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Notice

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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General

Scope

This Specification provides performance requirements for the design of High Level Waste (HLW)
vitrification melters for the River Protection Project - Waste Treatment Plant (RPP-WTP) at the
Hanford, Washington Site of the Department of Energy (DOE). The performance requirements cover
all phases of melter life, including assembly, transport, startup, commissioning, operation and
maintenance, decommissioning, and disposal.

This Specification has been written for Contract No. 24590-101-TSA-W-000-0010 and is supported
by Ref 2.2D. Controls and instrumentation requirements for melter design have been incorporated
into Ref 2.2B.

The melters include, but are not limited to, the following major structures, systems, and components
(SSCs): glass containment, glass and glass discharge heating, refractory cooling, instrumentation,
offgas cooling and collection, waste and glass feed, glass frit addition for startup, glass discharge, and
seismic restraint.

The subcontractor shall base the design on the information provided in this Specification, the
referenced documents herein and the current contract documents.

See Ref 2.2D for melter design scope of work.

Additional research and technology testing by the subcontractor, to aid in the design, shall be in
accordance with the contract documents.

Definitions

Base - Structural platform that supports the melter during transport and operation. Base includes
structural steel and bracing, and cooling water panel structures. Base also includes plates that provide
a portion of the gas barrier. The base has elements that restrain the melter during operation.
Contractor - Bechtel National, Inc.

Design Life - The baseline time, based on calculation, analysis, experience or testing, over which the
SSC will safely maintain its original function.

Transportation System - Melter components that aid in the transport and positioning of the melter
during transportation, installation, operation, decommissioning and disposal.

Lid - Structural cover over the top of the melter plenum space that supports lid plenum refractory and
all components mounted through it. Lid also includes plates that provide a portion of the gas barrier.
Normal Operation - constitutes all regular and scheduled melter activities geared towards production
of glass product at or near design throughput, i.e., feeding, pouring, idling, and scheduled SSC
changeout.

Walls - Melter and discharge chamber exterior structural steel.

Overpack - Portable structural enclosure mounted on rail wheels that will be used for transporting
new melters and disposing of failed or spent melters. Overpack will provide restraint, containment,
contamination control, and radiation shielding during melter transport and disposal activities.
Subcontractor - Duratek, Inc.

Vendor - A manufacturer or supplier providing materials and/or services to the subcontractor.

Gas Barrier - Structural steel plate consisting of the walls and the internal surfaces of the lid and base.
The gas barrier serves to support the offgas-related function of the shell, while providing controlled
air in-leakage to the melter plenum.

Frit - Glass particulate of a size and geometry suitable for direct feed into the melter.

.
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M. Shell - Structural elements of the melter that ensure confinement of bulk molten glass, should it
migrate through the refractory. Also supports the offgas system by providing a confinement
boundary to direct offgas into the melter offgas system. The shell is comprised of the base, walls, and
lid.

1.3 Acronyms

Acronyms used in this Specification include:

CCTV Closed Circuit Television

DOE Department of Energy

ICD Interface Control Document

HLwW High Level Waste

RPP-WTP River Protection Project-Waste Treatment Plant
SC Seismic Category

SSC Systems, Structures, and Components

wg Water Gage (pressure measurement)

2 Applicable Documents

21 Referenced Codes and Industry Standards

Unless otherwise noted, all codes and standards referenced herein, and in the documents referenced in
Section 2.2, shall be to the latest editions, addenda, and supplements at the time of award.

A. Deleted
B. Deleted
C. American National Standards Institute/Institute of Electrical and Electronics Engineers (ANSIIEEE)
1. IEEE Std 141, Recommended Practice for Electric Power Distribution for Industrial
Plants (1986)
2. IEEE Std 260.1, American National Standard Letter Symbols for Units of Measurement (1993)
3. IEEE Std 315, Graphic Symbols for Electrical and Electronics Diagrams (reaffirmed 1993)
4. IEEE Std 399, Recommended Practice for Industrial and Commercial Power Systems
Analysis (1997)
5. IEEE Std 1202, Standard for Flame Testing of Cables for Use in Cable Tray in Industrial and
Commercial Occupancies (1991)
D. American National Standards Institute/ American Society of Mechanical Engineers (ANSI/ASME)
1. ASME B31.3, Process Piping (1996)
2. ASME Section III, Division I, Subsection NC, Rules for Construction of Nuclear Facility
Components (2001)
3. ASME Section VIII, Division I, Rules for Construction of Pressure Vessels (2001)
4. ASME NQA-1, Quality Assurance Program Requirements for Nuclear Facilities(1989)
5. ASME NQA-2a, Part 2.7, Quality Assurance Requirements of Computer Software for Nuclear
Facility Applications (1990)
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6. ASME Section II, Material Specifications (2001)

