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PART A - PACKAGE DESCRIPTION AND OPERATIONS

1.0 INTRODUCTION

1.1 BACKGROUND INFORMATION

A Waste Sluicing System (WSS) is scheduled for installation in
underground waste storage tank 241-C-106 (106-C). The WSS will transfer high
heat generating sludge from single shell tank 106-C to double shell waste
storage tank 241-AY-102 (102-AY). Prior to installation of the WSS, a heel
pump and a transfer pump will be removed from tank 106-C and an agitator pump
will be removed from tank 102-AY.

Special flexible receivers will be used to contain the pumps during
removal from the tanks. After equipment removal, the flexible receivers will
be placed in separate containers (packagings). The packaging and contents
(packages) will be transferred from the Tank Farms to the Central Waste
Complex (CWC) for interim storage and then to T Plant for evaluation and
processing for final disposition.

Two sizes of packagings will be provided for transferring the equipment
from the Tank Farms to the interim storage facility. The packagings will be
designated as the WSSP-1 and WSSP-2 packagings throughout the remainder of
this Safety Evaluation for Packaging (SEP). The WSS$P-1 packagings will
transport the heel and transfer pumps from 106-C and the WSSP-2 packaging will
transport the agitator pump from 102-AY. The WSSP-1 and WSSP-2 packagings are
similar except for the length.

The SEP, at this time, will only approve use nf the WSSP-1 packaging to
transfer the heel pump and transfer pump from waste storage tank 106-C to the
designated storage facility. Design drawings of the WSSP-2 packaging are
presently being completed and will not be available for evaluation in this
SEP. This SEP will be revised at a later date by an Engineering Change Notice
(ECN) to approve transfer of equipment (agitator pump) in the WSSP-2
packaging. In general, support studies and other information in this SEP will
include data for both the WSSP-1 and WSSP-2 packagings. In cases where
information for the WSSP-2 packaging is not available, the missing information

will be designated by use of "TO BE DETERMINED" (TBD).

A Packaging Design Criteria (PDC) (WHC 1993) was developed to provide
packaging design criteria for both the onsite transfer and storage of the
removed equipment. Data presented in the PDC indicates that the equipment
(pumps) are a Type B quantity of waste and should be classified as mixed
tra?suranic (TRU) waste for purposes of packaging design and transportation
evaluations. '

Al-1
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Classification as both mixed and TRU waste requires that the packaging
must be designed and evaluated to meet »oecial storage acceptance requirements
at the CWC. Special package requiremer..s for storage at the CWC include two
containment barriers, 20 year service life, and 100 mrem/h or less radiation
dose rate at the surface of the package.

1.2 PURPOSE AND SCOPE

This SEP provides safety analyses and evaluations considered necessary
to support a safe one-time onsite waste transfer campaign. The campaign
evaluated in this SEP consists of transferring two identical WSSP-1 packages
containing a heel pump and a transfer pump removed from tank 241-C-106. The
scope will include the transfer of the packages from the Tank Farms to the CWC
for interim storage and then to T Plant for processing and disposition.

This SEP has been prepared in lieu of a formal Safety Analysis Report
for Packaging (SARP) and demonstrates that the short-term onsite transfer
campaign for the heel and transfer pumps will provide an equivalent degree of
safety as would be provided by packages meeting the U.S. Department of
Transportation (DOT) safety requirements. This fulfills the onsite
transportation safety requirements implemented in WHC-CM-2-14, Hazardous
Material Packaging and Shipping.

Al-2
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2.0 PACKAGING SYSTEMS

2.1 GENERAL INFORMATION

This section provides a description of the packaging system that will be
used to transfer and store the pumps described in Part A, Section 1.0 of this
SEP. Information presented in this section will be evaluated in Part B of the
SEP to assure that the proposed packaging system meets identified criteria and
requirements.

The packagings consists of two lengths of containers (Part A,
Section 9.2) that are of identical design and construction. The packagings
are designed to withstand normal transfer conditions and accident tests
described in Part B of this SEP. The design lifetime is 20 years in the
environment of the CWC. The packagings will only be transferred in the
horizontal position and include adequate 1ifting attachments and tiedown
devices. Shielding, if required, will be installed on the outside of the
packagings to 1imit radiation dose rates at the surface of the packages to
acceptable values during transfer and interim storage.

This SEP will approve transfer of packages one year from date of issue
unless otherwise designated by issue of an ECN.

2.2 CONFIGURATION AND DIMENSIONS

The main packaging assembly consists of a long section of standard wall
pipe with closures on each end. The piping section is 52 in. outside diameter
X 0.375 in. wall thickness. The closure on one end of the packaging is a
solid 2 in. thick plate welded to the end of the 52 in. diameter pipe. The
closure on the opposite end of the assembly is a solid % in. thick plate
bolted to a 1% in. thick ring flange attached to the end of the 52 in.
diameter pipe. The removable closure plate is attached to the ring flange
with sixteen 1 in. diameter bolts, nuts, and lock washers. A % in. thick
gasket seals the bolted plate to the ring flange. Double containment of the
end closures required for storage of the package is provided by a 1% in. thick
plate welded inside the of 52 in. pipe at the welded closure end of the
packaging and by a plate assembly installed around the outside of the bolted
closure end.

Stiffening rings are installed at intervals along the length of the
packaging to support/protect the package during lifting and normal and/or
potential accident conditions. A layer of 3/16 in. thick plate is installed
between the stiffening rings to form a 1% in. wide annulus for installation of
shielding material along the full length of the packaging. The shielding
annulus also provides double containment of the waste contents along the
sidewalls of the packaging for storage of the package.

A2-1
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The overall length of the WSSP-1 packaging container is nominally 49 ft,
and the overall length of the WSSP-2 packaging container is nominally 62 ft.

2.3  MATERIALS OF CONSTRUCTION

Material requirements for the WSSP-1 packagings are described in the
parts list on Westinghouse Hanford Company (WHC) design drawings H-2-83722,
H-2-83723, H-2-83724, H-2-83726, and H-2-83727 (Part A, Section 9.2). 1In
general, all structural components are carbon steel. Specifically, the
standard wall 52 in. diameter piping material and closure end plates are
American Society for Testing and Materials (ASTM) A516 carbon steel. End
closure bolts and nuts are alloy steel American Society of Mechanical
Engineers (ASME) SA307. Gasket material for sealing the bolted end closure
connections is made of reinforced flexible graphite.

2.4 FABRICATION METHODS

Specific fabrication methods for construction and assembly of the WSSP-1
packagings are described on packaging design drawings H-2-83722, H-2-83723,
H-2-83724, H-2-83726, and H-2-83727 (Part A, Section 9.2).

2.5 WEIGHTS

The calcuiated maximum gross weight of the WSSP-1 package with external
shielding (1ead shot) and contents (heel pump) is approximately 65,900 1b.
The weight of the WSSP-1 package without shielding and with contents (heel
pump) is 28,300 1b. The calculated maximum gross weight of the WSSP-2 package
with external shielding (steel shot) and with contents (agitator pump) is
approximately 62,290 1b. The weight of the WSSP-2 package without shielding
and with contents is 32,280 1b. The maximum weight of the packages is based
on installing shielding material in the full length of the shielding annulus.

2.6 CONTAINMENT BOUNDARY

The packaging enclosure (pipe and end plates) is the single containment
required during transfer of the packages. The primary containment boundary is
sealed on one end with a welded plate and is sealed on the opposite end with a
bolted plate and gasket. A secondary containment boundary is provided on the
packaging by installing additional plates on each end of the main enclosure
and by installing the shielding annulus the full length of the packaging. Two
pipe fittings are provided on the outside of the package for venting and will
be sealed during transfer of the package.

A2-2
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2.7 CAVITY SIZE

The cavity size of the WSSP-1 packaging is 51% in. diameter by 49 ft
long and the WSSP-2 packaging cavity is 51% in. diameter by 62 ft long.

2.8  HEAT DISSIPATION

Maximum heat dissipation from waste contents for the WSSP-1 and WSSP-2
packages is 4.2 Btu/h and 6.2 Btu/h, respectively (Part B, Section 7.0). The
heat is considered to be transferred passively to the environment.

2.9 SHIELDING

Shielding will be added on the outside of the packagings, if required,
to 1imit dose rate at the surface of the packages to 100 mrem/h or less.
Shielding will consist of lead shot, or other approved material, poured
through openings provided on the outside wall of the "shielding annulus." If
additional shielding is required, layers of solid lead shielding will be
installed around the outside of the package as necessary to limit the dose
rate to acceptable values.

2.10 LIFTING DEVICES

Lifting attachments are installed on each end of the packaging and are
suitable for raising and lowering a fully loaded package in the horizontal
position. The 1ifting attachments are designed for use with a special yoke
assembly provided for this project.

2.11 TIEDOWN DEVICES

Two special attachments are installed on each end of the packaging to
secure (tiedown) the package to a strongback/transport unit provided for this
project. In the event the strongback assembly is not used to transport the
package, stiffening rings installed at intervals along the length of the
packaging are provided with holes that can be used to attach tiedowns to a
flatbed trailer.
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3.0 PACKAGE CONTENTS

3.1 GENERAL DESCRIPTION

Contents of the WSSP-1 and WSSP-2 packages are considered to be three
pumps placed in three flexible receiver assemblies. Specific details of the
flexible receiver assembly system is shown on design drawing H-2-79341. The
following data relates to the three pumps scheduled for removal from the tanks
and placed in specific packages for transfer:

WSSP-1 Packages:

1. One heel pump Tocated in tank 241-C-106. The physical description
and reference drawings are as follows:

Maximum length: 37 ft - 8 5/64 in.
Maximum diameter: 36 in.
Estimated weight: 1730 1b
Reference drawings: H-2-41294
H-2-41297
H-2-41295

2. One transfer pump located in tank 241-C-106. The physical
description and reference drawings are as follows:

Maximum length: 38 ft - 2% in.
Maximum diameter: 32% in.
Estimated weight: 1000 1b

Reference drawings: H-9-1105
H-2-38610
H-2-33461
H-2-69897
H-2-69898

WSSP-2 Package:

3. One agitator pump located in tank 241-AY-101. The physical
description and reference drawings are as follows:

Maximum length: 53 ft - 5% in.
Maximum diameter: 42.43 in.
Estimated weiaoht: 2000 1b

Reference drawings: H-2-95343
H-2-64449
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3.2 RADIONUCLIDE ACTIVITY

Radionuclide activity in terms of curie content is evaluated in Part B,
Section 2.1 and indicates that the WSSP-1 and WSSP-2 packages must be
transported as a Type B quantity of waste. Specifically the total estimated
curies of waste material attached to the heel pump is 673.09 Ci and is 1080
times the effective A, value of the mixture of radionuclides, the total curies
for the transfer pump is 96.86 Ci and is 254 times the effective A, value.

The total activity for the agitator pump is 926.8 Ci and is 2450 times the
effective A, value for the mixture.

3.3  FISSILE CONTENT

Fissile content (in grams) of the estimated amount of waste material
attached to each of the three pumps is evaluated in Part B, Section 2.2. The
evaluation indicated that the quantity of fissile material attached to the
heel pump is 11.6 g, the transfer pump is 1.7 g, and the agitator pump is
1.8 g. Each package is considered as "fissile exempt" since the total fissile
content in each package is less than 15 g.
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4.0 TRANSPORTATION SYSTEM

4.1 TRANSPORTER

The transporter system consists of a special truck/trailer/tilt assembly
suitable for transfer of one WSSP-1 (maximum 34.0 tons) or WSSP-2 package
(maximum 32.0 tons). Suitable attachments are provided on the vehicle for
securing the package to the trailer bed. In addition, a modified flatbed
trailer will also be available if the truck/trailer/tilt unit cannot be used.

4.2 TIEDOWN SYSTEM

Design of a tiedown system is provided to safely secure the packages on
the transport vehicle during transfer to the storage and
processing/repackaging facilities. A sketch of the tiedown system in shown in
Part B, Section 6.5.

4.3 SPECIAL TRANSFER REQUIREMENTS

1. The speed of the transport vehicle during waste package transfers
shall not exceed 35 mph on straight sections of the highway and
15 mph for curved sections of the highway. The maximum speed may
be reduced (as directed) due to adverse weather or road
conditions.

2. The transporter is considered as "Exclusive Use Only" for the
106-C and 102-AY transfer operations. Transporting any other
material not associated with the transfer of a WSSP-1 or WSSP-2
package on the same vehicle is prohibited for use with this SEP.
The transport of any materials other than those listed above will
require a revision to this SEP or a totally new SEP.

3. Escorts shall be provided at the front and rear of the transport
vehicle during package transfers to warn and/or control oncoming
traffic and to observe the package.

4. Only one pump package shall be transferred during each operation.
Removal of the package from the special strongback/transporter or
loading/unloading the package onto/from a flatbed trailer shall
only be performed with the package in the horizontal position.

5. The transport vehicle shall stop at all railroad crossings that
have warning 1lights or crossing gates.

6. The waste package shall be secured to the transport vehicle using
the tiedown system described in Part B, Section 6.5.
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The packages shall not be transferred at ambient temperatures less
than 0 °F and shall not be transferred during extreme fog
conditions. If ice or adverse snow conditions exist, the road
shall be cleared and sanded prior to transfer.

Radiation levels at the package and driver location shall not
exceed values indicated in Part B, Section 5.2 of this SEP.
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§.0 ACCEPTANCE OF PACKAGING FOR USE

The following requirements shall be verified and/or inspections shall be
performed prior to use of the packaging:

1.

Inspect the packaging to assure that it is in good physical
condition without any visual deficiencies.

Inspection shall include the verification of a Quality Assurance
(QA) acceptance tag.

Verify that bolts do not have headmarks matching those on the
"Suspect Fastener Headmark List."

Verify gasket material and geometry are in accordance with drawing
requirements.

Verify visible painted surfaces do not have scratches or gouges
exposing bare metal.

Verify that there are no detrimental gouges, dents, or scratches
on flange sealing surfaces.
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6.0 OPERATING REQUIREMENTS

6.1 GENERAL

Operating requirements provided in this section of the SEP are
recommended guidelines for using the packaging. Specific operating procedures
shall be developed by operations personnel and shall be approved by designated
Transportation and Packaging personnel prior to transfer of the package.

A1l applicable instructions and procedures for onsite transfar of the
packages shall be in compliance with WHC-CM-2-14. The approved SEP? shall be
considered the controlling document for transfer of the WSSP-1 and WSSP-2
packages except where other applicable WHC requirements are more restrictive.
Operating procedures shall include instructions to assure that the packaging
is being used in accordance with the SEP.

Operating procedures, in general, shall cover the loading of the
contents into the packaging, loading of the packaging on the transport
vehicle, and unloading the package at transfer destination(s). Bolt
tightening specifications, or reference to the specifications, for all flanged
connections shall also be inciuded in the operating procedures.

6.2  INSTALLATION OF PACKAGE CONTENTS

The waste contents (see Part A, Section 2.2.2) will be placed in the
packaging containers at the 106-C and 102-AY Tank Farm locations prior to
transfer to the CWC. Installation of the flexible receivers in the packaging
containers should include the following steps:

1. Place the packaging in the special strongback assembly provided
for this project, and raise the packaging to the vertical position
in accordance with DOE-RL-82-36, Hanford Site Hoisting and Rigging
Manual (RL 1993).

