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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 
Energy 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 IeV 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 IeV 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 
IeV 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 IeV box ports are sealed and the A WTE is disconnected 
from the rev 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 rev System is comprised of the IeV box and the air pallet caster system. The rev box 
[ Resource Conservation and Recovery Act of 197 6 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 IeV 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 HEP A 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 IeV box to lift and move the IeV 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 e6, Drawing F-145579-00-D-0007]). The IeV 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 e6) 

Preparation and assembly of the IeV 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). 

2-73 
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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-yd3 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 HEP A filtered inlet 
stack via ducting that passes through the A WTE. 

The ICV box HEP A breather filter is installed after top-off soil is introduced into the ICV box 
and just before the A WTE disconnect. The ICV box HEP A 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 
A WTE 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 H-14-106797 (see Appendix C6). 

2-74 
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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 rev 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 rev 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 rev box to the 
melt area include the following tests and inspections: 

• Proper installation and sealing of refractory materials. 

• Installed thermocouples are tested for continuity. 

• 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 hovercrafts. 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 rev 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 rev 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 ICY 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, ifrequired, 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 ICY box has a sample port built into 
the ICY box sidewall (see Drawing F-145579-35-D-0004 in Appendix C6). Design details for 
the ICY 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 ICY System span from the south end of the DBVS site to the 
north end of the site. At the south end of the site, ICY boxes are received and assembled in the 
ICY container preparation and assembly enclosure. Once the ICY 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 ICY System are described in the following paragraphs and provided in 
Appendix A6. 

The melt area access routes for movement of the ICY boxes by air pallet will have concrete 
foundations. The melt area access slabs are identified as Foundations #16 and #17 on Drawing 
H-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 H-14-106790 in Appendix C6. The building foundation detail is 
shown on Drawing H-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 ICY 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-011 (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 ICY box is shown in the Bulk Vitrification ICY 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, ICY 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 ICY 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 CFR830 ASTMA269 
10 CFR835 ASTMA307 
29 CFR 1910 ASTM A 312/ A 312M 
40 CFR264 ASTM A 351 /A 351M-03 
ACI-318-02 ASTM A 354 
ACI-330R ASTMA 500 
AGS-G0OI-1998 ASTMA 563a 
AISC (Allowable Stress Design) ASTMA 992 
AISC-LRFD ASTM B 187/B 187M-03 
ANSI C63 .16 ASTMF 436 
ANSI/ISA-82.02.01 AWS Dl.1 /Dl.lM 
ANSI/ISA-82.02.02 AWS Dl.6 
ASCE-07 AWS QC-I 
ASCE 7-98 HNF-2962 
ASME B&PV Code HNF-SD-GN-ER-501 

Section IX IEC 61 000-4-2 
ASME Bl6.5 IEEE Std 142 
ASME B18.2.1 IEEE C2 
ASMEB30.20 IEEE C62.41.l 
ASME B30.9 ISA-82.03 
ASME B31.3 NFPA 70 
ASMENQA-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-lA TFC-ESHQ-QC-C-03 
ASTM A 36/A 36M UBC 1997 
ASTM A 105 UL 508A 
ASTMA 108 UL840 
ASTM A 193/A 193M WAC 173-303-630 
ASTM A 194/A 194M WAC 173-400 

2.6.6 Waste Assessment 

For all waste contacting equipment in the ICY 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 ICY 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 ICY. Future tests at full-scale will confirm selected 
ICY 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 
ICY 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 ICY boxes in batches. Approximately 
eight dryer batches are required to make one ICY 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 ICY boxes. The ICY box temperature is 
monitored using thermocouples installed inside each ICY box. The ICY box will be maintained 
by the OGTS at a negative pressure with respect to atmospheric conditions as indicated by 
3 5-PIT-118 ( see Drawing 3 5-A-0 100 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 ICY box is moved into position beneath the A WTE. Once in position the ICY 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 ICY box at 
the melt station is checked for excessive leaks using a low flow condition at the ICY 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 ICY 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 ICY 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 ICY 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 nomegulated 
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 ICY 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 ICY 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 ICY 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
O 101) 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-112A, -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 HEP A 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-0100 (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 oflow 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 ICY Inlet Air Flow from Drawing F-
145579-35-A-0100 

2.6.8 Containment 

17 

(control system) 

Shuts down electrode power (35-JIC-l l 0) 

During processing, the ICV box is connected to the OGTS and maintained at a negative pressure 
relative to atmosphere and the A WTE. 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 ICY 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 ICY box; no significant scaling of the ICY container was 
observed. 
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2.6.10 Inspection Schedule 

Inspection of all ICY 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 ICY box(s) is performed in 
conjunction with another activity occurring in the DBVS container storage area, such as 
sampling or placement of an ICY box on the storage pad. Inspection of the ICY box at the ICY 
package preparation area is done to confirm the ICY 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 ICY 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 ICY 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 ICY System areas where ICY 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. 
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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 ICY 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 ICY 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 ICY System. 

2-82 



-

3.0 References 

' • 



RPP-24544 REV le 

3.0 REFERENCES 

Editor's Note: The References include citations from previous packages. 

10 CFR 830, "Nuclear Safety Management," Code of Federal Regulations, as amended. 

10 CFR 835, "Occupational Radiation Protection," Code of Federal Regulations, as amended. 

29 CFR 1910, "Occupational Safety and Health Standards," Code of Federal Regulations, as 
amended. 

40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities," Subpart J, Code of Federal Regulations, as amended. 

47 CFR 15, "Radio Frequency Devices," Code of Federal Regulations, as amended. 

145579-Q-SP-002, Construction Specification for the Demonstration Bulk Vitrification System -
ICVTM Box Assembly Building, Revision 0, Prepared by AMEC Earth and Environmental 
and DMJM Technology for CH2M HILL Hanford Group, Inc. , Richland, Washington. 

AATCC Test Method 27, Water Resistance: Hydrostatic Pressure Test, American Association of 
Textile Chemists and Colorists, Research Triangle Park, North Carolina. 

ACI 318-02, Building Code Requirements for Structural Concrete (A CI 318-02) and 
Commentary (ACI 318R-02), American Concrete Institution, Farmington Hills, Michigan. 

AGS-G00l-1998, Guideline for Gloveboxes, American Glovebox Society, Santa Rosa, 
California. 

AISC, Manual of Steel Construction-Allowable Stress Design, Ninth Edition, American 
Institute of Steel Construction, Chicago, Illinois. 

AISC, Manual of Steel Construction-Load and Resistance Factor Design, Third Edition, 
American Institute of Steel Construction, Chicago, Illinois . 

ANSI C63 .16, American National Standard Guide for Electrostatic Discharge Test 
Methodologies and Criteria for Electronic Equipment, American National Standards 
Institute, Washington, D.C. 

ANSI FCI 70-2, Control Va lve Seat Leakage, Fluid Controls Institute, Inc ., Cleveland, Ohio. 

3-1 



RPP-24544 REV le 

ANSI/ISA-82.02.01-1999 (IEC 61010-1 Mod), American National Standard for Safety Standard 
for Electrical and Electronic Test, Measuring, Controlling, and Related Equipment
General Requirements, The Instrumentation, Systems, and Automation Society, Research 
Triangle Park, North Carolina. 

ANSI/ISA-82.02.02-1996 (IEC 61010-2-031 ), American National Standard for Safety 
Requirements for Electrical Equipment for Measurement, Control, and Laboratory Use, 
The Instrumentation, Systems, and Automation Society, Research Triangle Park, North 
Carolina. 

ANSI Yl4.l, Drawing Sheet Size and Format, American National Standards Institute, Inc., 
New York, New York. 

ANSI Yl4.5M, Dimensioning and Tolerancing, American National Standards Institute, 
New York, New York. 

ANSI/ASME Bl.20.1, Pipe Threads, General Purpose (Inch), American Society of Mechanical 
Engineers, New York, New York. AATCC Test Method 27, Water Resistance: 
Hydrostatic Pressure Test, American Association of Textile Chemists and Colorists, 
Research Triangle Park, North Carolina. 

ANSI/ A WW AD 100, A WWA Standard for Welded Steel Tanks for Water Storage, American 
Water Works Association, Denver, Colorado. 

ANSI/HI 3.1-3.5, American National Standard for Rotary Pumps for Nomenclature, Definitions, 
Applications and Operation, Hydraulic Institute, Parsippany, New Jersey. 

ANSI/HI 3.6, American National Standard for Rotary Pump Tests, Hydraulic Institute, 
Parsippany, New Jersey. 

ANSI/IESNA RP-7, Lighting Industrial Facilities, Illuminating Engineering Society of North 
America, New York, New York. 

API Standard 620, Design and Construction of Large, Welded, Low-Pressure Storage Tank, 
American Petroleum Institute, Washington, D.C. 

ASCE 4-98, Seismic Analysis of Safety-Related Nuclear Structures, American Society of Civil 
Engineers, Reston, Virginia. 

ASCE 7-98, Minimum Design Loads f or Buildings and Other Structures, American Society of 
Civil Engineers, Reston, Virginia. 

ASHRAE Fundamentals Handbook, 2001 ASHRAE Handbook--Fundamentals, American 
Society of Heating, Refrigerating, and Air Conditioning Engineers, Atlanta, Georgia. 

3-2 



RPP-24544 REV le 

ASME B&PV Code, ASME Boiler and Pressure Vessel Code, American Society of Mechanical 
Engineers, New York, New York. 

Section I, "Power Boilers" 

Section VIII, "Rules for Construction of Pressure Vessels" 

Section IX, "Welding and Brazing Qualifications" 

ASME B16.5, Pipe Flanges and Flanged Fittings, American Society of Mechanical Engineers, 
New York, New York. 

ASME Bl6.9, Factory-Made Wrought Steel Buttwelding Fittings, American Society of 
Mechanical Engineers, New York, New York. 

ASME B16.11, Forged Fittings, ·socket Welding and Threaded, American Society of Mechanical 
Engineers, New York, New York. 

ASME B18.2.1 , Square and Hex Bolts and Screws Inch Series, American Society of Mechanical 
Engineers, New York, New York. 

ASME B18.2.2, Square and Hex Nuts , American Society of Mechanical Engineers, New York, 
New York. 

ASME B30.9-2003, Slings, American Society of Mechanical Engineers, New York, New York. 

ASME B30.20, Below-the-Hook Lifting Devices, American Society of Mechanical Engineers, 
New York, New York. 

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

ASME NQA-1 , 1994, Quality Assurance Program Requirements f or Nuclear Facilities, 
American Society of Mechanical Engineers, New York, New York. 

ASME PCC-1 , Guidelines f or Pressure Boundary Bolted Flange Joint Assembly, American 
Society of Mechanical Engineers, New York, New York. 

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

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

3-3 



RPP-24544 REV le 

ASTM A 53/A 53M, Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc
Coated, Welded and Seamless, American Society of Testing and Materials, New York, 
New York. 

ASTM A 105/A 105M, Standard Specification for Carbon Steel Forgings for Piping 
Applications, American Society for Testing and Materials, West Conshohocken, 
Pennsylvania. 

ASTM A 106, Standard Specification for Carbon Steel Forgings for Piping Applications, 
American Society for Testing and Materials, West Conshohocken, Pennsylvania. 

ASTM A 108, Standard Specification for Steel Bars, Carbon, Cold-Finished, Standard Quality, 
American Society for Testing and Materials, West Conshohocken, Pennsylvania. 

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

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

ASTM A 194/ A 194M, Standard Specification for Carbon and Alloy Steel Nuts for Bolts for 
High Pressure and High Temperature Service, or Both, American Society for Testing and 
Materials, West Conshohocken, Pennsylvania. 

ASTM A 234/ A 234M, Standard Specification for Piping Fittings of Wrought Carbon Steel and 
Alloy Steel for Moderate and High Temperature Service, American Society for Testing 
and Materials, West Conshohocken, Pennsylvania. 

ASTM A 240/ A 240M, Standard Specification for Chromium and Chromium-Nickel Stainless 
Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications, 
American Society for Testing and Materials, West Conshohocken, Pennsylvania. 

ASTM A 269, Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing 
for General Service, American Society of Testing and Materials, New York, New York. 

ASTM A 276, Standard Specification for Stainless Steel Bars and Shapes, American Society of 
Testing and Materials, New York, New York. 

ASTM A 307, Standard Specification for Carbon Steel Bolts and Studs, 60 000 PSI Tensile 
Strength, American Society for Testing and Materials, West Conshohocken, 
Pennsylvania. 

3-4 



RPP-24544 REV le 

ASTM A 312/ A 312M, Standard Specification for Seamless and Welded Austenitic Stainless 
Steel Pipes, American Society for Testing and Materials, West Conshohocken, 
Pennsylvania. 

ASTM A 325, Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105 ksi 
Minimum Tensile Strength, American Society for Testing and Materials, West 
Conshohocken, Pennsylvania. 

ASTM A 351/A 351M-03, Standard Specification for Castings, Austenitic, Austenitic-Ferritic 
(Duplex) , for Pressure-Containing Parts, American Society for Testing and Materials, 
West Conshohocken, Pennsylvania. 

ASTM A 354, Standard Specification for Quenched and Tempered Alloy Steel Bolts, Studs, and 
other Externally Threaded Fasteners , American Society for Testing and Materials, West 
Conshohocken, Pennsylvania. 

ASTM A 403/ A 403M, Standard Specification for Wrought Austenitic Stainless Steel Piping 
Fittings, American Society for Testing and Materials, West Conshohocken, 
Pennsylvania. 

ASTM A 480/ A 480M, Standard Specification for General Requirements for Flat-Rolled 
Stainless and Heat-Resisting Steel Plate, Sheet, and Strip, American Society for Testing 
and Materials, West Conshohocken, Pennsylvania. 

ASTM A 500, Standard Specification for Cold-Formed Welded and Seamless Carbon Steel 
Structural Tubing in Rounds and Shapes, American Society for Testing and Materials, 
West Conshohocken, Pennsylvania. 

ASTM A 563a, Standard Specification for Carbon and Alloy Steel Nuts, American Society for 
Testing and Materials, West Conshohocken, Pennsylvania. 

ASTM A 569, Standard Specification for Steel, Carbon (0.15 Maximum, Percent), Hot-Rolled 
Sheet and Strip Commercial, American Society for Testing and Materials, West 
Conshohocken, Pennsylvania. 

ASTM B 187/B 187M-03, Standard Specification for Copper, Bus Bar, Rod, and Shapes and 
General Purpose Rod, Bar, and Shapes, American Society for Testing and Materials, 
West Conshohocken, Pennsylvania. 

ASTM C 518, Standard Test Method for Steady-State Th ermal Transmission Properties by 
Means of the Heat Flow Meter Apparatus, American Society for Testing and Materials, 
West Conshohocken, Pennsylvania. 

ASTM D 1621 , Standard Test Method f or Compressive Properties of Rigid Cellular Plastics , 
American Society for Testing and Materials, West Conshohocken, Pennsylvania. 

3-5 



RPP-24544 REV le 

ASTM D 1622, Standard Test Method for Apparent Density of Rigid Cellular Plastics, American 
Society for Testing and Materials, West Conshohocken, Pennsylvania. 

ASTM D 380, Standard Test Method for Rubber Hose, American Society for Testing and 
Materials, West Conshohocken, Pennsylvania. 

ASTM D 991, Standard Test Method for Rubber Property-Volume Resistivity Of Electrically 
Conductive and Antistatic Products, American Society for Testing and Materials, West 
Conshohocken, Pennsylvania. 

ASTM D 5162, Standard Practice for Discountability (Holiday) Testing of Nonconductive 
Protective Coating on Metallic Substrates, American Society for Testing and Materials, 
West Conshohocken, Pennsylvania. 

ASTM E 84, Standard Test Method for Surface Burning Characteristics of Building Materials, 
American Society for Testing and Materials, West Conshohocken, Pennsylvania. 

ASTM E 96, Standard Test Methods for Water Vapor Transmission of Materials, American 
Society for Testing and Materials, West Conshohocken, Pennsylvania. 

ASTM E 285, Standard Test Method for Oxyacetylene Ablation Testing of Thermal Insulation 
Materials, American Society for Testing and Materials, West Conshohocken, 
Pennsylvania. 

ASTM F 436, Standard Specification for Hardened Steel Washers , American Society for Testing 
and Materials, West Conshohocken, Pennsylvania. 

AWS Dl.1/Dl.lM, Structural Welding Code-Steel, American Welding Society, 
Miami, Florida. 

AWS Dl.6, Structural Welding Code-Stainless Steel, American Welding Society, 
Miami, Florida. 

A WS QC-1 , Standard for A WS Certification of Welding Inspectors, American Welding Society, 
Miami, Florida. 

Bagaasen, L.M., J.H. Westsik, Jr., and T.M. Brouns, 2005, Waste-Form Qualification 
Compliance Strategy for Bulk Vitrification , PNNL-15048, Pacific Northwest National 
Laboratory, Richland, Washington. 

CH2M HILL, 2004, Initial DBVS Design Site Improvement Package, RPP-22537, Revision 0, 
Prepared by AMEC Earth & Environmental, Richland, Washington, and AMEC 
Americas Limited, Trail, British Columbia under document number 143643-G-RP-001, 
for CH2M HILL Hanford Group, Inc., Richland, Washington. 

3-6 



RPP-24544 REV le 

DOEIRL-92-36, Hanford Site Hoisting and Rigging Manual, U.S. Department of Energy, 
Richland, Washington. 

Fuller, P., 2004, Hydraulic Fluid Compatibility with TraceTek Leak Detection System and 
Mini-Probe, RPP-19524, Revision 1, CH2M HILL Hanford Group, Inc. , Richland, 
Washington. 

HNF-2962, A List of EMIIEMC Requirements, Revision 0, Numatec Hanford Corporation for 
Fluor Daniel Hanford, Inc., Richland, Washington. 

HNF-SD-GN-ER-501, Natural Phenomena Hazards, Hanford Site, Washington, Revision lB, 
Westinghouse Hanford Company, Richland, Washington. 

IEC 61000-4-2, Electromagnetic Compatibility (EMC) -Part 4-2: Testing and Measurement 
Techniques - Electrostatic Discharge Immunity Test, International Engineering 
Consortium, Chicago, Illinois. 

IEEE Std C2, National Electrical Safety Code, Institute of Electrical and Electronics Engineers, 
New York, New York. 

IEEE C62.41.1, IEEE Guide on the Surge Environment in Low-Voltage (1000 Vand Less) AC 
Power Circuits, Institute of Electrical and Electronics Engineers, New York, New York. 

IEEE C62.41.2, IEEE Recommended Practice on Characterization of Surges in Low Voltage 
(1000 V and Less) AC Power Circuits, Institute of Electrical and Electronics Engineers, 
New York, New York. 

IEEE Std C37.90.2, IEEE Standard for Withstand Capability of Relay Systems to Radiated 
Electromagnetic Interference from Transceivers, Institute of Electrical and Electronics 
Engineers, New York, New York. 

IEEE Std 141 , IEEE Recommended Practice for Electric Power Distribution for Industrial 
Plants, Institute of Electrical and Electronics Engineers, New York, New York. 

IEEE Std 142, IEEE Recommended Practice for Grounding of Industrial and Commercial Power 
Systems, Institute of Electrical and Electronics Engineers, New York, New York. 

IEEE Std 242, IEEE Recommended Practice for Protection and Coordination of Industrial and 
Commercial Power Systems, Institute of Electrical and Electronics Engineers, New York, 
New York. 

IEEE Std 519, Recommended Practices and Requirements for Harmonic Control in Electrical 
Power Systems, Institute of Electrical and Electronics Engineers, New York, New York. 

3-7 



RPP-24544 REV le 

IESNA HB-9, !ESNA Lighting Handbook, 9th Edition, Illuminating Engineering Society of North 
America, New York, New York. 

IP-2, The 2003 Hose Handbook, 7th Edition, Rubber Manufacturers of America, 
Washington, D. C. 

ISA-82.03-1988, Standard for Safety Standard for Electrical and Electronic Test, Measuring, 
Controlling, and Related Equipment, The Instrumentation, Systems, and Automation 
Society, Research Triangle Park, North Carolina. 

ISO 668, Series I Freight Containers Classification, Dimensions and Ratings, International 
Organization for Standardization, Geneva, Switzerland. 

ISO 1161, Series I Freight Containers -- Corner Fittings -- Specification, International 
Organization for Standardization, Geneva, Switzerland. 

ISO 1496-2, Series I Freight Containers -Specification and Testing - Part 2: Thermal 
Containers, International Organization for Standardization, Geneva, Switzerland. 

Leonard, M.W., 2004, Interface Control Document Between the Demonstration Bulk 
Vitrification System (DBVS) [CH2M HILL Hanford Group, Inc.} and the Effluent 
Treatment Facility (ETF) [Fluor Hanford} , Revision 0, CH2M HILL Hanford Group, 
Inc., Richland, Washington. 

MSS SP-72, Ball Valves with Flanged or Butt-Welding Ends for General Service, Manufacturing 
Standardization Society of the Valve and Fittings Industry, Inc., Vienna, Virginia. 

MSS SP-82, Valve Pressure Testing Methods, Manufacturing Standardization Society of the 
Valve and Fittings Industry, Inc. , Vienna, Virginia. 

NEMA MG-1 , Motors and Generators, National Electrical Manufacturers Association, 
Rosslyn, Virginia. 

NEMA MG-13 , Frame Assignments for Alternating-Current Integral-Horsepower Induction 
Motors, National Electrical Manufacturers Association, Rosslyn, Virginia. 

NFPA 70, National Electrical Code®, 2002 Edition, National Fire Protection Association, 
Quincy, Massachusetts. 

Resource Conservation and Recovery Act of 1976, 42 U.S.C 6901 et seq. 

RPP-8530, Tank Farm Labeling Standard, Revision 0, CH2M HILL Hanford Group, Inc., 
Richland, Washington. (Cancelled: See TFC-ENG-STD-12 .) 

3-8 



RPP-24544 REV le 

SAE J429, Mechanical and Material Requirements for Externally Threaded Fasteners, Society 
of Automotive Engineers, Warrendale, Pennsylvania. 

TFC-ENG-STD-06, Design Loads for Tank Farm Facilities, Revision A, CH2M HILL Hanford 
Group, Inc., Richland, Washington. 

TFC-ENG-STD-12, Tank Farm Equipment Identification Numbering and Labeling Standard, 
Revision A, CH2M HILL Hanford Group, Inc., Richland, Washington. (Replaces 
Canceled RPP-8530.) 

TFC-ENG-STD-21, Hose-in-Hose Transfer Lines, Revision A, CH2M HILL Hanford Group, 
Richland, Washington. 

TFC-ESHQ-Q_C-C-03, Control of Suspect Counterfeit Items, Revision B, CH2M HILL Hanford 
Group, Richland, Washington. 

TFC-PLN-09, Human Factors Program, Revision A-1, CH2M HILL Hanford Group, Richland, 
Washington. 

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

UL 142, Standard for Safety-Steel Aboveground Tanks f or Flammable and Combustible Liquids, 
Underwriters Laboratories, Inc., Northbrook, Illinois. 

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

UL 840, Insulation Coordination Including Clearances and Creepage Distances for Electrical 
Equipment, Underwriters Laboratories, Inc., Northbrook, Illinois. 

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

WAC 173-303-640, "Tank Systems," Washington Administrative Code, as amended. 

WAC 173-400, "General Regulations for Air Pollution Sources," Washington Administrative 
Code, as amended. 

3-9 



-



RPP-24544 REV le 

APPENDIXA6 

IN-CONTAINER VITRIFICATION SYSTEM 

Calculation Number Revision Title Page 

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

IA Subcontractor Calcu lation Review Checklist A6-l l 5 

145579-C-CA-013<•l 2 JCVTM Box Storage Slab and Access Slabs NIA 
(Foundations #16, 17, 18) 

145579-C-CA-014<bl 0 JCVTM Box Assembly Building Foundation NIA 

145579-D-CA-00 1 2 Area 35 - Transient Heat Transfer Calculations of A6-l 17 
JCVTM Box 

IA Subcontractor Calcu lation Review Checklist A6-23 l 

145579-D-CA-010 0 JCVTM Box Weight Calculations A6-233 

IA Subcontractor Calculation Review Checklist A6-32 l 

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

NIA Subcontractor Calculation Review Checkl ist A6-354 

145579-D-CA-060 A Heat Transfer Analysis - ICY Lid A6-355 

NIA Subcontractor Calculation Review Checklist A6-612 

145579-D-CA-01 l 4 !CVTM Box Structural Analysis A6-613 

NIA Subcontractor Calculation Review Checklist A6-751 

<•lcalculation 145579-C-CA-0 I 3 has been reviewed and approved by the IQRPE (see Design Assessment Report 
No. DR-004). Calcu lation not provided in this Design Review Package. 

(b)Calculation 145579-C-CA-014 has been reviewed and approved by the Department of Eco logy under a separate 
submittal. Calculation not provided in this Design Review Package. 
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C.ALC. TITLE: ICV™ Box Support Curbs Type 'C' and 'D' ahd 'E' 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVSDesign 

1 INTRODUCTION· 

1.1 Purpose 

The purpose of this calculation is to verify the design of the ICVTM 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-O-CA-010 provides the box weight, and drawings of the ICV™ 
box itself. Critical pages from this calculation are provided in attachment 6. The 
calculation and included ICV™ box drawings are reference 4. 

2.2 Cr-lteria 

From: TFC-ENG-STD-06 Rev B-1 , October 27. 2003. 

The ICV™ 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. 

DATE: 

Ob 
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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 ICV™ Box Assembly 
Building. Type D curbs are checked against gravity and live loads at a PC-1 level. 
Conservatively, the Type·o curbs are checked against gravity load from a full box. 

Design LQads: 

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 emp!y box, without glass, top-off soil or grout is 105,401 pounds. 
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 "full" and 
"empty" cases: 

Full: 240,000 lb. full ICV™ Box including all components and the grout allowance. 
Empty: 100,000 lb. empty !CV™ Box, ready to receive soil and waste. 

Impact 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 ICVTM 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. 

~e;'.fh 1:;:,b ·MA~-vr ~lJM:i l~rch 1'Ajol I 
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Wind Load: 3-second gust 85 mph, Importance factor 1.00, Exposure Category ·c· 
Wind load only applies to the type ·c• 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 psf, or approximately 4000 
pounds over the top surface of the box. This is significantly less than the 22,400 
pound "margin of safety" allowed for in the box "fun· 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 "full" 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 ·r 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 "I.· 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 ICV™ 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. 

Page 5 of 11 
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Additional Thennal Effect: As requested by CH2M in a review of the previous 
revi:>ion 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 c_heck i5. for one curb to be subjected to gravity loadjl)ij at~ temperature of 
1058 degrees Fahrenheit. This is the same temperature used to verify the structural 
design of the ICV™ 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 ICV™ 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 ICV™ 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 "C" curbs until it has been 
prepared in the ICV™ box assembly building and includes all components of 
the full box except glass, top-off soil and grout. The empty metal box without lid, 
electrodes, refractory, etc., wiU 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. 

IDAlE: 

Ad4/2.. '.Z4: UlO(o 
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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 ~ the total length of the steel 
members from which they are fabricated plus the weight of s,iffeners 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 curbs 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 ICV™ box on the curbs is a "live" load as defined in the UBC, (it 
can either be •on" the curbs or "off" 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 clearly insignificant compared to the loads with the 
box present. It is clear by inspection that the critical loading conditions for the ICV™ 
box Support curbs occur when the ICV™ 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. 

2 '-i or; 
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However, to be co_nservative, it is assumed that the ."worst case" scenario involves 
a box that . has been fully _prepared ih the ICV™ Box Assembly . Building being 
stored on curbs in the 1cvm· Box Storage Area, ·where the box would be exposed 
to the design'.Mnd load~.' As such, an empty box weight of 100,000 pound is used 
for checking the anchorage ot'the type C curbs. This is 5% (5,401 pounds) less 
than ttte cal_culated value'of 1Q5,400 pounds from reference 4 and is conservative. 

For Type D curbs, . the assumed w,eight of the full box represents an increase of 
128% (134,599 'pounds) o~er 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 cu"rbs 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 ICVTM 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 live loads are derived using the 
methods 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: verti_cal forces on the curbs are created due to the overturning 
effect of the loads·on the ICV™ bo.X: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 3/16 inch off
centre from the vertical axis of the curbs, creating an additional overturning 
moment. The value of 3/16 inch is based on the specified installation tolerances for 
the curbs. This additional moment is combined with the overturning moment due to 
lateral 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 anc~ors. 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-3886, 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 µ=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, impact 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 occ·urs 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 3x10-4 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™ 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 
(3-0) computer model of the project. Curb and foundation drawings are attached. 
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~. , ~~~-,8!;1~JP::~~ ~~ ~~:~ (~~Wh~C:1'.';~ . File No: /455:l:q-~ -Q}4, (l.f>I 3 · 

,,, ', '""'"';.;'~~ ,~~J~;;f;""."'"''°f ''."l,!rr"'1~z..:•. 

; 

·i·.: 

. ·--- ··-·· . : . ... ·•·i· .. ·····'. · . . •.·- -- . -~ ·- . "':· .. . .. :. ··· · ··< . •.•. 

. . 
! ... --~ - ·- .; ...... :, . .... ··········· . . 

t~ .. i 
(6)1. , 

r 
( .. ! 
i ' 

........ ~--. -- ··--· - ...... ·· •··· ···•··• . . . 
I ' . : . : . : ·" . ·, -~ : ! ! . 

: . OVT /t-J 6 6i>i.,''.• . . .i,,4-~,>,f > l OA/ . 1J1L 
t!XTtxJ(J rL A ,i,c.,; .. iy );<:-i::N , J ✓TO ,,-0 <;;: 0111,,Jj 

,::_tlO ' .....-'l-? - 'g.,J). I - . 5 b. ;, . . ·13 -. .. ( , .. ,, ' G V.1.1., . .., 1.U . . • ~v-~ .... :. A) p/,1..,/ T1 I . U.J 

CONSCl<.YAT}t.l/;/_,v! / 6~an.,.z;p ( e.-,Xcd> r -r/f If 

J:?A /l,1 o}{ > , 11 M A1.t.Jj · . D, fl_:,;'~ rl, -1 {IN/) Ci\_ r:,m c rtJ r 
. . £lMilc::.F _:TJtC. ;_ ~,;().//~-:: ... (4}:t-f..).i.(; ;L . ?#r4~ : :5,_L~710.A1) . .. 

· . . , fe'fL /Z,IJ3lG .i!.,,yv L ~iC,;<JL ~~D.5 • · . · .. 

1) .A'~t .. R,n)s.;i~k.-.. .. !/JtJJL-fJCA~ -.iL4A~ 5 . 
. ' : . . 

. . 

.. 0 J-. . Aw,c.,b~~ : .t.'m.rniic .o-f:. N.Q5 .x .tart, . -f5t1c,;._~s 
. . : ' . ' 

·· ovi-R11,co ... s (7 _) 

€1lST Cv~~ 

, iJv· . t · " ';' ; -~ ·1 -: .~/ i it -~ . . . ; 
' . . ,. a'T.ft i'Jr "-'fr;~ -~- . Zb 'fev . : . 3 /2 ~ --• 

. . • . 6 ,A I~ ' . 

