Radiographic film must be suitably packaged to preclude moisture and handing damage. 
Document Category 22.0 Liquid Penetrant Examination and Verification Reports - in accordance 
with Section 7.2.7 of this exhibit. 
Document Category 24.0 Pressure Testing and Verification Reports 

• Hydrostatic Leak Testing in accordance with section 7.3 of this exhibit. 

• Gas or Pneumatic Testing in accordance with section 7.4 of this exhibit. 
Document Category 25.0 Inspection and Verification Report 

• Final dimensional verifications comply with Section 7.6 of this exhibit. 

• Visual Weld Inspections in accordance with Section 7.2.9 and 7.2.10 of this exhibit. 

• Hardness Test report (ifapolicable) in accordance with Section 7.1 ofthis exhibit. 
Document Category 26.1 Mechanical Test Report 

• Load testing, 

• Obstruction documentation per Section 7.5 of this exhibit. 

Seller's QA P, as a minimum, shall contain the requirements detailed in the Supplier Quality 
Assurance Program Requirements Data Sheets listed in Part 2 of the material requisition. 
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Table A2- Minimum Nozzle Loads Due lo lainle~ S1eel Piping on Vessels 
Dcsigna1ed as SC-II. Ill. and IV 

Pipr Sill' l .oadTnJt fortt<1 \lontHh 
Fx (lb) IFY (lb) IFz (lb) Mx (ft-lb) IMY Cft•lb) IMz (ft-lb} 

\\ci~ht IO 16 10 II 7 7 
I in Sci,mic 66 44 '"' 92 137 1~7 

Thermal 211 H 11l 311 77 77 
Wci~ht .20 ., ,. .20 26 ,,, 16 

1·112 in ~i~mic 011 92 IJII 221 342 342 
l ~rmal 51l S1 7K % 192 192 
\\citthl .1 4 56 34 46 .?9 .?Y 

2 in sc,-.mic 244 162 244 391 597 5'17 
l~m,ul I04 92 IJll 1119 337 .137 
Wciiht 71 ID 71 IKO 112 112 

Jin !\ci~mic 491 327 4YI 1570 2350 2350 
l ~rmal 209 1115 2711 6(,4 1330 1330 
Wcitthl 120 192 120 342 21 4 2 1-1 

-I in Sci,mi.: 834 557 1134 2960 4440 4440 
lbcrmul 356 .• 17 474 1260 .?520 25.?fl 
Weight 290 -162 2•,o Y!il 59S 595 

6in Sci,m1c 2025 1350 20.?S 11290 12400 l141HJ 
Thermal x1, 777 1170 3SKO 7160 11h41 
Weight J.H 5.l4 333 1210 7511 7~11 

llin S.:i~ic 2.360 1580 23,,0 10700 1600() l(>fNJO 

lllcrmal IO!iO 9311 l4IO 41100 9!i90 95'11) 
\\ eight 

·'" I 
57K 3M 22111 IJIIO Ullo 

Ill in 'k:i-.mic 2~0 1690 25-10 l"-'011 29100 2•11110 
lllcrmal 11 10 Y9 1 1490 IISOO 17000 17000 
\\ci~ht 5112 803 5112 3240 2020 2020 

12 in Sci~mic 3510 2340 35 10 211100 42100 ,moo 
lll.:rmal 1'511 13110 2070 12-'00 2-'1100 2-'1100 
\\ciiht 59 1 9-16 5'>1 31170 24241 2"211 

1-' in Sci-.mic .u,,o 2780 41h0 33900 S0900 50900 
lhrnnal lll50 IMO 246() 15000 30100 JOIOO 
\\eight 757 1210 757 SOIIO 31110 31110 

16 in 'ici..nuc mo 3540 SJIII 44100 66100 MIOO 
lllcrmal 2380 2120 311!0 IYIIOO 311500 39500 
\\eight 121KI 111.30 1200 11190 5120 5120 

Ill in ~i-.mic ~90 5660 IUQO 71500 107(Nl0 107000 
1111 .. -mwl 2\l90 2(,6() 39110 25200 50.300 SIIJCKJ 
\\'cil?-hl 121lO 2050 121lll llh.30 5400 :qoo 

20 in ~i..mic 11910 5940 11910 75900 114000 11 -1000 
lhc:rmal JMO .m,o 411110 3l21NI 62-IIHI t.2-11101 
Wd¥hl 131!0 22110 D80 931l0 511611 511hO' ,, . 

-- m lwiMTtiC 95IO 6340 115 10 111500 122000 1220001 
fhcrmal 44211 3YJO S'JIKI .H'HKJ 75IIOO 751100 
\\'cittht 1h00 2570 1h00 1 IIHJO b870 6870 

24 in lwismic 11100 7430 11 IIKI 96100 14-«IOO 1-WIHKI 
t hermal 52411 4660 6'1YO 45200 \IO-IOO '1()-100 

Note: Unless oth ffli pecified on the MDS utiliu the minimum noale loads pecified 
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Table A4- Minimum Nozzle Loads Due lo ·arbon Steel Piping on Vessels 
De . d SC II Ill IV •s1gna1e as - . or 

Pi11e !'>i.tr l.oad l ~ ~ Fort'~• \lumcnh 
Fx (lb) IFv (lb) IFz (lb) Mx (ft-lb) (My (ft-lb) IMz (ft-lb) 

\\ci~ht 10 1 t, 10 I l II II 
I in '-:i,mic 611 46 hll 110 166 166 

lhcrmal .l.? .lO .... 5.l 10(1 106 
\\'dghl .?O 32 20 JI 211 20 

l•l/2 in '-:1,1111c 1-10 CJ2 1-10 27' 412 -112 
llt~TlllJI 611 60 'XI 112 .?M .?t.5 
\\cight H H 3-1 55 l-1 34 

1 in Sc,,1111.: 234 1$6 2.l4 4110 721 721 
1~-nnal 11-1 100 150 ,., -~'- .tM .tM 
\\\:rl!,hl ,,2 941 (12 17(, llll 110 

Jin Scismil' 482 32 1 -1111 19IO 2870 21170 
lk-rmal .Bl .?06 3011 'Jl5 11130 lSJO 
\\'cil!,hl I0-1 167 10.f .l35 209 :?09 

4 in !\ei,mi~ 80-I 536 804 3610 5420 54.?0 
l~-i'mJI 387 J.U 516 1740 .l-1110 .14110 
w~-i~ht 2-13 3119 2-13 ., .. 9 593 59.l 

6 in ~i,mic 11160 1250 IKMI 10200 15200 ISl!KI 
therm.ii IH16 1106 1210 -19311 91170 91170 
\\'eight 353 56.f 353 14511 903 903 

II in Sci~mic 2690 1800 26•JO 13400 20200 20200 
l~-rmal ,no 11110 1770 6610 0200 13.?IKI 
Weight JK-1 "" 311-1 2tiCKI 1630 1630 

IOin Sci,mtc 2920 1950 1920 23700 35600 3564.KI 
lkrmJI 1450 129() l9JO I 17CKI 1:l.flHI :?J-l(KI 
\\ci1,1ht 5h7 908 567 -11511 25-Xl 2590 

12 in '-:i,mk 43111 2IUIO 4ll0 37100 5~600 556(HI 
111..-rmal 21-10 1910 .?860 18-100 3<11100 361100 
\\cil!,ht 707 1130 707 5-1()() .lJIIO 33110 

14 in '-:i,mk 5380 3590 5.lllll -'8100 72200 72200 
lltcrmal 2(,70 2JKO .lS70 23900 .f7Q(HI -17900 
\\,:ighl 91Ul 1~70 9110 K040 5020 sow 

16 in '-:i,mk 7450 4970 7"Sn 71900 1011()()(1 IOlll)(HI 
lh,:rn111I 37110 J:?9() 4'1-10 .lSXCHI 71500 71500 
\\t:i1?ht DCM> .?0110 131K) I 1.'fHI 7090 7090 

IX in '-:i,mic 91190 6'90 9890 1020(N) 152000 I S21HKI 
lhcrmul ~9,o HCHl 6600 Sll'HHI 102000 I021KK} 
\\eight 16-40 .!t\lll 16-10 l.f'>CIO 9330 9llO 

Win \ci,mic 12500 8320 1.?SOO 132000 1911000 l'IIIIHHI 
lhcrm.il b31XI 5(.00 8-IOO t,1,5(1() 133000 13.llHIO 
\\eight 1900 .lo.to 1900 15.fCKI %20 %20 

21 in '-':1,m1c 14.f(IO %IO l-141KI 135000 203000 .!Ol(KI() 
lncrm.il 7330 6520 9770 68800 138000 1380<K) 
\\'ei3hl 25 10 4020 2SIO 2-IKOO 15500 ISSOII 

24 in sc:i~mic 19(JOO 12700 19(11)(1 217000 326000 3261HHI 
lkm1al 9760 11(1311 l,l()()() lllOOO 2221JOO 2221HHI 

Note: Unless othefflis.e pttiffed on thr MOS utillu 1hr minimum nozzlr loads pttified 
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Structural Design Loads for Seismic III & IV Equipment 
and Tanks 
Specification 24590-WTP-JPS-FB0l-T000l, Rev. 6 was used to create the following exhibit. Specification change notices 
(SCNs) have been evaluated and there are no applicable SCNs. 

1 Scope 

1.1 General This exhibit provides structural design loads for Seismic Category III (SC-III) and Seismic 
Category IV (SC-IV) equipment and tanks on the River Protection Project - Waste Treatment 
Plant (RPP-WTP) located at the Department of Energy (DOE) Hanford Site in Richland, 
Washington. The seismic categories are derived from the performance categories defined in 
DOE-STD-1020-94 (Ref. 2.7). This specification also defines the seismic design load for SC-
III qualification testing. The loads include dead, live, wind, fluid, earthquake, snow, ashfall, 
lateral earth pressure, operating pipe reaction, and thermal loads. 

This exhibit is to be used in combination with the Equipment/fank Technical Specifications, 
which may include supplemental codes applicable to the specific Structure, System, or 
Component (SSC). In case of conflicts between this exhibit and other technical requirements 
in the Equipment/fank Technical Specifications, the Seller shall identify such conflicts to the 
Buyer in writing and obtain resolutions documented in writing. These conflicts may also 
include inconsistency ofload definitions, conditions and combinations as specified by the 
referenced codes and standards. 

1.2 Definitions EQUIPMENT: Mechanical, electrical, or control system component or element that is part of a 
mechanical and/or electrical system. 

SC-IV EQUIPMENT ff ANK: Equipment/fank required to be designed for the SC-N loads 
and load combinations provided in this exhibit. This includes equipment/tank assigned SC-N 
for seismic design per the facility-specific Preliminary Documented Safety Analysis (PDSA) 
document or Documented Safety Analysis document. 

2 Applicable Documents For the codes and standards listed below, the specific revision or effective date identified, as 
well as the specific revision or effective date of codes and standards that they incorporate by 
reference (daughter codes and standards), shall be followed. The effective dates and revisions 
listed in Section 2 shall apply to subsequent references to the codes and standards within this 
exhibit. 

2.1 American Concrete ACI 318-99 Building Code Requirements for Structural Concrete and Commentary. 
Institute (ACI) 
2.2 American Concrete ACI 349-01 Code Requirements for Nuclear Safety related Concrete Structures and 
Institute (ACI) Commentary. 
2.3 American Institute of AISC M016-89 Manual of Steel Construction -Allowable Stress Design, Ninth Edition. 
Steel Construction (AISC) 
2.4 American Society of Manuals and reports on Engineering Practice; No. 78, Structural Fire Protection, ASCE 1992. 
Civil Engineers (ASCE) 
2.5 American Society of Minimum Design Loads for Buildings and Other Structures, ASCE 7-98. 
Civil Engineers (ASCE) 
2.6 American Society for Material for steel anchor bolts, ASTM FI554 grade 36, unless specified otherwise on the 
Testing and Materials design drawings. 
(ASTM) International 
2.7 Department of Energy DOE-STD-I 020-94 (Including Change Notice # I dated Jan 1996) Natural Phenomena 
(DOE) Hazards Design and Evaluation Criteria for Deoartment ofEnenzv Facilities. 
2.9 International Conference Uniform Building code, UBC-97 
of Building Officials 
(ICBO) 
2. I 5 American Society of ASME Boiler and Pressure Vessel Code, Section II, Part D, Subpart I (Any edition of the code 
Mechanical Engineers between 1995 and current edition) 
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(ASME) 

3 Methodology 

4 Design Loads 

4.3 Earthquake Loads 

4.3.1 

4.3.2 

4.4 Dead Loads 
4.5 Live Loads on 
Equipment-Supported and 
Tank-Supported 
Platforms and Walkways 
4.6 Thermal Loads 

4.6.1 Base Temperature 

24590-BOF-3PS-MEE0-T0002, Rev 2 
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Methodology used in the seismic design of Seismic Category III & IV equipment and tanks 
shall be as defined in the Equipment/faok Technical Specifications and the supplemental 
codes applicable to the SSC. 

For SC-IV equipment designed to UBC-97 (Ref. 2.9) Section 1632, attachments for floor or 
roof mounted equipment weighing less than 400 pounds need not be designed. 

Stainless Steel supports for Quality Level Q equipment shall be qualified using the allowable 
stresses from ANSI/AISC N690-1994 (Ref2.l l) and the load combinations from section 5.1 
of this specification. 

Stainless Steel Supports for Commercial Grade (CM) equipment shall be qualified using the 
allowable stresses from either ANSI/AISC N690-1994 (Ref2.l l) or AISC M016-89 (Ref 2.3) 
and the load combinations from section 5.1 of this exhibit. 

Earthquake loads on equipment and tanks supported by structures shall be calculated per the 
provisions of UBC-97 (Ref 2.9), Section 1632, using the following parameters: 

Ip= 1.0 For SC-IV equipment tanks 
c. = 0.24 

ap = 1.0 for rigidly mounted rigid• equipment 
= 2.5 for flexible equipment•• and flexibly mounted rigid equipment 
= 1.0 for tanks 

• Rigid equipment are defined as those with a fundamental period ofless than or equal to 0.06 
seconds (~I 7Hz). 
•• Flexible equipment are defined as those with a fundamental period of greater than 0.06 
seconds (<17Hz). 

Rp = 3.0 To be used when equipment is attached directly to structural steel 
= 1.5 .. • To be used by suppliers unless otherwise specified on the Equipment/Tank 

Specification 
••• Based on actual conditions and location, Buyer's Civil, Structural, Architectural (CSA) 
personnel may approve an RP of3.0 in calculations. 
Earthquake loads for self-supporting tanks (i.e. supported on their own foundation) shall be 
calculated per the provisions ofUBC-97 (Ref. 2.9), Section 1634, using the following 
parameters: 

I = 1.0 for SC-N tanks 
c.=0.24 
Cv= 0.32 
Dead loads include the wei~ht of permanent equipment/tanks as well as their Attachments. 
Platforms and Walkways - 100 psf 
Stairs treads - 100 psf or 300 lbs. concentrated loads applied over an area of four (4) square 
inches, whichever load produces greater effect on equipment. 
Handrails for stairs and platforms - Per Table 16B ofUBC-97 (Ref. 2.9) 

The base temperature for thermal analyses shall be 70 °F. This temperature is based on 
recommendations from ACI 349 (Ref. 2.2). 
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4.6.2 Outdoor Ambient 
Temperatures 

4.6.3 Operating 
Temperatures (Normal and 
Abnormal), To 

4.6.4 Accident 
Temperatures (Design Basis 
Event), Ta 

4.6.5 Temperature 
Limitations on Structural 
Elements 
5 Loads and Load 
Combinations 
5.1 Structural Steel Design 
Load Combinations 
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Unless specified otherwise in the Equipment/fank Technical Specifications or datasheets, 
ambient air temperatures shall be as follows: 

For SC-IV equipment: 115 °F maximum, -25 °F minimum 
Operating (normal and abnormal) temperatures are provided in WTP Equipment/fank 
Technical Specification. Abnormal Temperatures are due to an anticipated eight-hour loss of 
cooling event, which is postulated to occur once per year, and is not the result of an accident or 
natural phenomena hazards (NPH). Abnormal temperature thermal loads shall not be 
considered concurrent with earthquake (E) loads. For load combinations which include 
earthquake {E), T0 shall be normal operating temperature thermal loads only. For load 
combinations without seismic {E), To shall be greater of normal or abnormal operating 
temperature thermal loads. 
Accident temperatures are associated with the Design Basis Event (DBE) and provided in the 
WTP Equipment/fank Technical Specifications, unless noted otherwise in Section 5 of this 
exhibit and are described as: 

a) High energy line break (HELB). Which are to be considered concurrent with NPH 
loads in accordance with the appropriate codes. 

b) Loss of facility cooling combined with extreme outdoor temperatures. This load and 
NPH Temperature load shall not be considered concurrent with earthquakes (E) loads. 

SC-III and SC-IV designed steel and stainless steel structures shall use reduced yield stress 
(Fy) and elastic modulus {E) in accordance with the ASCE Engineering Practice 78 (Ref. 2.4), 
see example provided in Aooendix A. 
The following loads and load combinations are applicable to both SC-III and SC-IV equipment 
and tanks. 
For the design of equipment and tanks, the following loads shall be combined with other 
applicable loads, per the provisions of the Equipment/fank Technical documents included 
with the Purchase Order (P.O.). 

A Ashfall Loads 
D Dead Loads 
E Earthquake (Seismic) Loads (Due to DBE) 
L Live Loads 
SN Snow Loads 
W Wind Loads 
T0 Thermal Loads during Normal & Abnormal Operating Conditions 
T. Thermal Loads due to Accident (DBE) Temperature 
P0 Maximum or minimum differential pressure load generated by Normal or 

Abnormal HV AC operations 
P. Maximum or minimum differential pressure load generated by DBE 
S Allowable Stress per Allowable Stress Design Method 

For the design of equipment/tank supports, the following service-level load combinations shall 
apply. Note: the 1/3 allowable stress increase discussed in UBC-97 (Ref. 2.9), Section 
1612.3.2, has been incorporated into the following combinations through the use of the 0.75 
factor. No further stress increase is allowed. 

The folloWing load combinations are based on Section 1612.3.2 ofUBC-97 and using the 
Allowable Stress Design Values of AISC M016, ASD Ninth Edition (Ref. 2.3). 

S = D+L+A+Po+To 
s = D+L+S~Po+To 
S = 0.7~(D+L+W+Po+To) 
S = 0.75(D+L+SN/2+W+Po+To) . 
S = 0.75(D+L+S~W/2+Po+To) 
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5.1.2 Other Loads 

5.2 Reinforced Concrete 
Design Load Combinations 
(Anchorage design) 

S = 0.75(D+L+Po+To+E/1.4) 
S = 0.75(0.9D+Po+T.,±E/1.4) 
S = 0.75(D+L+P.+T.) 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

S = 0.75(D+L+T.+E/1.4) Where Ta is Due to HELB 

Where other loads are to be considered in design, each applicable load shall be added to the 
combinations specified above per reouirements of Section 1612.3.3 ofUBC-97 (ref 2.9). 
For equipment and tanks anchorage design, the following loads shall be combined with other 
applicable loads, per the provisions of the Equipment/fank Technical Specifications. 

A Ashfall Loads 
D Dead Loads 
E Earthquake Loads 
F Fluid Loads 
H Lateral Earth Pressure Load 
L Live Loads 
Ro Operating Pipe Reaction Load 
SN Snow Loads 
To Thermal Loads during Normal & Abnormal Operating Conditions 
W Wind Loads 
T. Thermal Loads due to Accident (DBE) Temperature 
Po Maximum or minimum differential pressure load generated by Normal or 

Abnormal HV AC operations 
Pa Maximum or minimum differential pressure load generated by DBE 
U Required Strength per Strength Design Method 

The following load combinations are based on section 9 .2 of ACI 318 (Ref. 2. 1). 

U = l.4D+l.7L+l.7A 
U = l.4D+l.7L+l.7SN 
U = 0.75(1.4D+l.7L+l.7W) 
U = 0.75(1.4D+l.7L+l.7S~l.7W) 
U = 0.9D±1.3W 
U = l.4D+l.7L+l.7A+l.7H 

U = l.4D+l.7L+l.7S~l.7H 
U = 0.9D+l.7H 
U = l.4D+l.7L+l.7A+l.4F 
U = l.4D+l.7L+l.7S~l.4F 
U = 0.9D+ l.4F 
U = l.4(D+To) 

In addition, the following load combinations based on UBC Section 1612.2.2 shall apply. 

U = l.l(0.9D±E) 
U = 0.75(1.4D+l.7L+l.7S~l.4T.+l.4Ro) Where Ta is Accident (DBE) 

Temperature [see 4.6.4{b)] 
U = D+L+S~F+H+T0+Ro+E Where Ta is due to (HELB) [see 

4.6.4(a)] 
U = 0.75(1.4D+l.7L+l.4To+l.4Po+l.4Ro) 
U = 0.75(1.4D+l.7L+l.7S~l.4To+l.4Po+l.4Ro) 
U = l.4{D+To+Po) 
U = l.l(l.2D+L+o.2S~l.3F+l.6H+l.2T0+l .2P0+1.2Ro+E) Where To and Po are 

the normal operating 
values only 

U = 0.75(1.4D+l.7L+l.7S~l.4T.+1.4Pa+l.4Ro) 
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6 Equipment and Tank 
Anchorage 

U = D+L+SN+F+H+Ta+Pa+Ro 
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The Supplier shall furnish the Buyer with the following information: 

• Location of anchorage in relation to equipment. 

• Design loads on the anchorage shall be reported by individual load and load 
combination. 

• Coordinate system and sign conventions . 

The selected anchor bolt material for the WTP project is ASTM F 1554 (Ref. 2.6). Use of other 
anchor bolt materials, require the approval of the Buyer. 

24590-G04B-F00019-Rev 4 (2/12/2008) 

Exhibit 3, Page 5 
Ref 24590-WTP-3DP-G04B-00049 



This page intentionally left blank. 



Exhibit 4 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Positive Material Identification (PMI) for Shop Fabrication 
Specification 24590-WfP-3PS-GOOO-T0002, Rev. 9 was used to create the following exhibit. Specification change notices 
(SCNs) have been evaluated and there are no applicable SCNs. 

1 Scope This exhibit covers the minimum requirements for and the extent of application of Positive Material 
Identification (PMI) testing of shop fabricated pressure retaining equipment and piping. This 
exhibit applies to shop fabrication only. 

3 Technical 
Requirements 
3.1 General The purpose of PMI is to provide evidence that the materials are correctly supplied as specified by 

project documents. PMI is required for shop-fabricated items fabricated from the alloys identified 
in Table I. 

When required by this exhibit, PMI testing will be done on each component of a pressure retaining 
assembly. This shall include each individual segment of pipe, each plate, and all other pieces of 
base materials ( e.g., forgings, fittings, and tubing) and all required pressure retaining welds. 

For purposes of this exhibit, the following definitions are used: 

Alloy: Metallic materials (including welding filler materials) which contain alloying elements 
including but not limited to: Chromium (Cr), Nickel (Ni), Molybdenum (Mo), Copper (Cu) or 
Tungsten (W). 

300 Series Stainless: Austenitic Stainless Steels (304L, 3 l6L, etc.) 

6 % Mo: AL6XN, 254 SMO, etc. 

Duplex Stainless Steel: CD4MCu, etc. 

Nickel Base: Alloy C-22, 625, 690, etc. 
3.2 Responsibility The Seller shall submit to the Buyer, for review and comment prior to fabrication, procedures 

covering how PMI will be conducted and documented. The Seller's procedures shall include the 
instrument manufacturer's procedures and requirements, operator qualification/re-qualification 
requirements, instrument calibration method(s), calibration frequency during testing, criteria for 
acceptance or rejection, material identification method, and record keeping. 

3.3 Verification 
Method 
3.3.1 Instruments used for PMI shall be of the type that will provide quantitative, recordable, elemental 

composition results for positive identification of the alloy elements present. 

a) PMI shall be done per the procedures outlined by the manufacturer of the PMI instrument 
being used. Modification of these procedures must be approved by the Buyer. 

b) Each PMI instrument shall be calibrated according to the manufacturer's requirements. 
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3.3.2 

3.3.3 

3.3.4 

3.4 Welding 
Consumable Control 

4 Extent of PMI 

4.1 Vessels, 
Exchangers, Tanks, 
Filters and other 
Manufactured 
Equipment 

24590-BOF-3PS-MEE0-T0002, Rev 2 
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The methods/instruments listed below are acceptable. In application, they must not be used in a 
"go-no-go" mode. The only acceptable objective is the positive identification, listing, and 
quantification of the relevant elements listed in Section 7. 

a) Portable X-ray fluorescence analyzers. Use is limited to the following instruments or their 
equivalent unless prior approval is given by the Buyer: 

• TN Technologies Alloy Analyzer 9266, 9277 (The Metallurgist XR) or 9288 
• Outokumpu X-Met 840, or X-Met 880 
• Niton Alloy Analyzer (800 Series) 

• Thermo Scientific Niton XL3t Analyzer 

• Metorex X-Met 920, X-Met 3000TA or X-Met 3000TX Metal Analyzer 

• Innov-X Systems XT Series Analyzer 

• Innov-X Systems Alpha 6500 Series Analyzer 

• Innov-X Systems Delta Model DP-2000, DS-2000, or DC-200 Analyzer 

b) Portable optical emission analyzers. Use is limited to the following instruments or their 
equivalent unless prior approval is given by the Buyer: 

• SpectroPort Model TP-07 or TFO-02 

• Outokumpu ARC-MET 900 or the New Spectrotest 

• SpectroLab, Spectrotest and Spectrotest Jr. 

Any other instrument will require Buyer's approval via the submittal process. 

Note: Arc strikes, if any, need not be removed. 
In lieu of using portable instruments, chemical analysis can be performed on actual material 
samples. Care must be exercised while collecting samples, as contamination can be contributed by 
the removal tools. Sample extraction shall not weaken or reduce the functionality of the component. 
Laboratory analysis reports shall be traceable to the individual component from which the sample 
was taken (See Section 6, below). 
Parts that are too small to be tested using an alloy analyzer are exempt from PMI testing. If such 
exemption is claimed, the PMI procedure shall specify the minimum part size capable of being 
tested. 
In addition to PMI testing required by this exhibit, the Seller shall have in p lace, and implement, 
welding consumable material control systems that can be verified by auditing. PMI of completed 
pressure retaining welds is required as indicated in Table 1. Production "Run Off' weld test 
coupons may be used for chemical analysis checks. 
PMI shall be performed on completed equipment, or assembled parts of equipment, at such time as 
to ensure that only verified materials have been used in the fabrication and final assembly of 
components. If the assembled equipment configuration prevents PMI of any individual part, then 
that part shall be tested prior to assembly and be noted as such on the PMI documentation. 
Vessels, exchangers, and other manufactured equipment shall have PMI testing performed at the 
Seller's facilities . This shall include piping and components supplied as part of an equipment 
"package" or skid. 
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4.2 Shop Fabricated 
Pipin2 
4.2.1 

4.2.2 
4.4 Valves and Pumps 

4.S Bulk Materials 
(Straight Run Piping, 
Fittings, Stock Valves, 
Etc.) 
S Identification 

5.1 General 

5.2 Marking 
Materials 

5.3 Equipment and 
Equipment 
Components 

S.4 Piping Materials 

5.5 Fasteners and 
Small Parts 
6 Records of PMI 
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PMI is required for all piping and piping components, circumferential pressure retaining welds, and 
non-autogenous longitudinal welds as indicated in Tables I and 2. Note that to the greatest extent 
possible (considering minimum size restraints of the PMI analyzer), the requirements for examining 
tubing are eouivalent to that of piping. 
PMI is not required on autogenous welds, fi llet welds, or socket welds. 
PMI of valves and pumps is required for materials as indicated in Table I and piping fluid codes as 
indicated in Table 2. 
PMI is required as indicated in Table I. Table 2 does not apply. 

All shop-fabricated items/pieces that have been successfully subjected to the required PMI shall be 
marked. The mark shall be durable and last through transportation and receiving inspection at the 
Buyer's faci lity. See Section 7 for items that do not pass PMI. 
Marking materials and adhesive tape selected shall not cause corrosion or other harmful effects . 
Requirements for marking materials: 

• The total chloride/flouride content shall not exceed 200 ppm . 

• The total sulfur content shall not exceed 400 ppm 

• The total oflow melting point metals such as lead, zinc, copper, tin, antimony, and 
mercury shall not exceed I percent; of this, mercurv shall not exceed 50 ppm. 

When it has been verified that the material has a composition consistent with the material specified, 
then it must be stamped with letters "PMIV". Use low stress stamps for identification. Items that 
cannot be stamped shall have an alternate system of marking. Heat exchanger tubing shall not be 
stamped. Any alternate system, and the items for which it will be used, must have Buyer approval. 
To the maximum extent possible, the stamping/marking shall be located for ease of future 
reference/verification. 
When it has been verified that the material has a composition consistent with the material specified, 
then a colored adhesive tape, or other approved marking method, shall be applied at one end to 
facilitate proper identification. 
Fasteners and small parts shall be marked in accordance with the Seller's procedure using a hard 
marking method, an indelible ink, or paint. 
Results shall be recorded on PMI report forms, which shall indicate, as a minimum, the following 
for each examination: 

a) Name of inspector 
b) Date of testing 
c) Test method, including PMI instrument name and serial number 
d) Equipment tag number or pipe spool number (PO number for bulk items) for the specific 

piece tested 
e) Quantitative analysis results for relevant elements (see Section 7) 

A PMI map consisting of assembly and sub-assembly drawings shall be prepared for each piece of 
fabricated equipment or pipe spool. The map shall include components and welds and show the 
locations of PMI testing. 

An extended Shop Spool Sheet shall be provided for each individual spool number where PMI was 
done. 

In the case of bulk items, PMI results may be submitted in the form of a certificate verifying that 
parts were tested according to the requirements of this exhibit. Results shall be reported by heat/lot 
and shall include the following: 
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7 Acceptance, 
Rejection and 
Retesting 
Requirements 

7. l 

7.2 

7.3 

a) 
b) 
c) 
d) 
e) 
f) 

Name of inspector 
Date of testing 

24590-BOF-3PS-MEE0-T0002, Rev 2 
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Test method, including PMI instrument name and serial number 
, Type and number of pieces tested 
Acceptable composition ranges for the relevant elements (see Section 7) 
Material identified 

PMI forms shall become a part of the permanent inspection records. Seller shall submit the 
completed forms as part of the Final Document Package when required by the Form G-321-V in the 
Purchase Order. 
All materials tested shall be identified by the PMI instrument as being consistent with the 
composition of the specified material. The results shall fall within the chemical composition 
requirements of the ASTM, AWS or other applicable material specification allowing for the 
accuracy of the instrument. Any questionable PMI result shall be re-analyzed by the same or 
another instrument, after verification of proper surface preparation. See Section 7. l, below, for 
materials and welds that fail to meet requirements on the second analysis. 

The following elements shall be identified and recorded, even if the instrument does provide 
immediate identification (e.g. display of"3 l6", "6 Mo", etc.): 

AlloI Elements 
304,304L Ni. Cr 
316,316L Ni, Cr,Mo 
347 Ni, Cr,Nb 
Duplex, 6% Mo, 254 SMO, AL6XN, etc. Ni, Cr, Mo, Cu 
Nickel base alloys, C-22, 625, 690, etc. Ni,Cr,Mo, W 

Welds joining dissimilar base materials or having filler materials that do not match the base 
material composition may include an allowance for dilution. Acceptable composition ranges for 
commonly used combinations of base material and weld filler metals are included in Table 3. Other 
combinations, when required, shall be identified to the Buyer for approval. Please note that the only 
proper use of Table 3 is for assessing dissimilar welds. 
If any material, component, or weld of a type not requiring I 00% testing is found to be 
unacceptable, all other materials, components, or welds (same heat, lot, etc.) represented by that 
failed item shall be considered suspect. The Buyer shall be notified immediately if a component is 
confirmed to have failed the PMI. The Seller will then have the following options, with Buyer 
concurrence: 

a) Scrapping/removing all materials, components, or welds represented by the test piece (all 
of that heat, lot, etc.) and replacing with new components or filler metals, or 

b) Performing 100 percent examination of the remainder of the represented materials, 
components, or welds, and replacing each item that fails the PMI check, or 

c) Verifvin1,1; correct chemistrv bv laboratory chemical analvsis. 
If questionable values obtained with portable analyzers are verified by laboratory analysis, the 
laboratory analysis data shall be used and recorded. 
Any item or component containing materials that have not passed the PMI shall be clearly marked 
as "DO NOT USE - PMI FAILED" and segregated from the remainder of the stock. 
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Table 1 PMI Requirements for Shop Fabricated Items/Pieces 

ITEM-(NOTE 1) 

Type 304 & 304L Stainless Steel Components 
Type 3 I 6, 3 I 6L, & 347 Stainless Steel Components 
6% Mo Components 
Duplex Stainless Steel Components 
Nickel Base Alloy Components 
Alloy Valves 
Alloy Pumps 
Alloy Piping - including non-autogenous longitudinal 
welds 

(Spools, Fittings, Straight-Run Pipe, and Tubing) 

Alloy Pressure Retaining Welds 

Bolting - BSM used for Pressure Retaining 
Connections 

Alloy Heat Exchanger Tubing 

Venturis 

Note: 

VERIFICATION REQUIRED 

No 
Yes- 100% 
Yes- JOO% 
Yes- JOO% 
Yes- JOO% 
Yes - 100% Body and Bonnet Only 
Yes - I 00% Casing Only 
Yes - 100% for 6 % Mo alloys 
and Nickel base alloys 

Yes - I 00% for 316L, used in the 
fluid codes listed in Table 2 
Yes - I 00% of completed welds 
that join material required to have 
PMI testing 
Yes - 5 % of total bolts, minimum 
one check per heat 
Yes - 5 % of total tubes, minimum 
one check per heat 
Yes - I 00% pipes and welds 

I. The following items are exempted unless specifically designated for PMI by the Purchase 
Order: 

a) All type 304L stainless steel components, piping, and welds 
b) Deleted 
c) Non pressure-retaining parts, such as baffies, trays, tray clips, supports, pall-rings, support 

rings, etc. 
d) Non pressure-retaining welds and sections of piping, such as drains, vents, overflows, etc. 
e) Gaskets 
t) Instrumentation ( except when the instrument is a shop fabricated piping component placed 

in-line of a piping system requiring PMI) 
g) Internal instruments parts (including pressure retaining parts) 
h) Instrument tubing less than 1/2 inch in diameter 
i) HV AC ducting 
j) Piping components located within piping systems for which PMI is NOT required. 
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Table ::Z Fluid Codes Requiring PMI Testing (Shop Fabricated Plpiag aad Plpiag System 
Compoaeats) 

DR 

HN 

PB 

PF 

PP 

PU 

PX 

ZE 

ZJ 

ZR 

zy 

Suspect 
Radioactive Steam 

Nitric Acid 

LAW Feed 

CNl"c Concentrate 

Ultrafilter 
Permeate 
Suspect 

Radioactive 
Gas/Vapor 

Radioacbve Sluny 

Plant Wash Fluid 

Alkaline Effluent 

Suspect 
Radioactive 
Condensate 

Scrubber Effluent 

GU 

HR 

PC 

PH 

PR 

PY 

PZ 

ZF 

ZL 

ZS 

Nitric Acid Fume 

Recovered N1tnc 
Acid 

HLWFeedSluny 

LAW Melter Feed 

Suspect 
Radioactive Liauid 

Stronbum 
Cvbonatc 

Waste Feed 

Plant Washings 

Spent IX Resin 

Process 
Radioactive 
Condensate 

GV Vessel Vent 
Radioactive 

PA Radioactive 
Aqueous 

PE Entrained Sobds 
Concentrate 

PJ HLW Melter Feed 

PS Suspect Radioactive 
Slurrv 

PW Radioactive 
Ga/Vapor 

RK Sodium 

ZH 

ZN 

zx 

Pcrmanunate 
Acidic Effluent 

Ncutrali7.cd 
Effluent 
Special 

Dccootaminant 

Table 3 Base Material and Weld Filler Metal Composition Requirements (Wt o/e) 

304LBM 

308LWFM 

304L Welds 

304LBM 

316LBM 

316LWFM 

304U316L Welds 

304L BM 
316LBM 

308LWFM 

304U316L Welds 

304LBM 

308LWFM 

CD4MCu8M 

304L'CD4MCu 
Welds 

24590-G04B-FOOOl9-Rev 4 (2/12/2008) 

- -18.0 • 20.0 8.0 • 12.0 

19.5 • 22.0 9.0-11.0 0.75max 

18.0- 22.0 8.0- 12.0 0.75max 

18.0- 20.0 8.0- 12.0 

16.0-18.0 10.0-14.0 2.0 • 3.0 

17.0- 20.0 11.0-14.0 2.0 • 3.0 

16.0- 20.0 8.0-14.0 3.0max 

18.0- 20.0 8.0-12.0 

16.0 • 18.0 10.0- 14.0 2.0 • 3.0 

19.5 • 22.0 9.0-11.0 0.75 max 

16.0- 22.0 8.0- 14.0 3.0max 

18.0- 20.0 8.0- 12.0 

19.S • 22.0 9.0 • I 1.0 0.75 max 

24.S. 26.5 4.75 • 6.0 1.75 • 2.25 

18.0. 26.S 4.75- 12.0 2.0 max 

w ... 