2. Place the flexible receiver in the packaging in accordance with
DOE-RL-92-36, Hanford Site Hoisting and Rigging Manual (RL 1993).
Assure that approved absorbent material has been placed in the
flexible receiver and/or the packaging to absorb at least twice
the amount of expected free liquids that may be present in the
waste contents.

3. Lower the package (packaging and contents) to the horizontal
position in accordance with DOE-RL-92-36, Hanford Site Hoisting
and Rigging Manual (RL 1993) and place a spacer in the package as
required to prevent movement of the contents during transfer.
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4, Install the two top closure plates on the package being careful
Tighten bolts on the closure
plates using the tightening sequence and torquing requirements

not to damage the gasket material.

provided in the field procedures.

5. Verify that the radiation dose rate at any contact surfaces of the
If this dose rate is
exceeded, additional lead shielding must be installed to reduce
the dose rate to acceptable limits prior to transfer of the

package does not exceed 100 mrem/h.

package.

Verify that the surface contamination does not exceed

limits listed in the following table (WHC Radiological Control

Nanual, WHC-CM-1-6):

Nuclide Removable Total (Fixed
(rote 1) (dpm/100 cm?) | + Removab]le)
(note 2) (dpm/100 cm®)
(note 3)
U-natural, #°U, #8U, and associated decay | 220 alpha 5,000 alpha
products.
. 226 228 230 228
Lﬁggiugga&isﬁzsl’Rqégl Ra, “"Th, ““Th, 20 500
Th-nat B21h, N5r, 2PRa, 24Ra, B, %], 200 1,000
Bl 1y
Beta-gamma emitters (nuclides with decay 1,000 5,000
modes other than alpha emission or beta/gamma beta/gamma
spontaneous fission) except *0Sr and
others noted above. Includes mixed
fission products containing *°Sr.
Table notes:
1. The values in this table apply to radioactive contamination deposited on, but not

incorporated into the interior of the contaminated item. Where contamination by both
alpha-and beta/gamma-emitting nuclides exists, the limits established for the alpha-and

beta/gamma-emitting nuclides apply independently.

2. The amount of removable radioactive material per 100
determined by swiping the area with dry filter or soft absorbent paper, while applying
moderate pressure, and then assessing the amount of radioactive material on the swipe with
an appﬁopriate instrument of known efficiency. For objects with a surface area less than
100 em™, the entire surface should be swiped, end the activity per unit area_should be

2

cm- of surface area should be

gg(s)ed on_the actual surface area. Except for transuranic elements,

Th, Pa, and alpha emitters, it is not necessary to use swiping techniques to measure
removable contamination levels if direct scan surveys indicate that the total residual
contamination levels are below the !alues for removable contamination. 2

3. The levels may be averaged over 1 m“ provided the maximum activity in any area of 100 cm

is less than three times the values in the Table.

Ac, 228""
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If the package will be transported in the special tilt/trailer
assembly, install the package tiedowns on the special tilt/trailer
per instructions in Part B, Section 6.5. Fully inspect and
release the package for transport.

If the package will be transported in a separate trailer, follow
steps listed in Part A, Section 6.3.

LOADING THE PACKAGE ONTO SEPARATE VEHICLE

1.

Prepare an analysis to indicate the actual center of gravity of
the package and total gross weight based on the packaging, waste
contents and shielding (if required) installed on the outside of
the package. Prepare and approve a plan to safely 1ift the
package in the horizontal position. The WSSP-1 package containing
the transfer pump weighs approximately 27,000 1b without
shielding. The WSSP-1 package containing the heel pump weighs
approximately 28,300 1b without shielding. The WSSP-2 package
containing the agitator pump weighs approximately 32,300 1b
without shielding.

Lift the package in the horizontal position and place the
packaging on the approved transport vehicle in accordance with
DOE-RL-92-36, Hanford Site Hoisting and Rigging Manual (RL 1993).

Install the package tiedowns on the separate trailer per
instructions in Part B, Section 6.5.

Verify that the radiation dose rate at any contact surfaces of the
package does nct exceed 100 mrem/h. If this dose rate is
exceeded, additional lead shielding must be installed to reduce
the dose rate to acceptable 1imits prior to transfer of the
package. Verify that the surface contamination does not exceed
1imits listed in the table in Part A, Section 6.2, number 5.

Fully inspect and release the package for transport.

UNLOADING THE PACKAGE

1.

Verify that the dose rate at the surface of the package does not

exceed 100 mrem/h and that surface contamination does not exceed

limits shown in the table included in Part A, Section 6.2, step 5.
Inspect the package and determine that it is acceptable for
;tor$?e and/or processing of the contents at the designated
acility.
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Prepare an analysis to indicate the actual center of gravity of
the package and total gross weight based on the packaging, waste
contents and shielding (if required) installed on the outside of
the package (see Part A, Section 6.3, step 1 for details).

Remove the tiedowns and prepare the package for rigging.

Verify that surface contamination of the package does not exceed
limits listed in Part A, Section 6.2, Item 5.

Provide a suitable crane and rigging to safely 1ift the specified
loads and transfer the package horizontally to the storage or
process facility in accordance with DOE-RL-92-36, Hanford Site
Hoisting and Rigging Manual (RL 1993).
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7.0 QUALITY ASSURANCE

7.1 INTRODUCTION

QA requirements for packaging and transport systems described in this
SEP are based on a short-term transfer campaign of specific package contents.
In addition, it is not the intent of this SEP to approve reuse of the
packaging after removal of the specific contents (equipment) described this
SEP. Under these conditions, an extensive QA program that would normally be
provided in a SARP (for long-term use of packaging) is not considered
necessary for this short-term transfer campaign. However, a QA plan or
specific set of instructions are considered necessary to assure that the
packaging and transport systems are acceptable for their intended use.

Verifications shall be made to assure that the following requirements
were included in the QA plan or set of instructions and that these
instructions were followed to control the design, and fabrication of the
packaging:

1. Design, material procurement, construction, testing, verification,
and other activities for the packaging container were in
accor?ance with, or equivalent to, WHC-CM-4-2, Quality Assurance
Manual.

2. Approval requirements associated with the analysis, design, and
fabrication of the packaging container and components were in
accordance with WHC-CM-3-5, Document Control and Records
Management Manual and were properly documented.

3. The assigned safety class 3 of the packaging and safety class 3 of
the packaging components (Part A, Section 9.3) were in accordance
with requirements of Management Requirements and Procedures (MRP)
5.46, WHC-CM-1-3.

4, A1l required inspections and testing of the packagings were
properly documented.
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8.0 MAINTENANCE

Preventive maintenance shall be perfo.med on the packaging during the

20 year design lifetime as required to prevent deterioration of the packaging.

Preventive maintenance shall consist of inspection, repair and/or replacement
of parts, and repainting
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9.0 APPENDICES

9.1 REFERENCES

RL, 1993, Hanford Site Hoisting and Rigging Manual, DOE-RL-92-36,
U.S. Department of Energy, Richland Operations Office,
Richland, Washington.

WHC-CM-1-3, Management Requirements and Procedures, Westinghouse Hanford
Company, Richland, Washington.

WHC-CM-1-6, WHC Radiological Control Manual, Westinghouse Hanford Company,
Richland, Washington.

WHC-CM-2-14, Hazardous Material Packaging and Shipping, Westinghouse Hanford
Company, Richland, Washington.

WHC-CM-3-5, Document Control and Records Management Manual, Westinghouse
Hanford Company, Richland, Washington.

WHC-CM-4-2, Quality Assurance Manual, Westinghouse Hanford Company,
Richland, Washington.

WHC, 1993, Packaging Design Criteria for Transfer and Disposal of Equipment,

Tank 241-C-106 Waste Sluicing System, WHC-SD-TP-PDC-015, Westinghouse
Hanford Company, Richland, Washington.
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9.2 DRAWINGS
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9.2.1 WSSP-1 PACKAGING
| Drawing Number Revision Sheet Title
H-2-83722 o 1 52 in. Diameter Transport Assembly Top Cap
H-2-83723 (s] 1 52 in. Diameter Transport Assembly Top Funnel
H-2-83724 (o] 1 49 ft x 52 in. Diameter Transport Assembly - Main Assembly
o 2 49 ft x 52 in. Diameter Transport Assembly - Pipe Assembly
o 3 49 ft x 52 in. Diameter Transport Assembly - Details and Sections
[s] 4 49 ft x 52 in. Diameter Transport Assembly - Annulus Detail
(o) 5 49 ft x 52 in. Diameter Transport Assembly - Flange Details
0 6 49 ft x 52 in. Diameter Transport Assembly - Details
[¢] 7 49 ft x 52 in. Diameter Transport Assembly - Internal Stop
[¢] 8 49 ft x 52 in. Diameter Transport Assembly - internal Stop
0 9 49 ft x 52 in. Diumeter Transport Assembly - Internal Stop
H-2-83726 [¢] 1 49 ft x 62 ft x 52 in. Diameter Transport Assembly - Arrangement
(4] 2 49 ft x 62 ft x b2 in. Diameter Transport Assembly - Arrangement
(4] 3 49 ft x 62 ft x 52 in, Diameter Transport Acsembly - Arrangement
H-2-83727 0 1 52 in. Diameter Transport Assembly Blind Fiange
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.

Postor 2 | B wW-320-22

ENGINEERING CHANGE NOTICE

2. ECM Category (merk one) | 3. Originstor's Neme, Organization, MSIN, and Telephone No. 4. Date
$uppl smental oo | S. R. Crow, 84200, G2-03, 376-5388 6/6/94
Direct Revision o
Change ECN 0 | 5. Project Title/No.Nlork Order No. 6. 8ldg./Sys./Fac. No. 7. impsct Level
;:'“..;,,,t: 8 Project W-320/02M98 sQ
a . .
m:tl\ln'i‘: o 8. m&x:amrz )ﬁlil [ {~ ] 9. Related ECN Mo(s). 10. Related PO No
H-2-83724, Sht. 1, Rev. O N/A N/A
H-2-83724, Sht. 5, Rev. 0
118, Modification Work 11b. Work Package [ 11c. Modification Work Complete 11d. Reszored to Original Condi-
No. tion (Tesp. or Standby ECN only)
[] ves (#itt out LK. N/A N/A | N/A
11b)
[X] w ""f”'c“‘"];)“" Cog. Enginesr Signature & Date Cog. Engineer Signature & Dats

12. Description of Change )
1. Add the following Note #16 to the General Notes on Dwg. H-2-83724, Sht. 1:

16. ROUND BAR USED FOR FLANGE DOWEL PINS SHALL CONFORM TO ASTM A322, GRADE 4130.
THE PINS SHALL BE HEAT TREATED TO A MINIMUM YIELD STRENGTH OF 120 KSI AND
HARDNESS OF HB 270.

2. Change the callout for the dowel pins in Section P and Section R (4 Places) on
Dwg. H-2-83724, Sht. S.

CHANGE TO: PROVIDE LN3 FIT FOR LOCATING 1/2 & DOWEL, DOWEL MATERIAL PER NOTE
DOWEL MAY BE THREADED INTO FLG, USE 1/2"-13 UNC.

WAS: PROVIDE LN3 FIT FOR LOCATING 1/2 & DOWEL, DOWEL MATERIAL ASTM A36,
DOWEL MAY BE THREADED INTO FLG, USE 1/2"-13 UNC.
13a. Justification Criteria Change (] besign Improvement [X] Environmental [1
(mark one) :
Ag-Found [] Facilitate Const. [] Con .*. Error/Omission [1 Design Error/Omission []

13b. Justification Detsils
The material for the flange guide pins is being changed to a stronger material.

14. Distribution (incluge name, MSIN, and no. of RELEASE STAMP ]
Bellomy, J. R. (III) S$6-12 1 * zzﬂ-"/ Ar-27 7 .
Calmus, D. B. 62-03 1 Lzac™re AH3-57 7 OFFICIAL RELEASE (]]
Cro:, s.TR.c gg-oz l daz /e SS-00 / BY WHC

Mackey, T. C. -03 1 . wze pH-c0 ’
Peterson, T. K. $2-03 ] “EZeoT- o pAaTE JUNGS 1034 -
Shiraga, S. . Nl-40 1 LlHie Sid S&-00 ] .

Lo = 55-59 “/,Z

| Yorr = 2 Se-5) | Aé@ L

A-T900-013-2 (06/92) GEFO9S5

44;@4@5"9}‘(

" A7900-013-1 (06/<
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1. ECN (use no. from pg. 1)
ENGINEERING CHANGE NOTICE voge 2 of 2 ¥-320-23

15. Design 16. Cost lmpact 17. Schedule Ispact (days)

:a'ﬁ:"‘“ DIGINEERING CONSTRUCTION

[] Yes Additional [] s Additional [] $ Improvement []

[X] o | saviees [1_SN/A _ sevires []_SWA _|oum (1WA
18. Change Impact Review: Indicste the related documents (other than the engineering documents identified on Side 1)

that will be affscted by the change described in Block 12. Enter the affected document mumber in Slock 19.
Conet. Spec. [] Emgineering Procedurs [] Human Factor Coneiderstion []
Froourement Spec. 0 Opernting instrugtion [1 Camputer Seftwars (]
OM Manusl 0 Operstional Satety 0 ICRS Pracedurs (1
Safety Equipment List [] Call Arrangement Drewing [] Prooses Flow Chart []
Radistion Work Permit 0 Essentisl Matarial Specification [] Purchess Requisition {1
Envi | impact [] Fec. Proc. Samp. Schedule [] []
Enviranments! Report 0 Inspection Plan [1 (]
Environmental Permit [] i v Adjus Request [] 0

19. Other Affected Documents: (NOTE:

indicate that the signing organization has

Document Number/Revision

N/A

Document Number/Revision

Documents listed below will not be revised by this ECN.) Signatures below
been notified of other affected documents listed below.

Document Number Revision

20. Approvais

Signature
OPERATIONS AND ENGINEERING

Sl L

u"ﬁ%?kﬂ%:;

® relewe:
Y s o bt

Safety é(m/ -~

Gor (RE.Mc PreRSON
Security ]

Environ. 20 Cony bor

Projects/Programs _, > 5"“““1 (;:nj per dmlecon

Tenk Wast: Remediation System
Facilities Operstions
Restoration & Remedistion
Operations & Support Services

Other 08 &W

Date
ARCHITECT-EMGINEER

¢/6/ 14 PE

e/é @

[? {‘ !q! Safety

¢ fE fﬂ" Desipn
Environ.

- Other

DEPARTMENT OF EMERGY
Signature or Letter No.

