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EXECUTIVE SUMMARY

This document provides design information for the Demonstration Bulk Vitrification System
In-Container Vitrification 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."

Specific design information is provided in this report for the In-Container Vitrification 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.

Where information regarding treatment, management, and disposal of the radioactive source,
byproduct material and/or special nuclear components of mixed waste (as defined by the Atomic
Encrgy Act of 1954, as amended) has been incorporated into this document, it is not incorporated
for the purpose of regulating the radiation hazards of such components under the authority of
Chapter 70.105 of the Revised Code of Washington and its implementing regulations but is
provided for information purposes only.
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2.6 IN-CONTAINER VITRIFICATION SYSTEM

The ICV box is the container that will receive the dried waste mixture from the Waste Dryer
System via the Dried Waste Handling System (see Section 2.4). After material transfer into the
box, the dried waste mixture is vitrified (treated) in the ICV box. Gases produced during the
vitrification process are vented to the OGTS (see Section 2.5).

On completion of the melt process and after a prescribed cooling period (time to be developed
during testing with non-regulated material), shielding in the form of top-off soil is added to the
ICV box. Sufficient top-off soil is added such that the interior of the box is at least 90 percent
full and dose rates at the top of the box are as low as reasonably achievable. The top-off soil is
delivered from the top-off soil impingement tanks located in the melt area enclosure and is
metered into the box via the top-off soil feed chutes. Top-off soil is also added through the
waste feed chutes using the Dried Waste Handling System (clean soil is passed through the waste
dryer to the Dried Waste Handling System).

After addition of the top-off soil, the ICV box ports are sealed and the AWTE is disconnected
from the ICV box; the filled box is transported from the melt area to the storage and sampling
area to continue cooling. Once sufficiently cooled, the box is sampled in the sampling area and
then moved to the temporary storage area in readiness for transportation to its permanent
disposal location.

2.6.1 System Description

The ICV System is comprised of the ICV box and the air pallet caster system. The ICV box
[Resource Conservation and Recovery Act of 1976 container] is comprised of a reinforced steel
container lined with insulating materials, which contains the waste in its initial dry form as well
as its molten and final solid vitreous form. Further, the ICV box provides containment for the
top-off fill material added to the box post-melt and includes box lid gaskets, waste and soil fill
port seals, electrode seals, and a HEPA breather filter installed post melt.

The air pallet caster system is a portable frame levitated on an air film that engages the bottom of
the ICV box to lift and move the ICV box to various locations within the DBVS site (e.g., from
the box preparation area to the melt station, box cooling location, box sampling location, and
storage locations [see Appendix C6, Drawing F-145579-00-D-0007]). The ICV box is supported
by curbs at the processing stations and on the storage pad (see Drawings F-145579-00-B-0022
and 145579-00-B-0025 in Appendix C6) .

Preparation and assembly of the ICV box for use is also covered in this section; however, dry
waste feed and top-off control systems are discussed in the Dried Waste Handling System
description (see Section 2.4).
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2.6.1.1 In-Container Vitrification Box (Specification 145579-D-SP-023). The ICV box is
based on a standard 50-yd 3 roll-off box with modifications and designed to be water tight;
withstand the hydraulic and thermal loads of the molten glass and the weight of the total contents
of insulation, sand, refractory, glass, and top-off materials. The ICV box is shown in Drawing
F-145579-35-D-0004 in Appendix C6.

The ICV box, complete with lid and port caps, will be delivered to the site on a flatbed truck and
offloaded into the ICV box preparation building. The sealing gaskets for the area between the lid
and box will not be installed on the ICV box for shipment to prevent premature crushing of the
gasket. See datasheet 145579-D-DS-050.1 for seal details (Appendix G6).

The ICV box lid is an integral lid and vent hood that is installed on the ICV box at assembly and
remains on the box through processing and ultimately goes to the disposal site. It will be
fastened to the top flange of the ICV box and is sealed to it with bolts, nuts, and a refractory
gasket. The ambient air inlet penetration on the ICV box is connected to a HlEPA filtered inlet
stack via ducting that passes through the AWTE.

The ICV box HEPA breather filter is installed after top-off soil is introduced into the ICV box
and just before the AWTE disconnect. The ICV box HEPA breather filter will function to avoid
pressurization/de-pressurization during cooling and storage.

The ICV box lid will also have ports in wells for electrodes that will be hung in electrically
insulating bushings that seal to the lid as well as to the electrodes (for electrode and accessories
detail see Data Sheet 145579-D-DS-029.1 in Appendix G6). There will be five ports for material
charge into the ICV box: three for top-off soil and two for waste feed. The material feed ports
will be capped, which seal to the ICV box lid. After moving an empty box into the melt area,
these caps will be removed to allow the material chutes to extend out of the box and into the
AWTE to connect with the material feed chutes.

Caps will be placed onto the open ports and electrode wells for storage/burial once all the chutes
and electrode extensions have been disconnected and are clear of the ports and wells.

2.6.1.2 In-Container Vitrification Box Assembly. Once the ICV box has been received at
the box assembly building, the box lid is removed and the box insulation, sand, refractory panels
(container liners), and starter path (including protective covering) are installed inside the ICV
box. The box instrumentation, instrumentation wiring harness and electrodes are assembled in
the ICV box, and the box lid is installed in the box assembly building before the assembled box
is moved to the melt area using an air pallet. The foundation for this building is shown on
Drawing 11-14-106797 (see Appendix C6).
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Insulation board is used in box assembly at both ends of the container to allow for some thermal
expansion along the length of the box. The ICV box will be lined in order from the steel wall (or
insulation at the ends) inward with:

1. Silica sand;

2. Insulation board (used only on box ends); and

3. Castable refractory panels.

The assembled ICV box and its contents are shown in Drawing F-145579-35-D-0004 in
Appendix C6. The silica sand acts as a melt barrier for any glass leaks if the refractory fails and
as a cushion for the refractory panels to allow for differential thermal movement between the
lining and the metal box.

The refractory panels are the primary containment of the melt, but also prevent fume from
escaping into the outer box area and provide shielding against the radioactive materials inside
the box.

Activities currently identified to be performed prior to moving the assembled ICV box to the
melt area include the following tests and inspections:

a Proper installation and sealing of refractory materials.

a Installed thermocouples are tested for continuity.

a Starter path material, including protective cover, has been properly installed with
the electrodes into the box.

. A continuity test is performed to ensure contact between the electrodes and starter
material.

2.6.1.3 ICV Box Transporter (Data Sheet 145579-D-DS-012.1). In-Container Vitrification
boxes are moved around using air pallets. The air pallet uses a variety of "casters" to literally
float heavy loads on a film of air. The air pallets use a similar technology to hovercrafis. By
using the air pallets, the operator is able to precisely place and align the load in a limited
workspace. The air pallet is designed to have a low profile to fit under the ICV box when
mounted on curbs. Basic pneumatic components, such as air regulators and hoses, are used;
therefore, the air pallets will operate in most environments. The air pallet is a self-contained unit
complete with an on-board, diesel-driven compressor power unit supplying air for lift and
drive/steerage system.

After leaving the box assembly building, the ICV boxes are moved to the melt area by air pallet.
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2.6.1.4 Box Cooling, Sampling, and Storage Area. Once the filled ICV boxes are ready to
leave the melt area, the boxes are moved by air pallet to the box cooling area. Once cooled, the
box is moved to the sample station, if required, and then to the storage area. For general
arrangement drawings of these areas, see Drawing 145579-00-D-0007 in Appendix C6. For
foundation drawings and analysis, see Section 2.6.3. The boxes are core sampled in the
sampling area (see Section 2.6.1.5) and then moved to the storage area for final cooling and to
await removal from the DBVS site.

2.6.1.5 In-Container Vitrification Core Sampling. The ICV box has a sample port built into
the XCV box sidewall (see Drawing F-145579-35-D-0004 in Appendix C6). Design details for
the ICV box core sampling system and interface details are still in development. The core
sampling design currently in development involves the use of a commercial drill rig to create and
retrieve the core samples. Effluents generated as a result of the sampling operation will be
properly characterized and managed.

2.6.2 System Location

The various components of the ICV System span from the south end of the DBVS site to the
north end of the site. At the south end of the site, ICV boxes are received and assembled in the
JCV container preparation and assembly enclosure. Once the ICV boxes have been properly
prepared, the boxes are moved by air pallet to the melt area where the boxes receive dried waste,
the waste is vitrified, and top-off soil added after processing. When vitrification is complete and.
the box is ready to be moved, the box is moved by air pallet to the box storage and sampling
area.

2.6.3 Calculations

Calculations for the XCV System are described in the following paragraphs and provided in
Appendix A6.

The melt area access routes for movement of the ICV boxes by air pallet will have concrete
foundations. The melt area access slabs are identified as Foundations #16 and #17 on Drawing
11-14-106792 (see Appendix C6). Analysis of the melt area access slabs is contained in
Calculation 145579-C-CA-013 (see Appendix A6).

The box sampling and storage area will have a concrete foundation; this foundation is identified
as Foundation #18 on Drawing 11-14-106790 in Appendix C6. The building foundation detail is
shown on Drawing 11-14-106797, with the associated calculation being 145579-C-CA-014 (see
Appendices C6 and A6, respectively). Analysis of the box sampling and storage area foundation
is contained in Calculation 145579-C-CA-013. Analysis of the support curbs is contained in
Calculation 145579-B-CA-004 (see Appendix A6).

Analyses of the ICV box weight and center of gravity have been performed in Calculations
145579-D-CA-010 and 145579-D-CA-028, respectively (see Appendix A6). The box structural
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analysis is provided in Calculation 145579-D-CA-01 1 (see Appendix A6). Heat transfer
calculations to determine the temperature of the outer skin of the box walls and bottom (145579-
D-CA-001) and lid (145579-D-CA-060) are provided in Appendix A6.

2.6.4 In-Container Vitrification System Drawings
and Sketches

The ICV box is shown in the Bulk Vitrification ICV Container Data Sheet (F-145579-35-D-0004
in Appendix C6).

For a drawing of the melt area that shows the arrangement of the air pallets, ICV box, AWTE,
material feed silos and chutes, and the melt area structure, see Drawings F-145579-00-D-0041
and -0051 in Appendix C6.

2.6.5 Design Codes and Standards

The design codes and standards that apply to the ICV System are identified in Table 2-11.
Applicable and relevant portions of the design codes and standards are flowed down into the
specifications, drawings, and calculations. See Section 3.0 for complete reference information.

Table 2-11. Design Codes and Standards for the In-Container
Vitrification System. (2 sheets)

Design Code or Standard Design Code or Standard

10 CFR 830 ASTM A 269
10 CFR 835 ASTM A 307
29 CFR 1910 ASTM A 312/A 312M
40 CFR 264 ASTM A 351/A 351N-03
ACI-318-02 ASTM A 354
ACI-330R ASTM A 500
AGS-GOOI-1998 ASTM A 563a
AISC (Allowable Stress Design) ASTM A 992
AISC-LRFD ASTM B 187/B 187M-03
ANSI C63.16 ASTM F 436
ANSI/ISA-82.02.01 AWS D1.I/DI1M
ANSIIISA-82.02.02 AWS D1.6
ASCE-07 AWS QC-1
ASCE 7-98 HNF-2962
ASME B&PV Code IINF-SD-GN-ER-501

Section IX IEC 61000-4-2
ASME B 16.5 IEEE Std 142
ASME B18.2.1 IEEE C2
ASME B30.20 IEEE C62.4 1.1
ASME B30.9 ISA-82.03
ASME B31.3 NFPA 70
ASME NQA-1 RPP-8530
ASME PCC-1 SAE J429
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Table 2-11. Design Codes and Standards for the In-Container
Vitrification System. (2 sheets)

Design Code or Standard Design Code or Standard

ASME Y14.5M TFC-ENG-STD-06
ASNT SNT-TC-1A TFC-ESIIQ-QC-C-03
ASTM A 36/A 36M UBC 1997
ASTM A 105 UL 508A
ASTM A 108 UL 840
ASTM A 193/A 193M WAC 173-303-630
ASTM A 194/A 194M WAC 173400

2.6.6 Waste Assessment

For all waste contacting equipment in the ICV System, the maximum estimated contact radiation
dose is 104 Rad unless otherwise stated in the specifications (Appendix G6). Testing with both
simulant and actual tank waste has been, and is being performed at the crucible, engineering, and
full-scale. These tests have determine the compatibility of the selected ICV box components
(e.g., refractory materials) with the waste in its various states - dried, molten, and solid glass -
and the processing conditions present in the ICV. Future tests at full-scale will confirm selected
ICV components. Properties of the dried waste were previously discussed in Section 2.4.6.

2.6.7 Controls

Controls for the process, pressure control, and an overview of the interlock philosophy for the
ICV System are described in the following sections. Reference to specific instrumentation are
provided to assist the reader; however, it should be noted that these "currently assigned
identification numbers" may change as detailed fabrication information is received from the
suppliers of equipment.

2.6.7.1 Process Control. Dried waste will be fed to the ICV boxes in batches. Approximately
eight dryer batches are required to make one ICV box. This will result in a glass level that is
approximately 14 in. below the top of the refractory. The glass level in each box will be
monitored and controlled based on readings from the thermocouple tree 35-LE-106 (see Drawing
F-145579-35-A-0100 in Appendix D6) installed in the ICV boxes. The ICV box temperature is
monitored using thermocouples installed inside each ICV box. The ICV box will be maintained
by the OGTS at a negative pressure with respect to atmospheric conditions as indicated by
35-PIT-1 18 (see Drawing 35-A-0100 in Appendix D6) during the melt and during dried waste or
top-off soil feed.

Operational steps for the filling, processing, and addition of more dried waste are under
development through testing with non-regulated material. Criteria such as when to add material,
the rate at which to add material, and data feedback when material addition should be ceased are
examples of parameters being identified. The currently identified operating scenario is discussed
below.
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The ICV box is moved into position beneath the AWTE. Once in position the ICV Box is
hooked-up to the power supply, feed chutes, and the OGTS. This is followed by connecting the
instrumentation wiring harness. Prior to dried waste addition, the connection of the ICV box at
the melt station is checked for excessive leaks using a low flow condition at the ICV box air inlet
(low flow condition is discussed further in Section 2.6.7.3).

Approximately two batches of dried waste are added to the box before starting the melt. After
this is completed, the power supply to the ICV box is turned on and the melting of the soil/waste
mixture starts from the bottom and progresses in an upward direction. No more feed is received
from the dryer until the first batches have been melted. Control of the dried waste feed from the
waste dryer to the ICV box was discussed in Section 2.4.7.1 (Dried Waste Handling System).

The melting process is initiated using the starter material at the bottom of the ICV container and
the application of power through the electrodes. Power levels are increased gradually during
start-up, with the joule-heating process requiring high voltage because of the resistance of the
starter material. As material is heated and melts, the resistance decreases and high current (low
voltage) is required to achieve the desired power level. Indication of the melt's progress is
provided by the installed thermocouples, ratio of voltage to current (indication of resistance) and
power level (determined by the product of voltage and current). Start-up will follow a power
ramp-up schedule to a target nominal operating level. Both the start-up schedule and target
nominal operating level are being determined through full-scale testing with nonregulated
simulant material.

Once these initial batches are melted, sequential addition of approximately 6 batches of dried
product then begins. Transfer of each batch of material from the dryer to the ICV box takes
several hours. During the transfer time, the dryer rotation can be reduced at times to avoid
excessive particle size reduction.

Once all of the required dryer loads have been placed in the ICV box, the melt is then allowed to
continue to complete the vitrification process. In all, approximately 8 batches of dried waste
product are melted. Upon completion of the last batch of dried waste processing, a small
(approximately one-third of a normal batch) clean soil batch is added and melted on top of the
last batch. After all batches of material have been processed top-off soil is added through the
five chutes. Top-off soil added through the dried waste chutes is controlled by the Dried Waste
Handling Equipment (control of material described in Section 2.4.7.1). Clean top-off soil is
pneumatically conveyed to non-regulated soil impingement tanks, located above the melt area,
prior to each melt. After the melt is complete and adequately cooled, top-off soil is gravity fed
into the ICV box as controlled by the sequencing of Top-off Soil Rotary Valves (34-D85-050,
34-D85-051, and 34-D85-052 on Drawing F-145579-34-A-0101) and Top-off Soil Feed Chute
Air Lock Assemblies (34-D88-035, 34-D88-036, and 34-D88-037 on Drawing F-145579-34-A-
0101) located below the top-off soil impingement tanks. Specific use of the impingement tank
weight indication in this operation will be developed as DBVS operational procedures are
developed.
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2.6.7.2 Pressure Control. Pressure is controlled through adjustment of the flow through the
ICV lid (see 35-HV-114). Flow into of the ICV box is monitored by 35-FE-1 12A, -112B, and
-112C. After processing is complete, the ICV box breather filter is installed just prior to
movement to the cooling station. The ICV box HEPA breather filter will function to avoid
pressurization/depressurization during cooling and storage.

2.6.7.3 System Interlock Philosophy. To mitigate the electrical hazard during normal
operation of the facility, only one Kirk key will be available to either access the melt area
enclosure or energize the ICV box electrodes.

Drawing F-145579-35-A-Ol00 (see Appendix D6) shows a number of interlock actions
associated with low flow into the ICV box. Actions for the Safety Hardwired Interlock (16) were
discussed in Sections 2.4 and 2.5. Two of the actions for the Control System (safety related)
Interlock (17) were also discussed in Sections 2.4 and 2.5. The action specific for the ICV
System is shown in Table 2-12. In the event of low inlet flow, the power to the electrodes will
be discontinued to slow down the gas generation rate from the melting process.

Table 2-12. In-Container Vitrification System Interlock.

Low ICV Inlet Air Flow from Drawing F- 17 Shuts down electrode power (35-J1C- I10)
145579-35-A-0100 (control system)

2.6.8 Containment

During processing, the ICV box is connected to the OGTS and maintained at a negative pressure
relative to atmosphere and the AWTE. Gases generated, and any particulate suspended, during
the process are directed to and treated by the OGTS. As described above, the ICV box [RCRA
container] provides primary containment for the dried, molten and gaseous waste form. A spill
or release of molten waste during the vitrification process is detected by thermocouples in the
melt are, directly beneath the ICV box. Visual inspection of the ICV box is used in other
locations to identify a spill or release of molten or dry waste, consistent with accessibility
limitations.

2.6.9 Corrosion Assessment

The ICV box is fabricated from carbon steel. An independent corrosion expert has reviewed the
specification and associated data sheet and indicated a concern for scaling of the carbon steel in
air at the processing temperatures. Full-scale testing with non-regulated simulant material has
been performed with a representative ICV box; no significant scaling of the ICV container was
observed.
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2.6.10 Inspection Schedule

Inspection of all ICV boxes will be performed by a supplier at the supplier's facility to ensure
that the supplier complies with the design requirements. 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 box tightness test to verify no leaks are present;

Inspections of ICV box assembly are performed as described in Section 2.6.1.2.

After waste has been processed in an ICV box, inspection of the ICV box(s) is performed in
conjunction with another activity occurring in the DBVS container storage area, such as
sampling or placement of an ICV box on the storage pad. Inspection of the ICV box at the ICV
package preparation area is done to confirm the ICV box is ready for use.

2.6.11 Installation Assessment

The drawings and sketches referenced in Section 2.6.4 illustrate the projected completed
assembly of the installed ICV System equipment on the DBVS site. Refinement of the drawings
and development of installation details will be performed as detailed drawings and installation
instructions from equipment suppliers are received. Standard industrial construction methods
will be used to place modules or equipment on the DBVS site. Construction and interconnection
of piping, instrumentation, electrical and control cable, and other components, will also be
performed using standard industrial practices. Proper installation will be verified by a
combination of pre-installation assessments, installation assessments, and post-installation tests.
Installation assessments will consist of verifying proper installation of the ICV System during
installation and will include an independent inspection by an IQRPE or a Qualified Independent
Inspector.

Pre-installation assessments will verify the site is ready for installation of the equipment. The
melt area structure foundation construction documents will be reviewed to verify proper
installation and on-site inspection and testing will verify proper placement and installation of the
anchor bolts. Likewise, the condition of the cast-in-place concrete installed per Section 03300 of
the CH2M HILL (2004) will be verified in the ICV System areas where ICV boxes will
be handled.

Walk-down crews will verify completeness of mechanical, electrical, and MCS installation in
accordance with written procedures using as-built drawings. These crews will verify
component labeling.

2-81



RPP-24544 REV Ic

After assembly, the system will undergo instrumentation and equipment testing and integrated
testing of the complete DBVS facility. The process feed chutes and process connections in the
melt area will be leak tested in accordance with requirements stated in the installation
instructions. Instrumentation and equipment tests will include remote actuation of valves and
pumps. Integrated functional testing of the DBVS facility will be performed using
noncontaminated, nonregulated test materials.

Upon completion of the installation assessments and tests, an inspection report documenting the
results of the ICV System installation will be prepared by the IQRPE. The inspection results will
be documented in the report and included in the Operating Record. This record will be
accessible at the DBVS site and will contain:

1. An as-built site plan;

2. An as-built drawing set of the installed ICV System;

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

4. Documentation of any defects discovered;

5. Documentation of tightness testing results;

6. A signed and dated statement certifying the corrosion protection system (if installed); and

7. A statement signed by the IQRPE certifying the proper installation of the ICV System.

2-82



cc

C
C



RPP-24544 REV Ic
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Editor's Note: The References include citations from previous packages.
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APPENDIX A6

IN-CONTAINER VITRIFICATION SYSTEM

4Calculation Numbir Revision - Title :Page

145579-B-CA-004 3 lCPrm Box Support Curbs Type 'C' and 'D' and 'E' A6-2

N/A Subcontractor Calculation Review Checklist A6-115

145579-C-CA-OR3(5) 2 ICrM Box Storage Slab and Access Slabs N/A
(Foundations #16 17, 18)

145579-C-CA-014*b 0 CVrm Box Assembly Building Foundation N/A

145579-D-CA-001 2 Area 35 - Transient Heat Transfer Calculations of A6-117
ICflM Box

N/A Subcontractor Calculation Review Checklist A6-231

145579-D-CA-010 0 ICVn' Box Weight Calculations A6-233

N/A Subcontractor Calculation Review Checklist A6-321

145579-D-CA-028 0 ICV Box Center of Gravity Calculation A6-323

N/A Subcontractor Calculation Review Checklist A6-354

145579-D-CA-060 A lieat Transfer Analysis - ICV Lid A6-355

N/A Subcontractor Calculation Review Checklist A6-612

145579-D-CA-011 4 ICVTM Box Structural Analysis A6-613

N/A Subcontractor Calculation Review Checklist A6-751

t"Calculation 145579-C-CA-013 has been reviewed and approved by the IQRPE (see Design Assessment Report
No. DR-004). Calculation not provided in this Design Review Package.

(*Calculation 145579-C-CA-014 has been reviewed and approved by the Department of Ecology under a separate
submittal. Calculation not provided in this Design Review Package.
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I INTRODUCTION

1.1 Purpose

The purpose of this calculation is to verify the design of the ICV" box support curbs
type'C' and 'D' and 'E' and their anchorage to the supporting concrete pads. Types
C, D and E are fabricated from structural steel sections, while types A and B are
precast concrete. The designs of support curbs types A and B are verified In a
separate calculation 145579-C-CA-013.

1.2 Scope

The scope of this calculation Includes determining the Natural Phenomenon Hazard
(NPH) loads that the ICV" box places on its supporting steel curbs. These loads
are then applied to the curbs in combinations applicable to the service condition
and location of the curbs. Verification Is made that the curbs and their anchorages
will be able to resist the forces resulting from these load combinations. An estimate
Is made of potential displacement of the ICV" box due to seismic action.

2 BASIS

2.1 Design Inputs

The ICV" box curb layouts are provided on drawing F-145579-00-B-0022. The
details for the type C, D and E curbs are shown on drawings F-145579-00-B-0018
and 0025. These drawings are Included in attachment 1.

Calculation 145579-D-CA-010 provides the box weight. and drawings of the ICVy
box Itself. Critical pages from this calculation are provided in attachment 6. The
calculation and included ICVT" box drawings are reference 4.

2.2 Criteria

From: TFC-ENG-STD-06 Rev B-1, October 27.2003.

The ICV0 box is Performance Category PC-2 when in the Melt Area and is
Performance Category PC-0 elsewhere. This was provided by the Design Authority
In an e-mail, a copy of which is included as attachment 4. While In the Melt Area,
the box rests on type E curbs. Type E curbs are checked against applicable site
NPHs at a PC-2 Level. Temperature and impact effects are considered.

A6-4
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Type C curbs support the box in the southwest corner of ICV" Box Storage Area.
Type C curbs are checked against gravity,live and wind loads at a PC-1 level.

Type D curbs support the box while it Is being prepared in the ICVm Box Assembly
Building. Type D curbs are checked against gravity and five loads at a PC-1 level.
Conservatively, the Type D curbs are checked against gravity load from a full box.

Design Loads:

Dead Load: This includes the self-weight of the curbs and attached stiffeners and
plates. The case of "dead load only' is clearly trivial as it represents a steel curb
sitting unloaded on the flat concrete surface. For the purposes of load combinations
In the UBC. the box full or empty weight will be included as a "dead* load in
combination with wind and seismic loads as appropriate. This is consistent with the
requirement In UBC section 1634.1.3 for seismic loads.

Live Load: As the box is movable, It Is considered a live" load on the curbs. Box
empty and full weights are calculated in a separate document 145579-D-CA-010.
Copies of key pages are included in attachment 6.
The calculated weight when In the Melt station Is 209,302 pounds. The calculated
weight when grouted and placed on the storage pad Is 217,582 pounds.
The weight of the empty box, without glass, top-off soil or grout is 105,401 :ounds.
This Is the condition of the box when it leaves the ICV" Box Assembly Building.
When considering gravity and seismic loads, a heavier box Is more critical, whereas
when considering wind loads, a lighter box is critical. To provide an additional
margin of safety, the following box weight values will be used for the "fuir and
"empty" cases:
Full: 240,000 lb. ful ICV' Box Including all components and the grout allowance.
Empty: 100,000 lb. empty ICV" Box, ready to receive soil and waste.

Imoact Load: Considered live loads in ASCE 7, impact loads on the ICV box
support curbs do not occur In combination with other loads. The worst-case impact
loading on the curbs consists of a fully-loaded ICV" box transporter hitting an
empty curb. The case where a fully loaded box resting on a curb Is hit by an empty
transporter Is not considered, as the mass of the unloaded transporter is much less
than that of the loaded transporter. and therefore the impact force will be
substantially less. The design impact force Is 4,000 pounds, based on the tractive
effort of the transporter drive, as well as calculations of the kinetic energy of a
loaded box transporter versus a design passenger vehicle collision load.

GVAns1me&ICS4um4 SCA 004 Page 4 of It
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Wind Load: 3-second gust 85 mph, Importance factor 1.00, Exposure Category OCO
Wind load only applies to the type "Co curbs as the other two curb types are located
within enclosures and not subject to wind.

Snow Load and Volcanic Ashfall: The ground snow load on the Hanford site Is 15
psf. The ashfall load on the Hanford site Is 3 psf for PC-1 SSCs and 5 psf for PC-2
SSCs. Curbs type D and E, are located under roofs and the box Is not subject to
snow or ashfall. Type C Curbs are located outdoors, so snow and ash loads are
possible. The combined snow and ash load Is -20 pst, or approximately 4000
pounds over the top surface of the box. This Is significantly less than the 22,400
pound "margin of safey allowed for In the box "full"live load. For the purposes of
this calculation, the snow and ash load is considered to be included as an
allowance within the total box lfull" live load. This Is conservative.

Seismic Load: The Hanford site is In UBC Seismic Zone 2B. While in the Melt Area
on type E curbs, the ICV' Box Is Performance Category PC-2 and the supporting
structure must resist seismic loads. The Importance factor " is listed as 1.25 In the
UBC for "Essential Facilities". However, In TFC-ENG-STD-06, references are made
suggesting the use of a 1.5 factor for all PC-2 systems and components; therefore
we have used 1.5 for "1." This is a conservative change, resulting in a higher
design seismic load and therefore a greater degree of safety In the design. Seismic
loads do not apply to the box on Type C curbs while in the storage area or on type
D curbs while inside the ICVW Box Assembly Building. See attachment 4.

Flood Load: 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 Hazards, Hanford Site,
Washington. Flood loads may safely be Ignored.

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

Thermal Load: To accommodate thermal expansion long-slotted bolt holes have
been used for all anchors In all three curb types, except 6 anchors near the centre
In each curb. The non-slotted holes provide shear resistance against north-south
forces. All holes can resist tensile forces and east-west shear forces. The long-
slotted holes permit unconstrained thermal expansion or contraction as
demonstrated in the attached calculation, and therefore no thermal stresses occur.
A calculation determining the maximum allowable temperature changes is made
based on the size of the slotted holes.

GofsnS1 icICW4'd5flB ke fl
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Additional Thermal Effecj As requested by CH2M In a review of the previous
revision of this calculation, consideration is given to the effect of elevated
temperature on the type E curbs when subjected to gravity loading. The requested
design check Is for one curb to be subjected to gravity loading at a temperature of
1058 degrees Fahrenheit This Is the same temperature used to verify the structural
design of the ICV h box itself in Reference 8. A portion of Reference 8. together
with a page from the AISC ASD Design manual indicating the reduced yield
strength of structural steel at elevated temperature is included in attachment 8. The
check in the attached detailed calculation Is made at the same elevated
temperature under combined gravity and seismic loading, which Is conservative.
This check does not negate the requirement that the concrete foundation be
maintained at a temperature no greater than 212 degrees Fahrenheit.

Lightning: The entire DBVS site will have a grounding grid Installed. Pigtails are
provided from the grounding grid through foundations for attachment to the
supported equipment. No plans are in place at this time to ground the curbs.
Lightning protection of the ICVW box is not within the scope of this calculation.

2.3 Assumptions

1. Mechanical or other means will be used to limit the temperature of the concrete
surface below and adjacent to the curbs to no more than 212 degrees
Fahrenheit. As demonstrated In the attached calculations, the long slotted
holes in the base of the curbs can accommodate an increase In temperature to
beyond 500 degrees Fahrenheit at the bottom of the curbs, and will therefore
not limit expansion of the curbs, preventing any significant thermal stresses.

2. The maximum travel speed of a loaded ICVW box transporter will be 40 feet
per minute. This Is the value provided by AeroGo for their proposed design, as
included in attachment 3. If the actual speed of the loaded ICV" box
transporter is significantly higher, then this calculation must be revised.

3. The ICV" box will not be placed on the type OC" curbs until it has been
prepared in the IC" box assembly building and includes all components of
the full box except glass, iop-off soil and grout. The empty metal box without lid.
electrodes, refractory, etc., will not be stored on these curbs. This allows for a
reasonable minimum weight of the box to be established for wind design. In
typical operation the box will be filled with glass and top-off soil prior to being
placed on the type C curbs, so this assumption is conservative.
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4 METHODS

Forces on the curbs and anchors, due to dead load, live load, seismic and wind
loads have been calculated using the Uniform Building Code (UBC) and ASCE-7.