~ ~;> ; 7">1./C,KN,:655 .'": : . .' .. ' -~V "-" I"\ . 
. . . / : ; ! . . 

. : F-r4sS1Cf~<>o:..i-.()~> 
-. A/SC~AS'b J;Qf!>c.,~5 

A .. J - ~ : .. :.skzt~~(j4DV','v, ~ 124,.$ ,,_L 
- ~c . . . . ' , . 
. . 

1) A s-n'r,-::J_,~ - - i;tPNS10J;Y\- .,:r1[ /-O rLTJN-, o ~ L.J.l;'11>S or 
.. . Ot/TR.J~G6:Jl.<$ .... y i;.I) ~ . ·n1tf' pr Ft-A.;v6 (, . ONvy . 

C,OAJ.S t:lt VA 7 /v ~•1..,r vsC . 0 ,3 -::;-s '"' FtJY<
.,4L,0 . f'u '-rz:-.~.I tl<A , }f.{)'L r Jf,QN 0 :1-~ o ;:~IL 
o VT le.. 1 G utY.1.... vv z;~,s, . 

A ~T; FF· ~ g ~ >< o.s 7-S ~ ~ 3 .o ,~"L <P..c h. 

A6-57 



RPP-24544 REV 1 c 
, .,,;ti;,.·.'' 

' . DE$1GN MEMORAt:tDUM 
.Client: , .Gs.o ':.MELI Sheet _125._ Of ~ ' 

.Project:. F,..,AL J)~-.~ 1)Es·,~,l;; .Date: 2C:C>6 . HAf< 22. ,. 
·, Data For: "5'1EEL Cv.~e.S C.\-\c.O:- ·_. G.DE. Work Order: ll{'tTr:h ; · :,; . 

.:· ·., ;:, Prepa~By:'J'.'l/44'-- CheckedfJY.: ~ -·\tl~,-\\~1 . FileNo: ·- ll/%7(}-'~-0.;~~) ~ ~-· 3; ' 

Noti¥ This form must be used for projed ciilculatioii's .and original filed in project files A-rt.Ac, H ME NT 1 · 

·:_,I~ U FxZl, J~1IIi Lif:iLI1£:f_~:·· ·· · :· ·· ..... . 
1-··. • . 

.. ··•·····-~ -- ) ____ .. · 

-· ···· •·· ···! ······· ·· 

: = : : ! L ..... ; ______ i ..... : ---- ---;_ ; : . ~ . ; 

; 
--: - -

- .. :. .. _ ... : ·- .· .... L .. ···-· ··· .. --- .. · 
j : 

; : 

·q , ;tJ: : . j~ . :. ·j· :F: .. 7?~;')· ··g 
O~T . ½ : ./V/0bvLU+ -o .... Cc:✓. ,..,..!) .• .. • 

~QeTl</156 0.t '> ,4,U. A..~V.Jf."1?7:J. _10 ;11/J.;}J C.µ;r.,6 . 

sc·e-, J/),u f.v J n,i / DO fo }1/J0/'1 eN.T . ll>J.1/.JlC,,Tlw..iS 

.;,r1;N t') . .A/'l,C :71Tf/e,Jl"6p '10 .A J,/C,,JA IL }3t:4~ 

(.,U / tJ1 . $,ff~ IL.'· . 4-0,,,);,&&1/ l,Ji/ 5 ,. , 

r11 £ /1-?AIN : e,.~Jt.6 . ; ~C5/ST5 $0.J?Jp,,a,---: 

J),./ ryC. EA.5T- PY.F..5/ . 7>.lf<.CT.-T& ,4 . 

_:p.Y a1;1-r c.,v041A:Y.t1) rLCX.v~: 1--

. --<5--:f'tf?'1:Al.,~7"1/ $ ... -O/A- --+/--1-'5 .. :. o/A/./J · .. .. :z>"TJ F.Pvi.i;;r> 
, tv;;[J, A~ . 7114: JFLZ:XdilAL- . 57/Z.CN.ffkt 

. ; . .. or7 :. '-J(Jf:c.. :$4~. ;ovr1Z1!t,Jn&.s ~. L .. :_ 

·'··ttfF;~r:tJf t ~~n~~i;; ·•·· 
, 'Su~h. " ~ ti ,'>,ii (6 4P,tn,)';/6 ·~ 8,?Z ;], 

.:3ourfW6crc. ' · .. . So P 0.2-1 xJ; ~ -= \ 21- ~.._-~ • 0;\0~ 

~cvtt~e . - . (_§.37- ~-~., ) 1:. -.. 1('Z1;_1 \ ~ l?JZ+ 'BKf1 ~3 

Svi,rn e ~- cgq J. f ~3 

OuT,R.J 6C,c>z.') P1c.ov1 fj Z .~ 11% ()r STfl. 0Vt 1v/J 5 o 

/ &/v'tJ/lt,....t- 5T;?,;:.z;-;,,1ni5 15 /v6T £f..C[fS/ ui7..>J c. o.t,.1S a:, v..<JTI //L 
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I- -. ··,-,· 

. DESIGN MEMORANDUM. > . " 
Client: bEo MELT ~~t.~ Of <:x'Y 
Project: Fi tJAl- ~\/ s· 'I1)c~\ ~,..) ' ' Date;, 2006 HAfl QZ 
Datafor: 5-re.~L CuR<M,-:·•CH£c:.K . c:bE w~;~ O~r: ·. /y<n7L./ . . . : 
Prepare~ By: 1&,4¢1£'1"\..; · .. f~~~ By: 1::, ~\!<~~~y-_,=. _ ~~~;, . l~~7<J~~i ~~ :--oo~- ~a~ 3 

. . . , :-- .. (::.· . ' ... t" ·. -

Note: This form must be ~sect for project calculat~n.s·and ;original fiJef;I _in .project fil~ 'itJ,\ 1\Att\ ME N 'F 2 
···· ·=_· T···: ·_ -_. -·.· ·:_ -~-·-{-·r·· c· ~-----{-· T·_·. -~-----;·.·_ -i-···.··--·r .. ~--·r--· : ... ··; ·-·: ...... : .. : ___ , : ·; ; : ·, 
\. -·~- -- 3-J . .ddd01.i;J-n.o.ff. km..--r.)A-+ .... : .. .. ; ... · ... : . .. L .. . i. ___ !_ •• : ... ...: .... .,; ___ .~ • • • •.• ·- .• • • , 

··· ·1 ---

•••• ;-· ••••• ••••• ·· · ·-·-· •• 0 ¥ •• 

; :Ccv,<ip,6 ~ ... Q, 6-ftJ. mi) + .. . 1,(13~.Q ·~ 4
). .' . : .. : .. · ·•··· ··;'. ·'.· 

.. ...... .... .... . :J;w4.8C - .i i, b._i_,:,. _~j .t {CJ3 f[):10 4 ) . · . ' 

. .. .. . . . . . . . . . . 

q3,oi~ 4 Q€ ~ .~~f5; ao i di;ffe~~,~J '. .. 
. . . . ; ... ... :. •··-- ·~:- . - : .... ~--···-··~---• · ~ -- .. ; .. ---<-·· ... : .. 

. : ; 

. ' .· ······, ···· · :-·· ·· 

c,_,°"J<- ~~~Alt,v)A/,:r···ia-~ : · :·· ·· ... . 
. . (,e.: w}/:m:£ -'§6J.yl/11c..: ... 1;pc,kc,<Jsrs. nc . f/CJa1c .. ,c .. 

12?~.01Af..t.v;4.,1,b . .. j ~ .o.dc;sL oN .:-:r.;Jc . t::~,,e,:p ) . . ; . .. r. 

··gr~,£', ' ~ ' "'tL i +f ?61/1• +: .. : " · < ~{)C :-~~;/~c'{ · , 

g~,; c:} ,jf'. {j Ol'.)0 ~~ t ; 5fscx:0; 4/ j -: :- r F~ 7HS 
. u . .=. : l$JJ q2f!l L)'I!, . . . . :. . . . : .... ~ ... 

Ti;Qffl~ C~ . ~ ~Opoo.: v.13. . . ... ( r()~viJ¼{.-} . 
i 
. --·. 

A /c,f S: i=_ - ~t--1 ~ C; . - · ,? • 7 . . Tl f-:C. .. -:A· ;i .. .,e.c=qu,1.r--:'li. b • 

I_':::> . 'S1r'l.i:'SS .. 1 Al ; W[_,{;, / . 0,66 '~ 
1--
0 

"': , So. k.$c . a, &.t ~ -, 3 3. ks" .. 

1f:. , ~,.~/A~> (1io;w cI> f(zt, f3' ,-,,-'-) . 

fc-t" {Z82 ~s 0 <<:: 33oou psi 
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·, 

. ,; ':_ ·.~_;.-: f. I .. , "i -< ~ 

· · DESIGN MEMORANDUJ-4': ; . '- .· · ' . . . " . 

::; -~~:~ £:~ 1:,,,s,~ ,_) ''-' :! :¼bra ~~22 .• amec.'3 : 
·:. Data f.~ 5t-E£L G,.(l_~~, CttEC.K<: C..t>E"r .. ~orl<O~er: ·. /Y<n14 ' ': ,}:,.; 
: ~~~~~~~~: · ~~,~~~;( ~~;,~o:~I-L/:571-~~0~00.lr-:~~q 3, 

Note: This form __ must be used for project calC\Jlations•and original filed, in project files· ,· MA CR M TE w 2.. 

; . ~ 

f "" ··~ ;• .. 

i 

' : . .- . {;/.~ e. ' ti. ~ 3~ ·o 0.0 . t~ .. .s:i, 'n : .;;-4-_cc.1 v.;:-/f -----·'. --- .: ; i · .... · .... 
' __!,.., • - - ; 1 ~ J . ; : ! ; ~ , 

.. r.t?l'.l- ; ... :. IJ/fk.z:Al..~ -~)' ;_.4117?" .. , -- fM~~-Gr.4.; . ----;-- .•.. . . . 
. wq,.~ . bF .:?.t/2.J ;·~~Z.: 11<-.I: : 4 .~'. 59.o.~f-~-<- ; : 
6t1:>. • /5 C/JNS(?U/4 .TIVC" · . · · • · ' .- . : 

fi c So . VS£ . .Q = , 0, 6 0 f:J._ 1'&¢ 5. z:-r::) . _, 

OJ.../ S.7'J_FkOv0...5 l . /e.-4 f"?1/rn_. 7)1/"'-/ 

-~ .-:. Q,bb?. RJ;(J_ £,uQ$ 5 . Or- . _ . 

. /3 l~~ . .S1X--.T.~ /J.I.V.5 • ... #Lso . . cAJ~Q.ij/,4TJ/I.L .: . 

. CJICl..-1<. V~I~~ L "b1acs;_ ; . ; '. . 
: : ~ ~ · p;07"A :✓A.:. ~/rl,€ • 

-£. = 0 ~sacu -ilf a,? ,b r ~ ,_ 1 . 

±~ ;~ ... tfl.l .i -r5~-··~· --· . . ... . · ... ... ·; 
i • er-:: -=- · J.~:<l~w0·~;·i·;·)---- i·~----- ·21. :000· ; .---' -- ·--:---- -: · · ··· •·'· ···· 

ir.o.. . . ............ ; . f ' .. . ... , · . rse, ... ' ........ .. 
CJ//-. t:~t::, O//.l7<-7Yll./V}v.k' $.Ti(,c$ .s . _ . . . .. .: -·,· 

···.-·••· • ... -·· .. 
. . ) 

, l/BC £Q>4 
'1z~q. 

(}__60{10 0 CE )~,UfJS,--.') + (303o:'.):{A~)C2' lf\') 
. . J •. 4 .. 

v11~-= (30, 000 &1,•:..,\r 4S4-1 Soo CJb,;"' 
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·< 
. . -i,, ,,,,. , 

,'i DESIGN MEMO~NDUM 
> e,~·•'t MELT 

-~- Pio~: h~AL ,'J)B~S ., ])i;~~,j ·-·,,:•

. ~- · Data for: 5T"&£t (,u't.?e,~ · .. LHG(.~~- C..1)E. · 
~; _--...: ·-,. , \ 

'.-<,~,:i '.~pa~d_By:~- ~h~k~~ey:., :D¼b~-\.\~y 
·. N«)te: This form must be used for p~j~ calcuia~ns and Original filed in project files 

•• •'••-• H • ••• --•••• • ••• -••: . 
;-:· __ : ·- -·-i ..... ...:. -·· ··· . 

. i. f6 ~j ~1o, ~p _;_.) __ i_Li __ L [-i 1-[-) t i ~ Li :_ --. ' 
...: . ---... ;------~--..... _;. _____ i ··-·· ... _ ·.·-- . . . ____ : __ _ -----~--- .. ;- ... -~- ---·· L_ 

+::=~_: ~ .. --~ --+ ---~-- j ~ .. ; .. : .. : j· .... : .. ·:--- .. '..:-! --+·-.. -!.s·~---:.s ... ~ .. _:---. 
b . _, .. b6 1);-- . -- . :-;:.~ :62_ I . : ·.. r4 ~ ~~ /J f ,1 :' 

.. ct._ .I ~ --

-> . .- .. . J .lt'f-:-: ,,4,XIS 13®0l-vfrt . · 

,;( f'/-1ucs r" 
... ?v-Z.:rY-:6?,,, _·0N/~1 

. Fi-~.· '3~c,1a'. 9? · Ps., 
. . . f:- t 

: _ ---·---- -· ;------~---· ; ....... . : ___ _ . . 

,,~.1-± psi . .+ 
21 (ooor si 

o . 045 · r 
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,,. ~ ...... , , . , . 

-..." ,.. , ;= ,,, -~ 
DESIGN;MatORAND.UM . 

' Client: \•:; 2;,e~<_- MELT ... 
' ' . ,{;>' .:. . • .• 

. ~,: ~, .. 

S~t '3~ _-. Of 50:~:· ,,· 
Date: 2006· • MAP. 22 l : • : · ·-~j~•;,',bNAL 1)%:i S :Dfs1Git-l · 'c 

: 1' ,,'ll .. ~ • • • D - ,.,, 
: i;,at!l,.FDf~- ~ l ([~«,B$ CHEc.K.:C l: -- · Work0rd,el'.: /H,crnu r,,_.· ·. '' .. , ··.•.: 

.-.. ·:~ fr .ft4.~im--: :~~ecked By: J)~;MJiy- . File No:~ /~s5,71:-~~:~: .. io~Y-'/?~~: 3 . 
, .N"'oJe,,: Th_!~ !°"Jlinust be.used for project calculations and original filed in project files AlTACt\ R 'E _N t·~ 2 

_. ___ ... . ~--··--·,; . . .~ .. 

. . -·-· .. 

' 11v y1 w vw ,t':1~ TI.8-. '_ . 4ND : .. ---• .. __ . __ · · O\k 1.1ss.1tt~.o"'.~~ 'l 
. . . . 1?£Foe-.vNcC 6'. . . , . . 

As l1s-;~·. /-J J?-far . iLCt/tAJ/JfY 
- . . 0 -/-if of ·. sr~fl.'-fo~L !:>.TCV; ,AT. lp5/o F 

. __ /S . : Aif't.'/4'a¼_i-.'!1-47c.'✓- ~(-- : .Oi S:S ... :(5.5'2.~ J... ... ---·--- --. ..... . 
or fp[ . lu" AT . :,4.M/3.Ja,r: /.CM.flXlfr.v,1..t>; .. 

i : ! ! 
••• • • ;•• n •• •• •;• • 

7Jt15 /..-vc-ti-:CA.S C~ : f/,/C ; CiJ"4{skVv:2 

S;/l.b.S.S .. ~TLOS Js ;y . I /o.ss OIL/:B I 

-.. &/~ -·.··1~~~e~s~ :frL ··· o,o4S.:f.o ' .o,osz. 
Ft./n· .. ,':Yi~rei:.~5 :D~ .. . o. oJ& fc> 0,0;24 . 

S1:ILC ~ (),/5 

. Cr'C--,3:, •&'' 
AA/j) 

'J:)Ol.vJJ.tvJA..1t::, OJ<. . l/...vi)i-L c.:;;,A--,/1:JI~-£~ C,l(_,..4v,r1 
5 £J 5./Yl I'- l.y'1H, //\., ?-: AT 0-?V ,11 C0 -ri; M f al.lJl// ll!cr 
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---· .-•·- . t -···-

···- ··· .- ·-·- ---;-----

' __ t, ___ • 

., .. ···-~-.. ,. ..... · •· 

CcJNCi1-1>T'E .'_ 

. BtrA~(<J t,.· ;:11·ic>~v_llt:_ .A141M "c;ie.;n, . ~--· .. Ee wtlf!,~. 

A~0 f:p rrcr.__6.✓.,A~(; l /4 l>-t .G.11.J, -:0 AsF £ =

A 12cJ fuorro;,;.,fuN, A.).Jc'tlb.d.'. .. f>~~ ": .. !\&AN£> 

7 [SLAlf 0,'. .. fk f~~tut-.1 . /JJ,Jc,1;1u.). 41!.,.~ ... :\ .. .. &:-ANC 
. . ; : ; : . 

: A7L.F£ C :! ,...., . 3 12, """ )( 8.:~4 h 
~ 5 ~ 0 ,'-A'": 

. .... f 11 s5 7-1-00--: B:-ot>'Z-S __ 
.-? 

, /..{s-.t:: · ,z.So.d . ;--h~ io. .. 'Ai:k,,~.il.~-lr.. F::~r-,... .7!<1A1Mqj. C~l{.,:vat...'5 .... ; . .. 1-- --
. .-• ' ! . . . 

. · .. ~6:''"" .:··•ht!!~!ll:1J'';,1 :: ;t:: ...• ;: tf sS,liµ)Oe-,w:5 
us c 7. 4 .. O -h< .. __ /fjj __ 4akv~7 . i<. .. '7111-11.,AJ aJ. co,e.dm:~-- -· . 

. ..... . 

De.~Vf?:b( ~ ?..,oT/J:✓Ai;~ ,-~ 06.o oao:~i1~5(J)\~:;j:• _--
: ; : . ; . . . / . ,~ : . . 

:_sc ~Bl : ~ :G4r~:~---·;·· - . -_ ;:: .. 011:,11u II s {... v otc Q.b1. COAl(d;:'f! 

Be,,,,'- .~ f~~-h)/4sAµG 
= / j-£3 f SoO -~-)/2-fCO ,..._ 1... -::-

~ '2-4. 7h .• . 
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. --· -~- . -- .: .. - .. : 

. ·-----··•·••·---··' ..... . 
; 

- -

··-- :·-·-- .i. ____ __ 1 •.• .•. •• l 

) .· : -~ 
- -

I r : · 

__ _,. _ . ; .... . 

' - - -- . :L,/tbt 1t>z,. - A',-4D 

f: f~Ac.;;,, '_ 0. 'f ~-QO : ~b-

-:/4o~p --- ----
/1ovP =_ JLe-d -__ -f 

I, 4-
---4vP_ ~;.(3-_o30QLl>)@:l-~ ---± .. (q~-D.q0.CJB)(O,LfH$ _1'•--) 

-- - - --- .- - J, + -' - ·- --'_. -- ··- ----- ❖ - - ;_. •·· ----• - - -- - _:_ - --- --

- - - - -- -- - - ; - -- •-;- - _____ !. -- - --•·- --- --- - ----- --- - -- ---· - ----- -- -- -- -------- ---·-

1 :=.:>:4Jo q _q j L13(~ t+ •- __ fzq_ie.~~-•:~1 ____ J ___ · 
L 

i 

_- _,4///)/Z°l; L-/,Kl:''-Y - TO '. 

~{/Ser: vf'.L.:J _/= T 

; GJ-JSCll..V/il/VC:\:rj ) Ass/~,:v _ 7'1?~ {/./?t,,; FT /f_i;$./S.74;v.e,C 

TO ANGr.t d,<-.s 60£A-T.CO /.,,v -n1'6 4NCcl1 ave.. 
c:--vtt-7=> - -5Ec,A.«5i. :ttr , 72/t"JJZ. ?o/1/~cn Lt:Vcn._ 

,;p /'l.,,vJ S , : 7J/CY /A,,/l L, _ j[3 t"" )l,,J.05J'" ~ £ -C-1")//~ 

~ N CJ{dy1..5 • /6/1/Q;Z/.N(r- Wti/ HT _<ff ANC.11Jlf_ 

,6 -5"" ,<J ?'- I 5 c.a At 5 zX //A T/ vt;. 
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¼~) :. 
-··•··•·· ··. __ t ____ .. : .. ···· .. ,' 

. . 

q ~ :_ l,t:V[J:e- ..4,v;,,.. o F . l/C7l--TJ.C.A.~. _. 

t.OA !) - 4 13.Ju.T. 70.& .0 ,~. 

. · - ,A1-J/M CvrZ-c l~fJIJ A" -

:_·_ J_ 1 _£\_._-,_i_------_ -•---- - -f •.di:l .. cL 

__ : • ((!Sc~ : <f. 0() ~ · I II s,!e.e,{ of 4.JZ 0 ""':~/!r1~('\i().,.t~): 
i da:l'\C: : -= _t,. cvm_ .&d'.-0. q F Af!Cc<!'.t~-'$__ - : - 1- - : . : i -: - - • -- , - - - , 

. . . ./M,A/'JCJ1.i1'l- 'r3C",,,J~ 4/J.DVT" 'dct-... c~ 41vi.+Z<i:h"t-2.S 'It-::. zo.s h 
]o I!, <1 F - ,/1-:'//v I)../ . Cvr(. /3, /3fr4-N.'.: - : (14. $ $ 'tlj - 9 9 ~ E,- O O 'Z: SJ 

!~ - __ :('av.s'.l o 1i-< .. _, ;ff. __ ,// Ji~U. t1_,{,Js . L (j. 2A.blGn..iA~ :sgµ4 c_) 
• • • : • I • • 

! 

. ' ' -d - . ' ; .... _ct"":" 
. : : . . : 

.; -r:fl~:fr,oo~~~~,~6'1oaa.,A){Jt,o~) 
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Rev. f:,lo.: 

Sheet 

F0101055 REV. 03.'C:\Docmlenls and Selllngs"om.llA!son\Local Settings\Temporary Internet Ales\OI.K28\Afr 
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E-mail Containing Design Authority Ruling on 
ICV™ Box Curbs Performance Category 
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Paul ~yer (Trail) 

SUbject: FW: PC-1M 

From: Leonard, Michael W 
sent: Thursday~ March 24, 2005 5:09 PM 
To: 'luey, .JvKael' . 
CC: Shuford, David H (Dave); Janicelc, George P 
SUbject: fW: PC-1M 

Ja-Kael, 

'· 

Pagel of2 

,> 

As detailed below we have a concern ~t B-CA-004 is treating the box as PC-1 M In the melt station (i.e .• when 
it's on a Type D curb) and therefore neglecting the seismic response of a "Design Feature• for the release of dri~ 
waste and of toxic off-gas accidents while ih the melt station. 

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

Please incorporate this comment into the ICVSystem design package RCRs and forward to the Trail guys ASAP. 

Thanks, 
ML 

from: Janicek, George P 
nt: Monday, March 21, 2005 10:46 AM 

T : Leonard, Michael W 
Cc: Shuford, David H (Dave); Haq, Mlan A 
Subject: RE: PC-1M 

Mike, 

First of all, the PC-1 M designation is only allowable for use for in-tank-farm· retrieval project activities/facilities. 
This categorization was negotiated with ORP specifically for these projects. It currendy is not available to the 
DBVS facilities 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 calculaUon the statement is made that the ICV box itself has the same categorization (PC-
1 M) as the curbs. This cannot be. If the box were sitting out on the storage pad, containing a monolithic block of 
immobilized waste (glass), then I believe we could successfuly argue that it was PC-0, like the curbs. But, the 
box lnitiaffy is acting as secondary containment: for the dried waste being added to it during the melt 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 specificaAy Safety-Significant (SS). which would drive a PC-2 
categorization, but is at least General-Service (GS), which would drive a, minimum. PC-1 categorization. But, as 
you should recall, we made a conservative call for the project and said that we would design an waste containing 
structures to a minimum PC-2. In keeping with this conservative approach, we should make the ICV box PC-2. 

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

George 

From: Leonard, Michael W 
Sent: Friday, March 18, 2005 4:19 PM Attachment Lf------''------

Cale. No.: 145579-B-CA-004 

Rev. No.: 3 
06/02/2005 

Sheet of -:2. - -~-
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. To: .Janicek, George P 

. · Cc Shuford~ David H (Dave) 
. SUbject: PC-lM 

George, 

RPP-24544 REV le - . 

Can you please look at and comment on· AMEC's use of PC-1M as the design criteria for the support curbs (pg. 2 
or attached calc). 

AMEC has used the logic that the boxes are inherently moveable (both within the DBVS site and off-site-i.e., 
bansport lo IDF) and are not tied-down/anchored; therefore, we do not need to design the box storage area 
& melt area curbs & foundations lo withstand seismic. 

Thanks, 
ML 

Attacru:nent ___ 4_._ _ _ __,::-
Calc. No.: 145579-B-CA-Oo4 

Rev. No:: Z, 
Sheet ""2- of Z----'--- --- -

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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16.4-34 

s 

·-$= 
Le ~-~ 

L,, 
Le 1, ,t O.tiF,,14 

Le= s • db {inl8dor bolts) Rn"' 2(0.6F,,I Le) 
Le= L• • 112 dh {8Xlstforbolb,) = f.2F,,ILc 

(a) Dimensions (b) Slrenglh formulation 
(per bolt) 

Figure. C-5.1. Bearing strength formulation. 

5.4. Design Slip Resistance 

5.4. l. At lhe Faclored-Load Level: The design slip resistance is ,PR •• whe, 
defined below and: · · · 

where 
4> = 1.0 for standard boles 

= 0.85 for oversized ,uid short-slotted holes J· 
= 0.70 for long-slotted holes perpendicular 10 lhe direc~IJ. 

0.60 for long-slotted holes parallel 10 !he direction of; __ -

Specification for Stmctura/ Joints Using ASJM A325 or A490 Bolts, June 23": 
RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS 
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trength formulation 
(perbolt) .' 

formulation. ' 
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l 16.4-35 

nominal strength (slip resistance) of a slip plane, kips; 
I 
! R,. 

µ = 

= 

v. 

T., = 

N,, = 
T., = 

11llllll slip coefficient for Class A, B or C faying · su,faces, as 
applicable, or as established by testing in accordance .with 
A ·xA see Section 3. 
0.33 for Class Afaying su,faces (nncoatedclean mill scale steel 
surfaces or surfaces with Class A coatings on blast-cleaned 

or ass B aces (uncoated blast-cleaned steel surfaces or 
surfaces with aass B coatings on blast-cleaned steel 
0.35 for Class C surfaces (roughened bot-dip galvaniud surfaces); 
1.13, a multiplier that reflects the ratio of the mean installed bolt 

. pretension to the specified minimum bolt pretension T,,.; the use of 
other values of D. sh;ill be approved by the Engineer of Record; 
specified minilIUllD bolt pretension (for pretenswned joints as 
specified in Table 8.1), kips; 
numbet of bolts in the join1; and 
required strength in tension (tensile component of applied factored 
load for combined shear and tension loading), kips 

} zero if the joint is subject to shear only 

j 5.4.2. At the Service-Load Level: The service-load slip resistance is 4>R,, where • is as 

= 

j defined in Section 5.4.1 and: 

(F.quation 5.7) 

where 

D = 0.80, a slip probability factor that reflects the distribution of 
actual slip . coefficient values about the mean, the ratio of mean 
installed bolt pretension to the specified minimum bolt pretension, 
T,., and a slip probability level; the use of other values of D must 
be approved by the Engineer of Record 

T = applied service load in tension (tensile component of applied 
service load for combined shear and tension loading), kips 
zero if the joint is subject lo shear only 

and all other variables are as defined for Equation 5.6. 

Specification for Structural Joints Using ASTM A325 or A490 Bolts, June 23, 2000 
. RESEARCH COUNCIL ON STRUCfURAL CONNECTIONS 
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145579-B-CA-004 

Attachment 6 

ICV™ Box Weight Summary from Calculation 
145579-D-CA-010 Box Weight Calculations 

Revision F 
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amei!3 
. ., .~ 

''.'~ :' .• ,<£1, ,·_ ~-
·_,t;-

, ' CALl N_O.: , 

CALC. TITLE: 

PROJECT NO.: . PRO.,JECT mLE: Final DBVS Design 
'---"-------'--

w-r e,(~ 
- i FJ-5'6 2 -r~f!1 

- q3q Fl 1«s$ 
' J 'l ?:> ft:,(p::; 

$s z&O 1r0Jl-----I I 5 '385 
q q 8t far,,ff -----{ o5 40 J ne,,+ 

~'.e 7~ JI 

-:P/h-ytYL-

f) , Bottom Plate Stiffeners (transverse) - HSS 6•x6"x1/2• 

3) C001po11ents for the lid (F-145579-35-D-0006): 

-a)_ Stiffeners .:... HSS 4"x2"x1W 
. b) . _Stiffeners - HSS 4"x2"x5/16" 
c)v>Stiffeners .:.. _HSS 3•x3"x1/4· 

Attachment: ---"(e=-· ___ _ 
Cale. No.: 145579-B-CA-004 

_ · d) -- i>late Throughout..:. 5/16• 
e) , 1 5/8~ X '1 _ 5/8• Unistrut 
f) Stiffener Bar - 4• x 3/8" 

Rev. No.: 3 

Sheet __ .___ of-~--

g) Gussets - 30 

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

Component SolidWorks Model Attachment 1 

Box Components 19486 lb lb 

Bolts lb 5( lb 

Steel in Box (Base} lb 1906!: lb 

Welds lb 19€ lb 

Lid 512( lb 4737 lb 

Electrodes · 126E lb 1273 lb 

Insulation 18!: lb 171 lb 

Support Ribs & Bricks 641!: lb 6467 lb 

Refractory 49824 lb 46748 lb 

Sand 23091: lb 2442A lb 

Solid Glass 93917 lb 93911 lb 

tfop-OffSoil (>10 in) 9984 lb 10541 lb 

Melt Station Weight 209302 lb 207601 lb 

Melt Station Weight 209302 lb 

Grout(= 6 in) 8280 lb (calculated) 

Storage Pad Weight 217582 lb 

b) Starter Path: 

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

M:\Oemonsl alioo Bulk VlnFiscat Year 2005 Wo,k\Calrule lions OMJM\CA,010 (tCV Box Weight 
F.1.doc 
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Attachment 7 

ICC-ES Legacy Report 5608 - Hilti HDA Metric 
Self-Undercl:Jtting Concrete Anchors, and 

Manufacturer's Data 
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DIVISION: 03-CONCRETE -
Section: 03151-Concrete Anchorln_g 

HIL Tl HOA METRIC SELF-UNDERCUTTING . CONCRETE 
ANCHORS 

HILTl,INC. 
5400 SOl1TH 122ND EAST AVENUE 
TULSA, OKLAHOMA 74146 

1.0 SUBJECT 

Hilti HOA Metric Self-undercutting Concrete Anchors. 