ADDITIONAL

Signature

Oate
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VRN 55843

Proj.
Pagetot_D | gon W-320-29

ENGINEERING CHANGE NOTICE

2. ECN Category (merk one) | 3. Originator's Name, Organization, MSIN, end Telephone No. 4. Date
Supp| emental 0a 1S, R. Crow, 84200, G2-03, 376-5388 6/6/94
Direct Revision a
Chenge ECN 0O | 5. Project Title/No.Nork Order No. 6. Bldg./Sys./Fac. No. 7. lmpact Level
oarbibd 8 Project W-320/D2M98 Q
mmu g 3. mm?mrz;m- EoN 9. Related ECN No(s). 10. Related PO No.
H-2-83724, Sht. 3, Rev. 0 N/A ) N/A
H-2-83724, Sht. 5, Rev. 0
H-2-83722, Sht. 1, Rev. 0
H-2-83727, Sht. 1, Rev. 0
11a. Modification Work 11b. Work Packege | 11c. Hodification Work Complete 11d. Restored to Original Condi-
Wo. tion (Temp. or Standby ECN only)
[] ves (ﬂl:.':ut Bik, N/A N/A N/A
)
[X] wo ("‘”'c““‘-";)“" Coy. Engineer Signature & Date Cog. Engineer Signature & Date
12. Description of Change
See attached page.
13a. Justification Criteria Change [] Design lmprovement [] Envirormental []
(mark one)
As- Found [] Facilitate Const. [] Const. Error/Omission [] Design Error/mission [xj
13b. Justification Details
The changes are to correct errors on the drawings which were identified during the
validation of the rediine drawings to the released H-2 drawings.
14. Distribution (include name, NSIN, and no. ef'copiu) RELEASE STAMP
Be}TOmy,DJ.BR. (111) gg-ég i Sta.#1 S5-59 1 <
Calmus, D. B. - Sta.#2 S6-81 1 OFFICIAL RELEASE
Crow, S. R. G2-03 1 Sta.#3 S2-05 1 BY WHC 11
Lesser, K. R. 67-50 1 Sta.#4 R1-29 1
Mackey, T. C. S2-03 1  Sta.45 T4-30 ) DATE JUL 22 1994
Peterson, T. K. §2-03 1 Sta.#6 T2-03 1 R
Shiraga, S. S. N1-40 1 . %gz} §§:88 ] o 22

A-7900-013-2 (06/92) GEFO95S

A-7900-013-1 (06/82)
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ENGINEERING CHANGE NOTICE

1. ECN (use no. from pg. 1)

Page 2 of 3 W-320-29
15. Design 16. Cost Impact 17. Schedule lspact (days)
Yo earion ENGINEERING CONSTRUCTION
[] ves Additfonsl (] s Additional [l s Isprovesent (]
[X) o | savires []_SN/A_ savires () SNA | peer [1_MA

18. Change Impact Review:
that will be sffected

Indicate the relsted documents (other than the sngineering
by the change described in Block 12.
Analysis

documents fdentified on Sice 1)
Enter the affected docussnt mmber in Block 19

Projects/Prograss z Bellmy per belecnn

sDO/OD [] Selemic/Stress [] Tenk Colibration Menual []
Vendor information [] Operating Procedure [] Elactric Circult Schedule []
OM Manual [] Op | Satety Regy [] ICRS Frocedure []
FEAR/SAR [] EFD Orawing [] Process Control Manual/Plen []
Satety Equipment List [] Cell Arrangement Drawing [] Procass Flow Chant []
Radistion Work Permit [] Essential Materisl Specificstion [] Purchass Requisition []
Envi ! impact [] Fec. Proc. Samp. Schedule [] []
Environmentai Report [] inspection Plan [] []
Environmental Permit [] inventory Adjustment Request [] []
19. Other Affected Documents: (NOTE: Documents listed below will not be revised by this ECN.) Signatures below
indicate that the signing organization has been notified of other sffected documents listed below.
Document Number/Revision Document Number/Revision Document Number Revision

N/A
20. Approvals

Signature Date Signature Date
OPERATIONS AND ENGINEERING ARCHITECT-ENGINEER
cop Enqu#‘ of2v/se  PE
Cog. Mgr. QA
a BKY .-\::/of(pv Fele con Mk [Zﬁﬂ“’ Sefety -
s.fetyg WW& 2, /® Design
securi Environ.
Environ. Other -

Tenk Waste Remeciation System
facilities Operstions
Restoration & Remedistion
Operations & Support Services
RN

over 08 (abimuo

BT

DEPARTMENT OF ENERGY
signature or Letter No.

ADDITIONAL

|
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N )

1. ECN

HEET
ENGINEERING CHANGE NOTICE CONTINUATION S pege 3 of 3 N-320-29

1. Change the chamfer callout in Detail 5 on Dwg. H-2-83724, Sht. 3:
CHANGE TO: 45°x2", 4 PL WAS: 45°x2", 2 PL

2. Change two of the radius callouts in Section D on Dwg. H-2-83724, Sht. 3.
CHANGE TO: R 2 1/2°, 4 PL WAS: R 1727, 2PL
CHANGE TO: R 3", 4 PL MAS: R3%, 2°PL

3. Change the pipe callout in Detail 2 on Dwg. H-2-83724, Sht. S.

CHANGE T0: PIPE, 2 1/2" @ x 3 1/4 LONG ASTM, A53 SCH 40
WAS: PIPE, 2 1/2" & x 3 1/4 LONG ASTM, A36 SCH 40

4. Change the material callout in Assembly 3 on Dwg. H-2-83722, Sht. 1.
CHANGE TQ: PLATE 1" THICK ASTM AS516, GR 70 OR ASTM A36

WAS: PLATE 1" THICK ASTM A815, GR 70 OR ASTM A36 .

5. Change the material callout in Detail A on Dwg. H-2-83727, Sht. 1.

CHANGE TO; PL 3/4" THICK ASTM AS516, GR 70 OR ASTM A36
WAS: PL 3/4" THICK ASTM A615, GR 70 OR ASTM A36

A-7320-036.2 (11/88) (EF) GEFO94
Engineering Change Notice Continustion Sheet

AS-8



A ARG S Y it et 4 NG e 3 6 e 0

N ]

e -

crr eams

was o ko

9/16%8 2 PL

1/, 24 P
SEE NOTE §

\J
\J
X\
Y \\
\
S
8
\ \\\
\ X
\\
R
N
~ \\~
.
4 1/16
R 1
1 1/16" THRU TO
" RECEVE 179 BAR.
b Uy [
By LN
@ -
PLATE 1/2 THICK
ASTM AS16 GR 70
URVALS OR ASTM A3

/1 DETAIL

k—/ SCALE: 3 = 1'-0"

#0046-7930-210)

g, 2P 1°3 BAR x & LONG
: H ASTM A108, GR 1018
4 2P (NESTINGHOUSE STORIS
2

PLATE 1° THICK
7 aSiasis Gk 70
OR ASTM A36

4'-10 1

(3 ASSEMBLY

\C/sum ¥ =10

$4-500-027(3/39)

s l




WH‘C—ASD—TP—SEP—‘024 Rev. 0

L} 3 ’ 1
1628
ur GENERAL NOTES (uniess omerwise seecisien)
M -
1 4 3/1¢ 1. TOLERANCING IN FRACTIONS ARE:
! FRAC 1/16.
3716 TOLERANCING IN DECIMAL ARE PER ANSI Y14.5M-82
s 1/18 DEC XX £.C1, XXX £.005, ANLR £ 1", F
Ldd 2. ALL VACHINED SURFACES 123/ IN ACCORDANCE WITH ANSI 846.1.
ui FOR (LATZST REV).
1/4 (3/18) TN\ DETL 1 3. REMOVE ALL BURRS AND SHARP EOGES.
1/4 - ATE
/ L SEe NOTE 7 4. ALL MACHINED TOOL R .03 MAX.
O g T AL S. WELD AND INSPECT PER AWS D1.1. VT ALL WELDS FINAL PASS,
ur - WELDER QUALIFICATION AND WELDING PROCEDURES PER ASME SZCTON
A ur N /—: ATE L™K o IX ARE AN APPROVED SUSSiITUTION. |
U V4T N } 6. MARK PER MS-85-0015 TYPE 8, IN LOCATICI INDICATED
" G/8) NY PLATE 1/4° THEX USING 1* HIGH BLACK CHARACTERS.
~ / ++ ASTM AS16 GR 70 OWG NO & REV NO
N
7. SURFACE PREPARATION SHALL BE IN ACCORDANCE WITH SSPC-SP-8,
\ .I BY GRIT BLAST. PROTECT FLANGE SEAL SURFACES.
MT N (0 1/+
FOR DETAL L5778y TN \ t 8. PAINT ALL EXTERIOR SURFACES PER FEDERAL SPEC BELOW. WITH ONE ZINC-RiCH
> \ . ! CHROMATE FREE PRIMER COAT TT~P-664D, FOLLOWED WiTH TWO TOP COATS 3
4 W Sz TI-E-489H, COLOR SHALL BE YELLOW. MIN DRY FILM THICKNES SHALL BE 4.5
vz 74 }7 MIL. PAINT BOLT HOLES AS WELL AS POSSIBLE.
2 o) vr il
3/16 4 ! 9. TEMPLATE HOLES FROM FLANGE RING DETAIL 14, SHEET S OF H-2-83724,
. H
24 PLATE 3/8° THICK \ ! 10. ALL SPECIFICATIONS SHALL MEET THE FOLLOWING REVISIONS:
ASTM AS516 GR 70 \ 3 ASTM A36/A36M-92
\ i ASTM AS18/AS16M~90
' ASTM A108/108M~-90 -
\ ' /__T<L°C""°N 11 MATERUL SHALL BE MARKED SUCH THAT iT IS TRACEABLE TO THE CHEMICAL
iy AS40N CPTIONAL ANALYSIS AND MECHANICAL TEST REPARTS.
. 12.HEAT NUMBER TRACEABILITY OF THE MATERWAL SHALL BE MAINTANED.
\ H 13.D0CUMENT ALL WELDING ON KEH 0433 FORM.
1
N |
!
\ 1
H )
\ '
1
\ :
A
+
| /A SECTION —
!
B -/ st 5 = -0
™N—— SEE NOTE &
7 3/16 c
3 7/15
8 3/18 "3'~2”'-""\
k
N
/f\ - .
M )
y —
' ; ©
' it
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' — "
¢ h -
'
H LI
'
H PLATE 1/7° THICK
v ’ ASTM AS16 GR 70 DETA:
§ OR ASTM A36 !
/V/ 2\ TA'L
7R NS sene 5 - v R
2 3
i
€
il
< 2 PL n
(OZ3) t
/B\ SECTION :
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2

(3/18)}
- €
PLATE 1/4° THICK
FENA \
T
G186 < "\ I
° f
= | LCCATION
. : _-n (3/18)) CPTICNAL
N
: P

1E 1/7° THICK
4 AJ6

< E } SECTION
SCALE: ¥ m1'~0"

SEE NOTE &
00 NOT PAINT THIS

SURFACE

~

L

~

8. ALL SPECIFICATIONS SHALL MEET THE FOLLOWING REVISICNS:
ASTM A36/A3BM~92

9. MATZRUAL SHALL BE MARKED SUCH THAT [T IS TRACEABLE TO THE CHEMICAL ANALYSIS
& MECHANICAL TEST REPORTS.

. TEMPLATE HOLES FROM FLANGE RING DETARL 1t
. PANT ALL EXPOSZD CARBON STEEL SURFACES WITH 2 CCATS OF AMERLOCK 400,

. WEILD AND INSPECT PER AWS 0f.1.

. MARK PER HS-85-C01S TYPE 8,

GENERAL NOTES

(UNLESS CTmERWISE SPICFED)

. TOLERANCING IN FRACTIONS ARE: FRAC £1/18

TOLERANCING IN CECIMAL ARE PER ANSI Y14.5u-82 OEC XX £.01, XXX £ 00S,
1.

ANLR %

. REMOVE ALL BURRS AND SHARP ECGES.

SHEET 5 OF H-2-83724

HISH SOLOS £POXY CCANNG (3-8 Wi THICK), oF
AVMERCOAT 4SQMS, ALIPHATIC POLYURETHANE (2 MIL THICK). PAINT BOLT HOLES
AS WELL AS POSSIBLE. FINAL COLOR SHAL. BE BEGE.

VT ALL_WILDS FINAL PASS
WELCER QUALIFICATICN AND WELDING PROCEDURES PER ASME SECTION
14 ARE AN APPRQVED SUBSTITUTION,

FOLLOWED W'TH | COAT

IN LOCATION INDICATED
USING 17 HICH BLACK CHARACTERS.

OWG NO & REV NO

. SURFACE PREPARATION SHALL 8E IN ACCOROANCE WITH SSPC-SP-8,

BY GRIT BLAST. PROTECT FLANGE SEAL SURFACES.

"

10. HEAT NUMBER TRACEABIUTY OF MATZIRIAL SHALL BE MAINTAINED.

",

DOCUMENT ALL WELDING ON KEH 0433 FORM.

)
—
¢
37
;O
RZ —
1/4 - )
e 1 3/16°¢ FOR _
8 1/2 TON SHACKLE 3
PLATE. 1/7 THICK /c\ SECTION
ASTM AJ8 - -
— FOR OETAL 0" o/ soue v=r-0
.
o
- 8
:
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i
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(1 RECD) e e e
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MAT 221954 }
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MATCH LINE A

e

GENERAL NOTES

. TOLERANCING IN FRACTIONS ARE: t1/16.

TOLERANCING IN DECIMAL ARE:
XX %01, XXX £.003, ANLR £ 1°.

{UNLESS OTHENWISE SPECIFIED)

2. ALL MACHINED SURFACES 12\5/ IN ACCORDANCE WITH ANSi B46.1.

(LATEST REYV)
3. REMOVE ALL BURRS AND SHARP EDGES.

4, ALL MACHINED TOOL R .03 MAX,

. WELD AND INSPECT PER AwS D11 WELDER QUALIFICATIONS AND WELOING PROCEOURES
PER ASME B&PV COOT SECTION (X ARE ACCEPTABLE. VT ALL WELOS FINAL PASS.

8. FABRICATE & INSPECT IN ACCORDANCE WITH AW 01.1-92.
NO HYDRCSTANIC TEST REQUIRED AT ASSY. VT
FIT-UP, RCOT PASS, & FINAL PASS ON ALL CONTAINMENT WELDS & LIFTING WELDS.
MT OR PT FINAL PASS CN ALL CONTAINMENT WELDS & LIFTING WELDS. WELOS pawousu
MADE BY PIPE SUPPLIER ON PROCURED PIPE SHALL BE VT & MTI OR PT FINAL PASS
PIPE SUPPLIER

. MARK PER MS-8S-0013 TYPE 8, IN LOCATION INDICATED
USING 1° HIGH BLACK CHARACTERS

OWC NO. PART NQ, & REV No

CONTAINER WT

. SURFACE PREPARATION SHALL BE IN ACCCROANCE WITH SSPC-SP-6,
8y GRIT BLAST. PROTECT FLANGE SEAL SURFACES.

. PAINT ALl EXTERIOR SURFACES PER FEDERAL SPEC BELQW, WITH 1 ZINC-RICH
CHROMATE FREE PRIMER COAT TT-P-6640, FOLLOWED WITH rwo
TOP CQATS TT-E-489H, COLOR SHALL 8€ YELLOW. MIN DRY F
THICKNESS SHALL BE 4.5 MILS PAINT 80LT HOLES AS wEu. AS POSS'ELE
00 NOT PAINT GASKET SURFACES OF CLOSURE FLANGES.

10, THREADED FASTENERS SHALL BE COATED WITH NICKEL NEVER SEIZE §NS~-160
OR LOCHITE C.

11, PIPE WELD BEADS MAY BE DRESSED 10 ALLOW FITTING OF RINGS, FLANGES, AND
INTERNAL SUPPORTS.

12.ALL SPECIFICATIONS SHALL
ASME
ASTM
ASTM
ASTM
ASTM

MEET THE FOLLOWING REVISIONS:

B816.11.91

AJG(AJBM-SZ

A1Q3/A108M~93

AS16/A518M~30

A671 -89

13. EACH ANNULUS SHALL BE PRESSURE DECAY TESTED TO 11.2 PSL

14, MATERIAL SHALL BE MARKED SUCH THAT [T IS TRACEABLE TO THE CHEMICAL ANALYSIS
AND MECHANICAL TEST REPQRTS.

15.HEAT NUMBER TRACEAZILTY OF MATERWAL SHALL BE MAINTAINED.