Dead loads of the curbs are calculated based on the total length of the steel
members from which they are fabricated plus the weight of stiffeners present. The
dead load of the curbs themselves are left out of load combinations as the curbs
are directly and uniformly supported on the concrete foundations. No stresses In
the curbs are caused by the self-weight of the turbs In this condition. Under lateral
loading. the. dead load of the 'curbs has a slight beneficial effect In resisting
overturning. It Is conservative to Ignore this slight beneficial effect. The total weight
of the curbs is less than 2% of the weight of a fully loaded box, and any slight
decrease in calculated lateral seismic load caused by ignoring the curbs weight is
more than offset by the use of the conservative 240,000 pound design load in the
Melt Area; an Increase of 15% as discussed below.

The weight of the ICVY box on the curbs is a liveo load as defined In the UBC, (it
can either be Oon" the curbs or "ofr the curbs) but is considered as a "dead load for
the purposes of calculating seismic loads and the ability of the curbs to resist wind
loads. In the absence of the ICV" box, the curbs are not loaded by gravity, and
the wind and seismic loads are dearly insignificant compared to the loads with the
box present. It Is dear by Inspection that the critical loading conditions for the ICV"
box Support curbs occur when the ICVy box is on the curbs.

The weight of the full box is conservatively shown as 240.000 pounds when placed
on the curbs. The weight of the box when empty Is conservatively shown as
100,000 pounds.

For the Type C curbs, the full box weight represents an Increase of 10% (22,418
pounds) over the calculated value of 217,582 pounds from reference 4. As noted in
the Design Loads section, the approximate design value of snow and ash load on
the box when outdoors would be 4,000 pounds. Snow and ash loads are assumed
to be included In the 22,418 pound "safety margin" and are not calculated
separately. This is conservative.

For Type C curbs the empty box weight is used when calculating the ability of the
curbs to resist wind loads, which is conservative. In normal operations, the box will
weight in excess of 200,000 pounds when it is placed on the type C curbs.
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However, to be conservative, it Is assumed that the "worst case- scenario involves
a box that has been fully prepared in the iCV" Box Assembly. Building being
stored on curbs in the ICy" Box Storage Area, where the box would be exposed
to the design wind loads. As such, an empty box weight of 100,000 pound Is used
for checking the anchorage of the type C curbs. This Is 5% (5,401 pounds) less

- I than the calculated value of 105,400 pounds from reference 4 and Is conservative.

For Type D curbs, the assumed weight of the full box represents an Increase of
128% (134,599 'pounds) over the calculated value of 105.401 pounds from
reference 4. Type D curbs are indoors and are subject to gravity loads due to the
box weight and Impact loads only, so the use of the substantially higher box weight
Is conservative.

For Type E curbs the assumed weight of the full box represents an Increase of 15%
over the calculated value of 209,302 pounds from reference 4. Type E curbs are
located In the Melt Area and are not subject to wind loads due to the presence of
the shield walls. The type E culbs are subject to gravity, seismic and impact loads.
In all cases, these loads are highest for a fully loaded box.

Seismic loads are calculated based on the box being completely full, which is
conservative for the case where a box is only partly filled.

In normal operation, the type D and E curbs might only be subjected to impact from
a transporter carrying an empty box (the box Is empty when it is brought to the Melt
Area from the ICV" Box Assembly Building) but a conservative design check Is
made for the 4000 pound force of impact from a transporter carrying a full box for
all three types of curbs.

The friction coefficient between the ICV" box and the steel curbs is taken as 0.33.
This is taken from reference 10 and Is included as attachment 5. The lowest value
of 0.33 Is conservatively used in these calculations. For the purpose of deriving
lateral forces on the top of the curbs, it Is determined that 100% of the seismic or
wind force is transmitted from the box to the curbs without slippage. The seismic
load per UBC 97 Is calculated to be 0.252 times the weight of the box.
Conservatively placing a 0.9 factor on Dead load gives an effective friction
coefficient of 0.3. which Is still greater than 0.252, and therefore the full seismic
load will be transferred to the curbs.
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Vertical forces on the curbs due to dead and Ive loads are derived using the
rmethods of UBC-97. Lateral loads due to wind are calculated using the methods of
ASCE 7. 'Lateral loads due to earthquake are calculated using the methods of
UBC-97. Additional vertical forces on the curbs are created due to the overturning
effect of the loads on the ICVm box acting at a height well above the underside of

- the curbs. These secondary vertical forces are added or subtracted from the
gravity forces so as to create the most significant effect on the curbs.

Vertical forces on the curbs are presumed to act at a distance of 3116 Inch off-
centre from the vertical axis .of the curbs, creating an additional overturning
moment. The value of 3116 inch Is based on the specified Installation tolerances for
the curbs. This additional moment Is combined with the overturning moment due to

Slateral loads so as to give the greatest effect on the curbs.

Curbs strengths are analyzed using AISC Allowable Stress Design (ASD) methods.
AISC ASD methods are adapted slightly to account for the unique configuration of
the rolled steel W-section curbs resting on the concrete foundations. Resistance to
vertical and lateral loads Is analyzed for the stiffened beam web sections. Member
strengths are conservatively based on elastic (rather than plastic) analyses and
section moduli.

Since the concrete foundations that will support the curbs have already been cast-
In-place, the curbs will be field secured to the existing foundations using drill-in
undercut-type anchors. Curbs will have fixed anchorage near their centres, with
slotted holes provided towards the north and south ends of the curbs, allowing for
unrestricted thermal expansion and contraction.

In attachment 9, a supplementary calculation is made that combines vertical and
horizontal seismic forces to estimate potential box displacement due to a seismic
event. This calculation follows the methods shown In Hanford Engineering
Development Laboratory (HEDL) DTRF No A-3336, S.F. Wagener. 1980; which is
provide along with the calculation. The seismic ZPA values at the tank farms for
horizontal (H=0.215 g) and vertical (V= 0.157 g) response were provided by CH2M
Hill, and copy of the confirming e-mail Is provided with the calculation. Using the
given values of H, V and a friction coefficient of p=0.33, it was determined that the
box does not move. A further calculation was made In which the given values of H
and V were increased by 50%. As seen below, this resulted In some theoretical
movement of the box.
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5 RESULTS AND CONCLUSIONS

Type C curbs are loaded by gravity knipact and wind. The maximum stress In the
curbs occurs under combined wind and gravity loading and Is 9.1% of allowable.
There Is no uplift load on the anchors due to wind loading. The maximum tensile
load on the anchors securing the type C curbs occurs under Impact load and Is
40% of allowable. The maximum shear load on the anchors securing the type C
curbs ociurs under Impact loading and Is 15% of allowable.

Type D curbs are loaded by gravity and Impact. The maximum stress In the curbs
occurs under gravity loading and Is 5.1% of allowable. The maximum tensile load
on the anchors securing the type D curbs occurs under Impact loading and Is 36%
of allowable. The maximum shear load on the anchors securing the type D curbs
occurs under Impact loading and Is 15% of allowable.

Type E curbs are loaded by gravity, seismic and Impact. The maximum stress In
the curbs occurs under combined seismic and gravity loading and Is 6.1% of
allowable. A check of the stress on the type E curbs at elevated temperature
combined with seismic and gravity loads shows that the curbs are stressed to
11.1% of allowable. The maximum tensile load on the anchors securing the type E
curbs occurs under combined seismic and gravity loading and is 13.1% of
allowable. The maximum shear load on the anchors securing the type E curbs
occurs during a seismic event assuming no friction between the curbs and the
concrete foundation and Is 63% of allowable. Deflection of the top of the curbs Is
maximum during a seismic event and is 3x104 inches, or effectively zero.

Slotted holes In the base of the curbs allow for unrestrained expansion or
contraction from below the site design ambient temperature (-25 degrees F) to the
maximum design temperature of the ICV"m box base (+1058 degrees F)

As shown in attachment 9. the estimated sliding displacement of the ICV' box due
to a site Design Basis Earthquake is zero using unfactored seismic loads. Using an
importance factor of 1.5 on both the lateral and vertical component of the seismic
forces results In an estimated total box displacement of 0.02 inches.

All values noted above are acceptable. The curbs have been added to the PDMS
(3-D) computer model of the project. Curb and foundation drawings are attached.
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S145579-B-CA-004

Attachment 3

Travel Speed Data from ICV TM Box Transporter
Manufacturer - AeroGo
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Tom Wison
John Masstbmrg

Area 351 ICV BOx: Ar Palet Data

D ibc Fronk Sweet yn Jones, PaW Meyer. ly Me"y Wool PMA Vior .UL m

1. Changn the CVm weIgitrom 95 tomes1to100 lmes Wi not chuge the ieci"th
Air Palet presently proposed.

2. The maxinm total lateral lOce kmosed by the ar pallet Is 4,000 b (goneraled by 2 drive

TomWison

Attachment: 1
Calc. No.: 145579-B-CA-{04
Rev. No.: 3
Sheet '$ of 3
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E-mail Containing Design Authority Ruling on
ICVTM Box Curbs Performance Category
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Pau Moyer (Trail).

- Subject: FW: PC-lU -

Frmn Leonard, Mkhael W
Sent: Thursday, March 24,2005 5:09 PM
Tc:'%uey, 3a-K(aef
Cc: Shuford, David H (Dave); 3ancek, George P
Subject: FW: PC-iM

- a-Kael,

As detailed below we have a concern that B-CA-004 is treating the box as PC-IM In the melt station (Le., when
Is on a Type D curb) and therefore neglecting the seismic response of a Design Feature for the release of dried
waste and of toxic off-gas accidents whie hI the melt station.

Our DA recommends that the box and box support curbs be analyzed to PC-2 whie in the melt area.

Pleasi incorporate this comment Into the ICV System design package RCRs and forward to the Tral guys ASAP.

Thanks
ML

Fromt Jankik George P -
Sent: Monday, March 21, 2005 10:46 AM
To: Leonard, Michael W -
Cc Shuford, David H (Dave); Haq, MIlan A
Subject: RE: PC-1M-

Mike,

First of all, the PC-1M designation Is only allowable for use for in-tank-farm retrieval project activitiesfaclities.
This categorization was negotiated with ORP specifically for these projects. it currently Is not available to the
DBVS facilties under discussion.

That being said, I believe the curbs should be categorized as PC-0. That Is, NPHs are not an Issue.

However. In this same calculation the statement Is made that the ICV box Itself has "he same categorization (PC-
1 M) as the curbs. This cannot be. I the box were sitting out on the storage pad. containing a monollthic block of
Immoblized waste (glass), then I believe we could successfuly argue that It was PC-0. like the curbs. But, the
box Initially Is acting as secondary containment for the dried waste being added to I during the met process: for
the molten glass itself and, for the gases being generated (NOX) during melting The PDSA credits the ICV box
as a "design feature, meaning that it Is not specificaly Safety-Signif eant (SS). which would drive a PC-2
categorization, but is at least General-Service (GS). which would drive a. minkrum. PC-1 categorization. But as
you should recall, we made a conservative ca for the project and said that we would design all waste containing
structures to a minimum PC-2. In keeping with this conservalve approach, we should make the ICV box PC-2.

Mian, what structural qualification do you think is required for the ICV box during the fillimelt processing?

George

Frong Leonard, Michael W
Sent: Friday, March 18, 2005 4:19 PM Attachment

Calt. No.: 145579-B-CA-00+
Rev. No.: a

06102005 Sheet I of 2-
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rPage 2 of2

4 To3adiGeogeP,-
Cc: Shurd, Davi H (Davc)--

ceorg -

Can you please look at and connent on AMEC s use of PC-IM as the design criteria for the support curbs (pg. 2
of attached alc).

AMEC has used the logic that the boxes are Inherenty moveable (both whin the DBVS sle and off-sit.e..
S transpor to IDF) and are not ed-down/anchored; therefore, we do not need to design the box storage area

& melt area curbs & foundations to withstand seismic.

Thanks.

Att-cmnt 4
Cale. No.: 145579-D-CA-004
Rev. No.:
Sheet 9 of

06/02/2005
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Attachment 5

Friction Coefficient Reference - from the AISC
Manual of Steel Construction Load and

Resistance Factor Design 3rd Edition 2001
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It I4,
L =s-dhf*vilirboSt)

L= L. - 1,2 d (Aerkrboh)

(a) Dimensions

,:4 gfWitiL.

S211.It.

(b) Strength forilation
(per bolt)

5.4. Design Slip Resistance

5.4.1. At the Factored-Load Level: The
defined below and:

design slip resistance is *R?, whe

R. = PD,;NV I. -T (F

where
* = 1.0forstandardholes

0.85 for oversized and short-slotted holes
0.70 for long-slotted holes perpendicular to the dircij
0 60 for long-slotted holes parallel to the direction of4

Specificorion for Structural Joints Using ASTM A325 or A490 Bts, 1une 210
RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS I

Attachment
Calc. No.:

Rev. No.:

Sheet

I_
145579-B-CA-00_

. -
_ of .

16.4-34

4

if
Figure. C-5.1. Bearing strengthformnulation.

p
fill
'I)
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R,2~fl6R
4 f4)

= t~tLo

trength fonnulation
(per boft)

forMularion.

-sistance is 4R., whea

ted holes
ndictlar to the dire'
el to the direction of

,r A490 Bolts, June 23

; CONNECIONS

r

ofbolts thejoin-; and
= quidstra, in tension (tensile compa of applied factoredload for com'bine shAM and tension loading) bdpsZero if thejoint is sabjeel toshear only ,

.A2 the Sectcoa Level: The service-load slip resistance is 01A, where 0 is asdefined i Secion 5.4,.1 and: ac

DT -"b (Equation 5.7)
where

D 080, a slip Probabily facto t reflects the distribution ofactual Slip coefficient valu"s aboa the mean., the ratio of mainstalled bolt pretension to the spe i e m ini te nsio m an
T, and af slop prbbInylv iniun bolt pretension,Tbe and a slip Probability level; the use of other Yalue" of D mustTbe approved by the Enginer of Recordapplied service load in tension (tensile componeat Of appliedservice load for combined shear and tension loading) bps-zero if thejoint is subject to shear only

and all other variabies are as defined for Equation 5.6.

£Peciftconfor Siruciurog Jo. ,s Usi 0 ASTM A325 or A490Bohr, Sfe 23.2000RESEARCH COUNCI ON STRUcpJsCONN Ea2O2SCONN IfONS

Attachment
Cale. No.:
Rev No.:
Sheet

S
145579-B3-CA-0t

-2 
ot9A

A6-83

= Otnd strength (sip oesa f a si 16.4-35
p = mea K h,, aos festifor Clas A, Bl or C fadg sudacA as-ab ting in accordance with

0 33 f Afayg srfaces (ucoa de le sasurfaces surf mlAcoa blast-clasteE f o Casf sur ace s u aco i blstl stgC e srfaesosudaces with Class B coating os
= 0 .3 5 f o r C l a s s C s u rf a c e s O b l a ste m l ea e d s t e e l r 4 s r

1.13, a multipler that reflects the ratio of the n isae;tpreensjto tespecited ni mum bolt Pretension T; the use of
ohvalus o fl shall be 8PPwuveil by the &uginteero~nord.M bolt Pretension (for Preteione Tspecified in Tab], 8.1), kips-. frpeesoe jojut as
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Attachment 6

ICVTm Box Weight Summary from Calculation
145579-D-CA-010 Box Weight Calculations

Revision F
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CALCULATION SHEET

CALC. ITLE: ICV" Box Weight Calculations

PROJECT NO 145579 . PROJECT TILE Final DBVS De Sign

?PtZ 410911 
5ida

) Bottom Plate Stiffeners (transverse) - HSS 6x6"xi/2"

3) Components for the Od (F-145579-35-D-OO0e)

a) Stdreners -HSS 4x2"x14"
b) Stiffeners-.HSS4Wxx/16 . Attachnt
c) Stiffeners - HSS 3'x3xl14 Calc. No.: 145579-B-CA-004
d) Plate Throughout-5/160 Rev. Noz 3
e) 1 s/V x 1 5/8 Unisbut Sheet [ of 
f) Stiffener Bar - 4"x 3m"

).Gussets - 30

The weight break-down for each component Is shown below:

Component SolidWorks Model Attachment i
Box Components 194 lb lb

Bolts lb lb
Steelin Box (Base) lb 1906 lb
Welds _lb I lb

Lid -1 lb 473r lbI
ecrds126 lb 127E lb

sulation 18 lb 171 lb
pport Ribs & Bricks 641 lb 640 lb

- efractory 49824 lb 4674, lb
nd 23091 lb 2442. lb
id Glass 9391 lb 9391 lb

op-OffSoia(>10In) a9_ _ lb 1054 lb
elt Station Weight 209304 lb 207601 lb

Met Station Weight b
3rout (- 6 In) lb (calculated)
torage Pad Weight 21758 lb

voo hAL44O' b) Starter Path:

The starter path Is absorbed by the molten glass and therefore its weight

b , Mtm.. VI. .d*. Ww c..*v . . c. £k.... SW........ --.. I. t.an b.. ebc.4 nhs wP.*ld m.

MA... - V .s Ve 2CD CA KV - OR f

A6-85
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Attachment 7

ICC-ES Legacy Report 5608 - Hilti HDA Metric
Self-Undercutting Concrete Anchors, and

Manufacturer's Data
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1.0 SUBJECT

Hit! HDA Metric SeN-undercutAing Concrete Anchors

2.0 DESCRIPTION

2.1 Generah

The HDA Is a sef-undercuiting-type concrete anchor. The
anchoris avallableinpre-seQlDA-P) and through-set ("A-
T) configurations and is fabricated from carbon steel. Figures
I and 2 lusrate avtble configurations. AN carbon steel
parts are electroplated with a 5pam-thick zinc coating in
accordance with DIN S0961. Both configurations Icfude a
cone bol, sleeve, washer and hex nut Specifications for the
anchors are provided in Table 1.

2.2 Components:

2.1 Cone Bolt: Producedfrom carbon steel conforming to
DIN 931. Grade a. the cone bolt Is cold-formed with rolled
threads on one end and a cone on the other end. Within the
threaded part of the bolt there is a small area without thread.
This area without thread carries the setting mark (expansion
control) of the anchor rod. The rod end is covered by a plastic
cap t protect the thread during the setting process. On the
lip di the rod. above the bolt end, a code lener Is stamped.
Which permits establishing the total embedded length of the
anchor, as described in Table 1.
22.2 Expansion Sleeve: The sleeve is machined carbon
steel conforming to AISI 4130. The expansion area of the
sleeve Is suliividedinto six sections by means of longatxinal
slots. Two ci these expansion sections have brazed tungsten
carbide tips for undercurning. In the joint where the expansion
sections transition to the body of the sleeve, there Is a
retention ring of plastic.

2.2.3 Washer: The washer is formed from carbon steel
conforming to DIN 6796.

2.2.4 Hex Nut: The hex nut Is formed from carbon steel
conforming to DIN 934, Grade 8.

. Service loadsforanchors subjected to combined shearand
tension forces are determined by The loltowing equation:

(PjPr"+(VdV. il
hsre:

P. - pled servie tensonlbad.

P, - Alowale service tensionload

V, - Applied service shear load.
V,,- Atowable service shear bad.

For anchors Installed at edge distances less than critical
edge distance, c,, and/or anchor spacing less than iticat
spacing, a, the bad capacity Is reduced In accordance with
reduction Liactors In Table 2.

2.32 Strength Design: Strength design stalic shear and
tension lbads are determined In accordance with Sections
1923.2,1923.., 1923.3.3 and 1923.4 of the UBC. For the
purposes of design, 4 In Section 1923.3.2 of the UDC shall
be taken as A, in Table 1. and f. In Secion 1923.3.2 of the
UBC shall be taken as toin Table 1. The mitting deflections
used to determine the ultimate bad in shear or tension are as
follows:
MtD: 0.39 idi (10 mm)
M12: 0.47inch(l2mm)

M18: 0.63inch(16mm)
The design steel strength of the HDA-T In shear [pounds

(N)l shot be calculated as folows:
V. - 0.60 A, f+0.40 A..

where:

I - Area of bolt as given In Table I (in'/m').

4!. Ulimate tensile strengthof the bolt as given in Table
I (Pima.

Coerected April 2004

KufW k. an'- - - aunr - np g arnAs qr .a. ar6tin - yngifly ui6nn - - *qry - r temAe -

a ae. ar. m ies *s,. mna a.y pwenawnr ~S. upon -

Attachment: -I-
Cal. No.: 145579-B-CA-004
Flev. No.: 3
Sheet of g

page iSs
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LE ER-5608*LEGACY REPORT -F

ICC Evaluation Service, Inc. F19 0M*,M* Wo&t.Wk. Ah~aM~%qwww.ioc-es.org h uf sU * 6ofs

Legacy report on the 1997 tniforn Building Code

DVISIN:-cnRETE23CSeCiOn:03-Concrete -ct Normalweight concrete mst confom to
el 1931a1Condr10eAnchoring - srof the1997 dnn ing Code"

(UBC). with compressive strength in compliance with ths
-HN.TI HDA METRIC SELF-4NDERCUTNG CONCRETE reporl at the lkne of anchor installation.
ANCHORS -

WLTLINC .. 2.3 Design:

- 00 SUTH 122C. -AST -VN 2.1 Service Loads: Alowable service (alowable stress
5400 scUTH 122ND EAST AVENUE design) stalic shear and tension lbads are deserted In
TULSA, OKLAHOMA 74146 Tables 3 and 4. -

caprigW020
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p

Reports of lension, shear and seismic load tests and
mechanical properties tests; calculations; and quaty control
manual. -

4.0 FINDINGS

That the Hilti HDA anchor system described In this report
complies with the 1997 Un"form BuIlding Code" (UBC),
subject to the following conditions:

4.1 AnchorsIzes,dimensions and minimum embedment
depths are as set forth In the tables of this report

4.2 Loads applied to the anchors are adjusted In
accordance with Sections 1909.2 and 193.2 of the
code for strength design and 1612.3 of the UBC for
service design.

4.10 Use of the anchors Is limited to dry, Interior
exposure.

4.11 Use *I anchors In resisting earthquake or wind
loads Is permitted within the scope of this report.
Section 4.2 references adjustments to the applied
loads.

4.12 HDAself-undercuttlnganchors are mnnufacturedby
Hltiat their facilities In Schaan, Liechtenstein with
quality control Inspections by Underwriters
Laboratories Inc. (AA-637).

This report Is subject to re-examination in two years.

TABLE I-SPEIFICATION TABtE

A6-88

A, Cross-sectional area of the sleeve as gven in 4.3 The anchors are Installed In accordance with the-
Table I ( n/mr. manufactume's instruclions and this report

-!. - Utimate tensile strenglh of the sleeve s given i 44 'Prior 'to lnstalk calculations and detA'
Table (psuwa;. - - - deaus'ng compIance with this report shel be

- -4 -Italat.on: sthitttdto tholocaluldlng oficial for pprovaL

Instalation details for the HDA pre-set and through-set 243 Design loads we a sat forth In Section 2.3 of this
anchors are described in Tables I and 2 and in Figures 34, report.
Sand. Stepped drill bits are supplied by Mill, rn., and are 4 Spd Inspection ovided in accordance withdesred Section2. W report
2.5 Special inspectton:-

4.7 Fire-resistie construction: Anchors are not
Where special Inspection Is requIred corpancewith Sectin permitned for use In conjunction with fire-resistive
1701.52 of the UBC Is necessary. The special Inspectorshol construction. Exceptions would be:
verity anchor type, anchor dimensions, concrete type,
concrete compressive strength, hole dimensions, anchor - Anchors resist wind or seismic loadin only.
spackig, edge distances, slab thickness, anchorembadment - For other mn wind or seIsmic loadhng, special
adanchnstalatlonprocedures Qnctxing theundercuttng consideration Is given toffre exposure conditions.
process and positlion of red setting mark). -43 l a . E

4.11 Fatigue snd .shock 'loading: 'Since an ICC-ES.
2.6 IdentificatIon: acceptancerherisforevalualing dotstodetermine

The label on packages of anchm Includes it. theperformance o expnsionancho dsubjeced o
manufacturee's name (HiIt, Inc.) and address, th anchor fatigue or shock loading ls unavailable at this t .me,
name, the anchor size. the evaluation report number (ER- the use of these anchors under these conditions Is
5608), and the name of the quality control agency . beyond the scope of this report
(Underwrllers Laboratories Ihc.). Each anchor has the letters
HDA-P or HDA-T. the anchor rod size, and the majmumf 4.9 Cracked concrete or masonry:- Since an ICC-ES
fastened thickness embossed on the sleeve. As descrbed In acceptance criteria for evaluating the performance
Section2.1.onthetipofthe rod above theboltedacode of anchors in cracked concrete or masonry Is
letter Is stamped, which permits establishing the total length unavailable at this time, the use of anchors Is
of he anchor set in concrete. limited to Installation in uncracked concrete or

3.0 EVIDENCE SUBM7TED smasonry. Cracking occurs when f,> ,due to service
3.0 ~iDECE UBMITEDloads or deformations.

- -

0

0
2

.c:

COM SIZE tDA-T0MAP MiO x I0W2 M2 x 125/30 U12 125/50 MIs 1 190140 M16 x MOM

3 td bllforHDA-1 IEC4IDA-B TEC-HDA-8 TEC4OA-8 TEY4DA-8 TEY4IA-
- . 20x120 22x155 22x175 30x230 30x250

lnd bitlorHDA-P TEC4DA- JEC-EA-B IEC-tDXB TEY-4DA-B TEY-HDA-B
20 x 120 22 x 125 22 x 125 30.190 30 x 190

ngTEC-HDA-ST TEC4DA-ST TEC-HDA-ST TEY-MIA-SI TEY4IDA-ST
20.MI 22-M12 22-M12 30-M16 30-MIS

Thcknessobemnlerial. n.' wrn(a..) 150(6) 188(7"/) 88(7/,J 285(1I'i,) 285(11'4)
Totalanchorler'gth nn.() 150(5.90) 190(7.48) 210(.27) 275(10.83) 295(11.61)
LeniLD.code' letter I L N R S

r Fastenng1hickness
WA-TLmin? mm(in.) 10(0.39) 10(0.39) 10(0.39) 15(0.59) 15(0.59)
lEA-T, ma. nm (h%) 20(0.79) 30(1.18) 50(1.97) 40 (1.50) 60(2.36)
lCA.P, ax. mm (K) 20(0.79) 30(1.18) S0(1.97) 40(1.58) 60(2.36)

Ncm. da old be mn (m.) 20(0.787) 22 (O.86) 22 (0.66) 30(1.181) 30(1.181)
h,: IWtdepthcldrithole m.rn.(s) 107(4.21) 134.515.30) 134.5(5.30) 203(7.99) 203(7.99)
h,; EtIectinearfchcrnq d.h . (m.) 10(3.94) 1?514 92) 125(49W) 190(7.48) 190(748)

C
0
E

t

6
,

'5
0

-
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P-gW315 - --

TABLE I-SPECIFICATION TABLE (CoxineL) .

- ACGSZE - -C-H MDA-P 111110 x M12xl2S/J0 M112x12550 M16xlWa4 M6ISB19
Amulcommed dlearanceh (ma) . --

HA-T Ou ILt) 21 (Yja 23 j 23 J 21l 32(1l
A-P rnOn.) . 12(C) , 43: 4 m) 1 '"/j. <ia"v)

d:Anchor clonmoteir - - -32- gn- .
HD-T - - (Irsn(h) 19(0.748) "21(0.827) 21(0.7): .29(1.142) 29(1.142)-

HMA-P - - nu (0.) 10(0.S4) 12 0472) 12(0.472) - '16 p630) I .8#30)

WashWdIaeter - t m(in.) 27.5(1.08) 315(1.32) 3 (1.32) .45.5(1.79) 45S(1.79)
S Wkih sica flwts oI fht n . trn.) 17(0.669) 19(0.748) 19 (0.740) 124(0.94) 24 (0.945) -

T ax. X tenn WNWu . - (iL-.b.) 50(37) 80(59) D59) .120(88) 120 (8)

Preve p et"e . . . I . . .
; Crm sectional -(iWWI ) 196(0.304) 223(0.346) 2230-34) 44( .690) 446 -

; Ebs1O section menA n () 59% .0364) 779(0.0475) 779(o.0475) 2110(0.1288) 2110(0.128)

k ploperdes - - . . ... L.. - .,1
SolnominM waes . (.. no.)t 78.5(6.122) 113(0.175) 113(0175) 2D1(0.312) .201 P312).

Sa Ifnsion AeA -n min."Or) 50 (M.90). S4.(O.131) II4.3(0.131 157 (0.243) 157 (0.243)
ElasticSecionmOdAUS mnf(n.) 67(0.0041) 117(0.0071) 11700071). 293(0.0179) 293(0.0179)
unoarcut beaing ar' (ir.') 234.1 (0.363) 2916(0.452) 291.8 (0.452) 496.9 t.770) 496.9 (I.770)

Slwmew tiema lensile sIrenglih a 850 (123.250) 850 (123.250) 850 (123,250) 7001101.500) 700 (101.500)
Son ukoat. Wes strtegns le (pni) 800 (116, 04) (116,000) 800 (11,000) 800 (116.000) 10S (1I6,0W)

'Lnimiwsconcr base pm eaa tIkneiss as requred So adspllig of conet. -
'Unh cod c0To ting bC O W a n qtr;L i
%MEiam, thctwss of faslened pWets gqtlred bC ens engagement of A leeve aw sectio In sheer.

%Mebft d4 bit sppfed by HMM Intel be used
TOv*que lf"e Of fto saCr is rca requIred for pWperst Torque lightening may edUCe hiUi sp mdW toed

Badngaeaw k conm to Section 192&11 of ft code.

HLTI RECOMMENOED HAMMER DRILLS FOR SETNG .

- oe ICA-TMHDA-P Ml0*lxl/20 M12x 12U5&3 Ml2xl M25lV - Mix 190/40 MI6 x10
ng systern' wxtwara setmg TE24.,1E25 bet gear TE75 ma hmrfing power
l wmpack TI ngy Jokles (It-b.) &7-4.7(2.7 -15) 7.0-9.0(5.2-6.6)
e dndetload 250-500 150-350

Setting Dea~is

HDA-T HDA-P -E

TABLE 2--HDA-P AND HDA-T ANCHOA SPACING AND EDGE DWSANCE GUIDEL.MeS

GUIDELINE LOADCONDITION CUNiU1IAiii ) It U(Inhes)
TYPE (Style) to M12 MIS . MO M52 MIS

Spacing(S) Tensionandshew 3oxh-11.813.Oxt.14.76 1.0xh.22.44 1.Oxt-94 I.0xk-4.92 t.Dxk-7.48
Edg(C) TensaIolHOA-PIII

and HA-Tnd 1.Sxh.5.9t 1.S xh,7.385 l.Sxh- 11.22 0.Sxh.,.3.15 0.xkh,194 0.8 x t.598
shn for HDA-P

Edge () Seak or HDA-T 2Ox .7.8? 2.Oxh 9.84 .0xh .4.95 O . 15 0.Axh .394 0.8 x h,- 5.98
Fo SI: I inch . 25.4 inm.

