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EXECUTIVE SUMMARY

This document provides design information for the Demonstration Bulk Vitrification System
Dried Waste Handling System as well as an overview of the system. This information is
provided in accordance with the requirements of Permit No. WA 7890008967, “PERMIT FOR
DANGEROUS AND OR MIXED WASTE RESEARCH, DEVELOPMENT, AND
DEMONSTRATION.”

Spectfic design information is provided in this report for Dried Waste Handling System, with
details for installation and the Demonstration Bulk Vitrification System site to follow in a
separate installation package. Specific design information discussed in the report is presented in
the following areas:

. System description,

. System location,

. Calculations,

. System sketches,

. Design codes and standards,
. Waste assessment,

. Controls,

. Secondary containment and leak detection,
. Corrosion assessment,

. Inspection schedule, and

. Installation assessment.
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24 DRIED WASTE HANDLING SYSTEM

The Dried Waste Handling System pneumatically conveys dried waste from the Waste Dryer
System to the ICV System. The dried waste can be transferred at up to 16,000 Ib/h. The system
uses as little air as required to keep the transfer lines from acquiring buildup or plugging. The
system will be used intermittently to transfer the dryer contents to the ICV box, approximately
three times a day.

2.4.1 System Description

The components of the Dried Waste Handling System include the Dried Waste Inlet Skid
(interfaces with the Waste Dryer System at the discharge flange on the Dryer and Condensate
Recovery Skid), the Dried Waste Transfer Skid (provides motive force for material conveyance),
the AWTE with associated airlocks and transfer chutes, and the melt area support structure. The
AWTE and chute interface with the ICV box lid represent the boundary with the ICV System.

2.4.1.1 Dried Waste Transfer System (Specification 145579-D-SP-032). The waste is to be
lifted 28 ft from the dryer discharge to the top of the AWTE. The dryer interface is 12 ft above
the ground facing down. The inlet port on the AWTE is 29 ft above the ground facing up (see
interface Sketch DBVS-SK-M107, Sheets 1 through 3, in Appendix C4). While transfetring, the
waste transfer system will cycle between the two receivers above the AWTE. Dried waste is fed
by gravity from the rotary valves into the ICV System. The waste receiver and filter housings
are vented using a vacuum blower that draws through sintered metal filters and HEPA filters and
then discharges to the OGTS.

During the transfer of dried waste, the interconnecting piping between the discharge of the Waste
Dryer System and the waste receiver and filter housings is maintained at a vacuum relative to
atmosphere. The gravity-fed line to the ICV System is also maintained at a slight negative
pressure relative to atmosphere by the OGTS connection to the AWTE and ICV box plenum
space. These conditions maintain both solids and vapors in the piping and transfer equipment
with vapors being vented to the OGTS.

2.4.1.2 Ancillary Waste Transfer Enclosure (Specification 145579-D-SP-017). The AWTE
provides a contained environment for the connection and disconnection of the dried waste feed
chutes, the top-off soil chutes, the ICV box ventilation connection, electrodes, and the ICV off-
gas connection.

With the ICV box correctly positioned in the melt station, the interfacing chutes and piping are
lowered onto the box lid by a pair of pneumatic actuators and locked in place. Except for the
electrodes, each chute and piping from the AWTE has a compressible seal around it that creates
an individual seal with the box lid. When lowered onto the box lid, the weight compresses the
seals against sealing plates located at each port. Covers on the bottom of the AWTE are opened
to allow access to the box lid for removal of the port flanges in preparation for connecting the
feed chutes. Each port in the 1CV box lid also has a seal, and when the chutes are extended into
the box lid a flange on the chute compresses the seal in the port. This effectively provides
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double containment during the transfer of dried waste into the ICV box. The same system is
applied to the ventilation and level indicator openings. All connections to the box lid are locked
in place fo prevent accidental retraction of the chutes for any reason during the melt process.

The AWTE is vented to the OGTS to maintain a negative pressure inside the AWTE. The
pressure inside the ICV box is maintained lower than the pressure inside the AWTE and
atmospheric pressure, thus ensuring no leakage from the ICV box.

The dried waste feed chutes interface with the Dried Waste Transfer System at the discharge
flange of the rotary feeders, located below the vacuum receiver units in the melt area enclosure.
The top-off soil feed chutes interface with the process additive handling system at the discharge
flange of the top-off soil impingement tanks in the melt area enclosure. These chutes interface
with the AWTE and continue through the AWTE to their respective interface ports on the

ICV box lid. The materials are gravity-fed from the discharge flange of the rotary feeders, down
the feed chutes, and into the dual isolation airlock system (see Specification 145579-D-SP-018 in
Appendix G4). From the airlock, the material is discharged in batches down the chute and into
the ICV box. Each chute has a telescopic section located inside the AWTE to allow extension
into and retraction from the ICV box tid. .

The five discharge chutes within the AWTE interface/mate with discharge chutes attached to the
ICV box lid. The chutes on the lid are raised to connect with the AWTE discharge chutes and
use a gasket for sealing. An environmental barrier will be used to provide a connection between
the AWTE floor and the ICV box for each ICV box connection. The environmental barrier
protects the workers, mitigates the spread of contamination, and seals the floor penetrations to
the ICV box. The ICV box ventilation inlet and ventilation piping interface/mate with the ICV
box lid via piping assembles that are raised to connect with the ventilation piping within the
AWTE.

2.4.1.3 Melt Area Structure. The dried waste transfer skid, AWTE, material feed chutes, and
process additives handling system equipment are supported by the melt area structure. The melt
area structure general arrangement is shown on Drawings F-145579-00-D-0041 and -0051 in
Appendix C4. Drawings for the melt area structure are contained in Appendix C4 (see
Drawings F-145579-00-B-0001 through -0007, and -0010 through -0012).

2.4.2 System Location

The Dried Waste Handling System is located just south of the ICV Box Storage Area. Piping
between the Dried Waste Inlet Skid and the Dried Waste Transfer Skid will be mounted to the
melt area structure for its vertical runs and be supported by pipe supports for its horizontal run.
The Dried Waste Inlet Skid is located beneath the waste dryer on Foundation Pad #2 (may be
anchored to foundation pad if required). The Dried Waste Transfer Skid and AWTE (with
associated components) will be mounted to the melt area structure.
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2.4.3 Calculations

The Dried Waste Handling System equipment and structures will be analyzed and designed in
accordance with UBC (1997) and ASCE 7-98. The calculations will demonstrate that equipment
and the structure will withstand applied loads without loss of integrity or release of
radioactive/hazardous material. They will also show that the skids will not tip over nor slide.
The structural analysis requirements are identified in the specifications (Appendix G4).

Components of the Dried Waste Handling System will be supported by the Melt Area Support
Structure. The analysis of the structure to support the equipment loads and meet site
requirements is contained in Calculation 145579-B-CA-011 (see Appendix A4).

Mechanical calculations performed for the piping system will be prepared in accordance with
piping code requirements in ASME B31.3. Calculations will include the following areas as
applicable:

. Pipe wall thickness calculations for pressure;

. Stress calculations for sustained loads because of pressure, dead load, and any
other sustained loads;

. Stress calculations for displacement stresses, such as thermal loads; and

. Stress calculations for occasional load such as pressure, dead weight, other
sustained loads, and earthquake loads.

Mechanical calculations will also account for compatibility of the selected material components
with the waste material to be handled, and assess if an allowance is required for corrosion, or
other wear (such as erosion), in the design of the system. Additional calculations that may be
performed, if applicable for the assembled system, include: vacuum pump sizing, valve actuator
sizing, and wear allowances. An estimate of the heat load to the AWTE from the ICV box lid and
components exposed to the interior of the ICV box is provided in Calculation 145579-D-CA-007
(see Appendix A).

2.44 Dried Waste Handling System Sketches

The general arrangement of the system relative to the waste dryer and melt area structures is
depicted in Drawing DBVS-SK-M107, Sheets 1 through 3 (see Appendix C4). The melt area
structure general arrangement, with AWTE and other equipment, is shown on general
arrangement Drawings F-145579-00-D-0041 and -0051 in Appendix C4.

2.4.5 Design Codes and Standards

The design codes and standards that apply to the Dried Waste Handling System are identified in
Table 2-6. Applicable and relevant portions of the design codes and standards are flowed down
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into the specifications, drawings and calculations. See Scction 3.0 for complete reference
information.

Table 2-6. Design Codes and Standards for the Dricd Waste Handling System.

10 CFR 830 ASTM A 269

29 CFR 1910 ASTM A 312/A 312M
40 CFR 264 ASTM A 351/A 35TM-03
47 CFR 15 ASTM A 500
AGS-GOO1-1998 ASTM A 569
AISC {Allowable Stress Design) ASTM B 187/B 187M-03
AISC {Load and Resistance Factor Design) AWS DL I/DLIM
ANSIVAWS D13 AWS DlL.6
ANSIC63.16 AWS QC-1
ANSVIESNA RP-7 DOE/RI-92-36
ANSFISA-82.02.01 HNTI-2962
ANSIIISA-82 02.02 HNF-SD-GN-ER-501
ANSTI Y 14.1 1EC 6100(0-4-2
ANSI Y 14.5M IEEE Std C37.90.2
ASCE 4-98 IEEE Co2.41 .1
ASCE 7-98 IEEE C62.41.2
ASHRAE Ffundamentals Handbook IEEE Std 142
ASME B&PV Code NEMA MG-1

Section X NEPA 70
ASME B3(.20 TEC-ENG-STD-06
ASMEB3L3 UBC, 1997
ASME NQA-1, 1994 UT.-listed
ASNT SNT-TC-TA UL 508A
ASTM A 36/A 36M UL 840
ASTM A 108 WAC 173-303-640

2.4.6 Waste Assessment

The Dried Waste Handling System is designed to pncumatically convey dried waste matcerial
trom the Waste Dryer System to the ICV System. Physical propertics of the material to be
conveyed are contained in the specifications (sce Appendix G4). Because this is a dry system
with little potential to mtroduce moisture into the system, the specifications are mainly focused
on the physical characteristics rather than the chemical properties of the dried waste material,

The maximum estimated unshielded contact radiation dose 1s 10,000 R for dried waste-

contacting components. and 1,000 R for nonwaste-contacting components, based on a five-year
design hife.

2.4.7 Controls

Reference to specitic instrumentation labels are provided in the following sections to assist the
reader: however, it should be noted that these “currently assigned identification numbers™ may
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change as detailed fabrication information is received from the suppliers of equipment. Loop
diagrams are provided in Appendix C4 for those instruments discussed.

2.4.7.1 Control of Dry Waste Feed to the ICV System. The criteria for initiating dried waste
flow from the waste dryer were discussed in Section 2.2.7.5. Once initiated, dried waste is
pneumatically conveyed from the dryer to one of the waste receiver units. Flow is metered into
the receiver units using the Waste Receiver Rotary Feeder 33-D85-095 (see Drawing F-145579-
33-A-0106 in Appendix D4). As material enters a receiver unit, solids and gases are separated
with the solids collecting in the receiver unit and the gases vented through sintered metal filters
that are integral to the receiver units (see 33-NO2-101 and 33-NO2-102). Discharge from the
receiver units is controlled by rotary airlocks (see 33-D85-090 and 33-D85-091). Flow into the
ICV System is also controlled by sequenced, remotely operated valves (see 34-YV-009,
34-YV-010, 34-YV-019, and 34-YV-020 on Drawing F-145579-34-A-0101 in Appendix D4).
Specific criteria for the addition of material to the ICV box will be developed as part of full-scale
testing and will be influenced by how material spreads inside the box and how material is
incorporated into the melt.

2.4.7.2 Pressure Control. The Dried Waste Handling System piping system is designed to
operate at a vacuum relative to atmosphere. For the Dried Waste Transfer Systern, differential
pressure is measured across the sintered metal filters (see 33-PDIT-417 and 33-PDIT-418 on
Drawing F-145579-33-A-0106 in Appendix D4) to determine when the sintered metal filters
should be pulsed with compressed air to “clean” material back into the receiver unit. Specific
set-points will be based on manufacturer recommendations and the results from full-scale
integration testing. Differential pressure is also measured across the HEPA filters leading to the
blower unit (see 33-PDIT-419 and 33-PDIT-424). The purpose of these filters is to minimize the
contamination potential for the OGTS piping. Once a first-stage filter becomes loaded, it can be
valved out of service to allow for change-out of the filter.