Code of Federal Regulations (CFR) - 29 CFR 1910, Subpart S, Occupational Safety and Health

Administration, Electrical (most current revision)

National Electrical Manufacturers Association (NEMA):

1. NEMA WC, Wire and Cable Standards (1999)

2. NEMAVJICEA (Insulated Cable Engineers Association), Power Cable Ampacities (1999)

National Fire Protection Association (NFPA)

1. NFPA 70, National Electrical Code (1999)

2. NFPA 497, Recommended Practice for Classification of Hazardous Locations for Electrical
Installations in Chemical Process Areas (1997)

Underwriters Laboratories Inc (UL) - UL 508, Standard for Safety Electric Industrial Control

Equipment (1999)

American Welding Society (AWS)

1. AWS D1.1, Structural Welding Code; Steel

2. AWS D1.6, Structural Welding Code; Stainless Steel

American National Standards Institute/American Institute of Steel Construction (ANSIVAISC)

1. AISC N690, Specification for the Design, Fabrication, and Erection of Steel Safety-Related
Structures for Nuclear Facilities (1994)

American Institute of Steel Construction (AISC) -AISC M016-89, Manual of Steel Construction -

Allowable Stress Design, Ninth Edition (as tailored in Appendix C of Ref. N)

Other Reference Documents/Drawings

Deleted

Document No. 24590-WTP-3PS-J000-T0001, Rev 1, Engineering Specification for Melter Systems
C&lI Work Specification

Deleted

Statement of Work for Subcontract No. 24590-CM-SRA-HM00-00001, Modeling and Design of
Melters

Deleted

Deleted

Contractor Correspondence No. 025802, Contract No. DE-AC27-01RV14136 - Letter Subcontract
Number 24590-101-TSA-W000-0010, Comments to Duratek’s 30 % Design Package Submittal
Document No. 24590-HLW-S0C-S15T-00009, Rev 0C, HLW Vitrification Building Seismic
Analysis-In-Structure Response Spectra (ISRS)

Document No. 24590-WTP-3PS-SS90-T0001, Rev. 1, Engineering Specification for Seismic
Qualification of Seismic Category I/Il Equipment and Tanks

Document No. 24590-WTP-DC-ST-04-001, Rev. 1, Seismic Analysis and Design Criteria
Drawing No. 24590-HLW-DD-S13T-00071, Rev. 2, HLW Vitrification Building Structural Melter
Seismic Restraint Embed Sections and Details

Calculations No. 24590-HLW-DDC-S13T-00034, Rev. A, Melter Seismic Restraint Embeds

. Document No. 24590-WTP-3PS-FB01-T0001, Rev. 1, Engineering Specification for Structural

Design Loads for Seismic Category III & IV Equipment and Tanks
Document No. 24590-WTP-SRD-ESH-01-001-02, Rev 1, Safety Requirements Document, Volume II

S

Design Requirements

The body of this specification identifies the functional design requirements for melter design.
Appendices A and B, “Melter Services and Connections Interface Details” and “Melter Design Interface
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Details” respectively, identify detailed design requirements and interfaces that have evolved from the
functional design requirements for achieving the specified melter operating life and availability. The
detailed design requirements and interfaces also provide a basis for designing the services and facilities
that will support melter handling and operations.

31 General Functional Requirements

A. Other Functional Requirements - Other design requirements are defined in the melter design work
performed in accordance with Contract No. 24590-101-TSA-W-000-0010 and submitted as the
30 percent design package, and contractor comments to the 30 percent design package (Ref. 2.2G).
The package is referred to as the baseline design in this Specification. See also Ref 2.2D.

B. Containment System: The containment system will serve to support the credited safety functions of
the melter shell, which are to ensure bulk confinement of radioactive materials during normal,
abnormal and accident conditions, and to prevent exposures that may result in consequences to the
co-located worker and facility worker above radiation exposure standards in the SRD. The
containment system includes the melter shell and other elements: the refractory (and refractory
thermocouples), cooling panels, jack bolts, and offgas ventilation.

1. Coordinate with contractor to include design features for simplifying remote disassembly of a
failed melter.

2. The melter shell shall provide bulk confinement of glass in the event of refractory failure. The
melter is not required to operate after a seismic event exceeding certain lateral acceleration limits,
as defined in section 3.5; however, the shell shall maintain structural integrity and remain in place
in accordance with the structural requirements outlined herein.