0
z

0

0
0

CO

Nole-
1. When using minims, spacig ard the load conition is either tnsion w shn, reduo lh lobS e sevice ad by 13%.
2. When usin minmum edge dislonce and th Iced condlion is losnon lot HDA-P and HDA-T Or shea lot l I HDA.P, iredie We allowable

service load by 9%.
& When mug min&ma" n edge distance Ad th load condiion is shear for the HDA.T. 'eckxe t allowabl sere load by 74%.

01
A6-89
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Page 4 of -

- FABt. 3-M" PANDDAT METRIC ALLOWABLE SERVICE TENSION LOAD VALUES
F , NOtWAL-WEIGHT CONCRETE (aS)

E R-SM

ANCHOR ( ) EMBEDUENTDEPM 11 ,: , - f M _ ,p r AXt, DEFLECTION
. ) - Spn apc . , -WIIho. Special Isnpeonj ( h) -

MID= .4 -. 32040 - '- .30 . -0043
- 5 - 3,98 - ,994 -. -0.052

. MI -- 7.5 - -- 7155 - 3.573 0.055
F* S b 1kIh-25.4nl, 1pSI.895x1 i'Pa.I -4.45N.

1. rmh tablaedsernttEntnlodaelnh r kstaled i nn*M ncainnnal-*elgh concreteh ImngthetleduimalecwpessIve
wtrngh at Uh. the of fnlhir ntwabtL,

2. Special inspection 15 provdod In acWan wh SeCdton .5 df fs port
S *unm cceue thicness. I mst be hi acdarn ih Table 1.

TABLE 4-HOA METC ALLOWABLE SERVICE SHEAR LOAD VALUES
FOR NORMALWEIGHTCONCRETE (pounds)

ANCHORSIZE(mm) EMBEDMENTDEPTH - a I ps - MAMU1 DEFLECTION
- -(wnhes) -HDA- - -- DA-T . (inh)

M10 4 1,630 - , .:4,6811 0.071
M12 5 ,378 -. 113 0.071

M16 7.5 4.233 0.200 0.087
F St 1I 25.4 mm. Ips .&895 x 103 MPa. I IN 4.45N.

NomWes

2. Spc daD Wspecmm k prov4ded i accrdnWcW wbeI Secton 2.50 thi repat.a Urimnm concrete hlicness. t ns* be i accordanca v.th TMA 1.

FIGURE l-PRE-SET"

U -

MGUE 2--mROGHSW

FG r- tA TN U -r

FIGURE 3-INSTALLAIION INSTRUJCTIONS FOR PICA-P

Attachment
Catc. No.:
Rev. No.:

Sheet

145579-B-CA-004
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FIGURE 4--INSTALLATION INSTRUCTIONS FOR HDA-T
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S ER-BOOS

Peso ip iab* satwig prnadh. Iw Ow RDA-P rn-.tj bed MDA-T(tbr.egb-ss&.Jog)

M .a sOpdrill bitwiswd so.ef Wchc.(tablks2od 5) & bb wahdercddp kp r dmct4

ricscgra 2 - -

'Tl bok IU so be ckad it a p.

ussupgn Sc han hw(btiks aed6)babmed S.e wy asmuetdhi!,whichbebee waed for
diling te k.Tbescwufg gaol ded oveoebwcerod.sw t Seecs. Sedor.dd.. sewing
mool cabc 'he reeve it She dken.

fle acbee Iset nltiq adtamrcnmganlogui oeyt. hdi~ig pcoce~a eDaring the seubin
pro&we.thbe ulene si ninly 6th. cse.adaS. - .e imheS it made in . -.

cest.t e scuihgtolbeksd &.. asa s eimak. T4 ark cwuiv see, kr
bow fbr 6e sewing proceeA b" psesset Iftlis muking is 00s with 'eme nce swre e pm-
sewing syk ad wit *c cmected pat for the &ttroj-bastning. the secing prccde. sh"d be finished

rictogs: -

Mwdsoy for a enct ssg poce& i The uing mrkirg w Tbe uhou ow& The amcho set d
lb. vrdeecwe Is cempittly woe&aced. as -ee tsen-d sahqn maskig -n lb. ancM. bolt it viaik toe
tletopedjeSftheskem. '

Pkt a 6.
The past io be fend is ecad by tghteeig the terq.

FIGURE 5-PRE-SEflTJG ANCHOR HDA-P (PREPOSmONING)

FIGURE 6-THROUG4SETTNG ANCHOR HDA-T (POSPOSTIONHIG)

Attachment:
Calc. No.: 145579-B-CA-004
Rev. No.: 3
Sheet I of 2
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HDA-P HDA-T

- c

bN-tri kd tdstdkTim

-N ~ pI 0a&tm

UstInrsApprovais
EC-ES QnlenMnnal Code COUn)
ER-5&l8 --
COLA (Pty of Los Angeles)

RWsrch Repor No 25422
European Tehinical Approval
ETA-99/0009

Components

*eSengToolUi J z-"

-irr c g5j
HaMOe Dri

Visit H1111 OnHInw
www.us.hILOcIrn US
www.ca.hfticom Canada

M12rM 8 adWO(3/4j.TheIlA -S

valable In a s rtized and 316 slaNess sled
Msn for tadoor Aiwnents. Each sizatlyle Is

dffered hI to lengSto 0rm odale vaibs zaedial
thiclnesses ta be tasted (xep( MIO).

Product Features
* Undernci sgments prov cast- priace be

perforancMt nfed expanston dresses

* tidletostero hrdbuforsely reta
" &ty lallfrdtte a modes

* Sef-undk ig wedges Provide an easy. fast
and rliabe ia Insation

* ExcrertperormIn hcrakwd concree Cension
n wflruidw-rcsithig stnflel

retldc e bht e gaizng-

6de Specifcan m. -

lndercut Mhags Uhercut ancihr shadbe of
an undercut sle will brazed kgaglen mabides on ft
embedded end tiat perorme t ef-demumLg' -

proess. tae't portion of ancior stal have a
mhnimun pr*cd beadig area equal to or greater tan
2.5 ties ie ruil bolarea.The bodhCwnlarm
ID ISO 898 cas .8 Srnot reQuErmnt Admrs
dhimsinedandsmped byitt
nistalation Refer to 4.113 aid 4.3.1.4.

4.3.12 Material specifications T imn.
f-T/-TF PI-F cabaon sled cone bftd; MO. M12, M6I and Pa le

meets r&gtquirements ISO 898, class 8.8 92.8(40) 1168
ImA-T/-TF/-PF catn sted se; M0 & Ml2 c0lum to - 123.3 M
European Slantrd t 25CttS4

DA-T/-74 P/-PFc on sted sleve; MI6 ord sIEuropeanStadard No.25M1Ac4 - 101.5 7q
WJA-T/-TII-P1F4 carton steel *eve; M20 conromts to EuroeanStandard No. 25CtoS4 - 79.8

IA-PR stainless sled cow bolt M1. M2 and Ml16 cuornrs to AGl 316 of 316l1 87 (I 116
VA-TV-PR stainss sledseeve; M and M12 :01mIStoAISI 316or316T - 123.3

IM&TIV-PR stainless sled slee; Out16 cnrdns to AM 316 or 316 - 101.50
ILT-TF/-P/-PF nut iconors to DiN 934. grade 8

IEA-TWV-PRm oWrmsto DIN934. grade A4-80
VA-T/-1F/-PV I-PFPR washer corms In (IN 6796

AT/-P omponerts are eecoltiaed min. 5 nmic
DA4FPM Werardzed conents have average 53 n zc

Attachment: -7

Cat. No.: 145579-B-CA-004
Rev. No.: 3
Sheet __ .__ of *

f m tib, Inc. US) 1-00-879 8000 1 Product Technical Guide 2W4 I MiN (Canada) Corporation 1-800-363-4458
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4.3.1 I-DA Undercut L Chor

S4.3.1.1 Prodct Description
411.11 Prodc Dwtdifm

11UMMAkideWuAkwbatnwdq mdianiti - neru * oiwdralows fr de
411.2 Mlaw 4sciais- underculanda whoseluderculsgmishtenqple - edgedsandankrg p

411.3 W. DxA Cartide 4pSso Ss IDPedftra 8sCKudRAMIng" M=es fuglisd s y* Roddes laeased shear capa*n
de1sgn to devek a dcte steel blur.heltA -

411.4 -h tts sylem Incudes elhpreset )A-P) of u-set . Furlyremrtle

411.5 Odbk1 k*tb fMA-) sle ardis st ri i setN loot and Sherared 153 pin Sn4 and 316 staMless sleel
rIo-hmmer diMiku ic bd tes 410 0/8'. far cuoshe mWeirms -
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4.IM2,AlooableStress Design -

C Om~Td See n bs hi oaa

... HDA- and HDA-F Undercut Anchor Aiftwable Tension Leads
n Nonnal Weight Concrete .

"Anhi Embednent %2I7.4wa(2,5Qps StedC
Depdtnnpm) ToenkfN Tensb

110 - 16(4) - ISA 0,48) - 20.7
1112 125(5) 2&3525) 29.8

M11- 190(7.5) 40(9.187) 53

M20 .250a.l) 68(15287) 83

KM, HDA-R and HDA-F Undercut Anchor Ultimate Tension Loads
In Normal Weight Concrete3  - -

Cea -aai
A r Embedmnent %, 17.4WC2500ps

Sime~m Dep.nmmon.) T mbN ) M

M1j 100(4) 47(10,560)

M16 190(7.5) - 127 (8.621)

1420 . 250(.8) - 204(45,744

RDA, HDA-R and HDA-F Undercut Anchor Allowable Shear Loads In Concrete

Anchor Embedment a 17.4 MPa (2,500 ps)
SItMM DeA mmN) S . rkM4)

-MP _ _A-_

M10 100(4) I(1027) 28.7(6,453)
W12 . 1p(5) 122(2.750) 31.27,005)
M16. 190(7.5) 23.3 C,240) 52.5(11=36)

M20 -250(9) 332(7,460) 81.0(18210)

HDA, ADA-R and HDA-F Undercut Anchor Ultimate Shear Loads hi Concrete'

Anchor Embedment ,217.4 Wa (2,500 ps)
Slzemm Depol, mm n.) Shea, I f)

HD-P HDA-T

1410 100(4) 29(6.516) 96 (21340I
M12 125(5) 42(9,510) 130(29.140)
M16 190(7.5) 75(16.930) 221 (49,7i5)

M20 250(9.8) 120. (27,100) 313170.400)

HDA Undercut Anchor

1 fLdI ft k dmwa
reeb IMe a"c edge wdgecig

zes t. sted capacyan be
vw&Std - isrbmndmnleffed. MeOyb haM op V

a edstsoveletvd0"-3"%

2 Oen edge or pabg kiuerce
bwlmwelmnwtdaclemb

hs - kelweel med ten, bg

3 1 tiallaS te bres0I f

I ar Oa doe UEI WeV

2 Ak..etkbafltncridb5%
tacte. See SeiM 221

Attachment:
Caic. No.:
Rev. No.:
SheetVisit Hil11 Onine
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A

-v h h* 4 31 *

t d a A ob eks tIr hstn g S. si &E n e m d

." -rcld nchree . p~ntt~ - f ho dxxI sitl wd ft created
Irnvd Wam kvardaTbW lo Wrore , m e wteneedoi ont

S e nd gnd1e Ope rn HPI-(-PF (-Set Style)

h Ih hnho --i M M" 40 b-

- the o Wd a in t h m ert on ft Mlorn tancf orlay coh noa

wideahimmg td o. udn hi dws ouwecaedr re arRd

-se ats v ed " wboes Iben Poo . O Ielng T e c ht n MHudArti 1o
met vnuda nro e s Sowhlnle drLmigthe u nduhigi he basrerltO M r2 L~gnmefctwse (0cnd r lr
ii hn loins E congca e nfl ges pniders to w hrdreoarlo
ofbcutwetin er d lot enishiru mi.eksaianoednanh.cf

HDA Undercut Anchor

3. he aIorq T lsened hi t mWsX m i tse n
bdan to AnE t t e od hao is sft

to rbsI cap Ilh seds Pa shreaded mlet
Itflg ts id seg So and ft M merw fi

peloab ec b s id rdeg"I. ow nga
S i's giuidnd vet nhor mdvaid engages to
poraeshleevl " Id " ical tca tfsed-

ki #0 hamme& th

6. hornyv tho plailiUead Seer cap Seoo the
palm b e hluiedbyfiig to wia) spikinast.
sraid nU prnded. Agly a Swipe flet t eed the

Setting Operation IDA-TI-TR/-TF (Through-Set Style)

1.Dog a bole to the cked "h nga sp 0I t t1cal Ide Sit% comessed or at td pum
wntched i te aNr, x ew hi spection Wbe Exitl at t rig s hi enaMel
mNd ordring n0) Nba is wntrml. we aM N
met mihd ts Gamun cue i il .

oufP fl Ar.n te ofle cre and
kh *in 1e hole wathe " 40 l

4.7he xkndir Is sed vth t hymenerrlifa>(nedAWmoth
Cii i asmer fil cda. ftudoi to

setig powrte, bolt iDng t andiaC
energy are raisred to te Seve by to
setig cauig te sleeve to d& over t
wital and d t anchor bo we ig toh

wdpct hi t e base norw. Onttig his.,
the red " *icaes he progress 01 tM Ming
leratinWn wT s mlking W tis %sh 0te con-
nmed part died anchr or prope eting Oder
slep 5).

isi l ll i Online
WWWus.hUtN tiCMUS
www.cahi.com Canada

S The mark an ft acho nd
sI~vdes tho 0ndcar" for coneci
Wflt. The anco bs ad and ft

-4 M In is kny t I H w when ft Md
marking on the anco bo i shie i*
Pa hip edge Of to f eetei anchor ufng kM

cedso40sewndsb M orIm2miu 5rso
nds M 16 I 20 anO s. pemoe the anchor

pee itA Inbw* Told iswuttaxW4 kisla a new
ICA anxhr.

Us on to boom d te Iled he. Do no move
Ie phtic cap which pSech t headed ied

wui tae fSped setq w d I I ummu Dre
Filu hi spec. awl Odring kNo L the se"
boi is pled off Ihe aloa red W4 nga ihe

poes in te Sm A is atica se o specd-

Iii4 - &nu.

6. Ren to plasic Mead gotector cap. Sewu the
Pan h0 be bned by V ig conical spg wash-
a and W powdedApy a Wu n to aeed the
leree hs rne-gwed I a. -.lbnpe isn rqie w t o sol ** -nhr f
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Attachment 8

Effect of Heat on Structural Steel and Box Design
Temperature References from ASD Design Manual

and ICV Box Structural Analysis
(Calculation 145579-D-CA-011 Rev. 1)
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"...m4'

-CALCULATION SHEET

CALC NO.: ____ ____

PROJECT NO.: -PROJECTIEPROEC N.:.145579 !RJC T. T , Fbnal DBVS Design:'

I INTRODUCTION

PURPOSE. -

The purpose of this calculation is to verify adequate stregth of alt members in the
ICV" Box and id design for the projected load conditidns they will be subjected to.
The plate thickness and stiffeners are examined for stress at two temperatures,
662F (35C) and 10587 (570). This calculation provides a breakdown for each
section of.the box (i.e. lid, sides, ends and floor) and, If areas of concern are

. identified, will specify modifications to the material selection and spacing of
structural members for the current design of the ICV' Box.. An analysis of the
lifting points is completed and the results stated. .

1.2 SCOPE

The scope of this calculation is the analysts of the structural integrity of the ICV
Box for the tolowing conditions:

* U ing of the box when empty.
- Box at melt station (analyzed at two ICV" box surface temperaures).
* Lifing of the box when filled with material (refractory, glass, top-off soil,

and void space filler).

Additional discussion of each condition is provided in the body of the calculation
and in the Results and Conclusions section.

2 BASIS

2.1 DESIGN INPUTS

1. Box surface temperatures = 662'F (35'C) end 1O58*F (570'C). Box surface
temperature of 662'F is an anticipated upper value during normal operating
conditions. A hiher value of 1058'F represents point at which the yield
s hof s snificantly dimmished. Note that this upper value also
bounds the results from calculation 145579-D-CA-001. which determined the
box skin temperature for normal and upset conditions.

2. Specific Gravity of glass : 2.65. Specific gravity of top-off soil = I A3. From F-
145579-OO-A-0021. Rev. OJ* Full DBVS Feed Preparation & Melt Process Flow
Diagram.

ma!! , buS. % b" Vbft" Wi ckuimb~ Wwbe S Ps bie- h be. Un A6-9

A 6-96

-1.1

Lw,

i
ih

CA

0
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I..

Determine Heat effects on the ICV Box Steel
Analysis of LCV Box vtlN be at two terrperatures as indicated below.

Tj: 662F-

-T2- 05F --

As lted in A)SC ASD page 6-3, the yIeld strength of ratios for carbon steel at elevated temperatures are
epproxkimtely 0.77 at 800, 0.63 at 1000*Fnd 0.37 at 1200F. Use straightlEne interpolation to determine the
yield strength ratio of steel for the terrpratures as isted above. Using the yield strength ratio of 1.0 at an assumed
ambient temperature of 60T. results in the following yield strength reducilons:

662*F- 60F
8i1- + 1.00o7*-E0.?

82 12 F-1000* 0.630

0.37-0.63

81 - 0.Si

82 -0.55 1

Reduction of yield strength as a result of the
lower bounding temperature.

Reductin of yield strength as a result of the
higher bounding temperature.

The modulus of elasticity wil change with temperature but AISC does not give any guidance on the values to use at
elevated temperatures. Use ASME BSPV Code lD, to determine the values at the temperatures as Isted above.
The modulus of elasticity of Carbon steel Is 26.5xl0 at 600F, 25.5x100 at 700F, 204x06 at 1000F, and
l8.0x10s at 1100F. Use straight Aine interpolation to determine the value.

E :- 29000psi

662*F- 600.
El 70-- ?- +25600kaM

7e.,.-soo*F

25500ksi-25600ksi

1058*- 10000?
E2:.. + 20400ksi

1100-*-1000*p
l8000ksi-20400ksi

E1-25538ksi -

E2- 19008 ksi

Modulus of Elasticity at ambient temperatures,
AISCASD, page 6.30.

Modulus of elasticity of steel at 662F, ASME
B&PV Code Section I0 Pad D Subpart 2. see
Atlachment 2. page 2.

Modulus of elasiity of steel at 1058F. ASME
DAPV Code SecIon It Part D Subpant 2, see
Attachment 2, page 2.
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EFFECT OF HEAT ON STRUCTURAL STEEL

Short-time clevated-temperaturc tensile tests on the constructional steek permitted
by the ASC Specification indicate that the ratios of the elevated-temperature yield
and tensile strengths to their respective room-temperature strength values are tea-
sonably similar at any particular temperature for the various steel In the 300 to 700*

. range, except for variations due to strain aging. (The tensile strength ratio may in-
crease to a value greater than unity in the 30D to 700 F. range when strain aging oc-
curs.) Above this range, the ratio of clevated-temperature to roon-teimperature.
strength decreases as the temperature increases. -

"Ibe composition of the steels is usually such that the carbon steels exhibit strain
aging with attendant reduced notch toughness. The high-strength low-alloy and beat-
treated constructional *11ay steels exhibit less-gronounced or Iinde Ar mgg.

As examples of the decreased ratio levels obtained at elevated temperature, the
yield strength ratios for carbon and high-strength low-alloy steels are approximately
0.77 at 80' F., 0.63 at 100 F., and 0.37 at 1200

FIRE-RESISTANT COISTNUCTION
ASTM Specification E1319, Standard Methods of Ftmc Tests of Building Construction
and Materials, outlines the procedures of fire testing of structural elements located
nidc a building and exposed to fire within the compartment or room in which they

are located. be temperature criterion used requires that the average of the temper-
ature readings not exceed 1000 F. forcolumns and 1100' F. for beams. An individual
temperature reading may not exceed 110' F. for columns and 1200 F. for beams.

Steel buildings whose condition of exterior exposure and whose combustible
contents under fire hazards will not produce a steel temperature greater than the
foregoing criteria may therefore be considered fire-resistive without the provision of
insulating protection forthe steel.

A fire exposure of severity and duration sufficient to raise the temperature of
the steel much above the fire test criteria temperature will seriously impair its ability
to sustain loads at the unit stresses or plasticity load factors permitted by the AISC
Specification. In such cases, the members upon which the stability of the structure
depends should be insulated by fire-resistive materials or construction capable of
holding the average temperature of the steel to not more than that specified for the
fire test standard.

Under the E119 specification, each tested assembly is subjected to a standard
fire of controlled extent and severity. The fire resistance rating is expressed as the
time, in hours, that the assembly is able to withstand the fire exposure before the first
critical point in Its behavior is reached. These tests indicate.the minimum period of
time during which structural members, such as columns and beams, am capable of
maintaining their strength and rigidity when subjected to the standard fire. They also
establish the minimum period of time during which floors, roofs, walls or partitions

Swill prevent fire spread by protecting against the passage of flame, hot Cases and ex-
cessive heat.

Tables of fire resistance ratings for various insulating materials and construc-
.tions applied to structural elements are published in the AISI booklets Fire Resistant
Peel Frame Construction, Doigning Fire Protection for Steel Columns and Designing
Fire Protection for Steel fusses. Ratings may also be found in publications of the
Puderwriters' Laboratories, Inc.
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Meyer, Paul (Frail

RPP-24544 REV I .

) -;. ,

From Meyer, Paul (Tral )
Sent February 28. 2006 954 AM

To: t Mackey, Thomas C
Cc: Shuford, Davtid H (Dave): Stephens. John D (Trail);
Subject RE: Caclation of possle ICV Box movement

Tracking: Recipient Read
iladey, lxnmas C
Shid,t Davd H (Dave)
Stphs, JtohnD(TrSi).

. Leonard, icl w-
Sweet, Frait Rea:28/022 10:9AM.

;I

Leonard, Michael W; Sweet, Frank

* will use H=O.215g and V=0.157g in my check of the possible box movement.

Thanks.

The quick version: with importance factor 1.0. the seismic forces cannot overcome friction and Initiate sliding
using the equations from HEDL

With an Importance factor of 1.5 applied to the seismic loads, both vertically and horizontally, the box may
overcome friction and would move 0.018 Inches (-0.5 mm) after 10 earthquake cycles. This Is acceptable.
-Paul

From: Mackey, Thomas C [mailto:Thomas_4ackey@RLgov]
Sent: February 27, 2006 3:12 PM
To: Meyer, Paul (Trail)
Cc: Shuford, David H (Dave); Stephens, iohn D (Trall); Mackey, Thomas C; Leonard, Michael W
Subject: RE: Calculation of possible ICV Box movement

Paul

We have been having similar discussions here regarding PGA and ZPA. The old FFTF spectra Is a little higher
than our new site specific response spectra. The following is extracted5 from another discussion on this subject:

PGA, and ZPA arm essentially synonymous terms. The peaks of the horizontal and vertical design spectra provided by
Gcomatrix are 0.588g and 0.346g.

These are not peak ground accelerations, but rather peak spectral accelerations. The POAs (ZPA's) of the horizontal and
vertical surface design spectra for the tank farms as provided by Geomatrix are 0 215g. and 0.157g, respectively.

Tom Attachment:
Catc. No.: 145579-B-CA-004
Rev. No.:
Sheet

3
1:2. of 14-

03/02/2006
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From: Meyer, Paul (rail) [mato:pautmeyermec com
Sent Monday, February 27, 2006 2:56 PM -
To: Mackey, ThomasC --
Cc Shuford, David H (Dave); Stephens, John D (Trai)
Subject Cakculation of possible XCV Box movement

Thanks.

Cuestion: to do the calculation, Ill need the WH* and rV values for our site. On page 5 of the fax (page 18 of the
calc) it says the 'i and V values are taken from HWS-1386 response curves for a given location! Are those
response curves available for the 200W site? -I did a search for HWS-1386 on the intemet and the single hit was
a document called "FFTF Final Safety Analysis Report (WHC-TI-75002)" for the Fast Flux Text
Facility. According to that document, the fui title of HWS-1386 is FFTF Structure Response Curves for Seismic
Design of FFTF Equipment.* Report 75002 references HWS-1386, but does not give any of the response values.

Are the tables 12 and 3 mentioned on page 5 (page 18 of the calculation) available? It looks as It they have
- typical values of sliding distance for various locations and various coefficients of friction, perhaps a result is

already available.

I assume the value of "Ils the fundamental frequency in Hz (which is the reciprocal of the perilod) The curbs
have a period T' (per UBC) of 0.03 seconds, or a natural frequency of -33 Hz. Deflnltely rigid!

My assumption is that H probably corresponds to Ca in the UBC-97.
f I take H as 0.24g and V as 50% of H or 0.12g. thon:

Calculation (4) suggests sliding cannot occur. 0.33 > (0.24)(1-0.12) . 0.33>0.27
Assuming it does occur anyway,
If H= 0.24g, V= 0.12g. "mu*= 0.33 and fI 33 Hz and g= 32 ft/sec^2 or 34 n/secA2
then the movement of the box would bo
Xm = 0.000885 inches per cycle, or 0.009 Inches In 10 cycles. This Is acceptable.

IF the assumed values of H and V are both Increased by an Importance factor of 1.5, then sliding-fill occur as
the value of H/(l-V) = 1.5(024)/(1-(1 .50.12)) = 0.5 which Is greater than he coefficient of friction. In that
scenario, the total movement would be 0.0024 fiches per cycle, or 0.024 Inches (0.6 mm) in 10 cycles.
Still acceptable.

This Is subject to confirmation of the correct values to use for H and V.

-Paul

From: Mackey, Thomas C [malto:ThomasC.Macky@RLgov]
Sent: February 27, 2006 8:05 AM
To: Meyer, Paul (Trail)
Cc. Shuford, David H (Dave); Mackey, Thomas C
Subject: FW: Attached Is the file you requested.

Paul

Here is the PDF.

Tom

From: 1enz, Kelli S
Sent: Monday, February 27, 2006 8:05 AM
To: Mackey, Thomas C Attachment:
Subject: Attached Is the file you requested. Calce. No.: 145579-B-CA-004

Rev. No.: 3
Sheet Js of 14

03/02/2006

A6-112
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ScopeofReview: CoA. cCTC :.oc.
(e.g. document section or portion of calculation) - -

Engineer/Analyst: e IA .. Date:

Organizational Mgr - a t.

RPP-24544 REV Ic

______gc ~

2 4a-fl

Date:

This document consists of il pages and the following attachments (if applicable):

A7ACH 1-e' 414srco ONP_ C 447AslAd/3/

Yes No NA*

[ ] [ ] M3.

[J

[ ]

[3]

[1]

[1]
[.'

[]1
[1
[]
[1]
I]

[I]

Analytical and technical approaches and results are reasonable and appropriate.
Necessary assumptions are reasonable, explicitly stated, and supported.
Ensure calculations that use software include a paper printout, microfiche, CD
ROM, or other electronic file of the input data and identification to the computer
codes and versions used, or provide alternate documentation to uniquely and clearly
identify the exact coding and execution process. Alo SoFTwz./t il

[1 4. Input data were checked for consistency with original source infonnation.
[J 5. For both qualitative'and quantitative data, uncertainties are recognized and

discussed.
[ 6. Mathematical derivations were checked including dimensional consistency of

results.
[ 7. Calculations are sufficiently detailed such that a technicilly qualified person can

understand the analysis without requiring outside information.
S4 S. Software verification and validation are addressed adequately. fl. Sop-nsa.

[]- 9. Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.

[ 10. Conclusions are consistent with analytical results and applicable limits.
[ I1. Results and conclusions address all points in the purpose.
[M It. Referenced documents are retrievable or otherwise available.
[ 13. The version or revision of each reference is cited.
[ 14. The document was prepared in accordance with Attachment A, "Calculation Format

and Preparation Instructions."
[] 15.. All checker comments have been dispositioned and the design media matchqs the

calculations.

Checker (Printed Nam an ignature) Date

* If No of NA is chosen, an explanation must be provided on or attached to this fonn.
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Subject: CVr" Box Support Curbs Type 'C' and 'D' and 'E'

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following Items as applicable.

Documents Reviewed: 145579-B-CA-004, Rev. 3

Analysis Performed By: AMEC

* Design Input
. Basic Assumptions
* Approach/Design Methodology
* Consistency with item or document supported by the calculation
* Conclusion/Results Interpretation
* Impact on existing requirements

Checker (printed name, signature, and date): M. NV. Leonard At.a. . 1 /3 1D 1,

Organizational Manager (printed name, signature and date): D. H. Shufor J
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CALCULATION SHEET amec
CAMC. NO.: 145579-D-CA-001 REV: F21 DATE: March 22, 2006
CALC. TITLE: Area 35 - Transient Heat Transfer Calculations of ICVTM Box
PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

I INTRODUCTION

Full-scale testing with non-radioactive simulant in a prototypical ICVTm Box has led to
evolution of the design for the refractory and insulating layers of the ICVTm Box. Heat
transfer calculations modeling multiple configuration options were performed to guide
the design evolution (see References 1 and 2). The resultant ICVTm Box refractory
and sand configuration (see F-145579-35-D-0004, -0016, and -0017, attached) has
been successfully tested at full-scale with non-radioactive simulant. Preliminary test
results from Test 38A-1 correlate well with the heat transfer calculations documented
In References I and 2.

This calculation utilizes the heat transfer model developed and used In References 1
& 2 and applies it to postulated conditions at the DBVS, as depicted in the attached
drawings (see F-145579-00-D-0041, -00-B-0020 and -00-B-0025).

1.1 PURPOSE

The purpose of this calculation is to bound the ICVTm Box skin temperature by
approximating worst case conditions seen In the DBVS. This calculation also verifies
that, in the event molten glass leaks from the 60PC castable refractory in the ICVWT
Box, leaking glass will not contact the steel ICVTM Box skin and appropriately "freeze"
in the sand. The conditions modelled herein represent deviations from those expected
during normal operating conditions at DBVS.