E/ER308L & LT 

Note I 

E/ER316L& LT 

Note 1 

E/ER308L & LT 

Note I 

E/ER308L & LT 

2.75- 3.25 

Note I 
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Table3 Base Material alld Weld FIUer Metal Composition Requirements (Wt %) (coat.) 
, ... Q .. - QI w I,._ 

316LBM 16.0 • 18.0 10.0 - 14.0 2.0 • 3.0 

316LWFM 17.0 - 20.0 11.0 - 14.0 2.0 • 3.0 E/ERJ16L & LT 

316L Welds 16.0 - 20.0 10.0 • 14.0 2.0 • 3.0 Note I 

3l6LBM 16.0 • 18.0 10.0 - 14.0 2.0 • 3,0 

316L WFM 17.0 - 20.0 11.0 - 14.0 2.0 • 3.0 E/ERJ16L& LT 

CD4MCuBM 24.S . 26.S 4.15 • 6.0 l.1S - 2.25 2.75-3.25 

3l6UCD4MCu 
16.0 • 26.5 4.75 - 16.0 1.7.S-3.0 

Note I 
Welds 

AL6XNBM 20.0 - 22.0 23.5 • 25.5 6.0 • 7.0 0.75 max 

62SWFM 20.0 • 23.0 58.0 min 8.0 - 10.0 0.50max E/ERNiCrMo-3 

AL6XNWclds 20.0· 23.0 25.5 min 7.0 • 10.0 0.75 max Notc2 

C-22 BM 20.0. 22.S Remainder 12.5 . 14.5 2.5 • 3.5 

CD4MCuBM 24.S • 26.5 4.75 - 6.0 1.75 -2.25 2.75 • 3.25 

C-22WFM 20.0 . 22.5 Remainder 12.5 • 14.5 O.Smax 2.5 • 3.S E/ERNiCrMo- I 0 

C-22/CD4MCu 16.0-22.5 25.0min 10.5 • 14.5 2.5-4.5 
Welds 

C-22BM 20.0 • 22.S Remainder 12.5 • 14.5 2.5 • 3.5 

C-22 WFM 20.0 • 22.5 Remainder 12.S- 14.5 O.Smax 2.S • 3.5 E/ERNiCrMo-10 

C-22 Welds 20.0 • 22.5 52.0 min 12.S • 14.5 2.5 • 3.5 Note I 

Alloy625BM 20.0 - 23.0 58.0 min 8.0 - 10.0 

to304L 18.0 - 20.0 8.0 - 12.0 

to 3l6L 16.0 . 18.0 10.0 - 14.0 2.0 - 3.0 

625WFM 20.0 . 23.0 55.0 min 8.0- 10.0 O.SOmax E/ERNiCrMo-3 

Alloy 625 to 
19.0 - 23.0 50.0 min 8.0min 0.50max 304U3 16L Welds 

AL6XN (N08367) 
20.0 • 22.0 23.5 -25.5 6.0 • 7.0 0.75max BM 

to 304L 18.0 - 20.0 8.0- 12.0 

to 316L 16.0 - 18.0 10.0 - 14.0 2.0 • 3.0 

625WFM 20.0 • 23.0 55.0min 8.0- 10.0 0.50 max E/ERNiCrMo-3 

N08367to 
19.0-23.0 25.0min 4.0 - 10.0 304U316L Welds 

BM "" Base metal; WFM • Weld filler metal 
Notes: 

I . Acceptance is based on the combined base metal and WFM spec requirements. 
2. Acceptance is based on WFM spec and the expected amount of dilution for molybdenum. 
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Welding of Pressure Vessels, Heat Exchangers and Boilers 
Specification 24S90-WTP-3PS-MVB2-T0001, Rev. 3 was used to create the following exhibit. Specification change notices 
(SCNs) have been evaluated and there are no applicable SCNs. 

1 Purpose 

1.1 This exhibit establishes the welding and heat treating requirements for fabricated pressure vessels 
(heat exchangers, fired-heater coils, boilers, and related equipment) for the River Protection Project 
-Waste Treatment and Immobilization Plant (RPP-WTP), located at Hanford in the southeastern 
part of the state ofWashinl!,ton. 

2 Scope 

2.1 This exhibit provides general welding and nondestructive examination (NDE) requirements that are 
in addition to component specific requirements specified in design drawings, data sheets, and 
specifications. Specified component specific requirements supersede the general requirements in 
this exhibit, provided they do not violate the ASME Boiler and Pressure Vessel Code (ASME Code) 
requirements. 

2.2 If the Seller finds a conflict between this exhibit, the design drawings/data sheets, any 
supplementary specification, or referenced Codes and Standards, the Seller shall obtain written 
clarification from the Buyer prior to proceeding with any work. 

2.3 Deviations from this document require written approval by the Buyer. 
2.4 Any work performed by third parties sub-contracted by the Seller shall meet the requirements of this 

exhibit. 
3 Codes and 
References 
3.1 This exhibit is in addition to other project requirements such as ASME Code, technical 

specifications, request for bids and purchase orders. Conflicts shall be referred to the Buyer for 
resolution. 

3.2 This exhibit is based on and supplementary to the following publications: 

• ASME B&PV Section II, Part C Specifications for Welding Rods, Electrodes, and Filler 
Metals 

• ASME B&PV Section V Nondestructive Examination 

• ASME B&PV Section IX Qualification Standard for Welding and Brazing 
Procedures, Welders, Brazers, and Welding and 
Brazing Operators 

• AWSA4.2 Standard Procedures for Calibrating Magnetic 
Instruments to Measure the Delta Ferrite Content of 
Austenitic and Duplex Ferritic-Austenitic Stainless 
Steel Weld Metal 

4 Submittal of 
Procedures 
4.1 Procedures for welding, control and storage of filler material, and postweld heat treatment (PWHT) 

must be submitted for review to ensure compliance with ASME Code requirements and for 
suitability for the intended application. A review status of"Work May Proceed" must be obtained 
prior to use. 
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Applications of the welding procedures must be described adequately to allow verification of 
qualification and suitability for use in the welds to be performed. Application of a procedure to 
joint(s) shall be indicated by means of a weld map which consists, as a minimum, of assembly 
and/or sub-assembly drawings. The weld map shall provide traceability to the actual weld by 
uniquely identifying each weld to be made. The weld map shall include the following for each weld: 

• A vessel or applicable equipment assembly drawing and/or sub-assembly drawings 
showing the locations of all welds with assigned weld number 

• Welding Procedure Specification (WPS) used 

• Heat/lot number of materials joined traceable to the Material Test Reports/Certified 
Material Test Reports 

• Heat/lot numbers of weld filler traceable to the Material Test Reports/Certified Material 
Test Reports 

• Joint type (e.g. butt) and extent (e.g. all around, pitch of2 in 6) 

• Required post weld heat treatment 

• Required non-destructive examination method and extent 

• Welder identification 

• Records for all weld repairs; for example RI for the first repair, R2 for the second repair, 
and so on 

Welding procedure specifications shall be qualified in accordance with the requirements of ASME 
Code, Section IX. The Procedure Qualification Record (PQR) shall be submitted with the WPS. 
Personnel qualifications will be verified at the worksite bv the Buver. 
It is not the Buyer's intent to require revisions to the Seller's standard WPS to meet these 
requirements, yet the limitations must be clearly acknowledged, and the instructions must be 
employed by the welders during fabrication. To accommodate this, Sellers may revise WPS or issue 
job-only amendments or addenda to standard WPS. Any amendment or addenda shall become part 
of the WPS for the purchase order and shall be issued to the welders employed in the work. 
A matrix linking Buyer's requirements and Seller's application of WPS (see attached Form 114) 
shall be submitted with the WPS/PQR (see 4.3). 
For repair of a weld, either the original WPS or one submitted as a designated repair WPS shall be 
used. 
Repair plans that use welding for repairs of welds or base metals shall be submitted for review prior 
to use. This applies to the repair of cavities that exceed 3/8" or I 0% of the section thickness 
(whichever is smaller), or in the case of fillet welds, when the entire fillet weld needs to be replaced. 
A repair plan shall include the following: 

• The method of defining the type and the extent of the defect 

• The methods used for removing the defect 

• The testing conducted to ensure that the defect has been removed 

• The welding procedure employed 

• The NDE methods used to inspect the completed repair 

• Concurrence from the authorized inspector shall be obtained prior to any base metal 
repairs. 

A review status of "Work May Proceed" for the repair plan must be obtained prior to use. 
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Postweld heat treatment procedures including cleaning requirements, heating and cooling rates, 
thermocouple locations, and type of heating equipment shall be submitted to the Buyer for review. 
A review status of "Work May Proceed" must be obtained prior to use. 
NDE procedures shall be submitted to Buyer for review and shall meet the requirements of ASME 
Code, Section V and shall state the specific acceptance/rejection criteria of the applicable ASME 
Code sections. A review status of"Work May Proceed" must be obtained prior to use. 
NDE personnel qualification shall be per the applicable ASME Code. 

Root Pass of Single Side Butt Welds Without Backing (Open Butt) 

Only the following welding processes may be used and are subject to the limitations listed. 
Shielded Metal Arc Welding (SMAW) 

• EX.XI O or EXX:l I electrodes are permissible for welding PI and P3 steels only . 

• Impact test temperature not less than -20°F . 
Gas Tungsten Arc Welding (GTAW) 

• Backourge two layers minimum for 2-1/4 Cr -1 Mo alloys and hiµ;her. 
Gas Metal Arc Welding (GMA W) 

• Only pulsed spray transfer may be used . 
All Welding Except Root Passes for Open Butt 

Only the following weldinµ; processes shall be used, subject to the limitations listed: 
Shielded metal arc welding (SMAW) 

Filler metal "F" numbers. 

• Fl & F2 - not permissible for pressure retaining welds . 

• F3 - only permitted on Pl with 0.30% maximum carbon or 70 KSI maximum 
specified 

ultimate tensile strength. 
- not permitted when base material requires impact testing below -20°F. 

• F4 - All other (see 5.1.l- low hydrogen electrodes shall not be used for single-sided roots 
without backing). 

Gas Tungsten Arc Welding (GTA W) - Filler material is required. 
Gas Metal Arc Welding (GMA W) 

• GMA W-P - Pulsed axial spray transfer - No Limitations . 

• GMA W-S - Short circuiting or globular transfer* - maximum base metal thickness 3/8 in . 

• Continuous spray transfer - No Limitations . 

• For nominal pipe sizes (NPS) less than 6 inch, all welding shall be performed in the IG 
rotated position. 

*Globular transfer for thicknesses over 3/8 inch requires special qualification and acceptance on a 
shop-by-shop basis. Globular transfer is defined as the range between short circuiting and spray 
transfer. Normal parameters are 22 to 28 volts and 150 to 220 amps with 100% CO2 or Argon-CO2 

mixtures. 
Flux Cored Arc Welding (FCAW) 

• Arc shieldinµ; µ;as is required for pressure retaining welds . 
Submerged Arc Welding (SAW) 

• Neutral flux (no active or alloy constituents) is required . 

• Run on/run off tabs shall be used where possible . 
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Austenitic stainless steel (A-No. 8) welding materials for pressure boundary and load bearing welds 
shall contain a minimum delta ferrite content of five percent. The maximum ferrite content shall not 
exceed 12% for PWHT applications. Compliance with the minimum and maximum ferrite 
requirements may be based upon the certified chemical analysis and the WRC Delta Ferrite Diagram 
(Figure I) or a ferrite gage complying with A WS A4.2. Alternatively, for SMAW electrodes and 
solid wire filler metal manufactured in the USA, a Certificate of Conformance may be used to 
confirm acceptability of the ferrite requirements. 
For welding carbon or low alloy steel to austenitic stainless steel, the selection of filler material is 
subject to Buyer approval. When PWHT of these joints is required, the carbon or low alloy steel 
member shall be "buttered" with the applicable stainless steel or nickel alloy filler material (when 
the design temperature exceeds 800°F), and postweld heat treated. Then the joint shall be welded to 
the stainless steel member without further PWHT. There shall be no further welding once PWHT 
has been performed. 
Welding consumables for welding P-No.l materials with hardness limitations shall not exceed a 
weld deposit analysis of 1.0 percent nickel. 
For the filler metal, (including filler metal/flux combinations), a Material Test Report (MTR) with 
actual test results is required for each heat/lot designation. Alternatively, a Certified Material Test 
Report (CMTR) in accordance with the ASME Code, Section II, Part C, is acceptable. 
The storage, baking and drying of all welding consumables (i.e., covered electrodes, flux cored 
electrodes and fluxes) shall be as recommended by the manufacturer. Segregation of carbon steel, 
low alloys, and alloy consumables is required during storage, baking, holding, and handling 
(includin11; portable ovens). 

All welds, including those for non-pressure parts and attachments, (both permanent and temporary) 
made to pressure boundary components, shall be performed using welders, welding operators, and 
welding procedures qualified under the provisions of the ASME Code. The responsibility for 
welding to be used in ASME Code construction rests with the Seller. The Seller's responsibility 
includes the following documents which shall be available for use by the welders/welding operators 
and for reference by the Buyer: 

• Selecting and preparing the WPS(s) suitable to the need . 

• Preparing and providing a PQR documenting proof of the weldability of the variables 
described in the WPS. 

• Preparing and providing a Welder Performance Qualification (WPQ) documenting proof of 
the welder's ability to deposit sound weld metal within the range of WPS parameters being 
used. 

The Seller is responsible for complying with all applicable Code requirements relating to welding 
and associated considerations, spanning from the design of the welded joint, consumables control 
and preheat, to final NDE of the joints. 
All welding shall be protected from wind, rain and other harmful weather conditions which may 
affect weld quality. All surfaces to be welded shall be dry and free of mill scale, oil, grease, dirt, 
paint, coatin11;, and other contaminants. 
The welding of austenitic stainless steels or nickel alloys to attachments which have been coated 
with 11;alvanizin11; or zinc type paint, even if the coatin!!; has been removed, is prohibited. 
Weld bevel preparations for P-No.4 and higher alloys shall be machined or ground back to bright 
metal if they have been flame or arc cut. 
Permanently installed backing rings or straps shall not be used. Temporary backing requires Buyer 
approval prior to use. Methods of removing temporary backing rings must be approved by Buyer 
prior to use. 
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The individual weld layer thickness for all processes shall not exceed 3/8 inch for materials less than 
1-1/4 inch thick, or 1/2 inch for greater material thicknesses. 
All weld ioints for pressure retaining annlications shall have a minimum of two passes. 
Where joints are welded from both sides, the first pass shall be backchipped, ground or arc-gouged 
to sound metal before welding the second side. This requirement shall be stated on the WPS. 
Peening shall not be used. The use of pneumatic tools for slag removal is not considered peening. 
Each layer shall be completed prior to starting the next layer (no block welding). 
Vertical welding shall be vertical up unless approved otherwise by Buyer for each specific 
application. 
For clad (or weld overlaid) plate, the following limitations apply: 
The cladding shall be stripped back a minimum of 1/4 inch from the edge of base material bevels by 
machining or grinding, not by flame or arc gouging. The removal shall not reduce the base material 
thickness below the design thickness. The method of verifying complete removal of the cladding 
from this area shall be submitted for review prior to use. 

• Overlay weld metal shall not be used for joining base metals to each other. Local repair 
cavities in overlay deposits that penetrate into the base material more than IO percent of its 
thickness or 3/16 inch, whichever is less, shall have the base material rewelded with 
welding materials having properties consistent with the base material before completing the 
overlay repair. 

• The ferrite content of deposited austenitic stainless steel weld metal may be determined 
using a gage ( e.g. - ferritescope) calibrated in accordance with A WS A4.2. 

Shielding and purging gases shall be welding grade, with a dew point of less than or equal to 
-40°F. 
Temporary welds shall be made by qualified welders using qualified weld procedures. 
All external supports, support rings, pads, and structural brackets attached to the vessel shall be seal 
welded all around to prevent corrosion between the vessel and attachments. When seal welding all 
around is not practical, provision for drainage shall be made: e.g., a gap in the low-point weld. 
These welds shall be included in the weld map required (see 4.2). 
The required inspections and examinations shall be performed on weld seams that will be covered 
by attachments while still accessible. 
Carbon arc gouging/carbon arc cutting is prohibited on super-austenitic stainless steels, such as AL-
6XN®, and nickel-based alloys. Seller shall use a Supplier Deviation Disposition Request 
(SDDR) to obtain Buyer consent. This requirement applies to both base metals and weldments. 

Preheat temperature shall be in accordance with the applicable Codes except that Code 
recommended minimum preheat temperatures shall be mandatory. Preheat requirements shall apply 
to all welding, including tack welding and welding of temporary attachments. Preheat requirements 
also apply to all thermal gouging and cutting operations except for P-No. l steels. Preheat shall be 
maintained a minimum of 3 inches on either side of the ioint. 
For welds requiring preheating, the weld joint shall be completed with no intermediate cooling. 
Cooling under an insulating blanket is permitted provided that at least 30 percent of the joint depth 
has been filled and that aoolicable documents do not specify more stringent requirements. 
The interpass temperature shall not exceed: 

• 350 °F for austenitic stainless steels and nickel base alloys 

• 800 °F for hard facing of low carbon austenitic stainless steel 

• 300 °F for superaustenitic stainless steels, with heat input not exceeding 50KJ/in 
Preheat shall be determined by temperature indicating crayons, contact pyrometers or other equally 
suitable means. Temperature indicating crayons used on austenitic stainless steels and nickel base 
alloys shall not cause corrosive or other harmful effects. It is the Seller's responsibility to determine 
suitable brands that may be used. This information shall be made available to the Buyer's 
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If oxy-fuel torches are used for preheating, the torch tip shall be appropriate for the work (i.e., a 
"rosebud," not a cutting or welding tip). ' 

Postweld heat treatment requirements shall be in accordance with the applicable ASME Code and 
Buyer's requirements. 
Direct impinl!;ement by furnace bwner flames is not permitted. 
Only resistance, induction, furnace, or quartz lamp heating methods are permitted. Exothermic heat 
treatment shall reauire orior written authorization by the Buver via SDDR. 
When local PWHT is performed, all attachment areas, including areas from which attachments have 
been removed, shall be included. 
A sufficient number of thermocouples (attached directly to the unit being heat-treated) as described 
in the ASME Code shall be used to accurately indicate the temperature of the work and detect 
uneven heating. 
The eauipment shall be adeauatelv suooorted during the PWHT to avoid distortion. 

Each layer of welding shall be smooth and free of slag inclusions, excessive undercut, cracks and 
lack of fusion prior to beginning the next layer. In addition, the final weld layer shall be free of 
coarse ripples, nonuniform bead patterns, high crown, and deep ridges to permit the performance of 
any required NDE. All arc strikes, starts, and stops shall be confined to the welding groove or shall 
be removed by grinding (minimum wall thickness, as required by design, shall not be encroached 
upon). Welds containing cracks shall be repaired. The repairs may be a complete weld replacement 
or a local repair in accordance with the ASME Code. Weld porosity or pinholes shall be removed 
based on the requirements of the ASME Code. 
Weld spatter or splatter that will interfere with any radiographic, ultrasonic, magnetic particle or 
liquid penetrant examination as determined by the Buyer's Supplier Quality Representative shall be 
completely removed in the area of examination. Vessels that receive a coating shall have all weld 
spatter or splatter removed in the area to be coated. 
All temporary attachments shall be desimed for removal prior to hvdrotest. 
Temporary attachments shall be removed and areas finished smooth with the vessel shell. NDE, in 
addition to visual examination, shall be performed to ensure no cracks have been generated. 
Marking materials and liquid penetrant materials used on austenitic stainless steels and nickel-base 
alloys shall not cause corrosive or other harmful effects (see 8.4). 
MisalilmIIlent (high-low) in butt joints shall conform to the ASME Code requirements. 
The test for maximum hardness of the deposited weld metal, if required, shall be made after any 
required heat treatment. If the weld fails to meet the acceptance criteria and either of two subsequent 
adjacent tests exceeds the specified. hardness, the weld shall either be replaced or reheat-treated and 
retested. The hardness requirement applies to the weld metal exposed to the process fluid. When not 
accessible, the opposite side shall be tested. Hardness readings shall be taken with a portable tester 
in accordance with ASTM A370. 
Each weld shall be stamped with the welder's unique symbol or number identification using low 
stress stamps (as defined by the ASME Code). Any alternative method of marking shall be 
submitted for Buyer's review prior to use. 

All records pertaining to base materials, filler materials, fabrication, and inspection shall be 
accessible for Buyer's examination. 
Records required to be submitted are identified in Section 4, 6, and 9. 
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Seismic Qualification Criteria for Pressure Vessels 
Specification 24590-WTP-3PS-MV0O-T0002, Rev. 3 was used to create the following exhibit. Specification change notices 
(SCNs) have been evaluated and there are no applicable SCNs. 

1. Scope 

1.1 This exhibit covers pressure vessel seismic analysis criteria and supplements the requirements of 
the exhibits listed in Section 2.3. 

1.2 This document shall be used by the vessel equipment designer. 
1.3 Any communication between the Seller and the Buyer regarding the interpretation or interim 

findings of design must be in accordance with the instructions provided in the purchase order. 
2 Applicable 
Documents 
2.1 General -
2.1.1 Work shall be in accordance with the referenced codes, standards, and documents listed below, 

which are an integral part of this exhibit. 
2.1.2 When specific chapters, sections, parts, or paragraphs are listed following a code, industry 

standard, or reference document, only those chapters, sections, parts, or paragraphs of the 
document are applicable and shall be applied. If a date or revision is not listed, the latest issue, 
including addenda, at the time ofrequest for quote shall apply. When more than one code, 
standard, or referenced document covers the same topic, the requirements for all must be met with 
the most stringent governing. 

2.2 Codes and 
Industry 
Standards 
2.2.l American Society of Mechanical Engineers, Boiler and Pressure Vessel Code 
2.2.1.1 ASME Section VIII, Division l, Rules for Construction of Pressure Vessels 
2.2.1.2 ASME Section VIII, Division 2, Rules for Construction of Pressure Vessels - Alternative 

Rules, American Society of Mechanical Engineers (Note: Code year not later than 2004 Edition 
with 2005 and 2006 Addenda). Linearization of Stress Results for Stress Analysis (ASME VIII, 
Div 2, Annex 5.A, 2007 Edition, no Addenda) 

2.2.1.3 ASME Section II, Part D, "Properties" 
2 .2.2 UBC, 1997 Uniform BuildinR Code 
2.2.3 AISC M016, ASD Manual of Steel Construction , 9th Edition, American Institute of Steel 

Construction 
2.2.4 DOE-STD-1020-94, Department of Energy, "Natural Phenomena Hazards Design and Evaluation 

for the Department of Enerf[Y Facilities" , includinl!: chanl!;e notice dated January 1996 
2.2.5 ASME B3 l .3, Process Piping, 1996, American Society of Mechanical Engineers 
2.3 Project 
Documents 
2.3.2 Exhibit 3 , Structural DesiJ!fl Loads for Seismic CateRory III and JV Equipment and Tanks 
2.3.3 Exhibit 2, Pressure Vessel DesiRn and Fabrication 
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Equipment Qualification Data Sheet 
Mechanical Data Sheet 
Natural Phenomena Hazard 
Per DOE-STD-1020-94, each SSC is assigned a NPH 
Performance Category ranging from PC-0 through PC-4 
River Protection Project - Waste Treatment Plant 
Seismic Category 
Specifies the required seismic category of an equipment 
item. Refer to Exhibit 3 for a more detailed explanation. 
Seismic loading is defined in tenns of a site-specified 
design response spectrum, also referred to as Design 
Basis Earthquake (DBE), or specified for the site by 
Uniform Building Code (UBC) 
Structures, Systems and Components 

In cases of conflicts between this exhibit and other drawings or specifications, the Seller shall call 
attention to the conflict and request an interpretation by the Buyer. 
All deviations from this exhibit, the purchase order, or the drawings require the written approval of 
the Buyer. 

The Buyer assiirns the Seismic Catep;ory to each vessel. 
The Buyer provides the Seismic Response Spectra where necessary to perform the seismic 
analysis. 

The Seller is responsible for the seismic analysis of the vessels according to the assigned Seismic 
Category. The Seller shall ensure that stresses in the vessel do not exceed those allowed, as defined 
in Section 7.4 for the vessel proper and reference 2.3.3 for the vessel supports, for the required 
loads and combinations thereof. 
Depending on the Seismic Category of the vessel and its internal components, a finite element 
analysis may be required to determine the vessel stresses when subjected to operating and seismic 
loading. The software and implementation used for the analysis shall be in accordance with the 
quality assurance requirements defined in the purchase order. 
The Seller shall obtain approval from the Buyer before nominating others to perform the design 
services. 

The RPP-WTP Structures, Systems, and Components (SSC) are categorized as SC-I, II, III, or N. 
The SC level is based upon the contents and the required functionality of the SSC following a 
seismic event. The Seismic Category defines the applicable analysis method and the acceptance 
criteria. 
Seismic loading shall not be considered when performing the primary plus secondary stress range 
analysis required by Section VIII, Division 2, Appendix 4. In addition, seismic loading shall not be 
considered when performin11; a fati11;ue analysis required by Section VIII, Division 2, Aooendix 5. 
NPH Performance Categories for each SSC are assigned using criteria specified in DOE-STD-
1020-94, and range from PC-0 through PC-4 depending on overall risk of the facility operation and 
the assigned function to the SSC. The following table summarizes the descriptions of the NPH 
Performance Categories as defined in DOE-STD-1020-94 and the correlation to Seismic Category: 

The governing design code for the vessel proper is ASME Section VIII, Division I. The loadings to 
be considered in desiirnin12. the vessel shall include those listed in parall;faph UG-22 of the code. 
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The governing design code for the vessel supports is as per Exhibit 2, Pressure Vessel Design and 
Fabrication. 

Internal components, supports, and piping systems shall be analyzed the same as the parent vessel 
unless otherwise noted. Requirements for internal piping and supports are provided in Reference 
2.3.3. 
The seismic loads for SC-IV vessels shall be determined according to Exhibit 3. Factors for UBC 
equations are given in Section 4.0 of that exhibit. 
The seismic analysis of SC-IV vessels and their supports shall be performed in accordance with 
Exhibit 3 and Exhibit 2. 

Maximum Allowable Tensile Stress - The maximum allowable tensile stress, S, for the material 
of construction of the vessel shall be as specified in ASME Section II, Part D, and Subpart I . 
Maximum Allowable Longitudinal Compressive Stress - The maximum allowable longitudinal 
compressive stress used in the vessel design shall meet the requirements of paragraph UG-23(b) of 
the ASME Section VIII, Division I . 
Maximum General Primary Membrane Stress - The wall thickness of a vessel shall be 
determined such that the induced maximum general primary membrane stress does not exceed the 
maximum allowable stress in tension for any combination ofloadings listed in paragraph UG-22 of 
ASME Section VIII, Division I that induce primary stresses and are expected to occur 
simultaneously durin11; normal operation of the vessel. 
Combined Primary Membrane plus Primary Bending Stress - The combination of loads as 
discussed in Section 7.4.3 shall not induce a combined maximum primary membrane stress plus 
primary bending stress across the vessel wall thickness, that exceeds 1.5 times the maximum 
allowable stress value in tension. 
Combination of Seismic Loadings with Other Loadings - For the combination of seismic 
loading with other loadings in UG-22, the wall thickness of a vessel shall be determined such that 
the general primary membrane stress shall not exceed l .2 times the permitted maximum allowable 
stress, as defined in 7.4.1, 7.4.2, 7.4.3 or 7.4.4. Seismic loading and wind loading or Multiple 
Overblow need not be considered to act simultaneously. As indicated in UG-23(c), seismic loads 
are combined with normal operating loads when applying the factor of 1.2 to the allowable stress. 

Note that ASME Section VIII, Division l, UG-23(d) is silent relative to any stresses other than 
General Primary Membrane, i.e., it does not address the same types of stresses (Local Primary 
Membrane, Primary Membrane plus Primary Bending) in the detail addressed in Section VIII, 
Division 2. Local Primary Membrane stress is discussed in ASME Section VIII, Division 2, 
Paragraph AD-140(c) and is limited to l.5kSm, as is Primary Bending stress (AD-140(d)). Table 
AD-150. l of ASME Section VIII, Division 2, then provides guidance for "k" under Design and 
other conditions. In accordance with that Table and in accordance with the commitment to use S 
vs. Sm, a factor of 1.2 times the permitted allowable stress in 7.4.4 above shall be used for Local 
Primary Membrane or Primary Bending evaluations that include seismic loading (i.e., l .2 x 1.5 x 
S). 
The acceptance criteria for non-safety vessels shall be in accordance with ASME Section VIII, 
Division I , using the allowable stress, S, from ASME Section VIII, Division I. 
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Instrumentation for Packaged Systems 
Specification 24S90-WTP-3PS..JQ07-T0001, Rev. 3 and its associated Specification Change Notices (SCNs) (24S90-WTP-
3PN-JQ07-0001S, 24S90-WTP-3PN..JQ07-00016 and 24S90-WTP-3PN-JQ07-00016) were used, as applicable, to create 
the following exhibit. 

1 Scope 

1.1 General This exhibit defines the requirements for instruments, control devices, and control systems 
associated with major mechanical equipment packages and engineered facilities. 

This document is intended to be included as an attachment to various equipment package 
requisitions or have the applicable sections included in the primary equipment specification, or 
in the scope of work of subcontract packages. It defines the technical requirements for 
furnishing the instrumentation components, the associated instrument piping/tubing, wiring, 
and defined portions of the control system within such packages. If conflicts arise between this 
exhibit and the primary package specification, the primary equipment specification shall take 
precedence. 

If for a requisition or subcontract package covering a particular type of equipment, the Buyer's 
intent is not clear, it is the Bidder's responsibility to request the Buyer to elaborate on intent 
regarding the specific type of equipment involved. Bidders shall submit a deviation list and 
indicate to what extent their proposal does not comply with this exhibit. No deviation from this 
exhibit shall be made without Buyer's aooroval. 