3. Jack bolts: Design jack bolt system to prevent formation of significant gaps between refractory
bricks. Bolt adjustment shall allow for:

a. Remote operation in the melter cave.
b. Support and adjustment of cooling panels and refractory during assembly, installation,
startup, and operation.

4. Melter Lid: Design shall include, but not be limited to, the following functions:

a. Support all melter components mounted on and through it.

b. Support refractory overhanging melter plenum, and thermal expansion of refractory during
operation.

¢. Provide a continuous gas barrier in conjunction with wall and base gas barrier plates.

d. Provide refractory cooling.

5. Deleted.

6. Melter Base: Base will perform the following functions:

a. Support melter during transport, operation and maintenance, decommissioning, and disposal
phases.

Accommodate integrated transportation system.

Provide contractor-coordinated interfaces with overpack and facility restraints.

Provide flatness tolerances for refractory installation.

Provide refractory cooling.

Provide support for refractory during melter assembly, transport, installation, and operation.

g. House melter services including drains and refractory water-cooling panels.

7. Confinement of offgas is provided by the gas barrier portions of the shell, with engineered
inbleeds. Inbleed openings shall be limited so that bulk flow of glass will be controlled should it
leak from the refractory.

C. Heating System
1. Heating system includes the electrodes (including extensions), startup heaters, discharge chamber

heaters, and thermocouples.

;o o o
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2. After melter startup, glass shall be direct joule-heated.

3. Thermocouples shall provide continuous temperature monitoring while the melter is in service.

D. Feed System
1. Feed system includes temporary configuration for frit addition at startup, feed nozzles, associated

feed lines (internal to melter only) for operation, and plenum thermocouples.

2. Subcontractor shall use best available information for locating feed nozzles over the glass pool to
optimize processing rates.

E. Glass Pour System
1. Glass pour system includes glass pool level detectors, risers and airlift lances, troughs, dams, and

discharge chamber structures.

2. Metallic Membrane (dam): Dam between the glass pool and discharge chamber shall prevent
leakage of glass from the melt pool to the discharge chamber. Dam shall also limit leakage of air
directly into the melter plenum through refractory seams over the melter lifetime.

3. Discharge Trough: Design trough to aid in maintaining glass temperature during pouring.
Optimize trough slope and cross section for pouring and reduction of glass fiber formation.

F. Melter Disposal and Decommissioning: Coordinate with contractor to define general design
requirements for melter disposal and decommissioning. Contractor will define specific disposal and
decommissioning criteria after design is complete.

G. Melter Controls and Instrumentation: See Ref 2.2B for specific melter-related functional requirements
for controls and instrumentation.

H. Transportation System: System will perform the following functions:

1. Support roller/wheel assemblies for melter transport on facility and overpack rails.

2. Guide and position melter on facility and overpack rails.

3. Interface with contractor-supplied drive systems that conform to subcontractor-defined melter
movement criteria (see Appendix B).

4. Remain functional after an operational earthquake event as defined in Section 3.5AS5: roller/wheel
bearings shall remain functional and the rollers/wheels shall remain on the rails.

5. Allow for replacement by an identical melter after end-of-life or failure.

I. General Melter Component Design
1. Components requiring replacement during the design life of the melter shall be designed for ease

of remote replacement and disposal. Where required, provide installed spare capacity.

2. Use of commercially available components and equipment without modifications will be
optimized to the extent practical, except for components requiring optimization/value engineering
studies per Ref 2.2D.

3. Subcontractor shall coordinate with contractor to determine applicability of modular design to
minimize assembly and replacement times.

4. A power manipulator and an overhead maintenance crane will accommodate remote
removal/replacement of modular components and equipment during startup and operation.
Subcontractor shall coordinate with contractor to determine individual handling, routing, and
access requirements so as not to exceed the operating parameters of the handling equipment.

5. Conductive individual components and equipment in contact with the molten glass shall be
electrically isolated from the melter structure, base and lid, and from SSCs physically connecting
the melter to the rest of the facility.

6. All components shall be designed to withstand thermal expansion during normal operations and
function within established design parameters (e.g., interface locations and positioning features).

7. Deleted.

J. Agitation System
1. Agitation system includes bubblers and glass pool viewing system.

2. Arrangement and configuration of bubblers shall aid in optimizing melter throughput.
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Each bubbler assembly, in coordination with the contractor, shall be designed for individual
removal and replacement.

K. Restraint System

1.

3.2

Subcontractor shall design an anchor system, per the structural requirements below, to lock
melter in place during operation, including pin, restraint, and interface to building embedments as
shown in Ref. 2.2 K.