1.2 SCOPE

This calculation determines the ICV Box temperature profile from the inside refractory
layer to the outer box skin for varying critical melt parameters and conditions external
to the box (e.g., melt temperature, air temperature external to the box, properties of
insulating sand, and external convection coefficient) using the heat transfer model
developed in References 1 & 2. ICV box bottom and sidewall skin temperatures and
the location of the isotherm at which leaking glass will 'freeze" In the sand is reported
for postulated conditions of glass "leaks" from the 60PC castable refractory. These
cases are compared to the baseline case where no glass leaks from the castable
refractory. The external environment used in the calculations for the DBVS ICV Box Is
based on bounding worst estimates of conditions in the DBVS melt area. The ICV
Box lid temperature and heat transfer from the ICV box through the melt area
supports, or curbs, (see drawing F-145579-00-B-0025) to the melt area concrete are
treated in separate calculations.
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2 BASIS

2.1 DESIGN INPUTS

1. Configurations modelled (based on design drawings F-145579-35-D-0004 and
-0016, see Attachment 2).

a. Side wall: 6" 60PC castable refractory, 6" Sand, box skin

b. Bottom: 6" 60 PC castable refractory, 8" Sand and 8" Refractory Brick (same
layer In alternating columns on bottom), box skin, 6"x 6" HSS member. [Note
that the HSS is not modelled in Attachment #1, which is conservative for heat
transfer away from the box surface.]

c. Tube steel vertical stiffeners and box bottom stiffeners are not included in the
analysis. References 1 and 2 show that worst case box skin temperatures are
calculated when the tube steel exoskeleton is not included in the model.

d. Shield walls around the melt area (see Drawing F-145579-00-B-0020). Melt
area concrete slab (see Drawing F-145579-00-D-0041). These are included in
the model as surfaces that can radiate back to the ICV box and also form, with
the steel support structure shown on Drawing F-1 45579-00-D-0041, a confined
area that limits natural convection.

2. Heat transfer model input specifics are discussed in Attachment 1.

2.2 ASSUMPTIONS

Glass properties used in this analysis are for Low Activity Waste glass simulants
developed for Hanford Tank Waste and are believed to be representative of the
properties for the DBVS glass product. As data for the DBVS glass product become
available, the properties can be compared to those used in this analysis to determine
if the analysis is bounding.

The concrete surface temperature used in the analysis Is an estimated worst case and
not based on the results from a separate analysis. This analysis uses the same
concrete surface temperature for the concrete slab and the shield walls. The Impact
from this assumption is a condition external to the ICV box that is estimated to be
more insulating than conditions expected at the DBVS Site for the given design.
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3 CRITERIA

1. The "freeze point" Isotherm (defined in this analysis as 8260C) does not contact
the box skin.

REFERENCES

1. Calculation No. 0513206.01-M-001 AMEC BuIkVit 1D Thermal
ICVW Box Refractory Liner. ARES Corporation. 2005.

2. Calculation No. 0513206.01-M-002 AMEC BulkVit 2D Thermal
ICVTm Box Refractory Liner and "Leaking Glass' Configuration.
2005.

Analysis of the

Analysis of the
ARES Corporation.

METHODS

Calculation methods are discussed in Attachment 1.

6 RESULTS AND CONCLUSIONS

Table 5-1 from Attachment 1. Results for the ICV Box Sidewall Heat Transfer
Simulations, Is reproduced below. As shown in the table, the criteria for the freeze
point isotherm is not exceeded for any of the cases run (the X82s represents the
distance of the freeze point isotherm from the box skin). The nominal operating cases
without leaking glass are shown as Case 3.1 (60PC castable refractory with 11 OPC
castable refractory backing) and Case 3.2(60PC castable refractory with sand
backing); both of which show skin temperatures more than 250'C below the calculated
worst case (Case 3.3.4) skin temperature in the leaking glass scenario.
As shown in Table 5-1, the melt temperature and the box convective/radiated heat
transfer coefficient are varied to determine the sensitivity of leaking glass penetration
and box skin temperature to these parameters. The results Indicate (see Case 3.3.4)
that If glass leaks and the model's side wall heat transfer coefficient Is high by a factor
of 2 for the DBVS box sidewall configuration and the nominal melt temperature is
exceeded by 400*C (- 30%) In extreme environmental conditions for DBVS, the
leaking glass does not contact the box skin. These results can also be used to bound
the conditions for DBVS operation.
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Table 5-1. Results for the ICVTW Box Sidewall Heat Transfer Simulations

Heat Transfer "Leaking Glass"
Case Tmt rcj T. [0C] Coefficient Condition T2

Multiplier C

3.1(1) 1300 100 Ix No 5%" 281
3.2 " " " No 3%" 232
3.3.1 "* Yes 2 Ye 286
3.3.2 1500 " " " 1% 342
3.3.3 1700 "" 421
3.3.4 " " 7" 7

3.3.5 " " 2x V" 313
Notes (1)

(2)
Sidewall model through 11C vertical castable
Sidewall model through sand backing

refractory rib backing

Table 5-2 from Attachment 1, Results for the ICV Box Bottom Heat Transfer
Simulations, Is reproduced below. The results for the box bottom analysis also show
that the criterion for the freeze point isotherm is not exceeded for any of the cases run.
The nominal operating case without leaking glass is shown as Case 4.1 (60PC
castable refractory with 1 1OPC castable refractory and sand *backing"). As with the
sidewall analysis, the nominal case skin temperature was more than 250'C below the
calculated worst case (Case 4.2.4) skin temperature in the leaking glass scenario.

As shown In Table 5-2, the melt temperature and the box convective/radiated heat
transfer coefficient are varied to determine the sensitivity of leaking glass penetration
and box skin temperature to these parameters. The results indicate (see Case 4.2.4)
that if glass leaks and the model's box bottom heat transfer coefficient is high by a
factor of 2 for the DBVS box bottom configuration and the nominal melt temperature is
exceeded by 400*C (- 30%) in extreme environmental conditions for DBVS, the
leaking glass freezes more than 1' from the box bottom skin. These results can also
be used to bound the conditions for DBVS operation.
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Table 5-2. Results for the ICVTm Box Bottom Heat Transfer Simulations

emecFO

Heat Transfer "Leaking Glass"
Case Tm [*C] T[-Cj Coefficient 'Condition XT82

Multiplier, [OC

4.1 1300 100 1x No 5%" 252
4.2.1 * Yes 3%" 254

4.2.2 1500 " " 2%" 340
4.2.3 1700 * * " 1%" 391
4.2.4 "x * 1%" 517

4.2.5 1% 299

Iype nam.Meats hi tHi. box Indxes. Pe culcus ilon has beef. sIgnSd oappvS 4d the oglnaI b n tae.. pi the P""4.ct Me.
ORIGInAlT QATz 3 / CHE R GATE

Page 6 of 8

A6-122



RPP-24544 REV Ic

CALCULATION SHEET

CALC. NO.: 145579-D-CA-001

CALC. TITLE:

PROJECT NO.:

Area 35 - Transient Heat Transfer Calculations of ICVTm Box

145579 PROJECT TITLE:

Attachment 1
DBVS ICV Box Thermal Analysis: 0509206.01-M-001 Revision 1

(98 pages including Attachment Cover)

A6-123

amect
REV: 2 DATE: March 22, 2006

Final DBVS Design



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment I

Page No.

(\,iii> CALCULATION COVER SHEET I of 97
Calculation No:

0509206.01-M-001
Project No. Project Title: Client

0509206.01 AMEC Demonstration Bulk Vitrification System (DBVS) AMECIDMJMH&N
Project Support

Title:

DBVS ICVT' Box Thermal Analysis
Purpose and Objective:

A series of computational simulations was performed previously to dctennine the thermal response of a
number of candidate designs for the refractory liner system used in loni Rapids Test Site (IRTS) In-
Container Vitrification (ICVTM) BulkVit containers. The results of those simulations are presented in
references I & 2. The simulations perfonned in this calculation build upon the results and methodologies
developed in references I & 2 for the purpose of assessing the maximum box surface temperature for the
Demonstration BulkVit System (DBVS) ICVTM containers. The maximum box skin temperatures predicted in
the calculations presented herein will be factored into the thermal stress considerations of the ICVT' box
structural design. In addition, the refractory liner materials must be designed and configured to "stop" any
glass that may leak through scams, cracks, or other openings developed in the castable refractory materials
during processing from contacting the steel surfaces of the ICVTfI box. The calculations presented herein are
intended to demonstrate that these design constraints will not be violated tinder a number of normal and off-
normal operation scenarios. The configurations, material choices, and other parameters used in these models
were guided by the results obtained from the spectrum of cases considered in the previous calculations (ref. I
& 2) perfonred for a similar assessment of the HRTS ICVTM box design.

Rev. Total Revision Description Prepared By Checked By PMITL
No. I Pages (Add cwo.ti auisee IrRequired Name/Date Name/Date Approval/Date

Original

Revised to incorporate CHG
comments

P.S. Lowery

P.S Lowery

op-i)

J. A. Debban

S.R. Pierce:

~At~W9

S.R. Pierce

S.R. Pierce

CAjt'Ltuq C,,r Shwx QAP' 3. it f,. 1 13-113:

A6-124

0

1

98

97

w--



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

A, E - CALCULATION REVIEW CHECKLIST

Project No. Calculation No. Rev. Page No.
0509206.01 0509206.01-M-001 1 .2 of97

ITFEMS CIECKED - - - .INITIAIJDATE
-V N N/A

I. Cover sheets properly completed.

2. Calc sheet headers complete with calc no. rev. etc.

3. Calc sheet contents complete per formal.

4. Listed attachments included.

5. Calc objective clearly described. V/

6. Criteria are suitable and properly referenced to task
specific documents.

7. Assumptions and input data described and attached
or referenced to task documents. V

8. Cate method identified and appropriate for the
design activity.

9. Calc results reasonable and correctly described in
results and conclusions.

10. Computer program identified with version and
revision.

I1. Computer input/output provided or referenced.

12. Computer run traceable to calculalion (file I. etc.).

13. Computer input data within permissible design input
range.

14. Computer program validation/verification
addressed.

Discrepancies / Comments:

Checker (Print Name Date-

P.S. Lowery $ 2um/6
Orikinalur Print Name and Date:

S.R. Pierce t/0

Signaiures obtained only alter dscretmcies ar corrected and comncs ar reoImed.

calkuiAm n Pw.CtcSkL. QAP I 3 Ito (" It1-15-05

A6-125



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

0AES CALCULATION SHEET

Project No.0509206.01 Calculation No.0509206.01-M-001 Rev. No. I Page No. 3 of 97
Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: SR. Pierce Date: 3/20/06

Table of Contents

1.0 INTRODUCTION...................................---...................................................................6

2.0 ANSYS* MODEL DEVELOPMENT AND ANALYSIS METHODOLOGY ......................... 7
2.1 Selection of Element Types ....................................................................................................... 8
2.2 Geomet and Modeling Approach ..................................................................................... 9
2.3 ANSYS Verification & Validation.....................................................................................9

3.0 ICVTm BOX SIDEWALL THERMAL ANALYSES..................................................................9
3.1 Base Case Conditions - I IOC Castable Refractory Backing ............................................. 12
3.2 Base Case Conditions - Sand Backing .............................................................................. 14
3.3 "Leaking Glass" Scenarios ......................................................................................... 15

3.3.1 1300*C Melt/60PC Interface Conditions....................................................................... 15
3.3.2 1500*C Melt/60PC Interface Conditions....................................................................... 16
3.3.3 1700*C Melt/60PC Interface Conditions....................................................................... 17
3.3.4 1700*C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficient...... 18
3.3.5 1700*C Melt/60PC Interface Conditions; Increased surface heat transfer coefficient..... 19

4.0 ICVTM BOX BOTOM TH ERMAL ANALYSES ................................................................. 20
4.1 Base Case Conditions ......................................................................................................... 22
4.2 "Leaking Glass" Scenarios ................................................................................................. 23

4.2.1 1300*C Melt/60PC Interface Conditions....................................................................... 24
4.2.2 1500'C Melt/60PC Interface Conditions.................................................................... 25
4.2.3 1700*C Melt/60PC Interface Conditions.................................................................... 26
4.2.4 1700'C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficients.....27
4.2.5 1700"C Melt/60PC Interface Conditions; Increased surface heat transfer coefficients ... 28

5.0 CON CLUSIONS............................................................................................................................29
6.0 REFERENCES ............................................................................................................................ 31

APPENDICES

APPENDIX A
CONVECTION RADIATION I IEAT TRANSFER CORRELATIONS

APPENDIX B
MATERIAL PROPERTY DATA SHEETS

APPENDIX C
ANSYS® CASE INPUT LISTINGS

Calculation Shft: QAP 3.1. Rev. 6(1 1-15-05)

A6-126



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 4 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

Figures

Figure 1-1. FIRTS ICVTM Box and Support System..........................................................................................7
Figure 3-1. DBVS ICVTM Box Side Wall Model Schematic - in the Vicinity of the I IC Vertical Ribs......... 10
Figure 3-2. DBVS ICVTm Box Side Wall Model Schematic - in the Vicinity of the Sand Backing.............. II
Figure 3-3. DBVS ICVTM Box Side Wall "Leaking Glass" Model Schematic................................................ 12
Figure 3-4. Temperature Distribution for the ICVT1 Box Sidewall Configuration - I IOC Refractory Backing.

................................................................. 13
Figure 3-5. Temperature Distribution for the ICVTM Box Sidewall Configuration - Sand Backing.............. 15
Figure 3-6. Temperature Distribution for the ICVTm Box Sidewall Configuration - 1300*C "Leaking Glass". 16
Figure 3-7. Temperature Distribution for the ICVTM Box Sidewall Configuration - 1500*C "Leaking Glass". 17
Figure 3-8. Temperature Distribution for the ICVTM Box Sidewall Configuration - 1700*C "Leaking Glass". 18
Figure 3-9. Temperature Distribution for the ICVTM Box Sidewall Configuration - 1700 0C "Leaking Glass";

Reduced ICVTM Box Surface Heat Transfer Coefficient............................................................... 19
Figure 3-10. Temperature Distribution for the ICVTM Box Sidewall Configuration - 1700*C "Leaking Glass";

Increased IC VrM Box Surface Heat Transfer Coefficient..........................................................20
Figure 4-1. ICVTM Box Bottom Model Schematic.......................................................................................... 21
Figure 4-2. ICVTM Box Bottom Model Schematic -"Leaking Glass" Scenario............................................22
Figure 4-3. Temperature Distribution for the ICVTM Box Bottom Configuration. ....................................... 23
Figure 4-4. Temperature Distribution for the ICVTM Box Bottom Configuration - 1300*C "Leaking Glass"... 25
Figure 4-5. Temperature Distribution for the ICVTM Box Bottom Configuration - 1500*C "Leaking Glass"... 26
Figure 4-6. Temperature Distribution for the ICVTm Box Bottom Configuration - 1700*C "Leaking Glass"... 27
Figure 4-7. Temperature Distribution for the ICVTM Box Bottom Configuration - 1700*C "Leaking Glass";

Reduced ICVTM Box Surface Heat Transfer Coefficient............................................................ 28
Figure 4-8. Temperature Distribution for the ICVTM Box Bottom Configuration - 1700"C "Leaking Glass";

Increased ICVrm Box Surface Heat Transfer Coefficient............................................................29

Tables

Table 2-I. ANSYS" Finite Element Types Used in ICVTM Box Sidewall and Bottom Models.......................8
Table 2-2. Material Types Used in ICVTM Box Sidewall and Bottom Models................................................ 8
Table 5-1. Results for the ICVTM Box Sidewall Heat Transfer Simulations................................................... 30
Table 5-2. Results for the ICVTM Box Bottom Heat Transfer Simulations.....................................................31

Calculation Shed; QAP 3.1. Rev. 6(1 l-1-05)

A6-127



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

CALCULATION SHEET

Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. S of 97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3120/06 Checked By: S.R. Pierce Date: 3/20/06

Acronyms

DBVS Demonstration Bulk Vitrification System

FEM Finite Element Model

GUI Graphical User Interface

HRTS Horn Rapids Test Site

ICVTM In Container Vitrification

LAW Low Activity Waste

PNNL Pacific Northwest National Laboratory

Calulationshcc: QAP 3.1.Rev.6(II-15-05)

A6-128



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment I

CALCULATION SHEET

Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 6 of 97

Titie: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3120/06 Checked By: S.R. Pierce Date: 3/20/06

1.0 INTRODUCTION

A series of computational simulations was performed previously to determine the thermal response of a number
of candidate designs for the refractory liner system used in Horn Rapids Test Site (H RTS) In-Container
Vitrification (ICVTM) BulkVit containers. The results of those simulations are presented in re'ferences I & 2.
The simulations performed in this calculation build upon the results and methodologies developed in references
I & 2 for the purpose of assessing the maximum box surface temperature for the Demonstration BulkVit
System (DBVS) ICVTM containers. The maximum box skin temperatures predicted in the calculations
presented herein will be factored into the thermal stress considerations of the ICVTM box structural design. In
addition, the refractory liner materials must be designed and configured to "stop" any glass that may leak
through seams, cracks, or other openings developed in the castable refractory materials during processing from
contacting the steel surfaces of the ICVTM box. The calculations presented herein are intended to demonstrate
that these design constraints will not be violated under a number of normal and off-normal operation scenarios.
The configurations, material choices, and other parameters used in these models were guided by the results

obtained from the spectrum of cases considered in the previous calculations (ref. I & 2) performed for a similar
assessment of the H RTS ICVTM box design.

While the ICVTM box refractory liner system employed at the DBVS is the same as was developed for the
JIRTS ICVTM box design, there are differences in the box surroundings that require additional analysis to
determine the adequacy of the design for the DBVS application. In particular, at the H RTS, vertical sidewalls
of the ICVTM boxes were exposed to ambient air conditions. Because the materials being processed at the
DBVS will contain radioactive constituents, the ICVTM boxes will be surrounded by concrete shielding walls on
two sides. As a consequence, the heat losses off the DBVS ICVTM box sidewalls will be somewhat restricted by
the reflection of radiant heat energy back to the box. Figure 1-1 provides an illustration of the ICVTM box
supporting arrangement as deployed at the FIRTS. The configuration to be deployed at the DBVS will be
similar, however. The drawing provided in reference 3 provides plan, elevation, and section views of the
proposed DBVS ICVTM container and its associated support system. The concrete ecology blocks utilized for
the HRTS arrangement (illustrated beneath the ICVTM box in Figure 1-1) will be replaced with a steel I-beam
rail arrangement. The box and support rail assembly will be surrounded on two sides by concrete shielding
walls. The drawing identified in reference 14 provides plan and detailed views of the ICVTM box and shield
wall arrangement.

In addition, one of the initial BulkVit tests performed at the HRTS experienced some leaking glass that
propagated through gaps developed in the castable castable refractory liner materials present in the box. This
glass eroded the sand material between the outboard face of the castable refractory and the steel ICVTM box,
forming slabs of essentially pure glass on the outboard face of the castable. Descriptions and illustrations
depicting these results are provided in reference 4. The presence of this glass and its direct communication with
the glass batch being processed tends to elevate the temperature of the steel ICVTM box surfaces. The glass will
propagate through the sand liner material until the thermal energy conducted to it from the batch melt body is
balanced by losses off the surfaces of the leaking glass. Work performed by Pacific Northwest National
Laboratory (PNNL) has determined that the glass will propagate until its surface reaches a temperature of
826*C (ref. 5). A number of the simulations presented herein are intended to assess the extent of propagation of
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this leaking glass in the vicinity of the ICVTm box vertical and bottom walls of the castable refractory liner
materials during these off-normal conditions.

Figure 1-1. H RTS ICVT"~ Box and Support System.

The simulations are grouped into two categories in this calculation - those associated with heat loss and glass
propagation through the ICVTM box vertical side walls, and those associated with heat loss and glass
propagation through the ICVTM box bottom wall. Results for the sidewall simulations are presented in Section

3.0. Results for the ICVTM box bottom wall simulations are presented in Section 4.0. Finally, a summary of the

findings and some conclusions are presented in Section 5.0.

2.0 ANSYS MODEL DEVELOPMENT AND ANALYSIS METHODOLOGY

A Finite element model (FEM) incorporating all significant elements of the DBVS ICVTM Box Sidewall and
Bottom was developed with the ANSYS program (Reference 12), using available design data. The scope for

examining the box sidewall and bottom was to translate the model and analysis results generated for the thermal
response of the HIRTS ICVTM box (refs. I & 2) to the DBVS set-up and configuration, and to determine what

affect the "leaking glass" had on the temperature profile in the DBVS ICVTM box refractory liner system.

The geometry sections of the box sidewall and bottom refractory was modeled in ANSYS' using a combination

of commands and an interactive menu system called the Graphical User Interface (GUI). The GUI feature of
ANSYS" provides the capability to automatically generate complex finite element models. The solid modeling

from the bottom up is defined in terms of keypoints, lines, areas, and elements. The modeling process is
initiated by defining the lowest-order solid model entities; the keypoints. Keypoints are defined within the
currently active coordinate system and are important/key coordinate points to start the modeling.

The members of the assembly arc then defined by lines that are defined by connecting these keypoints. Element
types. material properties, and geometrical properties are assigned to the generated lines and areas. The
ANSYS8 meshing module automatically maps selected geometric components (e.g. - lines and areas) to
indicated elements. The boundary conditions and loading are assigned after model meshing is complete.

Ciikulaton Sheet QAP 3 1. Re, 6 () 1- 5-01
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2.1 Selection of Element Types

The ICVTM Box Sidewall and Bottom consists of the following primary elements:

I. 60PC Castable Refractory,

2. I 10C Castable Refractory,

3. Sand,

4. %" Steel Lining,

5. "leaking glass" (where applicable), and

6. Combined free convection and radiation heat transfer coefficients.

Tables 2-1 and 2-2 summarize the element types and the material properties of these various components.
These tables are utilized during the generation of the ICVTM Box Sidewall and Bottom finite element model.
The PLANE 55 element type, 2-D Thermal Solid, is used as a plane element or a plane element with a 2-D
thermal conduction capability. The element has four nodes with a single degree of freedom, temperature, at
each node.

Table 2-1. ANSYS" Finite Element Types Used in ICVr" Box Sidewall and Bottom Models.

Element Type Name Element Description
I PLANE55 2-D THERMAL SOLID

The material numbers used in this analysis are for conduction through the medium and the convection off of the
liner. Material numbers vary depending on case number.

Table 2-2. Material Types Used in ICVri Box Sidewall and Bottom Models.

k (Thermal Conductivity) /
atera Description h (Convection/Radiation

Heat Transfer Coefficient)
1 60PC Castable Refractory See Appendices
2 I 10C Castable Refractory See Appendices
3 Steel Lining See Appendices

4.8 Air Conductivity See Appendices
2,5 Sand data See Appendices
3,9 "Leaking Glass" Thermal Conductivity See Appendices
6 Horizontal Convection See Appendices

4.7 Vertical Convection See Appendices
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2.2 Geometry and Modeling Approach

The FEM generation of the ICVTM Box Sidewall and Bottom was started by defining the coordinates of
keypoints at various locations. The lines were defined from these keypoints. The element type, material
properties, and geometrical properties were assigned to the generated lines. The ANSYSO meshing module
automatically meshed areas into PLANE 55 elements. The boundary conditions and loading were assigned
after model meshing.

2.3 ANSYSC Verification & Validation

The FEM of the ICVTM Box Sidewall and Bottom was used to determine the temperature change across the
refractory using the ANSYSt computer program. The ANSYSo program has been thoroughly benchmarked
with a set of over 200 verification problems that are provided with the program documentation and verified by
ARES Corporation, as documented in Verification No. VV-05-02-010, ANSYS* Version 10.0 VerIfication
(Reference 13). For the calculations presented herein, the program was executed on a Dell OptiPlex GX280
computer having Service Tag Number 7VB3W6land ARES ID RL_C0104.

3.0 ICVr' BOX SIDEWALL THERMAL ANALYSES

The refractory liner system for the ICVTM box sidewalls is composed of a castable refractory liner, backed by a
layer of sand materials. The system is contained in a steel box. The box has an exoskeleton of 3Y2" x 3Y2" x 4"

steel tubing running vertically up the sides of the box, spaced at approximately 12" intervals. The castable
refractory liner material is nominally 6" thick and is constructed of RESCO Vibrocast 60PC. A data sheet for
this material is presented in the Appendices. The vertical walls of the castable refractory liner materials are
backed-up by sand. Representative data for this material are also presented in the Appendices. To support the
castable refractory liner sidewalls during construction of the box, columns of RESCO Rescocasti lOC castable
refractory are staged at periodic intervals between the outboard surfaces of the 60PC castable and the steel
ICVTM box walls (Data sheets for this material are included in the Appendices). The sand is then backfilled into
the void space between the 60PC castable refractory liner walls, the II OC refractory vertical ribs, and the
ICVTM box steel walls. The exterior surface of the ICVTM box is painted flat black using a product called
Thermaline 4700 manufactured by Carboline. Emissivity data for this paint is provided in the Appendices. The
emissivity data presented is for Carboline 4674. Per Mr. Mike Beckman of Carboline, this is the same product
as the 4700,just an updated product number. A nominal emissivity of 0.6 was assumed for all concrete surfaces
modeled (ref. 6). Correlations for free convection heat transfer were included in the formulation of the net heat
transfer coefficient on the exterior surface of the ICVTM box (ref. 6). The correlation used for combined free
convection and radiative heat transfer are provided in the Appendices for both vertically- and horizontally-
oriented surfaces of the ICVTM box.

The ICVTM box sidewall thermal analyses performed for the FIRTS simulations (references I & 2) indicated
that the worst-case box skin temperatures were obtained when the heat fin effect of the tube steel exoskeleton is
not included in the model. Consequently, they are not explicitly included in the simulations presented herein.
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For the "leaking glass" cases considered, temperature-dependent thermal conductivity data for representative
glass was included in the model. Presently there is no data for the glasses to be generated by the BulkVit
process. Consequently, a "hybrid" glass data set was generated using thermal conductivity for a LAW glass in
the low-temperature region (reference 7) and data obtained from PNL-4800 (ref. I1) for Hanford soils.

The end walls of the DBVS ICVTM box refractory liner system will involve 60PC backed by refractory M-board
(to accommodate thermal growth during processing) and sand. This configuration is not explicitly modeled
herein as the M-board will reduce the gradient through the outboard materials and, consequently result in lower
box skin temperatures. In the "leaking glass" scenarios, the M-board will not hinder the growth and
progression of the "leaking glass". Therefore the results obtained with the configurations involving 60PC
castable backed by sand will be representative of the results that could be expected for a "leak" in the end wall
regions of the melt refractory liner system.

Figure 3-1 presents a schematic of the ICVTM box sidewall for the case when the 60PC castable is backed by
I IOC castable; Figure 3-2 presents the configuration when it is backed by sand. Both configurations are
analyzed to determine the ICVTM box sidewall temperatures during normal conditions. The leaking glass
scenario can only occur in regions wherein the 60PC is backed by sand, however.

60PC
Castable

Refractory

- 110C
Castable

Refractory Tcn

A

.1- ~

.4..,. ct..z

~ Y
~(fits">

7'
~' ~- .4.>

c
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'C

Figure 3-1. DBVS ICVr" Box Side Wall Model Schematic - in the Vicinity of the 10C Vertical Ribs.
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Figure 3-2. DBVS ICVIM Box Side Wall Model Schematic - in the Vicinity of the Sand Backing.

Figure 3-3 presents an illustration of the sidewall configuration modeled in the leaking glass" scenarios. In
these scenarios, it is postulated that a horizontallv-orienied I " seam opens-up in the 60PC castable refractory
sidewall, allowing glass to flow into the region occupied by the sand material. The glass "flows" out toward the
ICVTM box sidewall and up the outboard face of the 60PC castable refractory until the leading face of the
"leaking glass" cools to the "freeze point" temperature ofthe glass, 826 0C (as specified by PNNI. for this glass
composition, ref. 5). The ultimate position of this leading face is determined by the assumed melt, ambient, and
concrete temperatures, the thermal properties of the materials involved in the process, and the convective and
radiative heat losses off the exterior surface of the ICVTM box sidewall. This configuration is intended to mimic
the conditions experienced during the H RTS BulkVit Test 38A and identified n the post-test sampling and
evaluation of the apparatus (ref. 4).

Calcutaton Sheet QAIP 3.1. Rev. 6(11-15-05)
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Figure 3-3. DBVS ICVTM Box Side Wall "Leaking Glass" Model Schematic.

Seven cases were considered to assess the impact of the "'leaking glass" scenario on the maximum temperature
realized on the ICVTM box surface and the proximity of the leading edge of the "leaking glass" to the box steel
sidewall. The following sections describe the assumptions and corresponding results for each of these cases.

3.1 Base Case Conditions - 110C Castable Refractory Backing

The configuration modeled for this case is depicted in Figure 3-I. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICVTI box sidewall. The radiation heat
transfer component assumed an emissivity of0.8 for the ICVTM box steel and 0.6 for the concrete shield wall.
A temperature of 1300'C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high, but reasonable, estimate of the melt temperature in this region during normal operating conditions. A
conservative, upper-bound temperature of 100C was assumed for the ambient and concrete surface
temperatures outboard of the ICVTM box. In summary, the conditions modeled for this case were:

Calculalon Sheet: QAP131. R. 6(11-15-OS)
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a 2D Model of Box sidewall - Base Case Configuration, No leaking glass
o 1300'C temperature at melt/60PC interface

o 6" thick 60PC castable refractory
o 6" thick IOC castable refractory vertical ribs
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall - with effect of concrete shield wall

included
- E*ex=0.8

" Econcrete 0-6
o 100'C ambient for both air and concrete surfaces

The ANSYS* v10.0 computer code was used to compute the temperature distribution in the CVTM box
refractory liner system under these conditions. Figure 3-4(a) provides an illustration of the location of the
8260 C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
4(b). As the results indicate, the results for the key metrics were:
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3.2 Base Case Conditions - Sand Backing

The configuration modeled for this case is depicted in Figure 3-2. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICVT box sidewall. The radiation heat
transfer component assumed an emissivity of 0.8 for the ICVTM box steel and 0.6 for the concrete shield wall.
A temperature of I300*C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high, but reasonable, estimate of the melt temperature in this region during normal operating conditions. A
conservative, upper-bound temperature of 100*C was assumed for the ambient and concrete surface
temperatures outboard of the ICVTm box. In summary, the conditions modeled for this case were:

* 2D Model of Box sidewall - Base Case Configuration, No leaking glass
o 1300*C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 6" thick sand
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall - with effect of concrete shield wall

included
a eb = 0.8
" crete = 0.6

o 100*C ambient for both air and concrete surfaces

The ANSYS® v10.0 computer code was used to compute the temperature distribution in the ICVM box
refractory liner system under these conditions. Figure 3-5(a) provides an illustration of the location of the
826*C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
5(b). As the results indicate, the results for the key metrics were:

* Location of the 826*C isotherm - 3/4" from box skin
* Maximum Box skin temperature - 232*C

Calctlaiionshcc: 0AP3.1.Rv.6(lI-15-05)
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Figure 3-5. Temperature Distribution for the ICVTM Box Sidewall Configuration - Sand Backing.