SEE SUB-~ASSEMBLY -
ON SHEET 2
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STIFFENER RINGS SHALL BE INSTALLED ON
THE ¢ UINE OF THE COLUMNS AS SHOWN
WITHIN + 1/8 CF THE:R TRUE POSITION

AS MEASURED FROM CCLUMN LINE 1.

TOLERANCE B8UILD-UP 1S UNACCEPTABLE.
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iy | 41" x1/8° A1t x1y8° a1t 11/8° 4-1" 21/8
I nore. ' |
|- B AN STIFFENER RINGS SMALL BE INSTALLED CN
. | THE ¢ LINE OF THE COLUMNS AS SHOWN |
| WITHIN + 1/8 OF THEIR TRUE POSITION
i AS MEASURED FRCM COLUMN UNE 1.
‘ I TOLERANCE BUILD-UP IS UNACCESTABLE. i -
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/5 ASSEMBLY
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ATTACHMENT ASSEMBLY TO

ACK WiTH SIX HEX HEAD
~BUNC=-24x3-1/47L, ASTU A325 2 PL
T _WASSER, F436 1 RE

EACH 80LT, 2 PL

(44'-3 F0} 62" CONTAINER),

v |

. = .
SHIELOING ALLER ——/ RED PAINTED
PLUGS

©

SUPPQRT

SEE NOTE 9

rajrs

|
1

_Jn..

SEE NOTE 8

PICK POINT FOR UFTING
CONTAINER WHEN NOT
ATTACHED TO STRONG-BACK

ELEVATION (s2 contamer)

SCALE: 1/2°

HEX PLUG, 2NPT, 150
ASTM AT0% ASME 15.T
16 REQD SEE NOTE 5

-0

©

—

PICK POINT FOR LIFTING
CONTAINER WHEN NOT
ATTACHED TQ STRONG~-BACK

RED PAINTED
SUPPCRT
SEE NOTE §

GENERAL NOTES

1. THREIACED FASTZNEZRS SHALL 8E CCATED WITH A THIN CCAT OF NICKEL NEVER
SEiZE yws—wo OR LOCTITE C. THEN TCRCUED TO (SEE NOTE 2) N
ACCOROANCE WITH THE GASKET SUPPLIERS INSTRUCTIONS AND PRCCEDURES
T0 EE PROVIDED 8Y COGNIZANT ENGINEZR.

(UNLESS OTHERWISE SFECIFIED)

2. BOLT TORQUES VALUES

3/4°~10 UNC-28 ASTM A3Q7 GR B = 118-128 ft/ibs
1-8 UNC-28 ASTM A307 GR B .= 295-305 ft/Iss

3. BOLTING CF STRCONG-3ACK TO CCNTAINER JOINT CONNECTION. BOLTING SHALL
BE PER AISC, SPEC'FICATION FOR STRUCTURAL JOINTS USING A325 OR A4S0
SOLTS FRCM NANUAL OF STEZL CONSTRUCTICN, ALLCWASLE STRESS DESIGN, STH
EDITICN. 1 1/2°8 BOLTS SHALL 82 INSTALLED USING TURN--OF -NUT TIGHTENING
METHOD, AS SPECIFIED IN 8(d). TIGHTEN 2CLTS TO SNUG TIGHT CCNOITION,
THEN ROTATE NUT 1/3 TURN MCRE 237 FASTENER THREADS
SHALL NOT BE LUBRICATED BEYOND THE AS GELIVERED CONDITION AS
SPECIFIED IN 8(a).

4. THE FOUR CONTAINER ATTACHMENT ASSZMBUES SHALL BE BOLTED TO THE
STRONG—BACK WITH 1-8UNC-2A HEX HEAD BOLTS AND 1-8UNC-28 HEX
NUTS. THE BOLTS AND NUTS SKALL BE FULLY TIGHTENED AFTER THE CONTAINER
IS IN PLACE AND FULLY BOLTED TO THE CONTAINER ATTACHMENT ASSEMBLY BY
USING THE TURN OF THE NUT METHOD PER AISC STEZEL CONSTRUCTION MANUAL,
9TH EDITION.
S. SHIELD WITH LEAD (Pb) SHOT OR STEEL SHOT. SHIELDING SHALL BE FIELD INSTALLED PER
WHC ~-SD-TP-SEP-024.

6. USE DRUM PLUGC (McMASTER=-CARR, §9019T11) FOR SYSTEM TEST AND TRANSPORT ONLY.
FOR STORAGE USE VENTED PLUG, (NUCFIL 016, Z°NPT, 30455 LD ANO HOUSING) WITH
CSTAIL E.

7. STCRAGE AND SHIPPING OF CONTAINER SHALL BE AS FOLLOWS:
THE 49' COMTANER SHALL BE SUPPCRIID CURING STCRAGE AT COLUMNS 2, 4,
6, 8, 10, 12, AND 13. DURING TRANSPORYT THE 49° CONTAINER SHALL BE SUFPORTED
AT COLUMNS 2 AND 13.
THE 62" CONTAINER SHALL BE SUPPQRIED CURING STORAGE AT COLUMNS 2, 4,
10, 12, 14, AND 16. DURING TRANSPORT THE 62° CONTAINER SHALL BE SUPPORYED
COLUMNS 2 ANO 1S,

8. CONNECTIONS OF THE 49' CONTAINER TO THE STRONGBACK AND SECTION A SHOWN IN
THE PLAN AND ELEVATICN OF THE 49 CONTAINER ARE THE SAME FOR THE §2° CONTAINER

9. FOR AUGNMENT OF THE CONTAINER AND STRONG—BACK IN THE VERTICAL
POSITION THE RED PAINTED SUPPORT ON THE TOP OF THE CONTAINER SHALL
BE IN UNE WITH THE SHIELDING FILLER PLUGS. THE RED PAINTED SUPPORTS
ON THE SIDES QF THE THE CONTAINER SHALL BE IN LINE WITH 1 1/2° BOLTS
ATTACHING THE CONTAINER TQ THE STRONG-BACK.

AUCNMENT OF CONTAINER WITH STRONG-S8ACK AT ASSEMELY:
LONGITUDINAL CEZNTER LINES OF THE CONTAINER ANO STRONG-BACK SHALL BE
EQuAL £1/8.

ALL SPECIFICATIONS SHALL MEST THE FOLLOWING REVISICNS:

A35/A36M~92
A105/A105M~93
A194/194M=33a

A4S0M-93
A516/A516M~90
A671-89q

" RED PAINTED

SUPPCRT

SZE MOTE 9

EEEEE
™

'NER)

A

WHC-5D~WJ320-0A~001| SUFPCRTING DOC

H-2-83731

UFTING BEAM
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STRONG = JACK DRAWNG
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s7 DA TOP C2P
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i 8 62° CONTAINER
43" CONTAINER

O

LIFTING 7
LG

74
7

LIS

HEX HEAD BOLT. 1-8 UNC-2A X 27 LCNG,
ASTM A307, GR, B

WASHER, FUT 17, ASTM F-436

WASHER, SPUT-LOCK 1", ANSI B18.21.1

4 EACH REQUIRED FOR (H-2-83723)
TORQUE SNUG TIGHT

FUNNEL (REF H-2-83723)
USE SAME BOLTING SURFACE
AS BLIND FLANGE

AINT_EDGE OF LIFTING LUG
AND THREE GUSSETS WiTH
RED PAINT AND TWO COATS
OF RED ENAMEL ANY MFGR

HEX HEAD BOLT, 1-8 UNC-2A X 2 1/4° LONG,
/ ASTM A307, GR. 8

WASHER, FLAT 17, ASTM F-436
WASHER, SPUT-LOCK 1°, ANSI 818.21.1
16 EACH REQUIRED FCOR (H-2-83727)

x—— TOP CAP (REF H-2-83722) COVERS

BLIND FLANGE

!
AFTER PUMP (S LOADED —tGTd———1——iIhme— BEFORE LOADING PUMP

S BUND FLANGE, (H-2-83727)

\———-——c.\sxsr 51 1/4° OD X 45 1/4° 1D X 1/8 THICK

FLEXITALLIC, NO. SR J16SS
REQUIRED FOR (H-2-83727)

HEX HEAD BOLT, 3/4-10 UN 2A X 2 1/4° LONG,
ASTM A307 GR, B

WASHER, FLAT 3/4 ASTM F—41§

WASHER, SPUT-LOCK 3/4° ANS! 818.21.1

24 EACH REQUIRED FOR (H-2-83722)

SEE NOTE 1

4R

GASKET 55 3/4° 0D X 52‘ D X 1/4° THICK
FLEXITALUIC. NO. SR 316

REQUIRED FOR (H—2- a.w 2)

TEMPLATE HOLES FROM (H-2-83724)

DETAIL

L/ see 5 = -0

T
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USE 17-TON SHACKLI FCR TIEQOWI
(CROSBY, P/N 101B814)

NUT, HEAVY HEX | 1/2-6 UNC-28,
ASTM A194 GR 2M
1 REQUIRED, 4 PL

HEX HEAD BOLT 1-1/2-6 UNC-2A X § 1/4° LCNGC
ASTM A325, TYPE 1.W/ 2 1/¢ THREAD
1 REQUIRED, PL SLE NOTE 3.

1 1/2° & FLAT WASHER, ASTM F435,
2 REIGD. | UNDER HEAD OF 8OLT
AND | UNDER NUT, 4 PL

HEX HEAD BCLTS 1-8UNC-2A ASTM A32S, TYPE 1,
1 REQUIRED, 24 PL. SEE NOTE 4

1"8 FLAT WASHER, ASTM F436,

1 REQUIRED,
UNDER HEAD QF BOLT

3
( i )
USE FOR (I UST FOR
TIEDOWN T I TIEDOWN
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Katka

\-—- NUT, HEAVY HEX 1-BUNC-2B8 ASTM A194 GR 2H
1 RICUIRED, 24 PL, PREV'QUSLY INSTALLED

IN NUT CUPS ON STRONGBACK (H~2-83717)

(A SECTION

\1_/ SCALE: 1 1/2°

= 1'=C

USE DRUM PLUGC (McMASTER-CARR

TRANSPORT.

. § 90119T1) FCR CCNTANER
USE ZARBON COMPOSITE FILTER (NUCLEAR FILTER
TECHNOLOGY INC., MODEL §NUCFIL 016, DIA ¥

, 304 STAINLESS STEZL

UD ANO HOQUSING, FLOW RATE >1000 mi/Min), FOR STORAGE.
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10 MAX ALLOWABLE ANGLE FRCM HORIZONTAL
FCR UFTING CONTAINER

LY (49" CCNTANER)

e 1°-0" NOTE: USE 10 MAX ANGLE FRCM
HORIZONTAL FOR 62 CONTAINER
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FOR GENERAL NOTES SEE SHEET 1
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l i ASTM A516, GR 70
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10"

2 ™

7. SURFACE PREPARATICN SHALL SE IN ACCORC:

8. PAINT ALL EXTERIOR SURFACES PER FEDEZRAL SPIC BELOW,

9. TEMPLATE HOLES FROM FLANGE RING DETAWL 11,

11, MATEZRIAL SHALL 2€ MARKED SUCH THAT (T 1S

GENERAL NOTES

TOLERANCING IN FRACTIONS ARE:

FRAC =1/16.

TOLERANCING iN DECIMAL ARE PE3I ANSI Y14 5u-~-32
DEC XX %.01, XXX £.C03, ANLR = 1",

(UNLESS CTr

2. ALL MACHINED SURFACZIS 129
(LATEZST REY).

REMOVE ALL BURRS AND SHARP ED0GES.

IN ACCORTANCTI Wl

ITH ANSI 3

e
Iy

ALL MACHINED TCOL R .03 max.

WELD AND INSPECT PER AWS D1 1.
WELCER QUALFICATICN AND W2l
X ARE AN APPROVED SUBSTITUT.CN.

INALL PASS,

o

MARK PER HS-3S-0015 TYPE 8 N LOCATIOM INCICATED
USiNG 1° HIGH BLACK CHARACTZIZS.
CWG NO, & REV NI

CZ WITH S5PC-SP-6,

BY GRIT BLAST. PROTECT FLANGEZ SEAL SURFACES.

WITH 1 ZINC-RICH
CHROMATT FREZ PRIMER COAT TT~-P-5540, FOLLCWED WITH 2

TOP CCATS TT-E£-489H. COLOR SHALL SE Yi LCW. MIN ORY FiLM

THICKNESS SHALL B8E 4.5 MIL. PAINT SO0LT HOLES AS WELL AS POSS:3LE

SHEZT 5 OF H-2-33723%

10. ALL SPECIFICATIONS SHALL MEZT THE FCLLOW.G RIVISIONS:

ASTM A35/A36M-92
ASTM AS15/A516M=350

TRACZABLE TO THZ CHEMICAL
ANALYSIS & MECHANICAL TEST REZPORTS.

12. HEAT MUMBER TRACEABIUTY OF MATER'AL SHALL 3T MAINTAINED,

13. DOCUMENT ALL WELDING ON K&H 0433 FCRM

T e I
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9.2.2 WSSP-2 PACKAGING (TBD)

NOTE: DRAWINGS FOR THE WSSP-2 PACKAGING WILL BE PROVIDED AT A LATER DATE
BY ISSUE OF AN ECN AGAINST THIS SEP.
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9.3  SAFETY CLASS ASSIGNMENT
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Waestinghouse internal
Hanford Company Memo
From: Radiation Physics and Shielding 22570-HJG-94-005

Phone: 6-3765 HO-35

Date: January 6, 1994

Subject: TANKS 106-C AND 102-AY EQUIPMENT PACKAGING DOSE CONSEQUENCE
ANALYSIS FOR SAFETY CLASS ASSIGNMENT

To: D. B. Calmus G2-02
cc: J. G. Field G2-02

J. Greenborg HO-35

R. L. Simons HO-35

S. R. Gedeon HO-35

HJG File/LB

References: Internal Memo 22570-HJG-94-001, H.J.Goldberg to D.B.Calmus,
"Tanks 106-C and 102-AY Equipment Packaging Dose Consequence
Analysis", 7 October 1993

The following analysis is a modification of the analysis referenced above
that was developed to support evaluations in the Safety Evaluation for
Packaging(SEP) for the 106-C project. The present analysis is to facilitate
the assignment of a safety classification to the packages. The release is
assumed to be an unmitigated release and thus 100% of the inventories have
been assumed to have been released in the accident scenario. In addition,
the onsite worker has been assumed to be 100 m from the accident. These
criteria were made to conform to WHC-CM-6-1; Section EP-1.4 Rev. 1,
"Standard Engineering Practices; Safety Classification”.

In the previous analysis the waste was in a solid crystalline form. As per
WHC-CM-6-1, 100% of this material was assumed to be released from the
shipping container. In order to ascertain the fraction in the respirable
range that becomes airborne, the material was assumed to be in a powder form
when released. Since the time of the original analysis, several questions
have arisen which will be discussed below.

It can be argued that 100% of release from the shipping container does not
imply 100% release of the material trom the pump surface. This material was
washed with a 3,000 psi water spray. While it was decided that no credit
would be taken for the cleaning effect of this spray process, it can easily
be argued that any material that remains on the pump after this treatment is
relatively fixed. It boggles the mind to imagine that material that is so
fixed could be compietely dislodged by a fall of a meter or so from the
shipping container on the back of a truck.