In order to fully account for construction tolerances, interfacing dimensions shall be placed on
hold for fabrication until after placement of the embedments in the field. As-built dimension will
be provided by the project when available.

Performance Requirements

A. Design Life

1.
2.

3.

4.
5

The facility is expected to operate for approximately 40 years.

The melter, excluding consumable SSCs specified by the subcontractor, shall have a minimum
5-year design life.

Refer to Appendix B for predicted subcontractor-defined design lives of selected SSCs to support
target availability.

Deleted.

Subcontractor shall document bases for declaring the design lives of the melter and all associated
SSCs.

B. Melter Throughput and Availability

1.

33

Baseline throughput shall be one and one half (1.5) metric tons of glass/day, per melter. The
melter shall be designed to allow production rates of three (3.0) metric tons of glass/day with an
increase in agitation/bubbling rate.

Melter shall transform a slurry mixture of pretreated high level waste (HLW) and blended glass
formers into a homogeneous glass melt. See Appendix B for waste and test feeds and glass
composition data. Contractor will be responsible for controlling the feed chemistry composition
within referenced boundary limits.

Target baseline availability for the melter is 83%. Subcontractor shall interface with contractor to
ensure that melter design supports goal.

Design Conditions

A. Site Data (Applicable to Melter Transport in Overpack)

1.
2.

Elevation: 662 to 684 feet above mean sea level.

Site Climatological Data:
Ambient Air Temperature Minimum:; - 23 °F, Maximum: 113 °F
Rate of Increase Maximum: 26 °F per 20 min
Rate of Decrease Maximum: 24 °F per hour
Relative Humidity Maximum: 100 %, Minimum 5 %

B. Facility Data
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Building layouts and equipment general arrangements are predicated on the melter and melter
component dimensions shown in Appendix B. Subcontractor shall notify contractor of any
changes to dimensions and/or equipment maintenance envelope requirements.

Melter Ventilation:

a. Melter will be operated as part of a cascaded ventilation system.

b. Melter cave will be a primary confinement zone, held at a nominal 1 to 1.4-in. wg negative
pressure with respect to surrounding secondary confinement zones.

c. Melter plenum pressure will be maintained at a nominal 5-in wg negative pressure with
respect to the cave.

Indoor Temperatures: See Appendix B for melter cave temperature range.

Radiation Dosages: See Appendix B for radiation design interface requirements impacting melter

design.

Melter Utility Services:

a. Contractor is currently providing the following services to the melters: electrical power,
cooling water, process water, demineralized water, purge air, instrument air, and argon.

b. Pressure, flow, conditioning, and other control requirements will be adjusted by contractor to
suit application at the delivery point.

c. Subcontractor shall identify any other liquids or gases required over the melter lifetime.

d. Subcontractor shall coordinate with contractor to define utilities that require normal service
or backup services.

e. Subcontractor shall identify critical melter services where stoppage would result in rapid
failure of associated component or melter system (see Appendix B). Include estimates of
time to failure,

f. Subcontractor shall specify required service operating parameters at contract boundary, with
contractor input on selected design operating criteria.

Deleted

Mechanical Requirements

See Appendix A for melter service and connection interface details and Appendix B for the balance of
melter design interface details.

A. Discharge Chamber

1.

For baseline discharge chamber operation, glass discharge will alternate between the two
chambers for every other canister. The switch between chambers will not occur until a canister
has been filled.

2. Each discharge chamber shall be designed for a throughput of three (3) metric tons per day.
B. Feed Nozzles

1.

2.

Feed nozzies shall be designed for a throughput of three (3) metric tons per day, with all nozzles
operating.

Contractor will provide the following to each feed nozzle:

a. A dedicated feed line and pump.

b. Cooling water.

c. Air and water purge.

Subcontractor shall coordinate with contractor to design glass frit addition system, for use during
melter startup. Subcontractor shall be responsible for design of frit discharge “nozzle” that will
penetrate the melter lid.

C. Viewing Systems

1.

Design one (1) closed circuit television (CCTV) and associated system for viewing plenum area
and cold cap.
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CCTV will be used on an intermittent basis, as operation and maintenance requirements dictate.
It will be removed from the melter when not in use. Design CCTV to be removable and
replaceable with remote handling equipment.

Coordinate with contractor for design and incorporation of glass discharge viewing equipment, to
be supplied by contractor.

Viewing ports shall be purged to prevent buildup of solids and other contaminants.

Cool CCTYV ports as required.

D. Refractory Expansion Control System

1.

2.

Design jack bolts to actively control refractory expansion without operator intervention. Remote
operation of, and access to, the bolts shall be maintained.