The AWTE is vented to the OGTS and maintained at a negative pressure relative to atmosphere.
Flow is controlled by 34-HV-111 and 34-HV-113 (see Drawing F-145579-34-A-0101 in
Appendix D4). Flow rate is monitored using 34-FE-114. Inlet air is provided through a filtered
inlet, with the differential pressure across the inlet filter monitored by 34-PDIT-112. Pressures
and flows are monitored and controlled such that the ICV box is maintained at a greater vacuum
than the AWTE, thus containing gases generated by the process to the ICV box. The relative
pressure between the AWTE and ICV box is measured by 34-PDIT-115.

2.4.7.3 Interlock Philosophy. Two types of interlocks are shown on the P&ID drawings
associated with the Dried Waste Handling System:

1. Safety Hardwired Interlocks consist of those interlocks that are necessary to prevent or
mitigate a hazard that, if not addressed, could lead to a safety event. This event could be

a release of radiological or hazardous gases.

2. Control System (safety related) Interlocks are associated with safety interlocks, but do
not meet the threshold requiring a “credited” safety interlock. Automatic and immediate
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action will occur using the non-safety control system. Credited refers to items
specifically listed as required in the Documented Safety Analysis (DSA).

As shown in Table 2-7, interlocks are grouped based on the initiating signal type and are uniquely
identified by a number. Typically, the interlock number is based on the initiator of the interlock,
examples include pressure or flow. A description is located on both the source sheet as well as
each designation sheet on the P&IDs.

Table 2-7, Dried Waste Handling System Interlocks.

Low ICY™ Infet Air Flow (safety) from I6 Stop all waste transfer by
Drawing F-145579-35-A-0100 (hardwired)

¢ De-energizes (shuts) Dried Waste Dryer
Discharge Valve 33-YV-013. (See
Drawing F-145579-33-A-0100)

¢ De-energizes (shuts) Dried Waste
Airlock Valves 34-YV-009, 34-YV-010,
34-YV-019, and 34-YV-020. (See
Drawing F-145579-34-A-0101}

Low ICV Inlet Air Flow (non-safety) from 17 Stops the Waste Feed Vacuum Blower

Drawing F-145579-35-A-0100 33-D61-094. (See Drawing F-

145579-33-A-0106)

(control system)

Only one valve can be operated (open) at a 19 Prevents both airlock valves in a line from
time from Drawing F-145579-34-A-0101 (hardwired) being opened at the same time. To open
either valve, the paired valve must be
closed.
* 34-YV-009 and 34-YV-010
| * 34-YV-019 and 34-YV-020.
ICY = In-Container Vitrification (Trademark of AMEC, Inc.).

MCS = Monitoring and Control System.

Note that normal MCS control sequences, or normal protection of equipment, are not shown to
reduce drawing clutter and to focus on these significant interlocks. Normal control functions are
presented to the MCS operator on the operating system computer screens.

2.4.8 Secondary Containment and Leak Detection

Containment for the Dried Waste Handling System s accomplished through operation of the
system at a vacuum relative to atmosphere, use of pressure tested components, and use of
secondary containment for the interconnecting piping between the dried waste inlet skid and the
dried waste transfer skid. Secondary containment will also be placed under the waste dryer at
the point of waste discharge into the dried waste inlet skid. Liquids are not present in the system,
thus a leak detection system for liquids is not provided.
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The dried waste feed chutes provide primary containment for the dried waste as it is delivered to
the ICV box. The AWTE provides secondary containment at the process connections with the
ICV box. The melt area enclosure provides additional containment around the AWTE and dried
waste feed chutes.

Periodic visual inspection of the Dried Waste Handling System will be conducted to look for
signs dried waste leaks around the melt and dryer area equipment and to inspect the general
condition of the containment system. In summary, the steps that will be taken in the area of leak
detection for the Dried Waste Handling System are:

. System will be checked before operation (visual inspection for equipment and
piping alignment along with vendor and construction testing for pressure and
tightness).

. Pinhole leaks in primary confinement barrier will result in a preferred path into

the barrier because the system is operated at a vacuum relative to atmosphere.
Sections that have secondary confinement have a pressure gauge on the secondary
barrier to identify presence of a breech in the primary barrier.

. Periodic visual inspections will be performed before, and after, a melt campaign.

. Catastrophic failure is not unique to the Dried Waste Handling System and will be
observed in a number of ways {e.g., Dried Waste Transfer System alarms will be
set-off when not in normal operating range, alarms for other systems will be set-
off when not in normal operating range, and locations such as the Waste Dryer
and ICV Box are equipped with cameras, linked to the Control Trailer, which will
show conditions in two of the processing units).

2.4.9 Corrosion Assessment

An independent corrosion expert has reviewed the specifications and data sheets associated with
the Dried Waste Handling System. For the Dried Waste Transfer System (Specification 145579-
D-SP-032), no specific concerns were noted (the assessment is provided in Appendix H4).
Erosion is a required element to be addressed by the provider of the Dried Waste Transfer
System (discussed as a wear allowance in Section 3.3.11.2 specification 145579-D-SP-032 in
Appendix G4). There is a concern for scaling of carbon steel in air for the AWTE due to the
projected temperatures (Specification 145579-D-SP-017). The effect of erosion in the chutes is a
potential concern that requires evaluation, once velocities and mass loadings are determined.

2.4.10 Inspection Schedule
Inspection of the Dried Waste Handling System components will be performed at the applicable

supplier’s facility to ensure they comply with the design requirements. Additionally, before
placing the system into service, the Dried Waste Handling System will be inspected by a
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qualified, independent installation inspector or an IQRPE for structural damage and for proper
installation. This individual is responsible for certifying to Ecology that the Dried Waste
Handling System was properly installed. The inspection will include the following:

. Evaluation of welds to verify no cracking or lack of fusion;

. Confirmation that no punctures, scrapes of protective coatings, cracks, corrosion,
or other structure damage are present; '

. Performance of tank tightness test to verify no leaks are present and that pressure
or vacuum did not change beyond specifications over the test period;

. Verification of the protection of ancillary equipment against physical damage and
stress; and

. Installation inspection that conforms to consensus-recognized standards including
the documentation of findings and corrective actions documented in a post-
inspection report.

The need for an annual inspection will be determined by the Owner/Operator in accordance with
Permit condition IV.A 8.d.1.

2.4.11 Installation Assessment

Sketch DBVS-SK-M107 (Sheets 1 through 3), and Drawings F-145579-00-D-0041 and -0051
(Appendix C4) illustrate the projected completed assembly of the installed equipment at the
DBVS site. Refinement of the drawings and development of interface and installation details
will be performed as detailed drawings and installation instructions from equipment suppliers are
received. The modular nature of the Dried Waste Handling System will facilitate installation of
the system through the minimization of the number of pieces of equipment that require
placement and number of field connections. Installation of the Dried Waste Transfer System is
anticipated as being installed after the waste dryer support structure and melt area support
structure are assembled and major pieces of equipment (such as the DCRS skid and the AWTE)
are in place. Once these other pieces of equipment are in place, the Dried Waste Transfer
System can be installed and the pipe runs connected to available places on the support structure.

An assessment of the installation of the Dried Waste Handling System will be performed during
the actual installation on site and will include an independent inspection of the following
activities by an IQRPE or a Qualified Independent Inspector:

. Visual inspection and pressure testing of connected piping systems;

. Placement of anchor bolts and connection to equipment;
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. Placement of the shop-fabricated systems;
. Installation of ancillary equipment and connection to facility systems; and
. Tightness testing of the assembled system before placement into service.

Upon completion of the final installation, an inspection report documenting the results of the
tank system installation will be prepared by the IQRPE. The inspection results will be
documented in the report and included in the Operatmg Record. This record will be accessible at
the DBVS site and will contain:

1.

2.

6.

7.

An as-built site plan;
An as-built drawing set of the installed Dried Waste Handling System;

Inspection notes, photographs, and any other material used to document inspection
activities;

Documentation of any defects discovered;
Documentation of tightness testing results;
A signed and dated statement certifying the corrosion protection system (if installed); and

A statement signed by the IQRPE certifying the proper installation of the tank system.

The assembled system will undergo testing as a subsystem and as part of the integrated complete
DBVS facility. Subsystem testing that may be performed includes vacuum blower operation and
performance of instrumentation. Complete DBVS facility integrated performance testing are
projected to involve the use noncontaminated, nonregulated test materials for functional testing
of the assembled system.
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Editor’s Note: The References include citations from previous packages.
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AATCC Test Method 27, Water Resistance: Hydrostatic Pressure Test, American Association of
Textile Chemists and Colorists, Research Triangle Park, North Carolina.

ACI 318-02, Building Code Requirements for Structural Concrete (ACI 318-02) and
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Techniques — Electrostatic Discharge Immunity Test, International Engineering
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Power Circuits, Institute of Electrical and Electronics Engineers, New York, New York,

IEEE C62.41.2, IEEE Recommended Practice on Characterization of Surges in Low Voltage
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APPENDIX A4

DRIED WASTE HANDLING SYSTEM

145579-B-CA-011® 4 Melt Area Support Structure A4-3
N/A | Subcontractor Calculation Review Checklist Ad4-1669

145579-D-CA-007 0 |Heat Transfer Analysis - AWTE A4-1671
N/A Subcontractor Calculation Review Checklist A4-1847

145579-C-CA-011® 3 Melt Area Support Structure & Foundation (Fdn #1) N/A

@ This calculation in its entirety is available electronically from Garry Amidan, CH2M HILL Hanford Group, Inc.
at (509) 373.9499,

®)Calculation 145579-C-CA-011 has been reviewed by the IQRPE and was provided to Ecology for review in the
foundation design package (05-TED-009, February 7, 2005, “Final Dangerous and Mixed Waste Research and
Development and Demonstration Permit for Demonstration Bulk Vitrification Facility Required Submittal — Review
of Foundation System.”)
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1.2

INTRODUCTION

Purpose

The purpose of this calculation is to determine/verify the member sizes for the Meit
Area Support Structure (MASS) steel frames and platforms. Column loads
developed in thess calculations are used in the design of the Melt Area Suppont
Structure Foundation, calculation 145579-C-CA-011.

Scope

The scope of this calculation includes gathering vendor loading and geometry data
for mechanical equipment that will be supporied by the structure. Where such
information is not yet available, conservative estimates and calculations of self-
waight and contents weight, plus any dynamic loadings, have been included. The
resulling calculations for the design of the structural steel frame and platform
flooring, inchuding access, provide frame member sizes, geometry and deteils for
any non-standard or seismically loaded-connections. The results are presented on
included drawings and are complete with references to specifications and
standards sheets, '

BASIS

Design Inputs

The primary design input for this calculation is the attached structural steel
drawings. This calculation determines the forces and stresses in the selected
members when subject fo site environmental loads (Natural Phenomena Hazards).
The drawings are derived from an Herative process of selection, calculation and
possible re-selection ¥ members are found to be oversiressed. This calculation
includes verification of only the final member sizes selected.

Layout of the steel in the drawings is derived from Mechanical General
Arrangements angd the locations of supported equipment as shown in the 3-D
computer mode! of the Melt Area.

p DATE: THECKER: DATE:
%:_M‘b | Biisro. Whdlegr | Oct 12 /o5
GADeigMSTRICHCACA-01 N14357-8.CA0 T T{Mok Asea Supporn Sinaciure) Rev, &.doc U PageSoHO
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22

Other dasign inputs Include the mechanical equipment list which provides weight
and size data, normally from vendor information where avsilable. Where Vendor
information is not avallable, the data provided in the equipment fist has been
conseivatively estimated by the Mechanical designers. It is expected that actual
equipment loads will bo less than the estimated values. This expectation will be
verifiad when final vendor information becomes available and remedial action
taken, if required. '

The provision of radiation shielding in the Meit Area Support Structure consists of
steel plate floors above and below the AWTE level, and in the centre of the
structure at the "waste bin" fioor level,

Criteria
TFC-ENG-STD-08 Rev B-1, October 27, 2003,

The Meilt Area Support Structure is Performance Category PC-2, This was
provided at the March 11, 2004, design review meeting. The attached foundations
chart (Attachment 4) was inchuded in an e-mail from David Shuford CHZM Hili to
John Stephens AMEC confirming the Performance Categories of SSCs.