Hanford Operations and Engineering Contractor for the US Department of Energy
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In addition, only a fraction of these crystals would be crushed to a powder
that is respirable (< lg). An analysis of an FFTF assembly came to the
conclusion that, at most, only about 10% of the fuel would be powdered by
being crushed between a transport vehicle and a concrete floor. I can dig
this number out of the literature, but in the time available for this
epistle necessitates that I must rely on my memory.

I would think that, if an accident were to occur, the pump slides out of the
damaged container, and a portion of it is crushed by the overturned truck, a
conservative estimate of that portion of the attached crystalline material
that is removed from the pump might be 50%.

Of this material, it is also quite conservative if we assume that half of
that released material is crushed into a powder of a respirable sized
particles. The rest will be in the form of larger crystals. While I do not
have very much experience with this material and its form on removed
equipment, I do recall reading reports about the removal of the air lance
from the 101-SY tank.

In that operation, large chunks of material, some solid and some in a more
liquid form, fell to the ground. From what I read of the solids in that
case it is extremely unlikely that crystals of that size would have become
airborne in less than a tornado. In addition it takes an active imagination
to imagine a nostril capable of inhaling such chunks.

Thus, I would not find it difficult to estimate that 25%-30% of the material
were to be released to the ground in the form of particles that are
respirable. To this inventory, the previously applied airborne fraction
would be available for inhalation by persons standing 100 m from the
accident site. With these changes in the parameters of the problem, the
doses to a worker and to the maximally exposed individual are as follows;
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Effective Dose Equivalent (EDE) “
Dose to Worker (rem) | Dose to Individual (rem)

106-C Heel Pump
106-C Transfer Pump 0.45 0.0039

itator Pump 2.0 0.036

Thus, it would seem that all of the packages analyzed are in safety class
three. This conclusion is based on safety class criteria presented in EP
1.4 indicating that estimated releases less than 0.5 rem for offsite workers
and greater than 5 rem for onsite workers are safety class two and releases
less than 5 rem to onsite workers are safety class three.

\
Ozﬂé c{w\lwa

CONCURRENCE :
Harvey J. Goldberg Jess Greenborg, Manager
Principal Engineer Radiation Physics and Shielding
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CHECKLIST FOR CALCULATION REVIEW AND APPROVAL

Document Reviewed (Complete reference) __Tanks 106-C and 102-AY Equipment
t

Author(s) __Harvey Goldberg

CHECKLIST FOR CALCULATION REVIEW
General Considerations

E

[ 1 Problem completely defined.
Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.
Data used in calculations explicitly stated in document.
Data checked for consistency with original source information
as applicable.

[ ] Mathematical derivations checked including dimensional
consistency of results.

[ ] Models appropriate and used within range of validity or use
outside range of established validity justified.

{ 1 Hand calculations checked for errors.

Code runstreams correct and consistent with analysis documen-
tation.

Code output consistent with input and with results reported
in analysis documentation.

N

—n— e ey pempm—y g e ey pey ey ey

TSI ST ITS

[ 1 Acceptability limits on analytical results applicable and
supported. Limits checked against sources.

[ 1 Safety margins consistent with good engineering practices.

[ ] Conclusions consistent with analytical results and applicable
limits.

[ 1 Results and conclusions address all points required in the
problem statement.

Reviewer Name: Stephen R. Gedeon

(print or type)

© X

Technical Reviewer Approval Date

Note: Any calculations, comments, or notes generated as part of this
review should be signed, dated and attached to this checklist.
Such material should be labeled and recorded in such a manner as
to be intelligible to a technically qualified third party.
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PART B - PACKAGE EVALUATION

1.0 INTRODUCTION

1.1  SAFETY EVALUATION METHODOLOGY

Part B of this Safety Evaluation for Packaging (SEP) will identify and
evaluate acceptance criteria considered applicable to a short-term, waste
transfer campaign of the WSSP-1 package and will evaluate the adequacy and
acceptability of the WSSP-1 packaging and transportation systems described in
Part A of this SEP. As noted in Part A, Section 1.0 of this SEP, information
required for a full evaluation of the WSSP-2 packaging is not available at
this time. In cases where information for the WSSP-2 is rot available in this
part of the SEP it will designated by “TO BE DETERMINED" (TBD).

The SEP will demonstrate that the short-term onsite transfer campaign
will provide an equivalent degree of safety as would be provided by packages
meeting the U.S. Department of Transportation (DOT)/U.S. Nuclear Regulatory
Commission (NRC) safety requirements. Methodology used in this SEP to
evaluate the WSSP-1 packaging and transport system was as following:

A. Methodology used to evaluate the acceptability of the packages for
safe onsite transfers was to first, determine the probability of
an accident during transfers, and second, determine the estimated
release of radioactive materials following an assumed accident
condition. The results of the studies were compared to approved
risk acceptance criteria for onsite transfers at the Hanford Site.
This approach relied on approved dose consequence limits Tisted in
WHC-SD-TP-RPT-001, Report on Equivalent Safety for Transportation
and Packaging of Radioactive Materials (WHC 1994). Three accident
probability ranges are listed in the equivalent safety document
(incredible, credible, and probable). Each accident probability
range has a maximum onsite and offsite dose release limit. For
the short mileage requirements evaluated in this SEP, the
probability of an accident during transfer of a]] three packages
was determined to be "incredible" (less than 10%/yr). Reference
to the equivalent safety document indicated that the applicable
dose release limits for accidents in the incredible range of
events is 25 rem/yr to an offsite individual. This information
was then compared to results of a dose consequence study to
determine if estimated releases following designated accident
conditions were within the acceptable release limits of the
equivalent safety document.

B. Specific tests were selected to provide a basis for evaluation of
package parameters for normal conditions of transfer and
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identified accident conditions. The specified tests were
simulated and were evaluated by analysis. In cases where the
probability of an accident was considered incredible, only testing
for normal conditions of transfer were considered in this SEP.

C. Methodology used to assure that the large long-length packages
described in this SEP will not leak contents during normal
conditions of transfer consisted of evaluating results of package
drop test data. Evaluation of the drop test data consisted of
assuring that the integrity of critical package containment
components would not be impacted following the simulated drop
tests. As noted, development of extensive leak testing criteria
associated with hypothetical accident conditions was not evaluated
due to the incredible probability of an accident.

1.2 EVALUATION SUMMARY AND CONCLUSIONS

Evaluation of the following safety concerns relating to the design and
transfer of packages for this short-term transfer campaign indicate that the
proposed packaging/transportation system for the WSSP-1 package is considered
safe for the intended use.

An accident frequency assessment of WSSP-1 package transferred over a
specific route from the Tank Farms to the Central Waste Complex (CWC) and from
the CWC to T Plant was conducted and indicated that an accident during
transfer is not considered probable (incredible-less than 10'°/yr). This was
based on transferring three packages a total of 21 miles.

A dose consequence study shows that radiation dose rates and the release
of radionuclides that may spill in the incredible event of accident will not
exceed approved risk acceptance limits of 25 rem/yr to an offsite individual.

Conditions relating to normal handling of the WSSP-1 packages were
evaluated and determined to be adequate. Simulated testing performed to
evaluate normal transfer conditions include free drop, vibration, pressure,
and penetration testing. Results of the drop test analysis indicated that the
WSSP-1 packages would survive a drop test at the designated height(s) without
unacceptable physical impairment. In addition, the drop test results
indicated that the integrity of critical closure components would not be
impacted.

Containment of the WSSP-1 package contents during normal transfer

conditions was evaluated based on results of the drop test and was determined
to be acceptable for the stated conditions of handling and onsite transfer.
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Shielding evaluations indicated that sufficient shielding (if required)
can be installed on the outside of the package to limit contact dose rates to
100 mrem/h. This will meet the radiation dose rate requirements for both the
transfer and storage of mixed transuranic (TRU) waste.

The tiedown system design and analysis was evaluated and determined to
be adequate to assure that the packages will be properly secured to the
vehicle during transfers.

A structural analysis of the WSSP-1 packaging indicated that lifting

attachments on the packaging have sufficient strength to safely 1ift a fully
loaded package in the horizontal position.
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2.0 CONTENTS EVALUATION

2.1 CHARACTERIZATION

Certain characteristics of radioactive materials must be identified and
evaluated to assure that the contents of a package can be safely transported.
Three major concerns relating to transporting radicactive materials are as
follows:

1. The effective A, value (A,,) of the material must be calculated to
determine if the package must be transported as a Type A or Type B
quantity of material. If the package contents are a Type B
quantity of radioactive material, a Safety Analysis Report for
Packaging (SARP) or SEP is required to approve onsite transfer of
the package. For a description of A, values of individual
radionuclides and calculations of the effective A,, of mixtures of
radionuclides see 10 CFR 71, Appendix A.

2. The quantity of fissile materials (normally in grams) must be
calculated to determined if the package contents must be
classified for transport as "fissile" or "fissile exempt." If the
contents are "fissile," a criticality study must be performed.

See 10 CFR 71.4, 71.52, and 71.55 for definition of fissile
materials.

3. The corrosive properties of the radioactive materials must be
identified and evaluated to assure that the contents are
compatible with the packaging materials.

Methods used in this SEP to determine if package contents are Type A or
Type B consisted of developing tables to indicate the estimated curies of
radioactive materials attached to the equipment and then comparing the
estimated curie values to acceptable Type A limits.

Table B2-1 was developed to indicate the activity of radionulclides
estimated to be attached to each pump. The activity in curies is shown for an
estimated % in. thick film of waste tank material attached to specific areas
of each pump. This is considered the "worst case" waste that will be attached
to the pumps and will be used throughout this SEP to assure that packaging is
properly evaluated for the intended use. Information used to develop
Table B2-1 is shown in the Packaging Design Criteria (PDC) (WHC 1993).

Tables B2-2, B2-3, and B2-4 were developed to determine the effective
A,, values for the mixture of radionuclides attached to each type of pump. As
noted above, if the total curies of waste material attached to each pump is
greater than the effective A,. value of the mixture, the waste equipment must
be transferred as a Type B quantlty of waste.
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Radionuclide Activity for Waste Equipment.

106-C Equipment

102-AY Equipment l

Radionuclides Hee(lc?)mp Transfer Pump (Ci) Radionucl ides Agita(tcoir) Pump
1

227y ¢ 2.41 E-04 3.46 E-05 ) 5.69 E-01
2l 7.82 E-01 1.13 E-01 14¢ 3.10 E-05
23y 5.70 E-03 8.20 E-04 262y, 1.60 E-09
Vee 5.35 £-05 7.70 E-06 2hden, 1.97 E-02
hzen 3.00 E-03 4.32 E-04 60¢, 1.60 E-06
e 3.58 E-02 5.17 E-03 137¢s 1.53 E-01
60¢o 3.10 E-01 4.47 E-02 134gy 1.60 E+00
137¢s 1.35 E+02 1.94_E+01 129, 3.70 E-05
154gy, 2.14 E+00 3.07 E-01 238y, 3.56 E-02
129, 2.14 E-05 3.08 E-06 239,240p,, 1.13 E-01
i 2.19 E-02 3.16 E-03 125, 3.09 E-01
63y 2.49 E+00 3.57 E-01 7se 1.70 E-04
210p 8.03 E-05 1.16 E-05 90s,. 9.24 E+02
2105, 5.36 E-07 7.70 E-08 e 7.8 E-04
B8p, 1.16 E-01 1.67 £-02
2%, 6.42 E-01 9.25 E-02
2k2p,, 1.07 E-04 1.54 E-05
2264 1.33 E-03 1.93 E-04

125 1.52 E+00 2.19 E-01

Tse 2.54 E-04 3.66 E-05

s 5.30 E+02 7.63 E+01

Pre 3.75 €-02 5.39 E-03

33y 1.52 €-05 2.16 E-06

B34y 9.1 E-05 1.31 E-05

35y 3.4 E-06 4.97 E-07

36 1.83 E-06 2.64 E-07

38y 8.25 E-05 1.19 E-05
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Table B2-2. Effective A, —- 106-C Heel Pump.

l Radionuclide

A, Limit (Ci) Heel Pump (Ci) f. f./A
227y, 0.003 2.41 E-04 3.58 E-07 0
2 ln 0.008 7.82 €-01 1.2 E-03 0.%45
263y, 0.008 5.70 E-03 8.46 E-06 0.001
Yec 60 5.35 £-05 7.90 E-08 0
22y, 0.2 3.00 €-03 4.45 E-06 0
2bhep, 0.01 3.58 E-02 5.32 £-05 0.0053
60¢o 7 3.10 E-01 4.60 E-04 0
f 137¢s 10 1.35 402 2.00 E-01 0.020
I 154g, 5 2.14 E+00 3.17 €-03 0
129, 2 2.1 E-05 3.17 E-08 0
39 900 2.19 E-02 3.25 E-05 0
63y 100 2.49 E+00 3.69 £-03 0
210p, 0.2 8.03 E-05 1.19 €-07 0
210p, 0.2 5.36 £-07 7.80 E-10 0
238, 0.003 1.16 E-01 1.72 E-04 0.0574
23%, 0.002 6.42 E-01 9.53 £-04 0.476
242p,, 0.003 1.07 €-04 1.58 E-07 0
226p, 0.05 1.33 £-03 1.57 £-06 0
125, 25 1.52 E+00 2.20 E-03 0
"95e N/A 2.54 E-04 0 0
90g;. 0.4 5.30 E+02 7.87 E-01 1.968
re 25 3.75 E-02 5.50 E-05 0
33 0.1 1.52 E-05 2.2 E-08 0
- 234y 0.1 9.1 £-05 1.3 €-07 0
235 0.2 3.4 E-06 5.0 E-09 0
336y 0.2 1.83 E-05 2.6 E-09 0
328, UNLIM. 8.25 E-05 1.22 E-07 0 |
TOTALS 673.09 1.00 2.673 [
EFFECTIVE AZ 0.373

Note: The effective A, value is 1/2.673 = 0.373 Ci. The total curies are greater than the effective
A, value; therefore, the new transfer pump must be transferred as a Type B quantity of waste.
The total activity in terms of A, is 673/0.373 = 1804 A,.
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Effective A, —- 106-C Transfer Pump.

Radionuclide A, Limit (Ci) Transfer Pump (Ci) f f./A
227y, 0.003 3.46 E-05 3.49 E-07 0
210y 0.008 1.13 E-01 1.10 E-03 0.2
23y, 0.008 8.20 E-04 8.30 £-06 0.001

14¢ 60 7.70 E-06 7.70 E-08 0
262cy, 0.2 4.32 £-04 4.36 E-06 0
2bben 0.01 5.17 E-03 5.20 E-05 0.005
60co 7 4.47 E-02 4.5 E-04 0
137¢s 10 1.94 E+01 1.96 E-01 0.019
3hgy, 5 3.07 E-01 3.1 €-03 0
129, 2 3.08 E-06 3.1 E-08 0
ni 900 3.16 £-03 3.19 E-05 0
63y 100 3.57 E-01 3.6 €-03 0
210p;, 0.2 1.16 €-05 1.16 E-07 0
210p, 0.2 7.70 £-08 7.7 £-10 0
238p,, 0.003 1.67 E-02 1.68 E-04 0.056
B9, 0.002 9.25 E-02 9.3 E-04 0.476
22y, 0.003 1.54 E-05 1.55 E-07 0
226p, 0.05 1.93 E-04 1.9 E-06 0
1254 25 2.19 €£-01 0.0022 0
"se N/A 3.66 E-05 0 0
90s;. 0.4 7.63 E+01 7.71 E-01 1.929
Pre 25 5.39 E-03 5.45 E-05 0
233 0.1 2.16 E-06 2.2 E-08 0
234 0.1 1.31 E-05 1.16 E-07 0
235, 0.2 4.97 E-07 5.13 E-09 0
26, 0.2 2.64 E-07 2.72 E-09 0
238, | UNLIM. 1.19 E-05 1.22 E-07 0
TOTALS 96.86 1.00 2.62

| — |

Note:

The effective A
value; thereforg,

total activity in terms of A, is 96.86/0.381 = 254 Ay

value is 1/2.62 = 0.381 Ci.