2.0 DESCRIPTION 

2.1 General: 

The HOA is a self-undercutiing-type concrete anchor. The 
anchor is available in pre-set (HDA·P) and through-set (HDA
T) configurations and is fabricated from carbon steel. Figures 
1 and 2 illustrate available configurations. All carbon steel 
parts are electroplated with a 5µm-thick zinc coating in 
accordance with DIN 50961 . Both configurations· Include a 
cone bolt, sleeve, washer and hex nut. Specifications for the 
anchors are provided in Table 1. 

2.2 Components: 

2.2.1 Cone Bolt: Produced from carbon steel conforming to 
DIN 931, Grade 8.8, 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 to protect the thread during the setting process. On the 
tip of the rod, above the boll end, a code letter is stamped, 
which permits establishing the total embedded length of the 
anchor, as described in Table 1. 

2.2.2 Expansion Sleeve: The sleeve is machined carbon 
steel conforming lo AISI 4130. The expansion area of the 
sleeve is subdivided into six sections by means of longitudinal 
slots. Two of these expansion sections have brazed tungsten 
carbide tips for undercutting. 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. 

2.2.5 · Concrete! _Normal-weight concrete mu,st conform to 
Sections 1903 and 1905 of the 1997 Uniform Building CodeTM 
(UBC), with compressive streogth in compriance with this 
report at the time of anchor installation. : 

2:3 Design: 

2.3.1 Service Loads: Allowable service' (allowable stress 
design) static shear and tension loads . are j.described in 
Tables 3 arid 4. · 

.. . . 

Service loads for anchors subjected to combined shear' and 
tension forces are determined by the lollowing equation: 

(P/Pf'3 + (V/VJ513 5 1 · 

where: 

P, = Applied service tension load. 

P, = Allowable service tension load. 

V5 = Applied service shear load. 

V, _ = Allowable service shear load. 

For anchors installed at edge distances less than critical 
edge distance, c,,, and/or anchor spacing less than critical 
spacing. sa, the load capacity is reduced in accordance with 
reduction factors in Table 2. 

2.3.2 Strength Design: Strength design static shear and 
tension loads are determined in accordance with Sections 
1923.2 , 1923.3.2, 1923.3 .3 and 1923.4 of the UBC. For the 
purposes of design, Ab in Section 1923.3 .2 of the UBC shall 
be taken as A, in Table 1, and f,,, in Section 1923.3.2 of the 
UBC shall be taken as fu.b in Table 1. The limiting deflections 
used to determine the ultimate load in shear or tension are as 
follows: 

M10: 0.39 inch (10 mm) 

M12: 0.47 inch (12 mm) 

M16: 0.63 inch (16 mm) 

The design steel strength of the HDA-T in shear [pounds 
(N)l shall be calculated as follows: 

V ss = 0.60 A, , .. b + 0 .40 A.,'··" 
where: 

fu,b = 

Area of bolt as given in Table 1 (in2/mm"). 

Ultimate tensile strength of the bolt as given in Table 
1 (psVMPa). 

•corrected April 2004 

ICC.ES lrgacy upon :s att not ro bt co,u1rutd os reprtstming nu1ht1ics or an)' 01htr a11rib~1ts nor spt cifi« 1/ly nddre:sud. nor ore lhty to bt con.stnud as 

an rndorstTMnr of 1hr subj«1 of 1M rtpon or n rteommtndmionfor iu use. Thut ;s no ..,-a,r11111y by ICC EMluotion Srrvice. Inc., nprt:ss or implied, ns to 

any .finding or orhtr mn11tr in this rrpon, or as 10 any product covutd by tht upon. 

Attachment: ___ _ ]--_,_ ____ _ 

Copyright © 2004 
Cale. No.: 145579-B-CA-004 

Rev. No.: 3 

S heet of _ ~?C~ -
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Page 2 of 5 
,., ..•. ·• 

ER-5-60& 

Crossasectional area of~ si eve ·~ : given iri 4.~t '.;~ ari~ho~ a~-~J~.,1i •~ordanc'e ~Ith t~e 
Tablet ftn2/mm2). . . ,· __ t:\y/ _;, -·" , : ;·~r~ 'J.,"'actu,~sln,sti;uc:tloni ~ '!flls_!e~~y,, ..• : .· 

,.;, - Ultimate tensile strength of t~e·s~ ve as given in ' .. , 4.i \ PHo~ to lnstaliatlc;1nt (ciiicubrtk>ns. 'ahd;- deialls •• 
Table 1 (psi/MPa). .; <?:,·; { ,.,i't\., • " , · ;'. demonstrating compllarici(wltfi ~is ~ .shall--be . · 

2.4 Installation: . . :.'{\':-'~. "'~-t· , ' :··. submlttedtotfielocalbulldlngotflclalforapproval: . 
· :-. ,;f_-.lr .. ;< .. , .. J~· -.~--;~:-;- _,· -;; _ ·,r-, "'.:.~::"~.Q< ....... ~~-~-<t ;'~,~/.A"/'l-~'-:,,;J,·;---::t::.{ ·_,.., 
Installation details for the HOA' pre-set and through_-set 4.5/ Deslgn loads.are as•·•• forth .In $eetlon 2.3.of this 
anchors are descnbed in Tables 1 and 2 and in· Figures 3, 4, ' report. . . : :.}·.J:;f · , , ._: .. ): 
5 and 6. Stepped drill bits are supplied, by Hilti'. Inc.,. and are 4.6 . · Special Inspection is i,,ovlded in .accordance with 
described in Table 1. . , .• • Section 2.5 of this reporl . . 
2.5 Special Inspection: 

Where special inspection is required, compiianc;:ewith ~ection 
1701.5.2 of the UBC is necessary. The special inspector shaH 
verily anchor type, anchor dmensions, concrete type, 
concrete compressive strength; · hole dimensions, anchor 
spacing, edge distances. slab thic~ness, anchor embedment 

· and anchor installation procedures (includi~?, the undercutting 
process and position of red selling mark), " 

2.6 Identification: 

The label on packages of anchors includes· the 
manufacturer's name (Hilti, Inc.) and address, the anchor 
name, the anchor size, the evaluation report ·number (ER-
5608), and the name of the quality . control agency 
(Underwriters Laboratories Inc.), Each anchor has the letters 
HDA-P or HDA-T, the anchor rod size, and the maximum 
fastened thickness embossed.on the sleeve. As described in 
Section 2.2.1, on the tip.of the rod, above the bolt end, a code 
letter is stamped, which permits establishing the total length 
of the anchor set in concrete. 

3.0 EVIDENCE SUBMITTED 

Reports of tension, shear and seismic load tests and 
mechanical properties tests; calculations; and quality control 
manual. 

4.0 FINDINGS 

That the Hilti HOA anchor system described In this report 
complies with the 1997 Uniform Building Code™ (UBC), 
subject to the following conditions: 

4.1 Anchor sizes, 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 1923.2 of the 
code for strength design and 1612.3 of the UBC for 
service design. 

4.7 Ar&-reslstlve construction: . Anchors are not 
permitted for use In conjunction _with fire-resistive 
construction. ExcepUons would be: 

. 4.8 

4.9 

. • Aflchors resist wirid:or seism!c'.loading only. 
• ~-v 

• For. other thal) wlnti' or seismic loading, special 
consideratron Is glvi!~to flre

0

exposure conditions. 
••• • / 'I,' • ,:,;;;~-,;,- .,,,. • ' • _->_, 

Fatigue and shock l~ng: : Since, an ICC-ES 
acceptan~ criteria fo/ ev_aluatlng data to determi~ 
the performance of expansion anchors subjected to 
fatigue or shock loading Is Ul.)&vailable at this time, 
the use of these anchors under these conditions Is 
beyond the scope of thls:report. 

Cracked concrete or .masonry:· Since an ICC-ES 
acceptance criteria for evaluating the performance 
of anchors in cracked concrete or masonry is 
unavailable at this time, the use of anchors Is 
limited to lnstallatlon · In uncracked concrete or 
masonry. Cracking occurs when f,> f,due to service 
loads or deformations. 

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

4.11 Use of 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 HD A self-undercutting anchors are manufactured by 
Hilti at 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 1-SPECIFICATION TABLE 

~CHOR SIZE HDA-T/HDA-P M10 x 100/20 M12 x 125/30 M12 x 125/50 M16 x 190/40 M16 x 190/60 

~lop driU bit for HDA-T TEC-HDA-B TEC-HDA-B TEC-HDA-B TEY-HDA-B TEY-HDA-B 
20 X 120 22x 155 22x 175 30x230 30 x 250 

Slop drill bit for HDA-P TEC+lDA-B TEC-HDA-8 TEC-HDA-8 TEY-HDA-8 TEY-HDA-B 
20 X 120 22 X 125 22 X 125 30x 190 30 x 190 

Selling tool TEC-HDA-ST TEC-HDA-ST TEC-HDA-ST TEY-HDA-ST TEY-HDA-ST 
20-M10 22-M12 22-M12 30-M16 30-M16 

tr. Thickness of base material, min.' mm(in.) 150 (6) 188 (73
/.) 188 (7'/.) 285 (11 1

/,) 285 (11 '/,) 

•: Total anchor length mm(in.) 150 (5.90) 190 (7.48) 210 (8.27) 275 (10.83) 295 (11 .61) 

Length 1.0. code2 letter I L N A s 
I . 
fir Fastening thickness 

HDA-T, min.3 mm(in.) 10(0.39) 10 (0.39) 10(0.39) 15(0.59) 15 (0.59) 
HDA-T, max. mm(in.) 20 (0.79) 30 (1 .18) 50 (1 ,97) 40 (1 .58) 60 (2.36) 
HDA-P, max. mm(in.) 20 (0.79) 30 (1.18) 50 (1.97) 40 (1 .58) 60 (2.36) 

d,,.: Norn. dia. of drill bit' mm(in.) 20 (0.787) 22(0.866) 22 (0.866) 30 (1 .181) 30 (1.181) 

h,: Min. deplh of drill hole mm(in.) 107 (4.21) 134.5 (5.30) 134.5 (5.30) 203(7.99) 203 (7.99) 

ho; Effective anchoring depth mm(in.) 100 (3.94) 125 (4.92) 125 (4.92) 190 (7.48) 190 (7.48) 

A6-88 
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TABLE 1-SPECIFICATION. TABLE (Continued) 
,~ :1y ., . 

SIZE : . h-'.":. :.. HDA--T/t;IDA-P M10 ,c 10Dl20 M12 x 12!il30 M12 x 125/SO 1111!. ~ 19W40.. M16 x t!IIW&O: 
d,,: · Reecmmendedclear~·~(min.}' • ,.>·, ', ·.,_ · · ~~ t, ~ ';. •t:: 1,,,~- .,;, ,' ,,'.. ~ 

HDA-1 :. t,>f · ' rmi fn) 21 (0 /,j' 
. . HDA·P ' • tHr mm (in.) ~- 12 (1/J ' 

' 23 ('/J . . 23 t'I;) 
14 (9/;J ,, ,, :"' 14· (1

/ 1J ''·"' 
32 (11/J ,• , 32 (11/J ' 

' /.18 C'l;J''·: ., 11' 18·("/;J\ ,' 

~,.: Anchor ciameler 
HDA-T 
HDA-P 

d,,: Washer <iameter 

s..; Wldlh across llals ol the rail 
T,.,,; Max. lightening torque', 

Sleeve properties 
A,; Cross sectional area 
5,,: Elastic section mowkJs 
~ propenles 

~ 
Boll nominal area 
Bolt tension area 
Elastic secllon modulus 

~ Undercut bearing area• 
f~ Sleeve ultimate tensile strength 

f.,;. Bolt ultimate l91l51le strengll:J . 

' .. 

mm (in.) 
mmfm.) 
mmfm.) 
mmfm.) 

N-m (ft.-lb.) 

19 (0.748) 
10(0.394) 

27.5 (1 .08) 

17 (0.669) 

50 (37) 

mm• (in! ) 196 (0.304) 
mm• fin. 3) 596 (0.0364) 

mm• (in! ) 78.5 (0. 122) 
mm' (in.") 58 (0.090) 
mm' (In.") 67 (0.0041) 

mm' (in.") 234.1 (0.363) 

MPa (psi) 850 (123,250) 

MPs (psij 800 (116,000) 

21 (0.827) 
.• 12 (0:472) 

33.5 (1 .32). 

19 (0.748) 

80(59) 

223(0.346) 
n9(0.0475) 

113(0.175) 
84.3 (0.131) 
117 (0.0071) 

291.6 (0.452) 

850 (123,250) 

800 (116,000) 

'Minimum concrete base material thickness as required lo avoid splitting of concrete. 
' Length code correlating to total anchor length, L 

21 (0.827) 
12 (0.472) 

33.5 (1.32)" 

19 (0.748) 

80(59) 

223 (0.346) 
779 (0.0475) 

113 (0.175) 
84.3 (0.131) 
117 (0.0071) 

.291.6 (0.452) 

850 (123,250) 

800 (116,000) 

' Mirimum thickness of fastened part as required to ensure engagement of luff sleeve cross section in shear. 
•Metric drill bit supplied by Hilli must be used 

;)' -
29 (1.142) 0° 

16 (0.630) 

45.5 (1.79) 

24 (0.945) 

120(88) 

445(0.690) 
2110 (0.1288) 

• 201 (0.312) 
• 157 (0.243) -~ 
293 (0.0179) 

496.910.no) 

~(101,500) 

800 (116,000) 

'Torque lightening of the anchor is not required for proper s111. Torque tightening may reduce initial si p under load. 
"Bearing area conforms lo Section 1923.3.1 of the code. 

HIL TI RECOMMENDED HAMMER DRILLS FOR SETTING 

29(1.142) ,. 
16 (0.630) 

45.5 (1 .19} 

24(0.945) · 

120(88) 

445(0.690) 
2110 (0.1288) . 

201 (0.312) 
157 (0.243) 

293 (0.0179) 

496.9 (0.770) 

700 (101,500) 

800 (116,000) 

Size HDA-T/HOA·P M10 x 100/20 M12 x 125/30 M12 x 125/50 M16x 190/40 M16 x 190/60 

TE75 max. hammering power 
Joules (fl.-lb.) 3.7 • 4.7 (2.7 • 3.5) 7.0 • 9.0 (5.2 • 6.6) 

rpm 250 - 500 150 - 350 

Setting Details 

c 
Q) 

E HDA·T .s::: 

TABLE 2--ttDA-P AND HDA·T ANCHOR SPACING AND EDGE DISTANCE GUIDELINES 

GUIDELINE LOAD CONDITION 
TYPE (Style) 

Spacing($) Tension and shear 

Edge (C) Tension for HOA-P 
and HDA-T and 
shear for HDA-P 

Edge (C) Shear for HDA·T 

For SI: 1 ,nch = 25.4 mm. 

Notes: 

M10 

3.0 x h., = 11.81 

1.5 x h.,= 5.91 

2.0 x h.,= 7.87 

CRmCAL (inches) MINIMUM (inches) 

M12 M16 M10 M12 

3.0 x h.,= 14.76 3.0 x h.,= 22.44 1.0 x h.,= 3.94 1.0 x· h.,= 4.92 

1.5 x h.,= 7.38 1.5 x h.,= 11 .22 0.8 x h.,= 3.15 0.8 x h., = 3.94 

2.0 x h.,9.84 2.0 x h.,= 14.95 0.8 x h.,= 3.15 0.8 x h.,= 3.94 

1. When using minimum spacing and the load condition is either tension or shear, reduce the affowable service load by 13%. 

~16 
1.0 x h.,= 7.48 

0.8 x h., = 5.98 

0.8 x h.,= 5.98 

2. When using minimum edge distance and lhe load condition is tension for HDA-P and HDA·T or shear lor the HDA-P, reduce the allowable 
service load by 9%. 

3. When using minimum edge distance and the load condition is shear for the HDA-T, reduce the allowable service load by 74%. 
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' ~ , , . 
TABLE 3-HOA-P AND HDA-T METRIC ALLOWABLE SERVICE TENSION LOAD VALUES 

• • FOR NORMAL-WEIGHT CONCRETE (pounds}- · . 
/ _,, • ., ., · >. :f-.;i •, 71' "' :c ~- 'f;,< -, 

ANCHOR SIZE (mm) ·, ~~· t\·: ;: EliBEDUENTDEP"fH'" 1~'1 ;,-':ft'•·;.: c·· r;·22,500psl _-<·:.''..,,' : •;: MAXIMUMDEFLECTION 
(inches)' ' ., ~t ,';J Special Inspection WilhoutSpeclal ~on .' ,}f· .· .,, (Inch) 

,, 
M10 

M12 5 '•. . 3,988 . 1,994 ' 0.052 
M16 7.5 -·· -, 7,155 3,578 0.055 

For SI: 1 Inch = 25.4 mm, 1 psi = 6.895 x 10 .. MPa. 1 IJf = 4.45 N: 

Noles: . . 
1. The tabulated shear and tension loads are for anchors installed in structural normal-weight concrete having the tabulated ultimate compressive 

strenglh at the time of anchor installallon. 
2. Special inspectioo is prCMded In accadance with Section 2.5 of lhis report 
3. Minimtm ooncrete thickness, h, must be in~ with Table 1. 

TABLE 4-HDA METRIC ALLOWABLE SERVICE SHEAR LOAD VALUES 
FOR NORMAL:WEIGtfT CONCRETE (pounds)" 

ANCHOR SIZE (mm) EMBEDMENT DEPTH 
(inches) HDA-P 

M10 4 1,630 

M12 5 2,378 

M16 7.5 4,233 
For SI: 1 inch= 25.4 mm, 1 psi= 6.895 x 10-3 MPa, 1 lbl = 4.45 N. 

Notes: 

t' • ::, 2,500 psi MAXIMUM DEFLECTION 

HD.A-T f111ch) 

4,688 0.071 

. 5,113 0,071 

9,200 0.087 

1. The tabulated shear and tension loads are for anchors installed in nonnro-weight concrete having the tabulated ultimate compressive strength 
at the lime of anchor installation. 

2. Special inspeclioo is provided in accordance wilh Section 2.5 of this report. 
3. t.inimum concrete thickness, h, must be in accordance with Table 1. 

FIGURE 1-" PRE-SET' 

-..... 
RGURE 2-" THROUGH-SEr' 

.....,.,... 11111-T 

Attachment: _ _ __ 7-..,__ ____ _ 
Cale. No.: 145579-B-CA-004 

Rev. No.: 3 
Sheet _4 ___ of _ ...... 9-.___ 

FIGURE 3-lNSTALLATION INSTRUCTIONS FOR HDA·P FIGURE 4-INSTALLATION INSTRUCTIONS FOR HDA-T 
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" < 2: ·:·'' {.,~, /-~ 
V •~,The'hole lias to btclcantd with a JllllllP• 

pt;~~,- .. '\·? ·.tt'. · . .. , . . ····. . ... ' 
. The andi6r is placed iD tbe hole, so ,mat tbe cone sits on the bononi of the bore hole. Then the setting tool 
assigned to the aric:hor (~1 and 6) is attac~to lheJOlar)' hammer drill. which has bcea used for . 

, drifting· the hole: The sining .tool is goidtd oiler the anch6r rod. so that the noses on Ilic end of tbe setting 
tool catch the groovi( iri ~ slltve. ·• . . . 

:· '; ,:;' .-.. · 

PjctogJ31114: . ·. . . . > ' . ' . . .. 
lbc anchor, is set roiating and liiimmcring ana1ogous1y·ro Ilic clnlling procedure. Owing ~ setting 
p'rc>cedure, the ~ve shifts axially lo the anchor.rod and a\ the same lime the lllldm:ot is made in the · 

• q,ncre1e; On lbc settbig ·1oo1; lhcte is,a icd ring as a fust Sd1ing mark. This mark can ~ the user a clue, 
''. how far lhe seuing pro«dure. has progressed:' If Ibis _:king is llosh with. the concrete surface for the pre

sening 51ylc and willl die ·c~ pan for lhclhroogh-fastening, the sening proccdi,re sliould be fmished " soon. . ·. . ""·' •. ' .•· . ., . . 

Pictogram 5: 
Mandatory for a corijc1_ senmg prOl'edure is the Sdting marlting .on the ancliQr rod. The anchor is sel and 
the undertill is complclely pioduced.-as soon as !he-red setting mu Icing on lhe anchor bok is visible above 
_tbe lop edge !>ftbe sleeve. "· · 

Pictogram 6: 
The pan 10 be fastened is secured by tighlcning the torque. 

AGURE 5--l'RE-SETTING ANCHOR HDA-P (PREPOSmONING) 

FIGURE 6-THROUGH-SETTING ANCHOR HDA-T (POSTPOSITIONING) 

Attachment: 

Cale. No.: 

Rev. No.: 

.ER-5608 

145579-B-CA-004 

3 
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Mechanical Anchoring Systems I 
,4.3.1 HDA 

4.3.1.1 Prcw:I~ 

4.3.1.2 Material Speci1icatioos 

4.3.1.3 Tedrical Data 

4.3.1.4 ~mtrucoons 

· 4.3.1.5 Order~ lnlamatm 

HDA-P 
Heavy-Duly 

Undell:ul Anchor 
(Pre-Set Type) 

u 

HDA-T 
Heavy-Duly 

UndercutMChor 
(lllrougl>-Sel Type) 

listings/Approvals 

ICC-ES (International Code CounciQ 
ER-5608 
COLA (City of Los Angeles) 
Research Report No. 254 22 
European Technical Approval 
ETA-99/0009 

Components 

•Stop Drill Bi~ 

• Setting Tool ~ 

·=. • .,irmi 
Visit Hilli Online 
www.us.hilti.com US 
www.ca.hilli.com Canada 

RPP-24544 REV le 

,t_.,.,. 

. 4.3.1.1 Product Description 
· Tue HIU mAlklderciilM:ln' 1s a heavy duly~ 

uooercut anchor whooe llldercut segments incorporale 
carbide lips so as lo perform a self-undercutting l)"ocess 
designed to develql a du:tile steel failure. The HDA 
system irdudeS either preset (ll)A-1') or through-set 
(HDA-1) style anchors. stop drill bits, settilg tool, and 
roo-hammer drill for four metric lx>II sizes: M10 (318i, 
M12 (1/2j, M1_6 (518i and M20 (3/4j. The HOA is 
available in a sherardized and 316 stainless steel 
versions foc outdoo' environments. Each size/style is 
offered in two lengths lo accommodate various material 
thicknesses to be f~ (except MlO). 

Product Features 

• Undercut segments provide cast-In-place like 
performance with nmHed expansion stresses 

• Ductile high strength anchor for safety related, 
heavy duty fastenings/predictable failure modes 

• Self-undercutting wedges pr<Yiide an easy, fast 
and reliable aoclxJr installation 

• Excellent performance in cracked concrete (tension 
zones, earthquake-resisting structures) 

4.3.1.2 Material specifications 

.. ' .. 'I._, 

<;~t • 

HDA Undercut Anchor 

. , 

~ .! Undercut~ load tr.insi~.dlow.;for red~ 
edge dlstaoces and anchor sp;K:ings 

• T!Jrblql-~ style ix-<Mdes increased shear capacity 

• Fully removable 

• Sherar!f12ed (53 µ.rn zinc) and 316 stainless steel 
for corrosive efflirorvnents 

• Sherar<lzed zinc coating has e<pJlvalent corrosion 
resistance to hot dlWed galvanizing 

Guide Specifications 

Undercut Anchors Undercut anchors shaft be of 
an llldercut style with brazed tungsten carbides on the 
embedded end that perfonn the self-undertutlilg 
ix-ocess. Undercut portion ct anchor shall have a 
minimum projected bearing area equal lo or greater than 
2.5 times the nominal boll area. The lx>II shaH conform 
to ISO 898 class 8.8 strength requirements. Ancllors 
dimensioned and ~ ied by Hilti. 

Installation Refer to 4.3.1.3 and 4.3.1.4. 

HOA-T/-TF/-P/-PF carbon steel cone bolt; M10, M12, M16 and M20 
meets strength requirements of ISO 898, class 8.8 

HDA-T/-TF/-P/-PF carbon steel sleeve; MlO & M12 conforms to 
European Standard No. 25CrMoS4 

HDA-T/-TF/-P/-PF carbon steel sleeve; M16 conforms to European Standard No. 25CrMoS4 

HDA-T/-TF/-P/-PF carbon steel sleeve; M20 conforms to European Standard No. 25CrMoS4 

HDA-TR/-PR stainless steel cone bolt; Mm; M12 and M16 conforms to AISI 316 or 316 li 

HDA-TR/-PR stainless steel sleeve; MlO and Ml2 conforms toAISI 316 or 316li 

1-0A-TR/-PR stainless steel sleeve; M16 conforms toAISI 316 or 316 li 

HOA-T/-TF/-P/-PF nut conforms to DIN 934, grade 8 

HOA-TRI-PR nut contorms to DIN 934, grade A4-80 

HDA-T/-TF/-TR/-P/-PF/-PR washer conforms to DIN 6796 

HDA-T/-P cooiponents are electroplated min. 5 mm zinc 

HDA-TF/-PF sherardized components have average 53 mm zinc 

Attachment: _ __ --;!-__._ _____ _ 

Cale. No.: 145579-B-CA-004 

Rev. No.: 3 

Sheet 01 _~8~--
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HOA, HDA-R and HDA-F Undercut Anchor All~ Tension Loads 
in Normal Weight ~rete ·. 1"' 

, Anchor 
·:, Slze,mni 

M10 

M12 

M16 

M20 

,. 

ConcreteCapacily2 
Embedment 

Depth, mm (in.) 

100 (4) 

125 (5) 

190 (7.5) 

250(9.8) 

' 

,, 

f. ~-17.4 MPa (2,500 ps1) 
Tension, kN (lb) 

'' 15A (3,466) 

. / 23.3'(5,235) 

\ 40.9,(9,187) 

. 68 (15,287) 

Steel Gapacity1 

Tension, kN (lb) 

20.7 (4,660) 

29.8 (6,710) 

53 (11,930) 

83 (18,645) 

HOA, HDA-R and HDA·F Undercut Anchor Ultimate Tension Loads. 
in Normal Weight Concrete3 

Concrete Gapacity2 
Anchor Embedment •• ~ 17.4 MPa (2.500 psO 

Size,mm Depth, mm [111.) Tension, kN (lb) 

M10 100(4) 47(10,560) 

M12 125(5) 71(15,954) 

Mt6 190 (7.5) 127 (28,621) 

M20 250(9.8) 204 (45,744) 

HOA, HOA-R and HOA-F Undercut Anchor Allowable2 Shear Loads in Concrete 

Anchor Embedment f. ~ 17.4 MPa (2,500 pS1) 
Size,mm Depth, mm [ll1.) Shear, kN Obi 

HDA-P HDA-T 

Mt0 100(4) 4.6 (1,027) 28.7 (6,453) 

M12 125 (5) 12.2 (2,750) 312(7,005) 

M16 190 (7.5) 23.3 (5,240J 52.6 (11,835) 

M20 250(9.8) 33.2 (7,460) 81.0(18,210) 

HOA, HOA-R and HDA-F Undercut Anchor Ultimate Shear Loads in Concrete1 

Anchor Embedment fc ~ 17.4 MPa (2,500 psij 
Size,mm Depth, mm Qn.) Shear, kN (lb) 

HDA-P HDA-T 

MtO 100 (4) 29(6.516) 96(21 ,640) 

M12 125(5) 42 (9,510) 130 (29,140) 

M16 190 (7.5) 75 (16,930) 221 (49.700) 

M20 250(9,8) 120.6 (27,100) 313 (70,400) 

Visit Hi/ti Online~ 
www.us.hilti.com US 
www.ca.hilli.com Canada 

HDA Undercut Anchor ' 

1 PrO'lided Ille anchor Is placed at or 
!1eBler than critical edge and spacing 
lislances, the steel capacity can be 
used. Steel capacity Is based on the 
millimum mechanical propenies. and 
cak:ulaled per AISC equation: 
0.33Agftt 

2 Wilen edge or spacing influence 
factOls are invo!Yed, apply them to 
concrete capacity values. 

3 All ultimate load values represent the 
average values obtained in testing. 

1 All unimate loads represent the 
average values obtained in testing 

2 Allowable loads determined by 5% 
fractile. See Section 2.2.3. 

Attachment: --::;.. 
Cale. No.: 145579-B-CA-004 

Rev. No.: 3 
Sheet 3. of B 
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Mechanica/Anchoring Systems I 
4.3.1.4 lnstaDation Instructions 

Setting Operation HDA-P/-PR/-PF (Pre-Set Style) 

1. IJril a hole lo 1he required deplh usifJJ a~ mll bil 
matched to Ille 311Chor; (refer to speooC31ion tallle 
.nl ordemg info.}. f rebar is encruitered, use a JIiii 
mellic matched tolerance diamond core bit lo dril 
llrou~ the rebar. Remwe the concrete core and fin
ish drilng lhe hole with the Slop dril bit. 

4. The mn is set with the hammer 
drill in hammer dril mode. Duling 
lhe selling procedure, both drilling and 
impact energy are transferred 1o the sleeve 
by the setting tool, causing the sleeve to slide 
O'ler the conical end of the anchor boll while 
foming the undelru in the base material. On-the 
setting tool, lhe red ring indicates the progress 
ol the setting operation. 

2. aean hole with compressed air or a haJd air JJUOll 
such that driliog debris is evacuated 

5. The marl< on lhe anchor rod 
provides the inlicator for correct 
settilg. The anchor is sel and the undercut 
is fuly formed when the red marking on the 
anchor bolt is visible above the lop edge of the 
sleeve. It anchor selling time exceeds 40 seconds tor 
M10 or M12 anchors or 60 seconds for M16orM20 
ancoors, remove the arcror !see HDA removal tool 
Instructions). Install a new flJA anchor. 

Setting Operation HDA-T /-TR/-TF {Through-Set Style) 

1. Dril a hole to the reqt.ired depth using a stop dliU bil 
malched lo lhe anchor, (refer to specnication table 
and ordefing info.). H rebar is encountered, use a 1-itti 
metric matched tolerance diamond core bit to drill 
IIYough the rebar. Remove the concrete corn and fin
ish drilling 1he hole wilh the stop driD bit. 

4. The anchOI' is sel wllh the hammer 
drift in hammer drill mode. During the 
setting procerure, bolh drilling and impacl 
energy are ITanslene<l lo the sleeve ~ lhe 
setting loot, causing the sleeve to slide over the 
conical end of the anchor boH while forming the 
undercut in the base material. On the setting tool, 
lhe red ring indicates the progress of the setting 
operation. When this marking is flush with the con
nected part, check the anchor for proper setting (refer 
to step 5). 