Design Loads:

Loads on the structure are as provided in the Design Criteria TFC-ENG-STD-06,
and as discussed below.

Dead Load: Includes self-weight of the structure and permanent equipment.
Equipment weights have been determined by referencing Vendor data, or the
Mechanical equipment list. Where information was not readily available, equipment
weights were conservatively estimated by the mechanical designers using “worst
case” scenarios.

A Mechanical allowance under floors of 50 psf maximum, 10 psf minimum as
appropriate to give the worst effect for a given load combination.

R i 3 AT
wgw: ‘Bireme. Mﬂhﬁng Ot 12.165
GADeelgrASTROCHGICA-H TVAS579-B-CA D1 HMAR Area Support Siructuee) Rev. 4.d06 Page 4 of 10
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Live Loads:
Flocr loading of 100 psf — Floors must serve as "axit” paths.
Mass of top-off solt and dried waste

Seismic Loading: Zone 2B as defined in the UBC.

Wind, Snow and Ashfall loads are resisted by the pre-engineered weather
anclosure, not tha MASS. Weather enclosure design Is not part of this calculation
and will be provided by the Vendor of the Pre-engineered metal enclosure system.

Flood: the DBVS site is at elevation 663 feet and is not in any of the flood areas
identified in HNF-SD-GN-ER-501 Natural Phenomena Hazerds, Hanford Sits,
Washington. Flood loads may safely be ignored.

Groundwater Pressure; the DBVS site is at slevafion 663 feet. The Geotechnical
report notes that groundwater levels are approximately 300 feet below the ground
surface, Groundwater pressure may safely be ignored,

Thermal; like any structure, the MASS is subjected to nommal annual and daily
temperature varistions. It is not constrained from expansion or contraction by the
pre-eng weather enclosure. The MASS shape is a simple rectenguler framework,
and no change in the basic geomelry occurs due to thermal expansion or
contraction. The ICV™ Box doss not contact the MASS at any point, and it is our
understanding that the temperature of the floor above the MASS will be at “safe-to-
touch” temperatures. Thermal sfrasses will be small and may safely be ignored.

Concrete creep: the struchure is all steel supported on a siab-on-grade foundation.
Concrate creep siresses may safely be ignored.

Lightning: the entire DBVS site will have a grounding grd installed. Piglails are
provided from the grounding grid through the foundations for attachment to the
supported structures, systems or components. Grounding caiculations are not part
of this calculation.

, TATE: CHECKER: DATE:
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23 Assumptions

1.

The siructural steel framing supporting the elevated bins and associated
equipment is being designed in advance of final binfequipment design and/or
Vendor information. Bin and equipment dimensions and support points are
defined, but precise connection detalls are not. The designer/suppiier of the
bins and equipment will ensure that the connection between the bins and
equipment and the supporting steel frame is adequate to transmit all forces,
both lateral and vertical, due to all design loads, Including seismic. In some
cases this may require field-welded connections.

The pre-engineered weather enciosure surrounding the melt area support steel
will have no significant effect on the frame design, except to shiekd the frame
from wind, snow and ashfall loads. The two structures are not connected in any
structurally significant way.

The temperature of the AWTE flioor and nearby structural stesl will remain
"safe-to-touch.” This is a requirement for safa operation of the DBVS.

Horizontal braces with design loads less than 9 kips may have an eccentricity of
up fo 6 inches as detalled on drawing F-145579-00-B-0002. The moments
caused by this eccentricity are small relative o the size of the columns in
question and may safely be ignored. At all columns, there are beams framing
in from at least two directions where such braces occur; the beneficial effects of
the stiffening provided by the beam framing connections is conservatively
ignored (by assuming pinned connections) but Is similar in magnitude to the
minor torsional momenis caused by slightly eccentric lightly loaded braces,

EA :Jam u%:g,ggm (| Tlueve. "\U\'Jﬂkv m&t IZT/GS'

GADRSPSTENCHCHICA-O1AH{EETE.8.CA.B1 1 (el Arow Support Sicuchure) Fe, 4.d0¢
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METHODS
Frame dimensions have been determined based on a number of factors including:

= the overall size and mass of supported equipment, and bins,
» the relative Jocations of this equipment,

» the required interstorey height to suit equipment sizes, services running
through the struciure and derived structural freme sizes, and

* requirements for structural stiffness, limits of deflection, bracing geometry to
suit access requirements while resisting seismic and gravity forces.

Mechanical general arrangements have been developed in conjunction with the
deveiopment of the steel framing, but have not been certified as final. Final designs
are dependent upon receipt of Vendor information. The primary steel support
framing will not be affected by changes in Vendor detalls, as Vendors are required
to supply equipment of certain sizes to fit on and within the primary steel structure,

Based on the derived and estimated weights of the structure, gravity and seismic
forces on the structure have been calculated using the Tank Fammn Facdilities Design
Loads and the methods prescribed in the Uniform Building Code.

Frame members hava been selected for their suitabllity to support-the calculated
moments, shears, torsion, and axial forces and to comply with geometry
restrictions. Analysis of the structure was completed following the AISC Service
design method. The STAAD Pro for Windows release 2003 computer program was
used, combined with hand-checking of members to verify the output.

The preparation, running and evaluation of the STAAD-Pro model for the steel
frame is an iterative process. Preliminary member sizes are used to develop the
computer model and lo Input loads. Loads are modelied floor level by floor Jevel
using the live and dead area Joads as well as equipment loads, seismic, efc.
Derivation of loads is provided in Attachment #1, These “raw” loads are input into
the computer model of the structure. The designer then instructs the computer

A4-10
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prograim to combine the loads In various combinations as required by the Uniform
Building Code. The designer may also choose to avaluate other koad combinations
not required by Code, but which he belleves are necessary 10 ensure the structure
is capable of safely supporting all the forces it is ikely to be subjected to.

The computer program uses standard engineering calculation methods to distribute
loads and forces between the vardous members of the steel frame and uitimately
determine the forces in each member dua to the various load combinations, Once
the various required load-combinations have been evaluated, the designer can
identify members that are overstressed (if any) which will be increased in size. The
designer examines the column reactions derived by the computer program, based
on the "raw” loads to verify that ioads have been entered in the correct orientation
and magnitude. The key advaniage of the computer program is that it aliows for a
rapid means of determining the effects of the different load combinations on the
overall structure and the determination of the reactions at the foundations.

Once the overall distribution of forces and the membes end forces are determined
using the compwter program, an individual calculation is made for each steel
member within the structure. These calculations take into account the specific
loading conditions on each member, including point lcads, slight varations in
tributary width and any other special conditions. The member end forces from the
computer run are combined with the calculated forces due to specific loading
conditions and the total forces on the member are derived. These are then
compared to the values derived by the computer program as a check. The
maximum bending moment and axial forces in the members are combined and
checked using a simple spreadsheet program. This calculates a tolal stress ratio
for each member. Values of total stress ratio less than 1.00 mest the code
requirements.

@ DATE: SRR T
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5 RESULTS AND CONCLUSIONS

Structural steel framing suitable for the purpose of process equipment support and
maintenance access has been designed. The design conforms to applicable DOE
and UBC standards. Beam and column stress ratios are limited to less than 1.0. A
value of 1.0 means that the effect of the factored loads on the member is equal to
the allowable ioads. Given the safety factors "bulitin® to the Bullding Code, a value
of 1.0 does not imply “just about o fail’ but rather implies a design that meets the
Code requirements and is completely safe. By limiting stress ratios to a value of
less than 1.0, an additional margin of safety is obtained. The stress ratic of each
beam and column is included with the calculation provided for each member.

The column with the highest stress ratio is column M1/Mb. It is a W14x53 section.
Its maximum stress ratio is 0.35. See Attachment 1, page 155 of 287.

The beam with the highest stress ratio Is at Elevation 705-9". It is a W18x71
section. Hs maximum stress ratio is 0.68. See Attachment 1, page 74 of 287.

The horizontal brace with the highest stress ratio Is at elevation 695-9". It is a
WT5x11. Its maximum stress ratio is 0.68. See Attachment 1, page 124 of 287.

The vertical brace with the highest stress rafio Is at grid M1. Rt is a WT6x22.5. Its
maximum stress ratio is 0.83. See Attachment 1, page 169 of 287.
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1 INTRODUCTION

The Ancillary Waste Transfer Enclosure (AWTE) design concept has evolved from
one in which operators did activities via glove ports through the enclosune walis to one
that is more of an AWTE “room” in which operators will epter. Tha new AWTE
concept will address operalional Issues with the prior design. This calculation utilizes
conceptual drawings provided in Attachment 2 and svaluates projected heat loads
within the AWTE and estimates required cooling that will need to be accounted for in

" the finat AWTE design, ’

14 PURPOSE

A heating, ventilation and air conditioning {HVAC) syslem is o be designed to
maintain the temperature in the AWTE at a level compatible with the components
contained therein. At present, the AWTE room design temperature is 140°F (~60°C).
This calculation estimales the thermal loads lo this room contributed by the major
components in the room, assuming the soom temperature is maintained al 77°F
(25*C) to allow for margin to protect components in the AWTE room. The thermal
loads include the elecirodes, electrode bus bar, malerial feed chules, off-gas inlet and
exhaust lines, and haat transfer through the AWTE floor from the ICV kd below.

1.2 SCOPE

This calculation determines the projecled heal load into the AWTE from heat
transferred to the AWTE floor (from the iCV lid located beneath the floor) and from
heat transferred along the components that penstrate into the ICV lid from the AWTE
(chutes and electrodes). Heat is ransferred o the components through direct contact
with the melt and radiation transfer from the mell.

2 BASIS

2.1 DESIGN INPUTS

Hesal transfer model input specifics are discussed in Attachment 1 (Section 1.0}

22 ASSUMPTIONS

Assumptions requiring verification ware not identified for this calculation.
Conservalive values have been selected for estimating the heat load to the AWTE.

DATE;

/44 547 RV TN

e nmﬁgw.u 0 this HOoX indicale thip mmm_srms'mn u!ummd ) lWh A brken m«e i the Profeck fitek,
l Oﬂg&l‘!
/2

FPage 20l 4

A4-1672




RPP-24544 REV 1b

amec?

CALCULATION SHEET

CALC.NO.: | 145579-D-CA-D07 rev: | 0 | pare: February 20, 2006
CALC.TITLE:  Heal Transfer Analysis - AWTE

PROJECTNO: 145579 PROJECT TITLE: Final DBVS Design

3 CRITERIA

1. AWTE air space is mainlained at 77°F (25°C). Conservative 1o estimate heat load.
Design temperature of AWTE components is 140°F {60°C), ad target operating
conditions should not be at this mit.

2. Materia} handling chules are kept below 482°F {250°C). Enginesring judgment to
prevent potentiat for collecting low-relting point material on the chute surface.

4 REFERENCES

References are discussed in Attachment 1, Section 8.0

in

METHODS

Calculation methods are discussed in Aftachment 1, Appendices C through G.

-]

RESULTS AND CONCLUSIONS

Table 1 from Atachment 1, AWTE Floor Cooling Capacity and Bottom Surface
Temperature Sensitivity Analysis, is reproduced beiow. This analysis was performed
to provide an estimate of the energy removal required 1o achieve a targel temperature
of 77°F (25°C) at the top surface of the AWTE floor,

Table 2 from Attachment 1, Component Heat Loads to ihe AWTE Air Space, is also
reproduced below. Resulls in Table 2 summarize the analysis of the heat load
contribution frora the bus bar, exposed slecirode segment, and matenial feed chute,
The “unit” loads of each assembly included in the model are provided in this table,
atong with the number of unils present. The tofal heat load to the AWTE is oblained
by mulliplying the unit loads with the number of units,

The model resulls indicate that the chule wall temperature in the fower portion of the
maflerial feed chule exceeds the desired 482°F {250°C) target. ¥f a supplementary
cooling capacily of 5 1o 5% kW (~1¥2 1o 134 {ons refrigeration) is applied 1o the chute
wall in the vicinity of the chule penetration though the AWTE floor and off-gas hood
port, the temperature of the chute wall can be reduced to below the 482°F (250°C)
farget.