3.3 "Leaking Glass" Scenarios

As discussed in section 3.0, a number of cases were considered to assess the consequences of a horizontal seam
opening in the 60PC refractory allowing a slab of "leaking glass" to flow and form on the outboard face of the
60PC castable refractory. The configuration modeled is depicted in Figure 3-3. The leading face of the
"leaking glass" region was adjusted in the model until it coincided with the location of the 8260 C isotherm. The

results obtained from a number of conditions are presented in this section. These results reflect variations in the
assumption of the temperature of the melt at the melt/60PC interface, and modifying the combined heat transfer

coefficient on the surface of the ICVTM box by factors of V2 and 2.

3.3.1 1300 0C Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

* 2D Model of Box sidewall - "Leaking Glass- Scenario
* 1300*C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 6" thick sand
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall - with effect of concrete shield wall

included

* lbo= 0.8

S&ocrcte = 0.6
o I 00"C ambient for both air and concrete surfaces

Calculaucon Sheet QAP13. Rev 6 (1-I-05)
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The ANSYS* v10.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 3-6(a) provides an illustration of the location of the
826*C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
6(b). As the results indicate, the results for the key metrics were:

* Location of the 8260 C isotherm ~ 2%" " from box skin
* Maximum Box skin temperature ~ 2860 C

___ Li
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Figure 3-6. Temperature Distribution for the ICV1M Box Sidewall Configuration
Glass".

13000 C "Leaking

3.3.2 1500 0C Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

* 2D Model of Box sidewall - "Leaking Glass" Scenario
o I 500'C temperature at melh/60PC interface
o 6" thick 60PC castable refractory
o 6" thick sand
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall - with effect of concrete shield wall

included
Et = 0.8
Ecnre = 0.6

o I00 C ambient for both air and concrete surfaces
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The ANSYS* v10.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 3-7(a) provides an illustration of the location of the
8260 C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
7(b). As the results indicate, the results for the key metrics were:

Location of the 826*C isotherm - 1/" " from box skin
Maximum Box skin temperature - 3420 C

(a)

MOON J0.0

MlRl 1351.0f051

m-11

1559, 0161 SIdolsoll 1.0.5,0 .S0,, 3.3.2

(b)

Figure 3-7. Temperature Distribution for the ICVr, Box Sidewall Configuration - 1500 0C "Leaking
Glass".

3.3.3 1700 0C Melt/60PC Interface Conditions

The configuration modeled for this case is depicted in Figure 3-3. The conditions modeled were:

* 2D Model of Box sidewall - "Leaking Glass" Scenario
o 1700'C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 6" thick sand
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on outside box wall -

included
c" o= 0.8
" cc = 0.6

o 100 C ambient for both air and concrete surfaces

with effect of concrete shield wall
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The ANSYS* v10.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 3-8(a) provides an illustration of the location of the
8260 C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 3-
8(b). As the results indicate, the results for the key metrics were:

* Location of the 8260 C isotherm ~%" from box skin
* Maximum Box skin temperature - 421 C

(a) (b)
Figure 3-8. Temperature Distribution for the ICVS Box Sidewall Configuration - 1700C "Leaking

Glass".

3.3.4 17000C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficient

The configuration modeled for this case is depicted in Figure 3-3. The COnfigluration is similar to the one
presented in Section 3.3.3. In this case however, the net heat transfer coefficient used to compute the combined

convective and radiative heat losses off the ICV1,N box external sidewal I was reduced by a factor of 2 to assess
the sensitivity of the results to variations in this parameter. The conditions modeled were:

S2D Model of Box sidewall - "Leaking Class" Scenario
* I 700'C temperature at melt/60PC interface
* 6" thick 60PC castable refractory
* 6" thick sand

* I ybrid LAW/PNL-4800 glass thermal conductivity properties
* '/ x nominal natural convection & radiation on outside box wall - with effect of concrete shield

wall included

-b se ,0.8
- .corcte = 0.6

* I0 OOC ambient for both air and concrete surfaces
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The ANSYS* v10.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 3-9(a) provides an illustration of the location of the
826*C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
3-9(b). As the results indicate, the results for the key metrics were:

* Location of the 8260 C isotherm '" from box skin
* Maximum Box skin temperature ~ 557 0 C

- Igg ASS 10.0 M~S1.1 OA TSnA UTIUTIO

50005

(a) (b)

Figure 3-9. Temperature Distribution for the PCVY1 Box Sidewall Configuration - 17001C "Leaking

Glass"; Reduced ICVrm Box Surface Heat Transfer Coefficient.

3.3.5 17000C Melt/60PC Interrace Conditions; Increased surface heat transfer coefficient

The configuration modeled for this case is depicted in Figure 3-3. The configuration is simiilar to the one

presented in Section 3.3.3. In this case however, the net heat transfer coefficient used to compUte the combined
convective and radiative heat losses off the ICVTMl box external sidewall was increased by a factor of 2 to
assess the sensitivity of the results to variations in this parameter. The conditions modeled were:

S2D Model of Box sidewall - -*Leaking, Glass" Scenario
* I 700'C temperature at melt/60PC interface
* 6" thick 60PC castable refractory
* 6" thick sand

* Hybrid LAW/PNL-4800 glass thermal conductivity properties
* 2 x nominal natural convection & radiation on outside box wail - with effect of concrete shield

wall included

-b sus 0.8

E: ucete = 0.6
* I0 OOC ambient for both air and concrete surfaces
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The ANSYS* v L0.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 3-10(a) provides an illustration of the location of the
8260 C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
3-10(b). As the results indicate, the results for the key metrics were:

* Location of the 8260 C isotherm - 'Is" from box skin
* Maximum Box skin temperature - 313*C

O li n .1 L0 20

(a) (b)

Figure 3-10. Temperature Distributioni for the ICVr" Box Sidewall Configtaration - 1700'C "Leaking

Glass"; Increased ICV1 " Box Surface Hear Transfer Coefficient.

4.0 ICVTNI BOX BOTTOM TFIERMAL ANALYSES

Similar to the ICVTm box sidewalls, the ICV'1 box bottom refractory liner region is composed of an array of
castable refractory floor slabs. resting on a composite layer of castable refractory support blocks. The region
between refractory support blocks is filled with sand. The floor slabs make-up the bottom of the melt castable

refractory liner, and are composed of 6" thick RESCO Vibrocast 60PC slabs that are joined with a half-lap scam
between slabs. The joints in each seam are slathered with a layer of refractory "mud" during construction to
cement them together and seal any gaps. The refractory support blocks are 5" wide by 8" tall. and are

composed of RESCO Rescocast I I OC. The data sheets containing compositional and property data for both of
these RESCO products is provided in the Appendices. The regions occupied by sand are 9" wide by 8" tall.

The bottom surfaces of the I I C support blocks and sand rests on the ICVTM steel box bottom. The outer
Surface of the box bottom is ribbed with 6" x 6" x M/" tube steel. spaced approximately 12" on-centers. The
tubes run across the 8' width of the box. The Outer surface of the ICVml box bottom is painted with the

Carboline Thermoline 4700 flat black product. Again. all the property data relevant to the thermal analyses

performed for this calculation is presented in the Appendices. The correlations and associated numerical data
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used to model convective and radiative heat transfer off the ICVTM box bottom is also presented in the

Appendices.

As for the sidewall analyses, for the box bottom "leaking glass" cases considered, temperature-dependent
thermal conductivity data for representative glass was included in the model. The "hybrid"
glass data generated for the sidewall analyses was also used in these cases. This data is presented in the

Appendices.

The ICVTM box bottom thermal analyses performed for the HRTS simulations (references I & 2) indicated that
the worst-case box skin temperatures were obtained when the heat fin effect of the tube steel exoskeleton is not

included in the model. Consequently, they are not explicitly included in the simulations presented herein.

Figure 4-1 presents a schematic diagram of the ICVTM box bottom model used in these analyses.

8"

Sand

/" Steel

Figure 4-1. ICV' ' Box Bottom Model Schematic.

For the ICVTM box bottom "leaking glass" scenarios the configuration modeled is as depicted in Figure 4-2.
As with the "leaking glass" model used for the ICVTM sidewall analyses, a I " wide seam was assumed to open-
up in the 60PC floor slabs to allow direct communication between the melt and the sand region below. The
thickness of the -leaking glass" region in the refractory slab was determined by the assumed temperatures for
the melt at the melt/60PC interface, the thermal properties of the various materials present in the ICVTM box
bottom region, and the heat transfer coefficients used to represent convective and radiative heat losses from the
exterior steel surface of the ICVTM box bottom and its surrounding environment. The "leaking glass- will

Cuculaion Shect QA P 3. Rev 6 (I 1- -05)
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propagate into the sand until the leading edge of the slab coincides with the location of the 8260 C isotherm in
that region. As indicated in Figure 4-2, x826 represents the distance between exterior surface of the ICVTM box
bottom and the leading edge of the "leaking glass" slab.

1"

%" Steel

T

4- '

Figure 4-2. iCVTI Box Bottom Model Schematic - "Leaking Glass" Scenario.

Six cases were considered to assess the impact of the "leaking glass" scenario on the maximum temperature
realized on the ICVTM box bottom surface and the proximity of the "leaking glass" to the box bottom steel. The
following sections describe the assumptions and corresponding results for each of these cases.

4.1 Base Case Conditions

The configuration modeled for this case is depicted in Figure 4-1. Temperature-dependent thermal conductivity
data for each material was included in the model and is presented in the Appendices. Combined free convection
and radiation heat transfer was modeled off the outside surface of the ICVTM box bottom. The radiation heat
transfer component assumed an emissivity of 0.8 for the ICVTM box steel and 0.6 for the concrete floor. A
temperature of 1300 C was assumed for the melt/60PC interface. This temperature reflects a conservatively
high. but reasonable. estimate of the melt temperature in this region during normal operating conditions. A

Calcula~n. Shed: QAPIJ . Rev. 6(I1-15-03)
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conservative, upper-bound temperature of 100*C was assumed for the ambient and concrete surface

temperatures outboard of the ICVTM box. In summary then, the conditions modeled for this case were:

0 2D Model of Box bottom - Base Case Configuration, No Leak
o 1300'C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 8" tall by 9" wide sand; 8" tail by 5" wide I OC castable refractory supports (split to center the

sand region on the model's vertical centerline)
o Nominal natural convection & radiation on bottom box wall - with effect of concrete floor

included
* Ebx=O.8

* eoncrete 0.6
o I 00*C ambient for both air and concrete surfaces

The ANSYS* v10.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 4-3(a) provides an illustration of the location of the
8260 C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-3(b). As the results indicate, the results for the key metrics were:

* Location of the 826'C isotherm 5%" from box bottom
* Maximum Box skin temperature 252'C

l112V7

826 -T-

(a)()

Figure 4-3. Temperature Distribution for the ICVTMl~ Box Bottom Configuration.
4.2 "Leaking Glass" Scenarios

A series of five cases were considered to assess the impact of the '-leaking glass" scenario on the maximum box

skin temperature and the proximity of the leading edge of the "leaking glass" slab to the ICVTM" box bottom

Cakl, ationSheet: AP3 1, He, 6 (1 1. 1 i-05)
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steel wall. The configuration modeled in these cases is depicted in the model schematic presented in Figure 4-2.
The cases considered variations on the assumed temperature at the melt/60PC interface and the sensitivity to

the heat transfer coefficient used to model convective and radiative losses off the bottom of the ICVTM box. As
was done for the ICVTM box sidewall cases, the combined surface heat transfer coefficient was modified by
factors of Y2 and 2 in this sensitivity study.

4.2.1 1300*C Melt/60PC Interface Conditions

The conditions modeled for this case were as follows:

0 2D Model of Box bottom
o 1300*C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 8" thick sand; 8" 11CC castable refractory supports
o Hybrid LAWIPNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on bottom box wall - with effect of concrete floor

included
SEb. 0-8
E concee = 0.6

o 100*C ambient for both air and concrete surfaces

The ANSYS' v0.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 4-4(a) provides an illustration of the location of the
826*C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-4(b). As the results indicate, the results for the key metrics were:

* Location of the 826"C isotherm - 3%" from box bottom
* Maximum box skin temperature - 254*C
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Figure 4-4. Temperature Distribution for the ICV'," Box Bottom Configuration - 1300'C "Leaking
Glass".

4.2.2 15000C Melt/60PC Interface Conditions

The conditions modeled for this case were as follows:

2D Model of Box bottom
o 15000C temperature at meilu60PC interface
o 6" thick 60PC castable refractory
o 8" thick sand: 8" I11 C castable refractory supports
0
0

Hybrid LA W/PNL-4800 glass thermal conductivity properties
Nominal natural convection & radiation on bottom box wall - with effect of concrete floor
included

* t box = 0.8

E =concrete 0.6
o I 000C ambient for both air and concrete surfaces

The ANSYSx vl0.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 4-5(a) provides an illustration of the location of the
8260 C isotherm for this model: a color map of the full-field temperature distribution is presented in Figure
4-5(b). As the results indicate. the results for the key metrics were:

* Location of the 826 0C isotherm - 2%" from box bottom
* Maximum box skin temperature - 3400C

CaIulation Sheet QAP 3 1. Rev 6 ( 1 -15-05)

A6-148

8260 7.
<

73

7 73
-K

V.



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

AliliEs CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 26 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

[s Bolos . Ilso Tc-.0-CoI4.2.

TIOAL SOLUTION

Si,,)

I000 .151010

(a)

"Ss 10.0

SUBN .32.25

=11 01

0ViX 0550

IV I
VIT,1007
OF. 107

yr' 7

(b)

Figure 4-5. Temperature Distribution for the ICVTI Box Bo
Glass".

ttom Configuration - 15000 C "Leaking

4.2.3 17000C Melt/60PC fiterface Conditions

The conditions modeled for this case were as follows:

2D Model of Box bottom
1 I700'C temperature at melt/60PC intertface

C 6" thick 60PC castable refractory
a 8" thick sand; 8" 1 10C castable refractory supports
" Hybrid LAW/PNL-4800 glass thermal conductivity properties
o Nominal natural convection & radiation on bottom box wall - with effect of concrete floor

included
-* i,, = 0.8
* 8 cocbe = 0.6

o 100 C ambient for both air and concrete surfaces

The ANSYSc v 10.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 4-6(a) provides an illustration of the location of the
8264C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-6(b). As the results indicate, the results for the key metrics were:

* Location of the 8260 C isotherm - 1%" from box bottom
* Maximum box skin temperature - 391*C

CaOculaon Sheet. QAP 3 1. Re, 6(11-15-05)
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Figure 4-6. Temperature Distribution for the ICVr" Box Bottom Configuration - 1700'C "Leaking
Glass".

4.2.4 1700*C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficients

The conditions modeled for this case were as follows:

2D Model of Box bottom
-) 1700'C temperature at melt/60PC interface
o 6" thick 60PC castable refractory
o 8" thick sand: 8" I OC castable refractory supports
o Hybrid LAW/PNL-4800 glass thermal conductivity properties
o V x nominal natural convection & radiation on bottom box wall

included
- Ebox 0.8
* Sconerce = 0.6

o I O0C ambient for both air and concrete surfaces

with effect of concrete floor

The ANSYS vi 0.0 computer code was used to compute the temperature distribution in the ICVTM box
refractory liner system under these conditions. Figure 4-7(a) provides an illustration of the location of the
8260 C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure 4-
7(b). As the results indicate, the results for the key metrics were:

* Location of the 826*C isotherm - I V8" from box bottom
* Maximum box skin temperature - 517*C

Calculabon SheC: QAP1 1. Rv. 6 (11-15-05)
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Figure 4-7. Temperature Distribution for the ICVT"1 Box Bottom Configuration - 1700'C "Leaking

Glass"; Reduced ICVT11 Box Surface Heat Transfer Coefficient.

4.2.5 17000C Mvelt/60PC Interface Conditions; Increased surface heat transfer coefficients

The conditions modeled for this case were as follows:

I D Model of Box bottom
ID 1700'C temperature at mnelt/6PC interface

* 6" thick 60PC castable refractory
* 8" thick sand; 8" 1 10C castable refractory supports
() Hybrid LAW/PNL-4800 glass thermal conductivity properties
* 2 x nomninal natural convection & radiation on bottom box wall -with effect of concrete floor

included

SEbsl, = 0.8

- cnAYERe 0 0.6
* I00 'C ambient for both air and concrete Surfaces

The ANSYS" v 10.0 Computer code was used to compute the temperature distribution in the JCVT" box
refractory liner System Linder these conditions. Figure 4-8(a) provides an illustration of the location of the
826*C isotherm for this model; a color map of the full-field temperature distribution is presented in Figure
4-8(b). As the results indicate, the results for the key metrics were:

SLocation of the 826'C isotherm ~ I %" from box bottom

SMaximum box skin temperature - 299'C
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Figure 4-8. Temperature Distribution for the ICVTM Box Bottom Configuration - 1700'C "Leaking
Glass"; Increased ICVr" Box Surface Heat Transfer Coefficient.

5.0 CONCLUSIONS

A series of simulations were performed to evaluate the thermal performance of the ICVTI box side and bottom
regions under base case and "leakina glass" scenarios. The simulations considered the sensitivity of the
maximum box skin temperature and proximity of the "leaking glass' front to the box surface to variations in
assumed melt temperature at the meltI60PC interface and the heat transfer coefficient used to model convective
and radiative heat losses from the ICVTM box surface to the surroundings. The results are summarized in Table
5-1 for the ICVTM box sidewall simulations and Table 5-2 for the ICVTI box bottom simulations.

These results indicate that, under normal operating conditions, a maximum ICVTM box sidewall skin
temperature of approximately 280'C would occur in the vicinity of the vertical castable refractory ribs. Under
off-normal conditions, when a seam has opened in the 60PC castable refractory slabs allowing molten glass to
propagate into the sand layer between the 60PC melt castable refractory liner and the ICVTM box sidewall, the
peak ICVTM box skin temperature would be approximately 2860 C, and the "leaking glass" front would
propagate through the sand layer and approach to within 2%" of the ICVTM box skin. In the extremely off-
normal condition of a melt/60PC interface temperature of 17000C, the maximum box skin temperature increases
to 4210 C and the leading edge of the "leaking glass" approaches to within %" of the ICVM box steel skin.
Even under these extremely severe assumptions, the molten material is still contained within the sand layer. As
an indication of the conservatism imposed in the analysis. if the heat transfer coefficients are reduced by a
factor of two. the ICVTM box sidewall temperature increases to 557 0 C. Under these conditions, the "leaking
glass" front approaches to within !/" of the ICVrM box steel skin. These conditions are still within the design
limits of the box.
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The results obtained from simulations of the ICVThi box bottom region indicate a maximum surface temperature
of approximately 250*C under normal operating conditions (assuming a melt/60PC interface temperature of
13000C). In the assumed off-normal condition wherein a seam opens-up in the 60PC castable refractory floor
slabs of the melt castable refractory liner, the maximum box surface temperature increases slightly to
approximately 255*C. The leading edge of the "leaking glass" melt slab propagates through the sand layer
beneath the 60PC floor slabs to within 3%" of the ICVT' box steel skin. In the extremely off-normal condition
of a melt/60PC interface temperature of 1700*C, the ICVTh box bottom temperature increases to 391*C and the
leading edge of the "leaking glass" approaches to within 1%" of the ICVTM steel box skin. Even under these
extremely severe assumptions, the molten material is still contained within the sand layer. As an indication of
the conservatism imposed in the analysis, if the heat transfer coefficients are reduced by a factor of two, the
ICVTM box bottom temperature increases to 517'C and the leading edge of the "leaking glass" approaches to
within I Ys" of the ICVrm steel box bottom. These conditions are still within the design limits of the box.

In summary then, these results indicate that a melt castable refractory liner composed of 6" thick RESCO
VIBROCAST 60PC, backed-up by 6" of sand and/or 6" thick vertical support ribs composed of RESCO
RESCOCAST II OC is sufficient to contain the melt, even under off-normal "leaking glass" conditions in which
a " wide seam opens-up in the sidewalls of the 60PC castable refractory liner. Similarly, the 6" thick RESCO
VIBROCAST 60PC material used to form the floor of the melt castable refractory liner, backed-up by an 8"
thick layer of either RESCO RESCOCAST I IOC support blocks or 8" of sand is sufficient to contain the melt,
even under off-normal "leaking glass" conditions in which a I" wide seam opens-up in the floor of the 60PC-
lined melt castable refractory liner.

Table 5-1. Results for the ICVr" Box Sidewall Heat Transfer Simulations

ase Tm T. Heat Transfer "Leaking Glass"Case [C] [*C1 Coefficient Condition 42C
Multiplier,

3. 3 300 100 Ix No 5"I 28

.24 No 3Y," 232

3.3.1 " " Yes 2" 286

3.3.2 1700 " " " %" 42

3.3.4 " " 'x " '" 557
3.3.5 " " 2x " 7" 313

Notes: (1) Sidewall model through IIOC vertical castable refractory rib backing
(2) Sidewall model through sand backing

Clculation Shect; QAP 3.. Rcv.6(II-15.05)
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Table 5-2. Results for the ICVrM Box Bottom Heat Transfer Simulations

C Tke TT40' T ;Heat Transfer "Leaking Glass"
se C] Coefflcient , Condition II.. XC

Multiplier

4.1 1300 100 lx No 5%Vi" 252
4.2.1 It " Yes 3%" 254

4.2.2 1500 " " "o 2%" 340

4.2.3 1700 " - " 1" 391

4.2.4 " " 'x " l%" 517

4.2.5 " " 2x " W/" 299
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APPENDIX A

CONVECTION RADIATION HEAT TRANSFER CORRELATIONS

COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER COEFFICIENT
CORRELATION - HORIZONTAL SURFACE

h1 1 = CO [Tr -T r +

(Ir - to +1( I-SB)

where: C0 =0.691

n= Y
TB = Box Surface Temperature, *K
T.= Ambient Air Temperature, *K
Teon, = Concrete Surface Temperature, *K
a = Stefan-Boltzmann Constant, 5.67x10- W/m.OK4

sB= Emissivity of the painted ICVM box surface, 0.8
co = Emissivity of the concrete surface, 0.6

With Tone = T.= 100*C, this yields:

Combined Free Convection & Radiation Heat Transfer
Hodzontal Surtace orientation

.

-L.

300 400

Temperature [*Cj

200 500 600

Tolq 1wnt-C

25 8.8
ISO 10.0
175 11.2
200 12.3
225 13.4
250 14.6

300 17.1

350 19.9
375L 21.4
400 23.0
425 4.6
450 26.3
475 28.2 1
500 30.

2 2
550 34.2
575 36.4

600 38.7
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COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER
CORRELATION - VERTICAL SURFACE

hy= C [To -T.r +
{(c)+ I +

where: C0 =1.312
n=V
To = Box Surface Temperature, *K
T.,= Ambient Air Temperature, *K
Terc = Concrete Surface Temperature, *K
a = Stefan-Boltzmann Constant, 5.67x10-' W/m2 -*K4

Ef= Emissivity of the painted ICVTM box surface, 0.8
Ecc = Emissivity of the concrete surface, 0.6

With Temc = T. 100*C, this yields:

Tal 0C] W/m2

too 6.1
125 10.6
ISO 12.3
175 13.8
200 15.2
225 16.5
250 17.9
275 19.3
300 20.8
325 22.3
350 23.8
375 25.4
400 27.1
425 28.9
450 30.7
475 32.6
500 34.7
525 36.8
550 39.0
575 41.3
600 43.7
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RESCO Products Inc. VIBROCAST 60 PC (Reference 8)

RESWC'
PRODUCTS INC.Vibratables

Product Data
VIBROCAST BOPC

VIBROCAST 6OPC is a sixty percent alumina, mullite based. pumpable, 3100*, low-cement
castable designed to provide minimum porosity and low linear change with maximum density
and high fired strengths. This material will withstand severe high temperature corrosive and
erosive environments.

Maximum Service Temnerature:

Bulk Density:
220$F (105-C)

1500*F (8150C)

Porosity:
15000F (8156C)

Cold Crushing Strength:
1500-F ( 815-C)
2500*F (13700C)
2910-F (16006C)

Modulus of Rupture:
1500*F ( 8150C)
2500F (1370*C)
2910F (16000C)

Permanent LinearChanne(%1:
1500*F
2500*F
2910F

( 815*C)
(13700C)
(1600*C)

Erosion Loss:
15000F (8150C)

COndcivi or OK Factor
ean emp.

1000*F( 5406C)
1500F( 8156C)
2000F (1095MC)

Tynical Chemical Analvninl%):
A0,

60.8

S1O,

34.5

3100OF (17000C)

183 lb/ift' (2608 kg/m')
1 6o rbom' (2560 kg/ml)

17%

10000-14000 psi (700-980 kg/cm2)
11000-15000 psi (770-1050 kg/cm2)
11000-15000 psi (770-1050 kg/cm2)

1400-2000 psi (98-140 kg/cm')
1500-2100 psi (105-147 kg/cm')
1500-2100 psi (105-147 kg/cm2)

-0.1 to -0.3
00 to -0.3

40.4 to +0.8

Less than 9.0 cc
(Typical Loss:4 - 6 cc)

BTU/ft'/HR/*F/in
10.0
10.0
10.0

TiO2

1.0 1.8

W/mK
1.44
1.44
1.44

CaO

1.6

Other

0.3

Standard Packaging' 72-55 lb. bags per pallet

Calculation Shet: QAP3.1. Rev.6t(1-1-05)
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RESCO Products Inc. RESCOCAST 110 C (Reference 8)

Extreme Service Castables RESGO
Prnndrt Inc

Product Data

RESCOCAST 11C

RESCOCAST 110C is a casting grade refractory that combines strength and abrasion
resistant qualities vuith low thermal conductivity. Rescocast 1 10C is the product of choice
when both performance and Insulation is desired In a single product

Maximum Service Temnerature:

Bulk Density:
220*F (Is*C)

15000 F (815-C)

Cold Crushing Strength:
150TF ( 815*C)

Modulus of Rupture:
150OF ( 815-C)

Permanent Linear Change(%):
15000 F ( 815*C)

Erosion Loss:
1500VF ( 8150 C)
Typical

Conductivity or "K" Factor:
Mean Temp.

1000*F( 540*C)
1500 0F( 815'C)

TvnIcal Chemical Analvsls%1:
AI203

43.9

$102

43.5

Fe203

1.8

2400*F (1315-C)

117 lb/f13 (1870 kg/rn)
110 lb/It1 (1760 kgfn9)

5000-9000 psI (350-630 kg/cn9)

800-1200 psi (56-84 kgfcn)

0.0 to -0.3

Less than 12 cc
9-11 cc

BTU f 2/H r/*F/in

6.0

CaO

9.1

W/mK

0.86
0.78

MgO

0.3 0.8

Standard PackanIng 72 - 55 lb. bags per pallet

Calculation Sheet: QAP 3]1. Rev. 6(1 1-15-05)
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Steel Thermal Conductivity (Reference 9, Table A-1 9)

Temperature k (Thermal Conductivity)
*lo [W/m-*K]
127 56.7
327 48
527 39.2
727 30

Representative Thermal Conductivity Data for Sand Liner Material

Temperature k (Thermal Conductivity)
[*CI W/m- 0K]
25 0.17

200 0.25
300 0.285
600 0.38
1000 0.55

Calculation Sheet: QAP 3.1. Rev.6 (1 I-15-05)
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CARBOLINE PRODUCT DATA

ThermaIlne*4700
CarD~l~le, a forr o-num

ct&td& dataace -Prtpaat -on
0i.it pe ektlam. t't.wr b . e- be de. M fta. E-W

... ,.. ..... n..... ...... e...w.l=.==

4,-t00 (2C41SCJ) colr VeA" S
" ".ege dmiee - wt. SPC-SP Mt oe a 1.5.1.0 iii (12-25 .Sc.me)

p ~ e .. .. ~ - . e a t . . . .,.by . . .
,... * ....... es-... - - -- .-* P Ad-Set- . AS end bing. pwromt . t t

-g c---.-- ene i,...s... .. ... ,e...

-)A .lun.vsi S..no ittiaafh (SSPC-SP7)ls
C..e A b.y A.v..te esitet* c a.s..: *t' s-d&

R nlia: . exeC0)l0C0i (53WCleC nW.
flao wO) ,(Wr, 0WICC&%u-,l-.A..d0,,.....).. .1? *W 5,eto ai n.i uoas"hn t.
(4rc1 idoir4 M soocs ioim ocflta CM. W.cykO~ TW (fl r)n te. ... st100 itt. .~nmdaa.mb S.tes -. pomnenedeisbie - v.ry

(see-ci epenet - as in ite in jheh int ue.s . . 5ar *. . tof.

AM o6. cole. e tead it 6n., gn hime *tseraj -ic Wftdn* - Onu fit bin -e batc. F...or
tem.re. mtnen i - 5.?r0p &rc. . Wourmadaent.. Cattean. Tenica Sirvfc. Oto.flr.
399c) nng

OT Gt 2o.-b eial est ht o.4g)

.. kl D.. h.0 M i

Pryt C l 0nn. % nl-. 24.efl (00mnrtI
Imkk,. Dise - ree 2~~n.0 m in Mt 5'l MCo.

4700 M r.we1 S ina* (40 wau...)

Vill M. r . y.. 30%±L
Tm.niOl f70 sftiw (ei m.llftf25.aon.)

Woe fp as uvi0 r M.4 e o - 14"00)
a,.d ... 10$d enp It -0 (a.iscm

t2.lettaiit23S(t%t 4teSd lfl 20

Is WiAne J .St. 04 i i (604 V g

16o.givd'i0t52%)127*4.i0320q

tsdme. . - en. si n joes s..*..
Co - - inflte nc .

Siccia. . , iset

iSeperAt i b.n4~eed

Nvetr~2004rWIALuSI12C03
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CARBOLINE PRODUCT DATA

...i r.im itr........................-. - - - -........ --- - ...-.- ---

0:- --.isasw7
ATTACIOQIT
Page I of 3

kMM1CLO443

0
coGO
wC

*0

Emhttance of five Test Couponw
for

ytattInghwoo. liuIord Company

Wnstlngkou.. PturCMS ardor Numtiber MRPJ.SVVJMOZS2
TRW Sa.W! Numiber G3450.4

fY1994

A KSy }
SWImpor cnnome

TRW sp"e and tw s GrvP
on SMe PA2*

fl ordbftnchCA 90270

Calcuuwion Shm:t QAP3.I. Rev.6 (il-15-05)
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CARBOLINE PRODUCT DATA

*"fl'el **:3e PAZ 414 044 lees CA"OLINS e044

945" 7
ATTACIrtENfT
Page 2 of 3

Emittanc 91 Five WestInghoosa Hanford Tet CoiUpons

Meas frflesa have been perforwed t the TAW ThMephylke Laboratory to
deatin th ertniance of leT r r mflawaess Steel upons mated wt CaWtoCe 487+C100

MbcK pa. T"ese test ooupns were a d TRW laboratory saclb nurrrts 11"-r4 though
11994.

Ia40QQFMVASUAEMEI

Values of notmaal MtacI were dcternined uclng a Oler-.QukJle nstwmhntis Mod.]