The total curies are greater than the effective ‘2

the transfer pump must be transferred as a Type B quantity of waste. The
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Table B2-4. Effective A, —- 102-AY Agitator Pump.

Radionuclides imi Agitai?y Pump f;
1
2 pm 0.008 5.69 E-01 6.13 E-04 0.076
Y4¢ 60 3.10 E-05 3.34 E-08 0
2h2em 0.2 1.60 £-09 1.73 E-12 0
2elem 0.01 1.97 E-02 2.12 £-05 0.0021
co 7 1.60 E-06 1.73 E-09 0
7¢s 10 1.53 E-01 1.65 E-04 0
ey 5 1.60 E+00 1.72 E-03 0.00034
1291 2 3.70 E-05 3.99 E-08 0
28py 0.003 3.56 E-02 3.8 E-05 0.0128
239,240p,, 0.002 1.13 E-01 1.22 E-04 0.060
255p 25 3.09 E-01 3.33 E-04 0
. "se N/A 1.70 E-04 0 0
sy 0.4 9.24 E+02 9.97 E-01 2.49
Tc 25 7.8 E-04 0 0 J
~ TOTALS _926.8 1.00  2.64
0.378

Note: The effective A, value is 1/2.64 = 0.378 Ci. The total curies are greater than the effective
A, value; there;ore, the agitator pump must be transferred as a Type B quantity of waste. The
tBtal activity in terms of A, is 926/0.378 = 2450 A,.

In the three cases shown, the total estimated curies of material in the
package contents is greater than the effective A, value of the mixture of
radionuclides indicating that all three pumps must be transferred as a Type B
quantity of waste. The A, value for a mixture is equal to 1/3 f;/A, where f;a
fraction of activity of nuclides in the mixture and A, is the appropriate
Type A curie limit for each nuclide.
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Fissile materials present in the waste are 2%pu, Z%uy, 2%, and Z°.
The quantity (grams) of each component of fissile material is based on the
total curies of each component divided by the specific activity of each
component. Table B2-5 was de¥e1op§d to determine t:e tota]fgrams ?f fiss}le
terials in each_package evaluated in this SEP. The specific activ ]
i , ZP"Pu is 6.2 x 102 Ci/g, 23 Hsyu is

Pu is 17 Ci/g
2.1 x 10°° ci/g.

Table B2-5.

U is 9.5 x 10 Ci/g and

Fissile Content.

235

Pu Pu 3U v
curies curies | grons | curies | orane | curies | _crems |
Heel Pump 1.2E-01 0.007 10 1.5E-05 .0016 3.4E-06 1.62
" Transfer Pump 1.7E-02 0.001 9.2E-02 1.50 2.2E-06 0.0002 5.0E-07 0.24 II
Agitator Pump 3.6E-02 0.002 1.1E-01 1.80 N/A N/A N/A N/A Il

As shown in Table B2-5, the total quantity of the radionuclides
estimated to be attached to the heel pump is 11.6 g, the transfer pump is
1.7 g, and the agitator pump is 1.80 g.
fissile classification if the total quantity of fissile components are less
than 15 g (49 CFR 173) in each package.
waste packages containing any one of the three pumps will be considered as

"fissile exempt

Radioactive waste is exempted from

Under the conditions stated above,

Based on the "fissile exempt" classification, a criticality
study will not be performed as part of this SEP evaluation.

The corrosive components are considered to be the non-radioactive

chemicals in the waste contents.

These chemicals are the hazardous components

that resulted in classification of the materials as "mixed waste.” Two
conditions should be considered with reference to the potential corrosive
properties of these chemicals:

1. Materials in underground radioactive waste storage tanks are
neutralized to a 10 pH or higher to prevent corrosive reactions
with the carbon steel tank materials.

2. The chemicals are normally in a liquid phase in the tank and will
normally be washed off by spraying the equipment during removal.

For purposes of evaluating the packages for transport, the potential
corrosion of packaging materials from the estimated minute quantity of
non-radioactive chemicals that may remain attached to the solid waste material
It should also be noted that absorbent material

is considered insignificant.

will be included in the package to absorb any free liquids.

B2-6
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direct contact of liquids with the packaging materials and tend to prevent or
delay any potential corrosive reactions that may impact the package during the
specified service life.

2.2  CONTENT RESTRICTIONS

Since this SEP approves the transfer of specific package contents,
generic restrictions of the contents are not considered applicable. However,
by definition of the SEP document, contents that exceed estimated weights
and/or radionuclide 1imits cannot be transferred under the SEP unless an
Engineering Change Notice (ECN) is issued. The maximum amount of curies for
each radionuclide estimated to be attached to each type of equipment is shown
in Table B2-1. The estimated maximum quantities of fissile materials for each
type of equipment is shown in Table B2-5.

2.3  CONCLUSIONS

Package contents as characterized in the waste generation study shown in
Part A of the PDC document (WHC 1993) and evaluated in this section of the SEP
are considered to be properly identified and sufficiently analyzed to be
considered acceptable for evaluation in this SEP.
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3.0 RADIOLOGICAL RISK EVALUATION

Packaging and transportation systems were evaluated to determine if
calculated radiological releases that may occur during transfer of the
packages are considered to be within acceptable radiological 1limits listed in
WHC-SD-TP-RPT-001, Report on Equivalent Safety for Transportation and

Packaging of Radioactive Materials (WHC 1994).

Results of an accident

frequency assessment and dose consequence study were used as the basis for
analyzing and comparing identified risks to the approved risk acceptance

criteria.

3.2 RISK ACCEPTANCE CRITERIA

Specific risk acceptance criteria for onsite transfers of material at
the Hanford Site is shown in the Report on Equivalent Safety for
Transportation and Packaging of Radioactive Materials (WHC 1994); however, for
purposes of evaluations in this SEP, specific criteria data from the
referenced document are shown in Table B3-1 below:

Tabie B3-1. Risk Acceptance Criteria.

Accident Annual Accident Dose Limits Dose Limits
Condition Frequency Onsite Worker Offsite
Individual
Incredible <107 N/A N/A
Incredible 107 to < 10°° N/A 25 (EDE)
Credible 10 to < 107 5/15/50 0.5/1.5/0.5
Probable 103 to0 1 0.2/0.6/2 0.01/0.03/0.1

3.3 ACCIDENT FREQUENCY ASSESSMENT

An accident frequency assessment (Part B, Section 3.6) was performed to
determined the probability of an accident for the short-term transfer campaign

described in this SEP.

Results of the accident frequency assessment indicated

that the short-term milage of this campaign precludes the activity from
falling within the credible or probable frequency range for accidents. That

is, the annua;
be 1.77 x 10°

B3-1
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incredible for the onsite transfer of the three packages described in this
SEP. As noted in Table B3-1, only radiation release limits to an offsite
individual are consider;d applicable for a calculated annual accident
frequency of 1.77 x 10°°.

3.4 DOSE CONSEQUENCE ANALYSIS

A dose consequence analysis (see data sheets Part B, Section 3.7) was
performed to assess the results of a radiological release of material to an
offsite individual from a package in the unlikely event of an accident. Data
sheets indicated that an offsite individual would be subjected to the
following dose rates for an accident with an estimated 20% release of
radioactive materials.

Table B3-2. Expected Dose Consequences from Equipment Shipping Accidents.

Package Contents Dose to Offsite Individual p
EDE Organ
106-C Heel Pump 0.019 0.18 Bone Surface
106-C Transfer Pump 0.0026 0.026 Bone Surface
102-AY Agitator Pump 0.023 0.26 Bone Surface

3.5 RISK EVALUATION AND CONCLUSIONS

The calculated 0.019 rem release for the heel pump, 0.0026 rem release
for the transfer pump, and 0.023 rem release for the agitator pump are well
within the 25 rem 1imit for incredible accident conditions shown in Table B3-1
(acceptable release limits at the Hanford Site). The conclusions of this
evaluation are that the identified radiological risks associated with the
short-term transfers of radioactive materials in the WSSP-1 and WSSP-2
packages described in this SEP are considered to be acceptable.
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3.6 ACCIDENT FREQUENCY
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PUMP TRANSPORT FROM C AND AY TANK FARMS TO CENTRAL WASTE COMPLEX AND T PLANT

1.0 INTRODUCTION

This report contains an accident frequency assessment for transferring
packages containing contaminated equipment removed from Tanks 106-C and 102-AY
to the Central Waste Complex (CWC) and eventually to T Plant for
treatment/processing. The analysis assumes that each package will be
transferred separately. To perform the analysis, an estimate must be made of
the distance that will be travelled and then apply the site data for vehicle
accident frequencies which are based on this distance.

2.0 APPROACH

The approach that will be used in this analysis is to develop an event
tree that defines all of the events required for an accident leading to a
possible release of radioactive material in the transport of waste packages by
trucks. The event tree maps transportation accident sequences resulting in
radiocactive releases by considering a series of questions. These questions,
also called top events, appear across the top of the tree. The decisions or
"branch" points under these top events are described and discussed in the
paragraphs that follow.

3.0 TRAVEL DISTANCE

The pathway selected for this analysis has the vehicle leaving the C
tank farm and going East on 7th Street to Buffalo Ave. Turn South on Buffalo
Ave. to 4th Strest. Leaving the AY tank farm will put one on Buffalo Ave.
also. Turn West on 4th Street and follow straight to the 200-W area. When
one goes through the West main gate, one will be on 20th Street. Follow 20th
Street to Beliot Ave. and turn North on Beliot Ave. Follow Beliot Ave to 23rd
Street. Turn West on 23rd Street to Dayton Ave. On Daton Ave. turn South to
the CWC. From the East area C farm, it is 6.8 miles to the CWC. From the
West area AY tank farm, it is 6.6 miles. It has been estimated that it is an
additional 0.25 miles from the CWC to T plant. Therefore, the total mileage
for each trip is 7.05 and 6.85 miles each. This is the distance that will be
used in this study. It will not be used directly in the event tree
development, but the results of the generic event tree will be multiplied by
these mileages to determine the frequency of the potential accidents. The
first event of the event tree, SHIPPING ACTIVITY, will be assigned a frequency
of one (see Figures 3-1 and 3-2 for pathway driven).
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Figure 2-1. Onsite Transfer Pumps from C or AY Tank Farms.
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Figure 3-1. Transportation of Pumps From AY to AX (200 East).
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Figure 3-2. Transportation of Pumps to 200 West.
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4.0 HANFORD VEHICLE ACCIDENT STATISTICS

Hanford site-specific data, rather than Washington State statistics,
were used to develop accident frequencies and probabilities. Washington State
statistics represent a significantly different transportation environment than
the Hanford Site because commercial transportation has 1ittle influence on its
operating conditions while Hanford on-site shipping is highly controlled.

Due to a computer system upgrade, it is not possible to separate mileage
by vehicle class prior to 1992. Therefore, a single accident rate for all
classes is developed by dividing the number of truck accidents by the total
truck miles. The occurrence of 114 reportable accidents over 26.0 million
miles results in an accident rate of 4.38E-06 accidents per mile. See
Appendix A for a list of the accidents and Appendix B for the mileage. This
frequency will be assigned to the second event, REPORTABLE, on the event tree.

The Hanford Site had 114 reportable truck accidents (Gross Vehicle
Weight over 8500 pounds) over a period in which 26.0 million miles were
driven. The U.S. Department of Energy requires accidents with $500 or more
damage be reported. A proposed change to WHC-CM-1-13 may increase the amount
to $5,000. Of these accidents only thirty-one (27.2 percent) resulted in
major damage in which an undesired radioactive release could occur. This
probability or percentage will be applied to event three, DAMAGE LEVEL, on the
event tree. (Two were rollovers, twenty-three were collisions, one was a
random fire, and five occurred on icy roads). Ratios will be used on the
fourth event, ACCIDENT TYPE, to divide the 31 major accidents on the event
tree. The remaining eighty-three were minor "fender benders" or accidents
involving special vehicles such as fire trucks and cranes.

Commercial truck transportation data shows that secondary fires occur in
approximately one percent of all truck accidents (Clark, 1976). Vehicle fires
can damage the cargo and allow radioactive releases. Cargo environments can
range from minor thermal exposure to severe thermal exposure. The fifth
event, SECONDARY FIRE, will be evaluated using the one percent data.

The final event, PACKAGE, on the event tree evaluates the proposed
packaging. Based on the packaging design criteria, WHC-SD-TP-015, Draft, the
heel pump located in tank 241-C-106 weighs 1730 1bs., the transfer pump in
tank 241-C-106 weighs 1000 1bs., and the agitator pump in tank 241-AY-102
weighs 2000 1bs.. The packages for these pumps will be analyzed for a drop of
one foot. The packages will be tied down to the vehicle. The tiedown
assemblies used to secure the package to the transport vehicie shall be
designed and evaluated to assure the tie-down assemblies used to secure the
packaging against movement in any direction have the aggregate static breaking
strength of at least 1 1/2 times the weight of the package. The speed of the
transport trailer shall not exceed 35 mph on straight sections of the road and
15 mph on curved sections of the road during waste transfers. This
information was used to estimate the package failure due to the random fire
stress or collision at 5.0E-03, and 5.0E-02 due to a rollover. These values
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appear on the event tree. In the case of the random fire, it is presumed that
the fire will be initiated on the tractor and not the trailer where the load
is. If it is observed by the driver or escort, there would be time to stop
the vehicle before the tiedowns might fail preventing the package from falling
off the trailer and possibly being dropped beyond the one foot testing
criteria.

4.1 EVENT TREE EVALUATION

Eleven accident sequences are defined by the event tree. Six of these
result in no release. It should be noted that it was assumed that the
transfer would not take place on icy road conditions. Three sequences result
in a release, and two more result in a fire release. One of the combinations
of releases is caused by a random fire where the fire is not controlled but
the packaging remains in tact or the packaging fails due to the fire
controlled. The accident frequency where the packaging has failed is 1.92E-10
per mile and results in a release. The next set of two sequences resulting in
a release is initiated by a collision. The collision with no fire but with a
packaging failure has a frequency of 4.38E-09 accidents per mile, and the
collision with a secondary fire has a frequency of 4.84E-09 per mile. The
final series is initiated by a rollover accident. When there is no fire the
frequency is 3.80E-09 per mile and 7.88E-10 per mile with an uncontrolled
fire. Summing the three accidents without a fire results in a frequency of
8.37E-09 accidents per mile. When this is muitiplied by the worst case
distance of 7.05 miles results in an accident frequency of 5.90E-08 per
transfer. The two accidents with a fire release sum to 9.61E-09 accidents
per mile. Again using 7.05 miles, results in a frequency of 6.77E-08 per
transfer.