1. narpatidales in this box ndicoie 1he IS0 s bien tigned oltappovat ame The oaiginzls have been pistyd in the Projers 1ies.
ORWGHATORT) - DATE: CHECKER: - I : DAT_EH: M )/} .
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Table 1 - AWTE Floor Coocling Capacity and Bottom Surface
Temp erature Sensitiwty Almlysls

372
500 266 76
450 205 60
400 155 45
350 115 33 31

Table 2 - Component Heat Loads to the AWTE Air-Space'"

UTL;(;eai "Numnber | Total Component | Total Componient
Component 1o the AWTE - of AWTE Heat Load | AWTE Heat Load
units (kW) {tons refrig.}
(kW)
Bus Bar/Clamp Assy, 0.25 2 Ve 0.14
Exposed Electrode 124 2 25 7.14
Segment

Matlerigl Feed Chule 10 5 50 14.28
Off-Gas Inlet Line 2Y2 1 22 0.71
Off-Gas Exhaust Line 2% 1 2% 0.71
Total ~80% ~23

Note: (1) Heat loads from the off-gas hood to the AWTE floor are handled by the AWTE

floor cooling system. Therefore, there is no net heat load from the off-gas hood to
the AWTE air-space.

As seen by comparing the eslimated cooling requirements in Tables 1 and 2. the heal
load from the ICV lid 1o the AWTE floor is the dominant contributor. If this intermediate
cooling is nol provided, the heal load inlo the AWTE air space will increase. The
specific design load for the AWTE Floor cooling sysiem may be lowered if excess
cooling is provided in the AWTE Air Space.

‘I w9 namestdales in thus hox indicate the calculation has been signed otiiapproved and e crigmals Have bieen placed in e Project ek

! msumy /‘fo ﬂw-,/ TDATE: o, CRECKER” L~ ’

DATE- )
X
- 6@«-/ e

e

Page 4 ol 4

A4-1674




RPP-24544 REV 1b

CALCULATION SHEET M

CALC, NO.: 145579-D-CA-007 REV: 0 DATE: February 20, 2008
CALC. TITLE:  Heat Trensfer Analysis - AWTE
PROJECT NO.: 145579

PROJECTTITLE: Final DBVS Design

Altachment 1
DBYS AWTE Thermal Load Inventory. 0509206.01-M-004 Revision 1
{160 pages including Attachment Cover)

A4-1675



RPP-24544 REV b

Page No.
- ' 10f 159
ARES CALCULATION COVER SHEET =~ |——-"=
' 0509206.01-M-004

Project No. Project Title: Cliens:
0509206.01 DBVS Thermal Analysis Authorization AMEC/DMIME+N
Tike:
DBVS AWTE Thermal Load Inventory
Parpose and Objective:

A heating, ventilation and air conditioning (HIVAC) system is to be designed to maintain the emperatore in
the Ancillary Waste Transfer Enclosure (AWTE) at a level compatible with the components contained therein.
At present, the AWTE room design temperature is 140°F (~60°C). This caloukation estimates the thermal
loads to this room contribuied by the major components in the room, assoming the room temperature is
maintained at 77°F (25°C). The thermal loads include those arising from the electrodes, electrode bus bar,
material feed chutes, off-gas inlet and exhaust lines, and beat ransfer through the AWTE floor resulting form
the high operating temperature of the off-gas hood. The AWTE alr-space HVAC and the AWTE floor cooling
systems will be designed by others. .
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1.0 INTROPUCTION

The Ancillary Waste Transfer Enclosare (AWTE) is located directly aver the BulkVit ICV™ box during
processing. It is separated from the Bulk Vit processing container by a 34" steef plate floor and a 274" to 44"
ajr-space. There are a number of penetrations in the AWTE floor. These penetrations provide access to the
ICV™ box for a number of major system components. Among these are the:

*  electrodes (2);
+  material feed chutes (5); and
JCV™ hood off-gas inlet and exhaust piping.

This calcuiation addresses the heat loads to the AWTE air-space from the Joule heat associated with passage of
current to the electrodes threugh the electrode copper bus bars, the exposed surfaces of the two electrodes, the
exposed surfaces of the material feed chutes, and the off-gas inlet and exhaust lines. As specified in the
statement of work (ref. I & Appendix A), this analysis assumes no active cooling in the AWTE. The heat load
from the off-gas hood through the AWTE floor and into the AWTE air-space is handled by the AWTE
floor cooling system. Therefore, the off-gas hood does not directly contribute a net heat load to the
AWTE air-space. The AWTE floor cooling capacity required to offset the heat load emanating from the
ofF-gas hood is included in this calenlation,

The electrodes penetrate through the AWTE floor and into the melt contained in the JCV™ box. The material
feed chutes provide conduits through which the waste feed is transferred to the top surface of the melt during
processing. As such, these components are exposed to the very high temperatures of the ICV™ internals
throughout processing.

Boundary conditions for the problem are provided in Ref. 1,9, 11 and 12 {for QA purposes, copies of these
references are provided in Appendices A and B). These boundary conditions are;

melt surface temperature is 1922°F (1050°C);

off-gas hood panels are assumed 1o be at their design temperature (570°C);
off-gas air-space plenum temperature is 875°F (~470°C); and

design current to the electrodes is 4000A.

e & & 3

During discussions with engineers at Meier Enterprises (Ref. 10) the suggestion was made that the upper-bound
temperature for a number of components in the AWTE air-space is 140°F (~60°C). However, to provide a
conservatively high estimate of the heat load 1o the AWTE air-space, a low temperature is assumed for the
AWTE zair-space, 17°F (25°C).

The design temperature for the off-gas hood and associated structmes is 370°C. For canservatism, this
temperature was assumed for the air-space between the ofi-gas hood and AWTE fleor. For additional
conservatism in the AWTE air-space heat load calculations. ibe bottom surface of the AWTE foor (the surface
exposed to the ICV™ off.gas hood) was also asswmed to be 370°C. The temperature for the off-gas inlet air
was assurned to be 50°C (corfesponding to operating during a very hot summer day).

Calcutation $heer, QAP 3.1 Rev. 6411-15-45)
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The Joule heat dissipated in the electrode bus bar is addressed in Section 2.0. The energy dissipated fo the
AWTE through the exposed electrode stems is considered in Section 3.0. Section 4.0 covers the heat transfer
and temperature distribution jn the matcrial feed chute and the corresponding heat transfer to the AWTE.
Section 5.0 addresses the heat Joad 1o the AWTE air-space from the off-gas inlet line. Section 6,0 addresses the
heat load to the AWTE air-space from the off-gas exhaust line. Section 7.0 addresses the cooling capacity
required to handle the heat load associated with heat transfer from the off-gas hood to the AWTE floor such that
the top surface of the fioor is maintained at 77°F. Section 8.0 provides a summary of the results and tabulation
of the constituent AWTE heat loads.

2.0 ELECTRODE BUS BAR JOULE HEAT DISSIPATION

Figure 1 provides a schematic drawing of the ¢lectrode bus bar and elamp assemiblies. Detriled dimensions are
provided in the drawings listed in Ref. 2. The bus bar is nominally %" thick by 8" wide, The overall length of
the bar, from the connection with the power supply cables to the electrode contactor is approximately 9-1%4",
The bus bar is constructed of copper. A nominal copper electrical resistivity of | .8uQ-cm was obtained from

Ref. 3.

.‘L‘:‘& e
N s m ’

¥ UV

s

Figure 1. Schematic Diagram of the DBVS 1ICV™ Electrode Bus Bar and Clamp Assembly.

Cakcuiation Sheer: QAP 31 Rev. 61 15.08)
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With this information, the bus bar electrical resistance and heat load is computed as follows:

Assume that sach bus ber pesses the design kmit of 4000A (Ref. 11)
Copper elacirical resistivity ...
Pey=18x 107 %0em  (CRCHCP, 56th Ed, p E-84)
Busa bar dimensions are ...

t = 0,780
wim Sin

L= Ot + 1.25in
L=2775m
Resistance ...
Bi= Pou— or Rew129% 1070
wi
With a current of ...
1= 4000A
The Joule heat power dissipated is ...

P=rR O Pa2064sTW
There are two bus bar arrangements in the AWTE. Therefore the total heat load is ..

Py = 2P o Py =413 W
Rounding this up a bit vields ...
M:u 0.5kW

Caleulanon Sheer: QAP 3L Rev. 6{H.15.05)
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30 ELECTRODE SURFACE HEAT DISSIPATION TO THE AWTE

Figure 1 provides a sketehs of the electrode configuration inside the AWTE. The dimensions in this figure,
combined with the dimensions provided in the schematic included in Appendix A indicate that the overall
length of the exposed portion of the electrode is approximately 6. The bottom 30 of this length is located in
the JCV™ off.gas hood, from ihe top of the melt surface to the penetration in the off-gas hood. The electrode
passes through the 414" air-space between the off-gas hood and bottom susface of the AWTE floor. Mt then
passes through the 3%" thick steel plate making-up the AWTE floor. The uppermost 36" resides in the AWTE.

Convection, conduction, and radiation beat transfer between the efectrode and its surroundings is modeled in
this analysis. Joule heat dissipation in the electrode resulting from passing 4000A i3 also included in this
anatysis. The MathCad software packege is used to set-up and solve the governing system of equations and
associated input data (Ref. 4). The complete MathCad mode] of this system is provided in Appendix C. For the
purposes of this analysis, the temperature of the bottom surface of the modeled electrode segment (the face in
contact with the mell surface) s set at 1350°C. The top surface of the melt is set at 1050°C, The off-gas
plenum air-space is set at 875°F. Since the bulk low speeds within the off-gas hood are relatively low,
convection heat losses from the surface of the electrode are modeled using a natural convection correlation for
the convection heat transfer coefficient, assuming turbulent conditions {i.e. — GrPr> 10%). This correlation is
provided in Ref. 5. The exterior surface of the electrode “sees™ a melt surface at a temperature of 1050°C, and
1ICV™ hood and box surfaces at 570°C. This latier temperature is based upon design conditions for the off-gas
hood and appurtenances. The temperature in the region between the 1op of the off-gas hood and the lower
surface of the AWTE floor is also assumed to be 570°C for conservatism. The AWTE air-space and upper
surface of the AWTE floor are assumed to be at a temperature of 77°F (25°C}.

'This calculstion assumes no active cooling in the AWTE. Therefore, the correlation for natural convection heat
transfer described above is again used to compute the convective heat transfer coefficient for the electrode
surfaces exposed to the AWTE.  An emissivity of 0.7 is used to represent the electrode and melt surfaces in the
model. The emissivity of the hood surfaces is set at a value of 0.85. These values are consistent with the values
used in the Ref. & calculation. Radiation configuration factors were computed and/or obtained from the
relationships provided in Ref. 7. The thermal and electrical conductivity of the electrode was obtained from
vendor data. Appendix B provides a copy of this vendor transmitial supplying this information, The upper-
bound value of 230 W/m-°C is used n this analysis. An electrical resistivity value of 210 p€)-in was vsed for
the Joule heat calenlstions (reference provided in Appendix B).

As the MathCad model presented in Appendix C indicates, the 72" length of clectrode stem is broken-up into 3"
segments. The temperature distribution in this representation of the electrode is obtained by solution of a
system of coupled, non-linear equations, each equation representing an energy balance on each of the 24
segiments of the model. A 25™ electrode “element” is used to represent losses off the top surface of the
electrode.

The results obtained from this mode! indicale that the electrode weinperature decreases from 2 value of 1350°C
at the electrode-melt surface interface. 1o a value of approximately 310°C at 5ts top surface inside the AWTE.

Coteulgion Sheet; QAR 31 Rev, 8 {F1-15.05)
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The temperature and heat dissipation profiles computed for the electrode are presented in Appendix C. These
resuiis indicate that the overall heat loss to the AWTE is approximately 12% kW per electrode.

40 MATERIAL FEED CHUTE HEAT DISSIPATION TO THE AWTE

The dimensions and configuration data for the DBVS ICV™ material feed chutes are obtaincd from the
drawings provided in Ref. 8. Relevant portions of these drawings are reproduced here in Figures 2 and 3, The
drawings indicate that, during melt operations, the material feed chute protrudes throvgh the ICV™ off.gas
hood approximately 2!4", The chute extends from its penetration in the off-gas hood, up through the AWTE
floor, through the AWTE air-space, and out the “valve floor” which comprises the ceiling of the AWTE. The
lower ~1' section of the chute, where it extends from the off-gas hood through the AWTE floor, is nominaily
122" in diameter. The remaining portions of the chute are composed of 8" diameter tubing. The wall thickness
of the chute is (.148". For the purposes of this analysis, the entire length of the chute is modeled using the 8"
diameter dimension. Moreover, the rather complicated double-wall configuration in the vicinity of the
penetration through the AWTE floor is represented with the 8" diameter dimension as weil.