D8100 bdtared INfleciooater.'. hs da.,Ic measeeS Ise o NS normal tollcclanco. p.. of a
Surface o a n20-1toom toWePoturo Soce The unplts a=e hcntsoherloay uluMnnated end

hea-nourmany viewed by the btrniment The normal emtItanet ff.. is obtained using mhe
MItalwtiohp; an- -Pa.

The mianuremons were made I accordWace wth ASTU Standard E408. and were
uWvct to the Instrument eaors desried In Reference 2. The Giev-Ounkle Infrard

ReIfeclomeler has an accuracy belier thant0.02 emanco intS.

NordspherleAt emrdance, ,. wos uomaloe dcaty From normal ematance values using
the wearnatly tnd eflslrtay ded ntelaton between heOfefOwnl -an 'olm enssIvIt
as atown ki igure 13-IS5cireference a

Measwrements were ace li the wgrkuiote Coet 01 el ac t opon. RAhMA. o
thes. smatetttr are as blk..-

CalculationSheet: QAP3.I.Rev.6(I-5-0)
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CARBOLINE PRODUCT DATA

... 12 64.. . . . - . . ..... .,....

3 945o50 3
S . AItTACD5ItMT

r Page 3 or a

Emiuans of nve CarbatOiS 474.CSO Dack PaNr Samples

Waslhinghua TW homwS Hgmfltarki
Sampe Desptin Swip innwer Saryl Nwnk a ErYQIn" Enklance

Abqdvo Sian
I o54874-CMlO tadck dl 115-94 0.87S 0,230

Beed lo Cure

I coat 4a70CUOOMack #2 116-94 0.81 0.00
BakedwoCurs

AsrVe Blast
1 Coat 4674-C900 Blac &3 117-94 0.875 0.830
Uaked Wi Cule

Abras~e SGm
2 Coat74.C00 Utack *4 11-94 0.552 0.8%

flaked o Cure

Abrash's WSii
SCoa Car Zoo l 11 as 9-94 0.833 0.795

1 Coat 4574C1100 la
Dbkid go Curs

'NOTE: Alku$h the cguracy of the measuring InrwrnrlS *c$ not ,Apy frco signrlcani
gurn the Ihkd dtgt ts reained. subscplrd. In 'dr to lidtee rends.

1. KEB. Nelson. EE.u ks. and J.T. Savant. "A Dav;ce for the Rapid Measuuarner o
Total Emirtace.

1 Spne. n Rt%'rt% 375a 760 (t198.

L FtP. POttI.Eeluotion of Portable Opical Propery Piasiumrit Equpmet flor Solar
Soclwace Suflaw. ASME Paper 77-WASOL-1..977.

3. ERG. Eckrt. and RA- Craketr. Hat -r mao TraItfa . 2nd Ealon Mwcwr liF Book
Cormpny. wewYor* 1959).

5

Calcuia ion Sheet: QAP 3.1. Rev. 6(11-15-05)
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GLASS THERMAL CONDUCTIVITY DATA

Thermal Conductivity of a LAW Glass
as a Function of Temperature

(Ref. 7)

200 . 1.12
300 1.14
400 1.20
500 1.29
600 1.41
700 1.57
800 1.76
900 1.98
1000 2.24
1100 2.52
1200 2.85
1300 3.20
1400 3.58
1500 4.00

PNL-4800 Thermal Conductivity
for Soil/Melt

(Ref. 11)

24 FUSED OILD TA

--- --

-1-

a --- i --- ---.
4

. - .- -. *-J-
0 400 BOO 1200 1600 2000

TEMPERATURE. C

CalcuatioooShewt: QAP3.I.Rcv.6(II--05)
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GLASS THERMAL CONDUCTIVITY DATA

HYBRID LAW/PNL-4800 GLASS PROPERTIES

35

30

25

P 20

15

10

5

0
0

Thermal
Conductivity

[*C]_ IW/m-*CI
25 1

200 1.12
300 1.14
400 1.2
500 1.29
600 1.41
700 1.57
800 1.76
900 1.98
1000 2.24
1400 10
2000 32

Hybrid LAW/PNL-4800
Glass Thermal Conductivity

-+-LAWGlass

-&-PNL-4800

--*-Hybrid LAW/4800 Glass

500 1000 1500 2000 2500
Temperature pCj

Calculation Shei: QAP 3.1. Rev. 6(11-15-05)
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APPENDIX C

ANSYS* CASE INPUT LISTINGS

Calculation Sheet: QAP 3., Rev. 6(1l.t15-0)
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CASE 3.1: ICVr" BOX SIDEWALL BASE CASE CONDITIONS -1 IC CASTABLE REFRACTORY
BACKING

I 2D BulkVit SideWall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scenario -no leaking glass In this base case
I Modeled effect of side concrete shield wall
I ebox = 0.8 (painted with carboline 4700); econc = 0.6
1 Modeled case of 60PC backed by 110C (no sand)

FINISH
/cle
/prep7
/triad,rbot
/title, Glass Slab Sidewall Model - Case 3.1

ISet Element Types
ET.1, PLANE55 Conduction Area
KEYOPT,1,1,1

ANTYPE,0

TOFFST,273 ICelsius
NSUBST,100
Tunif.100

ISet Material Properties
!Castable Refractory
MAT.1
MP,KXX,1,1.44

1S" Castable Refractory 110 C
Mat.2
MPTEMP
MPTEMP,1.25.540,815,1200.1500
MPDATAKxx,2,1,1,0.86,0.78,0.668,0.534

IGlass (Hybrid LAW/PNL-4800 Data)
Mat,3
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATAKxx,3.1.1,1.12.1.14,1.2.1.29,1.41
MPTEMP,7,700.800.900,1000,1400.2000
MPDATAKxx,3,7,1.57,1.76,1.98.2.24,10,32

I Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
!Assumes Tinf =100C
MAT,4
MPTEMP
MPTEMP,1. 55, 65, 75, 85, 95, 100
MPDATAh,4.1,0.5. 1.0, 1.7, 2.6. 3.8. 6.1
MPTEMP,7, 125, 150. 175,200, 225.250

CalcuLaionShae: QAP3.1.Rev.6(11-15-05)
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MPDATAhf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP.13. 275, 300, 325, 350, 375, 400
MPDATAhf,4,13,19.3, 20.8.22.3,23.8,25.4,27.1
MPTEMP,19. 425, 450,475. 500, 525, 550
MPDATA.hf.4.19. 28.9. 30.7, 32.6. 34.7, 36.8. 39.0
MPTEMP.25. 575. 600
MPDATA,hf,4.25, 41.3, 43.7

IGenerate Keypoints
k,1, 0,0
k2, 0.2720,0
k,3, 0.3048,0
k,5. 0.1524,0
k.6, 0.0.3048
k,7, 0.1524.0.3048
k,8, 0.2720.0.3048
k,9, 0.3048.0.3048

!Create Lines
L,1,5,
L,5,2.
L,2,3,
L.3.9
L.8,9
L,7,8
L,6,7.
L,1,6
L.5,7
L.2,8

!Generate Areas
A.1.5,7,6
A,5.2.8,7
A.2,3,9,8

IMesh Areas
type,1
esiz,0.00635
amesh,all

'Assign Materials to Areas
asel..area,.1
esla
emodall.mat.1

asel,,area,,2
esla
emod,allmat,2
alls

asel,,area,,3
esla
emod,all,mat,2

Calculation Shect: QAP 3.1, Rev. 6(I*I-5-O5)
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alls

NSELS,LOC,X.O.3048
SF,ALL,CONV,-4,100
NSELALL

NSEL,S,LOCXO
D.ALL,TEMP.1300
NSEL.ALL

I right edge
I apply convection and ambient 10C

I select nodes on left side
I apply fixed temp of 1300C

fini
/solu
SOLVE
FINISH

1POST1
PRNSOL,TEMP
prnsoltemp

I PRINT NODAL TEMPERATURES
I List Temperatures at Nodes

Calculaoioo Shet: QA' 3.1. Rev.6(1 1-15-05)
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CASE 3.2: ICVr3 BOX SIDEWALL BASE CASE CONDITIONS - SAND BACKING

I 2D BulkVit SideWall Heat Transfer Simulation
I Leaking Glass (Pure Glass) Scenario - no leaking glass in this base case
I Modeled effect of side concrete shield wall
I e-box = 0.8 (painted with carboline 4700): econc = 0.6

FINISH
/le
/prep7
/triad,rbot
/title, Glass Slab Sidewall Model - Case 3.2

ISet Element Types
ET.1, PLANE55 IConduction Area
KEYOPT,1,1.1

ANTYPE.0

TOFFST,273 !Celsius
NSUBST,100
Tunif.100

!Set Material Properties
!Castable Refractory
MAT,1
MP.KXX.1,1.44

ISand
Mat,2
MPTEMP,1,25,200.300.600. 1000
MPDATA,Kxx,2.1,0.17.0.25.0.285.0.38,0.55

!Glass (Hybrid LAW/PNL-4800 Data)
Mat.3
MPTEMP
MPTEMP,1,25,200,300.400,500,600
MPDATA,Kxx,3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7.700,800,900,1000.1400,2000
MPDATA.Kxx3,7,1.57,1.76,1.98.2.24,10.32

I Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
I Models emissMty of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tin = 1 00*C
MAT.4
MPTEMP
MPTEMP,1, 55.65,75,85.95, 100
MPDATAhf.4.1,0.5. 1.0. 1.7. 2.6, 3.8. 6.1
MPTEMP,7, 125. 150. 175, 200, 225, 250
MPDATA,hf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9
MPTEMP.13, 275, 300, 325, 350. 375, 400

Calculation She': QAP31. Rev.6(1l-15-05)
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MPDATA,hf,4,13,19.3, 20.8, 22.3, 23.8, 25.4, 27.1
MPTEMP,19. 425, 450,475. 500, 525, 550
MPDATA,hf,4,19, 28.9, 30.7. 32.6, 34.7, 36.8, 39.0
MPTEMP.25, 575. 600
MPDATA,hf,4,25, 41.3. 43.7

iGenerate Keypoints
k,1, 0.0
k,2, 0.2720,0
k,3, 0.3048,0
k.5. 0.1524,0
k,6, 0,0.3048
k,7, 0.1524.0.3048
k,8. 0.2720.0.3048
k,9, 0.3048,0.3048

ICreate Lines
L.1.5,
L,5.2,
L,2.3,
L.3,9
L,8,9
L,7,8
L,6,7,
L.1,6
L,5,7
L,2,8

iGenerate Areas
A,1,5,7,6
A,5.2,8,7
A,2.3,9,8

!Mesh Areas
type,1
esiz.0.00635
ameshall

!Assign Materials to Areas
asel,,area,,1
esla
emodall,mat,1

asel,,area,,2
esla
emod,all,mat,2
alls

asel,.area,,3
esla
emod,all,mat.2
alls

Calculation Sheet: QAP 3.1. Rev. 6(Il-15-05)
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NSEL,SLOCX,0.3048
SFALL.CONV.-4,100
NSEL.ALL

NSELS.LOCX,0
DALL.TEMP,1300
NSELALL

I right edge
I apply convection and ambient 100C

I select nodes on left side
I apply fixed temp of 1300C

fini
/solu
SOLVE
FINISH

/POSTI
PRNSOL,TEMP
prnsol,temp

I PRINT NODAL TEMPERATURES
I List Temperatures at Nodes

Calculation shect: QAP 3.. Rv.6(I-15-05)
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CASE 3.3.1: 13000C MELT/60PC INTERFACE CONDITIONS

FINISH
le

/prep7
Ariad,rbot
11itle, Glass Slab Sidewall Model - Case 3.3.1

ISet Element Types
ET,1. PLANE55 IConduction Area
KEYOPT,1.1,1

ANTYPE,0

TOFFST,273 !Celsius
NSUBST,100
Tunif,100

!Set Material Properties
!Castable Refractory
MAT,1
MP,KXX,1,1.44

ISand
Mat.2
MPTEMP,1,25,200,300,600,1000
MPDATA,Kxx.2,1.0.17,0.25.0.285,0.38,0.55

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,3
MPTEMP
MPTEMP,1,25,200.300,400.500,600
MPDATA.Kxx.3,1,1,1.12,1.14,1.2.1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATAKxx,3.7,1.57,1.76.1.98,2.24.10,32

I Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
1 Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = 100*C
MAT,4
MPTEMP
MPTEMP,1, 55, 65. 75. 85, 95, 100
MPDATA,hf,4,1,0.5. 1.0. 1.7.2.6, 3.8,6.1
MPTEMP,7, 125, 150. 175, 200, 225.250
MPDATAhf,4,7,10.6, 12.3. 13.8, 15.2,16.5, 17.9
MPTEMP,13, 275. 300, 325,350. 375,400
MPDATAhf,4,13,19.3, 20.8. 22.3. 23.8, 25.4. 27.1
MPTEMP.19, 425. 450, 475. 500, 525, 550
MPDATA,hf,4,19. 28.9. 30.7. 32.6. 34.7, 36.8. 39.0
MPTEMP,25, 575.600
MPDATA,hf,4,25, 41.3, 43.7

CalculationShect: QAP 3.. Rcv.6(I-13-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

IGenerate Keypoints
k,1, 0,0
k.2. 0.2500.0
k.3, 0.3048,0
k,4, 0,0.0254
k.5, 0.1524.0.0254
k,6, 0.0.3048
k.7, 0.1524,0.3048
k.8. 0.2500,0.3048
k,9. 0.3048,0.3048

iCreate Lines
L,1,2,
L.2.3.
L,3.9
L.8,9
L,7,8
L,6.7,
L.4.6,
L,1,4
L,4.5
L,S,7
L,2.8

!Generate Areas
A,4,5.7.6
A,1,2.8,7,5,4
A,2,3.9,8

!Mesh Areas
type,1
esiz.0.00635
ameshall

!Assign Materials to Areas
asel,,area,,1
esla
emodall.mat,1

asel,,area,,2
esta
emod,all,mat,3
ails

aselarea,.3
esla
emod,all.mat.2
ails

NSEL,S,LOC,X,0.3048 I right edge
SF,ALL,CONV,-4.100 I apply convection and ambient 100C

Calculation Sheet QAP 3.1. Rev.6(1I-15-05)
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Title: DBVS lCVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3120/06 Checked By: S.R. Pierce Date: 3/20/06
NSELALL

NSEL,S.LOCX,O
DALL.TEMP.1300
NSELALL

fini
/solu
SOLVE
FINISH

/POSTI
PRNSOL,TEMP
pmsol.temp

I select nodes on left side
I apply fixed temp of 1300C

I PRINT NODAL TEMPERATURES
I List Temperatures at Nodes

Calculation Shcci: QAP 3.1. Rev.6(111-5-05)
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Title: DBVS ICVm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

CASE 3.3.2: 1500*C MELT/60PC INTERFACE CONDITIONS

FINISH
/Cie
/prep7
/triad.rbot
title, Glass Slab Sidewall Model - Case 3.3.2

ISet Element Types
ET,1. PLANE55 !Conduction Area
KEYOPT.1.1,1

ANTYPEO

TOFFST,273 ICelsius
NSUBST,100
Tunif.100

ISet Material Properties
!Caslable Refractory
MAT,1
MPKXX.1,1.44

ISand
Mat,2
MPTEMP.1.25,200,300.600,1000
MPDATAKxx,2,1,0.17,0.25,0.285,0.38.0.55

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,3
MPTEMP
MPTEMP,1.25,200,300.400.500,600
MPDATA.Kxx.3.1.1.1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA.Kxx.3,7,1.57,1.76,1.98,2.24,10.32

1 Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
1 Assumes Tinf = 1009C
MAT,4
MPTEMP
MPTEMP,1, 55,65,75,85,95, 100
MPDATAhf.4,1,0.5. 1.0, 1.7,2.6,3.8.6.1
MPTEMP,7, 125,150, 175, 200, 225,250
MPDATAhf,4,7,10.6, 12.3,13.8, 15.2. 16.5. 17.9
MPTEMP,13. 275, 300. 325, 350, 375, 400
MPDATAhf.4,13,19.3. 20.8, 22.3. 23.8, 25.4, 27.1
MPTEMP.19. 425, 450. 475. 500, 525. 550
MPDATA.hf,4,19. 28.9, 30.7, 32.6, 34.7, 36.8, 39.0
MPTEMP,25, 575.600
MPDATA.hf.4.25. 41.3.43.7

Calculation Sheet: QAP31. Rev.61(11-15-05)
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Tide: DBVS ICVM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

IGenerate Keypoints
k.1, 0,0
k,2, 0.2725.0
k,3, 0.3048,0
k,4, 0,0.0254
k,5, 0.1524,0.0254
k,6, 0.0.3048
k,7, 0.1524,0.3048
k,8, 0.2725,0.3048
k,9, 0.3048.0.3048

ICreate Lines
L,1.2,
L.2.3,
L.3,9-
L.8.9
L,7,8
L,6,7,
L,4,6.
L,1,4
L,4,5
L,5.7
L.2.8

!Generate Areas
A.4,5.7,6
A.1,2,8.7,5,4
A,2,3.9,8

IMesh Areas
type,1
esiz,0.00635
amesh,all

!Assign Materials to Areas
asel,,area,,1
esla
emod,alf,mat,1

asel.,area,,2
esta
emod.all,mat,3
ails

asel,,area,.3
esla
emodall,mat.2
ails

NSEL,S.LOCX,0.3048 I right edge
SF.ALLCONV.-4,100 I apply convection and ambient 100C
NSELALL

Calculaion Sheet: QAI' 3.1. Rev. 6(11-15-03)
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Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

NSELS,LOC,XO
DALLTEMP,1500
NSEL.ALL

I select nodes on left side
I apply fixed temp of 1500C

fin!
/solu
SOLVE
FINISH

/POST1
PRNSOLTEMP
pmsoltemp

I PRINT NODAL TEMPERATURES
I List Temperatures at Nodes

CalklationShect: QAP3.1,Rev.6(11-15-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

CASE 3.3.3: 17000C MELT/60PC INTERFACE CONDITIONS

FINISH
cle
iprep7
Atriad,rbot
/litle. Glass Slab Sidewall Model - Case 3.3.3

ISet Element Types
ET,1, PLANE55 !Conduction Area
KEYOPT,1,1,1

ANTYPE,0

TOFFST,273 !Celsius
NSUBST,100
Tunif,100

ISet Material PropertiesO Castable Refractory
MAT,1
MP,KXX,1,1.44

!Sand
Mat,2
MPTEMP,1,25,200,300,600,1000
MPDATAKxx,2,1,0.17,0.25,0.285,0.38,0.55

!Glass (Hybrid LAWIPNL-4800 Data)
Mat,3
MPTEMP
MPTEMP.1,25,200,300,400,500,600
MPDATAKxx,3,1,1.1.12,1.14,1.2,1.29,1.41
MPTEMP,7.700,800.900,1000,1400,2000
MPDATA,Kxx,3,7,1.57,1.76,1.98.2.24,10,32

I Combined Free & Radiation Heat Transfer Coefficieltn -Vertical Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tint = 100*C
MAT.4
MPTEMP
MPTEMP,1, 55. 65, 75, 85, 95. 100
MPDATA.hf,4,1.0.5, 1.0,1.7.2.6.3.8,6.1
MPTEMP,7, 125,150, 175, 200, 225. 250
MPDATA.hf,4.7,10.6. 12.3, 13.8. 15.2. 16.5, 17.9
MPTEMP,13. 275, 300, 325, 350, 375. 400
MPDATA.hf,4,13.19.3, 20.8. 22.3, 23.8, 25.4, 27.1
MPTEMP.19, 425, 450. 475, 500, 525. 550
MPDATA.hf,4.19. 28.9. 30.7, 32.6. 34.7. 36.8, 39.0
MPTEMP.25. 575,600

CaIcUlation Sheet: QAP 3.1. Rev.6 (1 1-15-05)
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Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

MPDATAhf,4,25, 41.3, 43.7

IGenerate Keypoints
k,1, 0.0
k,2, 0.2875.0
k,3. 0.3048.0
k,4, 0.0.0254
k.5. 0.1524.0.0254
k.6, 0,0.3048
k.7, 0.1524.0.3048
k,8, 0.2875,0.3048
k.9. 0.3048.0.3048

!Create Lines
L,1,2,
L.2.3,
L,3.9
L,8,9
L,7.8
L.6.7.
L,4,6,
L.1.4
L,4,5
L.5,7
L,2,8

!Generate Areas
A,4,5.7,6
A,1,2.8.7,5,4
A.2.3.9,8

!Mesh Areas
type,1
esiz,0.00635
amesh,all

!Assign Materials to Areas
asel.,area,1
esla
emod,all,mat,1

asel.,area,,2
esla
emod.altmat.3
alls

aset,,area.,3
esla
emod,alfmat.2
alls

NSEL.S.LOC,X,0.3048 I right edge

Calculaijo Sheet: QAP 3.1. Rev.6(t-l5.-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

SFALL,CONV,-4,100
NSELALL

NSEL.SLOCX,O
DALLTEMP,1700
NSELALL

I apply convection and ambient 1 COC

I select nodes on left side
I apply fixed temp of 1700C

fini
/solu
SOLVE
FINISH

/POST1
PRNSOL.TEMP
pmsol,temp

I PRINT NODAL TEMPERATURES
I List Temperatures at Nodes

CalculaiionSh-t: QAP3.1. Rev.61(1--05)
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Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

CASE 3.3.4: 17000C MELT/60PC INTERFACE CONDITIONS; REDUCED SURFACE HEAT
TRANSFER COEFFICIENTS

FINISH
/le
/prep7
/triad.rbot
/title, Glass Slab Sidewall Model - Case 3.3.4

!Set Element Types
ET,1, PLANE55 IConduction Area
KEYOPT,1,1,1

ANTYPE,o

TOFFST,273 !Celsius
NSUBST,100
Tunif,100

!Set Material Properties
!Castable Refractory
MAT.1
MP,KXX,1,1.44

!Sand
Mat,2
MPTEMP,1,25,200,300,600,1000
MPDATA,Kxx,2,1,0.17,0.25,0.285.0.38,0.55

!Glass (Hybrid LAW/PNL-4800 Data)
Mal.3
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA.Kxx.3,1,1,1.12.1.14,1.2,1.29.1.41
MPTEMP,7,700.800,900.1000,1400.2000
MPDATA.Kxx,3,7.1.57.1.76,1.98,2.24,10.32

I Combined Free & Radiation Heat Transfer Coefficient - Vertical Surface
I %x Nominal Values Case
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = 100*C
MAT,4
MPTEMP
MPTEMP.1, 55, 65.75, 85, 95, 100
MPDATA,hf,4,1,0.2, 0.5.0.9, 1.3,1.9,3.1
MPTEMP,7, 125,150,175, 200.225,250
MPDATAhf,4.7,5.3, 6.2. 6.9, 7.6. 8.3, 9.0
MPTEMP,13. 275, 300, 325. 350. 375, 400
MPDATA,hf,4,13.9.7, 10.4.11.1,11.9.12.7,13.6
MPTEMP,19, 425,450, 475, 500, 525, 550
MPDATA,hf,4,19, 14.4, 15.4, 16.3, 17.3, 18.4, 19.5

Calculation shct: OAP 3.1, R"v.6 (11-15-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20106 Checked By: S.R. Pierce Date: 3/20/06
MPTEMP,25, 575, 600
MPDATA,hf,4.25. 20.6,21.8

iGenerate Keypoints
k,1, 0.0
k,2, 0.2920,0
k,3, 0.3048,0
k.4, 0.0.0254
k.5, 0.1524,0.0254
k,6, 0,0.3048
k.7, 0.1524.0.3048
k,8, 0.2920,0.3048
k,9, 0.3048.0.3048

ICreate Lines
L,1,2,
L.2,3.
1.3.9
L.8,9
L,7,8
L.6.7,
L,4,6,
L,1,4
L,4.5
L,5,7
L.2,8

!Generate Areas
A.4.5.7.6
A,1,2,8,7,5.4
A,2.3.9,8

IMesh Areas
type.1
esiz,0.00635
amesh,all

lAssign Materials to Areas
asel,,area,,1
esla
emod,allmat,1

asel,,area,,2
esla
emod,all,mat,3
ails

asel,.area..3
esla
emod.all.mat,2
alls

CalculaiouSbe: QAP3.1.Rv.6 (11-15-05)
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Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

NSELSLOC,X.O.3048
SFALL,CONV,-4,100
NSEL.ALL

NSEL,S.LOC,XO
DALLTEMP,1700
NSELALL

Iright edge
I apply convection and ambient 10C

I select nodes on left side
I apply fixed temp of 1700C

fini
/solu
SOLVE
FINISH

/POSTI
PRNSOL,TEMP
pmsol.temp

I PRINT NODAL TEMPERATURES
I List Temperatures at Nodes

Calculatioi Sheet: QAP 3.1. Rev. 6 (11-15-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
CASE 3.3.5: 1700*C MELT/60PC INTERFACE CONDITIONS; INCREASED SURFACE IIEAT
TRANSFER COEFFICIENTS

FINISH
/le
/prep7
dtriad,rbot

(title, Glass Slab Sidewall Model - Case 3.3.5

ISet Element Types
ET.1, PLANE55 IConduction Area
KEYOPT,1,1,1

ANTYPE,0

TOFFST.273 !Celsius
NSUBST,100
Tunif.100

ISet Material Properties
!Castable Refractory
MAT,1
MP,KXX,1,1.44

ISand
Mat,2
MPTEMP,1,25.200,300,600.1000
MPDATA.Kxx.2,1,0.17,0.25,0.285,0.38,0.55

!Glass (Hybrid LAW/PNL-4800 Data)
Mat3
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx.3,1,1,1.12,1.14,1.2,1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATA,Kxx,3,7,1.57,1.76,1.98,2.24,10.32

I Combined Free & Radiation Heat Transfer Coefficient - Vertical Surface
I 2x Nominal Values Case
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = 100*C
MAT.4
MPTEMP
MPTEMP,1. 55,65.75,85,95, 100
MPDATA.hf,4,1,0.9, 2.1, 3.4. 5.1, 7.6. 12.3
MPTEMP,7. 125.150, 175,200, 225. 250
MPDATA,hf,4,7,21.3. 24.7, 27.6, 30.4, 33.1. 35.8
MPTEMP,13, 275. 300, 325. 350, 375. 400
MPDATA,hf,4,13,38.6, 41.5.44.5, 47.6, 50.9. 54.2
MPTEMP.19. 425, 450, 475, 500, 525. 550
MPDATA,hf,4,19, 57.8. 61.4, 65.3, 69.3. 73.5. 77.9

Calculation Slwt: QAP 3.1. Rev. 6(11-15-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
MPTEMP,25. 575, 600
MPDATA,hf,4,25, 82.5, 87.3

lGenerate Keypoints
k,1, 0.0
k,2, 0.2825,0
k.3. 0.3048.0
k.4, 0.0.0254
k,5, 0.1524,0.0254
k.6, 0.0.3048
k.7, 0.1524,0.3048
k.8, 0.2825.0.3048
k.9. 0.3048.0.3048

ICreate Lines
L,1.2,
L.2,3,
L.3.9

L,7.8L,.7.1,6,7,
1.4,6,

L5L, 1,4OL,4,5L.5.7
1.2.8

!Generate Areas
A,4,5,7,6
A,1.2,8,7,5,4
A,2,3,9,8

!Mesh Areas
type, 1
esiz,0.00635
amesh,all

!Assign Materials to Areas
asel,,area,,1
esta
emod,all.mat,1

asel,,area,,2
esla
emodal,mat.3
alls

asel,,area.,3
esla
emodall,mat,2

ails

Calculation Shvci: QAI'3.I1. Rc.6 (1-15-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
NSELS,LOC,X,O.3048
SFALL.CONV,-4,100
NSELALL

NSELSLOC,X,O
D,ALL,TEMP,1700
NSEL.ALL

I right edge
I apply convection and ambient 100C

I select nodes on left side
I apply fixed temp of 1700C

fini
/solu
SOLVE
FINISH

/POST1
PRNSOLTEMP
prnsol.temp

I PRINT NODAL TEMPERATURES
I List Temperatures at Nodes

Calculation Sheet; QAP 3.1. Rev.6(t1-13-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

CASE 4.1: ICVr' BOX BOTTOM BASE CASE CONDITIONS

I 2D BulkVit Bottom Wall Heat Transfer Simulation
I Base Case for Leaking Glass (Pure Glass) Scenario - no Leak in this model
I Sand-centered case
I No Gap between box skin & tube steel

/title, Box Bottom Heat Transfer - Case 4.1

/prep7

antype, 0
toffst, 273
tunif,100

I Define element type
et,1, plane55
keyopt, 1,1,1

ISpecify Material Properties

16" Castable Refractory 60 PC
MAT,1
MP,KXX.1.1.44.