1.2 Acronyms AI - Analog Input 
AHJ - Authority Having Jurisdiction 
ANSI - American National Standards Institute 
AO - Analog Output 
API - American Petroleum Institute 
ASME - American Society of Mechanical Engineers 
ASTM -American Society for Testing and Materials 
A WG - American Wire Gauge 
BACT - Best Available Control Technology 
C&I - Controls & Instrumentation 
CFR - Code of Federal Regulations 
COTS - Commercial-Off-The-Shelf 
DCS - Distributed Control System 
DI - Digital Input 
DO - Digital Output 
DOE - Department of Energy 
EGC - Equipment Ground Conductor 
EPA - Environmental Protection Agency 
ETFE - Ethylene Tetraflouroethylene (fefzel) 
HV AC - Heating Ventilation & Air Conditioning 
ICN - Integrated Control Network 
IEC - International Electrotechnical Commission 
IEEE - Institute of Electrical and Electronics Engineers 
1/0 - Input / Output 
ISA - Instrumentation, Systems and Automation Society 
ISO - International Organization for Standardization 
ITC - Instrument Tray Cable 
JB - Junction Box 
LPD - Laser PositioninA Device 
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1.2 Acronyms (continued) mA - Milliamp 

1.3 Definitions 

MCC - Motor Control Center 
MPMS - Manual of Petroleum Measurement Standards 
MR - Material Requisition 
mR - Millirad 
NDE - Nondestructive Examination 
NEC - NFPA 70; National Electrical Code 
NEMA - National Electrical Manufacturers Association 
NIST - National Institute of Standards and Technology 
NFPA - National Fire Protection Association 
NMCF - Non-Modifiable Configurable Firmware 
NRTL - Nationally Recognized Testing Laboratory 
O&M - Operation and Maintenance 
OSHA - Occupational Safety & Health Administration 
PLC - Programmable Logic Controller 
PPM - Parts Per Million 
RFP - Request for Proposal 
RGS - Rigid, galvanized steel 
RMC - Rigid Metal Conduit 
RPP-WTP - River Protection Project- Waste Treatment Plant 
RRS - Required Response Spectra 
RTD - Resistance Temperature Device 
SDDR - Supplier Deviation Disposition Request 
SPOT - Single Pole-Double-Throw 
SS - Stainless steel 
TIC -Thermocouple 
TIA/EIA- Telecommunications Industry Association/Electronic Industries Alliance 
UL - Underwriters Laboratories 
VDC - Voltage DC 
VAC - Voltage AC 
VFD - Variable Frequency Drive 
WTP -Waste Treatment Plant 
Application Software - ICN Software written by the Buyer for the Buyer's control system 
(ABB) to control eqwpment within Supplier packages for the RPP-WTP project. Contains logic 
sequences, permissives, limits, expressions, etc., that control the appropriate input, output, 
calculations, and decisions necessary to meet defined functional reqwrements. Documentation 
of configuration instructions shall be included in the Supplier's final package. 

Bidder or Offeror - Refers to a party proposing a technical and commercial solution to the 
request for proposal for the system or equipment described in the Request for Proposal or 
Subcontract package issued by the Buyer or Contractor. 

Buyer/Contractor - Refers to the primary contractor, Bechtel National, Inc., for the RPP-WTP. 

Cabinet - It is used interchangeably with the word "enclosure" within this exhibit. 

Commercial Off-The-Shelf(COTS) - Software to be provided in accordance with 24590-WTP-
3PS-JQ00-T0004 Management of Supplier Software. Commercially available software with no 
modifications specifically for RPP-WTP. 

Enclosure - A surrounding case constructed to provide a degree of protection to personnel 
against incidental contact with the enclosed equipment and to provide a degree of protec·tion to 
the enclosed equipment against specific environmental conditions. An enclosure generally 
does not have any operational interface accessible from the exterior. 
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1.4 Data Sheets 

1.6 Service Conditions 

1.6.2 Equipment, 
Material, and Services 
Required 

1.6.3 Hanford Site 
Climatological Data 

1.6.4 General Plant 
Internal Design 
Conditions 

1.6.5 Radiological 
Classification and Design 
Conditions 
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Panel - A type of enclosure that provides some kind of operational interface accessible from the 
exterior, without having to open the enclosure. 

Rack - An open frame construction of angle, strut, channel, pipe, etc., designed to support the 
mounting of four or more instruments. 

Shall - Indicates a mandatory requirement in order to comply. 

Should - Indicates a recommendation for compliance. 

Supplier/Subcontractor - Refers to the party ultimately selected to provide the equipment 
and/or service described in the Purchase Order or Subcontract. 

Third Party Software - To be provided in accordance with 24590-WTP-3PS-JQ00-T0004 
Management of Supplier Software. 

Utility Support Software - To be provided in accordance with 24590-WTP-3PS-JQ00-T0004 
Management ofSuoolier Software. · 
The specific applications and requirements may be as described on data sheets provided by the 
Buyer and attached to the material requisition. In the event of conflicts between this exhibit and 
the data sheets, the data sheets shall take precedence. 

The Supplier shall define control systems needed to safely operate and maintain the Supplier's 
system per the requirements of the equipment package specification. All instrumentation 
required for operation of the equipment shall be provided and installed, unless otherwise 
specified. The equipment specification and the Request for Proposal or Subcontract shall 
establish site installation, pre-commissioning tests, and actual commissioning responsibilities. 
The instrument and equipment will be temporarily stored under the following conditions: 

Elevation above sea level - Minimum: 662 feet; Maximum: 684 feet 
Ambient Air Temperature - Minimum: -23 °F; Maximum: 113 °F 
Rate of Increase - Maximum: 26 °F per 20 minutes 
Rate of Decrease - Maximum: 24 °F per hour 
Relative Humidity - Minimum: 5%; Maximum: I 00% 
The following provides the range of internal design conditions. The HV AC system will be 
sized to maintain internal conditions within these ranges for the external conditions. The 
instrument and equipment will operate its design life of 40 years under these conditions and 
service conditions as specified on the applicable data sheet or purchase order. 

Winter (min.): 50 - 66 °F 
Summer (max.): 75 -113 °F 
Relative Humidity: IO - 90 % 
Some instruments furnished to satisfy the requirements of this exhibit may be required to 
function in a radiation field. The intensity of the ambient radiation fields will be stated in the 
primary equipment specification. The instrument shall perform all of its required functions with 
its specified accuracy in this environment. Special design shall be considered for access, 
handling, and maintenance of instruments. In principle, whenever possible, instruments, and 
detectors that require maintenance shall be located outside of the contamination area. 

The IEEE Std 1205-2000 Annex D should be used as a guide to selecting material for 
instruments that can withstand radiation environments. The Supplier shall provide 
manufacturer's certification of material used in fabrication of instruments that must operate in 
the specified radiation conditions. 
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1.6.6 Seismic Events 

1. 7 Work by Others 

1.7.1 External 
Connections 

1.7.3 Power Supply 

1.8 Acceptability of 
Electrical Equipment 
2 Applicable Documents 

2.1 Codes 

2.1.1 American Society of 
Mechanical Engineers 
(ASME) 

2.1.2 American Society for 
Testing and Materials 
(ASTM) 

2.1.3 Code of Federal 
Regulations (CFR) and 
Environmental Protection 
Ae:ency (EPA) 
2.1.4 National Fire 
Protection Association 
(NFPA) 
2.2 Industry Standards 

2.2.3 Telecommunications 
Industry Association / 
Electronic Industries 
Alliance (TIA/EIA) 
2.2.4 Instrumentation, 
Systems, and Automation 
Society (ISA) 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Radiological classification of zones will be in accordance with 10 CFR 835 principles. The 
areas will be ventilated according to their contamination classification. 
The seismic operability of the supplied instrument and its installation shall be based upon a 
maximum Required Response Spectra (RRS) defined in the primary equipment specification or 
material requisition. 

All external connections of wiring and piping between the Supplier provided instruments and 
the Buyer's utilities are excluded unless specified in the RFP or otherwise agreed to by the 
Buyer and Suoolier. 
See Exhibit I, Electrical Requirements for Packaged Equipment, Section 4.1.1 for power 
suoolv. 
See Exhibit 1, Electrical Requirements for Packaged Equipment, Section 2 for criteria for 
acceptability of electrical equipment. 
The following is a list of codes and standards that the seller shall comply with. If the code year 
is not specified, then the code year specified in the design or the most recent code year in effect 
at issue for procurement shall be used. 

ASME B31.3 (1996) - Process Piping 
ASME/ANSI PTC 19.3 - Performance Test Code for Temperature Measurement 
MFC-3M - Measurement of Fluid Flow in Pipes Using Orifice, Nozzle, and Venturi 
MFC-lOM - Method for Establishing Installation Effects on Flow Meters 
MFC-14M - Measurement of Fluid Flow Using Small Bore Precision Orifice Meters 
ASTM A182 - Standard Specification for Forged or Rolled Alloy-Steel Pipe Flanges, Forged 
Fittings, and Valves and Parts for High Temperature Service 
ASTM A269 - Standard Specification for Seamless and Welded Austenitic Stainless Steel 
Tubing for General Service 
ASTM A276 - Standard Specification for Stainless and Heat-Resisting Steel Bars and Shapes 
ASTM A564/A564M-04 - Standard Specification for Hot-Rolled and Cold-Finished Age 
Hardening Stainless Steel Bars and Shapes 
ASTM A193 - Standard Specification for Alloy-Steel and Stainless Steel Bolting for High 
Temperature or Hiizh Pressure Service and Other Special Pumose Aoolications 
10 CFR 835 - Occupational Radiation Protection 
EPA- Determination of Volatile Organic Compound Leaks 
EPA - Hazardous Air Pollutants from Synthetic Organic Chemical Manufacturing Industry 
Equipment Leaks 
NFPA Volume 70 (1999)- National Electrical Code (NEC) 

TIA/EIA-232-F - Interface Between Data Terminal Equipment and Data Circuit-terminating 
Equipment Employing Serial Binary Data Interchange 

MC 96.1 - Temperature Measurement Thermocouples 
S5.4 - Instrument Loop Diagrams 

50.02, Part 2 - Fieldbus Standard for Use in Industrial Control Systems Part 2 
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2.2.S Institute of Electrical 
and Electronics Engineers 
(IEEE) 

2.2.6 International 
Electrotechnical 
Commission (IEC) 
2.2.7 National Electrical 
Manufacturers 
Association (NEMA) 
2.2.8 Occupational Safety 
and Health 
Administration (OSHA) 
2.2.9 Underwriters 
Laboratory 
2.2.10 WTP Project 
Documents 

3 Design Requirements 

3.2 Performance 

3.3 Design Conditions 

3.3.1 Units of 
Measurement 
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IEEE 1050 (1996) - IEEE Guide for Instrumentation and Control Equipment Grounding in 
Generating Stations 
IEEE 1202 - IEEE Standard for Flame Testing of Cables for Use in Cable Tray in Industrial 
and Commercial Occupancies 
IEC 60751 - Industrial Platinum Resistance Thermometer and Platinum Temperature Sensors 

NEMA ICS 6 - Enclosures for Industrial Controls and Systems 

1910.95 - Occupational Noise Exposure 

UL 508 (17th Edition) - Standard for Safety Industrial Control Equipment 
UL SOSA- Standard for Industrial Control Panels 
24590-WTP-3PS-G000-T0003 - Packaging, Handling, and Storage Requirements 
24S90-WTP-3PS-JQ00-T0004 -Management of Supplier Software 
24S90-WTP-3PS-G000-T0014 - Engineering Specification for Supplier Design Analysis 
Exhibit 1 - Electrical Requirements for Packaged Equipment 

Design, fabricate, furnish, test, deliver, and/or install all instrumentation and control 
components. This includes wiring, piping, and/or tubing, required for the operation of the 
specified equipment package system, as required in the RFP or Subcontract, and in accordance 
with this exhibit. 

The Supplier shall provide and terminate all cables that can be shipped completely pre-wired. 
The Buyer will provide all cables that need to be installed and terminated by the Buyer. The 
Supplier shall provide cabling requirements and termination details within the design package 
to enable Buyer to install and terminate cables. (Exception: specialty cable not on Buyer's 
standard cable list or specialty cable installations, e.g. "Drag Chains" or "Cable Reels", shall be 
provided by Suoolier.) 

The following units shall be used for design parameters, calculations, and scales. 

Positive gauge pressure - inches H2O or psig 
Vacuum - inches Hg Vac or H2O Vac 
Absolute pressure - inches Hg or psia 
Differential pressure - inches H2O or psi 
Temperature-degreesF 
Flow: Solids - lb/hr 
Flow: Liquids and slurries - gal/min or lb/hr 
Flow: Gases or Vapors - std ft3/min (scfm), std f\3/hr (scth), or lb/hr 
Flow: Steam or vapors - lb/hr 
Level - inches, feet, or % 
Composition - %, Wt. Fraction or PPM 
Density - lb/ft3 

Velocity - feet/second 
Viscosity- centipoise (cP) 
Current (Electrical) - ampere 
Electrical Potential - volt 
Resistance - ohm 
Conductivity - micro-Siemens (µS) per centimeter 
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3.3.2 Interlock and Alarm 
Requirements 

3.3.3 Spare Capacity 

3.3.4 Instrument 
Signal/Power Circuit 
Protection 

3.3.5 Area Environmental 
Conditions 
3.3.6 Local Control Panel 
Instrumentation 
Indicators 
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Packaged systems shall be provided with a Common trouble (if specified) alarm and an 
Emergency shutdown alarm to annunciate in the Buyer's control room. In addition, the 
following control requirements shall also be met: 

• Field contacts shall open in the alarm condition 
• Field contacts shall open to initiate shutdown 
• Instruments and interlock systems shall be desij!;ned to be fail safe 
The commissioned control system(s) shall include a minimum IO% built-in spare capacity to 
account for further plant modifications and maintenance. Spare capacity allowances are 
applicable for system sizing, control system inputs/outputs, enclosure and panel design, signal 
transmission systems, and terminal blocks as well as multi-pair control and instrumentation 
cables. Spare conductors shall be terminated to the extent possible. Unterminated spare circuits 
shall be taped and bundled for future use. 
Instrument circuits shall be protected and housed to meet the electrical area classification in 
which it is installed. The choices of housing shall satisfy all pertaining codes. 

Intrinsically safe instrument systems should not be used, unless there are special site 
requirements, and then only with the Buyer's approval. Intrinsically safe system requires 
certification by Underwriters Laboratory (UL) or Factory Mutual (FM) Insurance Company. 

Each PLC or controller discrete 1/0 signal shall have its own independent overcurrent 
protection. 
Instruments and control devices provided by the Supplier shall be suitable for the 
environmental conditions specified in the RFP, or aoolicable data sheet. 
Unless otherwise specified by the primary equipment specification, local motor controls (e.g. 
single local/remote switch per equipment control panel, momentary forward/reverse for each 
motor) shall be provided on a control panel for operating equipment in local mode. Local mode 
will allow control to be taken away from the Integrated Control Network (ICN) system. In local 
mode operations will be performed from the control panel and will not be subject to ICN 
interlocks. Independent protection interlocks will remain in force to prevent equipment 
damage. 

Indicating lights mounted on local control panels or indications on panel display screens 
includes command indications, status, and alarms, other than those on panels for the plant 
electrical power systems, shall conform to the following requirements for indicating lights for 
status, alarms, information, or control: 

Color - Meaning 
Red- Stopped, Closed, OFF, Alarm 
Green - Running, Opened, On 
Yellow - Transition, Indeterminate, Force 
Cyan (Light Blue) - Manual 
Violet/Purple - Local Control (RMI Displays) 
Clear - Local Control (Local Panels) 

NOTE 1: Switches or control effectors shall turn clockwise or move upward to increase 
function or energize a device. For single switch multi-direction control a 3 position switch with 
center position spring return is recommended ( e.g. Forward/Reversing _Motors, etc.) 

NOTE 2: Applicable standards and guidelines direct consistency ofnian-machine interface 
features in order to minimize operator errors. All control panels that are used for normal 
process operation should feature color-coding and display features that are consistent with the 
color scheme as defined above. The color scheme applies to vendor packaged control 
indications as well as any Suoolier developed human machine interface screens. However, for 
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3.3. 7 Push To Test Alarm 
Actuator 

3.4 Controls and 
Instrumentation 
Requirements 
3.4.1 General 

3.4.2 Controls 

3.4.2.1 WTP Integrated 
Control Network 
Architecture 
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control and indication panels that are intended for maintenance operation only, or that are not 
used for routine operator control, deviations from the color scheme listed above may be 
approved at the Buyer's discretion. 

All alarm indicators (visual) and annunciators (audible), and all lights on a Control Panel (ref. 
3.3.6) shall be activated with an integral momentary contact push to test feature or when a 
common momentary contact push to test button on the front of the panel is pressed. This 
function is provided to verifv that the alarm and/or indication functions satisfactorily. 

It is the intention of this exhibit that the instrumentation and designated portions of the control 
system be designed, fabricated, and installed as far as it is practical to the Supplier's design 
offering. However, specific manufacturers have been identified for the purpose of quality and 
standardization of the instrumentation and control system throughout the WTP facility. 
Appendix B of this exhibit includes a list of instruments and ancillary components. This list 
also identifies multiple suppliers for many commodities. However, inclusion in Appendix B 
does not imply that a supplier has been approved as a supplier of Quality (Q) products. The 
Buyer may revise this list to show the suppliers or advise as suppliers are selected for the 
various commodities. Bidder's proposal shall include cost associated with the use of Buyer 
desimated instruments and control components. 

The Buyer has selected the Industrialrr product line supplied by ABB Automation Inc. as the 
primary control system for the WTP facility. The selected platform is a highly versatile 
"hybrid" type system which is designed to implement the traditional DCS applications as well 
as the traditional PLC applications. For the purpose of standardization and maintainability it is 
a requirement to utilize components from this manufacturer to the extent possible with 
packaged systems. 

Packaged systems shall be integrated into the WTP ICN, the following options are available, 
listed in order of preference: 
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3.4.2.1.1 ICN Control 
Platform 

3.4.2.1.2 Commercial-Off
Tbe-Sbelf (COTS) 
Controls 

3.4.2.1.3 Third Party 
Platform 

3.4.2.1.4 Interface Data 
Requirements 
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This is the Buyer's preferred implementation method. 

When the packaged system implements the ICN control platform it shall utilize the Buyer's 
selected manufacturer's control system hardware. This includes the processors, input/output 
modules, power supplies, communications hardware, etc. to be installed in the Supplier's 
supplied control cabinets. Dependent on the operational requirements of the package this could 
also include connectivity. The Buyer selected manufacturer's product line is a follows: 

Description/Manufacturer - ABB 
Controller Platform - AC800M 
Input/Output Module Platform - S800 
Software Development Environment - ControJIT for AC800M/C 
Operate Environment - Operate!T 

All ABB har~ware shall be procured by the Buyer on behalf of the Supplier for applications 
provided the agreement was made prior to the contract award. 

Preliminary design for controls implementation shall be submitted for Buyer approval prior to 
the detailed design effort. 
Procured packaged systems considered as COTS are acceptable for integration into the ICN 
systems. For this determination, COTS controls are control hardware/software which do not 
require customization or design engineering for use on WTP. The Supplier shall supply the 
interface to the ICN using ICN supported communication hardware as follows: 

Packa2e Description Interface Media 
Status Only - No Limited data exchange - Profibus DP® Multimode Fiber 
control via ICN i,;.P.;;..re;.;;ti.;.;err.;;..e::.:d'-------+---------+--O...__Pltic:--:----c------t 

Limited data exchange - 4-20 mA - Al/ AO Hardwired 

Control via ICN 

Alternate* 24 VDC - DI 
Dry contact - DO 

Significant data 
exchange 
Preferred 

Alternate* 

OPC over Ethernet Fiber Optic 

Redundant Profibus Multimode Fiber 
DP® Optic 
4-20 mA-AI/AO Hardwired 
1----------t 
24 VDC- DI 
Dry contact - DO 

• Buyer approval is required for substitution of these or other alternative interfaces. 

Third Party control platforms shall not be utilized unless utilization of the Buyer's selected 
controls manufacturer is determined to be unfeasible, and the Buyer concurs with that 
determination and with the proposed third-party control platform. A list of preferred PLC 
suppliers is included in Appendix B of this exhibit. See Buyer specification 24590-WTP-3PS
JQ00-T0004 for the requirements governing software for the Third Party control platforms. The 
interface of the third party platform to the ICN shall be per table shown in the above paragraph 
3.4.2.1.2. 
Where the application software is provided by the supplier, see Buyer specification 24590-
WTP-3PS-JQ00-T0004 for the requirements governing software. The Supplier shall provide a 
complete listing and detailed description of data points available for integration into the WTP 
ICN for operational, maintenance, and archiving purposes. All required control points required 
for the appropriate level ofICN control shall be clearly identified. The list shall be submitted to 
the Buyer for review and mutual concurrence. The final submission listing shall include all 
applicable interfacing details (entity names, addressing, etc.). 
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3.4.2.1.5 Interface 
Integration Testing 

3.4.3 Signal Transmission 
Interface 

3.4.3.1 Foundation® 
Fieldbus 

3.4.3.2 Profibus DP® 

3.4.3.3 Communication 
Network Interface 

3.4.3.3.1 Profibus DP® 
Communication Interface 
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Where the application software is provided by the Buyer, refer to paragraph 3.5 for software 
design documentation requirements. 

Supplier shall provide proposed Profibus DP®, Foundation® Fieldbus, protocol converters, 
and interface devices immediately after the 90% review. This will facilitate testing at the 
Buyer's facility in Richland, WA. Previously tested devices by Buyer will not need to be 
supplied at this time. 
The Buyer is striving for a consistent implementation of the connection of field instrumentation 
and equipment to control systems throughout the WTP facility. 

Preliminary design for connection of field instrumentation and equipment to control systems 
shall be submitted for Buyer review prior to the detailed design effort. 

Supplier shall organize circuits and circuit terminations in Supplier's interfacing termination 
enclosures based on signal types or circuit configurations. These signal types will include AI, 
AO, DI, DO, serial, Profibus DP®, Foundation® Fieldbus, etc., and should be further grouped 
by 2-wire, 3-wire, or 4-wire circuit configurations. Based on quantities of these types, cable 
requirements can be established early. Subsequent to the contract award, C&I will work with 
the Supplier to "assign" signals to specific circuits and VO channels as soon as possible. 

The Supplier shall apply the following process when determining connection type. 
Where available, process instrumentation shall be Foundation® Fieldbus compliant. 
Foundation® Fieldbus interfaces are used to communicate directly with Fieldbus enabled 
instruments and equipment. All Foundation® Fieldbus devices supplied shall be registered with 
the Foundation® Fieldbus, compliant with the current version of the Interoperability Test kit at 
the date of the purchase order, and supplied with manufacturer developed Device Description 
files. Only Buyer approved Interfacing devices shall be used to convert signals from their 
standard format to the Foundation® Fieldbus protocol. These devices shall be supplied by the 
Supplier and used only when a native Foundation® Fieldbus device is not available. The same 
communication, testing, and registration requirements apply to Fieldbus converters as to native 
Fieldbus devices. 
Communication interfaces to intelligent mechanical handling and electrical equipment shall be 
Profibus DP® compliant. Profibus DP® communication link shall be used to interface 
controllers directly with devices such as "intelligent" motor control centers (MCCs) and 
variable frequency drives (VFDs). All Profibus DP® devices shall be supplied with .GSD files 
and documentation describing data interchange. Other interfaces, such as DeviceNet®, AS
Interface®, TIA/EIA-232/485, etc. may be utilized with the appropriate converters with 
Buyer's approval. Supplier supplied conversion modules will be used where required. When 
Profibus DP® is the communications link between the Buyer's control system and the 
Supplier's control cabinets the following shall aooly: 
The Buyer has selected the Industrial platform from ABB, Inc. as the primary control system 
for the WTP facility. A Profibus DP® communication network will be used to communicate to 
drives and intelligent positioning instruments. The Supplier shall provide the following 
components for a Fiber Optic cable interface: 
The Supplier shall provide a native Profibus DP® slave interface for the control panel or 
instrument and the associated drivers (GSD files) for communication with the Buyer's control 
system. The interface should support communication speeds up to 12 Mbit/sec over the 
Profibus DP® network. 
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3.4.3.3.2 Fiber Optic 
Connections 

3.4.3.3.3 Alternate 
Communication Interface 

3.4.3.4 Classic 1/0 
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The Supplier shall provide the following component for proper network communication. 

a) The supplier shall install a Hirschmann OZD Profi 12M G 12 fiber optic converter 
within the control panel or near the instrument for each communication network. 

b) The Supplier shall derive the appropriate power to the fiber optic converter(s) from the 
control panel power feed. Where the only supply available from the Buyer is 480V 
3tll, then the Supplier shall use this to derive the 24VDC supply for the fiber optic 
converter. A separate power supply shall be provided for each communication 
network. 

c) The Supplier shall follow the general fiber optic requirements described in section 
3.4.3.5. 

If a native Profibus DP® interface is not available, then the Supplier may propose an alternate 
communication interface or network that is compatible with the Buyer's control system for 
Buyer consideration and approval. 

If an alternate communication interface is proposed: 

a) The Supplier shall provide all necessary interfaces or converters required to provide 
the Buyer's control system with the appropriate communications. 

b) The Supplier shall provide any required drivers, software, and protocol conversion 
information to the Buyer for design, development, testing, and maintenance of the 
supplied networks and interfaces for the period of performance of the contract, 
including software or firmware upgrades or revisions as described in 24590-WTP-
3PS-JQ00-T0004 Engineering Specification for Management of Supplier Software. 

c) As part of the bid submittal package, the Supplier shall provide a description and 
examples of all required conversions between protocols and/or communication 
networks includinll: reQuired software aoolications and hardware components. 

If bussed communications are not feasible for connection of field instrumentation and 
equipment to control systems, standard Input/Output modules shall be used. Circuit design 
shall account for the WTP preferred 1/0 module types, as follows: 

I. Analog Inputs - 4-20 mA current 
2. Analog Output- 4-20 mA current 
3. Discrete Input- 24 Volt de 
4. Discrete Output- 24 Volt de 

1/0 modules shall be optically isolated from input and output wires to protect logic circuitry 
from high voltage transients. All output circuits shall have overcurrent protection. The 1/0 
modules shall be of the plug-in type and shall be removable without turning off the power 
or disturbing field wiring ("hot swappable"). The 1/0 assemblies shall have indicators that are 
visible during operation to displav the status of the 1/0 interface and individual 1/0 channels. 
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3.4.3.5 Fiber Optic 
Interface 

3.4.5 Instrumentation 
Requirements 

3.4.5.2 Temperature 
Measurement 
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For equipment packages that include a fiber optic interface the supplier shall provide a fiber 
optic connection to the control panel or instrument per the following requirements: 

a) The Supplier shall use 50/125 glass fiber patch cables to connect between the fiber 
optic patch plate(s) and the fiber optic converter(s). Any unused fiber optic 
connections shall be fitted with protective caps to guard against extraneous light and 
dust. 

b) The Supplier shall utilize a Coming MT-RJ patch plate mounted in a protective 
housing to provide cable management, strain relief, and fiber protection. 

c) Fiber optic patch cables shall utilize unpinned MT-RJ connectors on the converter side 
of the patch plate. Buyer-installed field cables will utilize pinned MT-RJ connectors. 

d) For installations that have 24 fibers or less, the Supplier shall install a Corning CCH
CP24-97 patch plate and SPH-0lP Single Panel Housing. 

e) For installations that have more than 24 fibers, or where multiple fiber optic cables 
will be terminated on the field-side of the patch plate, the Supplier shall install the 
appropriate number of Coming WIC-02P or WIC-04P housings with corresponding 
CCH-CP24-97 patch plates. 

t) All fiber optic designs and installations shall follow the manufacturer's guidance 
including equipment mounting, bending radius, strain relief, fiber termination, fiber 
and cable protection, and related items. The Supplier's designs shall make provisions 
for installation of Buyer's field cables that also meet these requirements. 

Instrument ranges shall be selected such that the normal operating point is between 35 and 75 
percent of the range of the instrument. Except where the Buyer has specifically identified 
manufacturer and model, all the instruments shall be selected by the Supplier in accordance 
with guidelines provided herein. 

The instruments described below shall be selected to meet the required safety classification, 
specified quality, and the design criteria stated herein and in the primary equipment 
specification. The systems designed and fabricated shall meet the specified reliability and 
availability for each system or component. 

Instrumentation and associated materials shall be selected to be Radiation tolerant to the level 
identified in the instrument datasheet for both the maximum instantaneous dose rate and the 
Time integrated dose for the design life of the instrument. 

All instrumentation shall support proper and accurate operation of the equipment up to the 
instantaneous doses identified for the instrument locations. 

Unless otherwise specified, Instruments located in caustic or corrosive environments or 
exposed to process fluids or gases, shall comply with ASTM A276, type 3 l6L. 

The Supplier may suggest alternative instruments based on their past experience with similar 
aoolications subject to the Buyer's review and concurrence. 
Temperature measurement devices shall be selected that are optimized for the application and 
environment of the measurement services. This includes installation constraints, ambient 
conditions, and process conditions of the measurement devices. The following describes the 
Buyer's requirements for specific types of temperature measuring elements and systems. 
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3.4.5.2.1 Temperature 
Elements 

3.4.5.2.2 Local Dial 
Thermometers 
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All temperature elements, Thermocouples (T/Cs) or Resistance Temperature Devices (RTDs), 
shall be installed in thermowells to permit removal without process disturbance except where 
there is no risk to personnel from the process fluid during removal of the measuring element, 
i.e. shell skin, motor bearings and motor windings. Where a thermowell is not used, and the 
temperature element is not surface mounted, a permanent label shall be affixed to the primary 
element, indicating that there is no thermowell. 

Sheathed RTDs with transmitters shall be used for remote temperature indication. 

Sheathed, grounded junction type E T /Cs are preferred temperature sensors when process 
conditions prohibit the use ofRTDs. TIC shall be according to ISA MC96.l or equivalent. 
Ungrollllded junction T /Cs shall be used where the process fluids or equipment are at a 
potential above ground that could lead to dangerous conditions for maintenance personnel and 
signal conditioning equipment. 

Use T/C where: 
• No air permit functions are supported by the device. 
• The temperature sensor is installed in a high vibration environment; or 
• A temperature span exceeding 1400 °F is required; or a response time ofless than four 

(4) seconds is required. 
• Unsheathed tip thermocouples shall be used where induced electrical voltages or high 

potentials may be present (e.g. in the measurement of bearing temperatures in 
electrical machinery). 

• Motor bearing temperature measurements may use thermocouples provided local 
transmitters are used. 

RID elements shall be Platinum with a nominal resistance of 100 Ohm 32 °F. The resistance
vs.-temperature characteristic curve shall conform to IEC 60751 with a temperature coefficient 
of0.00385 ohrns/ohm/°C. Three wire element design shall be used. 

Unless otherwise specified, T/Cs and RTDs shall be sheathed with Magnesium Oxide 
insulation. The sheath shall comply with ASTM A276, type 316L and have a 1/4" diameter as a 
minimum. All T/Cs or RTDs shall be duplex design, spring loaded, and supplied with a 
connection head with internal grounding screw and external grmmd terminal. All elements shall 
be connected in the connection head. 

Temperature measurements using T/Cs and RTDs shall use remote mounted transmitters with 
the appropriate input/output voltage isolation and located in the field or panel to connect an 
isolated signal to the Buyer's or Supplier's control system. 

Multipoint averaging T/C sensors shall be used in the temperature measurements in large 
ventilation ducts to provide a representative measurement of the flowing stream. 

Test thermowells shall have a plug or cap permanently attached with a chain or wire and 
labeled as a test point. 
Local dial thermometers shall be bimetallic type, externally adjustable with a 5" dial. The 
maximum error shall not exceed 1% of the range. The stem is to be an adjustable every angle 
type with 1/2" NPT connection. The gauge scale shall be selected so that nominal operating 
temperature is 40-60% of the gauge scale. 
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3.4.5.2.3 Filled Systems 

3.4.5.4 Absolute, Gauge, 
and Differential Pressure 
Measurement 
3.4.5.4.4 Diaphragm seals 

3.4.5.10 Encoders and 
Resolvers 
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Filled thermal systems shall be class IA, liquid filled type, liquid fill shall be material that is not 
on the WTP restricted materials list. Construction of filled systems shall be constructed to 
comply with ASTM 276, type 3 l 6L and designed as follows: 

• Type 3 l 6L SS Capillary with mechanically lockable flexible armor. 
• Bulb shall be 3/8" with a plain bendable extension and a pressure tight adjustable 

union. 

Where the filled system is affected by the ambient temperature, the instrument should have 
case and capillary compensation. The maximum length of capillary to be used is 40 feet. Over 
this length a transmitter shall be used. Filled systems shall only be used within the temperature 
range of32 °F to 500 °F. 
Pressure instruments shall be ranged for normal operation at 40-60% of scale for pressure 
gauge and transmitters. 

Diaphragm seals shall be provided where: 

1. Corrosive material is being measured and a suitable element material is not available. 

2. Material that will polymerize is being measured. 

3. Material with a freezing point above the minimum ambient temperature at the 
instrument or at any point along the sensing line is being measured (i.e. the material 
could freeze in the sensing line or in the instrument). 

4. Material containing solid matter that could plug the instrument. 
Incremental encoders shall use quadrature decoding. Since incremental encoders provide only 
relative position they shall be used in configurations with a "datum" switch. Incremental 
encoders shall have a minimum l 024 pulses per revolution. 

Absolute encoders shall be multi-tum with Profibus DP® output for input directly to the 
Buyer's ICN or Binary code for direct input to motor drives. Absolute encoders can be 
integrated with the motor or may be installed separately. The absolute encoder shall provide a 
unique output for every position. The absolute encoder's nonvolatile memory shall retain the 
exact position without need to return to "home" position if the power fails. Absolute encoders 
shall have a .minimum resolution of 12 bit per tum x 4096 revolutions. 

Resolvers shall use quadrature decoding with Profibus DP® output for input directly to the 
Buyer's ICN or Binary code for direct input to motor drives. Since resolvers provide only 
relative position they shall be used in configurations with a "datum" switch. Resolvers shall 
have a minimum 1024 pulses per revolution. 

3.4.5.I 4 Power Cells Power cells shall have an output accuracy of less than I% of full scale. The response time shall 
not exceed 3 seconds. Transmitters shall be supplied for integration into the Buyer ICN 
platform. 

3.5 Control Software Software and firmware provided by the Supplier to support the instrumentation shall be 
provided in accordance with 24590-WTP-3PS-JQ00-T0004 Management of Supplier Software. 

Where application software for the instrumentation is provided by the Buyer, the Supplier shall 
supply documentation of the control execution requirements to a level suitable to the 
complexity of the application. The method of conveying the Supplier's control execution 
requirements and the subsequent review of the Buyer's design/implementation shall be agreed 
prior to contract award. Any cost, schedule, or warranty restraints caused by this arrangement 
shall be identified in the Bidder's proposal . 