Visit Hi/ti Online~ 
WWW us.hilti.com us 
www.ca.hilti.com Canada 

2. Oean hole with compressed air or a hand air pump 
such that drilling debris is evacuated. 

5. The mark on the anchor rod 
provides the indicator for correct 
setting. The anchor is set and the 
undercut is lully tormed when the red 
marking on the anchor boh is visible above 
the top edge of the sleeve.H anchor setting ~me 
exceeds 40 seconds fOI' M10 or M12 anchors or 60 
seconds tor M16 or M20 anchors. relllOlle the anchor 
(see HOA Removal Tool ioslruclions). lnslall a new 
HOA anchor. 

HDA Undercut Anchor 

3. The aochor is inserted in lhe hole, so lhat the cone 
sits on the bottom d Ille dliled hde. Do not remove 
lhe plastic cap which proteds tte tb-eaded rod. 
Using the assqied selling tool and JIiii Harmler OriD 
(Reier to spec. Ta~e Md Ordering Info.). the seiling 
tool is gtided Mr the anchor rod and engages the 
grOOYeS in lhe sleM. It is critical lo use !be speci
fied Hili hammerdrils. 

6. Reiro;e the plastic llvead protector cap. Secure the 
part to be fastened ~ using the conical spring wasft. 
er and nut piO'lided. flW:i a torque not lo exceed lhe 
rnaxrnum valJes gjyeo io the Specifocatioo {'Ible. 

\ Torque is not required IO set the anchor. 

3. The anchor is inserted in the hole, so that the cone 
sits on lhe bottom of the drilled hole. Do not remove 
lhe plaSlic cap which protects the threaded rod. 
Using the assi!,led selling tool and Hjli Hammer Drill 
(Refer to spec. Table and Ordering Info.), the setting 
tool is glided over the anchor rod and engages lhe 
grooves in the sleeoie. JI is critical to use the speci
fied Hilli hammer drifts. 

6. Remove the plastic thread protector cap. Secure the 
part to be lastened l'f using the conical spring wash
et and nut provided. Apply a torque not to exceed the 
rna'lrimnro 1calnes given io tbg Spocili&alioRrble. 
Torque is not required to set the anchor. 

Attachment: 

Cale. No.: 145579-B-CA-004 
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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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· CALCULATION SHEET 
{ _. ' 

r-----. ·< ' ~- _;tf30~:-~-~·~> 
CALC. NO.: ... I 1_4_·s_57_9_D-_C_A_•_8_11 ___ ~! REV: I 1 ,~DA,E: Ja11ua1y 24, 2005 

CALC. TITLE: ICV™ Bree Struetural Aflal'ysls 

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design 

1 INTRODUCTION 

1.1 PURPOSE 

1.2 

The purpose of this calculation is to verify adequate stre119th of all members in the 
ICV™ Box and lid design for the projected load conditions they will be subjected to. 
The plate thickness and stiffeners are examined for stress at two temperatures, 
662°F (350°C) and 1058°F (570"C). 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 
lifllng points is completed and the results stated. 

SCOPE 

The scope of this calculation is the analysis of the structural integrity of the ICV™ 
Box for the following conditions: 

• Lifting of the box when empty. 
• Box at melt station (analyzed at two ICV™ box surface temperatures). 
• Lifting 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 (350°C) and 1058°F (570°C). Box surface 
temperature of 662°F is an anticipated upper value during nonnal operating 
conditions. A higher value of 1058°F represents point at which the yield 
strength of steel is significantly diminished. 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 ;:; 1.43. From F-
145579-00-A-0021, Rev. OJ, Full DBVS Feed Preparation & Melt Process Flow 
Diagram. 

'T pad na mu .ld.118$ in th\s box ,ndic-1o the celculatlon h3s been s l ned otf/;J rovtd and IJti: o rl ln.ats ttavo been laced In 1he Pr ect files. 

• Page 2 er 7 

A6-96 



[H 

RPP-24544 REV 1 c 

·project Number: 145579 
CALCULATION SHEET 

Originator: James 'Ian Corb8eh J;ri 
9ata: J8fll:IOF)' 24, 2006 

Checkei:; Mike Guster~ 
Dme· 1/;zl/fo,6 . 

Pa~ 2 of 10 

Determine Heat effects on the ICV Box Steel 
Analysis of ICV Box will be at two temperatures as indicated below. 

As listed in A/SC ASD page 6-3, lhe yield strength of ratios for carbon steel at elevated temperatures are 
approximately 0.77 at 800°F, 0.63 at 1000°F and 0.37 at 1200°F. Use straight rsne Interpolation to determine the 
yield strength ratio of steel for the temperatures as listed above. Using the yield strength ratio of 1.0 at an assumed 
ambient temperature of 60°F, results In the foffowing yield strength reductions: 

662°F - 60°F 

800-°F- 60°F 

o. 77- 1.0 

+ 1.0 

I 058°F - I 000°F 

1200-°F-1000°F 

0 . 37- 0 . 63 

+ 0. 630 

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

Reduction of yield strength as a result of lhe 
higher bounding temperature. 

The modulus of elasticity will change with temperature but AISC does not give any guidance on the values to use al 
elevated temperatures. Use ASME B&PV Code /ID, to determine the values at the temperatures as listed above. 

The modulus of elasticity of Carbon steel is 26.5x106 at 600°F, 25.5x106 at 700°F, 20.4x106 at 1000°F, and 

18.0x106 at 1100°F. Use straight line Interpolation lo determine the value. 

E := 29000psi 

662°F - 60 0°F 
E1 := -------- + 25600ksi E1 = 25538 ksi 

700-°F-600°F 

25500-ksi-25600ksi 

1os0°F - 1000°F 
E2 := -------- + 20400ksi Ez = 19008 ksi 

ll00·°F- 1000°F 

18000ks i-20400ksi 

A6-97 

Modulus of Elasticity at ambient temperatures, 
A/SC ASD, page 6-30. 

Modulus of elasticity of steel at 662°F, ASME · 
B&PV Code Section II Part D Subpart 2. see 
Attachment 2, page 2. 

Modulus of elasticity of steel at 1058°F, ASME 
B&PV Code Section II Part D Subparl 2, see 
Attachment 2, page 2. 

Attachment: __ _JB...£.. ____ _ 
Cale. No.: 145579-B-CA-004 
Rev. No.: 3 
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. GAGES . 
s of an Inch 

• Standard Galvanized 
;age for 5helt8age USA 
IJlcliaed. tiolpped Steel 
JI& Celd Zinc Coaled ~Gage 
edSheels" SlleelS" 

.0897 .0934 .092" 

.0747 .0785 .080 

.0673 .0710 . 072 

.0598 .0635 . 062" 

.D538 .0575 .054 

.0478 .0516 .0-W 

.0418 .0456 .041 

.0359 .D396 _035• 

.0329 .0366 
0299 .0336 
0269 .0306 
0239 .0276 
0209 .0247 
0179 .0217 
0164 .0202 
0149 .0187 

.0172 

.0157 

STM A510 '"General Require
r'. Sizes originally quoled to 4 
al places in accordance with 
?9. 
duct is commonly specified to 

• URE FOR 
TEEL 

l.) 

Over 8 Over 12 
To 12 To48 

Plate Plate 

Strip Sheet 

Strip 
Slri 

ION 
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6-3 

EFFECT OF HEAT ON STRUCTURAL STEEL 

Short-time elevated-temperature tensile tests on the constructional ~teels permitted 
by the AISC Specification indicate that the ratios of the elevated-temperature yield 
and tensile strengths ·10 their respective room-temperature strength values are rea
sonably similar at any particular temperature for the various steels in the 300 to 7fXY' 
F. range, except for variations due to strain aging. (The tensile strength ratio may in
crease to a value greater than unity in the 300 to 7fXY' F. range when strain aging oc
curs.) Above this· range, the ratio of elevated-temperature to room-temperature . 
stre~gth decreases as the temperature increases . 

The 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 heat-
treated constructional allo steels exhibit Jess- ronounced r · · g. 

As examples of the decreased ratio levels obtained at elevated temperature, the I 
yield strength ratios for carbon and high-strength low-alloy steels are approximately 
0.77 at 800" F., 0.63 at lOfXY' F., and 0.37 at 1200° F. 

FIRE-RESISTANT CONSTRUCTION 

AS1M Specification E119, Standard Methods of Fire Tests of Building Construction 
and Materials, outlines the procedures of fire testing of structural elements located 
inside a building and exposed to fire within the compartment or room in which they 
are-located. The temperature criterion used requires that the average of the temper
ature readings not exceed lOfXY' F. for columns and 1100° F. for beams. An individual 
temperature reading may not exceed 1100° 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 for .the 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, are capable of 
maintaining their strength and rigidity when subjected to the standard fire. They also 

f ~ablish the minimum period of time during which floors, roofs, walls or partitions 
~; will prevent fire spread by protecting against the passage of flame, hot gases and ex-
t, cessive heat. · 
.; Tables of fire resistance rntings for various insulating materials and construe
\: _lions applied to structural elements are published in the AISI booklets Fire Resistant 
/ Steel Frame Construction, Designing Fire Protection for Steel Columns and Designing J 
_'fire Protection for Steel Trusses. Ratings may also be found in publications of the 
;:,'Underwriters' Laboratories, Inc. 
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Nleyer, Pq~I (Trail) . ,· , _,, 

From: Meyer, Paul (Trail) 
'. .,• 

Sent: February 28, 2006 9:54 AM 

To: 'Mackey, Thomas c· 
Cc: Shuford, David H (Dave); Stephens, John D (frail); Leonard, Michael W; Sweet, Frank 

Sub)ect: RE: Calculation of possible ICV Box movement 

Tracking: Recipient 

'Mackey, 1llomas C 

Shuford, David H (Dave) 

Stephens, John D (Trail) 

Leonard, Michael W 

Sweet, Frank 

Read 

Read: 28/02/2006 10:19 AM 

. . 

~ wiU use H=0.21 Sg 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_C_Mackey@RL.gov] 
Sent: February 27, 2006 3:12 PM 
To: Meyer, Paul (Trail) 
Cc: Shuford, David H (Dave); Stephens, John D (Trail); 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 extractec! from another discussion on this subject: 

PGA, and ZP A are essentially synonymous terms. The peaks of the horizontal and vertical design spectra provided by 
Geomatrix are 0.588g and 0.346g. 

These are not peak ground accelerations, but rather peak spectral accelerations. The PGA's (ZP A'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: --- - '1-+---- --
Calc. No.: 145579-B-CA-004 

----~ - ------ --- - -------------Rev. No.: 3 
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From: Meyer, Paul (Tra~) [mailto:paul.meyer@amec.com] 
Sent: Monday, February 27, 2006 2:56 PM 
To: Mackey, Thomas C · ,., , 
Cc: Shuford, David H (Dave); Stephens, Jol)n D (Trail) 
Subject: Calculation of possible IC.V Box _movement 

Thanks. 

'.• 

Question: to do the calculation, I'll need the "H" and •v• values for our site. On page 5 of the fax (page 18 of the 
calc) it says the "H 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 Internet and the single hit was 
a document called "FFTF Final Safety Analysis Report (WHC-Tl-75002)" for the Fast Flux Text 
Facility. According to that documen1, the full 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 1 2 and 3 mentioned on page 5 (page 18 of the calculation) available? It looks as if 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 "f" is the fundamental frequency in Hz (which is the reciprocal of the period) The curbs 
have a period "T" (per UBC) of 0.03 seconds, or a natural frequency of -33 Hz. Definitely rigid! 

My assumption is that "H" probably corresponds to Ca in the UBC-97. 
If I take H as 0.24g and V as 50% of H or 0.12g, then: 
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 f = 33 Hz and g= 32 ft/sec"2 or 384 in/sec"2 
then the movement of the box would be 
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-will occur as 
the value of H/(1-V) = 1.5(0.24)/(1-(1 .5*0.12)) = 0.5 which is greater than he coefficient of friction. In that 
scenario, the total movement would be 0.0024 iriches 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 [mailto:Thomas_C_Mackey@RL.gov] 
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: Lenz, Kelli S 
Sent: Monday, February 27, 2006 8:05 AM 
To: Mackey, Thomas C 
Subject: Attached is the file you requested. 
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1 INTRODUCTION 

Full-scale testing with non-radioactive simulant in a prototypical ICV™ Box has led to 
evolution of the design for the refractory and insulating layers of the ICV™ Box. Heat 
transfer calculations modeling multiple configuration options were performed to guide 
the design evolution (see References 1 and 2). The resultant ICV™ 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 1 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 ICV™ 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 ICV™ 
Box, leaking glass will not contact the steel ICV™ Box skin and appropriately "freeze" 
in the sand. The conditions modelled herein represent deviations from those expected 
during normal operating cond itions at DBVS. 

1.2 SCOPE 

This calculation determines the !CV 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 !CV 
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 . 

Typed names/dates in this box ind ica te the calcula tion has been signed off/approved and the originals have been placed In the Project flies. 

j DATE: /, , / I CHECKER: DATE: ::, l 

I J / 21/vt ~~d- 3/~~? 
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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-145579-00-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. 

Typed names/dates in this box Indicate the calculation has been signed off/a proved and the originals have been placed In the Project files . 
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3 CRITERIA 

1. The "freeze point" isotherm (defined in this analysis as 826°C) does not contact 
the box skin . 

4 REFERENCES 

1. Calculation No. 0513206.01-M-001 AMEC BulkVit 1D Thermal Analysis of the 
ICV™ Box Refractory Liner. ARES Corporation . 2005. 

2. Calculation No. 0513206 .01-M-002 AMEC BulkVit 2D Thermal Analysis of the 

ICV™ Box Refractory Liner and "Leaking Glass" Configuration. ARES Corporation. 
2005. 

5 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 X826 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 0PC 
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 . 

Typed names/dates In this box indicate the calculation has bee n signed off/approved and the originals have been placed in the Project files. 
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Table 5-1 . Results for the ICV™ Box Sidewall Heat Transfer Simulations 

, .. -: - ·-·· 
·' Heat Jransfe.r: "Leaking Glass" 

.. ". 
• ·a . 'i • 

·case Tni~1t P'G] < T .. [OC] i;·. 1J Coef(ident · .· ' Co'nd.ition ; Tski~ . ."(· 
,' Xa2B 

., 
'[OC] · M~ltip!ier ~ 

' . . .. ., ; 

3_ 1(1) 1300 100 1x No 5½11 281 

3_2(2> " " II No 3¾" 232 

3.3 .1 " " " Yes 2¼" 286 

3.3.2 1500 " " II 

1¼" 342 

3.3.3 1700 II " II 

3/a" 421 

3.3.4 " " ½x II 

½" 557 

3.3.5 " " 2x " ½ II 313 

Notes ( 1) Sidewall model through 11 OC vertical castable refractory rib backing 
(2) Sidewall model through sand 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 g lass is shown as Case 4.1 (60PC 
castable refractory with 11 0PC castable refractory and sand "backing"). As with the 
sidewall ana lysis , 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. 

Typed names/dates In this box Indicate the calculation has been signed off/approved and the origina ls have been placed In the Project fil es . 
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Table 5-2. Results for the ICV™ Box Bottom Heat Transfer Simulations 

,. 
'"' - ... 

Fleat Transfer "Leakihg Glas·$" , 
: -1~ ) ;, ,, 

. Case) 'T melt [
0 C] . T~ [og] -t ;defficient :._· · _· Co~tl ition' " Xa25 

·,,, y;kin 
' · Multiplier .-

.,,;) . ,''., 
i' [OG] ., 

t",, '· ' ,:;.,_ . '·ft: ... <.,:~. '•" ,, , ,, '>··, ,,'.. ,',, ' "' •,.:, r ,. •, -:·,e; , .,, 

4.1 1300 100 1x No 5¾11 252 

4.2.1 
II ti ti Yes 3¼11 254 

4.2.2 1500 II " " 2¾" 340 

4.2.3 1700 " " " 1¾" 391 

4.2.4 " " ½x " 1¼" 517 

4.2.5 " II 2x " 1¾" 299 
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1.0 INTRODUCTION 

A series of computational simulations was perfonned previously to determine the thennal response of a number 
of candidate designs for the refractory liner system used in Horn Rapids Test Site (HRTS) 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 BulkYit 
System (DBVS) ICY™ containers. The maximum box skin temperatures predicted in the calculations 
presented herein wi ll be factored into the thermal stress considerations of the ICY™ 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 stee l surfaces of the ICY™ box. The calculations presented herein are intended to demonstrate 
that these design constraints will not be vio lated 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 HRTS ICY™ box design. 

While the ICYTM box refractory liner system employed at the DBVS is the same as was developed for the 
HRTS ICY™ box des ign, there are differences in the box surroundings that require additional analysis to 
determine the adequacy of the design fo r the DBYS application. In particular, at the HRTS, vertical sidewalls 
of the ICY™ boxes were ex posed to ambient air conditions. Because the materials being processed at the 
DBYS wi ll contain rad ioactive constituents, the ICY™ boxes will be surrounded by concrete shielding wa lls on 
two sides. As a consequence, the heat losses off the DBVS ICY™ 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 ICY™ box 
supporting arrangement as deployed at the HRTS . The configuration to be deployed at the DBYS will be 
similar, however. The drawing provided in reference 3 provides plan, elevation, and section views of the 
proposed DBVS ICY™ container and its associated support system. The concrete ecology blocks utilized for 
the HRTS arrangement (illustrated beneath the ICY™ box in Figure 1-1 ) will be replaced with a steel I-beam 
rail arrangement. The box and support rail assembly wil l be surrounded on two sides by concrete shielding 
wal ls. The drawing identified in reference 14 provides plan and detailed views of the ICY™ box and shield 
wa l I arrangement. 

In addition, one of the initial BulkYit tests performed at the HRTS experienced some leaking glass that 
propagated through ga ps 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 ICY™ 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 ICY™ 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 wi ll propagate until its surface reaches a temperature of 
26°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 ICYTM box vertical and bottom walls of the castable refractory liner 
materials during these off-normal conditions . 

Figure 1-1. HRTS ICVTM Box and Support System. 

f he simulat ions are grouped into two categories in this ca lcu lation - those associated with heat loss and glass 
propagation th ro ugh the ICY™ box ve rtica l side wa ll s, and those assoc iated with heat loss and glass 
propagati on th ro ugh the ICY™ box bottom wa ll. Resu lts fo r the sidewall simulations are presented in Sect ion 
3.0. Results fo r the ICY™ box bottom wa ll si mulations are presented in Secti on 4.0. Fi nall y, a summary of the 
findin gs and some conclusions are prese nted in Section 5.0. 

2.0 ANSYS® MODEL DEVELOPMENT AND ANALYSIS METHODOLOGY 

A fi nite element model (FEM) incorporating all signifi cant elements of the DBYS ICY™ Box Sidewa ll and 
Bottom was deve loped wi th the ANSYS® program (Refere nce 12), us ing ava il ab le des ign data. T he scope fo r 
examining the box sidewa ll and bottom was to translate the mode l and analys is resul ts generated fo r the therm al 
response of the HRTS ICYTM box (refs. I & 2) to the DBVS set-up and configuration, and to determine what 
affect the " leak ing glass•· had on the temperature profile in the DBYS ICY™ box refracto ry liner system. 

The geometry sections of the box sidewa ll and bottom refrac tory was modeled in AN SYS® using a combination 
of co mmands and an interactive menu system called the Graphical User Interface (GUI). The GUI feature of 
AN SYS® provides the capabi lity to automatica ll y generate complex fi nite element models. The so lid modeling 
from the bottom up is defined in terms of keypoints, lines, areas, and elements. The modeling process is 
initi ated by defi ning the lowest-o rder so lid model entities; the key points. Keypoints are defin ed within the 
currently acti ve coordinate system and are important/key coordinate points to start the modeling. 

The members of the assembly are then defined by lines that are defin ed by co nnecting these keypoints. Element 
tvpes, materia l properti es, and geometrica l properties are ass igned to the generated lines and areas. The 

NSYSi mes hing module automatica lly maps selected geometric components (e.g. - lines and areas) to 
.,1dicated elements. The bo undary conditions and loading are ass igned after model meshing is complete. 
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2.1 Selection of Element Types 

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

l. 60PC Castable Refractory, 

2. 11 0C Castable Refractory, 

3. Sand, 

4. ¼" 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 ICV™ Box Sidewall and Bottom Models. 

Element T e Name Element Descri tion 
I PLANE55 2-D THERMAL SOLID 

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

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

Material 
k (Thermal Conductivity)/ 

Number 
Description h (Convection/Radiation 

Heat Transfer Coefficient) 
1 60PC Castable Refractory See Appendices 
2 I I 0C Castable Refractory See Aooendices 
3 Steel Linin_g 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 ICY™ 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 ANSYS® meshing module 
automatically meshed areas into PLANE 55 elements. The boundary conditions and loading were assigned 
after model meshing. 

2.3 ANSYS® Verification & Validation 

The FEM of the ICY™ Box Sidewall and Bottom was used to determine the temperature change across the 
refractory using the ANSYS® computer program. The ANSYS® 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-05-02-0 I 0, ANSY~ 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 7VB3 W6 I and ARES ID RL_ CO I 04. 

1.0 ICVTM BOX SIDEWALL THERMAL ANALYSES 

fhe refractory liner system for the ICY™ 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 of3 ½" x 31/2" x ¼" 
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 Rescocast I I 0C castable 
refractory are staged at periodic intervals between the outboard surfaces of the 60PC castable and the steel 
ICY™ 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 wal Is, the 11 0C refractory vertical ribs, and the 
ICY™ box steel walls. The exterior surface of the lCV™ 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 Carbo line 4674. Per Mr. Mike Beckman of Carbo line, 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 ICY™ 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 l CV™ box. 

The ICY™ box sidewall 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 . 
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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. 11) for Hanford soils. 

The end walls of the DBVS !CV™ 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 !CV™ box sidewall for the case when the 60PC castable is backed by 
11 0C 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. 

T melt 

~ 
Tconcrctc 

~ 

~ 6" --• 1
----- 6" 

Figure 3-1. DBVS ICvrM Box Side Wall Model Schematic - in the Vicinity of the llOC Vertical Ribs. 
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Figure 3-2. DBVS ICVTM 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 " leaki ng glass" scenarios. In 
these scenarios, it is postulated that a horizontally-oriented l" sea m opens-up in the 60PC castable refractory 
sidewall, allowing glass to fl ow into the region occupied by the sand material. The glass " flows" out toward the 
ICY™ box sidewall and up the outboard face of the 60PC castablc refractory until the leading face of the 
" leak ing glass" cools to the "freeze point" temperature of the g lass, 826°C (as spec ified by PNNL for thi s 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 ICY™ box sidewall. This configuration is intended to mimic 
the conditions experienced during the HRTS BulkYit Test 38A and identified n the post-test sampling and 
evaluation of the apparatus (ref. 4). 
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Tconcrete 
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t 
Figure 3-3. DBVS ICYrM 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 !CV™ box surface and the proximity of the leading edge of the "leaking glass" to the box steel 
sidewall. The fol lowing sections describe the assumptions and corresponding results for each of these cases. 

3.1 Base Case Conditions - llOC Castable Refractory Backing 

The configuration modeled for this case is depicted in Figure 3-1. 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 ICV™ box sidewall. The radiation heat 
transfer component assumed an emissivity of 0.8 for the !CV™ box steel and 0.6 for the concrete shield wall. 
A temperature of I 300°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 I 00°C was assumed for the ambient and concrete surface 
temperatures outboard of the ICV™ box. In summary, the conditions modeled for this case were: 
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• 2D Model of Box sidewall - Base Case Configuration, No leaking glass 
o l 300°C temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 6" thick 11 0C castable refractory vertical ribs 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o Nominal natural convection & radiation on outside box wall - with effect of concrete shield wall 

included 

• Ebox = 0.8 
• Econcrcte = 0. 6 

o 100°C ambient for both air and concrete surfaces 

The AN SYS® v 10.0 computer code was used to compute the temperature distribution in the lCV™ box 
refractory liner system under these conditions. Figure 3-4(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 3-
4(b). As the results indicate, the results for the key metrics were : 

..,, 

Location of the 826°C isotherm ~ 5½" from box skin 
Maximum Box ski n temperature~ 281 °C 
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Figure 3-4. Temperature Distribution for the ICVTM Box Sidewall Configuration - 1 IOC Refractory 
Backing. 
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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 ICY™ box sidewall. The radiation heat 
transfer component assumed an emissivity of 0.8 for the ICY™ box steel and 0.6 for the concrete shield wal I. 
A temperature of l 300°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 I 00°C was assumed for the ambient and concrete surface 
temperatures outboard of the ICY™ box. In summary, the conditions modeled for this case were: 

• 2D Model of Box sidewall - Base Case Configuration, No leaking glass 
o l 300°C temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 6" thick sand 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o Nominal natural convection & radiation on outside box wall - with effect of concrete shield wall 

included 

• Ebox = 0.8 
• Econcrete = 0.6 

o I 00°C ambient for both air and concrete surfaces 

The AN SYS® v I 0.0 computer code was used to co mpute the temperature di stribution in the !CV™ box 
refractory liner system under these conditions. Figure 3-S(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(6). As the results indicate, the results for the key metrics were: 

• Location of the 826°C isotherm - 3¾" from box skin 
• Maximum Box skin temperature - 232°C 

Calcul ation Shee t: Q/\P 3. 1. RcY. 6 ( 11-1 5-05) 

A6-l37 



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

CALCULATION SHEET 

Project No. 0509206.0 I Calculation No. 0509206.0 l-M-00 I Rev. No. I 

Title: DBYS ICY™ Box Thermal Analys is 

Prepared By: P.S. Lowery 

Gh,, 5 1'1.b 5 i de ua ll Hodel - Cuc 3.2 

(a) 

Date: 3/20/06 

JJiSYS 10 . 0 
llODAL SOLUTIO!i 
fflP • l 
S'UB •15 
TIKt•l 
Ttl'IP (.\VCJ 
RSYS • O 
PO\IC[ Gcoph.i c:i 
trl ctT•l 
>.YJU:Salfat. 
SD" • Zll. 99 
SJt< • JJ00 

ZV • l 
DlST• .16764 
XT • .1524 
YT • .1524 

Checked By: S.R. Pierce 

(b) 

Page No. 15 of 97 

Date: 3/20/06 

ARSYS 10. 0 
R®A.L sourn oH 

l't!U' (! VG) 
RSYS•O 

Povu:Gc4ptuc.s 
[ f.\.C'E'T• l 
.\VllLS • L'hH 

SHI • 231. 9 9 
SKX .. l J00 

zv •1 

DIIT•. 16164 
XT •. 1524 
Yf' • . 1524 
Z- BUTn:R 

- Zll. 99 
~ 350.1558 
~ 469. 3 26 
~581 . 993 
~706 . 66 1 
@§J BZ S, 329 
w1) 943, 991 

(iE] 1063 -~~ ~~ 

Figure 3-5. Temperature Distribution for the ICY™ Box Sidewall Configuration - Sand Backing. 

i.3 "Leaking Glass" Scenarios 

As discussed in sec tion 3.0, a number of cases were considered to assess the consequences of a hori zontal seam 
opening in the 60PC refractory allowing a slab of " leaking glass" to flow and fo rm on the outboard face of the 
60PC castable refractory. The configuration modeled is dep icted in Figure 3-3. The lead ing face of the 
" leaking glass" reg ion was adjusted in the model until it co incided with the location of the 826°C isotherm. The 
results obtained from a number of conditions are presented in this section. These results refl ect vari ati ons in the 
assumption of the temperatu re of the me lt at the me lt/60PC interface, and modi fy ing the combined heat transfer 
coeffic ient on the surface of the ICY™ box by factors of½ and 2. 

3.3.1 1300°C Melt/60PC Interface Conditions 

The confi guration modeled fo r this case is de picted in Figure 3-3. The conditions modeled were: 

• 2D Model of Box sidewall - "Leaking Glass" Scenario 
o I 300°C temperature at melt/60PC interface 
o 6" thi ck 60PC castable refractory 
o 6" thick sand 
o Hybrid LA W/PNL-4800 glass therm al conducti vity properties 
o Nominal natu ra l convecti on & radi ation on outside box wall - wi th effect of concrete shield wal l 

included 
• Ebox == 0.8 
• Econcrc- tc = 0.6 

o I 00°C ambient fo r both ai r and concrete surfaces 

Cultu lution Sheet: Qi\ P 3. I, Re\' 6 ( I I- 15-05 ) 

A6-138 



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

CALCULATION SHEET 

Project No. 0509206.0 I Calculation No. 0509206.0 l-M-00 I Rev. No. I Page No. 16 of97 

Title: DBVS ICV™ Box Thermal Analysis 

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

The ANSYS® vl 0.0 computer code was used to compute the temperature distribution in the ICV™ 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(6). As the results indicate, the results for the key metrics were : 

• Location of the 826°C isotherm - 2½"" from box skin 
• Maximum Box skin temperature - 286°C 
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Figure 3-6. Temperature Distribution for the ICVTM Box Sidewall Configuration - 1300°C "Leaking 
Glass". 

3.3.2 1500°C Melt/60PC Interface Conditions 

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

• 2D Model of Box sidewall - " Leaking Glass" Scenario 
o l 500°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 

• Ebox = 0.8 

• Econcrctc = 0.6 
o I 00°C ambient for both air and concrete surfaces 
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The ANSYS® vl0.0 computer code was used to compute the temperature distribution in the ICY™ box 
refractory liner system under these conditions. Figure 3-7(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-
7(b ). As the results indicate, the results for the key metrics were: 

• Location of the 826°C isotherm ~ 1 ¼""from box skin 
• Maximum Box skin temperature ~ 342°C 
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Figure 3-7. Temperature Distribution for the ICvrM Box Sidewall Configuration - 1500°C "Leaking 
Glass". 

3.3.3 1700°C 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 700°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 

• Ebox == 0.8 
• Econcrctc = 0.6 

o I 00°C ambient for both air and concrete surfaces 
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The ANSYS® vl 0.0 computer code was used to compute the temperature distribution in the ICY™ box 
refractory liner system under these conditions. Figure 3-8(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 3-
8(6). As the results indicate, the results for the key metrics were: 

• Location of the 826°C isotherm - %" from box skin 
• Maximum Box skin temperature - 421 °C 
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Figure 3-8. Temperature Distribution for the ICY™ Box Sidewall Configuration - 1700°C "Leaking 
Glass". 

3.3.4 1700°C Melt/60PC Interface Conditions; Reduced surface heat transfer coefficient 

The configuration modeled for this case is depicted in Figure 3-3. The configuration 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 ICV™ box external sidewall was reduced by a factor of 2 to assess 
the sensitivity of the results to variations in this parameter. The conditions modeled were: 

• 20 Model of Box sidewall - "Leaking Glass" Scenario 
o l 700°C temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 6" thick sand 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o ½ x nominal natural convection & radiation on outside box wall - with effect of concrete shield 

wall included 
• Ebox == 0.8 

• Econc rete == 0. 6 
o 1 00°C ambient for both air and concrete surfaces 
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The AN SYS® v I 0.0 computer code was used to compute the temperature distribution in the ICY™ 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(6). As the results indicate, the results for the key metrics were: 

• Location of the 826°C isotherm - ½" from box skin 
• Maximum Box skin temperature - 557°C 
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Figure 3-9. Temperature Distribution for the ICY™ Box Sidewall Configuration - 1700°C "Leaking 
Glass"; Reduced ICVTM Box Surface Heat Transfer Coefficient. 