Coordinate with Contractor to provide a means of locally monitoring cooling panel and refractory
movement with visual indicators.

E. Melter Cooling Water System

L.
2.
3

4.
5.

Provide water cooling using panels around the glass pool, plenum, and discharge chambers as
required. Contractor will be responsible for water supply to the panels.

Cooling panels shall be designed in accordance with Ref 2.1D3.

Cooling panel design shall be such that internal pressure and/or temperature induced distortions
will not place undue stress against the melter refractory.

Design cooling panels to be emptied at melter changeout or decommissioning.

Coordinate with contractor for overall cooling water system design, including instrumentation
and controls, external to the melter.

F. Melter Offgas System

1. See Appendix A for sizes of primary and standby offgas pipes.

2. Each pipe shall accommodate anticipated melter in-leakage and purge streams. In-leakage
streams include, but are not limited to, room air inflow from lid-mounted component
removal/replacement operations, and inflow from the discharge chambers. Purges include gas
inflows from the film coolers, feed nozzles, bubblers, and airlift lance.

3. Offgas pipe routing from the melter to the submerged bed scrubbers will be defined by the
contractor.

4. Design and configuration of the primary offgas film cooler will reduce the offgas temperature and
minimize solids deposition during the various modes of operation to support downstream offgas
system operation. See Appendix B for additional requirements affecting film cooler design.

5. Film cooler design shall incorporate a means for internal cleaning. This operation may be
assisted with remote handling equipment in the melter cave.

6. Provide redundant pressure measurement for the melter plenum.

G. Piping

1. All cooling water piping, feed piping and pour flanges shall be per Ref 2.1D1. Piping seismic
design shall be in accordance with Ref 2.1D2, Appendices N and F. See Appendix A for piping
fluid service categories. Subcontractor shall provide documentation for justification of service
class selected where different than what is shown.

2. Joints: Use of all joints other than butt-welded shall be submitted for contractor review and
approval.

3. Piping Nozzle Slopes: See Appendix B for slopes of selected utility and service lines.

4. Disconnects: Coordinate with contractor to define remote disconnect requirements at the
melter-facility boundaries.

5. Drains: Provide low-point “floor” drains between the gas barrier and the refractory for the

maximum credible leak from a complete break of one cooling water panel pipe. Coordinate with
contractor to provide leak detection equipment at the drains. Design drains to prevent clogging
from particle waste and to minimize inflow of air due to the melter operating at a vacuum.

H. Material Requirements
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Subcontractor shall define all melter SSC material requirements in accordance with this
Specification and applicable codes and standards. Where deviations are required, subcontractor
shall notify contractor before proceeding with design.

Materials selected shall be able to withstand the corrosive environment caused by the melter feed,
glass, and offgases for SSC lifetimes given in Section 3.2A2 and Appendix B. Combustible
materials shall not be used without prior approval from contractor.

Subcontractor shall consider environmental, durability, corrosion and erosion factors during
material selection. At a minimum, subcontractor shall evaluate the following characteristics:

a. Surface finish

b. Chemical resistance

c. Radiation resistance

d. Pressure effects (cyclical)

e. Temperature effects

f. Hardness (possibility of galling and fretting)

g. Fatigue (cyclic stresses both with and without the presence of aggressive chemicals).

4. Corrosion monitoring capability during operations is not required.
I. Bubblers

1.

Bubbler assemblies shall be isolated from the melter 1id and lid jumpers to prevent electrical
short-circuiting.

2. Coordinate with contractor to define air/gas supply requirements.

35

Structural Requirements

See Appendix A for melter service and connection details and Appendix B for the balance of melter
design interface details.

A. General

1.

In order to perform its credited safety function, the melter shell must maintain structural integrity
and remain in place to preclude potential impacts to SC-I items during and after a seismic event.
Thus the melter shell and restraints are SC-II, and shall be seismically qualified in accordance
with Ref. 2.2.1.

a. The “appropriate in-structure response spectra” cited by Ref. 2.2.1 for dynamic analysis shall
envelope the 3 % damped ISRS at building lines 10 & C and 11 & M from reference 2.2.H.

b. Subcontractor shall submit a Seismic Qualification Report consistent with the requirements of
Ref. 2.2.1.

Maintaining structural integrity as required above does not preclude limited yielding of the gas

barrier portion of the melter shell during a seismic event, providing the following general and

safety requirements are met:

a. Permanent effects resulting from SC-II loading shall not prevent the melter from being
removed from the facility and placed in its overpack.

b. Permanent effects resulting from SC-II loading shall not allow for the bulk flow of molten
glass.

c. In order to maintain the integrity of the offgas system, which is an SC-III system, the shell
shall maintain an appropriate factor of safety against yield when subjected to appropriately
combined SC-III loadings.