5.0 SUMMARY
The sum for the worst case accidents as defined by the maximum mileage

for both with and without a fire are less than the annual criteria frequency
of 1.0E-06 per transport and therefore no further restrictions are required.
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APPENDIX A

CASE NUMBERS AND BRIEF DESCRIPTIONS OF HANFORD TRUCK ACCIDENTS
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CASE NUMBERS AND BRIEF DESCRIPTIONS OF HANFORD TRUCK ACCIDENTS .
t - Rollover
% - Collision
* - Fire
/ - lcy Conditions
DATE DESCRIPTION
1. 01/04/83 / Snow plow truck skidded on ice and struck private car while removing snow
2. 01/19/83 Main gate struck truck while being driven to garage for repairs
3. 02/29/83 Truck struck 2' riser while backing from area
4. 03/24/83 £ Foot slipped off clutch due to existing back injury, truck struck barrier post
5. 04/21/83 Paint stripper struck private car while backing up during paint activity
6. 05/12/83 Fuel truck backed into Courier; driver did not monitor before backing
7. 05/31/83 Post on fire truck caught against gate while exiting; bent fence post
8. 05/31/83 Fire truck damaged when driver negotiated right turn from station
9. 06/08/83 Truck struck parked vehicle while backing from building
10. 06/25/83 Grab handles were torn off fire truck as it was driven through narrow lane
11. 06/28/83 Spray truck backed into building while refueling in confined area
12. 07/15/83 Pickup struck pole while being driven in reverse; damaged door panel
13. 07/16/83 Driver of dump truck released brake and rolled into 2nd dump truck
14. 07/20/83 Sample truck struck steam line in unspecified occurrence .
15. 07/23/83 Top of fire truck damaged when exiting before door had completely opened
16. 12/15/83 Fire truck struck telephone pole while moving in reverse; operator error
17. 01/721/84 ¢/ Truck damaged while turning off icy road to deliver store material
18. 01/21/84 / Tractor/trailer jack-knifed on icy road; damaged cab and equipment
19. 01/26/84 Truck damaged while backing up to loading dock; struck post
20. 02/24/84 Backing into unloading door; struck government car and private car
21. 02/29/84 Truck pulled out of parking lot and struck fire hydrant; inattentive driver
22. 11/02/84 PUD truck backed into bump post and fire cabinet; congested area, no spotter
23. 02/01/85 / Truck slid out of control and struck gate post; snow-covered road
24. 02/25/85 Water wagon struck utility pole and caused failure of ventilation fan
25. 04/25/85 Truck backed into parked private vehicle; congested area
26. 05/08/85 % Struck private car during 3-car collision in construction area; no signs
27. 05/24/85 Truck rolled down incline and struck dump truck; brake not set
28. 07/19/85 Protruding doors on truck struck parked van while being backed in Lot
29. 09/04/85 Tractor trailer struck parked private vehicle in congested parking lot
30. 09/09/85 Pickup struck corner of badge house while pulling out from road side
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31.
32.
33.

35.
36.
37.
38.
39.
40.
41,
42.
43.
44.
45.
46.
47.
43,
49.
50.
51.
52.
53.
54.
55.
56.

57.

58.
59.
60.
61.
62.
63.

€5.

09/20/85
11705785
01/10/86
03/14/86
04/10/86 ¢
06/25/86
07/01/86
08/05/86
09/11/86
12/22/86
02/19/87
04/16/87 ¢
C7/12/87
07/31/87
08/11/87
04/22/88
04/26/88
05/04/88
09/30/88
12/22/88
12/29/88 ¢
01/05/89
01/20/89 ¢
02/07/89
03/03/89
04/21/89
06/15/89
07/17/89
08/21/89
11/17/89
04/02/90
05/29/90
07/11/90
07/13/90 %
08/07/90 %
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Fire truck etruck large rock while being backed from confined area

Fire truck struck telephone pole when driver attempted to reposition truck
Fire pumper struck rail on small bridge while attempting to exit

Lugger struck back of truck cab while being (oaded

Truck tipped over when rear wheels rolled off drivewsy depression

Truck struck steel post while backing to turn around

Fuel tank struck partially covered valve handle while backing tractor
Truck turned too short on narrow one-lane bridge and struck corner rail
Truck rounded corner and struck protruding roof support beam; driver error
Truck crane struck traffic light while being moved to equipment shops

Lift bucket hydraulic fluid leaked and ignited

Truck overturned when driver lost control while attempting to retrieve keys
Open compartment on fire truck struck door frame when driven from station
Truck contacted riser and damaged undercarriage

Truck struck and damaged section of boom crane while being backed

Truck struck light pole while being backed from driveway

Truck contacted overhead piping and damaged cargo during delivery

Pickup struck pole while being backed, damaging both vehicle and guy wire
Truck struck post when driver misjudged turning radius

Truck drove under steam line and totally destroyed air conditioner on top
Private car dameged when driver lost control while swerving to avoid GMC
Truck struck post and fire hydrant after crossing inclined railroad tracks
Truck struck metal post, breaking fiberglass on hood and denting bumper
vehicle struck railroad crossing sign while being backed to access roadway
Metal detector on bed of truck struck overhead steam line during delivery
Truck struck against vehicle while being backed in parking lot

Truck struck parked private vehicle when driver failed to monitor ares
Truck hoist I-beam severed power line when driver misjudged distance

Truck struck roll-up dock door when operator failed to fully open door
Truck struck parked private vehicle while being backed from driveway
Vehicle's tire tread separated while en route, striking fender and panel
Truck rolled and struck private vehicle when driver failed to secure brakes
van struck partially closed door while being driven into fire station
Fender of private vehicle was struck by van crossing intersection

Door of towed unit hooked bumper of pickup, initiating 4-vehicle accident
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67.

69.
70.
n.

74,
75.
76.
77.
78,

80.
81.
82.
83.

85.

87.

89.
90.
91.
92.
93.
94.
95.
96.
97.
98.

100.

08/23/90
09/26/90
10/14/90
11/08/90
11/26/90 %
12719790
01/711/91 ¢/
02/20/91
02/22/91
02/28/91
03/01/91
03/07/91
04/11/91
04724/91 %
05/13/91
05/17/91
06/25/91
07/03/91
07/06/91
07/09/91
07/11/91
08/10/9N
08/16/91
09/19/91
09/21/91 %
09/28/91 %
10/01/91 ¢
10/22/91 %
01/22/92
02/28/92
03/12/92
04701792 %
04713792 %
04725792 %
05/07/92
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Truck with idle set too high shot backwards and struck private vehicle
Private vehicle backed and caught door

Backed into pole

Hit by another vehicle going in reverse

Hit by private vehicle

Backed into post

slid through intersection and hit private vehicle
Boom crushed top of truck

Backed into by another vehicle

Drove vehicle into hole

Backed into pole

Hit underground radiation marker

Backed into forklift

Private vehicle ran red light and broadsided van
Open door caught on building

Private vehicle pulled in front of government vehicle
Lift ran into dumpster and pallet hit truck

Vehicle backed into another vehicle

Door caught shop door, employee hit gear

Backing private and government vehicles collided
Vehicle scraped gate

Backed into phone pole

Clipped road block

Backed into by water truck

Hit by deer

Ran into telephone pole

Hit fence swerving to avoid vehicle

Hit by private vehicle

Hit another government vehicle

Backed into another government vehicle

Bumper hooked hand rail upright when backing vehicle
Unknown cause, Repair left box and right tail lamp. Repair cost - $1,839
Hit by private vehicle

Struck deer

Backed into pole
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101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111,
112.
113.
114.

05/27/92
06701792 %
06/05/92 %
06/15/92
07/13/92
07715792 %
07/18/92 ¢
08/09/92
08/21/92
10/09/92
10/20/92 %
11/05/92 %
11/17/92 %
12/07/92
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Backed into pole

Government and private vehicles collided

Unknown cause, Repair front grill, bumper, and hood.
Backed into pole

Backed into post - gas pedal stuck

Truck slid into fence

Turned too sharp and hit another government vehicle
Rear ended by private vehicle

Backed and scraped another government vehicle

Hit post with door

Hit steel (RR track) post

Collided with private vehicle

Hit deer

Hit by another government vehicle
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APPENDIX B

SUMMARY OF MILES TRAVELLED AT HANFORD BY GOVERNMENT VEHICLES
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Summary of Miles Travelled at Hanford by Government Vehicles

Table B.1 Total Mileage and Accident Rate
Mileage Accidents Accident Rate
(Accidents/mile)
_ Total Major | Total | Major |
1983--1991 | 24,753,416 93 20 3.8x10°¢ 8.1x1077
2.5x10°
1992 1,249,617 21 11 1.7x10° 8.8x107®
1.2x10°
Total 26,003,033 114 31 4.4x10°° 1.2x10°¢
2.6x107
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SAFETY ANALYSIS AND REGULATION Hanuat WHC~-CN-8-32
WORK PROCEDURES Saction NpP-6.2
Appendix A, REV 0

TECHNICAL PEER REVIEWS AND MEDOP REVIENS

Plgo lof 2
Effective Date March 31, 1992

A.

74

477

CHECKLIST FOR TECHNICAL PEER REVIEW
{Sheet 1 of 2)

Document Reviewsd: Sinc!udn complete reference—author, addressee,

Tetterbook number, t

tle or description of calculation, document number,

and date, as applicable): TRANSFoRTATION RISK ASSESS Ma&anT TRk

FARM POMPS

Scope of Review: (o2& & F= 007

SINe

¥

1%
i
MKiIflil

(101
(101 K]

(10300
(111
pITIL]

(1014
ISEBES!

Problem completely defined.

Accident scenarios developed in a clear and logical
|anner.

Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.

Data used in calculations explicitly stated in document.
Data checked for consistency with original source
information as applicabie.

Mathematical derivations checked including dimensional
consistency of results.

Models appropriate and used within range of validity or
use outside range of established validity justified.
Hand calculations checked for errors. Spreadsheet
results should be treated exactly the same as hand
calculations.

Software input correct and consistent with document
reviewed.

Software output consistent with input and with results
reported in document reviewed.
Limits/criteria/guidelines applied to analysis results
are appropriate and referenced.
Limits/criteria/guidelines checked against references.
Safety margins consistent with good engineering
practices.

Conclusions consistent with analytical results and
applicable limits.

* A1l °NO" responses must be explained below or on an additional page.
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SAFETY ANALYSIS AND REGULATION Manual WHC-CH-6-32
WORK PROCEDURES Section WpP-6.2
Appendix A, REV O
hgo 20f 2
TECHNICAL PEER REVIEWS AND HEDOP REVIEWS Effective Date March 31, 1992

CHECKLIST FOR TECHNICAL PEER REVIEW
(Sheet 2 of 2)

ALl Results and conclusions address all points required in
the problem statement.

X} [ 1 * Raview calculations, comments, and/or notes are attached.
[);(} [1] Docx.-nnt approved (1.e., ths reviewsr affirms the
echnical accuracy ef the document).

(1101 b(] Traceability

COMMENTS (Add additional signed and dated pages, if necessary)

(} L b2 et e 2 Lo st 4 a PO D P P M W S E » =5

< ¢

|“7Hg E KEEE\", Mﬂl{,&g_uh ! 33
PAUTHOR v

ATE
evieuer (Printed Name and Signature) Date

THopiAS K Pl S

** Any calculations, comments, or notes which the reviewer faels should be
part of the review record should be signad, dated and attached to this
checklist. Such material should be labeled and recorded in.such a manner as
to be inteiligible to a technically qualified third party.
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3.7 DOSE CONSEQUENCE ANALYSIS DATA SHEETS
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Westinghouse internal
Hanford Company Memo
From: Radiation Physics and Shielding 8D530-HJG-94-024
Phone: 6-3765 HO-35
Date: August 3, 1994
Subject: TANKS 106-C AND 102-AY EQUIPMENT PACKAGING DOSE CONSEQUENCE
ANALYSIS

To: D. B. Calmus G2-02

cc: J. G. Field G2-02

J. Greenborg HO-~35

HJG File/LB

The Problem

The introduction of a waste sluicing system in tanks 106-C and 102-AY has
necessitated the removal and disposal of twc pumps from 106-C and one pump
from 102-AY. These pumps will be shipped from the 200-East area to the
Central Waste Complex in the 200-West area and thence to T-Plant. An
analysis was performed (22570-HJG-94-001)to ascertain the expected dose to
the most exposed worker and to the hypothetical worst case farmer. Since
that time it has been ascertained that the probability of the postulated
accident is less than 10°%/yr. Thus, only the dose to the maximally exposed
off site individual need be used. This report is an extraction of the
necessary data from the original report which is appended for comoleteness.

The Analysis

The dimensions of the pumps in centimeters, are given in WHC-SD-TP-PDC-015
as follows;

106-C 106-C 102-AY

Heel Pump Transfer Pump Agitator Pump
Maximum Length 1,149 1,164 1,630
Maximum Diameter 91.5 80.5 107.8

The above cited document also documents worst case estimates of the isotopic
inventory assuming a 0.32 cm thick layer of waste on each of the pumps.
These are tabulated below;

Hanford Operations and Engineering Contractor for the US Department of Ensrgy
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| Radionuclide Inventory for Waste Equipment l .

Isotopes 106-C 102-AY
Heel Pump Transfer Pump Agitator
(Bq) (Bg) Pump (Bg)
27pc 8.92E+06 1.28E+06
2pm 2.89E+10 4.18E+09 2.11E+10
23pm 2.11E+08 3.03E+07
137mga" 4.73E+12 6.79E+11 5.36E+09
210g* 1.98E+04 2.85E+03
Yec 1.98E+06 2.85E+05 1.15E+06
2420 1.11E+08 1.60E+07 5.92E+01
26hem 1.32E+09 1.91E+08 7.29E+08
0Co 1.15E+10 1.65E+09 5.92E+04
37cs 5.00E+12 7.03E+11 5.66E+09
154y 7.92E+10 1.14E+10 5.92E+10
1291 7.92E+05 1.14E+05 1.37E+06
>IN 8.10E+08 1.17£+08
34 9.21E+10 1.32E+10
29Np" 2.11E+08 3.03E+07
210pp 2.97E+06 4.29E+05
210 1.98E+04 2.85E+03
238p 4.29E+09 6.18E+08 1.32E+09 f
B%y 2.38E+10 3.42E+09 4.18E+09"
2h2p, 3.96E+06 5, 70E+05
226pa 4.92E+07 7.14E+06
1235h 5.62E+10 8.10E+09 1.14E+10
se 9.40E+06 1.35E+06 6.29E+06
905y 1.96E+13 2.82E+12 3.42E+13
P1c 1.39E409 1.99E+08 2.89E+07
125my* 1.38E+10 1.98E+09 2.80E+09
277" 8.92E+06 1.28E+06
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ﬁ ' Radionuclide Inventory for Waste Equipment (Cont. ‘ '”1
Isotopes 106-C 102-AY

Heel Pump Transfer Pump Agitator

_(Bq) (Bq) Pump_(Bq)
23 5.62£+05 1.88E+05
B4y 3.37E+06 4.85E+05
25 1.26E+05 1.84E+04
24 6.77E+04 9.10E+03
28, 3.06E+06 4.37E+05

9oy* 1.96E+13 2.82E+12 3.42£+13

These isotopes were not in the original table but are daughters of listed
isotopes.

** This was listed as 2%%%y. The entire inventory was modeled as ZPu as
the ALIs for these two isotopes are identical.

After the calculations had been performed, the activity for Z°U for the 106-
C Transfer pump was found to be incorrect in the list provided. However,
the value used is higher than the correct value and it's influence on the
doses was so small that it was decided that redoing the calculations would
not be called for. In addition, the daughters of the uranium was not
included due to its small influence on the answer.