3.5.1 Software Definitions The terminology for WTP control systems software has been standardized and is shown in 
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3.6 Enclosures, Cabinets, 
Panels, and Racks 
Requirements 

3.6.l Rating and Type 

3.6.2 Enclosure Internal 
Environmental 
Conditions 

section 1.3. 
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The Supplier shall supply the instrument enclosures, cabinets, panels, and racks necessary to 
support the instrumentation and control systems required by the primary equipment 
specification. Instruments that require physical or environmental protection shall be installed in 
enclosures that meet the specifications of this section. Instruments that have a construction and 
NEMA rating that permits unprotected installation in the field shall be either individually field 
mounted or installed on open instrument racks that meet the requirements of this section. 
Operator control panels for interfacing to the control systems shall meet the requirements of 
this section. All enclosures, cabinets, panels, and racks shall be designed and fabricated to be in 
full compliance with NFPA 70-1999. 
All enclosures shall be designed for front access only unless otherwise specified. Enclosures 
shall be either outdoor, indoor, hose down, or corrosive environments per the NEMA 250 and 
NEMA ICS 6 standards based on the environmental specification requirements. In the absence 
of a specific NEMA requirement in the main mechanical package specification, a NEMA rating 
of 12 or 12K shall be the minimum acceptable requirement for indoor and NEMA 4X for 
outdoor. In areas where radioactive contamination is likely, only stainless steel enclosures shall 
be used. 
Internal equipment or components shall be protected from levels of dirt or dust that exceed 
those specified by the equipment or component manufacturer. The temperature inside of the 
enclosure shall not exceed the maximum and minimum operating temperatures of any device 
located within it. 

Natural convection and conduction cooling is the preferred method of dissipating beat within 
the enclosure. If"Hot Spots" such as those generated by power supplies or other electrical 
equipment are present, or an internal temperature exceeding l 00 °F is anticipated, the enclosure 
shall be fitted with adequately sized ventilation fans where ambient conditions permit. Where 
forced-air cooling is necessary and practicable for proper operation of the apparatus housed in 
the enclosure, the enclosure shall be equipped with filters, blowers or other suitable filtration or 
cooling devices and maintaining the requirements ofNEMA 250. 

Enclosures shall be provided with thermostatically controlled space beaters, where required by 
ambient conditions, to maintain temperature above dew point and above freezing. 

Mounting brackets, wire, and equipment for the heating or cooling devices shall maintain the 
NEMA enclosure requirements. 
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3.6.3 Mechanical 
Requirement 
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Freestanding, fixed location, enclosures shall be fitted with a base, have rigid bracing, 
removable lifting eyes and include provisions for securing to floor with anchor bolts or bolted 
or welded to Buyer's floor embed. Wall mounted enclosures shall be sized by the Supplier and 
shall include all rigid bracing, door latch, and mounting fixtures needed to mount the enclosure 
to the wall. 

Where lockable enclosure doors are specified on the primary equipment specifications, 
datasheets, or drawings, the doors shall have a common key lock. Buyer will review and concur 
with the key arrangement and selection. · 

All packaged systems and equipment controls shall be pre-wired to terminal blocks in 
permanently mounted enclosure. The terminal blocks shall be designed for easy 
interconnection to Buyer's control and communication circuits (see section 3.4.3 design 
requirements of this exhibit for signal transmission interface). 

Where enclosed or protected installation is not required, then racks shall be used for mounting 
instruments to provide ease of maintenance and calibration. The rack frame for mounting 
instruments shall be constructed of stainless steel Unistrut channel and stainless steel Unistrut 
systems components and designed to support the weight of installed instruments. Free standing 
racks shall be fitted with a base, rigid bracing, and lifting eyes. Racks shall also include 
provisions for securing to walls or floor with anchor bolts or bolted to Buyer's embed. All rack 
mounted instrumentation shall have NEMA 4X rating or better. 

3.6.4 Enclosure For some mechanical equipment, a set of enclosures may be required. The enclosures shall be 
Segregation Requirements defined in the primary equipment specification. These enclosures shall house the necessary 

control, instrument, safety, and electrical equipment to facilitate the requirements of the 
package equipment. 

3.6.S Enclosure 
Groundin2 Requirements 
3.6.S.1 General 

3.6.S.2 Grounding Bus 

Where small quantities of control equipment are involved, enclosure functions may be 
combined; however, combining of functions must take into account segregation of power and 
control equipment for commissioning, maintenance, and safety purposes. The enclosures shall 
be segregated into separate sections for: I) Not used, 2) DC Analog, signal conditioning and 
interface functions, 3) Discrete Inputs and Outputs signals, and 4) DC and AC power. 

The enclosure grounding system shall be installed in conformance to IEEE Guide 1050-1996, 
section 5.3. l "Single point grounding system" and shall comply with NFPA 70-1999 250-
l 12(k): 250-118, 250-119, 250-122, 250-134, 250-138, and 250-97 as applicable. 
Instrumentation enclosures that house digital and analog signaling circuits shall have an 
equipment safety ground bus and an isolated signal ground bus. Grounding for electrical 
devices and instruments, including signal and power supply shall be in accordance with 
manufacturer's recommendations and applicable NEC requirements . . 
Each grounding bus shall be constructed with solid copper, and all connections shall be drilled 
and tapped. The ground bus shall be drilled and tapped for an additional IO percent spare 
terminations. 

A bolted compression type 2/0 terminal lug shall be installed at each end of each 
ground bus to faci litate connection either to another ground bus in a connected adjacent 
enclosure or to Buyer's 2/0 A WG stranded copper ground cable. 
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3.6.5.3 Equipment Safety 
Ground 

3.6.5.4 Isolated Signal 
Ground 

3.6.6 Electrical and 
Wirin~ Requirements 
3.6.6.1 General 

3.6.6.2 Instrument 
Mounting 

3.6.6.3 Terminal Blocks 

24590-BOF-3PS-ME'E0-T0002, Rev 2 
DVP HEPA Filter Preheater 

The equipment safety ground bus shall be solidly bolted and electrically bonded to the 
enclosure structure. Where enclosures are to be connected together after final installation, each 
end of the safety ground bus will include provisions for connection to the adjacent enclosure 
safety ground bus. 

All non-current carrying removable metal components, including the enclosure door(s) and 
back panel, shall be bonded to the equipment safety ground bus. Components shall not be 
grounded to each other via a common wire connecting the components to the equipment safety 
~ound. 
The isolated signal ground shall be electrically isolated from the enclosure structure and the 
safety ground throughout the packaged system. 

Instrument cable shields and signal common conductors shall be connected to the isolated 
signal ground bus, unless otherwise required by the manufacturer. Each signal ground 
conductor shall be fastened to the isolated signal ground bus. For junction boxes with signal 
wiring going back to the Buyer's control system, the cable shield shall be terminated on an 
isolated terminal block and carried back to a ground supplied by the Buyer, no isolated signal 
ground is required. 

Power shall not be connected in series ("daisy chained") from instrument to instrument; 
however, the bridge or comb jumpers may be used on the supply side of the circuit breakers. A 
fuse and circuit breaker directory shall be contained in a holder permanently affixed on the 
inside of each door or back-oanel and protected bv a clear window. 
The Supplier shall mount, connect and wire each instrument or control device such that 
adjustment, maintenance, removal and replacement may be accomplished in a safe manner 
without interruption of service to adjacent but unrelated equipment and without placing undue 
stress on installed wiring or devices. Accommodations for strain relief shall be made when 
routing wire to hinged enclosure doors and shall be wraooed with soiral wire wrap. 
Terminal points shall be used for only one wire unless specifically identified for more than one 
wire by an NRTL. Wire splicing shall not be used unless approved by the Buyer. Bridge or 
comb jumpers shall be used for adjacent terminal connections. Jumpers shall not be installed on 
the field side of the terminal strip. 

Terminal blocks shall incorporate the following features : 

I. Space saving design 
2. Screw clamp wire connection 
3. Single level configuration 
4. Integral test facilities 
5. DIN-rail (35mm) mounted 

Isolating type terminal blocks shall be Weidmuller "W" series, Allen Bradley 1492-JKD3TP, 
Phoenix Contact, or Buyer approved equal. Non-isolating feed-thru terminal blocks shall be 
Weidmuller "W" series, Allen Bradley l492-W4, Phoenix Contact, or Buyer approved equal. 
Terminal blocks for connecting the incoming power supply shall be capable of connecting #4 
AWG to #12 AWG conductors, such as Allen Bradley 1492-Wl6S, or Weidmuller WDU 35. 

The terminal blocks for incoming 120 VAC power and 120 VAC power distribution shall 
provide separation between control/instrumentation power and enclosure utility power, with 
separate termination points for each. Enclosure utilities include convenience accessories, 
cooling fans and space heaters. All terminal blocks shall be identified by a unique terminal 
block number and approved by the Buyer. 
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3.6.6.4 Power Disconnect 

3.6.6.5 Over-current 
Protection 

3.6.6.7 Wires and Cables 

3.6.6.8 Bushings 

3.6. 7 Accessibility and 
Maintenance 
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Each incoming power supply shall be provided with over-current protection and shall have a 
manual electrical power disconnect device mounted on or near the equipment in an easily 
accessible location. The electrical power disconnect device may be a single device or multiple 
devices for individual circuits. Each incoming 120 VAC power circuit shall be filtered with a 
20 amp surge protection device providing a minimum of300 joules of protection. Each 
incoming 480 V AC power circuit shall be filtered with a 15 amp surge protection device 
providing a minimum 1200 Joules of protection. 

All disconnects for a single piece of equipment shall be grouped together and shall be clearly 
identified as to their purpose, and the system and equipment being disconnected. 
Each device that uses 120 VAC for power shall have individual connections protected via rail 
mowited circuit breakers or fuses. The circuit breakers used for individual control or power 
circuit protection within the enclosure shall be thermal magnetic breakers . The circuit breakers 
used for individual control or power circuit protection external to the enclosure shall comply 
with UL489 and be Dual-In-Line, DIN type with lockout adapters, such as Weidmuller 9926 or 
Allen Bradley 1489. 
All instrument signal cables shall be of the type and specification as listed in Appendix C -

Instrumentation Cable Schedule. Power cable, wire size and type shall be in accordance with 
NFPA 70-1999, and shall have a minimum 90 °C continuous rating. All cable insulation and 
jacket material shall be resistant to heat, moisture, impact, ozone, and meet or exceed the 
following requirements: 

• 300 V rated for low voltage instrument cables (up to 120 VAC and 125 VDC) 
• 600 V rated for power/motor control cables (up to 480 V AC and 250 VDC) 

The wire insulation color for single conductor wiring inside of enclosures shall be: 

• Black, 600V - Ungrounded conductors 50 V AC or more 
• White - Grounded conductors 50 V AC or more 
• Green - Equipment grounding conductor 
• Green/Yellow tracer - Isolated instrument grounding conductor 
• Light-Medium Blue - Ungrounded supply voltage less than 50 V (DC or AC) 
• Violet or Purple - Switched ungrounded voltage less than 50 V (DC or AC) 
• White/Blue tracer - Grounded or return suooly volta~e less than 50 V (DC or AC) 

Where a conduit enters an enclosure, a bushing shall be provided to protect the wire insulation 
from damage due to sharp metal edges. The bushing system shall match the NEMA rating of 
the enclosure. 
Enclosures shall be accessible from the front with sufficient room for maintenance. Clearances 
for electrical enclosures shall meet requirements in NFP A 70-1999. Junction boxes containing 
only terminal blocks and wire (no active components) do not-require working clearance unless 
they are expected to require maintenance while energized. 

Access to enclosure internal components or equipment shall not require the use of hand tools 
other than to open the door. Access to any component within the enclosure for maintenance or 
replacement shall not be prevented by proximity to other components within the enclosure. 
Equipment mounted in the rear of the enclosure shall be on a back-panel and positioned to 
facilitate removal and replacement. 

The enclosures shall be designed so that tools and test equipment may be used to accomplish 
all necessary adjustments, maintenance, cleaning, testing, and calibration. If specialized tools 
are needed for adjustments, maintenance, cleaning, testing, and calibration, the Supplier shall 
provide two sets per order to Buyer upon delivery. Test points and calibration areas shall be 
accessible, clearly identified, and labeled. Adequate space shall be provided for removal and 
replacement of individ_ual instruments or components located inside the enclosure. Equipment 
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3.6.7.1 Electrical Working 
Space and Dedicated 
Equipment Space 
3.6.8 Enclosure 
Nameplates and Labels 

3.6.9 Human Factors 

3.7 Equipment Electrical 
Requirements 
3.7.2 Discrete Interfaces 

3.7.3 Analog or 
Continuous Signal 
Interfaces 
3.7.4 Surge Protection 

3.7.5 Arc Suppression 

3.7.7 Conduit and cable 

3.7.7.1 Exposed conduit 
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mounted in the rear of the enclosure shall be positioned to facilitate removal and replacement 
from the front of the enclosure. 
Electrical and control equipment enclosures shall be installed so that they comply with NFPA 
70-1999 Section 110-26 and Sections 110-32 through 110-34, and Section 610-57 (for cranes) 
as shown in Exhibit I, Electrical Requirements for Packaged Equipment, Appendix I. 
Buyer will provide the enclosure name, service description, and wire marker syntax and 
name/number. 

Nameplates, labels, and wire markers shall be clearly legible and constructed of durable 
material suitable for lasting 40 years in the target environment. They shall provide a high 
contrast between the background and the lettering; the background shall be white or near-white 
and the lettering shall be a dark, near black color. 

External enclosure nameplate shall be engraved with the equipment tag number and a very 
brief service description. The nameplates shall be attached to the enclosure by either cementing 
with an adhesive designed for the tag and enclosure materials and the environment where the 
equipment will be installed or using stainless steel screws, without violating the NEMA rating 
of the enclosure. The minimum character height for enclosure name/number shall be no less 
than 5/8 inch, all other information shall have a character height no less than I /4 inch. 

Internal enclosure nameplates shall be provided for instruments, instrument accessories, 
switches, relays, terminal strips, lamps and equipment with a field wiring connection. 
Nameplates shall be visible from the front of the cabinet with the doors open. Internal 
enclosure nameplates shall be attached using an adhesive designed for the tag and enclosure 
materials. The minimum character height shall be no less than 1/8 inch. 

Safety Labels shall not be attached to removable items that could be replaced in a different 
orientation. 
Controls, indicators, and the similar type devices shall be mounted between 36 and 60 inches 
above the floor. 
All Electrical equipment shall be in full compliance with NFPA 70-1999. 

The Supplier shall provide isolated, dry contacts where hardwired signals from controls or 
monitoring equipment on Supplier's packaged equipment is required by the Buyer's control 
system. The interfaces are distinct from control systems communications interfaces described 
in para~raph 3.4. 
The Supplier shall provide current loop isolators where a continuous signal in the Supplier's 
system is required to be monitored by the Buyer's control system. 

The Supplier shall provide surge protectors for solid-state equipment, if not inherent in the 
equipment desiirn. Minimum protection shall be at least 250 Joules and 500 Volts. 
The Supplier shall provide and install a suitable arc suppression device or kickback diode 
across switched loads unless the switching component includes inherent arc suppression. 
Kickback diodes shall be supplied and installed on all inductive DC loads. 

Interconnecting wires and cables that are not crush resistant shall be installed in rigid, 
galvanized steel (RGS), Rigid Metal Conduit (RMC), Strut Channel wireway, wireway, 
enclosed bus or liquidtight flexible metal conduits. Conduit Support shall be selected to 
be aooropriate for the environment. 
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3.7. 7.2 Electrical wire and Interconnecting wiring and cables shall be in accordance with Appendix C. 
cables 

3.7.7.3 Separation 

3.7.8 Wire and Cable 
Markers 

3.8 Process Connections, 
Tubing and Instrument 
Mountin2 

Profibus or Foundation Fieldbus cables shall have approved protection including cable armor to 
be type ER crush resistant. 

All insulated cables shall meet the vertical tray flame test requirements of IEEE 383-1974 or 
IEEE 1202 or IEEE 1581. Power cable, wire size and type shall be in accordance with NFPA 
70 - 1999, and shall have a minimum 90 °C continuous rating. 
AC power shall be routed through separate raceways, wireways or separated with a divider 
from 24 VDC discrete and analog instrument signals within enclosures. Power and signal 
cabling shall not be run in parallel, except in separate raceways or wireways, and should only 
cross at a 90-degree angle. This includes wiring to door mounted instruments contained in 
spiral wrap. A minimum of 1/4" separation shall be maintained between power & 
instrumentation/signal wiring. 

Internal enclosure wiring shall be neatly dressed in slotted non-metallic wireways. The 
wireway shall be securely fastened to the enclosure back-panel. Non-metallic wireways shall be 
provided on the opposite sides of field terminations to be used by the Buyer. Adequate space 
shall be provided around terminal blocks to allow the Buyer to install, route and terminate 
cables. The field side wireway shall be designed for mutti-core field cables with a minimwn 
conductor size of# 14 AWG. 

Circuits of different voltages (service level) shall be terminated on physically separate terminal 
strips and clearly labeled to show the circuit voltage. Terminal blocks shall be segregated 
according to signal type. 

Instrumentation cables shall be terminated in separate junction boxes from the power 
and control cables. 
All Supplier provided wiring shall be identified at each end with a numbering system that is 
cross-referenced on all appropriate drawings. The wire-numbering scheme shall be proposed by 
the Supplier with Buyer's concurrence. 

Wire markers shall be indelibly, clearly, and legibly machine marked in black on white plastic 
sleeves. Markers shall be heat shrink type unless factory connected cable terminations 
precludes them, in which case UL listed self-laminating labels shall be used. 

Wires longer than 8" or wires that are not visible for the entire length shall have wire markers 
attached within a maximum of2 inches from the termination of the wire. Jumper wires less 
than 8 inches long installed so the entire length of the wire and is visible may be marked with a 
single wire marker. Orientation of the wire marker shall be such that its identification is visible 
when viewed from the front of the enclosure. 

Junction box (JB) terminals shall have adequate space between them and the JB internal 
walls so connected cables and individual wire numbers can be easily read without disturbing 
the wirin11; within the JBs. 
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3.8.1 Instrument Process 
Connections 
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The preferred orientation of process connections in horizontal piping is shown in Appendix A 
The purpose, for all pipe runs for instrumentation use, is to avoid gas pockets in liquid and 
vapor sensing lines and to avoid liquid pockets in gas sensing lines. Sensing lines for gas 
measurements shall slope downward toward the process at least 1/4" per foot. Sensing lines for 
liquid shall slope downward toward the instrument at least 1/4" per foot. Measurement of 
pressure or flow in steam lines or condensable vapor lines shall be provided with condensate 
pots to ensure known liquid fill level in sensing lines. 

Piping specifications are generally as required in the process piping section of the primary 
equipment specification. Pressure ?leasurement connections shall be 3/4 inch except where the 
process piping is 1/2 inch or less. If the process piping is 1/2 inch or less, the instrument 
connection shall be l/2 inch. Instruments mounted in-line or tanks shall be installed per 
manufacturer's requirements. Welded process connections shall be socket or butt welded per 
the requirements of the piping specification in the primary equipment specification. 

Generally, provide connections on piping and vessels for instruments in accordance with the 
following: 

---- ---
Tvoe of Measurement Screwed Socket Welded Flan2ed 
Analvzer ¾" I½" 
Flow 
Orifice Tap ½" 2" 
Flow Tube Tap ¾ .. ¾" 2" 

Level 
Differential TVDe 
Standard ½" ¾" 2·· 
Flan2e Mounted 3" 

Ball Floated 
External Caize I ½" I½" I ½" 
Vessel Mounted 4·· 

Capacitance I'' I " 3" 
Radar 6" 
Ultrasonic I" 
Punred Tube ½" 

===-------+-..;;_ ____ --+....;;..l",.,.....------1--'=3., ------1 
½.' 6" 

Bridle (Standpioel 3" 3" 3" 
Pressure 
Pipin2 ¾" W' 
Vessels ¾" I ½" 
With Seals 3" 
Temoerature 
lnPipin2 I" I" I½" 
In Vessels/Tanks I ½" 
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3.8.3 Thermowells 

3.8.8 Instrument Location 
and Mounting 

3.8.8.2 Accessibility 
Rea uirements 
3.8.9 Protection of 
Instruments from 
Environment 

4 Materials 
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Thermowells shall be provided for each temperature sensor. Thermowells shall withstand two 
times the maximum system pressure where installed. Wake frequency calculation shall be 
performed using ASME PTC 19.3 to ensure that the velocity induced frequency is not more 
than 80 percent of the critical frequency during all modes of operation. Maximum stream 
velocities in temperature measurement shall be specified in the instrument data sheets. 

All thermowells shall have sufficient extension to preclude interference with process pipe or 
vessel lagging (insulation). 

The following are standard thermowell length, insertion (U) length and Lagging (T) length 
proposed for the project: 

A. Threaded Tbermowells 

-
Line Size "U"Leneth Stem Len2tb Remarks 
:S 2" 2 1/2" 4" Line swage or elbolet installation 
3" & 4" 4 1/2" 6" Elbolet or latrolet installation 

f-----

4" 21 /2" 4" 
6& 8" 4 1/2" 6" 
10& 12·· 7 1/2" 9" 
>14" 10 1/2" 12" 

Insulation Thickness "T" Lenetb Remarks 
2" & less None 
3" 3 1/2" 
4" 4 1/2'' 
5" 5 1/2" 
6" 6 1/2" 

B. Flanged Tbermowells 

Line Size "U" Lenetb Stem Leneth Insulation Thickness 
3" See note below 
4" See note below 
6" 9" See note below 

See note below 
12" See note below 

Note: Approximately 6" clearance between the top of line and the top of well 
flange face available for insulation. 

Instrument mounting locations shall be selected with consideration of both function operation 
and accessibility requirements for maintenance. Instrumentation should not be mounted on 
vibrating equipment or light duty support. Instruments shall not be mounted on handrails or 
safety railings. Instrument mounting bolting and hardware shall be ASTM A276, type 
316UASTM Al93 Grade B8M. 
Each instrument shall be installed so as to allow adequate safe access for both operation and 
maintenance. 
Instruments shall be protected from normal environmental conditions which include the 
external corrosiveness of air, ambient temperature, humidity, etc .. The type of measurement 
being performed will determine whether the protection is required to avoid the solidification of 
high freeze point process fluids, condensation of vapors, effect of solar heat on measurement 
electronics and its accuracy, etc. Radiological tolerance instruments shall be specified as 
required. 
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4.1 General 

4.1.2 Instrument Manifold 
Valves 

4.1.3 Enclosures, Panels, 
Cabinets, and Racks 

4.1.4 Instruments 

4.1.5 Wire supports and 
protection 
4.2 Prohibited Materials 
4.4 Painting 
Requirements 

4.5 Storage of Special 
Materials 

5 Fabrication 

6 Tests, Inspections and 
Calibrations 

6.1 General Requirements 

6.2 Factory Acceptance 
Tests 
6.2.1 Burn-In of 
Components 

6.2.2 Wire Insulation 
Testine: 
6.2.3 Wire Continuity 
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Selection of material shall be based on fluid properties, environmental conditions, or as 
specified on the primary equipment specification and/or material requisition. 
Integral 2-valve manifolds shall be supplied with pressure transmitters. Integral 5-valve 
manifolds shall be supplied with differential pressure transmitters. The manifolds shall be 
fabricated of ASTM A276, type 3 l 6L or better. These manifolds shall be manufactured by Hy-
Lok or Buyer approved equal. 
In areas where radioactive contamination is identified as likely, only ASTM A276, type 3 I 6L 
enclosures, panels, and cabinets shall be used. 

The Rack structural components and all mounting material shall be constructed entirely with 
ASTM A276, type 3 I 6L or better. This includes bolts, nuts, washers, screws, retainer springs, 
and clips. 
Unless otherwise specified, instruments and accessories located in caustic or corrosive 
environments or exposed to process fluids or gasses, shall comply with ASTM A276, type 
3 I 6L or better. 
Conduit and conduit supports in caustic, corrosive, or radioactive environments shall comply 
with ASTM A276, type 3 I 6L, or better. 
Prohibited materials are identified in 24590-WTP-LIST-ESH-16-0001 . 
Painting requirements do not apply to Stainless Steel. 

In general, instrument manufacturer's standard painting color and finish shall apply. However, 
Supplier shall also follow the project Shop applied special protective coating as required by the 
parent specification. 

Enclosure Backplanes shall be painted a gloss or semi-gloss type paint with light color to 
provide a high visual contrast between the backplane and the components mmmted in the 
enclosure. 
The Supplier shall cover or plug all openings on equipment, tubes, pipes, and instruments prior 
to shipment and/or for storage. Material used to cover or plug shall be compatible with the 
material of the component. 
All instruments and electronic devices shall be installed in accordance with manufacturer's 
recommendations. 

Supplier shall perform instrument testing, inspection and calibration required to verify 
compliance with this exhibit. When requested, procedures shall be submitted for the Buyer's 
review and approval, and reports provided for records in accordance with the RFP or the 
Material Requisition. 
All defects in materials, wiring and tubing detected as a result of testing shall be repaired or 
replaced by the Supplier at no additional cost to the Buyer. 

Buyer's Engineering representative shall witness Supplier's functional tests for more complex 
systems. All material defects and wiring errors shall have been corrected prior to Buyer's 
arrival to witness the functional demonstration. Supplier shall allocate sufficient time in the 
project schedule to accommodate this requirement. Buyer will advise Supplier of any such 
witness tests. 

Instrumentation and controls provided by the Supplier that contain solid state components shall 
be subjected to burn-in as required. Burn-in duration shall be 72 hours minimum. The Buyer 
will be invited when this Test will be conducted. 
The Supplier shall isolate all instruments and control systems before performing a megger 
test. 
All wiring provided by the Supplier shall be verified I 00% point to point continuity test. 
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6.2.4 Functional Testing 

6.2.5 Pressure Tests 

6.2.6 Calibration Test 

6.2. 7 Final Inspection 

7 Packaging, Handling 
and Storage 

8 Identification 
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Wiring errors detected shall be corrected and/or drawings corrected as appropriate prior to 
Buyer's inspection. 
Software functional testing is defined in 245490-WTP-3PS-JQ00-T0004. 

Where specified, the supplier shall perform instrumentation functional testing to demonstrate to 
the Buyer the functionality of the system. A simulated input signal shall be injected, varied 
over the full range for each device, calibrated and checked for correct operation. Each control 
circuit or control logic element provided shall be checked for correct operation by simulating 
inputs, actuating switches and monitoring outputs, indicating lights, etc. 

Failure to perform such tests or test failures shall be cause for rejection of part or all of the 
system components. 
Supplier shall pressure test all pressure retaining components. ASME B31.3 chapter VI shall be 
used as a minimum standard of acceptance. Pressure testing for liquid systems shall be done 
with potable water with a halogen content not to exceed 200 oom. 
Instruments shall be calibrated with test and calibration equipment that are traceable to 
NIST standards. Supplier shall provide certification of calibration for all test equipment 
used to calibrate instruments. 
Supplier shall perform all necessary inspections to verify compliance with this exhibit. 
Inspections are to be completed prior to delivery or presentation of this equipment to the 
Buyer's representative for final inspection. 

A final inspection, ifrequired in Part 2, Attachment SQ of Material Requisition, will be made 
by Buyer's representative. 
Refer to Packaging, Handling and Storage Requirements specification 24590-WTP-3PS-G000-
T0003 for general requirements and Material Requisition or Subcontract package for specific 
requirement of each instrument. 

8.1 Instrument Nameplate Each instrument shall have nameplate information that includes following: 

Applicable to ALL Instrumentation 
• Manufacturer's Name 
• Manufacturer's model and serial number 
• Buyer's Purchase Order No. 
• Buyer's Item No. 
• Buyer's Tag Number 

Applicable to PROCESS Instrumentation 
• Nominal Pipe size, inches 
• Body material 
• Size 
• Minimum and Maximum flowrate 
• Meter Factor 
• Pressure and Temperature rating 
• Flow direction arrow and/or words IN and OUT on the piping connections 

Applicable to ELECTRONIC Components 
• Power rating 
• Electrical Area Classification 
• Approvals and Listings per NEC 

Where the combination of manufacturer's standard nameplate and instrument body stampings 
are unable to accommodate all of the required and applicable information, a separate stainless 
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11 Documentation and 
Submittals 
11.1 Instrument Tagging 

11.2 Drawings and Data 

11.2.1 Instrument Data 
Sheets 
11.2.l.l 

11.2.1.2 

11.2.l.3 
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steel nameplate shall be provided to include the Buyer's tag number, PO number, and al l of the 
applicable missing information. This separate stainless steel nameplate shall have the 
information impressed, stamped, or etched directly on the stainless steel surface. The 
nameplate, where physically possible, shall be secured to the body of the instrument by 
corrosion resistant screws tapped into a low stress area of the assembly, so the structural 
integrity and functional capability of the assembly are not impaired. If it is not physically 
possible to secure the nameplate to the body of the instrument, then the nameplate shall be 
attached using a stainless steel wire. 

To fully identify instrumentation in a packaged equipment skid, ancillary or daughter 
instrumentation that are included in the "package" or "skid" tags shall identify l) Parent 
Equipment Number and 2) Buyer's Tag Number. 

Panel Mounted Instrument Nameplate 
In addition to the nameplate requirements for instruments, each panel mounted instrument shall 
be identified by tag number (Buyer provided tag number). Nameplates shall be clearly legible 
and constructed of durable material suitable for lasting 40 years in the target environment. They 
shall provide a high contrast between the background and the lettering; the background shall be 
white or near-white and the lettering shall be a dark, near black color. 

Letters shall be a minimum of 1/8 inch in height. Nameplates shall be attached to the panel by 
either cementing with epoxy or using stainless steel drive screws without violating the NEMA 
rating of the enclosure. 
Refer to the RFP or the Drawings and Data Requirements of the Material Requisition and the 
following for specific requirement of each instrument. 
Instrument tag numbers will be assigned and provided by the Buyer to the Supplier. The 
Supplier shall incorporate these tag numbers into the design documents and shall comply with 
instrument identification requirements. 

Deleted. 

Instrument specification datasheets should be of ISA 20 compliant format or Bechtel standard 
forms can be provided on request. 
Instrument specification shall include sizing/selection basis for all control valve trim, valve 
actuators, pressure relieving devices, and flow devices. Wake frequency velocity limitations 
shall be documented for insertion instruments, as applicable (e.g. thermowells, pitot tubes). 
Information may be included in datasheet or as a separate submittal. See also Section 11 .4.4. 
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11.2.2 Instrument List 

11.2.3 Panel, Cabinet, 
Enclosure Outline and 
Dimensional Drawings 
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The Buyer will supply an equipment instrument list in MS Access format which lists each 
instrument and is arranged in numerical order. The Supplier shall populate the instrument list 
contents including deleting and adding instrument records. The fields required to be populated 
are as follows: 

• Instrument tag number (B) 
• Seller's referenced tag number, if applicable (S) 
• Service description (B/S) 
• Instrument type (B/S) 
• Signal type (B/S) 
• P&ID number (B) 
• Data sheet number (S) 
• Location drawing number (B) 
• Instrument installation details (*) 
• Manufacturer name (S) 
• Modelnumber(S) 
• Calibration range of instrument (S) 
• Set point (S) 
• Wiring diagram number (*) 
• Schematic drawing number (*) 
• Device address of serial communication link data (B) 
• 1/0 address of serial communication link data (B) 
• Instrument accuracies (*) 
• Shipped loose (S) 

The letters next to the instrument fields above indicate the following: 
(B) - Bechtel to provide 
(S) - Seller to provide 
(B/S) - Bechtel to preload information, Seller to verify 
(*) - Seller to provide, if applicable 
The list shall include: 
The performance specifications for nonnal operation and under conditions 
existing during and following 
The load, pressure, voltage, frequency, and other characteristics, as appropriate, 
for which the performance specified can be ensured. 
Certified outline and dimensional drawings shall show the size and location of electrical, 
pneumatic and service connections and information necessary to locate and mount the 
equipment, ifit is to be mounted by the Buyer. 

A dimensional layout drawing shall show the location of electrical and control equipment. This 
drawing will include the dimensioned outline of the required electrical working space boundary 
around electrical and control enclosure per paragraph 3.6.7.1, including the working space 
boundary required for all outward facing (facing out from skid) electrical and control 
enclosures. 

The outline and dimensional drawings shall also include the enclosure weights and 
approximate location of the enclosure center of gravity with all instruments and components 
installed. This drawing or a separate drawing shall include dimensional and material 
information for the enclosure base, including bolt location and size for permanent attachment 
of the enclosure(s) to the building structure. 

Outline and dimensional drawings shall be provided for all instruments shipped loose for 
Buyer's installation. The drawing shall include the instrument tag number. 
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11.2.4 Installation Details 

11.2.5 Wiring Diagrams 

11.2.7 Instrument Loop 
Diagrams 

11.2.10 Software 
Documents 
11.2.11 Cable Block 
Diagrams 

11.2.12 Manufacturer's 
Technical Literature 
11.2.13 Certificates and 
Inspection reports 

11.3 Procedures 

11.3.1 Site Storage and 
Handlin2 Procedure 
11.3.2 Functional Test 
Procedure 
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Instrument installation details shall be submitted for the Buyer's review and one month prior to 
proceedin~ with instrument installations. 
Point to point wiring diagrams provided by the Supplier shall include, but not be limited to the 
following features : 

• Identify all devices with the Buyer's tag numbers, where applicable 

• Identify grounding method for incoming cable shields 

• Be relative to the equipment or panel terminals 

• Show devices and their terminals in relative location 

• Include contact developments for control switches, pushbuttons and relays . 
Loop diagrams depicting the wiring between components of electronic analog loops and 
discrete ( on/off) loops shall be provided. These drawings shall contain, as a minimum all the 
information required by ISA S5.4 Figure 3 with notes and drawing references. The interface 
between Supplier's and Buyer's equipment, wiring and instruments shall be shown in detail, 
including terminal and wire identification. Electronic loop diagrams shall show Supplier's 
grounding and shielding provisions. 

In the case ofbussed network instruments, network segment drawings shall be provided in 
lieu of looo dia1ZTams. 
The requirements for software documentation submittals is included in 24590-WTP-3PSJQOO-
T0004. 
Cable Block diagrams shall identify the relationship of all cabling with cable numbers that 
interconnect between panels, junction boxes and components. These diagrams shall identify the 
size and number of conductors in each cable and shall be submitte~ prior to fabrication. Cables 
that will be provided and installed by Buyer will be identified on the cable block diagram. The 
Supplier shall identify the equipment breakdown for shipping that identifies those cables that 
need disconnecting for shipment. Buyer will provide tag numbers for all junction boxes and 
panels that Buyer has to terminate to. 
Supplier shall provide manufacturer's technical literature for all technical components and 
instrumentation provided within the Suoolier's packa~e. 
The Supplier shall provide all NRTL Certificates and field evaluation reports required per 
section 1.8. The Supplier shall provide manufacturer's certification of material used in 
fabrication of instruments that must operate in the specified radiation conditions per section 
l.6.5. 