Convection, conduction, and radiation heat transfer between the chute and its surroundings are modeled in this
analysis. The complete MathCad model of this system is provided in Appendix D. For the purposes of this
analysis, the temperature of the top surface of the melt is set at 1050°C. The off-gas plenum air-space is set at
875°F. Since the flow velocities within the off-gas hood are relsatively low, convection heat losses fram the
sirface of the electrode are modeled using a natural convection correlation for the convection heat transfer
coefficient, assuming twrbulent conditions {i.e. - Gr-Pr> 10). This correlation is provided in Ref. 5. The
AWTE air-space and upper surface of the AWTE floor are assumed to be at a temperature of 77°F.

The temperature distribution along the ~12' length of chute extending from the penetration in the off-gas hood
10 the AWTE ceiling is represented by discretizing the chute into 1’ segments. The steel walls of the chute are
modeled in cach segment, as is the column of air contained within the chute. Both convection and radiation
heat transfer from the external surfaces of the chute to the AWTE surroundings are modeled in this analysis.
Conduction heat transfer in the steel walls along the fength of the chute from one chute segment to its adjoining
segments is also modeled. Convection heat transfer between the interior surfaces of the chute walls to the air
column within is modeled.

The off-gas plenum temperature is nominally 875°F; the AWTE room temperature is nominally 77°F. Since the
chute is relatively long, and much of it is exposed to the cooler temperature of the AWTE environment, it is
likely that a “chimney flow™ will develop within the chute doe to the relative density difference of the air over
this temperature range. A simple model was developed using a Boussinesg approximation to estimate the flow
associated with the density difference. This is estimated using the relation obtained from a simplified version of
the axial momentum equation ...

P =A{Prpr — Priser )8

Calewlation Sheer, QAP 3.1, Rev. 6 ¢11-13-03)
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Assuming air properties apply, this mode) suggests that 8 mass flow rate of approximately 0.2 kg/sec could be
developed in this chute. In actuality, the chute is closed-off at its upper end. As a consequence, the hot gases
rising in the chute will be balanced with a corresponding downwash of relatively cooler air. For conservatism
however, when the chimney effect is modeled, it is assumed to occur as if the rising gases travel up the chute in
single-pass fashion. To help put this effect in perspective, the analysis is also performed when this feature is
turned-off,

Ny

- .
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e

Figure 2. Connected Material Feed Chate — Section View.

Colculation Sheer: QAP 3.1 Rev 6 {11-15.05)
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Figore 3. Overall Elevation View of the Material Feed Chute (Post-Vitrification Configuration).
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The coupled system of non-linear equations arising from performing an energy balance on cach model segment
used fo represent the matesial feed cute and associated air column is solved using MathCad. The complete
model and system of equations is presented in Appendix D. The results obtained from this model, for the case
when the chimney effect is included, indicate that the steel walls of the chute range in temperature from
approximately 484°C near the connection with the off-gas hood, down 1o approximately 168°C near the AWTE
ceiling. The temperature of the air column contained within the chute is essentially uniform over the entire
length, at a temperature of approximately 450°C - very nearly squal to the 470°C tempesature in the off-gas
plenum. For this case, the radiative and convective losses to the AWTE are ~10 kW per chute. For
comparison, when the chimney effect is not included in the analysis, the chute temperatures range from 482°C
down to 25°C. The temperature in the air column inside the chute spans a similar range — from 480°C to 25°C.
The heat losses from the chute’s external swrfaces to the AWTE air-space are computed to be approximately
5 kW per chute for this scenario, approximately half that realized when an approximation of the chimney effect
is included. '

It is desired to mainiain the chute wall temperatures below 250°C to preclude partial-melting of the feedstock
and consequent potential cake and blockage issues. As the results indicate, for most of the chute run, the wall
temperature is below this value — even when the chimmey effect is included. However, the temperature of the
chute walls is well zbove this Jevel in the vicinity of the penetration through the off-gas hood. Therefore, a
supplementary means of cooling the chute in this region will be required. In order to estimate the magnitude of
| cooling required, the model includes a feature (o extract a prescribed quantity of power from each ring-segment
used to represent the chute. In this analysis, the cooling “load™ is adjusted for the bottom segment of the model
until a chute wall temperature of approximately 250°C is obtained. For the case wherein the chimney effect is
included (a condition that is not quite consistent with ongoing material feed operations), the analysis indicates
that, without supplementary cooling, the lowermost chule segment is approximately 484°C. The segment
immediately above this lowermost one is at 260°C. The other segments of the model indicate chute wall
temperatures below 250°C. 1f a supplementary cooling feature is employed to remove 4.3 kW from the lower
segment, the maximum chute wall temperature is below 250°C for the eatire length of the chute. When the
chimney effect is not included in the model, the lower most chute segment is still approximately 482°C without
supplementsry cooling. For this case however, a supplementary energy removal rate of 4 kKW applied to the
lowermost chute segment results in chute wall temperatures below 250°C over its entire length.

50  OFF-GASINLET LINE HEAT LOAD TO THE AWTE

The dimensions and configuration data for the DBVS ICV™ off-gas inlet line are obfained from the drawings
provided in Ref. 8. Relevant portions of these drawings are reproduced here in Figures 4 and 5. The drawings
indicate that, during meit operations, the off-gas inlet Jine protrudes through the ICV™ off-gas hood
approximately 2'4". The line extends from its penetration in the off-gas hood, up through the AWTE floor.
through the AWTE air-space, and out an AWTE side wall. The off-gas infet line is composed of 4" diameter
tubing. The wall thickness of the chute is 0.237". The line is not insulated. The Fine draws ambient air into the
off-gas hood. The emperature of this inlet air is assumed to be 50°C, corresponding to operating during a hot
summer day. An off-gas inlet volumetric flow rate of 115 acfim was modeled (Appendix A).

Coleigkation Sheer. QAP 5.1 Rev 4 (11-13-03)
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Convection, conduction, and radiation heat transfer between the indet line and its surroundings are modeled in
this analysis. The complete MathCad model of this system is provided in Appendix E. For the purposes of this |
analysis, the temperature of the top surface of the melt is set at 1050°C. The off-gas plenum sir-space is set at
875°F. Since the flow velocitics within the AWTE are relatively low, convection heat losses from the surface
of the inlet line are modeled using a natural convection correlation for the convection heat transfer coefficient,
assuming turbulent conditions (i.e.— Gr-Pr> 10°). This correlation is provided in Ref. 5. The AWTE air-space
and upper surface of the AWTE floor are assumed to be at & temperature of 77°F,

The temperature distribution along the ~18’ length of inlet line ¢xtending from the penetration in the off-gas
hood through the AWTE wall penetration is represenied by discretizing the chute into 18* segments. The steel
walls of the chute are modeled in each segment, as is the column of air contained within the chute. Both
convection and radiation hest transfer from the extemal surfaces of the chute to the AWTE surroundings are
modeled in this analysis. Conduction heat transfer in the stecl wails along the length of the chute from one
chute segment to its adjoining segments is also modeled. Convection heat transfer between the interior surfaces
of the chute walls to the inlet air flow within is modeled,

/W"O"l'lll

RILET VENILANION PORT COMMECHD - SECTION WIEW
BRE T oVl

Figure 4, Elevation view of the off-gas line in the vicinity of its penctration through
the AWTE floor and off-gas hood.

Colcutation Sheet, QAP ), Rev 6 {13-15-85;

A4-1688




RPP-24544 REV 1b

ARES CALCULATION SHEET
Project No. 0509266.01 § Calentation No. 0509206.01-M-004 | Rev. No. 1 | Page No. 14 of 159
Thie: DBYS AWTE Thermal Load Inventory
Prepared By: P.S. Lowery | Date: 2.14.06 | Checked By: S.R. Pievce | Date: 2.15.06
B
-[ m ‘lﬂ

-

: =i

& 150 FUN

I 1 7\ ]

Figure 5. Elevation view of the off-gas inlet line run in the AWTE.

The coupled system of non-linear equations arising from performing an energy balance on each model segment
used to represent the off-gas inlet line and associated air column is solved using MathCad. The complete model
and system of equations is presented in Appendix E. The results obtained from this model indicate that the steel
walls of the inlet line range in temperature from approximately 415°C near the connection with the off-gas
hood, down 10 approximately 43°C near the AWTE side wall penetration. The convective and radiative losses
to the AWTE air-space are ~2% k'W.

6.0 OFF-GAS EXHAUST LINE HEAT LOAD TO THE AWTE

The dimensions and configuration daia for the DBVS ICV™ off-gas exhaust Jine are obtained from the
drawings provided in Rel. §. Relevant portions of these drawings are repreduced here in Figures 6 and 7. The
drawings indicate that, during meft operations. the off-gas exhaust line protrudes through the ICV™ off.gas
hood approximately 2%", The line extends from s penetration in the off-gas hood, up through the AWTE
floor, through the AWTE air-space, and out an AWTE side wall. The off-gas inlet line is composed of 6"
diameter tubing. The wall thickness of the chule is 0.280". The line draws hot off-gases generated during

Calcutntion Sheer: QAP 3 1 Rev. 6 £11-15-05)
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DFF—GAS EXHAUST PORT CONNECTED AND INSLAATED- SECTION YIEW
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Figure 6. Elevation view of the off-gas exhaust line in the vicinity of its penetration through
the AWTE Boor and off-gas hood.
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Figure 7. Elevation view of the off-gas exhaust line run in the AWTE.

processing from the off-gas hood. The temperature of this exhaust air is assumed 1o be §75°F (~470°C) per the
flow sheet provided in Appendix A. The off-gas exhaust volumetric flow rate is 406 acfim (per Appendix A

! process flow sheet). The entire length of the exhaust line located inside the AWTE is wrapped with a 2" thick
| insulation blanket {or better), enclosed in a stainless steel jacket (Cotronics data sheet, Appendix B).

i
| Convection, conduction, and radiation heat transfer between the exhaust line and its surroundings are modeled

in this analysis. The complete MathCad model of this system is provided in Appendix F. For the purposes of

this analysis, the temperature of the top surface of the meit is set at 1050°C. The off-gas plenum air-space is set

a1 875°F. Since the flow velocities within the AWTE are relatively Jow, convection heat losses from the surface

of the exhaust line are modeled using a natural convection correlation for the convection heat transfer
I coefficient, assuming turbulent conditions {i.c. — Gr-Pr> 10%. This cosrelation is provided in Ref. 5.
1 Convection heat transfer from the hot ofT-gas exhaust to the inner surfaces of the exhaust Tine are modeled using
§ a Nusselt number corresponding to turbulent tube flow. The AWTE air-space and upper surface of the AWTE
g floor are assumed to be at a temperature of 77°F.

' The temperature distribution along the ~18’ length of exbaust line extending from the penetration in the off.gas

! hood through the AWTE wall penetration is represented by discrefizing the chute into 18" segments. The steel
walis of the chute are modeled in cach segment, 25 is the column of air contained within the chute. Both

I convection and radiation heat wansfer {rom the external surfaces of the chute to the AWTE surroundings are

WS mm I e e A AT T WS VI e UED WRE YN EEL MN GAN WP WEm R e wmm e
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modeled in this analysis. Conduction heat transfer in the steel walls along the length of the chute from one
chute scgment to its adjoining segrments is also modeled. Convection heat transfer between the interior surfaces
of the chute walls to the exhaust air flow within §s modeled,

The coupled system of non-linear equations arising from performing an energy balance on each model segment
used to represent the ofl-gas exhaust line and associated air column is solved using MathCad. The complete
mode] and systemn of equations is presented in Appendix F. The results obteined from this model indicate that
the steel walls of the exhaust line range in temperature from approximaiely 800°C near the connection with the
off-gas hood, down 1o approximately 440°C near the AWTE side wall peaciration. The temperatures on the
exterior surface of the exhavst line insufation jacket range from ~130°C near its connection with the off-gas
hood, down to ~90°C at the AWTE sidewall penetration. The convective and radiative losses to the AWTE alr-
space are ~2%: kW.