18" Castable Refractory 110 C
Mat,2
MPTEMP
MPTEMP.1,25.540,815,1200,1500
MPDATAKxx,2,1,1,0.86,0.78,0.668,0.534

ISteel Lining/TS 6x6
Mat,3
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx,3,1.60.5,56.7,48,39.2.30,

lAir Conductivity
Mat,4
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATAKxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

ISand
Mat,5
MPTEMP
MPTEMP,1,25,200.300,600,1 oo
MPDATA,Kxx.5.1,0.17,0.25,0.285,0.380.55

I Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
!Assumes Tinf = 100*C

CalculatiooShnt; QAP3.l.Rev.6(I-15-05)
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Title: DBVS ICVM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3120/06
MAT,6
MPTEMP
MPTEMP,1, 25, 35, 45. 55, 65, 75
MPDATAhf.6,1, 1.6. 1.9,2.3.2.7.3.1.3.5
MPTEMP,7,85, 95,100, 125, 150,175
MPDATA,hf.6,7, 4.1.4.8,6.1.8.8,10.0 11.2
MPTEMP.13, 200, 225. 250, 275, 300, 325
MPDATA.hf,6.13, 12.3, 13.4,14.6,115.8.17.1,18.5
MPTEMP,19, 350, 375,400,425. 450, 475
MPDATAhf,6,19, 19.9, 21.4,23.0. 24.6,26.3,28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf,6,25, 30.1, 32.1, 34.2, 36.4, 38.7

IVertical Convection (Not used in this model)
MAT.7
MPTEMP
MPTEM P,1, 100,105,110,115,120,125
MPDATA,hf,7.1.0.0,8.5,9.2.9.8,10.2,10.6
MPTEMP,7,150.175.200,225,250,300
MPDATAhf,7,7,12.3.13.8,15.2,16.5.17.9,20.8

LAir Conductivity
Mat,8
MPTEMP
MPTEMP.1,27,127,327,527,727,
MPDATA.Kxx,8,1,0.0261,0.0331.0.0456.0.0569,0.0672

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,9
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx,9.1.1,1.12,1.14.1.2,1.29,1.41
MPTEMP,7.700.800.900.1000.1400.2000
MPDATA,Kxx,9,7,1.57,1.76,1.98.2.24.10,32

! keypoints - Sand-centered case

k, 1, 0.0
k, 2, 0.15240, 0
k, 3. 0.35560. 0
k, 4.0.36195, 0
k, 5, 0.15240, 0.0635
k, 6. 0.30798. 0.0635
k. 7,0.35560, 0.0635
k,12, 0.0.165100
k,13, 0.15240. 0.165100
k,14, 0.0.190500
k,15, 0.15240, 0.190500
k,20, 0.15240. 0.2921
k.21, 0.30798. 0.2921
k,22, 0.35560, 0.2921
k,23, 0, 0.3556
k,24. 0.15240, 0.3556

Calculaion Sheet: OAP 3.1. Rev. 6(11-15-05)
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Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No.70 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

k,25, 0.35560. 0.3556
k.26, 0.36195, 0.3556

I lines - sand-centered case

1,1,2
1.2.5
1.5,13
1,13,12
1,12,1

1,13,15
1,15,14
1,14,12

1,15,20
1,20,24
1,24,23
1,23,14

1.2.3
.3.7

1,7,6
1,6.5

1,6.21
1,21.20

1,7,22
1,22,21

1.22,25
1,25,24

1.3,4
1,4,26
1,26.25

! areas - sand-centered case

a,1,2,5,13,12 'Al
a,12,13,15,14 !A2
a,14,15.20,24,23 IA3
a,2,3.7,6,5 LA4
a.5.6,21.20,15,13 'A5
a,6.7,22,21 lA6
a.20,21,22.25.24 IA7
a,3,4,26,25,22,7 A8

I Define mesh
type, I
esize, 0.00635
amesh, all

CalculationSheel: QAP 3.1. Rev. 6 (11-13-05)
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Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 71 of 97
Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

lAssign Materials to Areas

asel,,area,,1
esla
emod,all,mat,1

asel,,area,,2
esta
emod,all,mat,1
ails

asel,,area,,3
esta
emod,all,mat,1
ails

asel..area.,4
esla
emod,all,mat,2
ails

asel,,area,.5
esla
emodall,mat.5
ails

asel,,area,,6
esla
emod,all.mat.5
ails

asel,,area,,7
esla
emod,allmat,2
ails

asel,,area,.8
esla
emod.all.mat,3
ails

I impose BCs - sand-centered case

LSELS,LINE,,24
NSLL,,1
SFALL,CONV.-6,100 I apply horiz convection and ambient 100C

NSELS.LOC.X,0 ! select nodes on left side
DALL,TEMP.1300 I apply fixed temp of 1300C
NSELALL

I Finished set-up. Now go to solver

CalculaioShei: QAPI. Rev. 6(11-15-05)
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Title: DBVS ICVrm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

fini
/solu
solve
finish

CalculauionSheg: QAP3.1. Rev.6 (11-15-05)
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Project No. 050920601 Calculation No. 0509206.01-M-001 Rev. No.1 PageNo.73 o97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

CASE 4.2.1: ICVrm BOX BOTTOM 1300 0C MELT/60PC INTERFACE CONDITIONS

I 2D BulkVit Bottom Wall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scenario
I Sand-centered case
I No Gap between box skin & tube steel

itile, Box Bottom Heat Transfer - Case 4.2.1

/prep7

antype, 0
toffst, 273
tunif,100

I Define element type
et,1, plane55
keyopt, 1,1,1

!Specify Material Properties

16" Castable Refractory 60 PC
MAT.1
MP.KXX,1,1.44.

I8" Castable Refractory 110 C
Mat,2
MPTEMP
MPTEMP,1,25,540,815,1200.1500
MPDATA,Kxx,2,1,1.0.86,0.78,0.668.0.534

!Steel Llning/TS 6x6
Mat.3
MPTEMP
MPTEMP,1.27,127,327,527,727,
MPDATA.Kxx,3,1,60.5.56.7,48,39.2,30,

Air Conductivity
Mat.4
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Sand
Mat,5
MPTEMP
MPTEMP,1,25.200,300.600,1000
MPDATAKxx.5,1.0.17,0.25.0.285.0.38.0.55

I Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface

Colculation Sheer QAP 3.. Rev. 6 111-15-05)
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Project No. 0509206.01 Calculation No.0509206.01-M-001 Rev. No. I Page No. 74 of 97

Title: DBVS ICVTh Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = 100*C
MAT.6
MPTEMP
MPTEMP,1. 25. 35.45.55,65.75
MPDATA.hf,6,1, 1.6, 1.9, 2.3, 2.7. 3.1. 3.5
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATA,hf,6,7, 4.1,4.8,6.1,8.8, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275. 300. 325
MPDATAhf.6,13, 12.3, 13.4. 14.6, 115.8, 17.1, 18.5
MPTEMP,19, 350. 375, 400, 425, 450, 475
MPDATA,hf,6,19, 19.9. 21.4. 23.0, 24.6. 26.3. 28.2
MPTEMP,25. 500, 525. 550, 575, 600
MPDATAhf,6,25, 30.1, 32.1, 34.2, 36.4. 38.7

IVertical Convection (Not used in this model)
MAT.7
MPTEMP
MPTEMP,1,100,105.110,115,120.125
MPDATAhf,7,1.0.0,8.5.9.2.9.8,10.2,10.6
MPTEMP,7,150,175,200,225,250,300
MPDATA.hf,7,7,12.3.13.8,15.2,16.5.17.9.20.8

!Air Conductivity
Mat,8
MPTEMP
MPTEMP,1,27.127,327,527,727,
MPDATA,Kxx,8.1,0.0261,0.0331.0.0456.0.0569,0.0672,

!Glass (Hybrid LAWiPNL-4800 Data)
Mat.9
MPTEMP
MPTEMP.1,25,200,300,400,500,600
MPDATAKxx,9,1,1.1.12.1.14,1.2,1.29,1.41
MPTEMP,7,700,800.900,1000,1400,2000
MPDATA.Kxx,9,7.1.57,1.76,1.98,2.24,10,32

I keypoints - Sand-centered case

k. 1, 0,0
k, 2, 0.15240. 0
k, 3, 0.35560, 0
k. 4, 0.36195, 0
k. 5, 0.15240. 0.0635
k, 6. 0.27000, 0.0635
k, 7, 0.35560, 0.0635
k.12. 0.0.165100
k.13. 0.15240, 0.165100
k,14. 0.0.190500
k.15. 0.15240, 0.190500
k.20, 0.15240, 0.2921
k,21. 0.27000, 0.2921
k.22, 0.35560. 0.2921

Calculatio Shect: QAP 3. Rcv. 6 (It 1-15-05)
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Title: DBVS ICVrM Box Thermal Analysis

Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.A. Pierce Date: 3/20/06

k,23, 0. 0.3556
k,24, 0.15240. 0.3556
k,25, 0.35560, 0.3556
k,26, 0.36195, 0.3556

1 lines - sand-centered case

1.1.2
1,2,5
1.5.13
1,13.12
1,12,1

1,13,15
1.15.14
1,14,12

I,15,20
120.24
1,24.23
1,23.14

1,2.3
1,3,7
1,7,6
1,6,5

1,6,21
1,21.20

1.7.22
1.22,21

1,22,25
1,25.24

1,3,4
1,4,26
1,26.25

1 areas - sand-centered case

a,1,2.5,13,12 LAI
a,12,13.15.14 !A2
a.14,15.20.24.23 A3
a,2.3.7,6,5 !A4
a,5.6.21,20,15.13 LAS
a,6,7.22.21 LAG
a,20,21.22.25.24 A7
a.3,4,26,25,22.7 AB

I Define mesh
type, 1

Calculation Sheet: QAP 3.1. Rev. 6(11-5-03)
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Project No. 0509206.01 Calculation No. 0509206.0 1 -M-00 I Rev. No. I Page No. 76 of 97
Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
esize, 0.00635
amesh, all

iAssign Materials to Areas

asel,,area,,1
esta
emod,all,mat,1

ase,,area,,2
esla
emod,all,mat,9
alls

asel,,area,,3
esla
emod,all,mat,1
ails

asel.,area,,4
esla
emodallimat.2
ails

asel,,area..5
esla
emodall,mat,9
alls

asel,.area,,6
esla
emod,all.mat,5
ails

asel,.area,.,7
esla
emod.all,mat,2
ails

asel,,area,,8
esla
emod,all,mat.3
ails

I Impose BSs - sand-centered case

LSEL,S.LINE,,24
NSLL.,1
SFALL.CONV,-6.100 I ap

NSEL.S.LOC,X,0
D.ALL,TEMP.1300
NSEL.ALL

ply horiz convection and ambient 100C

I select nodes on left side
I apply fixed temp of 1300C

Calculation Sheet: QAP 3.1. Rev.6(I I-5-05)
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Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev.No. I Page No. 77 of 97
Title: DBVS ICVM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20106 Checked By: S.R. Pierce Date: 3/20/06

I Finished set-up. Now go to solver

fini
/solu
solve
finish

Calulation Shcci: QAP 3.?. R. 6 (11-13-05)
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Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No.78 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

CASE 4.2.2: ICVm BOX BOTTOM 15000C MELT/60PC INTERFACE CONDITIONS

I 2D BulkVit Bottom Wall Heat Trasnfer Simulation
1 Leaking Glass (Pure Glass) Scenario
I Sand-centered case
I No Gap between box skin & tube steel

Ititle, Box Bottom Heat Transfer - Case 4.2.2

/prep7

antype, 0
toffst, 273
tunif,100

1 Define element type
et,1, plane55
keyopt, 1,1,1

!Specify Material Properties

16" Castable Refractory 60 PC
MAT.1
MP,KXX,1,1.44,

18" Castable Refractory 110 C
Mat,2
MPTEMP
MPTEMP, 1,25,540,815,1200,1500
MPDATA,Kxx,2,1,1.0.86,0.78.0.668,0.534

ISteel Lining/TS 6x6
Mat.3
MPTEMP
MPTEMP.1,27,127.327,527,727,
MPDATA.Kxx,3.1,60.5,56.7.48,39.2.30,

Air Conductivity
Mat,4
MPTEMP
MPTEMP,1.27,127,327.527.727,
MPDATA,Ko.4.1.0.0261.0.0331,0.0456,0.0569,0.0672,

ISand
Mat,5
MPTEMP
MPTEMP,1.25.200.300,600,1000
MPDATA,Kxx,5,1,0.17,0.25,0.285,0.38.0.55

! Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
1 Models emissivity of box @ 0.8 & concrete shield walls @ 0.6

Calculation Sheet: QAP 3.1. Rev. 6(1 1-15-05)
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Tide: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

I Assumes Tint = 1 00C
MAT,6
MPTEMP
MPTEMP,1. 25. 35, 45, 55. 65. 75
MPDATA,hf,6,1, 1.6, 1.9. 2.3. 2.7. 3.1, 3.5
MPTEMP,7,85, 95,100, 125, 150. 175
MPDATA.hf,6,7, 4.1,4.8,6.1, 8.8,10.0, 11.2
MPTEMP,13, 200, 225, 250. 275, 300, 325
MPDATA.hf,6,13, 12.3, 13.4. 14.6, 115.8, 17.1, 18.5
MPTEMP.19. 350, 375, 400, 425, 450, 475
MPDATAhf,6,19, 19.9. 21.4, 23.0, 24.6. 26.3, 28.2
MPTEMP,25, 500, 525, 550. 575. 600
MPDATAhf,6,25, 30.1, 32.1, 34.2, 36.4, 38.7

IVertical Convection (Not used In this model)
MAT.7
MPTEMP
MPTEMP,1,100,105,110,115,120.125
MPDATA,hf,7.1.0.0,8.5,9.2.9.8,10.2.10.6
MPTEMP,7,150,175,200,225,250,300
MPDATA,h,7,7,12.3,13.8,15.2.16.5,17.9,20.8

Air Conductivity
Mat,8
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx.8.1,0.0261,0.0331,0.0456,0.0569.0.0672,

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,9
MPTEMP
MPTEMP,1,25.200,300.400,500,600
MPDATA,Kxx,9,1.1,1.12.1.14,1.2.1.29.1.41
MPTEMP,7,700,800.900,1000,1400,2000
MPDATAKxx,9,7.1.57,1.76.1.98,2.24.10,32

I keypoints - Sand-centered case

k. 1 0, 0
k, 2. 0.15240, 0
k, 3, 0.35560. 0
k, 4, 0.36195. 0
k, 5. 0.15240. 0.0635
k, 6, 0.30850, 0.0635
k, 7.0.35560. 0.0635
k,12, 0,0.165100
k,13, 0.15240. 0.165100
k,14, 0,0.190500
k.15, 0.15240. 0.190500
k,20, 0.15240. 0.2921
k,21, 0.30850, 0.2921
k,22, 0.35560, 0.2921
k,23, 0, 0.3556

Calculatio Shcei: QA' 3. 1. Rcv. 6(11-15-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
k.24, 0.15240, 0.3556
k,25, 0.35560, 0.3556
k.26, 0.36195, 0.3556

I lines - sand-centered case

1.1,2
1,2.5
1,5,13
1.13.12
1.12,1

.13.15
1,15.14
1,14,12

1.15,20
1,20,24
1.24,23
1,23,14

1,2,3
1,3,7
1,7,6
1.6,5

1.6,21
1,21.20

1,7,22
1.22,21

1,22,25
1,25,24

1,3,4
1,4,26
1.26.25

I areas - sand-centered case

a,1,2,5.13.12
a,12,13.15,14
a.14,15,20,24,23
a.2.3,7,6,5
a,5,6,21.20,15,13
a,6.7,22,21
a,20,21.22,25,24
a,3,4,26.25,22.7

LAl
!A2

'A3
IA4

!AS
AG

A7
!AB

I Define mesh
type, I
esize, 0.00635

CalculationShem,: QAP 3.1. Rev.6(11-1S-05)
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Title: DBVS ICVTM Box Thermal Analysis

Prepared By: P.S. Lowery Date: 3/20/06 Checked By: SR. Pierce Date: 3/20/06
amesh, all

LAssign Materials to Areas

asel,,area,,1
esla
emod,all,mat.1

asel.,area,,2
esla
emodall,mat,9
ails

asel.,area,,3
esla
emod,all,mat,1
ails

asel,.area,,4
esla
emod,all,mat,2
ails

asel..area.,5
esla
emodall,mat,9
ails

asel.,area,,6
esla
emod,all,mat,5
ails

asel,,area,.7
esla
emod,all.mat,2
ails

asel,.area.,8
esia
emod,all,mat,3
ails

I impose BCs - sand-centered case

LSEL,S,LINE,,24
NSLL,,1
SFALL.CONV,-6.100 I apply horiz convection and ambient 100C

NSEL.S,LOCX,0 I select nodes on left side
D,ALL.TEMP.1500 I apply fixed temp of 1500C
NSEL,ALL

Calulation Slet QAP 3.l. Rcv. 6 ( tI15-O5)
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Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
I Finished set-up. Now go to solver

fini
Isolu
solve
finish

Calculation Shet: QAP 3!. Rev.6(1 I-1-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: SR. Pierce Date: 3/20/06
CASE 4.2.3: ICVr" BOX BOTTOM 17000C MELT/60PC INTERFACE CONDITIONS

I 2D BulkVit Bottom Wall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scenario
I Sand-centered case
I No Gap between box skin & tube steel

/litle, Box Bottom Heat Transfer -Case 4.2.3

/prep7

antype, 0
toffst, 273
tunif,100

I Define element type
et,1, plane55
keyopt, 1.1.1

ISpecify Material Properties

!6" Castable Refractory 60 PC
MAT,1
MP,KXX,1,1.44.

£8" Castable Refractory 110 C
Mat.2
MPTEMP
MPTEMP.1,25,540.815,1200,1500
MPDATAKxx.2.1,1.0.86.0.78.0.668,0.534

ISteel Lining/TS 6x6
Mat.3
MPTEMP
MPTEMP,1,27,127,327,527.727,
MPDATAKxx,3.1.60.5,56.7,48,39.2,30,

Air Conductivity
Mat.4
MPTEMP
MPTEMP,1,27,127.327.527,727,
MPDATA.Kxx,4,1.0.0261,0.0331,0.0456,0.0569,0.0672,

ISand
Mat,5
MPTEMP
MPTEMP,1.25.200.300,600,1000
MPDATA.Kxx,5,1.0.17.0.25.0.285,0.38.0.55

I Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = 1 00C

Calculation Sheet: QAP 3.1. Rev. 6(1l-15-05)
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Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
MAT,6
MPTEMP
MPTEMP,1, 25, 35.45, 55,65,75
MPDATA,hf,6,1, 1.6, 1.9, 2.3, 2.7. 3.1. 3.5
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATA,hf,6,7, 4.1, 4.8, 6.1, 8.8, 10.0, 11.2
MPTEMP,13, 200, 225, 250, 275. 300, 325
MPDATA~hf,6,13, 12.3, 13.4, 14.6, 115.8, 17.1,18.5
MPTEMP,19, 350, 375, 400, 425, 450, 475
MPDATA.h1,6,19, 19.9, 21.4, 23.0,24.6,26.3,28.2
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf,6,25. 30.1, 32.1, 34.2, 36.4, 38.7

IVertical Convection (Not used in this model)
MAT.7
MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA.hf,7,1,0.0,8.5,9.2.9.8.10.2,10.6
MPTEMP,7,150,175,200,225,250,300
MPDATA.hf,7,7,12.3,13.8,1S.2,16.5,17.9.20.8

Air Conductivity
Mat,8
MPTEMP
MPTEMP,1.27,127,327,527,727,
MPDATA,Kxx,8.1,0.0261,0.0331,0.0456,0.0569,0.0672,

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,9
MPTEMP
MPTEMP,1.25,200,300,400.500.600
MPDATA.Kxx,9.1,1,1.12,1.14.1.2.1.29.1.41
MPTEMP,7.700,800,900,1000,1400.2000
MPDATA.Kxx,9,7,1.57,1.76,1.98,2.24,10,32

I keypoints - Sand-centered case

k, 1, 0,0
k, 2, 0.15240, 0
k, 3, 0.35560, 0
k, 4, 0.36195, 0
k, 5. 0.15240, 0.0635
k, 6. 0.32685. 0.0635
k, 7, 0.35560. 0.0635
k.12, 0,0.165100
k.13, 0.15240, 0.165100
k.14. 0.0.190500
k,15, 0.15240, 0.190500
k,20, 0.15240, 0.2921
k,21, 0.32685. 0.2921
k.22. 0.35560, 0.2921
k,23. 0, 0.3556
k,24, 0.15240, 0.3556

Calculatio Sheet: QAP 31. Rev. 6(ll-15.0)
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AKE SCALCULATION SHEET

Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 35 of 97
Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
k,25. 0.35560, 0.3556
k,26, 0.36195, 0.3556

I lines - sand-centered case

1,1,2
1.2,5
1,5.13
1,13,12
1,12,1

1,13,15
1,15,14
1,14,12

1,15,20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1,6,5

1,6,21
1,21.20

1,7,22
1.22,21

1.22,25
1,25,24

1,3,4
1,4,26
1,26,25

I areas - sand-centered case

a.1,2.5,13,12 lA1
a.12,13,15,14 !A2
a,14.15,20,24,23 !A3
a,2,3.7.6,5 tA4
a.5.6,21,20.15,13 lAS
a,6.7,22.21 !A6
a.20,21,22,25,24 IA7
a.3,4,26.25,22,7 MA8

I Define mesh
type. 1
esize, 0.00635
amesh, all

CalcuLtion Sheet. QAP 3.1. Rev. 6 (11-13-05)
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CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.0l-M-001 Rev. No. I Page No. 86 of 97

Title: DBVS ICVWM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

iAssign Materials to Areas

asel,,area..l
esla
emodallmat,1

asel.,area,,2
esla
emod,all,mat,9
ails

asel..area,.3
esla
emodall.mat,1
ails

asel,,area.,4
esla
emod,all.mat,2
ails

asel..area.,5
esla
emod,all,mat,9
ails

asel,.area,,6
esla
emod,all,mat,5
ails

asel.,area.,7
esla
emod,all.mat,2
ails

asel,,area,,8
esla
emod.all,mat,3
ails

I Impose BCs - sand-centered case

LSELS.LINE,.24
NSLL,,1
SFALL.CONV,-6.100 I apply horiz convection and ambient 100C

NSEL.SLOC,X,0 I select nodes on left side
D.ALLTEMP,1700 I apply fixed temp of 1700C
NSELALL

1 Finished set-up. Now go to solver

Calculation Shet: QAPi., Rcv.6(I I-13-03)
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CALCULATION SHEET

Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 87 of 97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

fini
Isolu
solve
finish

CalculaioNShe,: QAP31.Rcv.6(II15-O5)
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&$R ES CALCULATION SHEET

Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 88 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20106 Checked By: S.R. Pierce Date: 3/20/06

CASE 4.2.4: ICVr" BOX BOTTOM 17000C MELT/60PC INTERFACE CONDITIONS; REDUCED
SURFACE IIEAT TRANSFER COEFFICIENTS

I 2D BulkVit Bottom Wall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scenario
I Sand-centered case
I No Gap between box skin & tube steel
I % x Bottom heat transfer coefficient

/title, Box Bottom Heat Transfer - Case 4.2.4

/prep7

antype, 0
toffst, 273
tunif.100

I Define element type
et,1. plane55
keyopt, 1,1,1

!Specify Material Properties

IS" Castable Refractory 60 PC
MAT,1
MP,KXX.1,1.44,

!8" Castable Refractory 110 C
Mat,2
MPTEMP
MPTEMP.1,25.540,815,1200,1500
MPDATA,Kxx,2,1,1,0.86.0.78,0.668.0.534

Isleel Lining/TS 6x6
Mat,3
MPTEMP
MPTEMP.1.27,127,327,527,727,
MPDATA,Kxx,3,1.60.5,56.7,48,39.2.30,

lAir Conductivity
Mat,4
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATA,Kxx,4,1,0.0261,0.0331,0.0456,0.0569,0.0672,

MSand
Mat,5
MPTEMP
MPTEMP.1,25,200.300,600,1000
MPDATA.Kxx,5,1.0.17,0.25.0.2850.38.0.55

Cakulation Sheet: QAP 3.1. Rev. 6(11-15-03)

A6-211



RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 1

CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 89 of 97

Title: DBVS ICVTm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

I % x Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
l Assumes Tinf = 100*C
MAT,6
MPTEMP
MPTEMP,1, 25, 35, 45. 55, 65, 75
MPDATAhf,6,1, 0.8, 1.0, 1.1, 1.3. 1.5, 1.8
MPTEMP,7,85, 95, 100, 125,150. 175
MPDATA,h,6,7, 2.0. 2.4, 3.1, 4.4, 5.0, 5.6
MPTEMP.13, 200, 225. 250. 275, 300, 325
MPDATA,hf,6,13. 6.1. 6.7, 7.3. 7.9. 8.6. 9.2
MPTEMP,19, 350, 375, 400, 425. 450, 475
MPDATAhf,6,19, 10.0,10.7,11.5,12.3,13.2,14.1
MPTEMP,25, 500, 525, 550, 575, 600
MPDATA,hf.6,25. 15.0, 16.0,17.1,18.2, 19.4

IVertical Convection (Not used in this model)
MAT,7
MPTEMP
MPTEMP,1,100,105,110,115,120.125
MPDATA,h,7,1,0.0,8.5.9.2,9.8,10.2,10.6
MPTEMP,7,150,175.200,225,250,300
MPDATAhf,7,7,12.3.13.8,15.2,16.5,17.9,20.8

Air Conductivity
Mat,8
MPTEMP
MPTEMP,1,27.127,327,527,727,
MPDATA.Kxx,8,1,0.0261,0.0331,0.0456,0.05690.0672,

!Glass (Hybrid LAW/PNL-4800 Data)
Mat,9
MPTEMP
MPTEMP,1.25.200,300,400,500,600
MPDATAKxx,9,1.1,1.12,1.14,1.2.1.29,1.41
MPTEMP,7,700,800,900,1000,1400,2000
MPDATAKxx,9,7,1.57,1.76,1.98,2.24,10,32

I keypoints - Sand-centered case

k, 1, 0.0
k. 2. 0.15240, 0
k. 3. 0.35560, 0
k, 4, 0.36195,0
k, 5, 0.15240. 0.0635
k, 6, 0.33750. 0.0635
k, 7. 0.35560, 0.0635
k,12, 0.0.165100
k.13, 0.15240, 0.165100
k,14, 0, 0.190500
k,15, 0.15240.0.190500
k,20, 0.15240. 0.2921

Colcuation Shect: QAP 3.1. Rev. 6(1-15-03)
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CALCULATION SHEET

Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. 1 Page No. 90 of 97
Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
k,21, 0.33750, 0.2921
k.22, 0.35560, 0.2921
k.23. 0, 0.3556
k,24. 0.15240, 0.3556
k,25, 0.35560, 0.3556
k,26, 0.36195. 0.3556

I lines - sand-centered case

1,1,2
1,2,5
1.5,13
1,13,12
1,12,1

1,13,15
1.15,14
1.14.12

1.15.20
1,20,24
1,24,23
1,23,14

1,2,3
1,3,7
1,7,6
1.6.5

1,6,21
1,21.20

1,7,22
1.22,21

1.22,25
1,25,24

1,3,4
1,4,26
1,26.25

I areas - sand-centered case

a,1,2,5,13,12
a,12,13,15,14
a,14.15,20.24.23
a,2,3,7,6,5
a,5,6,21,20,15,13
a,6,7,22,21
a,20,21,22,25,24
a.3,4,26,25,22,7

'A1
1A2

'A3
1A4

'A5
LA6

lA7
AB

Calculation Shcct: QAP 3.1. Rev. 6(I-15-05)
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CALCULATION SHEET

Project No. 0509206.01 Calculation No.0509206.01-M-001 Rev. No. I Page No. 91 of 97

Title: DBVS ICV' Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

I Define mesh
type, 1
esize, 0.00635
amesh, all

!Assign Materials to Areas

asel,,area.,1
esla
emod,all,mat,1

asel,,area,,2
esla
emodall,mat,9
ails

asel,.area,,3
esla
emodall,mat.1
ails

asel..area.,4
esta
emod,all,mat,2
ails

asel,,area,,5
esla
emod,all,mat,9
ails

asel,,area,,6
esla
emod,allmat,5
ails

asel.,area,.7
esla
emod,all,mat,2
ails

asel,,area,,8
esla
emod,all,mat,3
ails

I Impose BCs - sand-centered case

LSEL,S,LINE.,24
NSLL,,1
SF.ALLCONV,-6.100 lap

NSEL,S,LOC.X,0

ply horiz convection and ambient 1DOC

I select nodes on left side

Calculation Shect: QAP 3.1. Rev. 6 (11-15-05)
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AAES CALCULATION SHEET

Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No.92 of 97
Tide: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
D,ALL,TEMP,1700
NSELALL

I apply fixed temp of 1700C

I Finished set-up. Now go to solver

fini
/solu
solve
finish

Calculation Shect: QAP 3.1, Rev.6(11-15-05)
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CALCULATION SHEET

ProjectNo. 0509206.01 CalculationNo.0509206.01-M-001 Rev. No.1 Page No. 93 of 97
Title: DBVS ICVT" Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06

CASE 4.2.5: ICVr" BOX BOTTOM 1700*C MELT/60PC INTERFACE CONDITIONS; INCREASED
SURFACE HEAT TRANSFER COEFFICIENTS

I 2D BulkVit Bottom Wall Heat Trasnfer Simulation
I Leaking Glass (Pure Glass) Scenario
I Sand-centered case
I No Gap between box skin & tube steel
I 2x Bottom heat transfer coefficient

/title, Box Bottom Heat Transfer - Case 4.2.5

/prep7

antype, 0
toffst, 273
tunif,100

! Define element type
et,1, plane55
keyopt. 1.1,1

!Specify Material Properties

6" Castable Refractory 60 PC
MAT.1
MP,KXX,1,1.44.