Supplier to provide site storage and handling procedures in accordance with the primary 
specification or Drawin~s and Data Requirements of the Material Requisition. 
Supplier shall submit equipment functional test procedures that will be used to demonstrate to 
Buyer's satisfaction that the equipment will function in accordance with the specified 
requirements. Procedures shall be submitted for Buyer's review in accordance with the 
Drawings and Data Requirements of the Material Requisition. Procedures shall be submitted at 
least one month prior to scheduled performance of the functional demonstration to be witnessed 
by Buyer's engineer(s). Scope of these tests shall be agreed to between the Buyer and Supplier 
via review of the proposed test procedure. 

The functional test procedure shall include: 

• Requirements for maintaining records of functional tests 

• Description of method used to track status of testing 

• Requirements for inspection prior to testing to determine test readiness 

• Procedures for documenting failures and errors encountered 

• Procedures for documenting agreed test modifications or procedure corrections 
deemed necessary to resolve a test findiniz 
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11.3.3 Operating, Startup 
and Shutdown Procedures 
11.4 Calculations 

11.4.1 Electrical Load 

11.4.2 Heat Loads 
11.4.4 Sizing Calculations 

11.5 Manuals 

11.6 Schedules 

11.6.1 Material Schedule 

11.6.2 Spare Parts List 
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• Method of documenting final resolution of test anomalies 

• Acceptance criteria 
Supplier shall provide procedures in hard copy as well as in electronic describing the method 
of starting, operating and shutting down the equipment package. 
Calculations shall be submitted for Buyer's verification as indicated in the RFP or the Drawings 
and Data Requirements of the Material Requisition. Calculations shall be orderly, complete, 
and sufficiently clear to permit verification. Calculations shall meet the requirements specified 
in 24590-WTP-3PS-G000-T00 l4, Engineering Specification for Sunnlier Desion Analysis. 
Supplier shall submit calculations showing the electrical power consumption, both peak and 
continuous for each power voltage level required by the Supplier to operate all equipment 
and instruments provided. 
Supp)ier shall submit a list of all calculated and estimated control oanel/cabinet heat loads. 
Supplier shall provide, calculations used to size modulating control valves per ISA S75.01, 
head producing flow elements, and pressure relieving devices per API RP 520 PTI. 

Operation and maintenance (O&M) manuals in both hard copy and electronic form shall be 
provided for the equipment package. The O&M manual shall include startup, operating and 
shutdown procedures as well as periodic and preventative maintenance procedures. The 
reouirements for the packa11:e O&M manuals are contained in the Material Reouisition. 

A schedule of material listing all instruments and devices to be located on or supplied with the 
equipment package shall be provided. The schedule or bill of material shall contain Buyer's tag 
numbers where applicable, manufacturer, model number, part number, description, quantity 
and brief material description. 
Supplier shall submit a recommended spare parts list covering all items within Supplier's scope. 
The spare parts recommendation shall be based upon Supplier's experience with component 
failure, maintenance requirements, environmental conditions, as well as consideration of the 
total quantities of each device supplied by Supplier. Supplier's recommendation shall include 
both construction/commissioning and operating spares. Construction/commissioning spare 
parts are those parts to be held for use during construction, testing, and commissioning. 
Operatin11: spare parts are those to be held for the first vear of ooeration of the olant. 
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Preferred Instrument Supplier List 

Desc_ription Subgroup - PrQferre~ S1.1ppller(s) Comments 
On / Off Actuators Electric Beck - ·•-

ALUM - - - -- - -
-- --·- - -· - _. Flowserve ~lm!tO~.~ J __ --

-- -- -- --
~ -

Hydraulic - · 
-------- ·--·· ----
-- - - - -- -
---- - -· - -- --

-- ----
Pneuma~ -

·-

- -

----------- ---
-- ·- - -

- - --- - ~ --Alarms Annunciator - ·- ,__. - --· ---

----

Beacon liaht 

--
-- --- ,tf_orn 

Analvtic:al Devices ConductMty 

Density -
--

- ·- --·· . pensity, nuclear 
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Rotor1< -- - - - -

GPE 
- -- -- -- -·-___,~ ·--

MEA ------ ------ -----------
Pantex --- -·- ·-- - . - . --- ~--
~_QOg__ - - -
Crane (Xomox) 

--· - ---
,_ ,_ ... - - ·--- --- -·- -· 
,-
Hyleffl - - -·-- - ·-•-··- ..... 

of E1 •1e1ao,, ·------- -·------
f:l~r:ve (.Yallek) -- ·-- .. ---- . -
Flowserve (Automax) ·--
!Y~~~l!_to~-- -- -
Morin 

----- - - ~-- .. - ---· -
Ronan 
Panalarm ----·- ----·- --- ---- -

Federal Sianal 
Panalarm 

Federal Signal 
Panalarm - -
ABB - .. .. 

- !I 

Foxboro (Invensys) 

Tvoo (Teledvne Analvticall 
Yokooawa 

gndress+~u~r ____ -
~ress+Hauser --- - -
e111,111t VEGA .Americ:a's, Inc. 
Texas Nuclear 

--·-
·-

Have Rad Tolerant 
Insert Version ---------

-

Exhibit 8, Page B-1 
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Description Subgroup 
- - - - - --· -

-··-·• ---
Environmental Rad ----- ·----- --

- - - ---

·-·- ·- - -------
---- -------- ------- --

- - - -- ~--- -----· -

-

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Preferred Supplier(s) Comments 
K =-~Y. --- - -
-- -- -- ---- - ~~---- --- --- i-Eberline lnslrument --- - -------... .. - ... - ---
EG & GOrtec ---
Lab lmoex Systems ·-·---·- ----
Ludlums -- ··- - -- --- -- . - -- -
Nuclear Research Corp --· -- ----Canberra --- ---- -

----- - - -- -- --· -- -- --
Lab Radjomelric Eberlene Instrument 

- {swab) - - -- ---- -- - -- --

-- !---· - -

-- -· ---
---

--- -·- - - - -Moisture 

-· ·-- -
-----.. ·--·· -- --
i,-----

--- - -- - - r-- .. - - ··-

- ---- ----
NOx 

·-
-· (?xyg_en ______ 

- . - . ~ --
~~ - ---- --

Personnel Radiation 

~-- ----
,.._. ________ 

,- pH 

-

--

24590-G04B-F00019 Rev 4 (2/12/2008) 

EG&G Ortec . --~---
1_ab_!~~~-S~em!_ --- - ----- - --
Ludlums -Nuclear Research Corp ----
Teledyne ---------- -- - ---- - -- -----. 

Ametek ·---- -
~l __ --------- -
Panametrics .. - - . . .. 

- . ·- - . ___ , ,., ___ ,,, 
Shaw 
Teled~e - - ---
-- - - -- ----· --

FFComoUant 
-

Teledvne 
Horiba 

Ametek 
Orbisphere 
Panametrics 
Teledyne 
Servomex - ·- A 

'" ...... 
--- --- -·- --~ 
Eberline lnstnment 
EG&GOrtec 
Lab lmcex Svstems 
Sorrento 
Victoreen 

----ABB - ,. 
Endress+Hauser 
Foxboro (Invensys) 
TBI-BaUey 

·------ ---- ·-- -·-
-

-
.. 

-

- --

£[98~•· 
- - --

7 
.. 

-·· ----------
- - -FF Compliant 

--

--
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Ref: 24590-WfP-3DP-G04B-00049 



Description 
·- -....__ _______ 
--· --~--- - ---

·-- -

-- - -

- ------ ---

- --
- --- -· 

--
--- ---- -

-- ·- . - -

·-----· -- -
.... 
---

CCTVSvsum 

Conductor Bar 

Control Enclosures 

ocs 
f---- - ---

flow Devices 

,_ - · 

Subgroup 
--

- -- ------~ ·-·-----

Photo Absorbtion ( TR.-
UV)_ _ ___ - -

-· - ----
---·- - ·-

-- ----- -
- -

1---

24590-BOF-3PS-MEEO-T0002, 'Rev 2 
DVP HEPA Filter Preheater 

Preferred Supplier(s) Comments 
Tyco (Teledyne Analytical) 

FF Com~nt - --'v'~k~~ - --- --- - - ---·-
·-

ABB Process Analytics · ·-
i--- --· 

~--- - --- •. - ~- - ~ 
Ametek -- --- - -----.. ,_ -- --- ... --- .- _.,. 

·-
Orbital !Was Foxboro -
Servomex _____ ._ .... _ -- . ., ... -- ---- ·-. -· r--·- -- . ---- -
Teledyne --- - -

·- Canbe~ - - ---
Pro~s Radiok?g~I 

EG&GORTEC-
- ~ --- --- r-- ----- - -••»- --- -- · 

··----Lab lmpex - ·-- ·-
------·-- -- -- --- · -·- ·---

$_tack Disc_!large Air Monitor 
~ -- ~-... --~ 
Ametek 

- . !=n ,eMCl'I (ileeg_: :OU!!l A._•!':'!) t~lJ - - --· Teledyne - ------- · - ---
. ·-- --- - _,., __ ----...-.-....-. '~(~~Jinghouse - ·•·--- -··· ---

Vibration Bently Nev!'~!! -- -· .. - - -- -

Volatile Organic --
---- ------ -------· --- --- ...- - - -- - -

Ametek 
Comoounds (VOC) ·- , - . . ··- - , 

Teledyne 

- . 
1ST Rees 

Electromotive I -
lnsu18 

-
Marshalling C8binets I Hoffman 
Junction Boxes 

Rittal 

ABB ------ r------ -·- - - -
- - --- - - --- -- - -

f'vera_s!~ F_>i1ot Tu~s ABS {I~ytN_ -- -· 
Air Monitor Coro. - ..... -·-· ... , 

- --- ------ -
Coriolis meters ABB -

24590-G04B-F0001 9 Rev 4 (2/12/2008) 
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24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Description Subgroup Preferred Suppller(s} Comments 
Endress+Hauser ----~---_-----+-==-----__ -_-_-_-__ -1-:.g_~G,-.[M1e,e Ms~oi;L____ __ __ _ ___ _ __ ________ _ 

- - - - -----1------ ----1--- - --- --····--------···--- .,._ ------
Flow nozzles Daniel -------Fluldic T echniQues r---·-------- - -----1-------~---------

Vickery Simms ----- -· 
- ----- --·--· --- ----------- - -

_ __ _ _ M~_meters _ _ ___ ~BB (Fisher & Portt!1_ 

i,.,-----~-----•-· ---- Foxboro --- ----- --------1--- - --·- ----···---Krohne 
OK for Rad Service 
OK for Rad Service 

Qr!fi.~ plates_ ~niel - - = _ 
,___ _ ___________ ___ ________ ___ ~Techniques ____________ _ 

Vickerv Simms ----~-- --1-------Positive displacement Badger 
meters - ------------ -----------------------·-------+-------

---~ ____ _ _ _ __ ,!RllNl"~•~- - - - ---- -
Danlel Industries 

-------------·--·· FMC Ene!DY S:(Stems _ . ___ __ . ___ • --~- .-=: 
----- - ~----·- -------+----- ------ --+- -------! 

Rotameters ___ b_BB _('=i~~r &~orter) -------
Brooks ll<m ...c________ _ ----- -·-- >----

Krohne 
Wallace & Tieman 

..- -- - -- - - ----- ---~ 
Thermal meters Eldridae Produels 

___________ , ___ - ---+F]uid Cornpone!')ts Irie_. __ 
Kurz 
Sierra 

Turbine meters ___ Daniel 
·---·-

F&P ------- --------~- -- -- ,--~- - ~ ~ E~~Jems ____ . :_ _ -~-- --= 
McCrometer --- -----+- --- - - --+-- -------- - - - --- ---

Venturi Tubes Daniet 
Fluidic Technlaues 
Kent 

. ------ --------- --------t 
Vortex meters ABB ---------+--'-~~=--'-----f----------~- ----- ---~ 

Foxboro 
YokoQawa 

24590..G04B-FOOOl 9 Rev 4 (2/12/2008) 
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Description Subgroup 
----------- - -- w~ meters .. -
Foundation® 
Fleldbus Wiring 
Components 

~nnector 

Spur blocks 

-- -- - '--· -- ---

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Preferred Suppller(s) Comments 
AB~ (T~_ylor)_ 
Pepperl+Fuchs 

·- - -
V9-FA-M-S 
V9-FA-F-S 
V9-FA-M·S·R 
V9-FA-F-S-R ·--- -- --- --· ' - --·- -- - ·-

________ ,, ___ . __ 
Peppert+Fuchs-.. - -- - - - F2-JBSC-8.FF.7185 . 

F2-JBSC-4.FF. 7/8S - - -
~·--------+------·------ -------------·--------------.. 

___ J~r_lTl_i~tor ~- _ .. _ ... . ~ f~f~hs _ ·--·-· · . ·--- ·- V9-FT-S --·--·----
..,,,_ ____________ _ __,,__ ___________ ·--1--·----
Gas Detectors Ammonia Bacharadl 
( AREA L_ __ _ 

oeT-fronics·-·· -· - ·----· 

!----------+------·-- Draaer (SKC) --·-r 
General Monitor 
Servomex - -----------~----+-'-----'-'-'~~-----------------· MSA 

- r--- - J- - - - --- .. - . " ·-- --If-----

-----·- ---- - -- - ,- \~ 

Carbon dioxide Ametek -- -- -- -- ~-- -- &charach -
Drager 

---·-· --- --- -- - --~------------ ---- -·- - ---
Det-Tronlcs ---- --·--- - -- --- -·- --- - ----·------~-------t--·--·--------
MSA ---- - -~--- -· -- ------ -- ---- - ---- -·-
Servomex 
Te1edvne i--------------------·-----~- ·-------

i----------- ----·-- Combustibles Bacharach -+--- - --- - - ·--~------Det-Tronlcs 

t------- p~r __ ·=_~-- -- -=-- -_·_-_-._-_ ----=---
General Monitors 
MSA 

__ -~- ___ -+HC.Ll"-'--vd=r:oae-::~1n====i~~ch;a~ra;c~h~-~~-~-~·~~~-LJ·-==:-==--=-=-=-==-·· 
- ·---'--~ - ·-

Foxboro 
General Monitor 
Tefedvne 
Zellweoer For vessels 

-·-- MSA - -------- ·- ----- - - - - ------1 

- ---- - ~!.l o_iides_ -----•--_Be_ckma __ n_-_ -___ ____ .._ 
Draoer · ·-·-- -

...._ _____ _._ ______ --L::=,;;i.:::.:_ __ --· ·-- - ------ ·- ,.._ __ , ·- ---- ~ -

24590-G04B-FOOO l 9 Rev 4 (2/12/2008) 
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Description Subgroup 
-- - -- -- ---- -- -·--

---- ---- --- - - -
---- .. . - ··· 

Gauaes - BuPseve Sight glass 

f- - - - · - - - -
-

-- -·-
- - •-f-., 

- --- -- - -- ·--- --------
DIP - - - - -- ·-- - --- ·--

-- -- - -

-- --- - - - 1---- - ---- - - -
Level Glass ---- - --- - -

-- -~ -- - -- ·----

- --- - - - --- ·-· - - ·-- -- -
Pressure 

---- ... • I--· -- -- - ---- -· - - - ---

- - --- --- T~atur~ _ 

- - - ,- - - - - . -

Instrument Bulb 2-5 VaAve Manifolds 

Air Fitter Reaulator 

Instrument Valves 

- .... -- - -· - -
Tube Fittincs 

24590-G04B-F00019 Rev 4 (2/12/2008) 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Preferred Supplier(s} Comments 
Horibla - _J_ ----- - - -· - - -
LearSiealer - · --- . - -- ·- - - - .. -. 
&M9'HA ~ 8HAIO_tfnl ~ ea_6 __ ·-
Servomex 
Teledyne - -· -~--- ----- -
1---------- -- -~ - --- ------· 
OP"N ...- --- ~-
Brooks 
emsi Gaae eo. - -- -

--- -- ,......._ ~------~ 
Jacoby-Tarbox 
Kobold I ·-

ABB (T avtol:}_:_ - - - -- -

Ashcroft 
lbwver - - -

ITT Barton - --------- - -~----- ---
oanlef - -- - - -- ----

Jerguson 
- -- - - -· -- - ---

f- · - - ·-· -- - - -· ----- -
Penberthy -~ - ----Kobold I 
Ernst - ~ -- .. .;-- - --
--------· - -- - --
Ashcroft 
Marsh·--·--- - ··- - -

-----·· -- --
U.S. Gaooe 
Weston 

Ashcroft u.s~ Gauoe - - -

Weston --- ---- ·- · - · -----

HY-Lok 
Swaaelok 
Parker-Hannifin A-LOK Series --· -- - -·~ ~ 

- - _, . ·-· 
Moore Products 
Noraren 

Anderson-Greenwood - -- - - ---- - - - --· 
Swaaelok 
Parker-Hannifin A-LOK Series 

Swaaelok 
Parker-Hannifin A-LOK Series 

Exhibit 8, Page B-6 
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Description 

r- --------

Subgroup 

24590-BOF-3PS-MEEO-T0002, Rev 2 
DVP HEPA Filter Preheater 

Preferred Supplier(s) Comments 
- ... - HY-lok --------------- _,__ ~ ---

--------
Tytok ___ _ -- ___ _, 

intelllgent Drive ASfrs_____ --- -=~ Mitsubishi ElectriE Automation~--1--------
sew Eurodrives ---- ~------ - . -·- ·-- ABB ~-=--=-=-~ --- -_-_--- - ----- -- -e~J.i-o~uve_siste-:..:.m=s=---=:-::_--' __ :: ___ L 

Flux Vector Drive Mitsubishi Electric Automation - - . -
- - ----·· - ----l=-~"--'=-'-'--....C...C..-'-----'---=c."-'--+---------1 

---

SEW Eurodrlves 
>---- - - ----1-----------f---------------------

ABB ___ _ ______ ---'--------

~ ---------------1------------ ------------·----
Servos Mitsubishi Electric Automation 1--------·-~ ---- - -----~=="-'--~ .......... ....=~=-;;..:..;....--4----..--- ~ - ----' 

- -----------------~Co--=-c...n-'tr-"-ol_T_e_c_h_ni~aue~ s ________ '----- ______ _ 

Intelligent . Absoiuie Encoders Stegmann 
Posltlonina Device f"--=..::.:C::.:..::..C:..C::..:.'lilc..;::_::...:..:...:~--- - --

Ovnanar 

Incremental Encoders Oyna"par 

----- ----· -~ ---~---... ----- - SEW Eurodrives 

- ·----
Laser Positioning Moduloc 

----~ ~em ____ _ ----
Trimble 

Resolvers Harowe 

Magnelic/Profibus 
.____ ____ ----
IOntlcal/Profibus 

For Mitsubishi 
drives 
For SEW drives 

. -

SEW Eurodrives t--------------------1=-'-'~--'------- - ~----------' 

Key Interlock 
Svstem 

CasteN 

Kirk Kev 
Allen Bradlev 

- -- ----- -

~I_Tra~ - ~yel. -•!~&~-~-~~!!-~~.~~--L : _--_-------~~-_-J __ ____ .. _ -__ ·-_-_--_ -J 
Maanetrol 
Masoneilan 

- "5~.Y -- -- -- -·-+---------
--__ ..... ~_ M_I .. '/ell VEG_A Ameri~~~l:-

Texas ~clear 
~ ---- ______ ___ _ __,__ -- - - ---- ·· 

------------ ---+----~ ··-----~---------l 
Photoelectric Banner 

AUen Bradlev 
~·~ -·n 

24590-G04B-FOOOI 9 Rev 4 (2/12/2008) 
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Description Subgroup Preferred 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Supplier(s} Comments 
--- --· - -- - RadariRF· 

.. . . . ·- Drex-elBrook - --- . --~- - ---.~---
·- ··- -- --- ·-- - -- - - -- ---------- -

Enraf ,__ ___ ----------· - --··-- - -- ----
~--~-- - . ·-Endress.:_!:Hauser ·----

K-Tek - -- ---- . . ----... - -------
Khrone ·- ·-- -- - ~ -- -- - ---- - --- --

. --- -- - - - - - ··- --- Ma9!'~_!!_ ___ -- -- ' VEGA America's, Inc. --- ------ ·- ---- . 

·----- -- ----
Ultrasonic _ Allen ~adle~ ____ · _ ----- -- - - -- - ·- -·---

Consillum --· -- -------· ------ __ ___ ___ , .. ---- ·--. -
----·-·----·-- --- - O!_~xelb~ ... -- -- - ·--~ 

- - ---·-- - --- - - -· . . --- _ !:!_o~~e.!!_ 
Scientific TechnoiQgies -

- - - - -- - -
·------------

--- -· 
Network Current / Fieldbus 
!g~IP-_~~ ---- -
,__ -· ----

Ethernet Switch -- ---·--- - --
·- ~----- --~-

Fiber Optic Media 
Conversion ----- - --- - - ---
Fiber Optic 
Enclosures, Housings, 
and Patch Pfates 
Fiber Optic Patch 
Cebles 
Fieldbus / Current 

-- ---
- -

>--·- -- - T~rature ( E ) 

-

Programmable Standard 
Logic Controller 
(PLC) 

TMR/Safetv 

24590-G04B-F00019 Rev 4 (2/12/2008) 

-·· - -- - -- -----
---------

~ Pepper! Fuchs LB 8110 

-- - - - --- - -------
-·- ·- ---- --- - -- industrial Ratec( Cisco --- --- ·-

Hieschmann Industrial Rated - --
Sixnet Industrial Rated ---- --

- ... _ 
Hirschmann 

--------. ---
Coming 

- -~ 
Coming 

&Mar- Pepperl Fuchs LB 8110 

--- -- ---- - - -

A~mag 
Action Instruments- ---~ 
E &H 
Foxboro 
Honevwell 
Moore Industries - ,_ 
-···-·--· \. 

Yokooawa 

~BB 

Triconex 

.. , - . ---· 

Exhibit 8, Page B-8 
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Description Subgroup 
. .. •-· --- -- - --

Preuure Pressure / DP 
Transmitter - .. -·-~--- -·- -

-· .. --·-·---~ -

-· --·- --------·-
-··---- -
-·- -

Pressure I DP Draft 
--- ~_IJge -· ... - . -

-- --- . 

------- - --- ·- .. 

·-- ~ . -

Pressure / DP, Ra<t-
Tolerant - ---- --

--- -

Pressure/ DP Draft 

~- _ Ra_n_g~. f3ad Jolera,:it 

--

-- -- -------

Power Suooly 24V / 12V ---

~ ------ - - -
f- --
Proflbus DP® Teoninallng Connector 

- ·-. -

Purge Svstem 

Pushbutton/ 
Indicating Lights 

-- ·- - -
Relavs Electromagnetic 

24590-G04B-FOOOI9 Rev 4 (2/12/2008) 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Preferred Suppller(s) · Comments 
. -- - - .. - . .. - ·- --
Bailey 

--- - ·--- ·- -- -
.!!.!J.111 IR_!_ RIii 11111 I ·-
Foxboro - ----. - ---·--- ----· 
t:!_~n~~II -- - ·- - -- -- ---- - -----
Yo_!5~~wa - · -- - ------- - -----·-·- -

-----Air Monitor 

. ------ - -· ·- ---··---· 
~!Jile_y . - - - ---------
Druck 
~ -,_;,, f fie919111ea11t) ·- -
Yokooawa 

------·-· ___ ,. ____ 
Druck 

. -- ---- -· . --------;------ -- ,~- . ) . 
Weed OK for Rad service -
Bailey / ABB 

-
Druck 

,_ - ) . 
Solarton - Mo~~v 

----- -- -- ----------- .. -
Acopjan ---- -· ABB 
Phoenix Contact . 
SOlA Hevl Duly 
Siemens -

- - .. ---·- - --
Phoenix Contact 
Siemens ·-· ·---
---- ---·- -- --·--·---
Bebco Industries 

Allen-Bradley 

General Elecirlc 
SouareD ___ 

Allen-Bradley 
Omron 
Potter & Brumfield 

------- --

800H series 
SOOT series 

---- -

700 series 

Exhibit 8, Page B-9 
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Description Subgroup 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Preferred Suooli~rls) Comments 
1---- ------ ---+P'--'neu~ =m=a=tic:..__ _____ +-M'--oo::....::..:...re:.....;_Prodc...:...:..u;:c...cts::..:..:.... _ _ _ ----1-- _____ ___ ____ _ 

,_ ____________ -·- - - ------
1-- ·-----·---

Timer Relav Allen-Bradlev -----1'-=.:...=:.==c:::..L..------- ------ - ---l 
Omron >--------- -----··--·---· -- ---- -- ----

- - - --- - ----- - - -4----------------11----------l 
Speed__ _ _ _ _ -···. Air£ax 
- --- ·---- - --- - ---<1--- ------- - - ------------ - - -+--------I 
SwHches Level, Caoacitance Drexelbrook 

Endress+Hauser 
Magnetrol 

- - "· -- --· ·~· tever. Float - - ---- ~-B-e-st_o_be_ll __ -- ----- - -
Hawker Automation .. --·- - . . -- - - - . ----

- ------- _ ._ ___ · ----·-·-·· Maanetrol .. - -- · 
f--- --- - ------ ----½-'0£------- ----- -ll-------l Siama Controls __ _ ···- --~ _______ _ 

Mechanical Limit Allen - Bradley 
switch 

1--- --- · - - ·- - - ---- -- - - +----- - ~ ----- - - --

~-------------- --- - - -- .. ___ §g_uareO --------··-·---- ·-·- __ ________________ _ 
i-------·- ,__ ______ ___ .. __ ...i;..:Ho.:.:ne.:.::t:L.:vwe.:.::.:11:..1 ____ . --------1---- __ _ 

Photoelectric - ------ -½-- ------ --- Allen - Bradlev -·- ----- ----
1----- - ---l---- -------+'.-P-=e:.c:tD.c.::..:Mlrt.:..+__.:_Fu=ch= s------+-------I 

----- --

Pressure / Differential Ashcroft 
Pressure 

-- - - . ·--- -- -----·----------I 

Dwver 
____ ...i:ITT:..:...:....:...Neod=::..i'vn~1e~ --

Static-O-Rina 
- --- - --------·----

- - -- - +--- -- -------
United Electric 

-+--'----'----""---'---'-------- · 

ITT Barton ------------ - -·------- -------------' 
Proximity Position 
Switch 

GO 

Pepperl + Fuchs ____ _ 

Turck 

Magnetic for R5 
_ .. _ """a:.c.r;~ea"-'s'---- ------

Witt, mini-
conoectors 
Witt, mini-

,__ _ ___ ___ ... -1--------'--------- - --..i.::coo~ nect=:;.;:ors::.:..:_.... __ _ 
Klaschka 

Namco 
TopWorx 

Temoerature Ashcroft 

24590-G04B-F00019 Rev 4 (2/12/2008) 

Radiation Hardened 
for RS Areas 
OK fOf' Rad service 
GO Switch Is UL 
Listed, but too 
sman to label. 
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Desc::rl-,tfon Subgroup 

24590-BOF-3PS-MEE0-T0002, Rev 2 
DVP HEPA Filter Preheater 

Preferred Supplier(s) co·mments 
_ _ _ ·- _____ __ Custom Compoo~t_ _ _ __ _ _ -

United Electric ~--------· --- - - - ·-·- - - ---- -- --- -- - --- - - -- ----- -
Ashcroft 

r----·~ ---- --·-·---------- ------ --- . ---- -------·---------- ___ _,...,_____________ --· 
:______ ThefmalAow ____ -+F-~!____ __ __ -·- _____ _ 

Temperature - RTD ~ ~ Daily Thennetrics 
1- - --- ----- - ~ 

..... E_le'--me_ n_t _ __________ ------+----------- -+=::-:-:~ -:--.,,.--:----1 
1ST Conax Nudear ITS OK for Rad 

~~ ---
-- ·- --- . ---- ·---- 1-:-.:.._ - - '--- • ·- ------ - ---- --------·--1 

Temp.Pro Inc. 
Thermoelectric ---- - -- - -- OK fOf' Rad service r-------- - - ....... ..--..-- -- - - ----- --------------- ----1 

1------ - - ---------+-U_n_lt_ecl_El_ectr_lc _______ ____ ~-~ 

----~ --- -- - -. -- I--· 

_ Therrr,o~u2_1e __ __ QaJ!l._Thermetrics _ - ,sr eoriax Niictear --- - · - - 'rrs-
-· - --- - - - ,_ ·- ---- -------

I----- - - - i=,.:-::-:_ __ i:.=· -- = -- - -- f----

Temp..Pro Inc. f---------+---... -- -·------------------1-- -------t Thermoeledlic OK for Rad service 
United Electric ------- ------

--------+-----------· --- - --- -------
__ ~e~_I__ _::-oaiiyT~ etrics:-=_-- -- - -- - -

------ 1ST Conax Nuclear -· - - ITS ---- · - · ---
OK for Rad service 

~ 
__ --·---r-- ______ T~J>ro Inc. ____ ___ _ _ - - ·-!--·------ _ 

Thermoelectric OK for Rad service 
,-. --- - ---- --------------------- ------

United Electric - ----------------·- --+---------- -- ---------

Temperature 
Transmitter 

Temperature ABB 

..... _--=-=--=-----_-_ - --~ =~~---_-_----==n-~~~~~~i.::c=~==--J-==--=-=-=-=~=·-=~-=.=t-1 
Foxboro 

---- Weed -------- - -- ----1 
Yokooawa 

Tennlnal Blocks AUen - Bradley 
Weidmuler ----- - - - --- --· -· ~--· . --~---- - - --
Phoenix Contact --· - --- ---------- - -t 

Transducers Ell Acromaa 
Action Instruments 

..,_ _____ _ ________ ,_ !oxboro 
Honevwen 1---------+-------......,1,,C...c.=..;_;~.:....::.:.:.---------+--- -------
Moore industries 
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Supplier(s) Comments 
- - - -- -

1/P __ Emeree11 j Fiah~, --- - - ·- - - - - - - -· 
-

- ·~--- --- .. _.,_ -- ---- ----
Isolators - -- - - . ~-

-- -- -- --- ---- . ·-· - ---

--- ---
---- --

---
-- - --- - - - -
---- --- -----~ 

Signal CO'!vert!rs : - - - _, 

---- -·------·--------- ------ -
-- -

- --- ------ -

Valves ( valw, Modulating 
actuat« & acc. ) 

-- -- -->--- - ---
- - -- -- -~---

1----· 
Process Reaulator 

-

---

Pilot 

--- - ------- - -
~ --- -

- - - --
Solenoid 

~t~-- - Load. Cell~-- - -
---- --

24590-G04B-FOOO 19 Rev 4 (2/12/2008) 

Foxboro --
Masoneilan - ___ .. __ , .. - ·- ·- -
Moore Products ------ ------

---------
ABB 
~~- - -- -- - --

~!f1q__ -
Action Instruments 
Allen-B<adlev -, 
- ·- ,_ 

~---· 
Moore Industries -- -. --- ·-- . . -- ------

··--- ----- ------ --- -- --- --· --- -·-~omag_ ____ _ 
Action Instruments - -
- ·-

-
Foxboro ~------ - - ------- - - ---- -----
Hone~_!_ -- ·• - - ·- -- -- -
Moore Industries ------ - - --· -

1!11as"'' ffiis,111!11, 

Masoneltan -- --- -
Valtek - -· ---- - --
Jamesbury 
Arous 
Samson 

- ---- --- -- -·- - --
,, ._. ·-•I 

Masoneilan ----->-- -Cashco 

ASCO 
Skinner ,__ - - - -- - - - --
Versa - - --- -- -

ASCO ~-- -- - - - -- --- --

Versa 
Automatic Valve 

- ---·- _ _._ __ _........_i.-,_ 

Defiant Rad Tolerant 
Sensotec 
Mettter Toledo -
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Appendix A: NRTL CERTIFICATION 

NRTL Certificate of Conformance 

We, ________________ _., herby certify that the electrical 
SELLER 

components included in the table below are listed or labeled by and OSHA recognized NRTL, 
under 29 CFR 1910-Subpart S. These components are found, by NRTL, to conform to all 
applicable OSHA recognized test standards and are acceptable for the application, environment and 
conform to the requirements of NEC Article 110.3. 

We further certify that all UL 508A labeled enclosures included below have not been modified by 
non-UL 508A qualified workers and that all wiring conforms to the NEC. 

Author / Engineer 

Quality Assurance Representative 

Project Manager 

Tag (if Applicable) Manufacturer 

24590-G04B-FOOOl9-Rev 4 (2/12/2008) 

Date 

Date 

Date 

Model 
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~ • Non-Modifiable Configurable Firmware (NMCF) 
Supplier Data Request 

Pagelof2 

Submiilbil Docwnent No.: 

Supple-r Name: 

FORWTPUSE 

Procurement lnfonn.ation: 

Requisition No.: l4.YO-Ql,-MRA-Y'FBO-II0004 

Requisition Name: DVP HEPAFJJ..- Pitil!llb!r 

REJSTR: --------------------- ----------
PPS: 

Referenced Component lnfonnation: 
Component ND.(s): ___________________________ _ 

Component Descri~s): ----------------- ---------Subcomponent ND.(s): __________________________ _ 

Subcomponent Description(s): ________________________ _ 

FOR SUPPLER USE 

talCF Information: 

FlfflM'are Manufacturer: 

FlfflM'are Product ID: 

FlfflM'af'I! Name: 

Fimware VeBionJRevision: -------------------------
tal CF Configu~n bms: 

Supplier iD indicate which ifem(s} ~ ~ NMCF upon clehety. Provide inbmalion for each pieoe al 
equipment fla t u&zee NMCF, use mullpJ. pagn if nHded. 

kl1llllt5... • Yes • ND 

Name/Type/ID: --- -------------------------

Descriplio~ --------------- ---------------
Special Hanhnre D Yes D No 

Name/Type/ID: -----------------------------
Descriplio~ -------- ---------- ------------
1115 ta Iii t ion and ~intenancl!IOpe~tion lbnu-. 0 Yes O No 

Name/Type/ID: _________ _ __ lnstalation Manual: __________ _ 

Descriplio~ - -----------------------------
Name/Type/ID: ____________ Operation Manuat 

Desc:riplio~ ----------- -------------------

l4591HNG-F00091hv 1 (lft'iled lVl~ 

24590-G04B-FOOO I 9-Rev 4 (2/1 2/2008) 
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• ' ' 

Non-Modifiable Configurable Firmware (NMCF) 
Supplier Data Request 

Pagi!l of2 

Support Software D Yes D No 

Name/Type/ID: 

Submittal Document No.: 

----- ------------------------
Description: ------------------------------
Configuration Files and Parameter Settings • Yes • No 

Name/Type/File Name (ID): -------------------------
Associated PaneUSkid No.: ---~---------------------
Associated Stmeampouent (Child) No.: 

Suppler Representative: 

l4591HNG-FOO0H R.ff I (lmed ll/1Qll009) 

2459O-004B-FOOOI 9-Rev 4 (2/12/2008) 

- ------ --- ------------

Ref l4590-WTP-3DP-GIMT-009ll 
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Revision History 

Revision Reason for Revision 
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1 Issued for Purchase. 