74  AWTEFLOOR HEAT LOAD FROM THE OFF-GAS HOOD

A simplified model of the heat exchange between the off-gas hood and AWTE floor was developed. The model
incorporates the effects of radiation heat transfer from the off-gas hoed to the bottom surface of the AWTE
floor. The temperature of the off-gas hood is assumed to be at its design limit, 570°C. The heat transferred to
the bottom surface of the AWTE is either convected back to the air space between the off-gas hood and AWTE
floor (assumed to be at a temperature equal to the average of the off-gas hood and AWTE floor bottom sutface
temperatures), or it is conducted to the top surface of the AWTE floor. The temperature of this surface is
assumed to be 77°F. The heat transferred by conduction through the AWTE floor is 1o be removed by a
supplementary AWTE floor cooling system so that the 77°F AWTE floor upper surface can be srmintained.

The MathCad model generated for this analysis is provided in Appendix G. The results of this analysis indicate
that the temperature of the bottom surface of the AWTE floor is 43%°PC, With the top surface at 77°F {25°C),
this resulls in a net heat transfer by conduction through the 3% steel floor of 372 kW (~106 tons sefrigeration).
This energy transfer must be handled by the AWTE floor cooling system.

Table 1 provides the results for the AWTE loor cooling load and bottom surface temperature for a number of
assumed hood surface temperatures. These results provide a means 10 evaluate the sensitivity of the results to
changes in this parameter.

Calewation Sheer QAP 3.1, Rev, 6411-15-03)
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Table I. AWTE floor cooling capacity and betiom surface temperature sensitivity analysis.

8.0  CONCLUSIONS

Compnter models are gencrated to estimate the temperature distribution and associated heat Iosses off the major
components housed within the AWTE, These include the electrode bus bar and contactor assembly, the portion
of the electrades exposed to the AWTE enviromnent, the material feed chuies and the off-pas inlet and exhaust
lines. The heat Joad emanating from the elevated temperatures of the off-gas bood and delivered 1o the AWTE
air-space by conduction through the AWTE floor is also estimated in this analysis. The results presented herein
assumne that s heat lead will be handled by a separate cooling system located in the AWTE loor. Therefore,
this Joad is not transmitted (o the AWTE air-space.

The resuits obtained from the analysis of the bus bar, exposcd electrode segment, material feed chutes, and off-
gas inlet and exhaust lines are summarized in Table 2 below. The “unit” loads of each assembly modeled are
provided in this table. along with the number of units present. The total heat load to the AWTE is obtained by
multiplying the unit loads by the number of units. This total lead is also presented in Table 2.

The model results indicate that the chute wall temperature in the lower portion of the material feed chute
excecds the desived 230°C Himit. I a supplementany cooling svstem is cimploved to remove 4 o 4% kW {~1'4
tons refrigesation) from the chute wall 1n the vicimty of the chute peretration throngh the AWTE floor and off-
gas hood port. the temperature of the chote wall can be reduced to below the 250°C target. This cooling
capacity represents the energy that must be removed from the chute. 1t does not account for incfficiencics in the
cluste cooling system employed for this purpose.

A separate analysis of the encrgy exchange between the off gas hood and AWTE floor was performed 1o
provide an estimate of the energy removal capacity required o maintun the top surface of the AWTE loor at
the target 77°F. The results of this analysis indicated that. when the eff-gas hood tomperawre 15 at its design
L of 370°C . the AWTE flow cealing systeny st be capable of removing 372 kKW (- 106 10ons refrigeration)
i order (9 maintain this AWTL jop sinface temperature. This encrpy remioval copacity dues not include the
cffects of thermal ineficiencies i the encrey removad process. OF conrse. fowering the hood temporatures

Cideahtton Sheer 24P 3V Rer {312 05)
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results in a corresponding reduction in the required AWTE floor cooling capacity. The results presented in
Table | above illustrate the refationship between these parameters.

Table 2. Component heat loads to the AWTE air-space!".

Bus Bar/Clamp Assy. 0.25 2 Y4 0.14
Exposed Electrode Segment 12% 2 25 7.14
Material Feed Chute 10 5 50 14.28
Off-Gas Inlet Line 2% i 2V 0.71
Off-Gas Exhaust Line 2% i 2% 0.71
Toial ~80% ~233

Nate: (1) Heat toads from the off-gas hood to the AWTE floor are handled by the AWTE floor
cooling system. Therefore, there is no net heat Josd from the off-gus hood te the AWTE
air-space. The AWTE floor cooling system load is discussed in Section 7.0.

As the resules in Table 2 indicate, the largest contributor to the AWTE air-space heat load derives from the five
material feed chutes. The results presented in this table reflect the case when the “chimney effect” is modeled.
H this effect is neglected. the contribution to the AWTE air-space heat [oad is reduced roughly in half, 10 5 kW

per chute. Incovporating this into the inventory Fist would result in an overall reduction in heat load to the
AWTE air-space of 55 kW (~ 16 tons refrigeration).

Catundatzon Sheer: QA3 1 Rev 011-13-05)
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To: Lsa Chambers

Cer Festoas, Joan C.

Subject: Amandreent and NTP Revision

Attachments: ARES AZISTT-NTP-D08 Rav. 208t ARES ATTOTT-CA-003 Rav. 3 Amendment.pdf

Hi Lise,
Alached le a Rev. 3 Amendment o our Consulfting Agresmant snd a Rav, 2 NTP. Please obialn Bobd's signaiure and
reham~ khank yout

mmummumﬁuh%wmnmlsﬂ»ﬂmmwwwm
gt BGkD Ak T SR T W DAL, T yvice mi e Rk ntandind NCREUEA JOU ALY PO Mo, SRRy, dEveminalo, copy. W Nk A conlents 1 prevett sy

1252006

Calcutation Shect; QAP 3.3, Rev. 6(11.15-05)

A4-1697




RPP-24544 REV 1b

ARES CALCULATION SHEET
Project No. 9509206.01 | Coleutation No. 0509206.01-M-004 | Rev. No.1 | PageNo. 23 of 159
Title: DBVS AWTE Thermal Load Iaventory
Prepared By: P.5, Lowery | Date: 2.1406 ] Checked By: S.R. Pierce | Date: 2.15.06
37200 AT, + . Jam Besuer 6017802
Rcend, Wantingin, WSS Amendment jo Consuiting Agreement

AgtowmaniNe:  ATTOTT.CA003 Dol JamanyRS, 2008
Amandoment ot Rav. 3

AGREEMENT

The parties iwretry amond the Agreamant os folows:
o Add the Jollowing work scopk
Thao deslge of fhe Anciltery Waste Transier Enclogues (AWTE) & buing performad by Thampeon
isiigfrg.%2§$¥.§§
Inpit provided o Thompson N fof Sherinal Yonds was based on AMEC gelecialion
USET-D-CADOY Heal Teansher Atalytia. This busls calmilation lookad ot the IOV lid snd AWTE et an
ntagrated assembiy and parfonmed sh anatysi to delermine iemperalires &t vacous locations. The
wrock ccope & basat on the

Flowdng notiviles:
>  Roview the concapissl dasign deawings for the AWTE from
> gfggiégsﬁﬁgsé

wppmsch thal can s used 1o delermion e ismpezature of e tsed chtoy thal pess theough
the AWYE. Baseling configurntion would be deilied os 10 actve cooling In the AWTE,

»  Wih ¥e hassfios oonfiguretion, o ino the heat ki 1hal nseds 10 bs removad from fhe
AWTE air space o schivva s chule wall Jmpesalure beiow 230°C, The basis for (i viduo
witl n2ed 1o be conficped by AMEL ESE; the Issup we disttissod today was *medng” of feed
maleral constituents In e ihe which will leet to plugging.
Anliclpated boumdary cordifions: nclode:

Mak surface tempecaluen of 1050°C fihls moay be one vrishin that is acfsiad to
delommine senskviy).
+ Top of Roor suisos iempumtury of XU (Deteiming Soin curien anelysis Yor §S; may
ﬁniaigv
wir puisive AWTE B,
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Pat Lowery
From: Luey, Ja-Kaef [Ja-Kpel.Luey @ dmimbnascom.com]
Sent: Wodnesuiay, Novamber 23, 2005 1:51 P&
Tor Pat Lowery
Co: John Gadibki; Luey, Ja-Kael; Fredaricioon, Jim; McCracken, Kt J.; Renner, Jean C.
Subject: Ouline ot Work Scopa for 10V BOx Lid Celoulzbon
Anachments: Configuration for Cakoulation.pdf; ingtt Diswings. pot
Par,
One of my acfion Rome iram o yostercay wilh Mike Laonard was 1o provide you with guidance for the
1CV Box Lif caltuintion_ Ploass find a description of desired work soope for which a quote Is requested.
Lot me Know it | have adequalely add) 1 your queslions for claficalion wih ragands 1 this cakoulalion,
Jatee!
GENERAL

1. Formal catcutwlion pat ARES prosadures. Expaciation e for same checking and aoftware validation as
performed for ARES Calculntion No. 0533208.01-M-001,

2. Assume thot on initial meeting to discuss boundary condiions will be held for AMEC: ESE, GH2M HILL,
and DM HEN to concur wilh moded sef-up.

3. Assume calvusalion will ba reviewed by AMEC ELE, DWW HEN, end CH2W HILL in parslie).

4

=

. fing fo reaniva & ks for Sinal carculetion issue.
. Caloulaion wifbe irensmitind 1o DM HEN for Sistiulion 1o Tevierwers,

CM.CULATIOR
Puiposs of the calculation Is to determing 1ha lemperatura of the ICV Box id.
2. Scope: Gondition to be avaluated Is when tha glass surface jevet is cliopest 1o the ICY Box id. Ses
uliached fie for configuration o be considersd. At noled tho igure, the MPSIND Abtve the steol plaie
Boor iz a varieble boundary condilon. Thier cases are 1o be evaluated ot the AWTE Alr Space: 1) T =
77F, 2) T = 250F, de_-«wF For these conditions the iemperatie o the ICV Bay Lid and stest pigte
fioor 2ew of intarest (this will gukds the desipn of any heedad cooling above the sivs| floor to achiove a
target kd temparature}).
A mmpﬁm&: Muammmum These drawings are 1o guido T developrent of fhe
modet, Simpilying assumpilons mmmmwunammwmwmme
pase!mﬂmsmdnnmgﬂouusuhgbplam pengirations. A statement Bs to the Impact from
thasa assumplions Is expacied in ihe calcitalion (e, whelhat the résuts Jre, of Are nol, ConsRtvative by
not including the added componants andt asstcisted thennal iransler). As neetfed, slate other
agmmptions mato lor tve calcuinbon,
. Methcdology: Siote mmodandamoacﬂ used.
. Resutis and Conclusions: As
. Sotmware Vatnationnnd\'erﬁh:am Prowiuaasava!me

[
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Pat Lowery
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From:  CBitinerQrupaticrgraphits.com
Serts  Friomy, Januaty 27, 2006 1047 AM
Tor Pat Lowey

Subject: P Electrode Propery Dota

e <«chilingt B supancrgophite.coms.
RUIERO0E 0330 PN Subjec) Barkode Fropaay Dtk

Chwis —

Okay. Hesa's my emall address. Aﬂ“ X properly dals on the graphits siecirodes AMEC
plans 1o uae for thelr BulkVit plans, mwedhmdmwm(uimlmm
youk mmw&mmummmmma dansity (ligimng, say), and g0
forth. 'm not 8o ink d in the mechanical duta (B the coel. dmsnmlmmwn).wiywmlbel
dati, it will Skely comme in handy Jor our siructurel guys.

Thenks again lor your halp,

Pat Lowery

ARES Corporation
505.946.3300 W)
509.946 6006 {F]
500.554, 19451 [C}
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Title: DBVS AWTE Thermal Load laventory
Prepared By: P.S. Lowery | Date: 2.14.06 | Checked By: S.R. Pierce | Dae: 2.15.06
Pt Lowery
From: Mitss, Jerid Lievid Maues' )
Soni: Moruay, Febrary 3,
Subject; FW: Scanned fiom NIFP-O0ES3240 02132000 1203
Attachments: alectride deispdl

Thanks,
Jerid Mauss

wm—-sQriginal Messhgeww—--
From: Zeithaml, Willimm

Senk; Monday, February 13, 2066 %:0) BB
Tor Mauvss, Jerid; plonezyomscoxma
Subjieer: RE: Scanmed from MPP-DOESI240 02{13/2005 12:Q3

‘The Superior graphitec web sikte gives the Specific Blectricol Resistance of the P
electrodos ax follows:

5.5 E~6 chm-peters to 7.4 %-6 che-maters.

Tha Superior graphite cut sheet that canm with some clectrodes wa purchased fur use At
HATS gives the Specific Resiztante Lonpgitudinal for 12* electrodes as

21 £-5 ohm-inches

The conversion showk that thexw two values are equal and thar the value iz sbowt 21 B-5
ol inthes.

specific Electrical Rogistance 39 also know as resiscvivity.