18" Castable Refractory 110 C
Mat,2
MPTEMP
MPTEMP,1.25,540,815,1200,1500
MPDATA,Kxx,2,1,1,0.86,0.78,0.668,0.534

ISleel LininglTS 6x6
Mat,3
MPTEMP
MPTEMP.1.27,127,327.527,727,
MPDATA,Kxx,3,1,60.5,56.7,48.39.2,30,

lAir Conductivity
Mat,4
MPTEMP
MPTEMP,1,27,127,327,527,727,
MPDATAKxx,4,1,0.0261,0.0331.0.0456,0.0569,0.0672,

!Sand
Mat.5
MPTEMP
MPTEMP,1.25,200,300,600,1000
MPDATA,Kxx,5,1,0.17,0.25,0.285,0.38,0.55

Calculatio Sheet: QAP 3.1. Rev.6 (1 1-15-05)
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CALCULATION ShEET

Project No.0509206.01 Calculation No. 0509206.0 1-M-00 I Rev. No. I Page No. 94 of 97

Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery I Date: 3/20/06 Checked By: S.R. Picrce Date: 3120/06

12 x Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface
I Models emissivity of box @ 0.8 & concrete shield walls @ 0.6
I Assumes Tinf = l00*C
MAT,6
MPTEMP
MPTEMPI, 25, 35. 45, 55, 65. 75
MPDATAhf,6,1, 3.2, 3.9, 4.6, 5.3, 6.2, 7.1
MPTEMP,7,85, 95, 100, 125, 150, 175
MPDATA,hf.6.7, 8.2. 9.7, 12.3,17.6, 20.1, 22.4
MPTEMP,13, 200, 225, 250, 275, 300, 325
MPDATA,hf,6,13, 24.6. 26.9. 29.2, 31.7, 34.3. 37.0
MPTEMP,19, 350, 375,400.425. 450,475
MPDATAhf,6,19, 39.8,42.8,45.9,49.2. 52.7, 56.3
MPTEMP,25. 500, 525, 550. 575, 600
MPDATAhf,6,25, 60.2, 64.2, 68.4, 72.8, 77.5

!Vertical Convection (Not used in this model)
MAT.7
MPTEMP
MPTEMP,1,100,105,110,115,120,125
MPDATA.hf,7,1.0.0,8.5,9.2,9.8,10.2.10.6
MPTEMP,7,150.175,200,225,250,300
MPDATA.hf.7.7,12.3,13.8.15.2,16.5.17.9,20.8

!Air Conductivity
Mat,8
MPTEMP
MPTEMP,1,27,127.327,527,727,
MPDATA.Kxx,8,1,0.0261,0.0331.0.0456,0.0569,0.0672,

!Glass (Hybrid LAW/PNL-4800 Data)
Mat.9
MPTEMP
MPTEMP,1,25,200,300,400,500,600
MPDATA,Kxx,9,1,1,1.12,1.14.1.2.1.29,1.41
MPTEMP,7,700,800.900,1000,1400.2000
MPDATA.Kxx,9,7,1.57,1.76.1.98,2.24,10,32

I keypoints - Sand-centered case

k, 1, 0.0
k, 2. 0.15240, 0
k. 3. 0.35560. 0
k. 4, 0.36195. 0
k, 5, 0.15240, 0.0635
k, 6, 0.32650. 0.0635
k, 7, 0.35560. 0.0635
k,12. 0,0.165100
k.13. 0.15240, 0.165100
k.14, 0.0.190500
k,15, 0.15240. 0.190500
k.20, 0.15240, 0.2921

Calculationsheet QAP3.1.Rev.6(11-15.05)
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Project No. 0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 95 of 97
Title: DBVS !CVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
k,21, 0.32650, 0.2921
k.22, 0.35560, 0.2921
k,23, 0, 0.3556
k,24, 0.15240, 0.3556
k,25, 0.35560, 0.3556
k,26, 0.36195. 0.3556

1 lines - sand-centered case

1,1,2
1,2,5
1.5.13
1,13.12
1,12,1

1,13,15
1,15,14
1,14,12

1.15,20
1,20,24
1,24,23
1,23.14

1,2,3
1,3,7
1,7.6
1.6,5

1,6,21
1,21,20

1,7,22
1,22,21

1,22,25
1,25,24

1,3.4
1,4,26
1,26,25

I areas -sand-centered case

a,1,2,5,13,12
a,12,13,15,14
a,14,15,20,24,23
a,2,3,7,6,5
a,5,6,21,20,15,13
a.6,7,22,21
a,20,21.22,25.24
a,3,4,26,25,22,7

IA1
A2
IA3

LA4
!AS

1A6
IA7

lA8

Calculation Shcet: QAP 3.1. Rov.6 (I-IS-05)
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Project No.0509206.01 Calculation No. 0509206.01-M-001 Rev. No. I Page No. 96 of 97
Title: DBVS ICVTM Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
I Define mesh
type, 1
esize, 0.00635
amesh, all

'Assign Materials to Areas

asel,,area,1
esla
emod,almat,1

asel,,area,,2
esla
emod.all,mat,9
ails

asel,,area.,3
esla
emod,all,mat,1
ails

asel.,area,,4
esla
emod,allmat,2
ails

asel,,area,,5
esla
emod,all,mat,9
ails

asel.,area,,6
esla
emod,all.mat,5
ails-

asel,,area,,7
esla
emod,all,mat,2
ails

asel.,area..8
esla
emod,all,mat,3
ails

1 Impose BCs - sand-centered case

LSEL,S,LINE,,24
NSLL,.1
SFALL,CONV..6,100 I ap

NSEL,S,LOCX,0

ply horiz convection and ambient 100C

I select nodes on left side

CakculaionShee: QAP 3.1. Rev. 6(11-15-05)
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Title: DBVS ICVfm Box Thermal Analysis
Prepared By: P.S. Lowery Date: 3/20/06 Checked By: S.R. Pierce Date: 3/20/06
DALLTEMP,1700
NSELALL

I apply fixed temp of 1700C

I Finished set-up. Now go to solver

fin!
/solu
solve
finish

Calculation Sheet: QAP 3.1. Rev. 6(1 -15-05)
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CALC. TITLE: Area 35 - Transient Heat Transfer Calculations of ICVTM Box

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

Attachment 2
Bulk Vitrification Design Drawings

(8 pages including Attachment Cover)

Drawing Number Title Revision Pages
F-145579-35-D-0004 Bulk Vitrification ICV Box Data Sheet 4 1
F-145579-35-D-0008 Bulk Vitrification ICV Box Plan & Sections 1 1
F-145579-35-D-0016 Bulk Vitrification ICV Box Refractory Assembly K 1
F-145579-35-D-0017 Bulk Vitification ICV Box Refractory Details K 1
F-1 45579-00-D-0041 Bulk Vitrification Melt Area G.A. Elevations North and West F 1
F-145579-00-B-0020 Bulk Vitrification Shielding Walls General Arrangement K 1
F-145579-00-B-0025 Bulk Vitrification Melt Area Steel Curbs F 1

Total Number of Drawing Pages 7
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Nil wig BOX LOT
E0135-052-012
SEE REU ONG 12

TV BOX
E0035-0
SEE REF

7'-" INSIDE STEEL SHELL (REF)

SECTION
SCALEI/Z =t-

SECTION A

-N NT EREF NUMBER | TITL -

T T IST _ EI USED EFEBEig CES a
OBLAWUING TRACEAEIU$Y uST INEXT USED OR REVISIONS

4 F-14579-35--0012 ICN BOX CAMERA, T/C MD GROUND ASSEMBLY

5 F-1A5579-35-T-0014 ICV BOX STARTER PATh IEML
6 F-145579-35-0-0021 ]C BOX UD BREATHER REPA FILTER

7 F-145579-35-- 16 CV BOX REFRACTORY ASSEINLY

GENERAL NOTES:
1. ICV BOX SgEU SHAL BE CONSTRUCTED WH ALL INSIDE J(WITS SEL WELDED (WATERTCIHT)
2 FINISHED CONSTRUCIION DMENSONHL TOLIERANCE SHALL BE *1/'

3. PROOE DRAIN HOLES TO ALLOW FOR NO WATER RETENTION ON TOP OF 80X 110.
4. ALL PUPING FLMCES ILL BE IN ACCORDANCE NOTH ASME B16.5
5. FOR CV OX DETMS SEE ONI. F-145579-35-0-000a
6. MOR CV BOX UD DETAILS SEE TWO. F-145579--35--0006
7. SJPPLY CROSBY FTBNG OEVMCES NODEL HR-125 11016920 (OR EOLL)5. NME EATES SALL BE PROVIDEl FOR THE ICV BOX AND UD.

HAME PLATES SHALL MEET TME REOUIREMENTS OF THE HANFORO HOISING
AM R1GG11A AUAL ANO AS A MINMUM SHOW 17E AUACTURES TN AME

AM WENIGHTS EmmPTY AO FULL.

LIFTING CRITERIA
T- CV BOX UD

-FOUR (4) LIFT POINTS (LPT)
-USE LIFTING PRIAE OR SPREADER MARS (SUPPUEO BY LID FABRICATOR).

-SE CROSBY SWIEL WAST RINGS MODEL HR-T25 41016920
LIMITATIONS

. L'S TO BE USED FOR LIFTING THE CV BOX LO ONLY
2. FEOW SNNEL HOIST RINGS AFTER ICV BOX ASSEMBLY. FOR REUSE ON

SUBSIEUUD4 OXES
2. EMPTY Box

-EIEHT (B) UFT POIT7 (LP2) ON BOX SIDES
-USE UFTING FRAME OR TPREADER BARS (SUPPLIED BY BOX FABRICAPOR)
-U CROSO DW EL RMCST RINGS MODEL AR-12S 11016920

UNATTO N'I. LP2 RESTRICTEO TO LIFTING THE EMPTY ICV BOX AND US ONLY
2. THESE L2 PONTS ME NOT TO TE USED FOR UFTING ICV BOX WEN
COMPOSITE UNDER OF INSULATICN, 5ANO MD REFRACTORY. HAVE BEEN IJSTALLED.

3. MVESE LP2 POINTS MAE NOT TO BE USO TO IM! IME FULL BOX
4. REMOVE SMWEL HOIST RHOC AFTER ICV BOX IS LFTED INTO ASSEMBIY POSITION

IN MRE ASSEMLTY ENCLOSURE. FOR REUE ON SUBSEOUENT BOXES.
3. FLU BOx

-E00T (a) UFT POINTS (LP,)
-FULL IV BOX TO BE UFTED FROM UNDERNEATH BOTT$M PERIMETER FROAE

4. ALL SWVEL HOST ROS TO E TORURED TO G0 Ft USE.

HOLDS
I. 0 ROTICTOY SIT ASSEBLY DMENSIONS 04-OD ONO. W OR TESTING Of HI M CAT TE

I N BE-11 1. CS S T s U
TO, XINFI PA 0 O i LB- O

11 XX I I..

F-145579-35-D-0004
wii r-7145579-FfNAL DBYS DESIGN

.N..

--

2

U.S. DEPARTMENT OF ENERGY
NI .. I

BULK VITRIFICATION
ICV BOX

DATA SHEET
-'-I--I'- n

A6-222

FAB INCI. INSPECIIOIll IESING
11'mll BImIABAiRO 11 FULL PENETRA TIMTO AWS ST.
BIEAVlrTyi - Oist BInt LAS iliFDi Hoc Wal | - L~ilel jSEE PEI $

s soim0ea5 - LJclnlf {MUFAOTURER
00011" T- US EE NOTES CIE COT IE I NO
SHOTS, / . -um |

.WATER T.,I FT

TAATEIAI. 'ECIOE TOI

IEELP~lIBE i2) $0 | S

-fm

oTS - UBOM. A193 IB7 .S.,.
|IlIS- ML A194 i 7 EAw E S/L

I TEll-I DE SEE ONG SHT OD19
|m .S AJ8 |cS
I ETIBEOL TAIlS NOT IN SCPE OF SUPPLY OF ICV BOX 504W.

l i i tr 156
APMEIINES APPICABE STIS. / SPECS)

|UteR inS SEE W% O CET'LS
EASTUIC (lAS S- E *0 FOOR DETMLS

WHutO MA | SEE NOTE A
M LB SEENOTE

ISlIV (hPCALE 510. I SPECS.)
W|AE EPE +T701tI N A |IBTl~TBQ iLP.E /

TJIECP - OTEDAR SEF SP1O | OTEOAN P1605 THERBOLUNE 470

HBITIA

DOONBET W, 4MS0 BIT LBE = Bl019

NHOMC OD FINAL DESIGN |UMID AwND I 7

| WuE (A SO
ITO NO1. 136-o-oos00 ICY BOX F P.A Iiin |

| 35-052-0120O BEE UTO TJITRLBBIRuI MOMA-I
SE , |*BAFORD !7|ENANCEO QUALIY

"RoCROO QITE

E

D

C

B

A

nent 2

F

E

D

C

A

F-u

- - - - . - - - - - ---
- - -

-.

"

--

o a 8

52-006
OWN 13

I A

j"

6 5 4 38 7

I [I I I I I'



6 5
4

CSSTRTANENTATIONA
QUAIE C 3NECTIONSEA

DNAIL A

NAXENTAT ON
EACR EN OF BOX

SECTION (E ",FEES

I /7 -I 6

iCY BOX

8 -I 37

27-6 5/lTtl*/0

4

* 
T

-- I4$57-3s-D0-0O4 'CV BOY DATA SPEET

2 F-14559-35---I CV BOX UD ASSEMBLY DETAS
3 r-45579-350- u IC BOX OD STEEL WORK OF 3

S T-4552-0OF-004 IV BO *R7XNJBEI L~4I--

vARES

2 a 1016920 CROSB2 =W9=E- P01ST 1W #HR-l2S VAES - 2

o 3/w 12-4 3/10'

- 3/16*

Il 10 SPACES OI-O1IO-O ID SPACES O1 .- C 0'-" 'O-

FIL /S - Il/tfi HOLES

rap~I Box BLT

THRl H55 UTNASER

L~ -N

IEG lC- DEVIEEE LITNG (TO LIFTING

3'-6'

9'-s.

PLAN
172 -T D

INSTFLINEATIOIN
I ,,A1 ONS 3 PACES

SSIT OF

U NGCA PEVCES

FOR woR INFO&UATON
SEE RET ONS #t

QOETAIL *%~t

- -

PICKUP POLT - PC

1R3 9-01 DIP
FOLL OV BOX UF POINTS

"IN WIN 3' BOLD STRIPNG
TYIOCAL oGw PLACES

POR AOE INFORMATION
SE REF o;it

4
SS; 3 1/u

3 1/2x/4

9 BOX / H

4
.1 -

I .it4
(UP P)NT IPICKUP POINT

'-0' rIPT 1 -' Tv

W-0 OR

7

I K
OC I

INS 711U IENITATIO N
CONNET1ONS 5 PLACES
EACH SAOE OF Bl H

TYPCAL. TOP STFFENERS
HSS 3 1/2x3 1/2x1/4

w/lcAL Au. VERTiCAL STIFFENERS

-3' FoP

PICIxUP POINT Dl

-4 TOPICAL EACH SlOE

PIN ORILLING 0 BOX BASE FRAME DETAIL 0
1/2 "1 S 0

- GalHSS 3 /23 /2x1/4

PIN' ASsONY

71 SPACES Ol-O'I11-O

0011

UD POSTT PINS AE

NOT CA N CY
PROPER LID ORIETATON

BOX

-L

IT SPACES *I -'-" O

DETAIL I II

BOX POSIINC
PIN ASSEuBLY

DETAIL 6

FT1 M l flETflff-FTl flF1Yfl

IPACES Ol'-Ot -. o" ~~~1~

fss B.4u3/ DRIU. I I HOLES

2 PLACES

DES

V
-- --

10'
0 TAI L

WELDING CRITERIA
1. WELOING

-Aul KW SHPL BE DON1E IN ACCORANCE MTN AS 01.1 UNTLESS

--All BOX SKIN WELDS TO BE FALL PENETRATNA WELOS
-W ODS UCCREFOR MEBS TO BOX WIN

SINAI BE PANISI. PENErTRATION WELDS TO 466 Dl.1 UNPLESS OTNTSEM
SPECIFIED

2. WELD INSPECTION

-W"|D OQJ I'AJ14SNALB E inAORiANCE WITH AWS DL..

SETON 6 LWJES OTNERM IS SPECIFIED
-CY BOx ONTARJWENT SELL WELDS SHNAL BE CHECKED E 100% PT/MT

-LUING LUGS/NDVA RING PLATE WEDS SlAL BE CHECKED BY 10% AT
-ALL 01ER WEL ShAL BE CHE(KED V&SJALy TO AWS D1 5ECTION 6

NOTE:
1. SEE REF 0ON it FOR UFNG CRIOERA AND GENERAL NOTES.

aID a56 C YJI N MAT OS JB . TN
"'" "f ~""* 0"'-"-- -

-- B

F-i45579-35-D-0008 1
145579-FINAL DVS DESIGN

S Al 3
0071

II SPACES OT-O-l '-0'

~ONA

S - REF WNIER TITLE -I
DWG NO TIME REFERENCES

- ORAWING TRACEAILITY LST INEXt USED ON

$

1|

NAE

,-c
S r--

""'U.S. DEPARTMENT OF ENERGY

BULK VITRIFICATION
ICV BOX

PLAN & SECTIONS
E.7 TL .

D

C

A

4 I 3

R(rEROCE CRI40

145579-D-C-001 Revisipn 2 Attach

PAR7LZERr :. UA7 dSnu -A

PARTS/AATER AL UIST

I IBo

- -- -------- ------ - - - - - -- - - -- - - ---
VEiCLHS M -R

F

E

1 1 35-052-006 .cv BOX

SECTION 8 3
12-I -

r

nqnt 2

F

E

D

C

B

A

CV BOX

1/4" 1414BOtTOM PLATE STEEL SNEL0 BUTT WELD
SEAM 0EL

HSS sox1/2
PCAL BOTTOM SIlIFFENERS

LI II L I iTTT-rT7T i i -r I

I

TYP 4 SI

8 7 6 5 2 SA6-2231



6 5 II 3
REFERENCE DRAWINGS

IT F-1557l-3E--O004 ICY 0 DATA SHEET

12 F.-105570-35-O-- 5 IICV Box ASSEBLY

3 F--145579-35-10-0017 IC BOX REFJCT0c' DETAILS

F

AKE5 2' X 1/4' (APPROXIMAT) DEEP
SSLOT CENTERED

TYPICAL ALL 72 SUPPORT RIBS
ITEMS 7. 8, MD 17

4 _-n455n-3S-D-0023

--

I*-1" i/16''

6 -4

03, Tx

DETAIL I

D-C* OUTSIDE REFRACTORY PANELS

412 RPPom 91R
/SANTA

AI ENDS RE Y0E

HIPICA COMERS

- N

. - - - - - .- J
---------

24 '' INSIE STEE, SHEL

22 -2" INSIDE REFRARCTORY AT TOP

2Z--10" ONSIDE REFRACTR AT TRANSITOM

TO E L-O TH NRTARS
SIDE PANEL JOINTS -

W2

A--

2- ~ 1

7 APPROX. 'APPROX. APPRI 9

20 -10' INSIDE REFRA7TORY AT BOTTOM

23*-6 3/4' APPR(FX. RIB LENGTi

24'-0* INSIDE M1EL SHL

M~u 2 SECTION A

IIN EAT REFRACTORY PANE Clp OETAJLS

A
mEx 2

~fr RERARAM
CRY MOOD SI~ SMELL

BETWEEN ~WORT 5155

SECTION 81

UFING POINT 5.

POST WEI OETAL

91P J

r'8

Il

CORNER

'-2 7/B'

- 3/8'

FRONT ELEVATION

a

.. .- .I

--

IT JO 1/2 10 1/2

A

END ELEVATION

CORNER PANEL 1
2 OEQ-O I-I-e -

OWOO 

NE NIS R NUE
raG NO uLE ERECE

NRRINIC DRACCRAluL I IEX E OREONERO

K ENWAV FROlRETA* 100 2o BAR RIT OE JM IS A
00EDMIR - 56 45 1 IG

B RlDE RARUER 10Mb ML N00W01 r flT 12 (mIs bIG ox -il 1*8 .050

G 51 OFR'1C PitT 510'R SEPT RO J451 -0 FWS FRIl
L Sm - 0s41 CRA 002 IRS O4ROM.& L M'IT TI AU 00 .fill I AAI I IN
E aRE FOB 002 CL WBEW RC "0m AR A, m I
o IS RA FRK IORUIDI, o FER R 4 F0 /, l
C 11610E FOlt 1ei0506401151 17 IM 0| JRIs M FRI OR

A FRAERFGROE E9EPT.4 JR. G

F--145579-35-D-0016 -
145579-FINAL DBVS DESIGN

SAME

I U.S. DEPARTMENT OF ENERGY

BULK VITRIFICATION
CV BOX

REFRACTORY ASSEMBLY

D

C

ii.

A

S 7 6 S- 4 3 2 1 A622

I1

47
KIT-24Z44 KkV 1c

45579-D-C-001 Revisipn 2 Attach n nt 2

PARTS/MATERIAL IST
W I/AO I OJRE

F1 2 - CORMER PANEL VIRRACAST 60M 0016 1

2 2 - CORMER PANEL VmRACAST 50C 0017 2

3 8 - SIE PANEL NAAST 0PC 0017 3

4 2 - FLOOR PANEL VqB0ACAST 0 1 00I7 4

5 I - FLOOR PANEL MBRACASI 60PC 0017 5

5 I - FLOOR EANEL RACAST 60EC 0017 5

7 35 - SUPPORT RI - 24' 7 3/4 5" RESCO 110 0016 7

a 30- SUPPORT RIO -21 1/ x 7 3/4" x 5T RESCOI I 0016 a
9 12 - EN4 8ACC0M4 BRICK - 4.25"4.2ST16" RESCO 110 0016 9

10 35 - SIE RACIONG BROC - 535x535.24 ESCO 0110 001$ 10

11 2 - FILLER O M E - T,5 . -6 ' x . 6 -10' KAQO OL M O ARD 0015 I

12 16 - 60SE PECP MSERTI - TPE T-10 1 I/4 NA 007 12

01;13 24 - RICE PICKP IMSER - TYPE T-3-A W A 1
14 20 0023 MK 'A' PANEL CUP A36. AD7 0023 14

15 4 0023 MK ' CORNER CUP AO. Ao07 0023 IS

1

II I

I I

I I

-- ,----/ I

E

D

C

-8' NINSE STEEL SHEL

B

A

SUP ORTAR/REEO.ME E (E) BARBELLS) N/A M023 1

SO R ES i f 1! 7 4 .S RESCO 110 16 1

1. ICY REFRACTORY JOINT ASSEMBLY DIMENSIONS ON HOW UNTO VENDOR TESTiNG OF RE-DESIGN

NOCTES:
. THIS0 DESIGN iS BASED ON:

-- THE CIURRENT 'CV BOX lESION 0140. F-14557B-35--OO4.

- RESULTS FROM CT MEETING OSCUSSIONS AND TEST BOO RESULTS
- INPUT FROM EU BARTElS

2. SANOD 0 E USEn 70 FILL SPACES RETVOEEN REFRACTORY PEAS
EEL SMELL ON SIDES, ENOS AND BOTTOMO.

3 HALI WKON JOINT 0ESIGN IS ASEED ON INFORMATOIN FROM E RTENIS - HALF MOON
JOINTS ARE PREFERRED FOR:

- EAE OF PRODUCION
- EASE OF INSFALLATON
- STR&CTN OF JOINT

- JONT IS SEAED AGRNOST [EAAE UNLIKE A LAP JOINT
4. ALWANNCE HAS3EEN MADE FOR MORTAR SETEEI ALL JOINTS BASED ON OISCUSSIONS WITH UI SARTELIS.
5. FLOOR PANEL SUPPORT RISS MAVE BEEN SPACED AT THE MAXIMUM DISTANCE RECOMMENDED

TO DISUSE THAT LOADS ON FLOOR PANELS ARE TAMEN IN SHEAR AND NOT BENODING.
6. ALL DIMENSIONS SHOWN ARE NOWIINAL AND BASED ON AN EXPECTED +/- 1/8' PEOXucT1ON TOLERANCE FOR

DMENSIONS OVER 12' ANO +0/- I/S FOR AL. OTHER TMENSIONS EXCEPT MhERE NOTED.
7. ALL UFTNO DEMCES TO BE REMOVED BEFgRE ICV BOX LEAVES ASSEMBLY ENCLOSORE
a. UFING COMPONENT INSERTS NOT TO PROTRUDE BEYONO REFRACTORY SURFACE.

DET2Lt

a 7 6 5 4 3 2 A6-224
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RPP-24544 REV Ic
145579-D-CA-001 Revision 2 Attachment 2

TOW-OIF MO Top- OFT5CC TOP-OFF 500.
NWMQ WK 93IWW TAnrW 12 anCInIr TMICt it

31-074-009 31-074-31008

simitcow i tncs (2)

RECHERS ~T.O. WA11, CiWRR

-"L-D

- -x - - - -

-I h

W-W SOL OBAE
Wit Ostzo! - re-- i---- n-

t
- - + '.-

6

y_

OR

P

ELEVATION LOOKING WEST
SCALE. 1/4'AI-O'

15I-0, T1S't,

a TowwO

amm lmaAEW3u

luff!~ i ~uV5

S-122.

ELEVATION LOOKING NORTH
SCALD.C41O

iLL1-

NOT APPROVED FOR CONSTRUcION

F 145579-00-- 0041 F
a~e 45579-FINAL DVS DESIGN 

U.S. OPARTMENT OF ENERGY

BULK VITRIFICATION
MELT AREA G.A.

SECTIONS

a 7 6 5 4.. A...2
t

F 8 7 6

A

22-f

5 I 4 3

13145f-0O~ 1 EWT MM~ CA l IWF

E

D

c

B

A

F
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13
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40 BLOCKS - 202-Otk

i i .. ...... I .. ... ...... ... ... ... .. .... .. ... . . .... ........... . .. ... .. . .. . . .. . . .. .. . . .. . .. . . . . .. . . . . .. . . . . .. .

- .- ... ..

-----

FOUNDAroN JB
12'-6" OPENING KPV BOX S ORAGE A
W/ LOCKING (REFERENCE)
SET GATE

2 REF

FOR C am SUPPORT CURBS
SEE F-1 45579-00-13-022

OPENING
W/ LOCKING OPENIN

TE W/LO

0 -o"t O IS-O* 10 BLOCKS - 50"
LO 4 BLOCKS CWA

Y-9,
"AY I BLOCK L

I PLOCK gwIy
OPENINC 2 ELMIKS

W/ LOCKING OPENING
SkR1N DATE WI LOCKING
oBLOCK SMTYAT

FIRE SEPARA11N CONCRETE N J
2 BTOCKS 4 HICH E 147-0B-17

STE F 45575WASTE ±

.f MELT E BoiLER
\.. -. ARE rFDN!

FCI N f14 115
~P.C OK & ETETNIONS(REFERENCE) I RLOCK

BACE LOCK 3LCKS AFTER DIESEL GENERATCR IHSTALLEE -4 p1Clx24 05G14
FELW LOCATE TO PROVDE ADEQUATE CLEARACE MASOiIY WALL
AT WEST END OF CENIMTOR. UN&UA 3 0 UN TER

SEE F-145579-0O-0-0O02I

0 ASSELY BL
SEE JECHUIO GA

0G F-145579-35-0-0015

SH ELDING PLAN

G
CKING

20&t

JA

5.0 0 L" (REF

t5 aLOCxS

I BLOCK

OPENING
W/ LOCKING

T ROCKS - 50 05 EAFEY GATE

FENCE

OPENING
0/ LOCKING

A cJIAl

1.0. WAIl.
(SEE SECTIONS)

.- . ,,-La.
LOCATTON oF SUPPORT TRAY OPENNS
ME M

M
PROGILAT.

FID LOCATE OS IN LOCK BLOCK
WALLS AND INSTAlL ASONRY TO SU[T
SUPPORT TRAY LOCATIONS.

O0 1 00 R OCKTA.
40%f\IDI

a O TAC TITLE
I .. OPAINOTRAEOLI US,

1

4 3
RPP-24544 REV ic

145579-D-C-001 Revision 2 Attachnent 2

T.O. NIAL 5'-0' tO. WALL.
L 675'-3 I/ TOE SEC1T ONS)

. T.- WA END OF WAL
EOP 572 -- 9 1/r OR URNES

\\tCCK-LOCI(' TYPE
PRECAST CONCRETE BLOCK TRIPLE LOCK BLOCKS

COOIACTEO iNH 30"Wx030"HN O- -

CRUSHE ROCK NOMINAL MEINSONS TYP.

7.0.4 WAIL TOR GRE T.C.CONCET NM. T0. GADENO. T.O. GRACEE E SL EL. a62'- 1/2
N CR T0. RCUBKJDE

CUHDROCK

6 5 VI.CKSJ
32 -6 ±

71NUXXS& Dw-O%

CONCRETE MASONRY
- INFILL(10ox)

L 4140/4 BOTH SIMSE

PIL 1/4'.30'
x4PENING W"am '

1YPY > 6CLEARANCE BET T.CT TP OFTRY
AND UNDERSIDE OF LNTEL

S' WIN HEARIINC
4 - RER x 0 TY- LLL STEL USTE.

IN GROUTED CORES
OPENING WOID~
-RY WDTH + 1/2'

DETAIL I

30' REF

PL 41/ %SIE

IN GOUTED CORES

S TOND
N CTCTE S

NOTES:
1. ALL CONSTRUCTION SHIAL C04W*R TO CONSTRUCION SPECICATION 145575-O-SP-OI

2. ThE FOLLOIN PROPERTIES AWE REOURED FOR THE PRECAST 9L0045:
IIMIUM 2N AY 0C048RS50E STRENGTH OF 3020p

SEE CONSTRUCIION SPECIFICATWN 145679-O-SP-00 SECTION 0340 FOR ErALS.

3. EACH BLOCK SFWLL HlNE A TESLUANCE OF ±025 INCHES FON NOMINAL SIZES.
UvEJ PLACED DIMENSORNS Nal1 VA EPEINING ON ACCURACY OF GRAVEL BASE

±3/8' PER BLOCK.

4. BLOCK JOINTS LAYOUT SHOWS "aSE' LAYER OF -.. 0C05 EXCEPT AT WASTE RECEIPT AREA
MERE SECOND LAYER 15 SHOWN. SUBSEQUENT LASERS OF SLOCKS 5HAUL BE PLACED IN
RUNNING BOND PATTERN WRERE POSSIBLE USING HLF BLOCKS AS NECSSAY TO
MNAOTAIN PATTERN.

5. FOR SOIL "C CRUSHE ROCK LNSAUA TON SEE ORAWIGS H-I4-10578 AND
H-14-10671%. M CONSTRUCTION SPECIFTCATION 145579-0-SP-001,
5ECwI0NS 02220 A0D 025.

C. LOCKING SAFETY GCATES 5H4LL BE FED FIR ANO ISTALLED TO Il OPENINGS AID
SHPA4L CONFORN TO CO0mUC10IN SPECWUU 145579-0--SP-CO. SECTION 02820.

I I I
REVISIONS

U

LOCK-BLOCK WALL
TYPICAL ELEVATION

F

E

D

C

A

-

- -o

JDCATION PLAN

M. 00J6 0 KUL AnV. NXN*. SexIO I To It 09 M Pi.H

C EUM fMP CH.l 11VI E I .M 05 09K I PN X05
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Inology

CALCULATION PROCEDURE CHECKLIST
Calculation Number: Ie16C79 -- CA-- ol RCd 

ACTION ACCORDING TO PROCEDURE EP 3.3 " NITIALJDATE

1 The calculation number has been obtained from Document Control and the
calculation number is logged in the hard copy Calculation Log. '

2 The calculation has been prepared using the forms associated with this procedure
(i.e., calculation cover sheet, summary sheet, and calculation sheet). Q

3 The calculation has been formatted per this procedure (header, page number, etc). /s/cdVo

4 The appropriate revision number has been assigned. 11=z33//
5 The discipline lead of affected documents has been notified of any changes. /a/ o

6 All calculation sheets have been signed/initiaTed and dated. /ShAV1
7 Attachments to the calculation are formatted as required and are included in the

calculation package. GS 3/a4e

8 The calculation package is complete and submitted to the assigned checker. /M ,c

9 The checker has accepted comment resolution and signed the cover sheet. a-gyet /3/ ,
10 The Calculation package has been submitted to Document Control (Preliminary) or

Discipline Lead (Final). -1631/4"

Final Only

11 Design Verifications, where applicable, are complete in accordance with EP3.9. A /

12 The calculations are stamped by a Registered PE (when required). -/A /

13 The Discipline Lead has approved the calculation and signed the cover sheet. cs'- /'r4,
14 The Discipline Lead has forwarded the calculation package to the Document

Control.

Calculation Revisions

15 The calculation cover page is updated, noting the reason for revision.

16 Calculation sheets are updated in accordance with this procedure.

17 The appropriate revision number has been assigned. s.CkidnZ/

18 The checking and approval (when required) have been completed and cover sheet
is signed. IVW4

EP 3.3-3F October 03
'Each aMon Is to be verified by the Odginator.
b This checklist applies to preliminary and final calcubdons
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Subcontractor Cdiculation Review Checklist.

Page I of 1

Subject: Area 35 -Transient Heat Transfer Calculations of ICVrT Box

The subject document has been reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Z #A -L./2f/of.
Documents Reviewed: 145579-D-CA-001, Rev. -t4 If f4 4( 4

Analysis Performed By: AMECIDMJMIARES

' Design Input
* Basic Assumptions
* Approach/Design Methodology
* Consistency with item or document supported by the calculation
* Conclusion/Results Interpretation
* Impact on existing requirements

Checker (printed name, signature, and date): M. W. Leonard AL. .3. sil j,
Organizational Manager (printed name, signature and date): D. 11. Shuford$/
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