3.3.5 • 1700°C Melt/60PC Interface Conditions; Increased surface heat transfer coefficient 

The configuration modeled for this case is depicted in Figure 3-3 . The configuration 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 ICY™ box external sidewall was increased by a factor of2 to 
assess the sensitivity of the results to variations in this parameter. The conditions modeled were: 

• 2D Model of Box sidewall - "Leaking Glass" Scenario 
o I 700°C temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 6" thick sand 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o 2 x nominal natural convection & radiation on outside box wall - with effect of concrete shield 

wall included 
• £box= 0.8 
• Econcrcte = 0.6 

o I 00°C ambient for both air and concrete surfaces 
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The ANSYS® vl0 .0 computer code was used to compute the temperature distribution in the ICY™ box 
refractory I iner system under these conditions. Figure 3-1 0(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 
3-1 0(b ). As the results indicate, the results for the key metrics were: 

• Location of the 826°C isotherm ~ ½" from box skin 
• Maximum Box skin temperature ~ 3 l 3°C 
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Figure 3-10. Temperature Distribution for the 1cvrM Box Sidewall Configuration - 1700°C "Leaking 
Glass"; Increased ICvrM Box Surface Heat Transfer Coefficient. 

4.0 ICvrM BOX BOTTOM THERMAL ANALYSES 

Similar to the ICYTM box sidewalls, the ICYTM 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 RES CO Yibrocast 60PC slabs that are joined with a half-lap seam 
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 11 0C. 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 811 tall. 
The bottom surfaces of the 11 0C support blocks and sand rests on the ICY™ steel box bottom. The outer 
surface of the box bottom is ribbed with 611 x 6" x 1/2 11 tube steel , spaced approximately 12" on-centers . The 
tubes run across the 8' width of the box. The outer surface of the ICYTM box bottom is painted with the 
Carboline Thermoline 4700 flat black product. Again , all the property data relevant to the thermal analyses 

erformed for thi s 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 ICY™ 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 ICY™ box bottom thermal analyses performed for the HRTS simulations (references 1 & 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 s imulations presented herein. 

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

¼" Steel 

, T 
cone 

Figure 4-1. ICvrM Box Bottom Model Schematic. 

For the ICY™ box bottom "leaking glass" scenarios, the configuration modeled is as depicted in Figure 4-2. 
As with the "leaking glass" model used for the ICY™ 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 regi on be low. 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 ICY™ box 

ttom region , and the heat transfer coefficients used to represent convective and radiative heat losses from the 
xterior steel surface of the ICY™ box bottom and its surrounding environment. The "leaking glass" will 

CJlculmion Sheet: QI\P 3.1. Rev . 6 ( 11- 15-05) 

A6-144 



RPP-24544 REV le 
145579-O-CA-001 Revision 2 Attachment 1 

CALCULATION SHEET 

Project No. 0509206.0 I Calculation No. 0509206.0 I-M-00 I Rev. No. I Page No. 22 of 97 

Title: DBYS ICY™ Box Thermal Analysis 

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

propagate into the sand until the leading edge of the slab coincides with the location of the 826°C isotherm in 
that region. As indicated in Figure 4-2, x826 represents the distance between exterior surface of the ICY™ box 
bottom and the leading edge of the " leaking glass" slab. 

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

Six cases were considered to assess the impact of the " leaking glass" scenari o on the maximum temperature 
realized on the ICY™ box bottom surface and the prox imity of the " leaking glass" to the box bottom stee l. The 
fo llowing sections describe the assumptions and corresponding results fo r each of these cases. 

4.1 Base Case Conditions 

The configuration modeled for thi s case is depicted in Fi gure 4-1. Te mperature-dependent thermal conducti vity 
data for each material was included in the model and is presented in the Appendices. Combined free convecti on 
and radi ati on heat transfer was modeled off the outside surface of the ICY™ box bottom. The radiation heat 
transfer component assumed an emissivity of 0.8 fo r the ICY™ box stee l and 0.6 fo r the concrete fl oor. A 
temperature of l 300°C was assumed fo r the melt/60PC interface. Thi s temperature refl ects a conse rvati ve ly 

'gh, but reasonable, estimate of the melt temperature in this reg ion during normal operatin g cond it ions. A 
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conservative, upper-bound temperature of 100°C was assumed fo r the ambient and concrete surface 
temperatures outboard of the ICY™ box. In summary then, the conditions mode led fo r this case were: 

• 2D Mode l of Box bottom - Base Case Configuration, No Leak 
o I 300°C temperature at melt/60PC interface 
o 6" thick 60PC castabl e refractory 
o 8" tall by 9" wide sand; 8" tall by 5" wide I I 0C castable refractory supports (spl it to ce nter the 

sand region on the model's ve rti cal cente rline) 
o Nominal natu ral convection & radiation on bottom box wall - w ith effect of co ncrete floor 

inc luded 

• Ebox = 0.8 
• Econc rete = 0.6 

o I 00°C ambient fo r both air and concrete surfaces 

T he AN SYS® v I 0.0 computer code was used to compute the temperature d is tri bution in the ICV™ box 
refrac tory liner system under these cond itions. Figure 4-3(a) prov ides an illustrati on of the locati on of the 
826°C isotherm fo r this mode l; a co lor map of the full-fi eld te mperature di stribution is presented in Fi gure 
4 -3(6) . As the results indicate, the results for the key metri cs were: 

Locati on of the 826°C isotherm - 5%" fro m box bottom 

• M ax imum Box skin temperature - 252°C 
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Figure 4-3. Temperature Distribution for th e IC VTM Box Bottom Configuration. 
4.2 "Leaking Glass" Scenarios 

1 seri es of fi ve cases were considered to assess the impact of the " leak ing glass'· scenario on the max imum box 
_k in temperature and the proxim ity of the leading edge of the " leak in g g lass" s lab to the ICY™ box bottom 
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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 ICY™ box. As 
was done for the ICY™ box sidewall cases, the combined surface heat transfer coefficient was modified by 
factors of½ and 2 in this sensitivity study. 

4.2.l 1300°C Melt/60PC Interface Conditions 

The conditions modeled for this case were as follows: 

• 2D Model of Box bottom 
o l 300°C temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 8" thick sand; 8" 11 0C castable refractory supports 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o Nominal natural convection & radiation on bottom box wall - with effect of concrete floor 

included 
• Ebox = 0.8 
• Econcrete = 0. 6 

o I O0°C ambient for both air and concrete surfaces 

The AN SYS® v I 0.0 computer code was used to compute the temperature di stribution in the ICY™ box 
refractory I iner system under these conditions. Figure 4-4(a) provides an ii lustration 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(6). As the results indicate, the results for the key metrics were: 

• Location of the 826°C isotherm - 3½" from box bottom 
• Maximum box sk in temperature ~ 254°C 
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Figure 4-4. Temperature Distribution for the ICY™ Box Bottom Configuration - 1300°C "Leaking 
Glass". 

4.2.2 1500°C Melt/60PC Interface Conditions 

The conditions modeled for this case were as fol lows: 

• 20 Model of Box bottom 
o 1500°C temperature at melt/60PC interface 
o 6" thick 60PC castab le refractory 
o 8" thick sand; 8" 11 0C castable refractory supports 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o Nomina l natural convection & radiation on bottom box wall - with effect of concrete floor 

included 
• Ebox = 0.8 
• €concrete= 0.6 

o I 00°C ambient for both ai r and concrete surfaces 

The ANSYS® v I 0.0 computer code was used to compute the temperature distribution in the ICVTM box 
refractory liner system under these conditions . Figure 4-S(a) provides an illustra tion of the location of the 
826°C isotherm for this model ; a co lor 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°C isotherm - 23/s" from box bottom 
Maxim um box skin temperature - 340°C 
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Figure 4-5. Temperature Distribution for the ICvrM Box Bottom Configuration -1S00°C "Leaking 
Glass". 

4.2.3 1700°C Melt/60PC Interface Conditions 

The conditions modeled fo r thi s case we re as fo llows: 

• 2D Model of Box bottom 
o I 700°C temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 8" thick sand ; 8" 11 OC castable refractory suppo11s 
o Hybrid LA W/PNL-4800 glass thermal conducti vity prope11ies 
o Nominal natural convecti on & radi ation on bottom box wall - with effect of concrete fl oor 

included 
• Ebox = 0.8 
• Econcretc == 0.6 

o I 00°C ambient for both air and concrete surfaces 

The AN SYS® v I 0.0 computer code was used to compute the temperature di stribution in the ICY™ box 
refractory liner system under these conditions . Figure 4-6(a) pro vides an illustration of the location of the 
826°C isoth erm 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 fo r the key metrics were: 

• Locati on of the 826°C isotherm - 1 %" from box bottom 
Max imum box skin temperature - 39 1 °C 
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Figure 4-6. Temperature Distribution for the ICVTM 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 
o l 700°C temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 8'' thick sand ; 8" 11 OC castable refractory su pports 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o ½ x nominal natural convection & radiation on bottom box wall - with effect of concrete fl oor 

included 
• Ebox = 0.8 
• Econcrcte = 0.6 

o I 00°C ambient for both air and concrete surfaces 

The AN SYS® v I 0.0 computer code was used to compute the temperature distribution in the ICY™ box 
refractory liner system under these conditions. Figure 4-7(a) provides an illustration of the locati on of the 
826°C isotherm for this model ; a color map of the full-field temperature di stribution 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 1/s'' from box bottom 
Maximum box skin temperature - 5 I 7°C 
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Figure 4-7. Temperature Distribution for the ICvrM Box Bottom Configuration - 1700°C "Leaking 
Glass"; Reduced ICvrM Box Surface Heat Transfer Coefficient. 

1.2.5 1700°C Melt/60PC Interface Conditions; Increased surface heat transfer coefficients 

The cond itions modeled fo r thi s case were as fo ll ows: 

• 2D Mode l of Box bottom 
o 1700°( temperature at melt/60PC interface 
o 6" thick 60PC castable refractory 
o 8" thick sand ; 8" 11 OC castab le refractory supports 
o Hybrid LA W/PNL-4800 glass thermal conductivity properties 
o 2 x nominal natural convection & radiation on bottom box wall - with effect of concrete fl oor 

included 
• Ebox == 0.8 
• €:concrete= 0.6 

o I 00°C ambient fo r both air and concrete surfaces 

The AN SYS® v I 0.0 computer code was used to compute the temperature distribution in the ICVTM box 
refractory liner system under these cond itions. Figure 4-8(a) provides an illustration of the location of the 
826°C isotherm for this model; a co lor map of the fu ll-fi eld temperature distribution is presented in Figure 
4-8(b) . As the results indicate, the results fo r the key metrics were : 

• Location of the 826°C isotherm - 1 %" from box bottom 
• Maximum box skin temperature - 299°C 
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Figure 4-8. Temperature Distribution for the ICY™ Box Bottom Configuration - 1700°C "Leaking 
Glass"; Increased ICVTM Box Surface Heat Transfer Coefficient. 

5.0 CONCLUSIONS 

A series of simu lati ons were performed to eva luate the thermal performance of the ICV™ box side and bottom 
reg ions under base case and " leak ing glass" scenari os. The simulati ons considered the sens itivity of the 
max imum box skin temperature and proximity of the " leak ing glass" front to the box surface to variations in 
assumed melt temperature at the melt/60PC interface and the heat transfer coefficient used to model convective 
and radiative heat losses from the ICY™ box surface to the surroundings . The results are summarized in Table 
5- 1 for the ICV™ box sidewall simulations and Table 5-2 for the !CV™ box bottom si mulations. 

These results indicate that, under normal operating conditions, a maximum ICY™ 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 eastable refractory slabs all owing molten glass to 
propagate into the sand layer between the 60PC melt castable refractory liner and the ICY™ box sidewall, the 
peak ICY™ box skin temperature would be approximately 286°C, and the "leaking glass'· front would 
propagate through the sand layer and approach to within 2½" of the ICY™ box sk in. In the extremely off
normal condition of a melt/60PC interface temperature of I 700°C, the maximum box skin temperature increases 
to 42 1 °C and the leading edge of the " leaking glass" approaches to within ½" of the ICVTM 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°C. Under these conditions, the " leaking 

ass'· front ap proaches to within½" of the !CV™ box steel skin . These conditions are st ill within the design 
mits of the box. 
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The results obtained from simulations of the ICY™ box bottom region indicate a maximum surface temperature 
of approximately 250°C under normal operating conditions (assuming a melt/60PC interface temperature of 
l 300°C). In the assumed off-normal cond ition wherein a seam opens-up in the 60PC castable refractory fl oor 
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 31/s" of the ICYTM box steel skin. In the extremely off-normal condition 
of a melt/60PC interface temperature of l 700°C, the ICY™ box bottom temperature increases to 391 °C and the 
lead ing edge of the "leaking glass" approaches to within 11/s" of the ICY™ steel box skin . Even under these 
extremely severe assumptions, the molten material is still contained within the sand layer. As an indication of 
the conservati sm imposed in the analys is, if the heat transfer coeffi cients are reduced by a fac tor of two, the 
ICY™ box bottom temperature increases to 5 l 7°C and the lead ing edge of the " leaking glass" approaches to 
within l 1/s11 of the ICY™ stee l box bottom. These conditions are still within the design limi ts of the box. 

In summary then, these resu lts indicate that a melt castable refrac tory liner composed of 6" thick RESCO 
YIBROCAST 60PC, backed-up by 611 of sand and/or 611 th ick vertica l support ribs composed of RESCO 
RESCOCAST 11 0C is suffic ient to conta in the me lt, even under off-normal " leaking glass" conditions in which 
a I" wide seam opens-up in the sidewalls of the 60PC castable refractory liner. Sim ilarly, the 6" thick RES CO 
YIBROCAST 60PC materi al used to form the floor of the me lt castable refrac tory li ner, backed-up by an 8" 
hick layer of either RES CO RESCOCAST I I 0C suppoti blocks or 811 of sand is suffic ient to contain the melt, 

-.;ven under off-normal " leaking glass" conditions in whi ch a I " wide seam opens-up in the fl oor of the 60PC-
lined me lt cas tab le refractory liner. 

Table 5-1. Results for the ICVTM Box S idewall Hea t Transfer Simulations 

Tmclt Too Heat Transfer . "Leaking Glass" 
T skin Case [OC] (OC] Coefficient · ;' Gondition ~826 L0 cj:. • ,.~ . . . · ... c, . . ··-,-; f 

- Multiplier ··,. 
.. -,•., . r .. ; 
··- : 

3. 1<1) 1300 100 Ix No 5½" 28 1 
3.i 2) " " II No 3¾11 232 

3.3.1 " " " Yes 2 1/s" 286 

3.3.2 1500 " II " I ¼" 342 

3.3.3 1700 II " " 1/s" 42 1 

3.3.4 II " ½x II ½" 557 

3.3.5 " II 2x " 1/s" 313 

No tes: (1) Sidewall model through 11 OC vertical castab le refractory rib backing 
(2) Sidewall model through sand backing 

I 
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6.0 

Table 5-2. Results for the ICVTM Box Bottom Heat Transfer Simulations 

4.1 1300 100 Ix No 5%" 252 

4.2.1 " " II Yes 31/s" 254 

4.2.2 1500 " " " 23/s" 340 

4.2.3 1700 " II " 1%" 391 

4.2.4 " " ½x " 1½" 517 

4.2.5 " 2x II 1%11 299 
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APPENDIX A 

CONVECTION RADIATION HEAT TRANSFER CORRELATIONS 

COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER COEFFICIENT 
CORRELATION - HO RIZO NT AL SURF ACE 

where: C0 = 0.691 

n =½ 
Ts = Box Surface Temperature, °K 
Too= Ambient Air Temperature, °K 
Tconc = Concrete Surface Temperature, °K 
er = Stefan-B oltzmann Constant , 5.67x10-8 W/m2-°K4 

£ 13 = Emissiv ity of the pa inted ICY™ box surface, 0.8 
Zconc = Emissivity of the concrete surface , 0.6 

With Tconc= Too = 100°C, thi s yields: 

I 

Combined Free Convection & Radiation HeatTransfer 
Horizontal Surface Orienta tion 

~ 30 •' ✓{ 

N_g 25 

~ 20 -

100 200 300 400 500 600 

I Temperature [°C] 

L _____ --------- --- ------•··----- -·--···--- --- ------- -- I 

A6-1 56 

Ta [0 C] 
h 

. IW/m2
- 0 C] 

100 6 I 
125 8.8 
150 10.0 
175 l l.2 
200 12.3 
225 13.4 
250 14.6 
275 15.8 
300 17.1 
325 18.5 -

350 19.9 
375 21.4 
400 23.0 
425 24.6 
450 26.3 
475 28.2 
500 30. 1 
525 32. 1 
550 34.2 
575 36.4 
600 38.7 
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COMBINED FREE CONVECTION & RADIATION HEAT TRANSFER COEFFICIENT 
CORRELATION - VERTICAL SURFACE 

h _ C [T -T ]n + er [r: -Tc!nc] 

v -
0 8 00 

{(~) + l +(l - £cone )}(r
8 

- T,,,) 

where: C0 = 1.312 

n = ½ 
TB= Box Surface Temperature, °K 

T00 = Ambient Air Temperature, °K 
T conc = Concrete Surface Temperature, °K 

£ 8 £cone 

er = Stefan-Boltzmann Constant, 5.67xlo-s W/m2-°K4 

£ r3 = Emiss iv ity of the painted ICY™ box surface , 0.8 
£cone= Emi ss iv ity of the concrete surface, 0.6 

Nith l conc = Txo = I 00°C, thi s y ields: 

Ts [0 C] 
h 

!W/m2
- 0 CI 

100 6.1 Combined Free Convection & Radiation Heat Transfer 
125 10.6 
150 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 
5 75 41 .3 
600 43.7 

Vertical Surface Orientation 

50 ,--..,.,,..-,:-,--:-=--.-:---=-...,.-,-,-,-,-=,,,...,--,--,,--.,-,-,-,,,,-,,--,--:-r..,...,..,._,.,......,,. 

45 

40 

35 -t-=-,---..,-,~~ 

~ 30 -~ ~ ~ P':4~ 
NE 25 ,._,;s, ,.,.»,,e,.·--.,,.,;, 

~ 20 · 
~ 

15 

10 -

5 . 

0 -i----'=-'-'-

100 200 300 400 500 

Tempe rature [°C] 

600 
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RESCO Products Inc. VIBROCAST 60 PC (Reference 8) 

Vi bra tables 
Product Data 

VIBROCAST S0PC 

~ 
~ 
REsco· 
PRODU CTS INC. 

VIBROCAST 60PC is a sixty percent alumina, mullite based, pumpable, 3100°, low-cement 
castable designed to provide minimum porosity and low linear change wi th maximum density 
and high fi red strengths. This material will withstand severe high temperature corrosive and 
erosive environments. 

Maximum Serv ice Tem perature: 

Bulk Density : 
220°F (105°C) 

1500°F (8 15°C) 

Porosity : 
1500°F (8 15°C l 

Cold Crushing Stre ngth: 
1500°F ( 815°C) 
2500°F ( 1370°C) 
29 to°F (1600°c) 

Modu lus of Rupture: 
1500°F ( 815°C) 
2500°F ( 1370°c) 
2910°F (1600°C) 

Perm anent Linear Change(%): 
1 soo°F ( 815°C) 
2500°F (1370°c) 
2910°F ( 1600°C) 

Eros ion Loss: 
1500°F (815°Cl 

Conductivity or " K" Factor: 
Mean Temp. 
1000°F ( 540°C) 
1 soo°F ( a1 s0ci 
2000°F (1095°C) 

Typ ical Chemical Analysis(¾): 
Al2O3 SiO2 Fe2O3 

60.8 34.5 1 Q 

3100°F (1700°C) 

163 lb/ft3 (2608 kg/m3
) 

160 lb/ft3 (2560 kg/m3
) 

17% 

10000-14000 psi (700-980 kg/cni2) 
11000-1 5000 psi (770-1050 kg/en/) 
11000-15000 psi (770-·t0S0 kg/crn2

) 

1400-2000 psi (98-140 kgicni2) 
1500-21 00 psi ( f 05-14 7 kg/cm2

) 

1500-2100 psi ( 105-14 7 kg/cni2) 

-0.1 to -0 .3 
o.o to -0.3 

+0.4 to +0 .8 

Less than 9. 0 cc 
(Typical Loss:4 - 6 cc) 

BTU/ft2/HRi°Fiin 
10.0 
100 
10.0 

Ti02 

1.8 

cao 

1.6 

WiinK 
1.44 
1.44 
1.44 

Other 

0.3 

Standard Packaging : 72-55 lb. bags per pailet 

I Date: 3/20/06 

Calcu lati on Sheet : Q/\1' ., . 1. Rev. 6 ( 11- 15-05) 
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RES CO Products Inc. RESCOCAST 110 C (Reference 8) 

R 
Extreme Service Castables RESCO" 

PRon·u c .T ~ INC . 

Product Data 

RESCOCAST 110C 

RESCOCAST 110c is a cas ting grade refracto,y llrnt combines strength and abrasion 
resistornt quc1 lities witl1 low thermal conductivity. Rescocast 11 OC is tl1e product of cholce 
1Nl1e n both perforimnce c1nd insulation is clesired in c1 single product 

Maximum se,vlce Temperature : 

Bulk Density : 
220°F ( 105°C) 

1500°F (815°C) 

ColcJ Crushlnq Stre nqth: 
1500°F ( 815°C) 

Modulus of Rupture: 
1 500°F ( 815°C) 

Permanent Linea r Chanqe/%\: 
1500°F ( 13 ·15°C) 

Erosion Loss : 
1500,:,F ( 8 15°C) 
Typi cc1 I 

Conductivity or "K" Factor: 
Mec,n Temp. 

1000°F ( 540°C) 
1500''F ( 815°C) 

TypicJI Chemica l Analysis{%\: 

43.9 4.3.5 

2400°F ( 1315°C) 

117 11)/ft' (1870 kg/m3
) 

110 ll)/ft2 (1760 kg!m3
) 

5000-9000 psi (350-'330 kgfcm2) 

800-·12 00 psi (56-84 kg/cm2) 

0 .0 to -0 .3 

Less tl, c1 n 12 cc 
9-1 1 cc 

BTU/ft2/Hri°F.1 in 

6.0 
5 .4 

Cc1O 

9 .1 

fvlgO 

0.3 

V\/In1 K 

0.86 
0.78 

0.3 

Alk81 ies 

O.G 

StJn <lard Pac l<aqinq: ?2 - 55 11) . 1:;a9s per pc1II0t 

Calculat ion Shee t: QA P 3. 1, Rev . 6 ( 11 -15-05) 
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Steel Thermal Conductivity (Reference 9, Table A-19) 

127 
327 
527 
727 

.!< (TheiffiSi!CC5_~c1·i!~t~im9y:t' 
[Wlm;°Kl \tr.: .";, 

56.7 
48 

39.2 
30 

Representative Thermal Conductivity Data for Sand Liner Material 

Temperature .. k (Themrnl Cond11¢.tivity) 
f°Cl FW/m-°Kl : · 
25 0.17 

200 0.25 

300 0.285 
600 0.38 
1000 0.55 

j Date: 3/20/06 
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CARBOLINE PRODUCT DATA 

Carbo1 ~ S::e® .,__1'._h_er._m_a_lin_e_®4_7_o_o....., 1lil! _ & 4700 Aluminum 

Selection & Specification Data Substrates & Surface Preparation 
Gone,lcType 

Ooscriptton 

Fe.abilroa 

Color& Ory 
Temperatura 
Rott•bnce "' 

Finish 

Prlmara 

Topeoab 

Ory FIim 
TMcknou 

Sollds Content 

Thoor1tlcJI 
Coverclge Fbte 

VOCVah.tn 

Limitations 

Single pad<age sUlcone Onll!h 

High--parfotm.ince fU'\ish for areas exposed to 
eKtrame t.empar.ilt\.nl3. Sufbbl• for servk:e from 
400"f• tOOO"f (21WC-5JS--C) Colo< olabilily :,t 
maxlmum temperntura will depend on color 
selected. Requtrea heat curing. 

Resistam lo sevl!re thermal shoclt 
• Provlots oul&t:lndlng long-term perfonnance 

· when et)J:lied O\.-et' Catborinc inorganic z.!nc. 
prlmers 

• Air-dries to louch (fuB fltm formallon properties 
occurs aRorhoat c.urlng} 

Av~lloblo In tho lolcw,,ing 3~ ~or.: ; 

Blootc (C900) l 0OO"f (5J8"C) Conlinuouo 
AJummum (C901) tOO0"F (538"C) Continuous 
Stack and Alumlnum aftO\v surgos: to 12oo•F 
(649"C) 
Gray (C705) 750'F (399 'C) 

AU oth er CQior, are made to ordot and h3Ve 
lernf_.eratuu, rasislanu in the 650•75()9 F (:!.43"C· 
399"C) rango. 

Glo53 • initial (flat atter lieal curing) 

Ir.organic zincs. Nom, nefflJed for sfainhns steal 
01 ah.1rninum. 

Uorm;artynone 

2 mn, (50 microns). 4 -....-et rr: ll s ( 100 m,crons) 
Do not eY.cood 2.0 mllo In a singla coa l. 

4100 AJuminum: 1 5 mil, {40 mJcrons) 
Two coals are rocommeooed over stalltos.s ~eet 
and one Of 1\1.o coats mar inorgc1nk 2incs. 

B;t Volume: 48~.::. 2 
•1700 AJuminum by volume: JO.,. • .!, 2 

770 n'.iVfrlgal. (19 m1
/ I at 25 microns) 

4700 AJumlnum: {81 miVt?'Jgal. 
(12 m)/ I at 2~ rrJcron1). 

~ : 3.8 lb<Jgal (45e 1111) 
(sprayed Un-thinned oxcopt in hot app!iea.tlon) 
lhinmtd: 
1i.8 oz/gal w!"2J5 (10%) 4. t lbsJga: (~92 gn) 

4]00 Aluminurn 5UDP!l22.; 5.1)4 lb!ilgal l604 !)/1) 
Thinned: 
8 OZ/ga l w/#10 (6~,) 5.16 lbsJgal (618 g/1) 
16 01.!gal W/# 10 (12%) 5.27 lbsJgal (6321)11) 

Do not use for immersion service. 
Do not exceed :hlckness recommendafion. 

ExcP.SSive ti!m Oilck.ness m:1y result in 
b~storing and de!arr.inatlon when tho 
leroperatvre ls tncmased. 

November 2004 replaces Augusl 2C03 

A6-162 

General Surface3 m,i,J1 ho dean and ay. Employ 
adequate molhods to remove cf,rt. du,t on Md 
eU other oontam:Nnts lhet 00\Jkl interlecct with 
adl!e,loo ol ilo coating. 

Steel SSPC-SP 10 with• 0.S.1 .0 mRs (12-25 micron) 
6Urface pro!lle. Prime with 3Pecilic GarboUm, 
primers a-s recomm&nded by your Carbotine 
sale, repreientadve. 

Stalnles, Steel Sweep bla$tde.1nlng (SS?C.SP7) Is 
recommonded. 

Aluminum Swoep blasl deaning (SSPC•SP7) Is 
recommendod. 

• The allgnmont or aluminum fb'ces In aluminum-filled fil"kshes l9; very 
dependent on application conditions and techniques. Care must be 
taken lo keep condiUong 39 const.anl 99 posslbh) lo reduco V3rio0ons 
tn nnal .il~pearsnce. II Is aJso advlsab!e to work from a sh1gla botch of . 
mat8fial , ince variation, can occur trom batd"I to ba!ch. For rrore 
!nformar.on consuh cart>o!ne Tochntcal SeMce OtY,)3rtmenL 

470()14701 

Calculo1ion Shcc1 : ()Al' 3. 1. Re, . 6 ( I 1-15-05 ) 
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CARBOLINE PRODUCT DATA 

: 

FAX FROM CARBOLINE COMPANY ~ bolin'e: : 
I-': 
1-o : 

3SO Hanley Industrial Court• SL Louis, Mlssouri 631 44 , : 
I-' · 

P4r Lo<Pet2y 
..,: 

To: ,: 
o · 
Q I : 

Company: f>REC. I-'" 
<=>: 

FAXt: ~q_- qqf,-1.,,oab c., : 
o : 

Mtk.e Aeckj,J1s1-: "t]: 

From: ;,,-: 
H : 

12 - tJ-o.s 
c., '. 

[}ate: Time: .,_: ... , 
Dae_ #: 

e>: 
# of Pages: ..,,. 

:..:;i. ; 

If yvu do not receive aU rile pag11s hdicated p/easB ceR: (314) 644-1 000 
fa> , 
0>: 
OD · 

REPLY TO FAX NUMBER '-': 
Main L.o~by (~145 m-4m 
Sales & Markelin~ (314} 644-1080 Ext. 1-2304 
Sales & Markatifl! (314) 644-3353 
Taclln ical Service j314) 64H883 {;;_: 
Customer Service {314) 644-4684 ~: 

(314) 644-224\i 
·o: 

Corporate Services r : 
>-< · 

Fin:proolln!)/OEM OMskln (314) 644-1030 EJI. 1-2344 z: 
tn: 

C[llor Lab (314) 644-1080 Elll. 1-2468 · 
New Orleans (5041 734-9120 

l e s_ lll_t_l'ok-r -#=(28.f?rJ~ ' 

: 

COliFIDEllllAUTY IIOlE: Tt.is messaQe is privilfl)ed and cor.fioonlial and intended solaly !or the Jndi- §l 
,,:dual or ently \o which it i; adorassed. You a~ heret,,, notifieil tllal. arry ~nat:illmiz.ed use, lampe!ing, cfiStioS!Jfl!. o ' o· 
distrllxltion. 0<C[!py~g of ti"5111Essage byyoo 01 any 1111ploy!!e ot agenllsstict/ prohl b~ed alliJ may subj BC! you .,_ , 
10 app ro~ late cjvil 1nd ciimina/ pracefdings. If you have receiv~d lhis m~ssage in eiror, pleas~ coolcci us 
immedialety :!I 311-544-1000, or f1itu111 lh!s message through !hl U.S. Postal Service. 
CC: 

r03Cprtp65 

I 

Cal cu lation Sheet: QA /> 3. 1. Rev. 6(1 1- 15-05) 

A6-163 



I 

I 

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

CALCULATION SHEET 

Project No. 0509206.01 I Calculation No. 0509206.01-M-00I I Rev. No. I I Page No. 41 of97 

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

CARBO LINE PRODUCT DA TA 

...... . ··1m31os .... 1i1:3o" 'i"ff ·ffr ·sn-·sa·ff · .... .... ~: ·~c.AJiwJiiiL::·· · ··· ···· ·· ···· .... · · .. ······ · · ·· ··· ···1t1oii:f ............... .. 