~ Rasigtance = Resistivity = Length / hrma.
The resiatance of & 36% lonyg, 11" dlameler elsctyode is Lherofore
21e-% oh-in x 36 in 5 X3 in2 - 6.7 & -5 chm total
This does 1ot compare very well with the value that ic handwritfen on the attached pof
(.00% otwn) . 1 do not kmow where .DOD2S ohm/in coame from unless the person thal wxote it

wisunderstoond the unics and ic waz supposed to ba .0002% ohm-in. Then averything would
make senke.

comeeOFiginsl HOESaQE-----
Freen: Wauss. Jerid

Calculation Sheet: AP 3., Rev, 6¢11-15-D5)
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Title: DBVS AWTE Therma! Lowd Inventory
Prepared By: P.S. Lowery | Date: 2.14.06 | Checked By: SR. Pierce | Date: 2.15.06

Sent: Wonday, Pebrusxy 13, 3085 2:17 MM
To:r Zaithiwml, Willimm
Subject: Pw: Scanmed From MEP-UOHAIZAD 02/13/2006 12:03

reeaeOriginal 2

Frome Pak Lowery !mllu:plmnmwatim.m
Sent: Monday, Febcuory 13, 2006 12:40 W

To: Nause, Jerid o .
Subject: PW: Scamed from MPP-0ORS3Z4D (2/13/2006 12:0)
Jarid -

dere*s the dare sheet I have ...

Pat

e uOriginal Mensagh~eres

Prom: Richland Copier {mailbo:michiondtopieréaregcorpsation.com)
Senc: Mondny, Pobroary 33, 2006 12:04 ™M

To: Pat Lowery

Subject: Scammed from HFP-00ES32408 02/1372006 12:03

Sconned {yom MEP-Q0RSI240.
Dace: 02/13/2606 12:03
Pages:1

Resolotion: 200A208 LRI

The informstion contained in this e-mal) s intended only for the individual or sntity to
whom it is addresscod.

Itas contsuba {includion mey attschients) may contain confidenvial madfor privileged
informavion.

1L you are not an intended reciplent you must not vee, disclose, disseminate, topy or
priut its contents.

I you receive chis e-muil in error, please notify the sender by rsply e-mail and delete
and destroy the message.

Calcutation Sheer. QAP 3.3, Rev, &(11-13-05)
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Title; DBVS AWTE Thermnal Load Inventory
Preparcd By: PS. Lowery | Dme:2.0406 | Checked By: SR, Plerce | Date: 2.15.06
Page10f)
wmwmw

T el e P )l W A g BT £+ S | Ay et L Mot TR T % s 8% ke o WP ki,

From:  Maues, Jurid Lherd. Manss 8 aiac.com)
Sent:  Tuesday, Febiuesy 14, 2000 B:14 AM

Sent: Monday, February 13, 2006 11:54 AM
To: 'Pat Lowery’
Ce

Zekhapal, Wilkamn
Subject: Amp Deaw for Blacticdes

Pat,

Based o the 288 siackical data 5000 Amps shall e sssumad 5 2 maximum steady stale current. The hi
fecorded amperage (rom the 368 was ~2860. The smperage tended ko be lowar 2 the dapth of tha piass
increased, At approximately hall full 1he maodmun curment was Jess than 2500 Amps. 3000 amps shoulks be
bounding for your analysis and hes addisional conzervalism buit in due 1o the ievel radiant sinface being
naglegied in detecmitdng ihis vale,

Jenid Mauss

mmnmmm this c-mail is intended only for the individual or entity 1o whom it Is
ts contents (incloding any sttechnents) mxy contain confideatinl and/or privileged information,

¥ you aro not an intended recipient you must not use, disclose, disseminaie, copy or print its conteats.

3 you receive this e-mail in exor, please tiotify the sender by reply e-mail and defete and destroy the
measage,

232006

Calcatation Shoet: QAP 3.3, Rev, 6{11-15-B5)
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Title: DBVS AWTE Thermal Load Inventory

Prepared By: P.S, Lowtry | Date: 2.14.06 | Checked By: SR_ Pierce | Date: 2.15.06

3000°F CERAMIC BLANKET
Super Efficient Tberrnal Instlation
Ravior Cevomis Finer

Vabswaight, laxihiy Bk

“RMa IBag. Ceramic  Shayd, umh wr crasdiakea  te
v

Talgh Failieney bigh eth:
vt smmand Alrorpien.
qu'-luu o aMAFAY mnd Nlnin: hl-ﬁldtrh-l“i, L
foaraies Met® 4. Stxkin, mésdibemicals sad Solvenky, K

Mot racom mansod sor wpi wien HE H3POy 2os N.ém) C
APPLICATIONS -

Heah twmpreaters Insulsiion, farndte tnings, mutiiei, sos° WHPF Muclear Inctrument
Carbinas, $an3, DveRe, Elemics] EMLOIE, TApAndlen falat

Parhing, FIET LesPAERrd TihAr G Fied Btleilich, mmund

sbrerpilen, 3ot relfiyind Intulation, nBA CintBmiaslisg

Brnting and siatoring Saparstie
Uhe Rusror 37Dron s13 asnncat purperie nssps so 2300°F
Yae Bencor 370 von appiie scinns va 2S0E

Ve Reurar B3O HT 20r vy piic seson s 1a-3DORE

thie Riseor 370FT thrnrmtnwm foll mached winmiat) roe
NS onnt FHSuTapon 5ad handitog sye ngh. e sl ror win o8 >

L TR T

ToFina yave Insutaion Reguirsmanes

1) Drave 2 nestions Yion srom tha bt sige

Komparatura.

B Deaw o mavsrunial thae from we

> — [

; % 05

Mesived ot AT SEMPerIN e,

3) The sonsirdd tmiudieion Hesmatd £ shaswmn

U ke Ealariestidn of the e Jinee.

Exsmnial

Dosired Colet Stig Tamp ™
s & P
3

Fr 3 tuwrsce with an 1800°F wivnsna

M. and 4 deziced surside Jurnecu tevap. 1

I50'F 37 of tnew)rtem wonla ba vabwiewd.

Attusd Hop Sde Yghg, °F 1

Car. Nao Fome F Tract nees BarrRoat R ey
o1 DN ¢ JN s BB . 6875

.. 19.9%

2 S LA K

A s RN § = NN L 7P & APUI b« & 13

tAFnPocar. o K27, e RS A . ¥4 &1

IgEHS. . 2300, S £ PSS 5 N 4L RN
St Vseern Fanaw mea Pars soa Qusnvio Poscos o fequein

St e B2 10 D i Aanu e sea Ragosess

4 IGOTROMIGS CORP. - — TR T

AT T T (T TR S0

Calcelaion Sheetl. QAP 3.2 Rev 6(11-15-05)
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Project No. 0509206.01 | Caleutation No, 0509206.01-M-004 | Rev. No. 1 | PagoNo. 32 o 159

Titte; DBVS AWTE Thesmal Load loventory
Prepared By: P.S. Lowery

| Dae: 2.14.06 | Checked By: SR Pierce f Date: 2.15.06

APPENDIX C

MATHCAD MODEL TO ESTIMATE THE TEMPERATURE DISTRIBUTION AND HEAT LOSS
OFF THE EXPOSED ELECTRODE SURFACES IN THE AWTE

Calculation Sheet: QAP 3 1, Rev. 6¢11-15-85)

A4-1707
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Project No. 0509206.01

} Calealation No. 0509206.00-M-004 | Rev.No.1 | Fage No. 33 of 159

Title: DBVS AWTE Thermal Load Inventory

Prepared By: P.5. Lowery

| Date: 2.14.06 | Checked By: SR. Pierce | Date: 2.15.06

“CTwl *Fal
£ _rsas) SE% )
xld.'(i)x[x 2!3.!5) m:}:;{? 32}

ORION = )

Etecirote propersies
W
o mﬁ Crod ™= W7
Bio e Lo TRin Jom Mmoo Apg DS
Hood Properties

s OB8 Ay 2EHOMIM - SHY - BHIAZM)  Agypm %

Mok Sutface Propenions
Cagi= BT Agpim (SRR Ay, = .13
Ay = W iy =D, 2 E
M By

Nalural tonveciion heal bransler cosfficients are modated using ocrrelalions from
Haoiman, Hest Tranefes, Jed Edillon, p. 218, They argof the form .
hag [aTpR

where the latiog ¢ ter, £, fetitcis the Shape and oderiation of the
<uriace {ihe bubecripl "o” indicaies ihe goenistion - 9., V -> walicsl, WU -~
horizontal. hested surfece Tacing up. and 0 on},

HMatwrat Conveclion Heat Tiansfer Coelficient Comelation Parameters

W Lo 15—

Sy 132

IIII‘. K nl:- K

Calculation Shees. QAP 3.1 Rev. & (13- 13.03)
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Project No, 0509206.01 | Calcutation No. 0509206.01-M-004 | Rev.No. | | PageNo.34cf 159
Title: DBVS AWTE Thermal Losd Inventory
Prepared By: P.S. Lowery | Date: 2.1406 | Checked By: SR. Pierce | Date: 2.15.06

To= (1350 mxs}x “fwatmundmmum
alocimde "expoimd” 4 T of-gas plenae Tagion
Tar= {100+ AD1K Temperire of e mell mutaca
Topt™ (329« TR mem;;ﬁmm
Srom the elacirode sirdsce

Tog i (Pacle15F) s 1045l Temprratue of the olf-gos plerus gases.

TAWTE ™ [-%»(sm + FloC1rFy + 2?!.15)]K Tempershre in the AWTE foor penetration
Temparplure of he 2 space betwesh the O3

Tain 13704 TRIEK hood and the AWTE toor
oo = (PO TF} & 213030K dehA\MErmmm
inietrt equipment & slinickaes

Now Inclpdy: she Jowle haat dissipation in the elsctrode that is 2 concequence of
passing clument throdih it ..

Lim ADIOA  prgyin T Bin Lgyoge™ 5

L heotrode .
R elecuroule i Pres "Dl Roieerode = 557 10 00
4
Percerroge ™ Paecaroded P ogecasade ~ OB9XW
P obectrade
[ : kw
Y Pelectrode * 1613~
xn’ 3
—_— % m
4

Tha electrode I discmtized into 37 celts. The cel IDs are srranged as follows:

Nodes 1itwo 10 exposed o the off-pas hood plemun egion
Node 11 &8 in th gap bedreen the of-gas hood and the AWTE Noor
Node 12 is i the AWTE Noor

Modes 13 thru 25 are in the AWTE room

Caleplation Sheet: QAP 3 L Rex 6 (F)-15-05%
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Title: DBVS AWTE Thermal Load Inventory
Prepared By: P.S, Lowery | Date: 2.14.06 | Checked By: SR, Piexce | Date: 2.15.06
tnithxl guese. Kf lempareture distribution ...