Conformed to SEU.,ER's offering. 
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There are no EIEs against this document. 
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Notice 

24590-BOF-lPS-MACS-T000l, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic 
Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities 
exclusively by DOE acting pursuant to its AEA authority. DOE asserts, that pursuant to the 
AEA, it has sole and exclusive responsibility and authority to regulate source, special nuclear, 
and byproduct materials at DOE-owned nuclear facilities. Information contained herein on 
radionuclides is provided for process description purposes only. 
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1 Scope 

1.1 Project Description and Location 

24590-BOF-3PS-MACS-T0001, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

The Office of River Protection (ORP) and its contractors manage 177 underground radioactive waste 
storage tanks at the Hanford Site in Washington. These tanks contain approximately 56 million US 
gallons of radioactive waste. Bechtel National, Inc. (BNI) has entered into contract with the US 
Department of Energy to design, construct, and commission the Hanford Tank Waste Treatment and 
Immobilization Plant (WTP) to process and vitrify this waste into a stable form that is suitable for 
permanent storage or disposal. The WTP will be constructed in the 200 East Area of the Hanford Site, 
near Richland, Washington. The main facilities within the WTP complex will be the Pretreatment facility 
(PTF), Low-Activity Waste facility (LAW), High-Level Waste facility (HLW), Balance of Facilities 
(BOF), Analytical Laboratory (Lab), and the Effluent Management Facility (EMF). 

1.2 Equipment, Material, and Services Required 

This specification establishes the minimum requirements for the performance, design, analysis, materials, 
fabrication, testing, inspection, quality assurance, qualification, documentation, and preparation for the 
shipment of the Exhausters downstream of the high efficiency particulate air (HEPA) filters serving the 
Vessel Vent Off-gas System in the Effluent Management Facility. 

The scope of work for the Seller includes all work defined in this specification, and its attachments. The 
scope of work for the Seller shall include, but is not limited to, the following: 

l.2.1 Provide the design, materials, fabrication, testing, qualification, inspection, preparation for 
shipment, documentation, and submittals ofExhausters, in accordance with this specification 
and the Mechanical Data Sheets (MOS), purchasing documents, and referenced codes, 
standards, and documents. 

1.2.2 Deleted 

1.2.3 Each Exhauster shall include, but is not limited to, the following : 

• A 460 volt/3-phase/60 Hertz premium efficient motor capable of being controlled by 
an adjustable speed drive 

• Motor coupling 
• A direct drive fan or blower with a sealed shaft and safety guard 
• Exhauster shaft speed sensor/transmitter 
• 316/316L (with maximum carbon content of0.030%) Stainless Steel Housing and 

Mounting Frame including inlet and outlet sides of transition pieces. 
• Vibration isolators 
• Fused disconnect switch 
• NEMA 4X, Type 304 Stainless Steel Enclosure 
• Flexible metal hose connection 

1.2.4 Special tools required for installation maintenance, if any. 

1.2.5 Each exhauster/motor assembly shall come fully assembled, wired and skid mounted requiring 
only connection to the Buyer's electrical power, control systems and piping. 

24590-G04B-F00019 Rev 4 (2/12/2008) 
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1.2.6 Provide and submit procedures, reports, manuals, and all documentation per this specification. 

1.3 Work by Others 

Any item not specifically listed as being supplied by the Buyer shall be provided by the Seller. The Buyer 
shall supply the following: 

1.3 .1 Handling, storage, and installation of the exhausters at the Buyer's job site. 

1.3.2 Installation labor at WTP. 

1.3.3 Foundation (concrete floor with embed plates). 

1.3.4 Piping external to the inlet and outlet connections. 

1.3 .5 Electrical power supply to the exhauster motors. 

1.3.6 Wiring external to the exhauster motors. 

1.3.7 Field testing and inspection. 

1.3.8 Transportation Services excluding insurance requirement. 

1.3.9 Adjustable Speed Drives (ASD). 

1.4 Acronyms, Abbreviations, and Definitions 

1.4.1 Acronyms and Abbreviations 

AEA 
ABMA 
AMCA 
AHJ 
ASD 
AWG 
ANSI 
ASNT 
ASME 
ASTM 
AWS 
CFR 
DOE 
EMF 
HEPA 
ISO 
IEEE 
MTR 
MDS 
MR 
NEC 
NEMA 

Atomic Energy Act 
American Bearing Manufacturers Association 
Air Movement and Control Association 
Authority Having Jurisdiction 
Adjustable Speed Drive 
American Wire Gauge 
American National Standards Institute 
American Society of Nondestructive Testing 
American Society of Mechanical Engineers 
American Society of Testing and Materials 
American Welding Society 
Code of Federal Regulations 
US Department of Energy 
Effluent Management Facility 
High Efficiency Particulate Air 
International Standards Organization 
Institute of Electrical and Electronics Engineers 
Material Test Report 
Mechanical Data Sheet 
Material Requisition 
National Electric Code 
National Electrical Manufacturers Association 

24590-G048-F00019 Rev 4 (2/12/2008) 
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NFPA 
NRTL 
OEM 
OSHA 
PMI 
PQR 
QA 
QAP 
SC 
SC 
SDDR 
ss 
SSC 
UL 
WAC 
WTP 

1.4.2 Definitions 

Buyer: 

Seller: 

Exhausters: 

MR: 

MDS: 

C3: 

R3: 

24590-BOF-3PS-MACS-T0001, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

National Fire Protection Association 
Nationally Recognized Testing Laboratory 
Original Equipment Manufacturer 
Occupational Safety & Health Act 
Positive Material Identification 
Procedure Qualification Records 
Quality Assurance 
Quality Assurance Program 
Seismic Category 
Safety Class 
Supplier Deviation Disposition Request 
Safety Significant 
Structure, System, or Component 
Underwriters Laboratories, Inc. 
Washington State Administrative Code 
Hanford Tank Waste Treatment and Immobilization Plant 

Bechtel National Inc. 

This term includes manufacturer, assembler, fabricator, supplier, vendor, 
contractor, sub-contractor, sub-supplier or equal who provides equipment, 
systems, components, services, or other products for delivery to the Buyer. 

Refers to the Exhausters that move radioactive air through the system. 

Refers to the material requisition for the Exhausters. 

Refers to the mechanical data sheet for the Exhausters. 

C3 areas are the process areas where the potential for direct contact with 
radioactive material, contaminated systems and components, or both, exists. 

Radiation classification for areas with a target dose equivalent rate of less than 
2.5 mrem/hr. Entry only to carry out prescribed tasks accordance with normal 
procedures and a Radiation Work Permit. Thermoluminescent Dosimeter and 
Radiation Worker training required for entry into Radiation Areas. 

1.S Safety/Quality Classifications 

1.5.1 The quality level identifies the quality requirements to be applied to the equipment. Quality 
requirements are specifically defined on the associated mechanical data sheets (MOS) and 
supplier quality assurance program requirements data sheets. Refer to the MDSs for the 
quality level designations of the Exhausters and motors. 

1.5.2 The Exhausters shall be designed as Seismic Category IV (SC-IV). 

2 Applicable Documents 
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2.1 General 

24590-BOF-3PS-MACS-T0001, Rev 2 
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2.1.1 Work shall be done in accordance with the referenced codes, standards, and documents listed 
below, which are an integral part ofthis specification. 

2.l .2 When specific chapters, sections, parts or paragraphs are listed following a code, industry 
standard or referenced document, only those chapters, sections, parts or paragraphs of the 
document are applicable and shall be applied. 

2.1.3 For the codes and standards listed in Section 2.2, the specific edition year identified shall be 
followed. For the codes and standards that are incorporated by reference (daughter codes and 
standards), the referenced daughter edition or current edition shall be followed. If an edition is 
not identified, the latest issue, including addenda, at the time of the award shall apply. The 
edition year listed in Section 2.2 shall apply to subsequent references to the codes and 
standards within the specification and shall govern in case of conflict with edition years 
specified in the reference documents listed in Section 2.3. If more than one code, standard or 
reference document covers the same topic, the requirements for all must be met with the most 
stringent governing. 

2.1.4 Deleted 

2.2 Codes and Standards 

2.2.1 Deleted 

2.2.2 ABMA 1990, Load Ratings and Fatigue Life/or Ball Bearings. 

2.2.3 ASME B31.3-1996, Process Piping. 

2.2.4 ASME AG-1-1997 with ASME AG-la-2000 Addenda, Code on Nuclear Air and Gas 
Treatment (ASME AG-1-2015 for welding, NDE, welding procedure specification and 
procedure qualification records). 

2.2.5 Deleted. 

2.2.6 Deleted 

2.2.7 ASNT-SNT-TC-IA, American Society of Non-Destructive Testing Recommended 
Practice No. SNT-TC-JA Personnel Qualification and Certification in Nondestructive 
Testing. 

2.2.8 Deleted. 

2.2.9 Deleted. 

2.2.10 Deleted. 

2.2.11 Deleted. 

7.2.12 Deleted. 

24590-G04B-F00019 Rev 4 (2/12/2008) 

Page4 
Ref: 24590-WTP-3DP-G04B-00049 



24590-BOF-3PS-MACS-T0001, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

2.2.13 IEEE 1050-1996, IEEE Guide/or Instrumentation and Control Equipment Grounding in 
Generating Stations. 

2.2.14 Deleted 

2.2.15 ISO 1940-1, Mechanical Vibration Balance Requirements For Rotors In A Constant (Rigid) 
State Part 1: Specification and Verification Of Balance Tolerances. 

2.2.16 NEMA 250, Enclosures/or Electrical Equipment (1000 Volts Maximum). 

2.2.17 NEMA MG 1, Motors and Generators. 

2.2.18 NFPA 70-1999, National Electric Code. 

2.2.19 Deleted 

2.2.20 Deleted 

2.2.21 AMCA 99, Standards Handbook. 

2.2.22 AMCA 210, Laboratory Methods of Testing Fans for Certified Aerodynamic Performance 
Rating. 

2.3 Reference Documents/Drawings 

2.3.1 24590-WTP-3PS-GO00-T0003, Engineering Specification/or Packaging, Handling, and 
Storage Requirements. 

2.3 .2 Deleted 

2.3.3 Deleted 

2.3.4 24590-WTP-LIST-ESH-16-0001, Restricted Materials List. 

2.3 .5 Deleted 

2.4 Laws and Regulations 

2.4.1 10 CFR 835, Occupational Radiation Protection Program. 

2.4.2 10 CFR 851, Worker Safety and Health Program. 

2.4.3 29 CFR 1910, Occupational Safety and Health Standards. 

2.4 .4 OSHA 29 CFR 1910, Subpart 0, Machinery and Machine Guarding. 

2.4.5 OSHA 29 CFR 1910, Subpart S, Electrical. 

2.4.6 WAC 173-303, Dangerous Waste Regulations. 
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3.1 General 

24590-BOF-3PS-MACS-T0001, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

3.1 .1 Exhausters, electric motors and accessories shall meet requirements specified herein and in the 
data sheets included in the Material Requisition (MR). Each off-gas skid-mounted 
exhauster/motor assembly shall include all components and accessories fully assembled and 
wired requiring only connection to the Buyer's control system, and 480 V power from the 
remotely located ASDs to the motors. 

3.1.2 Deleted 

3.1.3 Deleted 

3.2 Basic Function 

3.2.1 The Exhausters will provide the motive force required to transport air and gaseous effluent 
to the atmosphere. 

3.2.2 Exhausters shall remain stable throughout its entire range from free flow to shut off 
conditions. 

3.2.3 Deleted. 

3.3 Performance 

3.3.1 Design basis performance and capacity data are listed on the Exhauster Data Sheet. 

3.3.2 Exhauster performance ratings are to be based on testing in accordance with AMCA 99 and 
210. Exhausters shall be capable of performing at conditions shown on the Exhauster Data 
Sheet. 

3.3.3 The Exhausters and appurtenances will be used in a plant that has the design life of 40 years. 
The design objective for these exhausters shall be based on a useful life expectancy of 40 
years with periodic maintenance as recommended by the Seller. 

3.3.4 The Exhausters assembly design life shall consider the effects ofradiological and thermal 
exposure conditions as specified on the mechanical data sheets. 

3.4 Design Conditions 

3.4.1 Exhauster shall be designed to minimize sound pressure level. Seller shall test and provide 
final sound pressure level if fan exceeds 85 dBA at 3 ft. from the outline of the equipment, 
when measured 5 ft. above grade/floor or personnel platform level and under free field 
conditions. 

3.4.2 Exhauster housing shall be designed to withstand 15 psig water flow through it and 125% of 
the negative design operating pressure as specified in the Exhauster Data Sheets. 
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3.4.3 Materials of construction used shall be in accordance with materials specified on the 
Exhauster data sheet. 

3.5 Mechanical Requirements 

3.5.1 General 

3.5.1.1 Exhauster inlets and outlets, including transition piece ends, shall be 150 lb. class raised 
face stainless steel 316/316L (with maximum carbon content 0.030%) flanges conforming 
to ANSI dimensions. 

3 .5 .1.2 Exhauster housings shall be designed to prevent any internally propelled missiles from 
penetrating the housing. 

3.5.1.3 Unless otherwise specified on Data Sheets, Exhausters shall exhibit "Leak tightness" in 
accordance with requirements of Section BA 4142 of ASME AG-1-1997. 

3 .5 .1.4 Exhauster drive arrangement shall be shown on Exhauster Data Sheet. Drive arrangement 
designations shall be per AMCA 99-2404. Designations for rotation and discharge shall be 
per AMCA 99-2406. 

3.5 .1.5 When indicated on the Exhauster Data Sheets that Exhausters shall be of Spark Resistant 
Construction, Exhausters shall be Type A in accordance with AMCA 99-0401-86. 

3.5.1.6 The Exhauster's rotors shall be balanced to Quality Grade 2.5 oflSO 1940-1 with results 
documented and submitted to the Buyer. 

3 .5 .1. 7 The design, manufacture, and testing for exhauster flexible metal hose connection shall be 
in accordance with ISO 10380 and ASME B31.3, 1996. Non-metallic parts are not 
permitted. ASTM standard and type/grade for materials of construction shall be included 
on the fabrication drawings, bill of materials and mechanical data sheets. The connection 
hoses shall be 24'' overall length and 4" diameter. 

3.5.2 Bearings 

3.5.2.1 Bearings for Exhausters shall have a minimum L-10 service rating life of 100,000 hours 
unless otherwise noted on the Data Sheet. Bearing rating life shall be established in 
accordance with ABMA 9 or 11, as applicable. 

3.5.2.2 For all Exhausters, it shall be possible to replace the bearings without disconnecting any 
piping or disassembling of the Exhauster housing. 

3.5.2.3 Extended lube lines and fittings shall be provided as required to permit lubrication during 
operation. 

3.6 Loadings 

3.6.1 Seller shall design the Exhausters to be self-supporting and be capable of handling the loads 
and moments imposed on the Exhausters during testing, packaging, shipping, handling, 
storage, installation, and operation. Seller shall include the evaluation of the forces associated 
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with the equipment lifting lift lugs only in the seismic qualification report. Shipping and 
handling loads will be enveloped by the seismic qualification. 

3.6.2 Seller shall complete a seismic analysis of the exhauster equipment. Loadings shall be 
calculated in accordance with the appropriate requirements Exhibit 3, Structural Design Loads 
for Seismic Category Ill & IV Equipment and Tanks. 

3. 7 Electrical Requirements 

3.7.1 General 

3.7.1.1 Deleted 

3.7.1.2 Motor shall be compliant with Exhibit 2, Low Voltage Induction Motors. 

3.7.1.3 Deleted 

3.7.1.4 Motor drive combination shall be suitable for operation for the design conditions shown on 
the Exhauster Data Sheet. 

3. 7 .1.5 Non-current carrying metallic parts of electrical equipment shall be bonded together and 
made electrically continuous. Two grounding pads shall be furnished at diagonally opposite 
comers at the edge of the skid for connection by the Buyer to the area ground grid, per 
NFPA 70-1999 Article 250. 

3.7.1.6 Electrical equipment on the packaged unit shall be bonded to the package unit skid, per 
NFPA 70-1999 Article 250. 

3.7.1.7 The enclosure grounding system shall be installed in conformance to IEEE Guide 1050-
1996, Section 5.3.1 "Single point grounding system" and shall comply with NFPA 70-1999 
Article 250-l 12(k), Article 250-118, Article 250-119, Article 250-122, Article 250-134, 
Article 250-138, and Article 250-97 as applicable. Instrumentation enclosures that house 
digital and analog signaling circuits shall have an equipment safety ground bus and an 
isolated signal ground bus. 

3.7.1.8 All interconnecting wiring shall be color-coded in a consistent, uniform, manner. Details of 
the wire color scheme utilized shall be documented on Seller-provided documentation 
which is submitted to Buyer for review and acceptance. All interconnecting wiring shall be 
marked with heat-shrink type markers and all terminal blocks shall be clearly identified. 
All wiring shall be in accordance with NFPA 70-1999, National Electrical Code. 

3. 7 .2 Raceways 

3.7.2.1 Deleted 

3.7.3 Acceptability of Electrical Equipment 

3.7.3.1 All electrical equipment for facility and equipment wiring shall be in accordance with 
NFPA 70-1999. 
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3.7.3.2 All electrical equipment, devices, and materials shall be listed and labeled by an OSHA 
listed National Recognized Testing Laboratory (NRTL). 

3.7.3.3 Power supplies shall be NRTL listed or labeled. 

3.8 Instrumentation and Control Requirements 

3.8.1 Exhausters (DVP-EXHR-0000IA/B) shall be provided with an exhauster shaft speed sensor 
(DVP-SE-8110/8116) and transmitter (DVP-ST-8110/8116) to measure and provide the fan 
speed. Speed transmitters shall have sensors of non-contact type and be loop powered. Any 
connecting cables or signal conditioners are required to provide an isolated 4-20 mA signal 
Output. 

3.8.2 Seller shall provide factory mounted terminal/junction box (NEMA 4X housing) for Buyer 
interconnection to controls and sensors. Circuits of different voltages (service level) shall be 
terminated on physically separate terminal strips and clearly labeled to show the circuit 
voltage. Terminal box location shall prevent signal interference from fan power wires or 
disconnection switch. 

3.8.3 Deleted 

3.8.4 Deleted 

3.8.5 Deleted 

3.9 Accessibility and Maintenance 

3.9.1 Deleted 

3.9.2 Seller's recommended accessibility and recommended spares for each piece of equipment 
shall be included in Seller's submittal. 

3.9.3 Seller shall provide the inspection and maintenance requirements with the recommended 
intervals to be performed by the Buyer. 

3.9.4 Exhausters shall be provided with bolted drive guards that cover the shaft, motor coupling, 
and bearings. Provisions shall be made for access to the lube fittings without removal of drive 
guards. 

3.9.5 Guards shall cover moving parts on all sides where worker access may occur, including rear 
portions of moving parts. 

3.9.6 The guards shall comply with Seller 's standard requirements. 

4 Materials 

4.1 Materials and Equipment 

4.1.1 Seller shall comply with the requirements in Exhibit 4, Positive Material Identification (PM/) 
for Shop-Fabrication; exclude any requirements for black cells and hard-to-reach areas. 
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4.1.2 PMI is required for the materials specified in Exhibit 4, Positive Material Identification 
(PM/) for Shop-Fabrication, Table 1. 

4.1.3 All materials of construction for the Exhausters shall conform to the requirements of this 
specification, the MOS, and the purchasing documents. 

4.1.4 All materials used shall be new and free of defects. 

4 .1.5 All materials used shall be resistant to deterioration when used in a radioactive environment. 

4.1.6 Material test reports of chemical and physical properties shall be provided for pressure 
retaining components and non-pressure retaining components, including weld filler material 
used for the fabrication of the Exhausters. Material test reports of chemical and physical 
properties for the Exhauster impeller and shaft shall be provided by the Seller. Seller shall 
submit Quality Verification Documents (material test reports) in accordance with the 
applicable technical specification and the PO Section 3, Form G-321-V. 

4 .1. 7 ASME and/or ASTM material designations and grades shall be indicated on the fabrication 
drawings, bill of materials and mechanical data sheets. 

4.1.8 Seller shall not substitute materials specified in this specification, the applicable documents, 
the MOS, and the purchasing documents. 

4.1.9 All material shall be controlled, issued, handled, and stored with proper identification and 
traceability. Seller shall prepare and submit material control procedures for Buyer review. 

4.1.10 Deleted. 

4.2 Prohibited Materials 

4.2.1 The materials listed in 24590-WTP-LIST-ESH-16-0001 , Restricted Materials List, shall not be 
used in any supplied equipment and shall not be brought onto the WTP site. 

4.2.2 Mercury, lead, aluminum, zinc, their alloys, or materials containing such metals as their basic 
constituents shall not be used in the construction of the Exhausters. Teflon shall not be used 
in the construction of the Exhausters. 

4.2.3 All materials in contact with stainless steel shall not cause corrosion or other harmful effects: 

• The total fluoride/chloride content shall not exceed 200 ppm. 
• The total sulfur content will not exceed 400 ppm. 
• The total oflow melting point metal such as lead, zinc, copper, tin, antimony and 

mercury shall not exceed 1 percent; mercury shall not exceed 50 ppm. 

4.2.4 Asbestos shall not be included in any component of the Exhausters. 

4.2.5 Carbon steel shall not be included in any component of the Exhausters that comes into direct 
contact with the offgas stream. 

5 Fabrication 
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5.1 General 

5 .1.1 Fabrication of the Exhausters shall conform to the requirements of: 

5.1.2 

5.1.3 

5.1.4 

5.1.5 

5.1.6 

5.1.7 

5.1.8 

5.1.9 

5.1.10 

5.1.11 

5.1.12 

a) this specification 
b) the MOS 
c) the purchasing documents 

All edges shall be rounded and smooth to the touch. All stainless steel surfaces shall be clean, 
free of stains, scale, and deposits. All weld spatter, slag, and heat affected zone oxides shall be 
removed. 

Seller shall determine and specify tolerances, surface flatness, and finish requirements for 
assembly and fabrication of the Exhausters at the detailed design stage. At a minimum, all 
tolerances, surface flatness, and finishes shall be in accordance with the applicable codes, 
standards, and references documents in Section 2 of this specification. 

Compliance with this specification and Buyer's authorization of WPS and PQR shall in no 
way relieve the Seller of the responsibility of providing welds which are sound and suited to 
the services for which they are intended. 

Welding symbols shall be in accordance with AWS A2.4. 

Seller shall ensure that safety measures for the protection of welders and operators involved in 
welding and cutting shall be in accordance with the practices specified in the ANSI 249.1, 
plus all local, state, federal, and other governing regulations. 

Buyer reserves the right to remove test specimens from any portion of the work to verify the 
quality of the welding. The Seller, at his expense, shall repair or replace any base metal or 
filler metal found to be defective. 

Only Buyer-reviewed procedures and revisions shall be used. When requested, the Seller shall 
make available to the Buyer the control measures that will be used to ensure that the weld 
procedures used are current and reviewed for all welding. Welds made to procedures that are 
not pre-qualified or have not been properly qualified and authorized by Buyer shall be rejected 
and completely removed. 

Cleanliness shall be maintained throughout welding. All stubs, rods, flux, slag and other 
foreign materials shall be removed from the structure. 

Provide back-up plates and run-out bars as required for full penetration welds. Run-out bars 
shall be removed upon completion. Back-up plates shall be as shown on the issued design 
drawings. 

To avoid iron contamination, austenitic stainless steels shall be protected from the grinding 
and welding of carbon steels. Only tools (grinders, wire brushes, etc.) designated for use with 
austenitic stainless steels shall be used in the welding and fabrication of austenitic stainless 
steel weldments. 

All surfaces to be welded shall be free of paint, oil, dirt, scale, rust, oxides, and other foreign 
materials detrimental to weld soundness. All joints shall be free of moisture prior to welding. 
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5.1.13 

5.1.14 

5.1.15 

5.1.16 

5.1.17 

5.1.18 

5.1.19 

5.1.20 

5.1.21 

5.1.22 

5.1.23 

5.1.24 
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The welding of stainless steel components to galvaniud or previously galvanized carbon steel 
is prohibited. The welding of stainless steel components to carbon steel components coated 
with zinc-bearing paint is also prohibited even if the coating has been removed. 

All base metals used shall be traceable to a material test report. The material test report shall 
have actual test report values. 

Weld bevels may be prepared by machining, grinding, or thermal cutting. The bevel surface 
shall be smooth and meet the required weld joint design. All weld bevels shall be ground / 
machined to bright metal prior to welding. 

The parts to be joined by fillet welds shall be brought together as closely as practicable. The 
gap between faying surfaces oflap joints should not exceed 1/16 inch. If the separation is 
greater than 1/16 inch after straightening and assembly, the leg of the fillet weld shall be 
increased by the amount of separation, but the gap shall not exceed 3/ 16 inch. The use of filler 
material as shim stock is prohibited. 

Flux, weld spatter, and slag shall be removed from each weld bead prior to depositing each 
succeeding pass. 

Where full penetration joints are welded from both sides, the first pass shall be back-chipped, 
ground, or arc-gouged to sound metal before welding the second side. The requirement for 
back gouging shall be stated on the WPS. 

Vertical welding shall be vertical-up unless otherwise approved for each specific application. 

Care should be taken to minimize distortion during welding. Staggering and back-stepping are 
acceptable methods. 

Shims and plates may be welded as detailed by the design. 

The maximum interpass temperature shall not exceed 350 °F for austenitic stainless steels. 

Equipment manufacturers' requirements and limitations on welding and cutting/gouging in 
terms of preheat/interpass temperature, heat input, technique and methods shall be followed. 

Preheat shall be per the applicable Code unless stated otherwise. 

The Seller shall submit the following for Buyer review and acceptance prior to use in 
accordance with the G-321-E: 

• Welding Procedure Specifications and Procedure Qualification Records 

• Shop drawings 

• NDE procedures 

5.2 Welding and Non-Destructive Examination (NDE) Requirements 

5.2.1 Welding of the housing joints and housing to mounting platform joints shall conform to the 
requirements of ASME AG-1 2015 AA-6300. Qualification of welding procedure specifications 
and welder or welding operators shall be in accordance with ASME AG-1-2015. 
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Non-Destructive Examination (NOE) and inspection requirements shall be in accordance with 
AA-6331 and AA-6334. 

a) 100% Visual Testing (VT) shall be performed on all welds. The VT acceptance 
criteria shall be in accordance with AA-6331 . 

b) 100% Liquid Penetrant Testing (PT) shall be performed in accordance with ASTM 
El65 and the PT acceptance criteria shall be in accordance with AA-6334. 

c) Deleted 

5.2.2 Welding procedure specifications to be used in the fabrication of the mounting frame and 
welders or welding operators performing welding of the mounting frame shall be qualified in 
accordance with of ASME AG-1-2015. 

NDE procedures, NDE methods, and NDE acceptance criteria shall be in accordance with 
ASME AG-1-2015. 

5.2.3 For inlet and outlet connections, welding procedure specifications (WPSs) used to join the 
raised face flange to the housing assembly or transition pieces (ASME AG-I) shall be 
qualified in accordance with the requirements of ASME AG-1-2015. Welders and welding 
operators shall be qualified in accordance with ASME AG-1-2015. 

5.2.4 Welding procedure specifications for welding of rotating parts shall be qualified in 
accordance with ASME AG-1-2015. Welders or Weld operators shall be qualified in 
accordance with ASME AG-1-2015. 

NDE of all fillet welds and groove welds ofrotating parts (complete joint penetration and 
partial joint penetration) perform 100% PT and VT in accordance with ASME AG-1-2015. 

5.2.5 Repairs required as a result of weld rejection by either Buyer or Seller shall be fully 
documented in accordance with Seller' s quality assurance (QA) program. Weld repairs shall 
be performed in accordance with a buyer approved WPS. Weld repairrecords shall include 
NDE reports that provide verification of defect removal and soundness of the completed weld. 
Weld repair records shall be included with the document page. 

5.2.6 Welding procedure specifications (WPSs) and procedure qualification records (PQRs) shall 
be submitted to Buyer for review and permission to proceed prior to use. The WPSs and 
PQRs shall be submitted with a weld map in order to determine the suitability of the WPS for 
the weld application. Each WPS shall be prepared and qualified in accordance with the 

. requirements of the above listed standards. 

5.2.7 The Seller shall show the applicable WPS and the nondestructive examination (NOE) method 
for each weld joint on the weld map. The weld map shall identify each joint with a unique 
identification number. For each weld joint, the following items shall be specified in the weld 
map: the joint identification, the joint type, the components to be joined, material 
specification for each base metal component to be joined, material thickness of the 
components to be joined, weld filler specification for the filler metal, type ofNDE required, 
the extent of NDE required, the NDE procedure number to be used for examination, the WPS 
number, and the PMI requirement (yes/no). The weld map may consist of one or more of the 
following: shop drawings, the applicable weld joint detail, fabrication drawing notes, a table, 
or a matrix. 
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5.2.8 The Seller's Welder Qualification Records shall be current and made available to the Buyer 
upon request. All welders and welding operators shall be qualified per the applicable welding 
code described above. The Buyer reserves the right to require the testing or retesting of 
welders for qualification in accordance with the applicable code. All costs and material 
required for the qualification of welders shall be at the Seller's expense. 

5.2.9 Tack welds shall be made using a Buyer-accepted WPS with weld filler material suitable for 
the base material. 

5 .2 .10 After opening shipping containers of electrodes, fluxes, and other welding materials, their 
storage and handling shall be as specified in the manufacturer's recommendations and per 
applicable welding code requirements. 

5.2.11 Deleted 

5.2.12 Metal-cored electrodes shall not be used, unless approved by the Buyer. 

5.2.13 Welding materials shall be selected so that the deposited weld metal is similar in chemical 
composition and not significantly harder or stronger than the base metal. 

5.2.14 Acceptable Welding Processes and Limitations: 

5.2.14.1 Shielded Metal Arc Welding - SMAW 

5.2.14.2 Gas Metal-Arc Welding- GMA W: Spray, including pulse spray transfer - unlimited 
thickness; Globular metal transfer - 3/8-inch maximum material thickness; Short circuiting 
transfer mode - Prequalified WPS- 3/16-inch maximum material thickness, Qualified WPS 
- 1/4-inch maximum material thickness; Surface Tension Transfer®- Prequalified WPS-
3/16-inch maximum material thickness, Qualified WPS - 1/4-inch maximum material 
thickness 

5.2.14.3 Flux Cored Arc Welding - FCA W 

5.2.14.4 Gas Tungsten Arc Welding-GTAW 

5.2.14.5 Fabrication welding may be achieved by any one or combination of the above welding 
processes. The use of other welding processes shall require specific written authorization by 
Buyer. 

6 Tests and Inspections 

6.1 General 

6.1.1 Seller shall conduct and be responsible for all shop tests called for in this specification and 
applicable Standard and referenced documents. Seller shall furnish all facilities necessary for 
the performance of such tests. 

6.1.2 Seller shall submit an inspection and test plan for Buyer review. 

6.1.3 Seller shall complete and submit reports of all testing and inspections required by this 
specification and per Form G-321-E & G-321-V of the MR. Each report shall identify the 
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component tested or inspected, date performed, applicable procedures, acceptance criteria, 
signature of person performing the test or inspection, results, and conclusions. 

6.1.4 Seller shall submit reports of all control and calibration of measuring and test equipment 
which shall be in accordance with Article AA-5130 of ASME AG-1. 

6.2 Personnel Certifications 

6.2.1 Personnel performing nondestructive examination (NDE) or reviewing NDE results shall be 
certified to ASNT-SNT-TC-1 A, Level II or Level III. Personnel who perform NDE (including 
magnetic particle testing, ultrasonic testing, liquid penetrant testing, electromagnetic testing, 
leak testing, acoustic emission testing, and visual testing) to specified acceptance criteria shall 
be qualified to a "Written Practice" (or procedure) meeting the requirement of the American 
Society for Nondestructive Testing Recommended Practice No. SNT-TC- lA. This 'Written 
Practice" must meet all the requirements from any one given edition of SNT-TC-lA (and its 
applicable supplements) as follows: 1988, 1992, 1996, 2001 , and 2006. Only the SNT-TC-lA 
edition selected and its applicable supplements shall be used in the 'Written Practice" and that 
edition shall be met in its entirety (except as shown below). Combining SNT-TC-lA contents 
from one edition year with another edition year is prohibited, except as follows: If the 1988, 
1992, or 1996 editions are utilized, the additional requirements for periodic technical 
performance evaluation and documentation found in paragraphs 10.2 and 12.1 of the 2006 
Edition shall also be met. 

The re-certification interval for Level III nondestructive examination personnel shall not 
exceed five years. 

6.2.2 Seller shall submit personnel qualification documents of Seller' s inspection and test personnel, 
for Buyer review. 

6.3 Non-Destructive Examinations 

6.3 .1 NOE procedures shall be submitted to Buyer for review and permission to proceed prior to 
use. 

6.3.2 Seller shall perform NDE in accordance with Seller' s procedures. NDE may include visual 
and liquid penetrant exam procedures. 

6.3 .3 Exhauster pressure boundary welds shall be 100% visual tested and liquid penetrant tested at a 
minimum. Exhauster non-pressure boundary welds shall be 100% visual tested. 

6.3.4 Seller shall submit Quality Verification Documents (NDE reports) in accordance with the 
applicable technical specification and the PO Section 3, Form G-321-V. 