During transport and normal operating conditions, the deflection under load shall be limited to

allow for proper refractory performance.

Subcontractor shall design an anchor system, per SC-II, to lock melter in place, including pin,

restraint, and interface to building embeds.
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Subcontractor shall verify through analysis that the melter will remain capable of normal
operation after a lateral seismic acceleration at the base of the melter of 0.061g in any horizontal
direction.

For melter transport into the facility, subcontractor shall conduct analyses and provide
documentation to ensure that refractory arrangement and integrity is maintained. Notify
contractor if additional or temporary means of refractory restraint are advantageous.

The design of the electrodes and the melter dam shall address creep over the life of the
component.

B. Melter Base

L.

See Appendix B for additional structural related interface details.

C. Transportation System

1. Rollers/Wheels:
a. Subcontractor shall consider worst potential load type combination in determining
roller/wheel load capacity.
b. Provide vertical adjustment capability (passive and/or active) to accommodate slight
differences in transport rail elevation.
2. Fasteners, Anchors, and Positioning Devices: Coordinate with contractor to establish design and
interface requirements for all phases of melter life.
3. See Appendix B for transportation system interface details.
D. Loadings
1. Dead Loads: Design shall consider the combined weight of all melter SSCs. Other static loads to
be considered include:
a. Temporary rigging equipment during transport.
b. Weight corresponding to maximum glass volume during operations.
c. Circulated cooling fluids during operations.
d. Encasement of all voids with grout during decommissioning.
2. Live Loads: Subcontractor shall coordinate with contractor to develop loading requirements and
limits related to transport, maintenance, decommissioning, and jumper attachment.
3. Seismic loads:
a. For SC-II systems and components, seismic loads shall be determined in accordance with
Ref2.2.1.
b. For SC-III systems and components, the seismic loading shall be determined in accordance
with the Ref 2.2.M using the following parameters:
i Rp=3.0
il. hx=3.0
iii. hr=68
c. Alternately, SC-II seismic response may be determined by means of scaling the response
from the SC-II analysis
i. The scale factor shall be the ratio of the static base shear of the melter as determined
by ref 2.2.M to the largest base shear value determined in the SC-II analysis
4. Pressure Gradients: The gas barrier walls shall be evaluated to withstand the operating pressure
range of the offgas lines identified in Appendix A.
5. Other Loads:
a. Thermal induced loads to be experienced during startup, normal operations, and idling.
b. Piping reaction loads during normal operation.
¢. Impact wrench load. Maximum design load is 450 fi-1bs.
6. See Appendix B for melter static and live load detail requirements.
7. Load Combinations: .

a. The melter is to be analyzed for the loads and combined loads appropriate to the seismic
category (SC) of the component being considered as listed below.
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1. SC-II elements: load combinations are based on the Structural Analysis and Design
Criteria (Ref. 2.2.J) and ANSI/AISC N690 (Ref. 2.1.J.1)
il SC-III elements: load combinations are based on the Engineering Specification for
Structural Design Loads for Seismic Category III & IV Equipment and Tanks
(Ref. 2.2.M)
b. Notations
1. D =Dead Load

ii. L =Live Load
iii. E = Earthquake
1v. Fu = Inelastic Energy Absorption Factor
\'A To = Thermal Loads during Operating Conditions
Vi, Ro = Operating Pipe Reaction Load
vii. S = Allowable Stress per Allowable Stress Design Method
¢. SC-II load combinations
1. Non-earthquake load combinations, all elements
(a) S=D+L
(b) S=D+L+Ro+To
(c) For primary plus secondary stresses, the allowable limits above are increased by a
factor of 1.5

ii. All elements except those in compression and shear, or for bolted connections
(a) 1.6S=D+L+Ro+To+E/Fp
iii. For elements in compression and shear, and for bolted connections

(b) 14S=D+L+Ro+To+E/Fp
d. SC-III load combinations

i S=D+L
i, S=D+L+Ro+To
ii. For primary plus secondary stresses, the allowable limits above are increased by a

factor of 1.5
iv. $=075(D+L+Ro+To+E/14)
8. Allowable Stresses
a. Allowable stresses for plate and prismatic elements shall be determined using methods
consistent with good structural engineering practice and the applicable Code, regardless of

the method of analysis.
i SC-II allowable stresses are per Ref. 2.1.J.1
it SC-III allowable stresses are per Ref. 2.1.K