Tj = (6004 2BIHK Tyom (500 DAIHK  Tygow (004272158 Topm (6004 218K

Ty (600« ZBISK. Ty (800 +. DXIHK Tygm (6004 ITNK Tpyo (00 + 231K

Ty 6005 ITIRNR Tgim (600 £ TRINK Typ (6004 ZTRISK Tyqon {600+ TRIHK

T (500 « 221K Tyy = (500+ DAINK Tigm (800 + 2TBINK Taqom (6034 MAINK

Ty w= (600 + TISHK Tyqie (6004 TTXIHK Ty~ 1600+ TTAHE

Tgm 600+ FRISK Tygre (6004 F3IIK Tygr= (6004 ITRINK

Ty (G0 + TIIHK Ty (6004 252IHK Tay = (600 + J73IDK

Lond a vedtar containing the view facions from [he cylindrical sepments repiesenting the radiation
view facior from the elacironi ouler oylindrical surfice 10 the planar mékt surface. This will be wied
o partifion the modiant heat trassfer box the kowas et sylinddenl s ueed & the

portion of the slectiode wide the offgas hood. wmumﬁammmwmm
vmfauummmbemmmmmwmmmm

=

698y
0g
a8

06
&%

0y
B2

ot}

Calculntion Sheet. QAP 5.1, Rev. 6(11-13-05)
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Project No. 0509206.0% | Calculation No. 1509706.01-M-004 ] Rev.No. 1 | PageNo. 36 of 159
Title: DBVS AWTE Thereal Load Inventory
Prepared By: P.S. Lowery | Daie: 21406 | Checked By: SR. Piesce [ Due: 21506
Givan
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1
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gl [""’"S""—'} * Aratv{|T2 - Toal) {72~ Tog) - =*
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* Polextsele
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Calcvlation Sheer: QAP 3.1, Res 6(11-15.05)
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Title: DBVS AWTE Thermal Load Inverory
Prepared By: P.S. Lowery j Date:2.14.06 | Checked By: SR. Pierce | Date: 2.15.06

1
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. *m(’s - Twu 2 "AWG'(TS“"TM‘)
[ ‘RM‘q,......L...‘[‘ tn'\ [1‘.‘”‘\1.._'._,[.-%‘"
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+ Feduoaode
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Tyw2g T, -
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Calcubnion Sheer QAP 5.1 Rev, 6 (13-15-05)
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CALCULATION SHEET

Project No. 0509206.01

| Cateulation No. 0509206.01-M-004

| Rov.No. t | PageNo. 38 of 159

Title: DBVS AWTE Thermal Load hventory

Prepared By: P.S. Lowery

| Date: 2.14.06 | Chvecked By: S.R. Pierce

| Date: 2.15.06
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Calculation Skeer, QAP 3.3, Rev, 51 13-15.05)

A4-1713



RPP-24544 REV 1b

CALCULATION SHEET

Project No. 0509206.01

| Calculation No. 6509206.01-M-004 ] Rev.No. 1 | Page No. 39 of 159

Titie: DBVS AWTE Thermal Load Inveniory

Prepared By: P.S. Lowery

| Date: 21406 | Checked By: S.R. Pierce | Date: 2.15.06
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Title: DBVS AWTE Thermal Load Inventory
Prepared By: PS. Lowery | Date: 2.1406 | Ciiecked By: SR. Pierce | Dete: 2.35.06

1‘“ - 2-‘(200 Typ

sz

Tan - ,'T:t ¥ T'ZD

Toy~ ETaet Ty a4 3
n 2T Ty Pelectrods
—-——-—-————57 ('r,;, ,m,,,] - {r-w. = Troumn ) e
Fl
T-v,, - 2‘1‘3- TZZ 4- ‘v 3 ) -0 €y : 4 Poecrode
UL M LAY | R - Tog =T, )., e T
2 ‘( 23 m} kD 23 7 Troom k

Flng - 3Tpq+ Tay 4-€,v

32

2 12‘5“ Toa

°‘wd dore gb a g
+ P {?l"l - '.”.)i P "(75 »Tw)

4Pm

iy 2
e rm..'rm’- {'rm = Troom

(":x Tmem)) %(Tzl - m)""—'—"

A4

2L

i ‘wd_( peledmd:
- (131 = Tyoom) Yoy - mun

4
inu

S s mn}-v-—-(‘fm Trocad)”

Calculation Shoer: QAP 3.1, Rex. 6{1)-15.05)

A4-1715



RPP-24544 REV 1b

ARES ) CALCULATION SHEET

Project No. 0509206.61 | Calcutation No, 0509206.01-M-004 { Rev.No. 1 | Page No. 41 of 159

Titke: DBVS AWTE Thermal Load Inventory

Prepared By: P.S. Lowery | Date:2.14.06 | Checked By: SR. Picwce | Date: 2.15.06
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Title: DBVS AWTE Thermal Load Inventory

Prepared By: P.S, Lowery

] Date: 21406 | Checked By: S.R. Pierce

| Date: 215.06
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THC = 673,957
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Tithe: DBVS AWTE Thesmal Load inventory
Prepared By: P.S. Lowery | Dute: 2.14.06 | Checked By: SR. Pierce | Date: 2.15.06
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APPENDIX C4

DRIED WASTE HANDLING SYSTEM

B-145579-33-F-0401 C Bulk Vitrification Instrument Loop Diagram 33-L-401 C4-5
B-145579-33-F-0402 C Bulk Vitrification Instrument Loop Diagram 33-P-402 C4-6
B-145579-33-F-0403 C Bulk Vitrification Instrument Loop Diagram 33-Y-403 C4-7
B-145579-33-F-0404 C Bulk Vitrification Instrument Loop Diagram 33-Y-404 C4-8
B-145579-33-F-0406 C Bulk Vitrification Instrument Loop Diagram 33-K-406 C4-9
B-145579-33-F-0407 C Bulk Vitrification Instrument Loop [Magram 33-Y-407 C4-10
B-145579-33-F-0410 C Bulk Vitrification Instrument Loop Diagram 33-K-410 C4-11
B-145579-33-F-0411 C Bulk Vitrification Instrument Loop Diagram 33-Y-411 C4-12
B-145579-33-¥-0412 C Bulk Vitrification Instrument Loop Diagram 33-P-412 C4-13
B-145579-33-F-0413 C Bulk Vitrification Instrument Loop Diagram 33-H-413 C4-14
B-145579-33-F-0414 D Bulk Vitrification Instrument Loop Diagram 33-11-414 C4-15
B-145579-33-F-0415 C Bulk Vitrification Instrumnent Loop Diagram 33-T-415 Ca-16
B-145579-33-F-0416 C Bulk Vitrification Instrument Loop Diagram 33-V-416 Ca-17
B-145579-33-F-0417 C Bulk Vitrification Instrument Loop Diagram 33-P-417 C4-18
B-145579-33-F-0418 C Bulk Vitrification Instrument Loop Diagram 33-P-418 C4-19
B-145579-33-F-0419 b Bulk Vitrification Instrument Loop Piagram 33-P-419 4-20
B-145579-33-F-0420 C Bulk Vitrtfication Instrument Loop Diagram 33-H-420 C4-21
B-145579-33-1:-0422 C Bulk Vitrification Instrument Loop Diagram 33-H-422 4-22
B-145579-33-F-0423 C Bulk Vitrification Instrament Loop Diagram 33-H-423 C4-23
B-145579-33-F-0424 D Bulk Vitrification Instrument Loop Diagram 33-P-424 C4-24
B-145579-34-F-00609 E Bulk Vitrification Instrument Loop Diagram 34-Y-009 4-25
B-145579-34-F-0010 C Bulk Vitnfication Instrument Loop Diagram 34-Y-010 C4-26
B-145579-34-[F-0019 E Bulk Vitrification Instrument Loop Diagram 34-Y-019 4-27
B-145579-34-F-0020 C Bulk Vitrification Instrument Loop Diagram 34-Y-020 C4-28
B-145579-34-[-0101 C Bulk Vitnification Instrument 1.oop Diagram 34-1-101 4-29
B C ) Di: C4-30

B-145579-34-F-0102

Bulk Vitrification Instrument Loop Diagram 34-T-102
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Bulk Vitrification Instrument Loop Diagram 34-T-103

B-145579-34-F-0103 C C4-31
B-145579-34-F-0104 C Bulk Vitrification Instrument Loop Diagram 34-T-104 C4-32
B-145579-34-F.0112 C Bulk Vitrification Instrument Loop Diagram 34-P-112 C4-33
B-145579-34-F-0113 D Bulk Vitrification Instrument Loop Diagram 34-H-113 C4-34
B-145579-34-F-0114 C Bulk Vitrification Instrument Loop Diagram 34-F-114 C4-35
B-145579-34-F-0115 C Bulk Vitrification Instrument Loop Diagram 34-P-115 C4-36
B-145579-34-F-0201 C Bulk Vitrification Instrument Loop Diagram 34-Y-201 C4-37
B-145579-34-F-0202 C Bulk Vitrification Instrument Loop Diagram 34-Y-202 C4-38
B-145579-34-F-0203 C Bulk Vitrification Instrument Loop Diagram 34-Y-203 C4-39
B-145579-34-F-0204 C Bulk Vitrification Instrument Loop Diagram 34-Y-204 C4-40
B-145579-34-F-0205 C Bulk Vitrification Instrument Loop Diagram 34-Y-2053 C4-41
B-145579-34-F-0206 C Bulk Vitrification Instrument Loop Diagram 34-Y-206 C4-42
DBVS-SK-M107, Sht 1 E Bulk Vitrification Dried Waste Transfer System C4-43
DBVS-SK-M107, Sht 2 C Bulk Vitrification Dried Waste Transfer System Plan C4-44
PBVS-SK-M107, Sht 3 C Bulk Vitrification Dried Waste Transfer System Elevations C4-45
F-145579-00-B-0001 K Bulk Vitrification Structural Steel General Notes — Sh 1 C4-46
F-145579-00-B-0002 F Bulk Vitrification Structural Steel General Notes — Sh 2 C4-47
F-145579-00-B-0003 J Bulk Vitrification Structural Steel Typical Details — Sh 1 C4-48
F-145579-00-B-0004 G Bulk Vitrification Structural Steel Typical Details — Sh 2 C4-49
F-145579-00-B-0005 I Bulk Vitrification Melt Area Structural Stl Plans & Details C4-50
F-145579-00-B-0006 G Bulk Vitrification Melt Area Siructural Stl Elevations & Details C4-51
F-145579-00-B-0007 G Bulk Vitrification Melt Area — Grating & Floor Plate Layout C4-52
F-145579-00-B-0010 C Bulk Vitrification Melt Area Structural Stl Stairs & Details C4-53
F-145579-00-B-0013 A Bulk Vitrification Melt Area Structural Stl Connection Details C4-54
F-145579-00-D-0041 F Bulk Vitrification Melt Area G.A. Sections C4-55
F-145579-00-D-0051 F Bulk Vitrification Melt Area G.A. Plan Views C4-36
F-145579-00-E-0139, C Bulk Vitrification Waste Feed Vacuum Blower Schematic C4-57
Sht 1 Diagram

F-145579-00-E-0139, C Bulk Vitrification Waste Feed Vacuum Blower Wiring Diagram C4-58
Sht2

F-145579-00-E-0174, C Bulk Vitrification Waste Receiver Airlock Schematic Diagram C4-59

Sht 1
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Drawingor Sketeh | Reviston - S mge ] Page
F-145579-00-E-0174, C Bulk Vitrification Waste Receiver Airlock Wiring Diagram C4-60
Sht 2
F-145579-00-E-0175, C Bulk Vitrification Dry Wst Rec 1 Rot Airlock Schematic C4-61
Sht 1 Diagram
F-145579-00-E-0175, C Bulk Vitrification Dry Wst Rec 1 Rot Airlock Wiring Diagram C4-62
Sht 2
F-145579-00-E-0176, C Bulk Vitrification Dry Wst Rec 2 Rot Airlock Schematic C4-63
Sht 1 Diagram
F-145579-00-E-0176, C Bulk Vitrification Dry Wst Rec 2 Rot Airlock Wiring Diagram C4-64
Sht2
F-145579-34-D-0010 C Bulk Vitrification Area 34 ~ Waste Transfer Holes in Floor C4-65

Plates
H-14-106792* 1 Bulk Vitrification Melt Area Fdn Plans & Sections N/A
H-14-106799 0 Bulk Vitrification Minor Foundations Plans & Details C4-66

*Foundation drawing reviewed by IQRPE with foundation calculations. Drawing not in¢cluded in this Design Review Package.
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APPENDIX D4

DRIED WASTE HANDLING SYSTEM

F-145579-33-A-0100* R Bulk Vitrification Waste Dryer P&ID D4-3
F-145579-33-A-0106 H Bulk Vitrification Waste Feed Dryer to Box P&ID D44
F-145579-34-A-0101 J Bulk Vitrification AWTE Hood & Waste Feed P&ID D4-5
F-145579-35-A-0100 N Bulk Vitrification ICV Box P&ID D4-6

*Current revision different than submitted in the Waste Dryer System Design Review Package. Included in the Dried Waste
Handling System Design Package to assist review and to show instrumentation associated with contrel of dry material feed to
the ICV System.
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