.i.~ -~ --~ -=--: 
~-' ~ . -

N 
0 
co 
ro 
0 •• 

Emittance or Five Test Coupons 
for 

Westinghouse M!:lo ford Company 

. . 9453507 
ATTACttMEMT 
p.,ge I of J 

MJJ0.10 L ~ 

We~tinghou~o Purchase Ordor Numbe r MRM-SVV-407026 
TRW Sale~ Number 63458,4 

·l\lay 1994 

TRW Space and Etectronlcs Group 
One S;:a~-c Pa,!< 

nedondo Beach. CA 90278 

/--f!-,,4~ 
L.R.Kelley ~ 
Slatt Enoineer. 
Tharrnal Ro,.scw ch ancl 
Oevo1opmcn1 Ce111a1 

I Date : 3/20/06 

Calculation Sheet: Qi\l' 3. I . Rev. 6 ( 11 -15-05) 
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CARBO LINE PRODUCT DAT A 

CAR!lOLlNS 

Emillance 01 Five Westlnghousa Hantons Te!lt coupons 

INJEQOUCTION 

9453507 
ATTAC:HMEIH 
Page 2 of 3 

Mea~urementa have bacn performeil at the ,RW Thermophysics Laboratory to 

delarmlno tho emitlance of live 3• • 3• stainla.ss steel coupons coated wlth CarbOlln& 4674-C900 

black paint. These test ooupons were 11sslgnad IBW laboratory sample numbars 1 t 5-94 througll 

11 9-9 4. 

Values of nom,al emlttanc~ were determined using a Gler-01Jnklij 1r.stn,.nen1s Mod-; ! 

D8100 lnl<arW Aell eciomoter1-1. This device measures tns Iota! normal ro11cctanco. Pn, of n 

surface 10 a Mar-room tampetatura source. Th• samples arc hcmisphencnnv lllumlnnted aM 

near-normany vlow Gd by tho lnsl rument. Tho normal omillance , <n, is obtained using lhe 

relaliomhlp: •n~ 1 • Pn-

The mcasurcmcnto were made In accordance wllh ASTM SlandarcJ E:408, and were 

6Ulljucl 10 the lnctrumont orrors described In Reference 2. The Gier-Dunkle Infrared 

Aelleciomeler has an accurncy better lhan ±0.02 emittance untts. 

Homispoencal emi11ance, Ch , was calculated dlrcctly from normal emittance values using 

the the<>fell~.ally and empir;cany danvad eotrelallon between hamispherlcnl and normal amJsslvhy 

as shown In llgure 13·15 ol rn(erenca J . 

Measurement, were tMd~ in lhc approximnlc cenlor ol oach test coupon. Resulls of 

\hc~c mcil!.iJromcnts :ire as follows: 

Page No. 42 of 97 

Date: 3/20/06 
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CARBOLINE PRODUCT DATA 

---- -- ··i1/ i)1os· -- iilT5Ci:'i.'f"fri" ii~-. m:c:.:.:.::.:.:.:.= c~boi.Iiis·· ................. · · ·• · ................. .. lll'ii~~ ... . ...... . 

.~ ·~ ::~ : --;-

_. ·. -

Emltlancc or Flv. C;lrbollne> 4674-CSO0 Black Point Samples 

9453507 
ATTIICHMollT 
rage 3 of 3 

Wes11nghousa TRW Normal Hemisphencat 
sample Description Sampla Number Sample Number ErnilLlnea" Emittance' 

Abra&ivo Blasl 
1 Coat 4674--C!jOO Blad< #1 115-94 0 .875 0.830 

Baked lo Cure 

Abrasive Blast 
1 Coal 4674-C\IOO Blod< #2 118-94 0 .875 0.03Q 

Baked IO Cure 

Aur-:slVc Blast 
1 Coat 4574--C900 Black #3 117-94 0 .875 0.830 
Baked to Cure 

Abrasive Blast 
2 Coats 4674-0900 Ulack ~4 118-94 0.882 0.835 
u akcd to Cure 

Abra&tvo Blasl 
1 Coal Carbo Zinc 11 #5 119-9 4 0.833 0.795 
1 coat 467 4-C::900 AlarJc 
Oru<ed lo ewe 

"NOTE: Althouph lhe acClJracy ol the measuring lnS1 1umAnts docs not justify three ~ignll iconl 
!iguras lhr: third dioit lo ralalnad, aubsc,;pl ed, In ordo, to lnd!cate trends. 

BEEEBEMCES 

1. K.E. NelSon, E.E. LUeake. and J.T. Bevans. "A Oovico for Iha Rapid Measurement 01 
"Total Ernalance." ,!- Spacec,afl BocJsct~ 3 :756-760 (1 9GB). 

2. A.P. Pella, 'Evoluation of Portable Optical Property Measu rement Equipment for Solar 
Sclcclivc Surface.' /1.SME Popar 77-\t/A/SOL-1, .1977. 

3. E..R.G. Ed<ort , and R.N. Drake, Jr., H•at and Mas&.l.-an.sl.er. 2nd Edition McGraw HJII i:!001< 
Company_ NewYorl< (1959). 

5 
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GLASS THERMAL CONDUCTIVITY DATA 

Thermal Conductivity of a LAW Glass 
as a Function of Temperature 

(Ref. 7) 

'f 

T_ (OCJ- ·:· . . 

200 
300 
400 
500 
600 
700 
800 
900 
1000 
11 00 
1200 
1300 
1400 
1500 

K, .•· 

rw/m-°Cl 
1.1 2 
1. 14 
1.20 
1.29 
1.4 1 
1.57 
1.76 
1.98 
2.24 
2.52 
2.85 
3.20 
3.58 
4.00 

PNL-4800 Thermal Conductivity 
for Soil/Melt 

(Ref. 11) 

Calculati on Sheet: QA I' 3. 1. Rev. 6 ( 11- 15-05 ) 
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GLASS THERMAL CONDUCTIVITY DAT A 

HYBRID LAW/PNL-4800 GLASS PROPERTIES 

200 1.1 2 
300 1.1 4 
400 1.2 
500 1.29 
600 1.41 
700 .1 .5 7 
800 1.76 
900 1.98 
1000 2.24 
1400 10 
2000 32 

Hybrid LAW/PNL-4800 

35 ____ =~-. -- ~la,ss T_~ermal Con~uctivitt ... -~~ ' .. '. • ......... , " . .. .·, " 

30 _ - -+- LAW Glass 

~ 20 
E 
i 15 
-"" 

5 

o -~- ~~~,_~~~~+-"~~~'-+-~~~~~~~--'--"-; 

0 500 1000 1500 2000 2500 
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CASE 3.1: ICVTM BOX SIDEWALL BASE CASE CONDITIONS -1 lOC CASTABLE REFRACTORY 
BACKING 

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

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

!Set Element Types 
ET, 1, PLANE55 
KEYOPT,1,1,1 

ANTYPE,0 

roFFST,273 
~SUBST,100 

Tunif,100 

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

!Conduction Area 

!Celsius 

!8" Castable Refractory 11 0 C 
Mat,2 
MPTEMP 
MPTEMP, 1,25 .540,815, 1200, 1500 
MPDATA,Kxx,2, 1, 1,0.86,0.78,0.668,0.534 

!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 

! Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface 
! Models emissivity of box@ 0.8 & concrete shield walls@ 0.6 
1 Assumes Tinf = 100°C 
MAT,4 
MPTEMP 
~~PTEMP,1 , 55, 65 , 75 , 85, 95 , 100 

PDATA,hf,4 ,1,0.5, 1.0, 1.7, 2.6, 3.8, 6. 1 
I PTEMP,7, 125, 150, 175, 200 , 225, 250 

Calculation Sheet: Qi\!' 3. 1. Rev. 6 ( 11 - 15-05 ) 
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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 
MPDATA,hf,4,25, 41 .3, 43.7 

!Generate 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 

!Create Lines 
L,1,5, 
L,5,2, 
L,2,3, 
.,3,9 
.,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 

!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,all,mat,2 
alls 

"'Sel ., area.,3 
,la 

I Date: 3/20/06 

1 
nod,all ,mat,2 

C.ilculation Sheet: Qi\ I' 3.1. Rev. 6 ( I 1- 15-05) 
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alls 

NSEL,S,LOC,X,0.3048 
SF ,ALL, CONV, -4, 100 
NSEL,ALL 

NSEL,S,LOC,X,0 
D,ALL,TEMP,1300 
NSEL,ALL 

fini 
/solu 
SOLVE 
FINISH 

/POST1 
PRNSOL,TEMP 
prnsol,temp 

! right edge 
! apply convection and ambient 1 00C 

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

! PRINT NODAL TEMPERATURES 
! List Temperatures at Nodes 

A6-l 72 
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CASE 3.2: ICVTM BOX SIDEWALL BASE CASE CONDITIONS - SAND BACKING 

! 2D BulkVit SideWall Heat Transfer Simulation 
! Leaking Glass (Pure Glass) Scenario - no leaking glass in this base case 
! Modeled effect of side concrete shield wall 
! e_box = 0.8 (painted with carboline 4700); e_conc = 0.6 

FINISH 
/cle 
/prep? 
/triad, rbot 
/title, Glass Slab Sidewall Model - Case 3.2 

!Set Element Types 
ET, 1, PLANE55 
KEY OPT, 1, 1, 1 

ANTYPE,0 

TOFFST,273 
NSUBST,100 
Tu nif,100 

ISet Material Properties 
ICastable Refractory 
MAT,1 
MP,KXX, 1, 1.44 

!Sand 
Mat,2 

!Conduction Area 

1Celsius 

MPTEMP, 1,25 ,200,300,600, 1000 
MPDATA,Kxx,2, 1,0.17,0.25,0.285,0.38,0.55 

IGlass (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 

! Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface 
! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6 
1 Assumes Tinf = 100°C 
MAT,4 
MPTEMP 
MPTEMP,1, 55, 65, 75 , 85 , 95, 100 
MPOATA,hf,4,1,0.5, 1.0, 1.7, 2.6, 3.8, 6.1 
MPTEMP ,7, 125, 150, 175, 200, 225, 250 
1PDATA,hf,4,7,10.6, 12.3, 13.8, 15.2, 16.5, 17.9 
1PTEMP, 13, 275, 300, 325 , 350, 375, 400 

j Date: 3/20/06 

Calc ul at ion Sheet: Qi\f' 3. 1. Re v. 6 ( 11-1 5-05) 
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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 

!Generate 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 

!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 

I Generate Areas 
A, 1,5,7,6 
A ,5,2,8,7 
A,2 ,3,9,8 

!Mesh Areas 
type ,1 
es iz,0.00635 
amesh,all 

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

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

asel, ,area, ,3 
esla 
rnod,all,mat,2 
ills 

Calculation Sheet: QA I' 3.1. Rev. (, ( I 1-1 5-05) 
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NSEL,S,LOC,X,0.3048 
SF,ALL,CONV,-4,100 
NSEL,ALL 

NSEL,S,LOC,X,0 
D,ALL,TEMP, 1300 
NSEL,ALL 

fini 
/solu 
SOLVE 
FINISH 

/POST1 
PRNSOL, TEMP 
prnsol,temp 

! right edge 
! apply convection and ambient 1 00C 

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

! PRINT NODAL TEMPERATURES 
! List Temperatures at Nodes 

A6-175 
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CASE 3.3.1: 1300°C MELT/60PC INTERFACE CONDITIONS 

FINISH 
/cle 
/prep7 
/triad , rbot 
/title , Glass Slab Sidewall Model - Case 3.3.1 

!Set Element Types 
ET, 1, PLANE55 
KEYOPT,1 ,1,1 

ANTYPE,0 

TOFFST,273 
NSUBST,100 
Tunif,100 

!Set Material Properties 
ICastable Refractory 
MAT,1 
\1P,KXX, 1, 1.44 

ISand 
Mat, 2 

!Conduction Area 

!Cels ius 

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,Kxx,3 ,7, 1.57, 1.76, 1.98,2.24, 10,32 

1 Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface 
! Models emissivity of box@ 0.8 & concrete shield walls@ 0.6 
! 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 
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 
IPTEMP,25, 575, 600 
IPDATA,hf,4,25, 41 .3, 43.7 
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!Generate 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 

!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 
-,5,7 
- ,2,8 

!Generate Areas 
A,4,5,7,6 
A,1,2,8,7,5,4 
A ,2,3,9,8 

I Mesh Areas 
type, 1 
es iz,O 00635 
amesh,all 

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

asel ,.area,.2 
esla 
emod,a ll ,mat,3 
alls 

asel,.area ,. 3 
esla 
emod,a ll ,mat,2 
alls 

ISEL,S,LOC,X,0.3048 ! right edge 
F,ALL,CONV,-4 , 100 1 apply convection and ambient 1 OOC 

I 

Calculation Sheet : Q/\1' 3. I. Rev. 6 ( I 1- 15-05) 
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NSEL,ALL 

NSEL,S,LOC,X,O ! select nodes on left side 
D,ALL,TEMP, 1300 ! apply fixed temp of 1300C 
NSEL,ALL 

fini 
/solu 
SOLVE 
FINISH 

/POST1 
PRNSOL,TEMP ! PRINT NODAL TEMPERATURES 
prnsol ,temp ! List Temperatures at Nodes 

I 
Calculation Shcc1 : ()i\ P 3.1. Rev. 6 ( 11- 15-05 ) 
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CASE 3.3.2: 1500°C MELT/60PC INTERFACE CONDITIONS 

FINISH 
/cle 
/prep? 
/triad, rbot 
/title , Glass Slab Sidewall Model - Case 3.3.2 

!Set Element Types 
ET, 1, PLANE55 
KEYOPT,1,1 ,1 

ANTYPE,O 

TOFFST,273 
NSUBST,100 
Tunif, 100 

!Set Materia l Properties 
!Castable Refractory 
MAT,1 
li1P ,KXX, 1, 1.44 

!Sand 
Mat,2 

!Conduction Area 

!Celsius 

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 
MPTEM P, 7,700,800,900, 1000, 1400 ,2000 
MPDA TA,Kxx,3,7 , 1.57, 1.76, 1.98,2.24 , 10,32 

1 Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface 
! Models emissivity of box@ 0.8 & concrete shield walls@ 0.6 
! 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 
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,4,13,193, 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 
~~PTEMP,25, 575, 600 

IPDATA,hf,4,25, 41 .3, 43.7 
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!Generate 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 

!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 
.,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,,a rea ,, 1 
esla 
emod,all ,mat, 1 

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

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

"
1SEL,S,LOC,X,0.3048 
F,ALL,CONV,-4 , 100 

I Date: 3/20/06 I Checked By: S.R. Pierce 

! right edge 
1 apply convection and ambient 1 00C 

I Date : 3/20/06 

I SEL,ALL 

Calrn lation Sheet: Q/\ I' 3. I. Rev. 6 ( 11- 15-05) 
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NSEL,S,LOC,X,0 ! select nodes on left side 
D,ALL,TEMP,1500 ! apply fixed temp of 1 S00C 
NSEL,ALL 

fini 
/solu 
SOLVE 
FINISH 

/POST1 
PRNSOL,TEMP ! PRINT NODAL TEMPERATURES 
prnsol ,temp ! List Temperatures at Nodes 

1 
Calcu lat ion Shee t: Q/\f' 3.1. Re,·. 6 ( 11 - 15-05 ) 
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CASE 3.3.3: 1700°C MELT/60PC INTERFACE CONDITIONS 

FINISH 
/cle 
/prep? 
/triad,rbot 
/title, Glass Slab Sidewall Model - Case 3.3.3 

!Set Element Types 
ET, 1, PLANE55 
KEYOPT,1 ,1,1 

ANTYPE,0 

TOFFST,273 
NSUBST,100 
Tunif,100 

!Set Material Properties 
·castable Refractory 
vlAT, 1 
,vlP,KXX, 1, 1.44 

!Sand 
Mat ,2 

!Conduction Area 

!Celsius 

MPTEMP , 1,25,200,300,600, 1000 
MPDATA,Kxx,2, 1,017,0.25,0 285,0.38,0.55 

IG lass (Hyb rid LAW/Pt'-J L-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 

! Combined Free & Radiation Heat Transfer Coefficieitn - Vertical Surface 
! Models emissivity of box @ 0.8 & concrete shie ld walls @ 0.6 
! 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 
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 

lPDATA,hf,4,19, 28.9, 30.7, 32.6, 34 7,368, 39 .0 
lPTEMP,25, 575, 600 
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Prepared By: P.S. Lowery I Date: 3/20/06 I Checked By: S.R. Pierce I Date: 3/20/06 

MPDATA,hf,4,25, 41 .3, 43 .7 

!Generate 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, 
1., 1,4 
.,4,5 
.,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,all ,mat, 3 
alls 

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

I 
SEL,S,LOC,X,0.3048 ! right edge 

Calculat ion Sheet : Q/\ 1' 3.1, Re,· 6 ( 11-1 5-05) 
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SF,ALL,CONV,-4, 100 
NSEL,ALL 

NSEL,S,LOC,X,0 
D,ALL,TEMP,1700 
NSEL,ALL 

fini 
/solu 
SOLVE 
FINISH 

/POST1 
PRNSOL,TEMP 
prnsol ,temp 

! apply convection and ambient 1 00C 

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

! PRINT NODAL TEMPERATURES 
! List Temperatures at Nodes 

A6-184 
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CASE 3.3.4: 1700°C MELT/60PC INTERFACE CONDITIONS; REDUCED SURFACE HEAT 
TRANSFER COEFFICIENTS 

FINISH 
/cle 
/prep? 
/triad,rbot 
/title , Glass Slab Sidewall Model - Case 3.3.4 

!Set Element Types 
ET, 1, PLANE55 
KEYOPT,1 ,1,1 

ANTYPE,0 

TOFFST,273 
NSUBST,100 
Tunif,100 

1Set Material Properties 
Castable Refractory 
vlAT, 1 
MP,KXX, 1,1.44 

!Sand 
Mat,2 

!Conduction Area 

!Cels ius 

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,Kxx, 3,7, 1.57 ,1.76, 1.98,2.24, 10,32 

! Combined Free & Radiation Heat Transfer Coefficient - Vert ical Surface 
1 ½x Nominal Values Case 
! Models emissivity of box@ 0.8 & concrete shield walls @ 0.6 
1 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 
MPDATA,hf,4,7,5.3, 6.2, 6 9, 7.6, 8.3, 9.0 
MPTEMP, 13, 275, 300, 325, 350 , 375, 400 
"1PDATA,hf,4,13,9.7, 10.4, 11 .1, 11.9, 12.7, 13.6 

IPTEMP,19, 425, 450, 475,500, 525, 550 
I ,.IPDATA,hf,4,19, 14.4, 15.4, 16.3, 173, 18.4, 19.5 

Calculat ion Shee t: QA P 3. I , Rn . 6 ( I I - I 5-05) 
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MPTEMP ,25, 575, 600 
MPDATA,hf,4,25, 20.6, 21 .8 

!Generate 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 

!Create Lines 
L,1,2, 
L,2 ,3, 
L,3,9 
L,8,9 
L,7,8 
L,6,7, 
L,4 ,6, 
-, 1,4 
-.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,all ,mat,3 
alls 

asel,,area ,,3 
esla 
emod,all,mat ,2 
c,I J5 

I 
Ca lc ula ti on Shcc l: ()1\P 3. I, Rev. 6 ( 11 - 15-05) 
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Prepared By: P.S. Lowery I Date: 3/20/06 I Checked By: S.R. Pierce I Date: 3/20/06 

NSEL,S,LOC,X,0.3048 
SF,ALL,CONV,-4,100 
NSEL,ALL 

NSEL,S,LOC,X,0 
D,ALL,TEMP,1700 
NSEL,ALL 

fini 
/solu 
SOLVE 
FINISH 

/POST1 
PRNSOL,TEMP 
prnsol,temp 

! right edge 
! apply convection and ambient 1 00C 

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

! PRINT NODAL TEMPERA TURES 
! List Temperatures at Nodes 
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CASE 3.3.5: 1700°C MELT/60PC INTERFACE CONDITIONS; INCREASED SURFACE HEAT 
TRANSFER COEFFICIENTS 

FINISH 
/cle 
/prep? 
/triad,rbot 
/title, Glass Slab Sidewall Model - Case 3.3.5 

!Set Element Types 
ET, 1, PLANE55 
KEYOPT,1,1 ,1 

ANTYPE,0 

TOFFST,273 
NSUBST,100 
Tun if, 100 

!Set Material Properties 
C:astable Refractory 
11AT,1 

MP,KXX, 1, 1.44 

1Sand 
Mat,2 

!Conduction Area 

!Celsius 

MPTEMP, 1,25,200,300,600, 1000 
MP DAT A, Kxx,2, 1,0.17,0.25,0.285,0.38,0.55 

!Glass (Hybrid L.AW/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 

! Combined Free & Radiation Heat Transfer Coefficient - Vertical Surface 
! 2x Nominal Values Case 
! Models emissivity of box@ 0.8 & concrete shield walls @ 0.6 
! 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 
~~PDATA,hf,4, 13,38.6, 41.5, 44.5, 47.6, 50.9, 54.2 

PTEMP, 19, 425 , 450, 475, 500 , 525, 550 

1 
PDATA,hf,4,19, 57.8, 61.4, 65.3, 69.3, 73.5, 77.9 

A6-188 
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MPTEMP,25, 575, 600 
MPDATA,hf,4,25, 82.5, 87.3 

!Generate 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 

!Create Lines 
L,1,2, 
L,2,3, 
L,3,9 
L,8,9 
L,7,8 
L,6,7, 
L,4 ,6, 
., 1,4 
.,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 .,a rea,, 1 
esla 
emod,all,mat, 1 

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

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

I 

Ca lculati on Sheet : QAP 3. I. Rev. 6 ( I 1-15-05 ) 
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NSEL,S,LOC,X,0.3048 
SF,ALL,CONV,-4,100 
NSEL,ALL 

NSEL,S,LOC,X,0 
D,ALL,TEMP, 1700 
NSEL,ALL 

fini 
/solu 
SOLVE 
FINISH 

/POST1 
PRNSOL,TEMP 
prnsol ,temp 

! right edge 
! apply convection and ambient 1 00C 

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

! PRINT NODAL TEMPERA TURES 
! List Temperatures at Nodes 

A6-l 90 
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CASE 4.1: ICY™ BOX BOTTOM BASE CASE CONDITIONS 

! 20 BulkVit Bottom Wall Heat Transfer Simulation 
! Base Case for Leaking Glass (Pure Glass) Scenario - no Leak in this model 
! Sand-centered case 
! No Gap between box skin & tube steel 

/title, Box Bottom Heat Transfer - Case 4.1 

/prep? 

antype, 0 
toffst, 273 
tun if, 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 11 0 C 
Mat,2 
MPTEMP 
MPTEMP, 1,25,540,815 , 1200, 1500 
MPOATA,Kxx,2, 1, 1,0.86,0 78,0 668,0.534 

!Steel Lin ing/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 
MPDATA,Kxx, 5, 1,0 17,0.25,0.285,0.38,0.55 

' Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface 
Models emissivity of box@ 0.8 & concrete shield walls@ 0.6 

I Date: 3/20/06 

1 
. Assumes Tinf = 100°C 

Calculati on Sheet : QA P 3. I. Rev . 6 ( I I· I 5-05) 
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Title: DBVS ICV™ Box Thermal Analysis 

Prepared By : P.S . Lowery 

MAT,6 
MPTEMP 
MPTEMP, 1, 25, 35, 45, 55, 65, 75 

I Date: 3/20/06 I Checked By: S.R. Pierce 

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,hf,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 

!Vertical Convection (Not used in this model) 
MAT,? 
MPTEMP 
MPTEMP,1, 100,1 05,110,115,1 20,125 
MPDATA,hf,7, 1,0.0,8.5,9.2,9.8, 10.2,1 0.6 
MPTEMP ,7, 150,175,200,225,250,300 
MPDATA,hf,7 ,7, 12.3, 13.8, 15.2, 16.5, 17.9,20 .8 

!Ai r 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, 141 
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 
1,,22, 0.35560, 0.2921 

,23, 0, 0.3556 

I Date: 3/20/06 

I ,24 , 0.15240, 0.3556 

Culculat,on Sheet: Q/\ 1' 3. 1, Rev. 6 ( 11 - 15-05) 
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Title: DBVS ICY™ Box Thermal Analysis 

Prepared By: P.S. Lowery 

k,25, 0.35560, 0.3556 
k,26, 0.36195, 0.3556 

! lines - sand-centered case 

I, 1,2 
1,2,5 
1,5,13 
I, 13, 12 
I, 12, 1 

I, 13, 15 
I, 15,14 
I, 14, 12 

1,15,20 
1,20,24 
1,24,23 
1,23,14 

1,2,3 
1,3,7 
,7,6 
,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 !A1 
a,12 ,13,15,14 !A2 
a, 14, 15,20,24,23 !A3 
a,2,3,7,6,5 !A4 
a,5,6,21 ,2O,15,13 !AS 
a,6,7,22,21 IA6 
a,2O,21,22,25,24 !A? 
a,3,4,26,25,22,7 IA8 

! Define mesh 
tvpe, 1 

size, 0.00635 
mesh, all 

/ Date: 3/20/06 I Checked By: S.R. Pierce j Date: 3/20/06 

Cn lcul ntion Shw : Q,'\ I' 3.1, Rev. 6 ( I 1-15-05) 
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Title: DBVS ICY™ Box Thermal Analysis 

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

!Assign Materials to Areas 

asel, ,area,, 1 
esla 
emod,all,mat, 1 

asel,.area,.2 
esla 
emod,all ,mat, 1 
alls 

asel.,area,.3 
esla 
emod,all ,mat, 1 
alls 

asel .. area .. 4 
esla 
emod,all,mat,2 
alls 

3sel,.area .. 5 
~sla 
emod,all ,mat,5 
alls 

asel ,. area,.6 
esla 
emod ,all ,mat,5 
alls 

asel,. area,. 7 
es la 
emod.all.mat,2 
al ls 

asel .. area,.8 
esla 
emod,all ,mat,3 
alls 

! Impose BCs - sand-centered case 

LSEL,S ,LINE .. 24 
NSLL .. 1 
SF ,ALL, CONV, -6, 100 

NSEL,S,LOC,X,0 
D,ALL, TEMP, 1300 
NSEL,ALL 

! apply horiz convection and ambient 1 00C 

1 select nodes on left side 

Finished set-up. Now go to solver 
I 

! apply fixed temp of 1300C 

A6-194 
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fini 
/solu 
solve 
finish 

I 

Calculati on Sheet: QA!' 3.1. Rn·. 6 ( 11-1 5-05 ) 
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CASE 4.2.1: lCVTM BOX BOTTOM 1300°C MELT/60PC INTERFACE CONDITIONS 

! 2D BulkVit Bottom Wall Heat Trasnfer Simulation 
! Leaking Glass (Pure Glass) Scenario 
! Sand-centered case 
! No Gap between box skin & tube steel 

/title, Box Bottom Heat Transfer - Case 4.2. 1 

/prep? 