· 6.4 Shop Tests 

6.4.1 Seller shall perform standard factory tests, which at a minimum, include the tests listed in 
Section 6.4.2 through 6.4.9, as well as all tests called out in following Exhibit: 

a) Deleted 
b) Exhibit 2: Low Voltage Induction Motors, Section 5.1 
c) Deleted 
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6.4.2 Exhauster performance testing shall be in accordance with AMCA 99 and 210. 

6.4.3 Functional performance test for electrical equipment. 

6.4.4 Exhauster casing pressure test. 

6.4.5 Pressure testing of shaft seal. 

6.4.6 Vibration performance shall be checked and reported over the entire range of the Exhauster 
tests. 

6.4. 7 A meg-ohm test of all wires shall be performed prior to termination of all wires pulled into 
conduit. The meg-ohm test results shall be certified, documented and submitted to Buyer for 
review. 

6.4.8 A continuity check of all wiring shall be performed to verify conformance with Seller's wiring 
schematics. The continuity check test results shall be certified, documented and submitted to 
Buyer for review. 

6.4.9 Seller shall provide all equipment to perform a lifting test in the shop, demonstrating that the 
lifting lugs or attachment points are adequate to support the Exhausters without any distortion. 

6.5 Site Tests 

6.5.1 Buyer startup personnel will perform commission testing after initial installation at the WTP. 

7 Preparation for Shipment 

7.1 General Requirements 

7 .1.1 Equipment shall be packaged, prepared for shipment, handled, and sto~d in accordance with 
24590-WTP-3PS-GO00-T0003, General Specification for Packaging, Handling, and Storage 
Requirements. 

7 .1.2 All results of shop tests and inspections for the Exhausters shall be reviewed by the Buyer 
prior to preparing and packaging the Exhausters for shipment. 

7.1.3 Seller shall provide lifting eyes or lugs to facilitate lifting and handling of the exhausters. 
Lifting eyes or lugs shall be certified suitable for the safe, balanced lifting and the handling of 
the equipment. 

7.2 Cleanliness 

7.2.1 Seller's cleaning procedures shall be submitted to the Buyer for information 

7 .2.2 Prior to surface preparation, visually examine welds, the exhauster impeller and air stream 
surfaces of the Exhauster housing. Remove all dirt, oil and grease, loose mill scale, weld 
spatter and other foreign matter. 
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7.3 Tagging 

7.3.1 Nameplates shall be in accordance with Exhibit 2: Low Voltage Induction Motors, Section 4.3. 

7.3.2 The information shall be stamped or etched on the nameplate using characters no less than¼ 
inch tall. 

7.3.3 The attachment and location of nameplates shall be in accordance of Articles AA-9130 and 
AA-9140 of ASME AG-I. 

7.3.4 All packages shall be clearly and suitably tagged to at least show the Seller' s name, Buyer's 
name, plant item number, purchase order number, packaged contents, and parts for each 
packaged. 

7.3.5 Metal tags that identify the maximum design load (excluding dynamic load factor) shall be 
provided for all lifting lugs, bails and other lifting points. 

7.3.6 Deleted 

' 7.3 .7 Instruments shall have instrument tags showing the instrument tag number, manufacturer's 
name, model or serial number, Buyer's PO number, body material, pressure, and temperature 
rating. 

7 .4 Packaging and Shipping Instructions 

7.4.1 Exhauster inlet and outlet connections shall be provided with temporary protective covers. 
These covers will be removed prior to connection to Buyer's piping. 

8 Quality Assurance 

The SELLER's standard manufacturing Quality Assurance Program (QAP) shall be used to monitor 
and maintain the acceptable activities to meet the requirements of this procurement. A copy of the 
manual shall be submitted for information only. 

8.1 Deleted. 

8.2 Deleted. 

9 Configuration Management 

9.1 General 

9.1.1 The equipment covered by this specification is identified with the plant item number shown in 
the MDS in Part 2 of the MR. Each item shall be identified in accordance with Section 7 .3 of 
this specification. Configuration Management is maintained by conformance to approved 
drawings and procedures. If approved drawings and procedures cannot be followed, Buyer 
shall be promptly notified. 
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10 Documentation and Submittals 

10.1 General 
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10.1.1 Seller shall submit to Buyer the Engineering and Quality Verification documents in the forms, 
quantities, and timing shown in Form G-321-E, Engineering Document Requirements, and 
Form G-321-V, Quality Verification Document Requirements, in Part 2 of the MR. 

10.1.2 All deviations and/or conflicts considered for incorporation in the work must be submitted to 
the Buyer on completed Supplier Deviation Disposition Request (SDDR) form, as attached to 
Part 2 of the MR, for Buyer's approval. 

10.2 Schedules 

10.2.1 Schedule and Drawing Index 

A schedule and drawing index (15EX form) shall be submitted which tracks the scheduled and actual 
delivery of each submittal. 

10.2.2 Engineering and Fabrication Schedule 

Seller shall submit an engineering and fabrication schedule with bar charts or critical path method 
diagrams detailing the chronological sequence of events. Schedule shall include Supplier Quality 
witness/hold points. Schedule does not suffice for formal notification for witness/hold points for which a 
separate notification is still required in accordance with the witness/hold point requirements (i.e. 5 days 
advance notice). 

10.3 Submittals 

10.3.1 Drawings 

10.3.1.1 Outline Drawings 

Seller shall provide drawings with equipment layout and outline dimensions. Drawings shall show 
external envelope, including lugs, centerline(s), location and size for electrical cable, service connections, 
isometrics, and mounting details. A dimensional layout drawing shall show the location of electrical and 
control equipment. Outline and dimensional drawings shall be provided for all instruments shipped loose 
for Buyer's installation. The drawing shall include the instrument tag number. Instrument installation 
details shall be submitted for the Buyer's review one month prior to proceeding with instrument 
installations. 

In addition, Seller shall provide drawings to meet the requirements of the following: 

a) Deleted 
b) Exhibit 2,Low Voltage Induction Motors, Section 9.1.l(b). 
c) Deleted 
d) Deleted 
e) Exhibit 3, Structural Design Loads/or Seismic Ill & IV Equipment and Tanks, Section 6. 

10.3.1.2 Electrical Drawings, Schematics, and Wiring Drawings 
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Seller shall provide single line diagrams, schematic diagrams, equipment internal wiring diagrams, 
instrument loop diagrams, and interconnection wiring diagrams for electrical items. Point to point wiring 
diagrams shall identify all instruments with the Buyer's tag numbers, grounding methods for incoming 
cable shields, and instruments with their terminals in relative location. These items shall be in accordance 
with the following: 

a) Deleted 
b) Exhibit 2, Low Voltage Induction Motors , Section 9.1.l(c). 
c) Deleted 
d) Deleted 

10.3.1.3 Assembly Drawings 

Seller shall provide assembly drawings per Exhibit 2, Low Voltage Induction Motors, Section 9.1.l(i). 

10.3.2 Data Sheets 

10.3.2.1 Mechanical Data Sheet 

Seller shall submit Buyer' s Exhauster Mechanical data sheet, completely filled out by Seller showing all 
information required to determine that the units are of the design and materials specified here in. 
Exhauster performance curves at 60%, 80% and l 00% of synchronous speed (3600 RPM) shall be 
provided. 

10.3.2.2 Motor Data Sheets 

Seller shall submit completed motor data sheets in accordance with Exhibit 2, Low Voltage Induction 
Motors, Section 9.1.l(a). 

10.3.2.3 ASD Data Sheets 

Deleted 

10.3.2.4 Speed Sensor and Transmitter Data Sheet 

Seller shall submit Seller's speed sensor and transmitter data sheets for Buyer' s review and acceptance. 

10.3.2.5 Deleted. 

10.3.3 Procedures 

10.3.3.1 Electrical Test Procedures 

Seller shall provide electrical test procedures to demonstrate that design functional and operational 
parameters (impulse, overload, continuity, voltage, temperature rise) for electrical equipment associated 
with exhauster are met. 

In addition, electrical test procedures shall be in accordance with Exhibit 2, Low Voltage Induction 
Motors, Section 5.1 
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10.3.3.2 Welding procedures, NDE Procedures, and Personnel Qualifications 

Seller shall submit the following procedures for Buyer review: 

a) Welding procedures as noted in section 5.2 of this specification 
b) NDE procedures as noted in section 6.3 of this specification 
c) Personnel qualification as noted in section 6.2.2 of this specification. 

10.3.3.3 Material Control Procedures 

Seller shall provide material control procedures as described in Section 4.1.9 of this specification. 

10.3.3.4 Functional Shop Test Procedure 

Seller shall submit functional shop test procedure of instrumentation functional testing to demonstrate to 
the Buyer the functionality of the system. A simulated input signal shall be injected, varied over the full 
range for each device, calibrated and checked for correct operation. Instruments shall be calibrated with 
test and calibration equipment that are traceable to NIST standards. Supplier shall provide certification of 
calibration for all test equipment used to calibrate instruments. 

10.3.3.5 Positive Material Identification (PMI) Procedures 

Seller shall submit procedures covering how PMI will be conducted and documented per Exhibit 4, 
Positive Material Identification (PM/) for Shop-Fabrication, Section 3.2. 

Additionally, Seller shall submit PMI welds produced by subcontractor as part of Seller quality control 
verification process. 

10.3.3.6 Pressure Test Procedure 

Seller shall submit pressure testing procedures that address pressure and shaft leakage tests. 

10.3.3.7 Inspection Procedures 

Seller shall provide inspection procedures for the purpose of determining that specified requirements (e.g. 
dimensions, properties, performance results, etc.) are met. 

10.3.3.8 Cleaning Procedures 

Seller shall provide cleaning procedure as noted in Section 7 .2 of this specification. 

10.3.3.9 Radiographic Examination Procedures 

Deleted 

10.3.3.10 Liquid Penetrant Examination Procedures 

Seller shall conduct weld inspections for soundness using liquid penetrant examinations on each 
exhauster in accordance with Section 6.3 of this specification. 

10.3.3.11 Weld Consumable Storage and Handling Procedure 
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Deleted 

10.3.4 Lists 

10.3.4.1 Recommended Spare Parts List 

Seller shall provide a list ofrecomm.ended spare parts and items subject to wear needing periodic 
replacement, including the cost of each item. The list shall include manufacturer name, model number, 
shelf life, storage requirements, and lead time for each item. 

In addition, the recommended spare parts list shall comply with the following: 

a) Deleted 
b) Exhibit 2, Low Voltage Induction Motors , Section 9.1.l(g). 
c) Deleted 

10.3.4.2 Material List 

Seller shall provide a material list with specific model, number, manufacturer and catalog cut sheets for 
all equipment. 

10.3.4.3 Electrical Loads 

Deleted 

10.3.4.4 Deleted. 

10.3.4.5 Instruments List 

Seller shall populate instrument list in MS Access format provided by Buyer which lists each instrument 
and is arranged in numerical order. Seller shall populate the required fields as follows: 

a) Instrument tag number 
b) Seller's referenced tag number if applicable 
c) Service description 
d) Instrument type 
e) Signal type 
f) Data sheet number 
g) Location drawing number 
h) Instrument installation details 
i) Manufacturer name 
j) Modelnumber 
k) Calibration range of instrument 
l) Set point 
m) Wiring diagram number 
n) Schematic drawing number 
o) Device address of serial communication link data 
p) I/O address of serial communication link data 
q) Shipped status (installed or loose) 

10.3.4.6 Nameplate Engraving Drawings 
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Seller shall provide nameplate engraving drawings and list for all nameplates furnished. Nameplates shall 
meet the requirements of Section 7.3 of this specification. 

In addition, nameplate engravings list shall be in accordance with: 
a) Deleted 
b) Exhibit 2, Low Voltage Induction Motors, Section 4.3 

10.3.4.7 Bill of Materials (DOM) 

Seller shall provide Bill of Materials (BOM) showing in complete detail split shipment packaging content 
with associated shipping dates, any sub-tier BOMs, and shipped loose component lists. As a minimum, 
BOM shall indicate manufacturer's name, part number, Buyer's tag number, Seller's reference drawing 
number(s), forecast ship date, actual ship date, quantity, weight, length, width, and height for each item. 

10.3.5 Reports 

10.3.5.1 Mechanical Test Reports 

Seller shall provide a test report in accordance with Section 6 of this specification and include the 
following: 

a) Exhauster housing and shaft seal leakage tests reports 
b) Exhauster performance tests reports, including Exhauster curves 
c) Sound pressure levels 
d) Exhauster wheel/shaft vibration and mechanical test reports 

10.3.5.2 Electrical Test Reports 

Seller shall provide test reports that address the results of tests performed in accordance with Buyer
approved electrical test procedures. 

In addition, electrical test reports shall be in accordance with Exhibit 2, Low Voltage Induction Motors, 
Sections 5.1 and 9.1.l(j) 

10.3.5.3 Pressure Test Reports 

Seller shall submit pressure test report as noted in Section 6.4.5 of this specification. 

10.3.5.4 Inspection and Verification Reports 

Seller shall submit quality records and test results for inspection and verification reports, liquid penetrant 
examination and verification reports, pressure testing and verification reports, visual inspection and 
verification reports. 

Seller shall supply NDE test reports in accordance with Section 6.3 of this specification and welding 
codes listed in Section 5.2 of this specification. 

10.3.5.5 Certificates of Compliance 

Seller shall submit a Certificate of Compliance (C of C) document for review and approval by the AHJ 
that lists the USA Electrical Standard(s) that the equipment is evaluated to for its nationally recognized 
testing laboratories (NRTL) Listing. The certification shall confirm that the NRTL label will be shown 
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on the OSHA website including the additional markings required to indicate acceptability for use in the 
USA. Seller shall certify that lifting eyes or lugs are suitable for the safe balanced lifting and handling of 
the equipment. 

10.3.5.6 

Deleted 

10.3.5.7 

Motor Test Report 

Positive Material Identification (PMI) Reports 

Seller shall submit PMI testing reports, including a PMI map per Exhibit 4, Positive Material 
Identification (PMI)for Shop-Fabrication, Section 6 of this specification. 

10.3.5.8 

Deleted 

10.3.5.9 

Deleted 

10.3.5.10 

Deleted 

10.3.5.11 

NRTL Field Evaluation Reports 

ASD Manufacturer Shop Test Reports 

ASD Factory Acceptance Plans and Test Reports 

Exhauster Integral Test Report with Motor 

Seller shall submit exhauster integral test report after a complete test with exhauster and motor contained 
as an assembly with all control devices, and provided instrumentation to demonstrate the parameters 
required for successful operation of the integrated exhauster system. 

10.3.5.12 Exhauster's Rotors Balance Report 

Seller shall provide exhauster's rotors balance report as described in Section 3.5.1.6 of this specification. 

10.3.5.13 Weld Map 

Seller shall submit a weld map which includes all welds in accordance with industry standard and Section 
5.2.7 of this specification. 

10.3.5.14 

10.3.5.15 

Deleted. 

Material Test Reports 

Seller shall submit material test report (MTR) in accordance with Section 4.1.6 of this specification. 

10.3.5.16 

10.3.5.17 

Deleted. 

Code Compliance Matrix 
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Deleted 

10.3.5.18 

Deleted 

10.3.5.19 

Deleted 

10.3.5.20 

RT Film and Reader Sheets 

Design Analysis Report 

Seismic Analysis 

24590-BOF-3PS-MACS-T0001, Rev 2 
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Seller shall provide Seismic Data Report in accordance with Exhibit 3, Structural Design Loads/or 
Seismic Category Ill & IV Equipment and Tanks. 

10.3.5.21 

Deleted 

10.3.5.22 

Deleted 

Certificates and Inspection Reports 

Code Data Report 

10.3.6 Calculations 

10.3.6.1 Deleted 

10.3.7 Product Data 

10.3.7.1 Inspection and Test Plans 

Seller shall provide their work inspections and tests plans for exhauster and motor. 

10.3.7.2 Safety Data Sheets (SDS) 

Seller shall submit SDSs for all chemicals and hazardous materials shipped to WTP, including but not 
limited to lubricants, gears oils, greases, solvent, etc. 

10.3.7.3 Shipping Preparation 

Seller shall provide shipping information in accordance with 24590-WTP-3PS-G000-T0003, Engineering 
Specification for Packaging, Handling, and Storage Requirements, Section 11.2 ( drawings and a 
proposed tie down plan) and in compliance with the proper nameplate tagging in place per Sections 7 .3.1 
and 7.3 .2 of this specification. 

10.3.7.4 Software Configuration Documentation 

Deleted 

10.3.7.5 Functional Description 

Deleted 
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Seller shall provide lubricant and gasket and seal information in accordance with Exhibit 2, Low Voltage 
Induction Motors, Section 9.1.l(k) and (1). 

10.3.7.7 

Deleted 

10.3.7.8 

Deleted 

10.3.7.9 

Catalog Data 

Documentation Showing Harmonic Spectrum 

Ferrite Data 

Seller shall submit ferrite data on welding materials. 

10.3.7.10 Calibration Certificate for Instruments 

Seller shall provide certification that all instruments supplied have been calibrated for the ranges 
appropriate for the selected application using National Institute of Standards and Technology (NIST) 
traceable calibrators and calibrating equipment. Seller shall provide calibration certificates for each tag 
number, with model type, model number, and serial number. 

10.3.7.11 Motor Data 

Seller shall provide the following data (if not already provided on motor data sheets) for use by others to 
ensure proper ASD interfaces: 

a) Speed-torque Curve 
b) NEMA Design Type 
c) Full Load Current 
d) Rated Horsepower 
e) Voltage 
f) Maximum Safe Operating Speed 
g) Full Load Speed 
h) Enclosure Type 
i) Service Factor 
j) Insulation Class 
k) Temperature Rise Above 40 °C Ambient 
l) Locked Rotor Current at 100 % Rated Voltage 
m) Duty Rating 
n) Resonant speed of motor/driven equipment in lateral, axial and torsional modes 
o) Time to ramp up to full motor speed from start 
p) Time to ramp down from full motor speed to stop 

10.3.8 Manuals 

10.3.8.1 Operation and Maintenance Manuals 
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Operation and maintenance manuals shall provide complete, detailed descriptions of components and 
instrumentation with data sheets showing design, construction, and performance data for equipment. 
Manual shall include drawings for operation, maintenance and repair, maintenance requirements, 
instructions and operational trouble-shooting guides. Manual/drawings shall include Original Equipment 
Manufacturer (OEM) part numbers. 

In addition, Seller shall provide motor installation, operation, and maintenance manual and maintenance 
procedures, in accordance with Exhibit 2, Low Voltage Induction Motors, Section 9.1.l(f) and (n). 

10.3.8.2 Installation Instruction Manual 

Seller shall submit an Installation Instruction Manual in accordance with 24590-WTP-3PS-GO00-T0003, 
Engineering Specification for Packaging, Handling, and Storage Requirements, Section 11.1.1. 

Erection and installation manual shall provide complete, detailed procedures for installing and placing 
equipment in initial operation. These manuals shall include all erection and installation drawings. 

10.3.8.3 Site Storage, Handling, and Maintenance Requirements Manuals 

Seller shall submit a Site Storage, Handling, and Maintenance Requirements Manual with procedures and 
instructions for site storage, handling, and maintenance that will preserve equipment until it is put into 
operation in accordance with 24590-WTP-3PS-GOO0-T0003, Engineering Specification/or Packaging, 
Handling, and Storage Requirements, Section 11.1.2. 

10.3.8.4 Quality Assurance Manual 

Seller shall submit their Quality Assurance Program (QAP) manual for information only (Section 8). 

11 Design Changes Incorporated by Ref ere nee 

! 24590-WTP-SDDR-MS-18-00018* 
*New design change 
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Electrical Requirements for Packaged Equipment 

Deleted 
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Low Voltage Induction Motors 
Specification 24590-WTP-3PS-MUMI-T0002, Rev. 3 was used to create the following exhibit. Specification change 
notices (SCNs) have been evaluated and there are no applicable SCNs. 

1 Scope 

1.1 General 

1.1.2 If conflicts arise between this exhibit and the primary mechanical packaged specification, the 
primary specification shall take precedence. 

1.2 Equipment, Material, 
and Services Required 

1.2.2 All motors covered by this exhibit shall conform to the applicable requirements ofNEMA 
MGl, ANSI, and NEC standards, except where a deviation is approved by the Buyer. 

1.2.3 Motors manufactured to IEC standards, shall meet the applicable requirements oflEC-60034 
and IEC-60072. 

1.2.5 All materials and components associated with the fabrication of motors per this exhibit shall 
be new. Refurbished materials are not acceptable. 

1.3 Acceptability Criteria 

1.3.1 All electrical equipment and material shall be suitable for installation and use in conformity 
with Article 110-3 of the National Electrical Code, NFPA 70-1999. 

1.5 Definitions Buyer: Bechtel National Inc. 
Supplier: This is a comprehensive term and includes seller, vendor, contractor, subcontractor, 
sub-supplier, etc. 
Primary Specification: The mechanical packaged equipment specification in which this "Low 
Voltage Induction Motors" exhibit is referenced. 

2 Applicable Documents For the pmposes of this exhibit, the word "should" shall be replaced with the word "shall" 
wherever it appears in the referenced Codes and Standards. 

Any conflicts between the referenced documents shall be identified to the Buyer in writing for 
resolution. In general, when resolving conflicts, the following order of precedence shall apply: 

• Purchase Order (by the primary specification) 

• Data Sheets 

• This Exhibit 

• Referenced Codes and Standards 

• Manufacturer Standard 
2.1 Codes NFPA 70-1999 - National Electrical Code 
2.2 Industry Standards IEEE Std. 85 - Test Procedure for Airborne Sound Measurements on Rotating Electric 

Machinery 
IEEE Std.112 - Test Procedure for Poly-phase Induction Motors and Generators 
NEMA MG 1-1998 - Motors and Generators 
ABMA 9-1990 - Load Ratings and Fatigue life for Ball Bearings 
ABMA 11-1999 - Load Ratings and Fatigue Life for Roller Bearings 
IEC-60034 (As applicable) - Rotating Electrical Machines 
IEC-60072 (As applicable) - Dimensions and Output Series for Rotating Electrical Machines 

3 Design Requirements 

3.1 General 

3.1.l Motors shall be rated for continuous duty for 3-phase, 60 Hz, 460 volts. 
3.1.2 All motors shall be NEMA Design B, except in special applications requiring higher starting 

torques where other NEMA Design is permitted. 
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3.2 Environmental 
Conditions 
3.3 Electrical Performance 

3.3.1 Voltage Rating 

3.3.2 Insulation System 

3.3.3 Temperature Rise 

3.3.4 Locked Rotor Current 

3.3.5 Service Factor 

3.3.6 Starting Duty 

3.S Mechanical 
Requirements 
3.5.1 General 

3.5.1.1 
3.5.12 

3.5.13 
3.5.l.5 

3.5.2 Motor Enclosures 

3.5.2.1 

3.5.2.2 

3.5.3 Drains 

3.5.4 Mounting 

3.5.5 Bearing 

3.5.5.1 

3.5.6 Shaft Seals 

3.5.6.1 

24590·BOF· 3PS·MACS· T0001, Rev 2 
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The actual environmental conditions requirement of the motors will be shown in the 
corresponding primarv specification/data sheets. 

• Motors 1/2 Hp to 300 Hp - 460 volts, 3-phase, 60 Hz 
Note: Deviation from these limits will be permissible if technically justified on a case-by-case 
basis. 

Motors shall be furnished with Class F insulation minimum, and shall be selected for operation 
within their full load rating without aoolying the service factor. 
Ratings shall be based on a maximum ambient temperature of 40 °C, 3,300 feet (1000 m) 
altitude or less, with a maximum temperature rise of80 °C by resistance at 1.0 service factor, 
(90 °C temperature rise at service factor l.15 up to 150HP). Inverter duty motors shall not 
exceed Class F rise at any speed under the defined load. 
Unless otherwise approved by the Buyer, the locked rotor current of motors shall not exceed 
the values as shown in NEMA MG-1-1998, section 12.35.l "Maximum Locked-Rotor Current 
for 60-Hz Design B, C, and D Motors at 230 Volts" . The locked-rotor current of motors 
designed for voltage 460 shall be proportional to the ratio, 230/460. 
The motor shall be sized so that it will not be loaded beyond its design power rating at service 
factor of 1.0. 
The motor shall be capable of two successive starts with the motor already at full load 
_temperature, or three successive motor starts at ambient temperature, accelerating the load 
from zero up to full load speed with the motor tenninal voltage between 80% and/or 110% of 
the rated voltage. 

All motors heavier than 50 lbs shall be supplied with an eye bolt for lifting. 
Where practical, the motor base shall be drilled for ground connection. A bolt shall be 
provided comolete with nut and washers. 
Vertical jacking bolts shall be furnished on all horizontal motors 1000 lbs and heavier. 
Protection shall be provided against galvanic action between dissimilar metals by the use of 
gaskets, washers or other aopropriate means. 

Motor enclosures as required on the data sheets, shall be as follows: 

• Motors ½ hp up to 200 hp: TEFC or TENV (IP54 for IEC motors) 

Motor enclosures, bearing bracket and fan guard shall preferably be of ferrous material unless 
otherwise specified. 
Where practical, corrosion resistant, replaceable automatic drainage fittings shall be provided 
at the low point(s) of the motor enclosure for water drainage. 
The mounting and shaft configuration on all motors shall be defined by the driven equipment 
manufacturer. 

Unless otherwise indicated on the motor data sheets, continuous duty motors shall have anti-
friction type bearings in accordance with the motor manufacturer's standard design. The · 
bearings shall have basic rating life L-10 of26,280 h minimum per ABMA 9-1990 or ABMA 
11-1999. 

All motors, except those required to be explosion proof, shall have shaft seals suitable for the 
environment specified. 
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3.5.6.2 

3.5.7 Rotor 

3.5.8 Bearing Lubrication 

3.6 Conduit Boxes 

3.6.1 Motor Leads Conduit 
Box 

4 Materials 

4.1 Prohibited Materials 

4.2 Special Requirements 

4.2.1 

4.2.2 

4.3 Nameplates 

4.4 Noise Level 

4.4.l 
5 Tests and Inspections 

5.1 Shop Tests 

5.1 .1 
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Shaft seals for continuous duty motors, shall be non-contact-while-rotating type and shall be 
used on both motor ends. 
Unless otherwise specified, all motors shall have die cast aluminum rotor cages as 
standard. 
The lubricant and frequency of lubrication of the motors shall be defined by the 
manufacturer. 

a) Conduit boxes shall be rotatable in 90° turns, gasketed, cast iron construction with 
tapped conduit entrance hole(s). 

b) Conduit boxes for explosion proof motors shall have a machined metal to metal fit. 
c) A ground lug shall be provided inside the conduit box on all motors. 
d) Conduit box size shall be one size larger than NEMA MG-I/NEC standard. 

The use of asbestos, PCB and mercury in the manufacture, fabrication, assembly and finish of 
the motors are prohibited. 

Design requirements for special motors shall be determined jointly by the Supplier and the 
Buyer prior to any fabrication of the motor. 
Motors for adjustable speed applications shall be rated for inverter duty. They shall be selected 
bv the suoolier, and desilllled and tested in accordance with NEMA MG-1 part 31. 
Each motor shall have a non-corrosive stainless steel nameplate with no less than the 
minimum infonnation called for in NEMA MG I . The nameplates shall be attached with pins 
of the same materials, with the following data as a minimum: 

1. Manufacturer's Type and Frame designation 
2. Horsepower output 
3. Time Rating 
4. Temperature rise/Insulation Class 
5. Speed at rated Load 
6. Frequency 
7. Number of Phases 
8. Rated Voltage 
9. Rated Load Current 
IO. Code Letter for Locked-rotor kV A 
II. Service Factor 
12. Buyer's Motor Tag No. 

Additional Nameplate Information: 

1. Type of Enclosure 
2. Manufacturer's name 
3. Serial number or date of manufacture 
4. Soace heater volta11;e/ratin11; 

Sound level shall be limited to values per NEMA MG-I, Table 9-l. 

Unless with Buyer's prior written approval, all motors, size and type, shall be subjected to a 
"routine test". A complete or "full test" is required for motors if identified by the primary 
specification. All tests shall be performed in accordance with applicable National Codes and 
Industry Standards and/or Manufacturer Standard test procedures and acceptance. As required, 
all tests shall be performed at the manufacturer's facility. Certified test results shall be 
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5.1.2 

5.1.3 
5.1.3.l 

5.1.3.2 

6 Preparation for 
Shipment 

9 Documentation and 
Submittals 
9.1 General 

9.1.1 
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provided as identified in the primary specification. 

The primary equipment Supplier shall maintain all test schedules and upon notification, the 
Buyer has the option to witness all the tests to be performed on the motor(s). The primary 
equipment Supplier has the ultimate responsibility of all submittals. 

As a minimum, the following are considered "Routine Test" and "Full Test". 
Routine Test: 

a) Measurement of winding resistance (cold). 
b) No-load readings of current, power, and nominal speed at rated voltage and 

frequency. 
c) Mechanical vibration check in accordance with NEMA MG- I, Part 7, using either 

elastic or rigid mount. 
d) Hillh potential test in accordance with Paragraph 12.3 ofNEMA MG-I Part 12. 

Full test (Performance Test): 

a) Not used. 
b) Not used. 
c) Not used. 
d) High potential test in accordance with Paragraph 12.3 ofNEMA MG-I Part 12. 
e) Inspection (at full load) of bearings and mechanical operation of motor. 
t) Not used. 
g) Not used. 
h) Not used. 
i) Not used. 
j) Measurement to allow calculation of efficiency at full, three quarter and half load. 
k) Measurement to allow calculation of power factor at full, three quarter and half load. 
l) Mechanical vibration check in accordance with NEMA MG- I, Part 7, using either 

elastic or rigid mount. 
In cases where one or more of the "full" tests are specified and there are duplicate motors, only 
one motor will be subiected for the specified "full" tests. 
Packaging, shipping, handling and storage requirements for motors, associated with this 
exhibit shall be in accordance with applicable sections of the Material Requisition/Purchase 
Order of the primarv specification. 

For each motor supplied by the driven-equipment manufacturer, the Supplier shall furnish the 
following documents as per form G-321E in the primary material requisition: 

a) Completed motor data sheets attached to the primary material requisition. 
b) Dimensional Outline Drawings for motor including terminal box dimensional details 

and arrangement. 
c) Wiring diagram 
d) Not used 
e) Not used 
t) Installation, operation and maintenance manual 
g) Recommended spare parts list for one year of operation 
h) Not used 
i) Assembly drawing, ifrequired 
i) Test reoorts as specified in the 111 :, .. m v specification 
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k) Lubricant Data - Supplier shall identify the manufacturer, grade, viscosity, applicable 
API standard or recommended substitutions. SOS shall be provided for the lubricant. 

l) Data for the gaskets or seals - Supplier to provide the shelf life and cure dates of 
gaskets or seals 

m) Not used 
n) Maintenance procedures 
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Structural Design Loads for Seismic III & IV Equipment 
and Tanks 
Specification 24S90-WTP-3PS-FB01-T0001, Rev. 6 was used to create the following exhibit. Specification change notices 
(SCNs) have been evaluated and there are no applicable SCNs. 

1 Scope 

1.1 General This exhibit provides structural design loads for Seismic Category III (SC-III) and Seismic 
Category IV (SC-IV) equipment and tanks on the River Protection Project - Waste Treatment 
Plant (RPP-WTP) located at the Department of Energy (DOE) Hanford Site in Richland, 
Washington. The seismic categories are derived from the performance categories defined in 
OOE-STD-1020-94 (Ref. 2.7). This specification also defines the seismic design load for SC-
III qualification testing. The loads include dead, live, wind. fluid, earthquake, snow, ashfall, 
lateral earth pressure, operating pipe reaction, and thermal loads. 

This exhibit is to be used in combination with the Equipment/fank Technical Specifications, 
which may include supplemental codes applicable to the specific Structure, System, or 
Component (SSC). In case of conflicts between this exhibit and other technical requirements 
in the Equipment/fanlc Technical Specifications, the Seller shall identify such conflicts to the 
Buyer in writing and obtain resolutions documented in writing. These conflicts may also 
include inconsistency ofload definitions, conditions and combinations as specified by the 
referenced codes and standards. 

1.2 Definitions EQUIPMENT: Mechanical, electrical, or control system component or element that is part of a 
mechanical and/or electrical system. 

SC-IV EQUIPMENT/fANK: Equipment/fanlc required to be designed for the SC-IV loads 
and load combinations provided in this exhibit. This includes equipment/tank assigned SC-IV 
for seismic design per the facility-specific Preliminary Documented Safety Analysis (PDSA) 
document or Documented Safety Analysis document. 

2 Applicable Documents For the codes and standards listed below, the specific revision or effective date identified, as 
well as the specific revision or effective date of codes and standards that they incorporate by 
reference (daughter codes and standards), shall be followed. The effective dates and revisions 
listed in Section 2 shall apply to subsequent references to the codes and standards within this 
exhibit. 

2.1 American Concrete ACI 318-99 Building Code Requirements for Structural Concrete and Commentary. 
Institute (ACI) 
2.2 American Concrete ACI 34 9-0 I Code Requirements for Nuclear Safety related Concrete Structures and 
Institute (ACI) Commentary. 
2.3 American Institute of AISC MO 16-89 Manual of Steel Construction - Allowable Stress Design, Ninth Edition. 
Steel Construction (AISC) . 
2.4 American Society of Manuals and reports on Engineering Practice; No. 78, Structural Fire Protection, ASCE 1992. 
Civil En~ineers (ASCE) 
2.5 American Society of Minimum Design Loads for Buildings and Other Structures, ASCE 7-98. 
Civil Enlrineers (ASCE) 
2.6 American Society for Material for steel anchor bolts, ASTM Fl554 grade 36, unless specified otherwise on the 
Testing and Materials design drawings. 
(ASTM) International 
2.7 Department of Energy OOE-STD-1020-94 (Including Change Notice #I dated Jan 1996) Natural Phenomena 
(DOE) Hazards Desi~ and Evaluation Criteria for Department of Energy Facilities. 
2.9 International Conference Uniform Building code, UBC-97 
of Building Officials 
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(ICBO) 

2.11 ANSI American 
National Standards Institute 
(ANSI) 
2.15 American Society of 
Mechanical Engineers 
(ASME) 
3 Methodology 

4 Design Loads 

4.3 Earthquake Loads 

4.3.l 

4.3.2 
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ANSI/AISCC N690-l 994, Specification for the Design, Fabrication, and Erection of Steel 
Safety-Related Structures for Nuclear Facilities 

ASME Boiler and Pressure Vessel Code, Section II, Part D, Subpart 1 (Any edition of the code 
between 1995 and current edition) 

Methodology used in the seismic design of Seismic Category III & IV equipment and tanks 
shall be as defined in the Equipment/Tank Technical Specifications and the supplemental 
codes applicable to the SSC. 