9. Analysis: For 3D finite element analyses (FEA), in absence of code language governing
allowable stresses, the following analysis approach shall be utilized:
a. Criteria for stresses in SC-II elements

1. Stress in elements loaded in tension, compression or bending shall be maximum
principal stress criteria
il Stress in elements loaded in shear shall be Tresca stress (maximum shear stress)
b. Criteria for stresses in SC-III elements
i Stress in all elements, regardless of loading, may be Von Mises (maximum distortion

energy) criteria
¢. Combined responses may be determined by superposition of responses from individual finite
element models, provided appropriate explanation and justification is given.
10. Support Reactions
a. Support reactions for all SC-II load cases and combinations shall be submitted in accordance
with section 7.2 of reference 2.2 1.
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b. SC-II seismic reactions at the interface of the melter base seismic pin and lug shall not exceed
the following limits, per Ref. 2.2.L. Loads may act in all directions concurrently.
i 250 kip east-west
ii. 250 kip north-south
iii. 100 kip vertical

¢. SC-II seismic reactions at each “tailhook” bracket shall not exceed 90 kips vertically, per Ref.
2.2.L. No other loads are permitted on the tailhooks.

E. Other

I.

Buckling

a. To ensure that elements in the load path maintain their structural integrity, appropriate
methods of analysis shall be employed to analyze elements subject to buckling and other
failure modes that are not predictable by FEA

i. To preclude buckling due to shear loads, plate elements shall be stiffened as required
in the Code
il The allowable stress of elements subject to buckling due to compressive loads shall

be reduced appropriately as required by the Code.
b. Highly localized areas of stress determined by FEA to be above the allowable stress, are to be
considered according to the Code commentary (Reference 2.1.J.1, section CQ1.5), providing
that engineering judgments are documented and justified where used.

2. Structural welding shall be per Refs. 2.1.1.1 and 2.1.1.2
3. Material properties for structural analysis shall be per Ref. 2.1.D.6
3.6 Electrical Requirements
See Appendix A for melter service and connection details and Appendix B for the balance of melter
design interface details.
A. General
1. The following code references apply to this section: Refs 2.1C1 through 2.1C5, 2.1E, 2.1F1,

2.

2.1F2,2.1G1, 2.1G2, and 2.1H.

Subcontractor shall specify the following:

a. Minimum and maximum values of the following electrical parameters associated with the
Joule heating process for HLW glass envelopes: AC/DC power, voltage, current, waveform,
and frequency.

b. Melter protective interlocks required on the power source to the melter electrodes.

¢. Electrode firing configuration.

d. Instrumentation and control requirements for the power source to the electrodes, discharge
heaters, and startup heaters.

B. Electrode Power

1.

2.
3.

4.

5.

Electrodes and extension buses shall be capable of carrying the current at the voltage required for
all modes of melter operation.

Minimize connection resistance if the extension bus and electrode are two separate components.
Connector for making external connections to the extension buses shall allow for expansion and
contraction of the extension bus.

Magnetic Coupling: Extension buses shall not cause magnetic coupling with the materials
through which they pass.

Electromagnetic Interference: To the extent practical, the configuration of the extension buses
shall maximize magnetic field cancellation.

C. Discharge Heater Power
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Discharge heaters shall be matched to the extent practical with respect to resistance, operating
current, and voltage.

Each discharge heater assembly shall be designed with a plug-type connector integral to the
heater assembly.

The discharge heaters shall be electrically isolated from each other and from the melter structure.

D. Startup Heater Power

1. Startup heaters shall be matched to the extent practical with respect to resistance, operating
current, and voltage.

2. Design power connectors to each heater assembly, with coordination from Contractor.

3. The startup heaters shall be electrically isolated from each other and from the melter structure.

E. Cable

1. Refer to Ref 2.1F1 for general cable design standards.

2. Cables routed within the melter envelope shall be rated for the maximum ambient temperature
encountered.

3. Cable insulation and jacket material shall be of the low flammability type, per Ref 2.1CS5.

4. Cable insulation and jacket material shall be resistant to heat, moisture, impact, radiation, and
ozone as required for the expected operating environment.

5. Cables shall be supported or routed in raceway within the melter structure.

6. Power cables of size # 2/0 and larger will be single conductor or triplexed.

7. Instrument cables shall be single-pair, triad-twisted and shielded, or multi-pair with shielded pair
and overall shield and drain wire.

8. Control cables shall be multi-conductor and color coded in accordance with Ref 2.1F1, Standard
Method. Coordinate with contractor to determine requirements for spare conductors that shall be
included in multi-conductor control and instrumentation cables.