_antype, 0 
toffst, 273 
tun if, 100 

! Define element type 
et, 1, plane55 
keyopt, 1, 1, 1 

'Specify Material Propert ies 

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 
MPOATA,Kxx,2, 1, 1,0.86,0.78 ,0.668, 0.534 

I 

!Steel Lin ing/TS 6x6 
Mat,3 
MPTEMP 
MPTEMP, 1,27, 127,327,527,727, 
MPDATA,Kxx,3, 1,60.5 ,56. 7,48,39.2,30, 

IAir Conductivity 
Mat,4 
MPTEMP 
MPTEMP, 1,27, 127,327,527,727, 
MPDATA,Kxx,4, 1,0.026 1,0.0331,0.0456,0.0569,0.0672, 

!Sand 
Mat,5 
MPTEMP 
MPTEMP, 1,25,200,300,600,1 000 
MPDATA,Kxx,5, 1,0 17,0.25,0.285 ,0.38,0.55 

:ombined Free & Radiation Heat Transfer Coefficient - horizontal Surface 

I Date: 3/20/06 

Calculation Shee t: Q /\ P 3. 1. Re\' . 6 ( 11-15-05) 
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Title : DBVS ICY™ Box Thermal Analysis 

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

! Models emissivity of box @ 0.8 & concrete shield walls @ 0.6 
t 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 
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,hf,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 

!Vertical Convection (Not used in this model) 
MAT,7 
MPTEMP 
MPTEMP, 1,100,105,110,115,1 20,125 
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, 

!G lass (Hybrid LAW/PNL-4800 Data) 
Mat,9 
MPTE MP 
MPTEMP, 1,25,200,300,400,500,600 
MPDATA,Kxx,9, 1, 1, 1.12, 1.1 4, 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, 0.27000, 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 
" 20, 0.15240, 0.2921 

j Date: 3/20/06 

21 , 0.27000, 0.2921 
I .22 , 0.35560, 0.2921 

Calculation Sheet: QAP 3. 1, Re v. 6 ( 11- 15-05) 
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Title: DBVS ICY™ Box Thermal Analysis 

Prepared By : P.S . Lowery 

k,23, 0, 0.3556 
k,24, 0.15240, 0 .3556 
k,25, 0.35560, 0.3556 
k,26, 0.36195, 0.3556 

! lines - sand-centered case 

I, 1,2 
1,2,5 
1,5,13 
I, 13, 12 
I, 12, 1 

I, 13, 15 
I, 15, 14 
I, 14, 12 

I, 15,20 
1,20,24 
1,24,23 
1,23,14 

,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 
a,12,13,15,14 
a, 14, 15,20,24 ,23 

!A1 
1A2 

!A3 
a ,2,3,7 ,6 ,5 !A4 
a ,5,6,21 ,2O, 15, 13 IA5 
a,6,7,22,21 IA6 
a,2O,21,22,25,24 IA7 
a,3,4,26 ,25,22, 7 !A8 

Define mesh 
pe, 1 

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

Calculation Sheet : Q/\ 1' 3.1, Re,·. 6 ( 11 -15-05) 
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Prepared By: P.S. Lowery I Date: 3/20/06 I Checked By: S.R. Pierce j Date: 3/20/06 

esize, 0.00635 
amesh, all 

!Assign Materia ls to Areas 

asel,,area,, 1 
esla 
emod,all ,mat, 1 

asel,,area,,2 
esla 
emod,all ,mat,9 
alls 

asel, ,area,, 3 
esla 
emod,all ,mat, 1 
alls 

asel,, area,,4 
esla 
emod ,all,mat,2 

lls 

asel,,area, ,5 
esla 
emod,all,mat,9 
alls 

asel,.area,.6 
esla 
emod,all, mat,5 
alls 

asel,.area,, 7 
esla 
emod,all ,mat,2 
alls 

asel,, area ,, 8 
esla 
emod,all ,mat,3 
alls 

! Impose BCs - sand-centered case 

LSEL,S,LINE ,,24 
NSLL,, 1 
SF ,ALL, CONV, -6, 100 

NSEL, S, LOC ,X, 0 
ALL.TEMP, 1300 
, EL ,ALL 

! apply horiz convection and ambient 1 00C 

! select nodes on left side 
! apply fi xed temp of 1300C 

A6-1 99 

Cukulalion Sheet: (l/\ 1' 3. I, R C\' . 6 ( 11- 15-05 ) 
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! Finished set-up. Now go to solver 

fini 
/solu 
solve 
finish 

I 

Ca lculation Sheet: Qi\ P 3. I. Rev . 6 ( I I -15-05 ) 
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Title: DBVS ICY™ Box Thermal Analysis 

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

CASE 4.2.2: ICVTM BOX BOTTOM 1500°C MELT/60PC INTERFACE CONDITIONS 

! 20 BulkVit Bottom Wall Heat Trasnfer Simulation 
1 Leaking Glass (Pure Glass) Scenario 
! Sand-centered case 
! No Gap between box skin & tube steel 

/title, Box Bottom Heat Transfer - Case 4.2.2 

/prep? 

antype, 0 
toffst, 273 
tunif,100 

! Define element type 
et, 1, plane55 
keyopt, 1, 1, 1 

!Specify Materia l Properties 

6" Castable Refractory 60 PC 
1v1AT,1 
MP,KXX,1,1.44, 

18'' Castable Refractory 11 0 C 
Mat,2 
MPTEMP 
MPTEMP , 1,25,540,8 15, 1200, 1500 
MPDATA, Kxx,2, 1, 1,0.86,0. 78,0.668,0.534 

!Steel LiningrrS 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 
MPDATA,Kxx, 5, 1,0.17,0.25,0.285,0.38,0.55 

~ombined Free & Radiation Heat Transfer Coefficient - horizontal Surface 
\i1odels emissivity of box @ 0.8 & concrete shield walls @ 0.6 

I Date: 3/20/06 

Calculation Shee t: Qi\ l' 3.1. Re,·. 6 ( 11-1 5-05) 
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! 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 
MPOATA,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,hf,6,19, 19.9, 21.4, 23.0, 24.6, 26.3, 28.2 
MPTEMP,25, 500, 525, 550, 575, 600 
MPOATA,hf,6,25, 30.1, 32.1 , 34 .2, 36.4, 38.7 

!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 
/l at,8 

MPTEMP 
MPTEMP, 1,27, 127,327 ,527,727 , 
MPDATA,Kxx,8, 1,0.0261.0.0331 ,0.0456,0.0569,0.0672, 

!G lass (Hybrid LAW/PNL-4800 Data) 
Mat,9 
MPTEMP 
MPTEMP, 1,25,200,300,400,500,600 
MPOATA,Kxx,9,1.1,112,1 .14,1.2,1.29,1.41 
MPTEMP. 7,700,800,900, 1000.1400,2000 
MPDATA.Kxx.9,7, 157,176,1 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, 0.30850, 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 

22 , 0.35560, 0.2921 

\ Date: 3/20/06 

I 23, 0, 0.3556 

Calculation Sheet: QAI' 3. 1. Rev . 6 ( 11 - 15-05) 
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k,24, 0.1 5240, 0.3556 
k,25, 0.35560, 0.3556 
k,26, 0.36195 , 0.3556 

! lines - sand-centered case 

1,1,2 
1,2,5 
1,5, 13 
I, 13, 12 
I, 12, 1 

I, 13, 15 
I, 15, 14 
I, 14, 12 

I, 15,20 
1,20,24 
1,24,23 
1,23, 14 

1,2,3 
,3,7 
,7,6 

1,6,5 

1,6,21 
1,2 1,20 

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 !A1 
a,12,13, 15, 14 IA2 
a, 14, 15,20,24,23 !A3 
a,2 ,3,7 ,6,5 IA4 
a,5,6,2 1,20, 15, 13 !A5 
a,6,7,22,21 IA6 
a,20,21,22 ,25,24 IA7 
a,3,4,26 ,25,22,7 !A8 

1 Define mesh 
pe, 1 
;ize, 0.00635 

I 

Cukulati on Sheet: QAP 3.1. Rev. 6 (II · I 5-05) 
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Prepared By: P.S . Lowery I Date: 3/20/06 I Checked By: S.R. Pierce I Date: 3/20/06 

amesh, all 

!Assign Materials to Areas 

asel.,area,, 1 
esla 
emod,all ,mat, 1 

asel, ,area, ,2 
esla 
emod,all ,mat,9 
alls 

asel .,area,,3 
esla 
emod,all ,mat, 1 
alls 

asel ,.area,,4 
esla 
emod ,all ,mat,2 
alls 

1sel,.area,,5 
esla 
emod,all,mat,9 
alls 

asel,,area,,6 
es la 
emod,all,mat,5 
alls 

asel,.area,.7 
es la 
emod,all,mat,2 
alls 

asel ,. area.,8 
esla 
emod,all ,mat,3 
alls 

1 Impose BCs - sand-centered case 

LSEL,S,LINE ,.24 
NSLL,. 1 
SF,ALL,CONV,-6, 100 

NSEL,S,LOC,X,0 
n ,ALL,TEMP,1500 

SEL,ALL 

! apply horiz convection and ambient lO0C 

1 select nodes on left side 
1 apply fi xed temp of 1500C 

A6-204 

Calculation Sheet: Q/\1' 3. 1. Rev. 6 ( 11-15-05) 
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! Finished set-up. Now go to solver 

fini 
/solu 
solve 
finish 

I 
Cnlcu lation Sheet : QA!' 3. 1. Rev. 6 ( 11 - 15-05) 
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CASE 4.2.3: ICY™ BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS 

I 2D BulkVit Bottom Wall Heat Trasnfer Simulation 
! Leaking Glass (Pure Glass) Scenario 
! Sand-centered case 
! No Gap between box skin & tube steel 

/title, Box Bottom Heat Transfer - Case 4.2.3 

/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 
v1AT,1 
MP,KXX,1,1.44, 

!8" Castable Refractory 11 0 C 
Mat,2 
MPTEMP 
MPTEMP, 1,25 ,540 ,81 5, 1200, 1500 
MPDATA,Kxx,2, 1, 1,0 86 ,0.78 ,0.668,0 534 

!Steel Lin ingffS 6x6 
Mat,3 
MPTEMP 
MPTEMP , 1,27 ,1 27,327.527 ,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 
MPDATA,Kxx, 5, 1,0.17,0 25,0.285,0.38 ,0.55 

1 Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface 
Models emissivity of box@ 0.8 & concrete shield walls @ 0.6 

1 
Assumes Ti nf == 100°C 

j Date : 3/20/06 

Calculation Shcc1: Q,\ P 3. 1, Re,-. 6 ( 11- 15-05) 
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Title: DBVS ICY™ Box Thermal Analysis 

Prepared By: P.S. Lowery 

MAT,6 
MPTEMP 
MPTEMP, 1, 25, 35, 45, 55, 65, 75 

I Date: 3/20/06 I Checked By: S.R. Pierce 

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 
MPOATA,hf,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 

!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 
li1at ,8 
li1PTEMP 
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, 1.1 4,1.2, 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 
1, 22, 0.35560, 0.2921 

23 , 0, 0.3556 

I Date: 3/20/06 

I 24, 0.15240, 0.3556 

Calculat ion Sheet : Q/\ P 3. 1. Re,·. 6 ( 11- I 5-05) 
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k,25, 0. 35560, 0.3556 
k,26, 0.36195, 0.3556 

! lines - sand-centered case 

1,1,2 
1,2,5 
1,5,13 
I, 13,12 
I, 12, 1 

1,13,15 
I, 15,14 
1,14,12 

1,15, 20 
1,20)4 ·-

1,24,23 
1,23,14 

1,2, 3 
1,3,7 
1,7,6 
1,6,5 

1,6,2 1 
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 !A1 
a,12, 13,15,14 !A2 
a, 14, 15,20,24,23 !A3 
a,2,3,7 ,6,5 !A4 
a, 5,6 ,21 ,2O, 15, 13 IA5 
a,6,7,22,21 IA6 
a,2O,21,22 ,25,24 IA? 
a,3,4 ,26,25,22 ,7 IA8 

! Define mesh 
type, 1 

size, 0.00635 
imesh , all 

I 

Ca lcu lation Shee t: Qi\ P 3. 1. Rev. 6 ( 11 -15-05) 
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!Assign Materials to Areas 

asel,,area,, 1 
esla 
emod,a ll ,mat, 1 

asel,,area,,2 
esla 
emod,all,mat,9 
alls 

asel,, area,,3 
esla 
emod,all,mat,1 
alls 

asel,,area,,4 
esla 
emod,a ll ,mat,2 
alls 

isel ,, area,,5 
:sla 

emod,a ll ,mat ,9 
alls 

asel,,area,,6 
esla 
emod, al l,mat,5 
alls 

asel,, area,, 7 
esla 
emod,a ll,mat,2 
alls 

asel,,area,,8 
esla 
emod,all ,mat,3 
alls 

I Date: 3/20/06 I Checked By: S.R. Pierce 

! Impose BCs - sand-centered case 

LSEL,S,LINE,,24 
NSLL,, 1 
SF,ALL ,CONV,-6, 100 

NSEL,S, LOC,X,0 
D,ALL,TEMP, 1700 
"

1'3EL,ALL 

r apply horiz convection and ambient 1 00C 

r select nodes on left side 
! apply fixed temp of 1700C 

I Date: 3/20/06 

1 
Finished set-up. Now go to solver 

C,il culation Shee t: Qi\ I' J. I . Re,·. 6 ( I I - I 5-05) 
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fini 
/solu 
solve 
finish 

I 

Calculation Sheet: Qi\l' 3. 1. Rev . 6 ( 11 - 15-05) 
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CASE 4.2.4: ICVrM BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS; REDUCED 
SURF ACE HEAT TRANSFER COEFFICIENTS 

! 2D BulkVit Bottom Wall Heat Trasnfer Simulation 
! Leaking Glass (Pure Glass) Scenario 
! Sand-centered case 
! No Gap between box skin & tube steel 
! ½ x Bottom heat transfer coefficient 

/title, Box Bottom Heat Transfer - Case 4.2.4 

/prep? 

antype, 0 
toffst , 273 
tun if, 100 

! Define element type 
et, 1, plane55 
· eyopt, 1, 1, 1 

,3pecify Material Properties 

16" Castable Refractory 60 PC 
MAT,1 
MP,KXX, 1, 1.44, 

!8" Castable Refractory 11 0 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 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,Kxx,4, 1,0.0261,0.0331,0.0456,0.0569,0.0672, 

!Sand 
Mat,5 
MPTEMP 

:>TEMP, 1,25,200, 300,600, 1000 
PDATA,Kxx,5, 1,0.17,0.25,0 285,0 38,0.55 

Calculation Shee t: Q/\ P 3. I. Re,·. 6 ( 11 - 15-05 ) 
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! ½ x Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface 
! Models emissivity of box @ 0.8 & concrete shield walls@ 0.6 
! Assumes Tinf = 100°C 
MAT,6 
MPTEMP 
MPTEMP, 1, 25, 35, 45, 55, 65, 75 
MPDATA,hf,6,1, 0.8, 1.0, 1.1, 1.3, 1.5, 1.8 
MPTEMP,7,85, 95, 100, 125, 150, 175 
MPDATA,hf,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 
MPDATA,hf,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 

!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 
v1PTEMP,7, 150,175,200,225,250,300 
v1PDATA,hf,7 ,7, 12.3, 13.8, 15.2, 16.5, 17.9,20.8 

!Ai r 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, 

!G lass (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, 015240, 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 

15, 0.15240, 0.190500 
I 20, 0.15240, 0.2921 

A6-212 
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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 

! lines - sand-centered case 

1,1,2 
1,2,5 
1,5,13 
1,13, 12 
I, 12 , 1 

1,13, 15 
I, 15, 14 
1,1 4, 12 

1,15,20 
1,20,24 
1,24,23 
,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 

! areas - sand-centered case 

a,1,2,5,13,12 
a,12,13,15,14 
a, 14, 15,20,24,23 

IA1 
!A2 

1A3 
a,2,3,7 ,6,5 !A4 
a,5,6,21,20,15,13 IA5 
a,6,7,22,21 IA6 
"20,21,22,25,24 IA? 

3,4,26,25 ,22,7 IA8 

I Date: 3/20/06 I Checked By: S.R. Pierce I Date : 3/20/06 

Calcu lation Sheet : QM' 3. 1. Re, . 6 ( 11 -15-05) 
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! 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 
emod,all,mat,9 
alls 

asel, ,area,, 3 
esla 
emod ,all,mat,1 
alls 

asel ,,area,,4 
is la 
imod,all ,mat,2 

alls 

asel,,area,,5 
es la 
emod ,all ,mat, 9 
alls 

asel,, area,,6 
es la 
emod,all ,mat,5 
alls 

asel ,, area ,,7 
es la 
emod,all,mat, 2 
alls 

asel ,,area,, 8 
esla 
emod,all ,mat,3 
alls 

1 Impose BCs - sand-centered case 

LSEL,S,LINE ,,24 
NSLL,, 1 
~F.ALL,CONV, -6, 100 

I Date: 3/20/06 I Checked By: S.R. Pierce I Date: 3/20/06 

1 
SEL,S,LOC,X,0 

1 apply horiz convection and ambient 1 00C 

! select nodes on left side 

Cakulation Shee t: ()Al' 3. 1. Rev. 6 ( 11-1 5-05) 
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D,ALL,TEMP,1700 ! apply fixed temp of 1700C 
NSEL,ALL 

! Finished set-up. Now go to solver 

fini 
/solu 
solve 
finish 

I 

Calculation Sheet : Qi\!' 3.1. Rev. 6 ( 11 -15-05) 
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CASE 4.2.5: ICvrM BOX BOTTOM 1700°C MELT/60PC INTERFACE CONDITIONS; INCREASED 
SURFACE HEAT TRANSFER COEFFICIENTS 

! 20 BulkVit Bottom Wall Heat Trasnfer Simulation 
! Leaking Glass (Pure Glass) Scenario 
! Sand-centered case 
! No Gap between box skin & tube steel 
! 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 
· eyopt, 1,1,1 

,Specify Material Properties 

!6" Castable Refractory 60 PC 
MAT,1 
MP,KXX, 1, 1.44, 

!8" Castable Refractory 11 0 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 LiningfTS 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 , 

1Sand 
Mat,5 
MPTEMP 

PTEMP , 1,25,200,300,600, 1000 
PDATA ,Kxx, 5, 1,0.17,0.25,0.285,0.38,0.55 

Ca lcu lation Sheet: Q/\1' 3. I . Rev. 6 ( 11 - 15-05 ) 
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! 2 x Combined Free & Radiation Heat Transfer Coefficient - horizontal Surface 
! Models emissivity of box@ 0.8 & concrete shield walls@ 0.6 
! Assumes Tinf = 100°C 
MAT,6 
MPTEMP 
MPTEMP,1, 25, 35, 45, 55, 65, 75 
MPDATA,hf,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 
MPDATA,hf,6, 19, 39.8, 42 .8, 45.9, 49.2, 52 .7, 56.3 
MPTEMP,25, 500, 525, 550, 575, 600 
MPDATA,hf,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 

PTEMP,7, 150,175,200,225,250,300 
PDATA,hf,7,7, 12.3, 13.8, 15.2, 16.5, 17.9,20.8 

IAir 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 LAVV/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 

1 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 

15, 0.15240, 0.190500 
,20, 0.15240, 0.2921 

Page No. 94 of97 

Date: 3/20/06 

Calcul atio n Sheet' Q/\ P 3. 1. Rev . 6 ( 11 -15-05 ) 
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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 

! lines - sand-centered case 

I, 1,2 
1,2 ,5 
1,5,13 
I, 13, 12 
I, 12, 1 

I, 13,15 
I, 15, 14 
I, 14,12 

1,15,20 
1,20,24 
1,24,23 
,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 

! areas - sand-centered case 

a,1,2,5,13,12 !A1 
a,12 ,13,15,14 !A2 
a, 14, 15,20,24,23 !A3 
a,2,3,7,6,5 IA4 
a,5,6 ,21,20,15,13 IA5 
a,6,7 ,22,21 IA6 
a.20,21 ,22,25,24 !A 7 

3,4 ,26,25,22,7 IA8 

I Date: 3/20/06 I Checked By: S.R. Pierce I Date: 3/20/06 

Calcul ation Shcc l: QA I' 3.1. Rev . 6 ( I 1- 15-05) 
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! Define mesh 
type, 1 
esize, 0.00635 
amesh , all 

IAssign Materials to Areas 

asel ,, area,. 1 
esla 
emod,all ,mat, 1 

asel ,,area,, 2 
esla 
emod,all ,mat,9 
alls 

asel ,.area,,3 
esla 
emod,all ,mat, 1 
alls 

asel ,,area ,,4 
,sla 
,mod,all ,mat,2 
dlls 

asel,,area ,, 5 
esla 
emod,all,mat,9 
alls 

asel,,area ,, 6 
esla 
emod,all ,mat,5 
alls 

asel ,, area,.7 
esla 
emod,all ,mat,2 
alls 

asel ,.area,,8 
esla 
emod,all,mat,3 
alls 

! Impose BCs - sand-centered case 

LSEL,S,LINE ,,24 
NSLL,, 1 
SF,ALL ,CONV,-6, 100 

SEL,S,LOC,X,0 

1 apply horiz convection and ambient 1 00C 

1 select nodes on left side 

A6-219 
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D ,ALL, TEMP, 1700 ! apply fixed temp of 1700C 
NSEL,ALL 

! Finished set-up . Now go to solver 

fini 
/solu 
solve 
finish 

I 

Calcu lation Sheet : Q/\1' 3. I . Rev . 6 ( I I - 15-05) 
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ORIOOATIOII FOR ICV BOX 
N ll£ ASSEMIILY ENCLOSURE 
AND LIEU STATION 

BOX TO Lil CROUNOING USC 
#4/D Cu BRM> 2FT LG 
TO EILCIRICAU. Y DONO THE 
uo ro BOX. F/.5TEN WITH 
1/2"••2"lC BOLT. 
l'IPl::Al.2 PL-ICES 

i 
~ ., 

I ·-

$~ 
.. t; 
0. X 

i 88 
i 

"' I 

~ "' 
0 
I .. 

8 

7 

!CV BOX GROUNOIIIG USE 
/4/0 Cu BRAID 8FT LC 

24' -8 J/8" (REE) 

6 

SAMPLE PORT 

fOR CONNECTION TO El.ECIRICM. I 
SYSTEM GROUND ON WOftl(ING • 

80LTIHG ARRANCEMElll 
FOR MORE lllfORMATIOII 
SEE REF C1IIC'S #l&l 

FLOOR >IIIJVE 
TYPIC\L 2 PUa:S 
FOO MORE INf'ORMATION 
srr REF owe #4 

PLAN = : 1/2'=1'-o· 

LPJ 
fUll ICY BOX UfT POINTS 
IOOOlfY WITH J" BOlD STRIPING 
TYPlCAl 8 PLACES ON BOX 
FOR MORE INfORMATJJH 
SEE llfllHG CRITERA NOTES ,4J,I() 

R[f DWC IJ 

LP2 
EMPTY ICV BOX UTT POINTS 
USE CROSBY SWIVEi. HOISl RINC 
TYPICAL 6 P!ACES ON BOX 
fOR MORE lffORMATION 
SEE LlfllNG CRITERA NOTES ANO 
REF OWC /J 

24' -D" INSIDE STEEL SHELL (REF) 

7 

SECTION C) 
SC\LE: 1/2 •1 -0 _ 

6 

5 

7 

1 
ICY BOX Lil LIFT POINTS 
USE CROSBY SWMl HOIST RING 
TYPCAI. 4 PtJ.CES ON Lil 
FOR MORE INfORMATION 
SEE UfTING CRIJ£AA NOTES AHO 
REF owe ft 

owe HO TITLE 
DRAWING TRACEABILITY UST 

5 

oaAD. 

4 3 
REFERENCE DRAwtMCS 

F-I45579-.15-0.:.0005 ICY BOX Lil ASSEIIBLY 

2 F-t 45579-J>--0-0006 ICV BOX Lil STIEL WOR~ I Of J 

] F-145579-J5-ll---0008 ICY BOX ASSOIBLY 

• F-145579-JS-0-0012 ICY BOX CAMERA. T/1: ANO GROUND ASSEMll.Y 

F-I•5579- J!>-0-0014 ICY BOX STARTER PATH OETNLS 

F-145579-JS-0--0021 !CV BOX LIO BREATHER HEPA nLTER 

F-145579-JS-0-0016 ICY BOX R£FAACTORY ASSEMBLY 

GENERAL NOTES: 
I . !Ci BOX SHIU SIW.l BE CONSTRUCTED WITH M.l INSl0£ JOllflS SEAL WEUlED (WATERTDIT) 
2. flN1SHEll CONSTRUCTllN OIMEHSIONAL TOURANC£ SHAU 8£ :1:1/8" 

... 
I 

;... 

J. PROW>£ CRAIN HOl£5 TO M.LCY« FOR NO WATER R(T[NJlON ON TOP Of BOX LIO. 
4. AU PIPING FIAHCES Will BE IN ACCORDANCE YIHH ASME B16.5 
s. FOR icv eox ocrAllS srr owe. r -t45579-J5-o-oooe 
6. fOR CY BOX UO 0£:rAl.5 SEI OWC. f-145579-35- 0-0006 
7. SUPl'I.Y CROSBY UFlllC OE',IC[S MOOEl. HR-125 #1016920 (OR EOUAl) 
8. NAME PV,T£S SHN..l. 8£ PRCIIDEO FOIi THE ICV BOX ANO IJO. 

NAME PV,l[S SHIU MEET THE REOUIREMENTS Of TH£ HANFORD HOISllHG 
ANO RIOOING MAHU-'I. ANO ~ A MIIIMUM SHOW rn£ MANUfACTURES tW.11: 
ANO WOCHTS EMPTY ANO FlJU. 

LIFTING CRITERIA 
I. ICY BOX UO 

-fOUR (4) I.Tl POINTS (LPt) 
-USE llflllG fRAM£ OR Sl'REAOER BARS (SUPPLIED Bl' lJl fA13!11CATOR). 
-USE CROSBY SWIVEi. HOIST RtlGS MOOEl. HR-125 #1016920 

UMITATIOHS 
, . LPl"S 10 BC usrn FOR UFl1IIG ll£ 1CV BOX UC ONLY 
2. RELIOI/E SWM:L HOIST RINGS AFTER ICY BOX ASSEM!l. Y. fOR REUS( ON 

SUl!SEOUOO BOXES 
2. EMPTY BOX 

-EIGl/l (8) l.fT POflTS. (lP2) ON BOX SIOES 
-USE Ul'TING fRAME OR SPRf.AllER BARS (SUPPUEll BY BOX fABRICATOR) 
-USE CROSBY Sl\ML HOIST RNGS MOOEl HR-125 f10t692D 

UIITATIOHS 
1. LP2 RES1RICTUl TO UfTIHG THE OIPTY ICY BOX »10 UO ONtY 
2. THESE LP2 PO!NJS ARE NOT TO BE USEC fOR UfTINC ICY BOX WHEN 

COMPOSITE UNCR Of INSULATION, SN<D NIil REflW:IORY, H/.1/E BEEN INSTAlJ..£1l. 
J . THESE lP2 POINTS ARE NOT ro BE USED TO LFT THE F\JU. BOX 
4. REMOVE SWM:L HOIST RINGS AFTER ICY BOX IS UflEO INTO ASSEMBlY POsmoN 

IN THE ASSEl.B. Y ENCLOSURE, fOR REUSE OH SUBSEOUDH BOXES. 
J. fUll BOX 

-EICHl (8) LFT POINTS (LPJ) 
-f\11.1. ICY BOX TO BE umI> FROM LNQERN[ATH BOTTOM PIHMETER FRAME 

4. M.L 5'11'1El.· HOIST RINGS 10 BE TOROUEO ro 60 FT LBS. 

ICV BOX 
E0,35--052-006 
SEE REf OWC #J 

HOLDS 

£45579-0-C 
RPP-24544 REV le 

001 Revisipn 2 Attach ent 2 

ICY 1111 llSt: 1'.llfl/ 
ICY101 .. =4;m/ 
II01(: 

VESSR DATA 

IUIIUlffll'..lmJIIIDfr:lllllCOlfllllSIITII 
I> IQl[ll 11). l~H.1-000. 

l'IIO.{Cl 

F 

79 

1-,lllll=.,_~-,,,,JS~-~os= 2-oo--6-1CV-~BOX-,,~::;:::.==--• =----1 C 

lOO. 

JS-052- D12 CV IICI( lll 
H/.NfORD 

PIIOCIJRIIIIHI QUAUlT 
EOM 

b 

7•-5• INSIDE srm SHEJ.L (REF) I. Cl RmtOCIDI!! JQNT ASS!lllll.Y lll.OS1DNS Cfl-HOUl UNTIL ',{)l)QR BIN: Of H(W XJIHl 1131GH 

• rccN [[--OHS ,. ...... A( SW 58 JJ 

ISSU£D fOR OCiDt Jt[.POU ........ SW ... so ,SC 

R£VISOJ r:t aox co~ P»o. N«J 1tfJ1ACTORr an 13 J>H 0ei SW ... "" ./5G 

I il:l'ASG> ICV BOX LNN:; IS AOC OS .,.., RD8 nrs 1H 

0 ~OftlRCOHmttJCOOH 19 MAT OS "" "' nrs "' .... Fll',tsc»IOCS:!IIPT»H .. ~ ., th~·· -" ~ .. ~ 
4 

......,.1-45579-FINAL DBVS DESIGN 

R[F HUMBER rm£ -REFERENCES -NEXT USED OH REVISIONS 

4 3 A6-222 



F 

E 

D 

C 

B 

A 

0 

' "" 

cl 
;:; 
r.1 
t; ... 
a 
3' 

i ;.. 

8 

J 

i 

$-

"' $ 
r-I 

INSJRU,IDITATlON 
CXlNNlCl10NS J PlJCES 
EACH SIOE Of BOX 

DETAIL 

lPJ 

-

I 

I 
I 

I 

I 
I 

FULL 'CV BCllC LIFT POii/iS 
10£HllfY WITH J" 8Q.JJ STRIPIHC 
"M'ICAl EJCHI PLACES 
FDR MORE INfORI.IAllON 
SEE REF IMC #1 

8 

f ICY BOX 

I 

I 

I 
I 

I 
I 

I 
I 
I 

SECTION C) 
1/2 -1 --0 

7 

~ 
i::I 
0 
% 

N 
I 

rg J/15• 

11· 10 SPAC[S 01'-0"•10'-0-

$ 
.,, 
I ... 

24'-8 J/r 

5• 5• 

/1Rll 68 - 11/16"t HOLES 
Of! 5/B"t BOlJS 

TKRU ttSS MOIIIER • 
~ - - -
I I I 
I I I 

I I llCV eox0 >< 
0 ., 

' I I 

6 

SECTION CD 1/2 - 1 -o 

12'-4 l/16" 

10 SPACES 01'--0"•10'-0" 

-- -
I 
I 

I 
I 

INSTRUMENTATION 
CONNEC!IONS J PV.CES 
EACH ENO Of BOX 

HSS 8x4x)/8 
TYPICM. BOTTOM 
PERII.IETD! ST1fFENOIS 

9 J/16\ 
11· 

-- -
I 
I 

I 
I 

7 

I 
"' 

I $ 
i 

I ... 

5 

1'-n,11s· 

4 3 

RPP-24544 REV le 
245579-0-C -001 Revisipn 2 Attach nt 2 

Ho NlfL °'9, llo. AE'FERENC£ OAAwa,,!CS 

I r-145579-J5-0-0004 ICV BOX CATA SKEET 

2 F-145579-35-0--000S !CV BOX UO ASSEMBLY 0£TAl15 

J F-145!>79-JS-0-0006 ICV BOX uo STEEi. WORK 1 OF J PARTS/MATERIAL UST 

~:.._:_:_::_:_
79
_19_=_:_=_:00_oo_:: __ __,__~_v_::_x_~_STRU __ :_:m_DEr_L_:_no_Ns ________ --i-+--1----'°""" _____ -1-----~--------t-"""""'---lUWJ«:£----+-""--t-'-:'"--i F 

. I JS- 052-006 1CV BOX VAAIB 

8 1016920 CROSB'f Swt\£1. KOIST ~ #KR-125 V~ 

21- 1 % ' 6 5/ 6" 1/8" 

I 
I 
I 

llCV BOX 
I ________ · ---+------------

I ~~~~~"" I j 

I 
I 

OCTAi 
HSS J 1/2xJ 1/2x1/4 

llCV BOX 

"'--HSS 8x4xJ 8 "'-I DRIU. 1 1/8" HOI.ES 

J/16" TKK 
TrP 4 SIOES 

THRU ttSS MEMBER 
2 PlJCES 

1:, 

~~ 
>< ~'i' 0 ., "'"--

0 

E 

D 

ij --+------+---+---f------f-- ! ~ 
"' 1 I ... ---------~-+----------- ij 

'l:, 
I 

! urwc DEVICE 
I 
1 

T 

9'-0" TYP 

-

9'-6" 

PIO(UP POINT 
J'-o• TYP 

I 

!umNC DEVICE 
I 
I 

I S-6" 

PLAN 
1/2'-1'-o" 

SECTION C) 1/2 -1 -0 

7 

I I 

I l l.lfTllc OE.VICE 
I I 

' - - -
I T 

J '-6" I 
9'--6" 

9'--0" NP 

6 

I I 

!umNG I 
: Of.\lC[ ( 'h 

/B~4~~ ! 

T 

~ DETAIL {to\ 
~ 

11 SPACES 01•-o·.,1·- o· 

SECTION 
1/2 -t -0 ED 

HSS 4x4x1/4 
l\'PICAI. TOP SllffDIERS 

HSS J 1/2rJ 1/2x1/4 
NPICAI. NJ. VEIIT1CM. S"flITTNERS 

lYPICAI. OCH Slot 

UO POSlllONINC PINS AA£ 
NOT LOCATEO ON 1HE ,cv 
BOX CENTtR TO F.ct/TAT[ 
PROPER LIO ORIENTAllON 

HSS 6x6x1f2 
TYPICAi. BOTTOM STIFFENERS 

11 SP,00:S 01'-0'•lt'- O" 

I 

ilCV BOX 

I 

$ 
I 

I 

11 SPM:ES 01'- 0--11'-0" 

REF NUWBER T1Tl£ 
DWG NO TITLE REFERENCES 

DRAWING TRACEABILITY UST HEXT USED OIi 

5 4 

DETAIL 

3 

BOX POSl!IONIIC 
PIN ASSEIIBLY 

REVISIONS 

in.• 
~7 ~y 
"'"--

0 
\.. 