For SC-IV equipment designed to UBC-97 (Ref. 2.9) Section 1632, attachments for floor or 
roof mounted equipment weighing less than 400 pounds need not be designed. 

Stainless Steel supports for Quality Level Q equipment shall be qualified using the allowable 
stresses from ANSI/AISC N690-1994 (Ref2.ll) and the load combinations from section 5.1 
ofthis specification. 

Stainless Steel Supports for Commercial Grade (CM) equipment shall be qualified using the 
allowable stresses from either ANSI/AISC N690-1994 (Ref2.ll) or AISC M016-89 (Ref2.3) 
and the load combinations from section 5.1 of this exhibit. 

Earthquake loads on equipment and tanks supported by structures shall be calculated per the 
provisions ofUBC-97 (Ref2.9), Section 1632, using the following parameters: 

Ip= 1.0 For SC-IV equipment tanks 
C. = 0.24 

ap = 1.0 for rigidly mounted rigid• equipment 
= 2.5 for flexible equipment .. and flexibly mounted rigid equipment 
= 1.0 for tanks 

• Rigid equipment are defined as those with a fundamental period ofless than or equal to 0.06 
seconds ~l 7Hz). 
•• Flexible equipment are defined as those with a fundamental period of greater than 0.06 
seconds (<l 7Hz). 

Rp = 3.0 To be used when equipment is attached directly to structural steel 
= 1.5••• To be used by suppliers unless otherwise specified on the Equipment/Tank 

Specification 
••• Based on actual conditions and location, Buyer's Civil, Structural, Architectural (CSA) 
personnel may approve an RP of3.0 in calculations. 
Earthquake loads for self-supporting tanks (i.e. supported on their own foundation) shall be 
calculated per the provisions ofUBC-97 (Ref. 2.9), Section 1634, using the following 
parameters: 

I = 1.0 for SC-IV tanks 
C.=0.24 
Cv= 0.32 
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4.3.3 

4.4 Dead Loads 
4.6 Thermal Loads 

4.6.l Base Temperature 

4.6.2 Outdoor Ambient 
Temperatures 

4.6.3 Operating 
Temperatures (Normal and 
Abnormal), To 

4.6.5 Temperature 
Limitations on Structural 
Elements 
5 Loads and Load 
Combinations 
5.1 Structural Steel Design 
Load Combinations 
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For qualification by analysis, the loads and load combinations per Section 5 of this 
specification shall be combined with the appropriate loads and load combinations from 
Equipment/fank Specifications. Anchorage analysis of equipment must also meet the loading 
requirements of this specification. 

UBC-97 (Ref. 2.9) requires that structures, systems, and components be designed for seismic 
loads. Building structures and non-building structures shall be designed for the seismic forces 
described in UBC-97 Sections 1630 and 1634, respectively. The vertical component of 
earthquake ground motion may be taken as zero for Allowable Stress Design. Systems and 
components (equipment) shall be designed for lateral seismic forces only, as described in 
Section I 632. Self-supporting tanks shall be designed for lateral seismic forces as described in 
Section 1634. Alternatively, systems and components (equipment) may be qualified by 
testing, as described in Section 4.3.4 

Dead loads include the weight of permanent equipment/tanks as well as their Attachments. 

The base temperature for thermal analyses shall be 70 °F. This temperature is based on 
recommendations from ACI 349 (Ref. 2.2). 
Unless specified otherwise in the Equipment/fank Technical Specifications or datasheets, 
ambient air temperatures shall be as follows: 

For SC-IV equipment: 115 °F maximum, -25 °F minimum 
Operating (normal and abnormal) temperatures are provided in WTP Equipment/fank 
Technical Specification. Abnormal Temperatures are due to an anticipated eight-hour loss of 
cooling event, which is postulated to occur once per year, and is not the result of an accident or 
natural phenomena hazards (NPH). Abnormal temperature thermal loads shall not be 
considered concurrent with earthquake (E) loads. For load combinations which include 
earthquake (E), To shall be normal operating temperature thermal loads only. For load 
combinations without seismic (E), T0 shall be greater of normal or abnormal operating 
temoerature thermal loads. 
SC-IV designed steel and stainless steel structures shall use reduced yield stress (Fy) and 
elastic modulus (E) in accordance with the ASCE Engineering Practice 78 (Ref. 2.4), see 
example provided in Aooendix A. 
The following loads and load combinations are applicable to both SC-III and SC-IV equipment 
and tanks. 
For the design of equipment and tanks, the following loads shall be combined with other 
applicable loads, per the provisions of the Equipment/fank Technical documents included 
with the Purchase Order (P.O.). 

A Ashfall Loads 
D Dead Loads 
E Earthquake (Seismic) Loads (Due to DBE) 
L Live Loads 
SN Snow Loads 
w Wind Loads 
To Thermal Loads during Normal & Abnormal Operating Conditions 
T. Thermal Loads due to Accident (DBE) Temperature 
Po Maximum or minimum differential pressure load generated by Normal or 

P. 
Abnormal HV AC operations 
Maximum or minimum differential pressure load generated by DBE 

s Allowable Stress per Allowable Stress Design Method 

For the design of equipment/tank supports, the following service-level load combinations shall 
aoolv. Note: the l/3 allowable stress increase discussed in UBC-97 (Ref. 2.9), Section 
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5 .1.2 Other Loads 

5.2 Reinforced Concrete 
Design Load Combinations 
(Anchorage design) 
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1612.3.2, has been incorporated into the following combinations through the use of the 0.75 
factor. No further stress increase is allowed. 

The following load combinations are based on Section 1612.3.2 ofUBC-97 and using the 
Allowable Stress Design Values of AISC M016, ASD Ninth Edition (Ref. 2.3). 

S = D+L+A+Po+To 
S=D+L+S~Po+To 
S = 0.75(D+L+W+Po+To) 
S = 0.75(D+L+Sw2+W+Po+To) 
S = 0.75(D+L+S~W/2+Po+To) 

S = 0.75(D+L+Po+To+F11.4) 
S = 0.75(0.9D+Po+T.,±E/ l.4) 
S = 0.75(D+L+P.+T.) 
S = 0.75(D+L+T.+E/l.4) Where T. is Due to HELB 

Where other loads are to be considered in design, each applicable load shall be added to the 
combinations specified above per requirements of Section 1612.3.3 ofUBC-97 (ref. 2.9). 
For equipment and tanks anchorage design, the following loads shall be combined with other 
applicable loads, per the provisions of the Equipment/rank Technical Specifications. 

A Ashfall Loads 
D Dead Loads 
E Earthquake Loads 
F Fluid Loads 
H Lateral Earth Pressure Load 
L Live Loads 
Ro Operating Pipe Reaction Load 
SN Snow Loads 
To Thermal Loads during Normal & Abnormal Operating Conditions 
W Wind Loads 
Ta Thermal Loads due to Accident (DBE) Temperature 
Po Maximum or minimum differential pressure load generated by Normal or 

Abnormal HV AC operations 
Pa Maximum or minimum differential pressure load generated by DBE 
U Required Strength per Strength Design Method 

The following load combinations are based on section 9.2 of ACI 318 (Ref. 2.1). 

U= l.4D+l.7L+l.7A 
U= l.4D+l.7L+l.7SN 
U = 0.75(1.4D+l.7L+l.7W) 
U = 0.75(1.4D+l.7L+l.7S~l.7W) 
U = 0.9D±1.3W 
U= l.4D+l.7L+l.7A+l.7H 

U = l.4D+ l.7L+l.7S~l.7H 
U = 0.9D+l.7H 
U= l.4D+l.7L+l.7A+l.4F 
U = l.4D+l.7L+l.7S~l.4F 
U = 0.9D+ l .4F 
U = l.4(D+To) 

In addition, the followin11; load combinations based on UBC Section 1612.2.2 shall aoolv. 
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6 Equipment and Tank 
Anchorage 
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U = l.l(O.9D±E) 
U = 0. 75( l.4D+ 1. 7L + 1. 7S~ 1.4T a+ 1.4R.,) Where Ta is Accident (DBE) 

Temperature [see 4.6.4(b)] 
U = D+L+S~F+H+T.+R.,+E Where T. is due to (HELB) [see 

4.6.4(a)] 
U = O.75(1.4D+l.7L+l.4To+l.4Po+l.4Ro) 
U = O.75(1.4D+l.7L+l.7S~l.4To+l.4Po+l.4R.,) 
U = l.4(D+To+Po) 
U= l.l(l.2D+L+o.2S0l.3F+l.6H+l.2To+l.2Po+l.2Ro+E) Where To and Po are 

the normal operating 
values only 

U = O.75(1.4D+l.7L+l.7S01.4T.+l.4P.+l.4Ro) 
U = D+L+S0F+H+T.+P.+R., 

The Supplier shall furnish the Buyer with the following information: 

• Location of anchorage in relation to equipment. 

• Design loads on the anchorage shall be reported by individual load and load 
combination. 

• Coordinate system and sign conventions . 

The selected anchor bolt material for the WfP project is ASTM Fl 554 (Ref. 2.6). Use of other 
anchor bolt materials, require the approval of the Buyer. 

24590-G04B-F00019 Rev 4 (2/12/2008) 
Exhibit 3, Page 5 

Ref: 24590-WfP-3DP-G04B-00049 



24590-BOF-3PS-MACS-T0001, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

Appendix A 

Strength and Modulus Reduction for Structural Steel & Stainless Steel 

The equation below is from ASCE Manuals and Reports on Engineering Practice No. 78, Structural 

Fire Protection, Appendix A 1.2.2 for OOC < Temperature < 6ro>C (32DF <Temperature< 1112 °F) 

ForAl:i Steel: Tensile yield strength, F
1

-.- 36-bi Modulus of Elasticity, E :- 29-103-bi 

The tensile strength and modulus of elasticity of steel decrease with Increasing temperature as shown 
below for A36 steel: 

Vield Strength Temperature llE Modulus of EhtsticilY 

35.2 > 150 28.7·103 
34.7 200 28.5-103 

34.2 250 28.2·103 

33.6 300 27.9·103 

32.2 400 27.2·103 

30.5 500 26.4·103 

2B.6 600 25.3·103 

FyReducti.on .. 27.6 ksi Temp• 650 ~duclion - 24.7-103 

26.4 700 24-103 

25.2 750 23.3·103 

23.9 800 22.5·103 

22.5 850 21.5·103 
21 900 20.5·103 

19.5 950 19.4·103 

17.8 1000 18.1-103 

ksi 
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Positive Material Identification (PMI) for Shop Fabrication 
Specification 24590-WTP-3PS-GO00-T0002, Rev. 9 was used to create the following exhibit. Specification change notices 
(SCNs) have been evaluated and there are no applicable SCNs. 

1 Scope This exhibit covers the minimum requirements for and the extent of application of Positive Material 
Identification (PMI) testing of shop fabricated pressure retaining equipment and piping. This 
exhibit aoolies to shop fabrication only. 

3 Technical 
Roouirements 
3.1 General The purpose of PMI is to provide evidence that the materials are correctly supplied as specified by 

project documents. PMI is required for shop-fabricated items fabricated from the alloys identified 
in Table I. 

When required by this exhibit, PMI testing will be done on each component of a pressure retaining 
assembly. This shall include each individual segment of pipe, each plate, and all other pieces of 
base materials ( e.g., forgings, :fittings, and tubing) and all required pressure retaining welds. 

For purposes of this exhibit, the following definitions are used: 

Alloy: Metallic materials (including welding filler materials) which contain alloying elements 
including but not limited to: Chromium (Cr), Nickel (Ni), Molybdenum (Mo), Copper (Cu) or 
Tungsten {W). 

300 Series Stainless: Austenitic Stainless Steels (304L, 3 l 6L, etc.) 

6 % Mo: AL6XN, 254 SMO, etc. 

Duplex Stainless Steel: CD4MCu, etc. 

Nickel Base: Alloy C-22, 625, 690, etc. 
3.2 Responsibility The Seller shall submit to the Buyer, for review and comment prior to fabrication, procedures 

covering how PMI will be conducted and documented. The Seller's procedures shall include the 
instrument manufacturer's procedures and requirements, operator qualification/re-qualification 
requirements, instrument calibration method(s), calibration frequency during testing, criteria for 
acceptance or reiection, material identification method, and record keeping. 

3.3 Verification 
Method 
3.3.1 Instruments used for PMI shall be of the type that will provide quantitative, recordable, elemental 

composition results for positive identification of the alloy elements present. 

a) PMI shall be done per the procedures outlined by the manufacturer of the PMI instrument 
being used. Modification of these procedures must be approved by the Buyer. 

b) Each PMI instrument shall be calibrated according to the manufacturer's requirements. 
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3.3.2 

3.3.3 

3.3.4 

3.4 Welding 
Consumable Control 

4 Extent of PMI 

4.1 Vessels, 
Exchangers, Tanks, 
Filters and other 
Manufactured 
Equipment 
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The methods/instruments listed below are acceptable. In application, they must not be used in a 
"go-no-go" mode. The only acceptable objective is the positive identification, listing, and 
quantification of the relevant elements listed in Section 7. 

a) Portable X-ray fluorescence analyzers. Use is limited to the following instruments or their 
equivalent unless prior approval is given by the Buyer: 

• TN Technologies Alloy Analyzer 9266, 9277 (The Metallurgist XR) or 9288 
• Outokumpu X-Met 840, or X-Met 880 
• Niton Alloy Analyzer (800 Series) 

• Thermo Scientific Niton XL3t Analyzer 

• Metorex X-Met 920, X-Met 3000TA or X-Met 3000TX Metal Analyzer 

• Innov-X Systems XT Series Analyzer 

• Innov-X Systems Alpha 6500 Series Analyzer 

• lnnov-X Systems Delta Model DP-2000, DS-2000, or DC-200 Analyzer 

b) Portable optical emission analyzers. Use is limited to the following instruments or their 
equivalent unless prior approval is given by the Buyer: 

• SpectroPort Model TP-07 or TFO-02 

• Outokumpu ARC-MET 900 or the New Spectrotest 

• SpectroLab, Spectrotest and Spectrotest Jr. 

Any other instrument will require Buyer's approval via the submittal process. 

Note: Arc strikes, if anv, need not be removed. 
In lieu of using portable instruments, chemical analysis can be performed on actual material 
samples. Care must be exercised while collecting samples, as contamination can be contributed by 
the removal tools. Sample extraction shall not weaken or reduce the functionality of the component. 
Laboratory analysis reports shall be traceable to the individual component from which the sample 
was taken (See Section 6, below). 
Parts that are too small to be tested using an alloy analyzer are exempt from PMI testing. If such 
exemption is claimed, the PMI procedure shall specify the minimum part size capable of being 
tested. 
In addition to PMI testing required by this exhibit, the Seller shall have in place, and implement, 
welding consumable material control systems that can be verified by auditing. PMI of completed 
pressure retaining welds is required as indicated in Table 1. Production "Run Ofl" weld test 
coupons mav be used for chemical analvsis checks. 
PMI shall be performed on completed equipment, or assembled parts of equipment, at such time as 
to ensure that only verified materials have been used in the fabrication and final assembly of 
components. If the assembled equipment configuration prevents PMI of any individual part, then 
that part shall be tested orior to assemblv and be noted as such on the PMI documentation. 
Vessels, exchangers, and other manufactured equipment shall have PMI testing performed at the 
Seller's facilities. This shall include piping and components supplied as part of an equipment 
"package" or skid. 
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4.2 Shop Fabricated 
Pioine: 
4.2.1 

4.2.2 
4.4 Valves and Pumps 

4.5 Bulle Materials 
(Straight Run Piping, 
Fittings, Stock Valves, 
Etc.) 
5 Identification 

5.1 General 

5.2 Marking 
Materials 

5.3 Equipment and 
Equipment 
Components 

5.4 Piping Materials 

5.5 Fasteners and 
Small Parts 
6 Records of PMI 

24590·BOF·3PS·MACS· T0001, Rev 2 
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PMI is required for all piping and piping components, circumferential pressure retaining welds, and 
non-autogenous longitudinal welds as indicated in Tables I and 2. Note that to the greatest extent 
possible (considering minimum size restraints of the PMI analyzer), the requirements for examining 
tubing are equivalent to that of piping. 
PMI is not required on autogenous welds, fi llet welds, or socket welds. 
PMI of valves and pumps is required for materials as indicated in Table 1 and piping fluid codes as 
indicated in Table 2. 
PMI is required as indicated in Table 1. Table 2 does not apply. 

All shop-fabricated items/pieces that have been successfully subjected to the required PMI shall be 
marked. The mark shall be durable and last through transportation and receiving inspection at the 
Buyer's facility. See Section 7 for items that do not pass PMI. 
Marking materials and adhesive tape selected shall not cause corrosion or other harmful effects. 
Requirements for marking materials: 

• The total chloride/flouride content shall not exceed 200 ppm . 

• The total sulfur content shall not exceed 400 ppm . 

• The total oflow melting point metals such as lead, zinc, copper, tin, antimony, and 
mercury shall not exceed I percent; of this, mercury shall not exceed 50 ppm. 

When it has been verified that the material has a composition consistent with the material specified, 
then it must be stamped with letters "PMIV". Use low stress stamps for identification. Items that 
cannot be stamped shall have an alternate system of marking. Heat exchanger tubing shall not be 
stamped. Any alternate system, and the items for which it will be used, must have Buyer approval. 
To the maximum extent possible, the stamping/marking shall be located for ease of future 
reference/verification. 
When it has been verified that the material has a composition consistent with the material specified, 
then a colored adhesive tape, or other approved marking method, shall be applied at one end to 
facilitate proper identification. 
Fasteners and small parts shall be marked in accordance with the Seller's procedure using a hard 
marking method, an indelible ink, or paint. 
Results shall be recorded on PMI report fonns, which shall indicate, as a minimum, the following 
for each examination: 

a) Name of inspector 
b) Date of testing 
c) Test method, including PMI instrument name and serial number 
d) Equipment tag number or pipe spool number (PO number for bulk items) for the specific 

piece tested 
e) Quantitative analysis results for relevant elements (see Section 7) 

A PMI map consisting of assembly and sub-assembly drawings shall be prepared for each piece of 
fabricated equipment or pipe spool. The map shall include components and welds and show the 
locations of PMI testing. 

An extended Shop Spool Sheet shall be provided for each individual spool number where PMI was 
done. 

In the case of bulk items, PMI results may be submitted in the form of a certificate verifying that 
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7 Acceptance, 
Rejection and 
Retesting 
Requirements 

7.1 

7.2 

7.3 
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parts were tested according to the requirements of this exhibit. Results shall be reported by heat/Jot 
and shall include the following: 

a) Name of inspector 
b) Date of testing 
c) Test method, including PMI instrument name and serial number 
d) Type and number of pieces tested 
e) Acceptable composition ranges for the relevant elements (see Section 7) 
f) Material identified 

PMI forms shall become a part of the permanent inspection records. Seller shall submit the 
completed forms as part of the Final Document Package when required by the Form G-321-V in the 
Purchase Order. 
All materials tested shall be identified by the PMI instrument as being consistent with the 
composition of the specified material. The results shall fall within the chemical composition 
requirements of the AS1M, A WS or other applicable material specification allowing for the 
accuracy of the instrument. Any questionable PMI result shall be re-analyzed by the same or 
another instrument, after verification of proper surface preparation. See Section 7.1, below, for 
materials and welds that fail to meet requirements on the second analysis. 

The following elements shall be identified and recorded, even if the instrument does provide 
immediate identification (e.g. display of"316", "6 Mo", etc.): 

Alloy Elements 
304, 304L Ni,Cr 
316,316L Ni, Cr,Mo 
347 Ni, Cr,Nb 
Duplex, 6% Mo, 254 SMO, AL6XN, etc. Ni, Cr, Mo, Cu 
Nickel base alloys, C-22, 625,690, etc. Ni,Cr, Mo, W 

Welds joining dissimilar base materials or having filler materials that do not match the base 
material composition may include an allowance for dilution. Acceptable composition ranges for 
commonly used combinations of base material and weld filler metals are included in Table 3. Other 
combinations, when required, shall be identified to the Buyer for approval. Please note that the only 
proper use of Table 3 is for assessing dissimilar welds. 
If any material, component, or weld of a type not requiring 100% testing is found to be 
unacceptable, all other materials, components, or welds (same heat, lot, etc.) represented by that 
failed item shall be considered suspect. The Buyer shall be notified immediately if a component is 
confirmed to have failed the PMI. The Seller will then have the following options, with Buyer 
concurrence: 

a) Scrapping/removing all materials, components, or welds represented by the test piece (all 
of that heat, lot, etc.) and replacing with new components or filler metals, or 

b) Performing 100 percent examination of the remainder of the represented materials, 
components, or welds, and replacing each item that fails the PMI check, or 

c) Verifving correct chemistrv bv laboratorv chemical analvsis. 
If questionable values obtained with portable analyzers are verified by laboratory analysis, the 
laboratory analysis data shall be used and recorded. 
Any item or component containing materials that have not passed the PMI shall be clearly marked 
as "DO NOT USE - PMI FAILED" and segregated from the remainder of the stock. 

24590-G04B-F00019 Rev 4 (2/12/2008} 
Exhibit 4, Page 4 

Ref: 24590-WTP-3DP-G04B-00049 



24590-BOF-3PS-MACS-T0001, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

Table 1 PMI Requirements for Shop Fabricated Items/Pieces 

ITEM - (NOTE 1) VERIFICATION REQUIRED 

Type 304 & 304L Stainless Steel Components No 
Type 316, 316L, & 347 Stainless Steel Components Yes-100% 
6% Mo Comoonents Yes - 100% 
Duplex Stainless Steel Components Yes - 100% 
Nickel Base Alloy Comoonents Yes - l00% 
Alloy Valves Yes - l00% Body and Bonnet Onlv 
AlloyPumos Yes - l00% Casing Only 
Alloy Piping - including non-autogenous longitudinal Yes - 100% for 6 % Mo alloys 
welds and Nickel base alloys 

(Spools, Fittings, Straight-Run Pipe, and Tubing) 
Yes - 100% for 316L, used in the 
fluid codes listed in Table 2 
Yes - 100% of completed welds 

Alloy Pressure Retaining Welds that join material required to have 
PMI testing 

Bolting - B8M used for Pressure Retaining Yes - 5 % of total bolts, minimum 
Connections one check per heat 

Alloy Heat Exchanger Tubing Yes - 5 % of total tubes, minimum 
one check per heat 

Venturis Yes - 100% pipes and welds 

Note: 
1. The following items are exempted unless specifically designated for PMI by the Purchase 

Order: 

a) All type 304L stainless steel components, piping, and welds 
b) Deleted 
c) Non pressure-retaining parts, such as baffles, trays, tray clips, supports, pall-rings, support 

rings, etc. 
d) Non pressure-retaining welds and sections of piping, such as drains, vents, overflows, etc. 
e) Gaskets 
t) Instrumentation ( except when the instrument is a shop fabricated piping component placed 

in-line of a piping system requiring PMI) 
g) Internal instruments parts (including pressure retaining parts) 
h) Instrument tubing less than 1/2 inch in diameter 
i) HV AC ducting 
j) Piping components located within piping systems for which PMI is NOT required. 
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Tablt2 Fluid Coda Requiring PMI Testing (Shop Fabricated Piping and Plpiq System 
Compoaean) 

' FhldC- . 
,. • I • I llaldCede ,·>. .. , . FladCede . .:,i.. 

DR Suspect GU Nitric Acid Fume GV Vessel Vent 
Radioactive Steam Radioactive 

HN Nitric Acid HR Rcco~ Nitric PA Radioactive 
Acid Aqueous 

PB LAW Feed PC HLW Fc,ed Sluny PE Entrained Soli~ 
Coocc:mrate 

PF C$/Tc Concentrate PH LAW Melter Fc,ed PJ HL W Melter Feed 

pp Ultrafilter PR Suspect PS Suspect Radioactive 
Pcnncatc Radioactive Liauid . Slwrv 

PU Suspccl PV Suontium PW Radioactive 
Radioactive Carbonate Gu/Vapor 
Gas/Va1>0r 

PX RadiOIICtiVC Slurry PZ Waste Fc,ed RK Sodium 
PttmlllH>anate 

ZE Plant Wash Fluid ZF Plant Washings ZH Acidic Effluent 

7J Alkaline Effluent ZL Spent IX Resin ZN Neutralized 
Effluent 

ZR Suspect ZS Process zx Special 
Radioactive Radioactive Dcoontaminant 
Condensate Condcnsale 

1X Scrubber Effluent 

Table3 Ba1e Material and Weld F'iller Metal Composition Reqlliremeats (Wt %) 

-- ·- Q' I'll 
304LBM 18.0 - 20.0 8.0 - 12.0 

308L WFM 19.5 - 22.0 9.0 - 11.0 

304L Welds 18.0 - 22.0 8.0 - 12.0 

304LBM 18.0 - 20.0 8.0 - 12.0 

316LBM 16.0 - 18.0 10.0-14.0 

316LWFM 17.0 - 20.0 11.0 - 14.0 

304U316L Welds 16.0 - 20.0 8.0 - 14.0 

304LBM 18.0 - 20.0 8.0 - 12.0 

316LBM 16.0 - 18.0 10.0 - 14.0 

308LWFM 19.S • 22.0 9.0 - 11 .0 

304U3l6L Welds 16.0-22.0 8.0 - 14.0 

304LBM 18.0 - 20.0 8.0 - 12.0 

308L WFM 19.5 - 22.0 9.0 - 11 .0 

CD4MCuBM 24.5 - 26.5 4.15 • 6.0 

304UCD4MCu 
18.0 - 26.S 4.7S - 12.0 Welds 

24590-G04B-F000l 9 Rev 4 (2/12/2008) 

--
0.75max 

0.75max 

-
2.0 - 3.0 

2.0 • 3.0 

3.0max 

-· 
2.0 - 3.0 

0.75mu 

3.0 DIIX 

-
0.75max 

1.1S - 2.25 

2.0m•x 

UI w ..... 
- -
- - EIER308L & LT 

- - Noce I 

- -
- -
- - E/ER316L & LT 

- - Note 1 

- -- -
- - E/ER308L & LT 

- - Note I 

- -- - E/ER308L& LT 

2.7S - 3.2S -
- Note I -

. 

Exhibit 4, Page 6 
Ref: 24590-WTP-3DP-G04B-00049 



24590-BOF-3PS-MACS-T0001, Rev 2 
DVP Vessel Vent Centrifugal Exhauster 

TableJ Base Material and Weld FiUer Metal Composition Reqairementl (Wt %) (conL) 

U' .. - UI 'W' .... 
316LBM 16.0 • 18.0 10.0 . 14.0 2.0-3.0 

316LWFM 17.0-20.0 11.0• 14.0 2.0 • 3.0 E/ER316L & LT 

316L Welds 16.0-20.0 10.0-14.0 2.0 • 3.0 Note I 

316LBM 16.0-18.0 10.0- 14.0 2.0-3.0 

316L WFM 17.0-20.0 11.0 • 14.0 2.0 • 3.0 FJER316L & LT 

CD4MCuBM 24.5 • 26.S 4.7S -6.0 l.7S •2.2S 2.75- 3.25 

316UCD4MCu 
16.0- 26.S 4.75-16.0 1.75 • 3.0 

Note 1 
Welds 

AL6XNBM 20.0-22.0 23.S -25.5 6.0-7.0 0.75max 

625WFM 20.0 • 23.0 58.0min 8.0-10.0 O.SOmax E/ERNiCrMo-3 

AL6XNWelds 20.0 • 23.0 25.S min 7.0-10.0 0.75max Note2 

C-22BM 20.0-22.S Remainder 12.S. 14.S 2.S-3.S 

CD4MCuBM 24.S. 26.S 4.75-6.0 1.75. 2.25 2.75-3.25 

C-22WFM 20.0- 22.S Remainder 12.S - 14.S O.Smax 2.S-3.S E/ERNiCrMo-10 

C-22/CD4MCu 
16.0-22.5 25.0min 10.5- 14.S 2.S-4.S 

Welds 

C-22BM 20.0 • 22.S Remainder 12.5 • 14.S 2.S • 3.S 

C-22WFM 20.0-22.5 Remainder 12.S • 14.S O.Smax 2.S • 3.S E/ERNiCrMo-10 

C-22 Welds 20.0 • 22.5 52.0 min 12.5-14.S 2.5 • 3.S Note I 

Alloy62SBM 20.0-23.0 58.0min 8.0-10.0 

to 304L 18.0-20.0 8.0- 12.0 

to 316L 16.0- 18.0 10.0-14.0 2.0-3.0 

62SWFM 20.0-23.0 55.0min 8.0-10.0 O.SOmax E/ERNiCrMo-3 

Alloy 625 to 19.0-23.0 50.0min 8.0min O.SOmax 
304U316L Welds 

AL6XN (N08367) 
20.0-22.0 23.S • 25.S 6.0-7.0 0.7Smax BM 

to 304L 18.0- 20.0 8.0 • 12.0 

to 316L 16.0-18.0 10.0-14.0 2.0- 3.0 

625WFM 20.0 - 23.0 ss.o min 8.0 • 10.0 o.somax E/ERNiCrMo-3 

N08367 to 19.0-23.0 25.0min 4.0-10.0 304U316L Welds 

BM e Base metal; WFM "" Weld filler metal 
Notes: 

1. Acceptaooc is based on the combined base metal and WFM spec rcquirc:mcnts. 
2. Accq,tanoe is based on WFM spec and the expected amount of dilution for molybdenum. 
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Instrumentation for Packaged Systems 

Deleted 
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Low Voltage Adjustable Speed Drives (Non-Safety) 

Deleted 
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• Concurrence Sheet 

Title 
STEP I: 
Originator 
Line Manager 
Correspondence Coordinator - Initial Review (complete letter 
package with concurrence sheet and attachments) 

Name 

D. C. Robertson 
R. J. Landon 

T.K. Reagan 

CCN: 308064 -----
Due Date: 7 / 11, 11$3 

Internal External 

Coaarre•ce 
Required Initials 

Page I of 1 

Date 

STEP 2: **Do not -;;-o~eed until Co,res ondeilce CoGrdinator lnithil review is com lcted.** 

Prime Contract Manager 

Project Director 
Manager of Engineering & Design Authority 
Manager of Procurement & Subcontracts 
Manager of Project Controls 
Manager of One System 
Manager of Quality 
Area Manager - DFLA W 
Area Manager - HL W, PT & Special Projects 
Area Manager - Nuclear Safety 

Manager of Nuclear Safety Engineering 
Contractor Assurance Systems & Environmental Manager 
Senior Legal Counsel 

Deputy Project Director 
Project Technical Rep - Construction 
Project Technical Rep - Startup & Conunissioning 
Project Technical Rep- Worker Safety & Health 

Business Services Manager 

Additlo.nal Reviewers 
1itle 

NIA ifNone 

STEP3: 

B. D. Ponte 

B. P. Reilly 
I. Milgate 
F.R.Salaman 
M. G. McCluskey 
S. A. Richey 
J. W. Tibble 
F. Presti 

S. K. Monson 
A. J. Dobson 
R. T. Brock 
L. L. Fritz 
J. H. Dunkirk 

K. D. Irwin 
S. A. Wright 
T. L. Hissong 
W. K. Lucken 

C. K. Binns 

Name 

Correspondence Coordinator - Final Review (prior to signature) T. K. Reagan 

§ 
• 
• 
• 
• s 
• 
• 
• 
~ 
181 

181 
• 
• 
• 

i2C,t./8 
Jvl'J~e 

·--§JJor &fo.11ct.6'C>• 1/h/,~-ru..-

Initials Date 

Written Response Required: D Yes ~ No PAIL Action: -~( '[;...,_.,,_O.......,k ... 8;._.~.,__ _____ _ 
PAIL Action: ti Yes ONo PAlLDueDate: JvL-j l'l)

1 
"2,oj$ 

ORP Actionee: t. W. f:V£.1::c..,~g WTP Responsible Manager: R. J. LA-tiPQN 
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Doody, Lauren 

From: 
Sent: 
To: 
Cc: 

Presti, Felice 
Thursday, July 12, 2018 10:35 AM 
Doody, Lauren 
Potts. Gayle 

Subject: Re: EXPEDITE! CCN 308064 (Supplemental Info for final Permit for the EMF Group II 
Equipment, BOF-010 Modification) - for Concurrence 

I approve 

Sent from my iPhone 

On Jul 12, 2018, at 8:05 AM, Doody, Lauren <ljdoody@Bechtel.com> wrote: 

Attached is External Correspondence CCN 308064, "Submittal of Supplemental Information for 
Incorporation into the Final Permit for the Effluent Management Facility Group Ill Equipment, BOF-010 
Modification." 

Please provide your concurrence and/or comments by responding to this email. 

Note: This contains dated Information and Is due to ORP by July 16; your prompt attention is 
appreciated. 

Contact Dan Robertson for further information related to this matter. 

Thank-you, 

Technical Document Specialist for 

Correspondence Coordinator 

Bechtel National, Inc. (WTP) 

Phone: (509) 371-2131 
e-mail: ljdoody@bechtel.com 

<308064 - Final for Concurrence.pdf> 

1 



Attachment 4 
18-ECD-0054 

(2 Pages Excluding Cover Sheet) 

U.S. Department of Energy, Office of River Protection and 
Bechtel National, Inc. Certification Statements 



U.S. Department of Energy, Office of River Protection 
Certification 

The following certification statement is provided for the submittal of the Supplemental Permit 
Information for the Effluent Management Facility Group III Equipment, BOF-010 Modification. 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

6/z /Z(JttB 
Date 



Bechtel National, Inc. Certification 

The following certification statement is provided consistent with Contract No. DE-AC27-
0 I RV 14136, Section H.26, Environmental Permits, paragraph (g) for the submittal of the 
Supplemental Permit Information for the Effiuent Management Facility Group III Equipment, 
BOF-010 Modification. 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

Brian P. Reilly 
Project Director 

al -JUL '?f?l e> 
Date 