9. Instrument and thermocouple cables will be single pair twisted and shielded, or multi-pair cable
with individual pair shielded and overall shield.

10. Minimum Conductor Sizes:

a. #12 AWG for power circuits.

b. #14 AWG for control circuits (120 VAC, 125 VDC) and instrument power circuits.

c. #18 AWG for instrumentation - single pair cable.

d. #20 AWG for instrumentation - multi pair cable.

Note: Instrumentation conductors include low-level voltage, current, or digital electrical signal
connections to sensing and actuating devices.

11. See Appendix A on conductors for normal and instrument power circuits, control circuits, and
instrumentation (both single pair cable and multi pair cable). Instrumentation conductors include
low level voltage, current, or digital electrical signal connections to sensing and actuating
devices.

12. Cables shall be physically separated in accordance with the function and voltage class as follows:
a. Low-voltage power AC and DC cables.

b. High-level signal and control or discrete on/off control cables (120 VAC, 125 VDC).
c. Controls with critical safety requirements as determined by contractor.
d. Cables for general instrumentation (i.e., low-level analog and digital signals and data
communication).
F. Deleted
G. Grounding

1. Metal sections of melter lid, base, structure, and containment system shall be electrically
interconnected.

2. The HLW melters are grounded via contact between the facility rails and the wheels of the melter
base.

3. Deleted
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Deleted.

Controls and Instrumentation Requirements

A. Controls Requirements: For melter design requirements, related to control logic, sequence of
operations, and control software and hardware, see Ref 2.2B. Controls system design is in
contractor’s scope of work unless stated otherwise in Ref 2.2B.

B. Instrumentation Requirements

1.
2.

3.8

For melter design requirements related to instrumentation see Ref 2.2B.
Appendix A contains instrumentation connection interface details related to specific melter SSCs.

Maintenance Requirements

A. General

1.

bl

Design of all nonstructural SSCs shall be optimized for safe and effective remote maintenance.

To the extent practical, the design will:

a. Minimize downtime, and impacts to overall operation of the facility.

b. Keep maintenance activities simple and straightforward, suitable for a power manipulator and
an overhead maintenance crane.

c. Minimize requirement for special tools and equipment for maintenance.

d. Modularize SSCs for remote maintenance, access, and replacement.

e. Demonstrate best possible access to controls, protective interlocks, and SSCs for
maintenance.

f. Minimize impact on interfacing SSCs while performing maintenance on targeted SSCs.

g. Allow for the gathering of diagnostic information where possible to determine melter life.

h. Incorporate features to aid in replacement of SSCs that do not meet the melter design life
requirement of five years.

Subcontractor shall perform failure modes and effects analyses on the critical SSCs identified in

Ref 2.2D:

a. Specify what critical SSCs need to be maintained and inspected, specify maintenance and
inspection requirements, and provide data on predicted availability.

b. Identify potential failures for critical SSCs, and recovery sequences.

c. Identify and implement sufficient redundancy requirements to minimize impact on glass
production.

Subcontractor shall interface with contractor to ensure that access around melters is sufficient for

inspection of all external melter surfaces, per Appendix B.

Subcontractor shall identify all special tools and equipment for maintenance.

All removable or replaceable components and equipment shall have lifting bails designed to

interface with the overhead maintenance crane or power manipulator. See Appendix B for

maintenance handling criteria.

Subcontractor shall coordinate with contractor to optimize melter maintenance access, taking into

account facility layout and maintenance support equipment and services outside of the

subcontractor’s scope of work.

B. Baseline Component Design Lives: See Appendix B for melter component design lives.
Subcontractor shall advise contractor of changes, including component additions and deletions as well
as improvements in baseline lifetimes.
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Quality Assurance Requirements

General

Subcontractor and sub-tier vendors shall perform all design work in accordance with a
contractor-approved quality assurance plan which meets the applicable requirements of Ref 2.1D4,
and in accordance with Ref. 2.1D5.

Subcontractor shall be responsible for all sub-tier vendor quality assurance requirements during
design.

See Ref 2.2D for quality assurance requirements pertaining to specific melter SSCs.

The contractor reserves the right to review design work in progress to assess the effectiveness of the
subcontractor’s quality system at any time during the design process. Assessments performed by the
contractor shall in no way relieve the subcontractor of any contractual responsibilities.

Documentation and Submittals

General

See Ref 2.2D for submittal format, transmission, and review requirements.

Submittals

See Ref 2.2D for specific melter system submittal requirements not specified herein.
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Appendix A

Melter Services and Connections Interface Details
(4 pages total)
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