WELDING CRITERIA 
1. WO.OINC 

-.II.I. Vt{U)INC SHN.J. BE DONE IN ACCORD.INC[ l'IITH AWS 01.1 UNI.ESS 
OlHERWISE SPECIFlED 

-NJ. BOX Sl(lj WEU>S TO BE FULL PIDIITRATION WEI.OS 
-'IIUDS Of STRUCIURM. REINFORCING I.ID4BERS TO BOX SICIN 

SKN.l. BE PJIR1W. PEN£!1l4110N WE1.DS 10 111/S 01.1 UNU:SS OTHERWISE 
SPECIAEO 

2. 'HEID NSPECllON 
-WEI.Jl EXAIINA1lON SIWJ.. BE DONE IN .ACCORDANCE WITH NIIS 01.1 

SECllON 6 IH:£SS OIHERWISE SPEtlfED 
-ICV 80X CONTIINMEN! SIIEU. WEl.OS SHALL BE CHECK£0 IJ>' 100:t PT/I.IT 
-t.FT1NC LUCS/1101Sl RINC PLAT!: WElll5 SHAU. BE DECKED BY 100:l 1/T 
-NJ. OTHER WEI.OS SHALL BE CHECKED V5UAU.Y TO AWS D1.1 S£CTIOII 6 

NOTE: 
1. SEE REF OWC fl FOfl IJTllC CRITTRl1' MO GENERAL NOTES. 

O& MAR 01 ""' 
.,. SR8 JSC 

C 

J! "-\Y OS J31l M n,s 
::'.. 2 

~IOH O""..$.'.:fll'PTOI .... ., 01,· .. ~"" ~ 
1 
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8 

F 

E 

D 

II 
II 

0 
II 

I 
I 

I 
I 

II 
II 
I 
I 
II 

C 

B 

A 

8 

7 

24'-o" INSIOE STEIL SIE.1. 

PLAN 
v2·-1·-o· 

22'-2" INSIDE REFRACTOAY AT TOP 

21'- lo" INSIDE REFAACTORY AT TRANSITION 

0 

1 J/16° RADIUS (2" PIPE a...) 
HAif" MOON JOINTS 
TO BE FU£0 W11H MORTAR '15' 
AT ASSEMBLY l'rP. FOR AU. \'.V 
SIDE PNm. JOINTS-..,,_ 

0 

ZJ"-6 J/4" APPROl(. RIB lENGTlf 

24'-0" IIISIOE STEfl SHEU. 

~AKE z• X 1/4" (APPROXIMATE) OCEP 
SLOT CO,,'TERED 
T'rPiCAL All 72 SUPPORT RIBS 
ITEMS 7, 8, AND 17. 

7 

6 

0 

6 

II 
II 
II 
I 
II 
II 

I 
II 
II 
II 

I 
I 

l!: 
~ 
':o 
i-

':o 
I 

;.. 

5 

2 :. 
I 

I .. .. 

"' =i' 
., g 

l'- 2 1;a· 

I 1·-0 1;a· I 

J J/8" 

FRONT ELEVATION 

DWG NO Till£ 
DRAWING TRACE.491UTY ~T 

5 

4 
No All(to,._lto. 

F-145579-J5-0-0004 

2 f-145579-J5-D- 0008 

F-H5S79- J5- 0- 0017 

4 F-l45579-J5-0-002J 

s·- s· 

s·-tr 

0 

11· 

r--e· INSIDE stm SHEU. 

OENOTES U71NC POINT 

CORNER PANEL 
2 REQ'O ••-,•~ 

ICV BOX OATA s..:ET 

ICV BOX ASSEMIILY 

1ft ,,1 
w 

irl 
il; 

~ 
l!: 
in ;; 

II jjr 
11 an 
II fll 
II 111 

""' 11 ,c 11., 
II Ill 
II Ill 
II II 
II II 

II -11 ,i 
II II 
,1 ,1 
II~ 
11,, 
11,1 
I I ~ 

l: • 
II= 1 I JII 
I ljl 
I I ~ 

-- - --/ I UI 
I I ~ 

/ 1,1 
/ lfll 

.. ../ :!i 

END ELEVATION 

REF NUMBER Till£ 
REFrRENCES 

NEXT USED ON 

4 

3 

3 

RPP-24544 REV le 
145579-0-C -001 Revisipn 2 Attac nt 2 

~ ~i.:~~ :"'u.by.:' .:::.-: :---...,.: ~ ~ ':;..': ::. !?-~ =-
~--. ... .,.--..,.,..~---~_._... ... ~ ...... ~ • ...... .w,..Olt 
~ ....... _.. ..-M lllf.C""-l'kflu....i_,.k .... rcWt lorlhl-pal,lillf, ~ _. ~- Dfthe -

PARTS/MATERIAL LIST .... 
PW/DASH NI.MIER NCU:ll:WIJIIC/lll'CRIP!llll ~ 

2 - CORNER PANEi. 'IIBRACAST 60PC 

2 - CORNER PNIEl \'IIIRACIST 60PC 

J 8 - S10E PNID. '1181lACAST6<J'C 

2 - FUlOR PANU 'IIBRACAST 6<J'C 

5 I - FLOOR PNll 'IIBRACASI 60PC 

1 - ltOOR PANEL 1.1BRIOSI 60PC 

J6 - SUPPORT RIBS - 24· • 7 J/4' • s• RESCO 110 

8 JO - SIJl'PORT Ro -21 112· • 1 J;,· x s· RESCO 110 

12 ENO IIACKJNC BRICK - 4_25•,4.2s·x16' RfSCO 110 

10 J6 - SIDE 8'CIONG BRICK - S.75"x5.75•,24• RESCO 110 

11 2 ALLER 80AIID - 1.5" x 6°- 6· x 6'-10· l<MlWOOl.lll!OAAO 

12 16 - BASE PICX1I' IHSO!I - 1Yl'E 1-10 1 I 1/4" NA 

1J 24 EDCE PICKUP t6tRT - T\'PE T-J-A x' 1• NA 

14 20 OOZJ Ml( 'A' PANEL CUP Al6, Al!)7 

15 4 002J 11K ·e· CORHER CLP Al6, Al!)7 

- SUPER AONJNfT MORIAR/RECOMMENDED (EJ 8'RTEU.S) N/A 

SUPPORT llllS - 20· x 7 4"' • s· RE5CO 110 

I . ICV REFRACTORI' J01KT ASSEMBLY OIIIENSIONS ON HOLD umu. \'EHDOR lES11NG or RE-OESIGN 

NOTES: 
t. 1HIS OES1CN IS 11,J,SED ~ : 

- Tl£ OJRRENT ICV BOX DESIGN owe. F- 145579- JS-IHJ004. 
- RESUlTS FROM EJT IIEETIHG DISCUSSIONS ml TEST BOX RESU.lS 
- tlPUT FROM EJ 8/f!TELIS 

BE USED JO Fill SPACES BElWEDI REFRACTORY PAHEl.S 
EEL SHEU OH SIDES, ENOS 1110 BOTTOII. 

J . IWF MOOII JOOO OESlGN IS BASED OH INFORMATION FROM EJ BARTrus - llAlF MOON 
JOINTS ARE PREfrRRED FOft: 

- EASE or l'ROOUCllON 
- £ASE or INSrAUATION 
- STR£NCTH Of JOl!IT 
- JOl!IT IS SfAI.EO AG-'INST I.EAKACE lt,IUIC£ A LAP JOIN! 

"" 
0016 

0017 

001 

0017 

0017 

17 

0016 

0016 

0016 

0016 

0016 

0017 

001 
001 

00 

OOZJ 

OOZJ 

0016 

4. MJJJf/NU ~ BEIN 1MDE FOR IIORTAR E1E1WEEN AU. JCINTS 8"SED OH OISCUSSIONS WITII EJ IIARIWS. 
5. ltOOR PN<D.. SUPPORT RIBS HAVE BEEN SPACED AJ THE MAXWM DISTANCE R[COMIIOIDm 

TO ENSURE ~T L™OS ON flOOR PAND.5 ARE TAKEN IN SHEAR AHO NOT BEM>JNG. 
6. AU DMNS!ONS SHOWN ARE NOMIIW. ANO BAS£0 ON NI EXPECTED +/- 1/8" PRODUCllON TOILRANCE FOR 

lll,JOIStOIS OYER 12• ANO .t-0/- 1/8" FOR AU OTHER DIMENSIOHS EXCEPI l'IHERE NOTED. 
7. AU. l.FTING DEVICES TO BE ROl(MIJ BEFORE J)I BOX L£A\/ES ASSEMBLY DIClDSUR[. 
8. LfTING COMPONENT INSERTS NOr TO PROTRUDE BEYOIIO R£FRM:IORY SURFACE. 

REVISIONS 

2D WAR 01 ........ 
13 .Moe 

Rt: 
SW 

"" .... .... 
1W 

... S8 ... SB ... l<SW ..., fWS ,.,. fWS 

IID< .. 
1 

2 

4 

s 

6 

7 

8 

9 

10 

11 

12 

1J 

14 

15 

16 

... 
JSC 
.ISil 

fWS 
Iii 

Iii 

Iii 

Iii 

1M 

F 

E 

D 

C 

" .. 
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F 

E 

D 

C 

B 

A 

L 

II 
II 
II 
II 
II 
II 
II 

8 

8 

7 

1'-6'"t1/4"' 

I I 
~ - -- - -- - -+--- -

I I 

PLAN 

PANEL 4 

Y-2 7/a" 

r-o·tv•· 

1·-1 · 

FRONT ELEVATION 

CORNER PANEL 2 
2 R[Q'D 

7 

6 

nm 

ENO ELEVATION 

.... , .. 
-o 

•·±1/a" r 

I, 
I 1111 
I 

:u:1: I 
I l I I 
I 11 
I 1 1 I 
I 

::1: I 
I 'T I 1 1 1 
I 1 11 
I I 11 
I I 111 

~ I 'T I I 11 
I I I I 0 

I I 1 1 1 I I 11 1 
I 

I Ir I 11 
I J l 
I I I 
I 

lj: I 
I 

1-t - 1 1 
I I I I 
I I I I 
I / , 1, 
I / 'I' 

END ELEVATION 

6 

; ;_ 
• 4 .. .. 
... . -
.·. 

.. 
w 

5 4 3 
No 

1 H557ll-JS-0-0016 ICV BOX RETRACIORY ASSEMBI.Y 

2 145579-35-D-0023 ICY BOX REFRACTORY PANfJ. Cl.JP OCINLS 

~ -

L 

ENO ELEVATION 

PLAN 

L 

SECTION CD 
FLOOR PANEL 5 
1 RED'O t "'• 1•-o• 

7• 

PLAN 1·-1• 

I lr,t' 

D~~~ C) 
1"11"CU.RM;HJ.c.ax,.,(S 
.. HJ.ftlXlRIWla.S 

2'-6'" 

'I- 3· 

RPP-24544 REV le 
245579-D-C -001 Revisipn 2 Attac nt 2 

F 

D~!~~~ CD 
TYPICN.JUIAU.IM 
.. ~JIG 0G PMn.5 

E 

I 

I D ,---
1 

END ELEVATION C 

PLAN 

% 
® i,; 

FRONT ELEVATION 

SIDE PANEL 
8 REQ'D t· .. ,•-G· 

OWG NO TITU 
DRAWING TRACUBIUTY UST HCXT USID ON 

5 

END ELEVATION 

Till£ 
RCfERtNCCS 

4 

0 

' ;., 

OCTAi 

HOLD: 

I. 'Cl REFRACTORY JOI'« Dl~EHSJONS OIi HO!D 
fOR VENOOR T( SllNG 

filfil; 

l. FOR 001,1 ASSOCIATION SH Ref DWG f l 
2. FOR TOl.EAANCES SII RU llWG fl 

REVISIOIIS 

3 

FLOOR PANEL 6 
I REQ'D 1·-1•-0-

20 liWI OI RC 
OI WAR 08 Sff 
13 JNil D6 SW 

D ISSUED FOR l~JIOO J8M 

C ISSUCD FDR NORMA.TIOH 
8 ISSUED (Oft J.PPROI~ 

,Ill .. 
.II .. ... .... 
lll8 nrs - nrs 

-~145579- FINAL OBVS DESIGN 

.. 
JI 

JS< .... 
FWS 

"' 11< 

"' 
11< 

11< 
n, 

-" :,· ~ 

K 
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8 7 6 5 

r ~ ~ F 21•--a· 22•-o· 
ToP--OFF SOL TOP-Off SOL 
IMl'UICD,IOff WI~ f:J 1111'111CEMEIIT TAIII( fl 
31-Dn-()09 31-D7-l-007 

E 

D 

C 

B 

ELEVATION LOOKING WEST 
SCAL(J 1/4'=1'-0' 

A 

OWO HO lllU 
ORAWINO lAACWnJIY UST 

8 7 6 5 

4 3 

~ 1s•-o· T 1s•~· ~ 
I TOP (ff SOil 

IWPIHGOIOII" TANKS (3) 

ELEVATION LOOKING NORTH 
SCALC• IN'=l'-D" 

REF Ml/MIU 11TL[ 

REFERENCrs 
NDCT USED DH RMSIOMS 

4 3 

RPP-24544 REV le 
145579-D-CA-001 Revision 2 Attachment 2 

2 

Ho. -.... "" I r-H!l579-00-0- 0051 

2 r-HS57i--oo-ll--00~ 
3 r-145579-00--D- OOI0 

T,O. IIIPtlCOEI! fllXlR 
70S'-10 1/4" 

T,O. IIJS1E RECll'IER IUlOR 
gg5•--a• 

RlfDl(HC[ --
Mill NlfA o.A. ~ 1olalS 

MWN!rAC:.A.SECll011S 

11£1.T AAV. CA 

I NOT APPROVED FOR CONSTRUCTION I 

01 FtJDt M 
\I OCC 05 1M fWS J0IS 

-....145579-FINAL DBVS DESIGN 

F 

E 

D 

C 

.. 
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F 

E 

8 7 6 5 

40 8lOCl(S • 200· -0·:1: 

············· •-.. •-;.:•.:.···•· ;.:, .. : ~ ....... ~ ~ .... ·······::::::• .. ::::·.~ .. :=:::-··:::::=:·:·.-~--------·:::::::· .. ::::::··.:~.-.::.--.:::::::··········• .. -........... .. 

~ ·· ················•·•• ··········;··········· ···········-············· 

6.5 lll.OCKS 
• 32·-6·± 

Ol'ENING 
W/ LOCKIIIC 
SAF£IY GATE 

.. .......... - ............. .................. ... _ _ ....... ... - ........ ............ _._,, ...... _ ..... - ........... . - .......... ............... ... 1. 81.0CK.... • 

.... . ;····-·~ ..... 1 ... . i(": .. \ ;~:i:::~~·····rl·· f ..••• ' 1 t 

-· -· l82':.&•1:--·1NSu·- ········ ........ . ............... ....... . 

···-··· .... ::.:. ~:::::::. 

F'OR ,;,t BOX SUPPORT CURBS 

SEE F-1'5579-ClO-B .. 0022 ~ ''.'.~'.· ·:,:,,,,,., ,,"'.'. 

·~p:-~~~,··::~-',~~~~~:=: 
c =::::.::::::: .:: l tt· .... '.~/'~- -, -·-·1' '

1
.,:'· ..... !._ . .!_=Fl=i 

a; EXTENSIONS ; .. 

8 

A 

(REF£REHCE) ; 'o 1 BLOCI< 

PIACE LOCK BLOCKS N'TER DIESEL CEN£l!ATOR IHSTAU.EO. .:,i :::::J i 
F1El.O LOCAlE TO PROVIDE ADECUATE Cl£ARANCE 

"T WEST ENO Of CENEl!ATOR. IIINIM\JM 3• -o·. j ..... s I 
L
' pox ASSEMBLY BlDC 

SEE MEl:HAHIC\I. GA 
, .... , r:11/C F-145579-lS-D-0015 r-.. = 2~---,--,~· 

f..... c1 l~I 
__ : __ ; ..... ······: 

SHIELDING PLAN 
1/H• .. 11- D'" 

SECTION 

8 7 6 

lOO.TION OF SUPPORT lRAY OPENINGS 
AA( APPROXIW.Tc. 
flUD LOCATE CAPS IN LOCX BLOCK 
W-'l.l.S N<O INST/Ill LIASONRY TO SUII 
SUP?oRT TRAY LOCATIONS. 

DWC NO TITLE 

5 

4 3 
RPP-24544 REV le 

145579-D-C 001 Revision 2 Attach ent 2 

T.O. WAI.I. 
~L 67S.-J 1/2• 

ENO OF WAl.l 
OR CORNER F 2•-5• T.O. W~l 

~ __,&_EL &n .. g 1/2• 

~~ 
~: 

. °lOCK- BlOCK" 'TYPE 
PRE'CAST CONCRETE BlCJCI( 
Wlllf JO"WxJO"llxW'l 
NOWW. OINENSIONS TlP. 

COMPACTED 
CRUSHED ROCK 

TYPICAL 4 BLOCK HIGH WALL 

SECTION A 
11•·=1·- 0· 

WASTE RECEIPT AREA 
5 BLOCK HIGH WALL 

SECTION 8 
11•·-1·-o· 

L 4•4•1/4• BOlli SIDES 

lYP >-.1_.r7-tl-t::1""f::U-....... ....J.f 1.£.l~ BE1llUN 0.25• NfO 0.5" 
Cl.fARANC( BETWEEN TOP OF lRAY 
00 ~OERSIOE OF LMEI. 

16 

OPElltlC WIOlll 
~ TRAY Wllllf + 1/2• 

CD 
30• REf . 

5• MIN. BE'JJIINC 
1YP1CAI. M.L SlEa 1.Bffl1S 

CONCRETE 
MASONRY 

l 4•4•1/4• BOTH SIOES 

4 - fS R£llAA • e• LOHC 
IN CROl/lEO CORES 

1. Ml. CONSTRUCTION SHAU. COHFORM TO COISTRUCTIOH SPECIACATJOlf 145579-0-SP-001. 

2. TIIE fOlLOWINC PROPERTIES ARE REOURUJ FOR THE PRECAST BLOCKS: 
MINIMUM 28 04Y COIIPRESSM: STRENGTH OF JOOOpsi. 
SEE COHSTRUCTUlN SPECF C>.TION 145579-0-SP-001. SECTION 03480 FOR OUAllS. 

J . OCH BLOCK SHAU HA~ A TOLERANCE OF ±0.25 INCHES fROM NOMINJI.. SIZES. 
O'IERM.I. PLACED DIMENSIONS Will Vl>K'I OEPEHDIIIC OH ACCURACY OF GRAl,fi BAS(. 
:1:3/8• PER BLOCK. 

4. BLOCK JOINTS LAYOUT SHOWS 0 8.\SE" LAYER OF BLOCXS [XCIJ>T AT WASTE RECEIPT AA~ 
WHERE SECOND LAYER IS SHOWN. SUBSEOU[NT LAYERS OF BLOCl<S SHN.l. BE PLACED IN 
RUNNIIIC BOND PATT[R.~ WH[RE PoSSIBl E USING HAI.F 91.0CKS AS NECESSARY TO 
MAINTAIN PATTERN. 

5. roR SOIL ANO CRUSHED ROC!< INSTAUATION SEE ORAWINCS H-1+-106789 NIO 
H- 14- 106789, ANO CONSTRUCTION SP[ClflCATION 145579 .. O .. sP .. 001 . 
SECTIONS 02220 mo 0 22J5. 

6. LOCKING SAfUY G.IT!:S 5™U BE f l!:lO FIT AND INSTAIUll TO FIT Ol'ENINGS 00 
SHAU. CONFORM TO COHSlRUCTION SPEC!flCATION 14S579-0-SP-001. SECOON 02821 . 

REF NUMBER TITIL 
REFERENCES 

NEXT USED ON REVISIONS 

4 3 

H 
C 

F 

E 
0 

. 
,~. 

COMP= 
CRIISl£D ROCK 

LOCK-BLOCK WALL 
TYPICAL ELEVATION 

11•·-1•-o· 

LOCATION PLAN 

ISSU[I) fOR om, tlU.. ~ .. ta:( RfJ'0lff IIMAI DI 
QUCD '°" ow. tlU. .APfRCHM. A: ,me ,van- 24 .we OI 
twJmRIRNl[RNt,l.N'PftfNM. 11 .W, DI 

IS!UED FOR WDfW. MWW oa ccc 05 

~ ftll CH2M HU liPf'W:NJL A: 10X R£Paff 01 .An 0, 

JSSU£D fCIR CH2M HlL ~ at 10,C RD"Cffl 11.WfOS 

rs5UEO fOR CH2M HU R01CW ,. ..... 
!SSUED f'0ft Nl[JtW. N'PftO/>J.. 2J WN 04 

ISSU ED FOft IN1E!OOr,L. RM(W 04 tKN 04 

ISSU[O rtNt RCW.'W 01 OCT 04 

5 9.JtO FOR R£Vl[Y 22 SS- 04 
fC\=o<ooa,proff .... 

"" K 

0PK P11 PII 
0PI( PM PII 
111'1( PII ... "' .... PII 
0PK 
0PI( ,. 
0PI( PII 
0PK PW .... ,. 
0PK .,, 

..,......,.1 45579- FINAL DBVS DESIGN 

E 

D 

C 

; 

fWS .. -,... 
JlA ... 
"' 
"' TH 
TH 

TH 
TH -... .. 2 

I! 
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F 
@ 

E 

D 

C 

B 

A 

8 7 

I{ BOX 

24• 

i CURB 

J'- 6 1te· I J"-6 1/8" 

2 112· I 2 112· I 
I I 
I 

I t I "' 

I 

I / 

OfUIL~/ 

SISIWl \.::_,/ 
SEE NOT( 5 

8 

I 

2 112· 

1a 

~ 
N 

I 
I 

I 

7' - 10 l / B" REF. 

C/C LOCATING PIN HOlES - FIELO DRILLED 

TYPE 'E' CURBS - PLAN 
3/•·-,·-o· 

1 PAIR RECUIRED AS Sli~ 
SEE F- 145579- 00-B-0022 
FOR LOCATlON 

7 

6 

24• 

6 

5 

PL l/8• STlff. 
80TH SIDES 
T'IPICJ,L 

T.O. SLAB !< U/S STEEL 
EL 663'-0" 

4 

II 
u 

~~HA.TI HO,.._TR M12X12S/30 UNDERCUT NiCHOR 
LOCATE AS SHOWN ON PIAN 

SECTION 
1 1I2·-1·-o· 

A 

1 
TYP T 

t 
PL l/2•, 4• 
COH11NIJOUS 

GUIDE PLATE FOR 
BOX TIWISPORTIR 

II 

HR.Tl IIJA-lR M12X125/JO UNDERCUT ANCHOR/ 
LOCATE AS SHOWN ON PLAH 

W21x62 

SECTION 
1 112·=1·-o· 

TYl'ICAl. 4 PLACES 

8 

T.O. SlA8 & U/S STEEL 
EL 663'-0" 

1 
T 

3 

T.O. SLAB !t U/S STm 
EL 66J'-o• 

HILTI HOA- TR MIZXIZS/30 UNDERCUT ANCHOR 
LOCATE AS SHOWN ON PLAN 

EDCE OF f\NIC£ 

1,11_~ 
NORTH OF RAIi CENTERLINE 

DETAIL 
3•. 1·-0· C) 

L4x3xJ/e·,1s· LG DBL ANCl£ CONN. 
5 - 3/4•, AJ2S BOLTS O 3• C/C 

c/w AS&J Cl!JCE ~ HtAV'I l£X NUT 
ANO ASTM F4l6 IW!OEHEO STEEL WASHER 

SECTION 
1 112·- 1·- o· 

~NCHOR 

9 
"' ... ... 
Q'. 

':o 0 
:,: 

.:::. ~ ,,, 

ANCHOR PfJM 
SOUTH or RIJL CTNIERl JNE 

DETAIL CD 

D 

.. 

LOCATING Hotf Pffi,H 

Rcr NUIIB(R TTTl£ 
DWG NO lOLC REFERENCES 

D~WlNC TRACtABILITY UST HOCT USED OIi 

5 4 

SECTION ED 

REVISIONS 

3 

PL S/8°,6•x2• 
2 P\ACES 

1YP 

RPP-24544 REV le 
145579-D-C 001 Revision 2 Attach ent 2 

lUJ lUI 

II II I II II 1111111, 

SECTION C 
1 1/2"=1'-<I' 

NOTES: 

PL 3/6" Slff. 
BOTli SOES 
T'l'l'CN.. 

TYP 

T.O. SLAB !< U/S STEEL 
El.. 66.l'-O" 

Hlll HC/,-TR M16X190/40 UNDERCUT ANCHOR 
LOCATE AS SHOWN ON PLAN 

1. ALL CONSlRIJCTION SIW.1 COHfORM TO ~ON SPl'ClflCAllON 
145579-0- SP-001 . 

2. FOR GENERAL NOTES !< S1RUClURAL SIID. OETNIS 
S£E IJRAW,HCS F- 145579-00-B--0001 TO 0004. 

3. CURBS SIW.I. HAW: MAX. CAMBER AHO SWEEP OF 5/15•_ 
INSTALL CotMJ< SllE UP. 
MAMAIN 6"- J• Cl.EARANCE BETWEEN CURBS Al ALL LOCATIOHS. 
TOLCIWICE *3/16". 

4. FOR SUPPORTING DESIGN CILCULAllONS SEE 145579- B-cA-004. 

S. F1El.D DRU 1- 1/6" DIAMETER HOLES AS SHOWN. THESE HOUS ASSIST IN 
.ACCURATE PLICEMEHT OF THE 1CV BOX. HOU:S TO BE LOCATID AHO ORIU£D 
BY OTl£RS USING A SAMPI£ !CV BOX AS A TEWPIATE DURING COMMISSION1NC 
PHASE. 

6. ALL ORU-IN A11CHORS SHALL BE INSTAIJ.ID IN CONFORMANCE 'MTH THE 
RECUIRO.IOIIS fOR SPECW. INSPECTlON AS LISTED IN CHAPTER 17 Of THE 
LN FORM IMUllNG CDOE ANO IC80 R£PORT ER-5606. AT SLOTTED HOl!S, 
N\JTS SECURING CURB Stw.l. BE SNUG-TI;Hr ONLY. 

® ,-·· -------'--------,----, 

F 

E 

D 

C 

.. 
LOCATION PLAN "' 

~~- --- ------ - - ---.-----,----r-,c,---,-=""T-"=-l~ 
' ~ orOA CHl lol HIU. APPftOVM.HIQH,i;R(PORr JO'S m 10 WJt 06 CIC ... .. 
E ISSUED rDA ,O[RJW. ltPPRO'JM.. rws g 

t5stl£0 f OR JO[RIW. RM-l'W JfA I 

ISS\J[D f OA CIQM tkl N"Pfl()llt.. • 'JDX R[Pan TH ~ 
II ISSUCD f OR Oi4'M NlL Nlf'ftlNJ.J.. • 9\l:I WQTi nt .... 

1'...-rN 06 Df'k .. 
19 DCC 05 CJG .. 
°' JI.UI .. ... PV 

11 !JAY OS - PJI 

Oi IN M """ PV ,., ., o•·• 
A ISSUfD f~ O l?M till Rtv.i:'W • 90:1 R(PORf ::::._ J 

a.... ,i('\1\5:0,., D!s.::AJPOOH """'ay S!: 

'=----- --- ---- ~--------11'! 
F 

' _,,.1-455 79- f lHAL DBVS DESIGN 
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CALCULATION PROCEDURE CHECKLIST 
Calculation Number: l'-{5S 7 "1 - D - CA ~ a d J R ~ ✓- :;)_ 

" ... 
ACTION ACCORDING TO PFm.CEQURE ·ep :i;r~, b ·. 

. ··• 

. # '. ,, INITIAL/,DATE 
i .. />.,. •. : , ";~.,~>'.'.<:_ .. •,.,~.,,, ·. '1·1·) :!)(.•_,_ ;.,, ·:~ •• ,_,. '..:,' .. ~-,. ~ --~- ••• ... >.;.(';~•·· ' .. . . ,: ... - .. ' ' • ,,,.::/',''/"•:-!.' ,, .. ,, . 

1 The calcu lat ion number has been obtained from Document Control and the ~=---. I yQ.3/1)1, calcu lation number is logged in the hard copy Calculation Log. 

2 The calculation has been prepared using the forms associated with this procedure 
I 3" ~I 4'.7 (i.e., calcu lation cover sheet, summary sheet, and calculation sheet) . ag---. 

3 The calculation has been formatted per this procedure (header, page number, etc). ~,,.,,... 13/ ~ o{,. 

4 T he appropriate revision number has been assigned. ~&.-.... !3/-x3/.x, 

5 The discipline lead of affected documents has been noti fi ed of any changes. ~ .... , I 3/ .::0/~.;;:; 

6 All calcul.ation sheets have been sign ed/initialed and dated. ~~- /3f.,..3/'tJ6 

7 Attachments to the calculation are formatted as required and are included in the 
I 3'/~e:r'<'.?6 calculation package. o:&-~ 

8 Th e calculation package is complete and submitted to the assigned checker. ~ I ~Id a? 

9 T he checker has accepted comment resolution and signed the cover sheet. ~ "'='- I sf:i.~6, 

10 The Calculation package has been submitted to Document Control (Preliminary) or 
1-:j-=,J"/.ce, Discipline Lead (Final) . P<&C)"' 

Final Only I 

11 Design Verifications, where applicable, are co mplete in accordance with EP3.9. J,j/f¾ I 

12 Th e calculations are stamped by a Registe red PE (when required). ,1/A I 

13 T he Discipline Lead has approved the calcula tion and signed the cover sheet. !Y£r""' ld.:-a,z,~ 

14 T he Discipline Lead has forward ed the calculation package to the Document 
~ .,..;c~. I 3,h:/()? Control. 

Calculation Revision s 

15 The calculation cover page is updated, noting the reason for revision. ~3/~~ 

16 Calculation sheets are updated in accordance with th is procedure. 'J.ZB'l>---.f .::i-/~ a 
17 T he appropriate revision number has been assigned. ~-gQ.... /31',;:o/a(, 

18 The checking and approval (when required) have been completed and cover sheet 
::1..£:l ~ ~/~s/4 is signed. 

EP 3.3·3F October 03 
• Each action is to be verified by the Originator. 
"This checklist applies to preli minary and fi nal calculati ons 
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Subcontractor Calculation Review Checklist. 

Subject: Area 35 - Transient Heat Transfer Calculations of ICVTll-l Box 

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

l M.J'- -1/ufof,, 
Documents Reviewed: 145579-D-CA-001, Rev. -r- :::(;!~- ?\: (;i.4: {o 0 

Analysis Performed By: AMEC/DMJM/ARES 

Page 1 of 1 

------------------------------

• Design Input 
• Basic Assumptions 
• Approach/Des ign Methodology 
• Consistency with item or document supported by the calculation 
• Conclusion/Results Interpretation 
• Impact on exist ing requirements 

• 

Checker (printed name, signature, and date): _1Y_1_. _W_. L_e_o_n_a_r_d _ __:._M.---'W-'--'--. -=LJ~=-=::....,_ __ 3_/_3_1....:.{_o_(,, ____ _ 

O,gan;zational Managec (p,;nted name, signatm e and date) , D. H. Shufo,dJ)M,,J§Jtf J rk)t. 
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