The computer cose GENII (December 1990) was run on a desktop personal
computer. The release was assumed to have happened in the 200-West. As
stated in your correspondence of 30 July 20% of the material is assumed to
be released to the environment. Of this amount, 1.2 x 10" of this amount is
assumed to be airborne within the respirable range. This figure was gleaned
from "Aerosols Generated by Free Fall Spills of Powders and Solutions in
Static Air" (NUREG/CR-2139 [PNL-3786]) by Sutter, Johnson, and Mishima. The
dose to the worker is multiplied by an arbitrary factor of 30 to compensate
for the fact that the dose is calculated at 100 m rather than at 1 m.

The maximally exposed offsite individual is assumed to be 11.3 km to the
west of a postulated accident in the 200 West area.
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‘Expected Dose Consequences From Equ1pment
Shipping Accidents .

Dose to Farmer (rem)

EDE Organ
106-C 0.019 0.18
Heel Pump Bone Surface
106-C 0.0026 0.026
Transfer Bone Surface
Pump
102-AY 0.26
Agitator 0.023 Bone Surface
Pump

Fortf

Harvey J. Goldberg
Principal Engineer

O(ﬂé, SLJWB

CONCURRENCE :

Jess Greenborg, Manager
Radiation Physics and Shielding
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Sample Input Deck

Program GENI1 Input File ##HUMNE 8 Jul 88 My
Title: 106-C Heel Pump - Dose to Farmer

\GENII\ch-f.in Created on 09-07-1993 at 08:13
OPTIONS Default
F Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused
F Population dose? (Individual) release, single site
T Acute release? (Chronic) FAR-FIELD: wide-scale release,
Maximum Individual data set used multiple sites
Complete Complete
TRANSPORT OPTIONS==z====zs==z=== Section EXPOSURE PATHWAY OPTIONS==z=z= Section
T Air Transport 1 F Finite plume, external 5
F Surface Water Transport 2 T Infinite plume, external ]
F Biotic Transport (near-field) 3,4 F Ground, external 5
F Waste Form Degradation (near) 3,4 F Recreation, external 5
T Inhalation uptake 5,6
REPORT OPTIONS T Drinking water ingestion 7,8
T Report AEDE only T Aquatic foods ingestion 7,8
F Report by radionuclide T Terrestrial foods ingestion 7,9
F Report by exposure pathway T Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion

INVENTORY

4 Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci S-Bq)
0 surface soil source units (1- m2 2- m3 3- kg)
Equilibrium question goes here

-------- i—---Release Terms---~--}----------Basic Concentrations---------|
Use uhenI transport selected i near-field scenario, optionally i
""""""""""""""""" | i |
Release | Surface Buried ; Surface Deep Ground 8urfacei
Radio- IAir Water Waste !Air Soil Soil Water Water |
nuclide ‘/yr /yr /m3 ,/mS funit  /m3 /L /L |
"""" JOTTTTIS STROCSS USSSIS)TIUIIONS ToTToot memotee mmmomms omEmEett

RA226 1.3e-03
AC227 2.4E-04
PU238 1.2€-01
PU239 6.4€-01
PU242 1.1E-04
AM241 7.86-01
AM243 5.7e-03
CM242 3.0E-03
CM244 3.6E-02
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-------- i----Derived Concentrations-----
Use uhenl measured values are known

Release !terres. Animal Orink Aquatic!

Radio- |Plant Product Water Food |

nuctide I/kg /7kg /L kg |
[

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

1 Intake ends after (yr)

50 Dose calc. ends after (yr)

0 Release ends after (yr)

0 No. of years of air deposition prior to the intake period

0 No. of years of irrigation water deposition prior to the intake period

FAR-FIELD SCENARIOS (IF POPULATION DOSE) #Mdaitt

0 Definition option: 1-Use population grid in file POP.IN
0 2-Use total entered on this line

NEAR-FIELD SCENARIOS

Prior to the beginning of the intake period: (yr)

0 when was the inventory disposed? (Package degradation starts)

0 When was LOIC? (Biotic transport starts)

0 Fraction of roots in upper soil (top 15 cm)

0 Fraction of roots in deep soil

0 Manua!l redistribution: deep soil/surface seoil dilution factor

0 Source area for external dose modification factor (m2)

TRANSPDRT ...................................... g G barv e o S frifefdrdd it iniuodd g dodffi i i = - e

====AIR TRANSPORT SECTION 1=====
0-Calculate PM iU Release type (0-3)

3 Option: 1-Use chi/Q or PM value (F Stack release (T/F)
2-Select MI dist & dir iO Stack height (m)
3-Specify Ml dist & dir I0 Stack flow (m3/sec)

0 Chi/Q or PM value l0 Stack radius (m)

6 Ml sector index (1=S) zn Effluent temp. (C)

11300.0 M] distance from release point (m),O Building x-section (m2)

T Use jf data, (T/F) else chi/Q grid;0 Building height (m)

====SURFACE WATER TRANSPORT SECTION 2=====

0 Mixing ratio model: O-use value, 1-river, 2-lake

0 Mixing ratio, dimensionless

0 Average river flow rate for: MIXFLG=0 (m3/s), MIXFLG=1,2 (m/s),

0 Transit time to irrigation withdraw! location (hr)

If mixing ratio model > O:

0 Rate of effluent discharge to receiving water body (m3/s)

0 Longshore distance from release point to usage location (m)

0 Offshore distance to the water intake (m)

0 Average water depth in surface water body (m)

0 Average river width (m), MIXFLG=1 only

0 Depth of effluent discharge point to surface water (m), lake only

====WASTE FORM AVAILABILITY SECTION 3=====

0 Waste form/package half life, (yr)

0 Waste thickness, (m)

0 Depth of soil overburden, m

====B10TIC TRANSPORT OF BURIED SOURCE====sz=z===z==z==zczz=SECTION 4=====

T Consider during inventory decay/buildup period (T/F)?

T Consider during intake period (T/F)? i 1-Arid non agricultural

0 Pre-Intake site condition..............I 2-Humid non agricul tural

i 3-Agricultural
EXPOSURE
====EXTERNAL EXPOSURE SECTION Sz===z=
Exposure time: { Residential irrigation:
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Plume (hr) 't Consider: (T/F)

Soil contamination (hr) 0 Source: 1-ground water
Swimming Chr) i 2-surface water
Boating (hr) 1 0 Application rate (in/yr)
Shoreline activities (hr) | 0 Duration (mo/yr)

Shoreline type: (1-river, 2-lake, 3-ocean, 4-tidal basin)
Transit time for release to reach aquatic recreation (hr)
Average fraction of time submersed in acute cloud (hr/person hr)

====NHALATION SECTION &

Hours of exposure to contamination per year

0-No resus- 1-Use Mass Loading 2-Use Anspaugh model
pension Mass loading factor (g/m3) Top soil available (cm)

====[NGESTION POPULATION SECTION 7:
Atmospheric production definition (select option):

0-Use food-weighted chi/Q, (food-sec/m3), enter value on this line

1-Use population-weighted chi/Q

2-Use uniform production

3-Use chi/Q and production grids (PRODUCTION will be overridden)
Population ingesting aquatic foods, O defaults to total (person)
Population ingesting drinking water, 0 defauits to total! (person)
Consider dose from food exported out of region (default=F)

Note below: S* or Source: O-none, 1-ground water, 2-surface water
3-Derived concentration entered above
==== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8====

Salt water? (default is fresh)

USE TRAN- PROD- ~CONSUMPTION- ‘
? FOOD  SIT UCTION HOLDUP  RATE !
T/F TYPE  bhr kg/yr da kg/yr ] DRINKING WATER

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

T FISH  0.00 0.0E+400  1.00 40.0 |
T MOLLUS 0.00 0.0E400 0.00 6.9
T CRUSTA 0.00 0.0E+00 0.00 6.9
T PLANTS 0.00 D.0E+00  0.00 6.9

1 0 Source (see above)
v T Treatment? T/F

i 1.0 Holdup/transit(da)
} 730.0 Consumption (L/yr)

====TERRESTRIAL FOOD INGESTION SECTION 9

USE GROW  --IRRIGATION-- PROD - -~CONSUMPTION- -
? FOOD TIME S RATE TIME YIELD UCTION HOLDUP RATE
T/F TYPE da * in/yr mo/yr kg/m2  kg/yr da kg/yr
T LEAF V90.00 0 0.0 0.0 1.5 O0.0E+00 1.0 30.0
T ROOT V$0.00 0O 0.0 0.0 4.0 0.0E+00 5.0 220.0
T FRUIT 90.00 0 0.0 0.0 2.0 0.0E+00 5.0 330.0
T GRAIN 90.00 0 0.0 0.0 0.8 0.0e+00 180.0 80.0
====ANIMAL PRODUCTION CONSUMPTION SECTION 10====
---HUMAN---- TOTAL DRINK =-----------o- STORED FEED--=----~=----=
CONSUMPTION PROD- WATER DIET GROW -1RRIGATION-- STOR-

RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME  YIELD AGE
kg/yr da kg/yr FRACT. TION da * in/yr mo/yr kg/m3 da

80.0 15.0 0.00 0.00 0.00 90.0 0 0.0 0.00 0.80 0.0

18.0 1.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.80 0.0

270.0 1.0 0.00 0.00 0.00 45.0 0 0.0 0.00 2.00 0.0
30.0 1.0 o0.00 0.00 0.00 0.0 0 0.0 0.00 0.80 0.0

------------- FRESH FORAGE-=-~=-~=-~--=

0.00 45.0 0 0.0 0.00 2.00 100.0

0.00 30.0 0 0.0 0.00 1.50 0.0
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0 2 106-C and 102-AY Equipment Packaging Shielding Analysis
One Meter from the 106-C Heel Pump Release
&INPUT NEXT=1, IGEOM=3, NTHETA=15, NPSI=9, DELR=5.0,
NSHLD=1, JBUF=1, IPRNT=0 OPTION=1,
X=100.62, 7(1)=0.620,
WEIGHT(487)=2.41E-04, WEIGHT(496)=7.82E-01,
WEIGHT(505)=5.70E-03, WEIGHT(451)=5.35E-05,
WEIGHT(504)=3.00E-03, WEIGHT(500)=3.58E-02,
WEIGHT(472)=3.10E-01, WEIGHT(335)=1.35E+02,
WEIGHT(336)=1.28E+02, WEIGHT(415)=2.14E+00,
WEIGHT(290)=2,14E-05, WEIGHT(508)=8.03E-05,
WEIGHT(4B4)=5.36E-07, WEIGHT(492)=1,16E-01,
WEIGHT(493)=6.42E-01, WEIGHT (492)=4.97E-04,
WEIGHT(485)=1.33E-03, WEIGHT(269)=1.52E+00,
WEIGHT(027)=2.54E-04, WEIGHT(082)=5.30E+02,
WEIGHT(084)=5.30E+02, WEIGKT(141)=3.75E-02, &
1 SOURCE 9 1.6
One Meter from the 106-C Transfer Pump Release
&INPUT NEXT=1, IGEOM=3, NTHETA=15, NPS1=9, DELR=5.0,
NSHLD=1, JBUF=1, IPRNT=0, OPTION=1,
X=100.62, 7(1)=0.620,
WEIGHT(487)=3.46E-05, WEIGHT(496)=1.13E-01,
WEIGHY(505)=8.20E-04, WEIGHT(451)=7.70E-06,
WEIGHT(504)=4.32E-04, WEIGHT(500)=5.17E-03,
WEIGHT(472)=4.47E-02, WEIGHT(335)=1.94E+01,
WEIGHT(336)=1.84E+01, WEIGHT(415)=3.07E-01,
WEIGHT(290)=3.08E-06, WEIGHT(508)=1.16E-05,
WEIGHT(484)=7.70E-08, WEIGHT(492)=1.67E-02,
WEIGHT(493)=9.25E-02, WEIGHT(492)=1.54E-05,
WEIGHT(485)=1.93E-04, WEIGHT(269)=2.19E-01,
WEIGHT(027)=3.66E-05, WEIGHT(082)=7.63E+01,
WEIGHT(084)=7.63E+01, WEIGHT(141)=5.39E-03, &
1 SOURCE 9 1.6
One Meter from the 102-AY Agitator Pump Release
&INPUT NEXT=1, IGEOM=3, NTHETA=15, NPS1=9, DELR=5.0,
NSHLD=1, JBUF=1, IPRNT=0, OPTION=1,
X=100.62, T(1)=0.620,
WEIGHT(496)=5.69E-01, WEIGHT(451)=3.10E-05,
WEIGHT(504)=1.60E-09, WEIGHT(500)=1.97E-02,
WEIGHT(472)=1.60€E-06, WEIGHT(335)=1.53€-01,
WEIGHT(336)=1.45E-01, WEIGHT(415)=1.60E+00,
WEIGHT(290)=3.70E-05, WEIGHT(492)=3.56E-02,
WEIGHT(493)=1.13E-01, WEIGHT(269)=3.09E-01,
WEIGHT(027)=1.70E-04, WEIGHY(082)=9.24E+02,
WEIGHT(084)=9.24E+02, WEIGHT(141)=7.80E-04,&
1 SOURCE 9 1.6
DAT'S ALL PHOLQUES!IIHItLY
&INPUT NEXT=6, &
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4.0 CONTAINMENT EVALUATION

4.1 INTRODUCTION

Evaluations in this section are provided to assure that the packaging
containment system is acceptable to withstand designated conditions during
normal onsite transfers of the package. The packaging containment system is
described in Part A, Section 2.5.

4.2 NORMAL TRANSFER CONDITIONS

For normal conditions of transfer, the containment system shall
withstand a simulated 1 ft drop of the package from a horizontal position onto
a 12 in. thick steel reinforced concrete slab. Evaluation of the simulated
drop will verify that material stresses will not exceed yield stresses at
critical structural or closure locations.

Normal vibration of the package during transfer will be evaluated to
assure that the package is capable of withstanding the expected movements.

Packaging shall be evaluated to determine the effects of a reduction in
external pressure of 3.5 psi absolute and a increase in external pressure of
20 psi absolute.

A penetration test shall be performed on the package to determine the
effects of the hemispherical end of a vertical steel cylinder of 3.2 cm
diameter and 6 kg mass dropped from a height of 1 m. The steel cylinder shall
be dropped onto the exposed surface of the package which is expected to be
most vulnerable to puncture. The long axis of the axis of the cylinder must
be perpendicular to the package surface.

Testing and evaluations for normal conditions of onsite transfers shall
consider the effects of transferring a package at ambient temperatures between
~10 °F and 115 °F.

4.3 CONTAINMENT EVALUATION AND CONCLUSIONS

Evaluations to assure that the WSSP-1 packaging containment system is
acceptable for safe transfer of the pump packages was based on results of
Normal Transfer Condition testing analyses (Part B, Section 6.4), results of a
radiological risk evaluation (Part B, Section 3.0) and a gas generation study
(Part B, Section 8.3).

Results of the simulated free drop, vibration, penetration, and pressure
tests indicated that the WSSP-1 package will not lose integrity of the
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containment barrier during normal transfer operations. Results of similar
testing for the WSSP-2 package will be determined (TBD) and included in this
SEP at a later date by issue of an ECN.

Results of the risk evaluation indicated that a release of the WSSP-1
package contents is extremely unlikely, and if a release was made, the dose
consequence would not exceed acceptable Hanford Site limits shown in Part B,
Section 3.0, Table B3-1 for an incredible accident assessment.

Results of a gas generation study (Part B, Section 8.3) indicated that
hydrogen gas build-up in a package containing the heel and agitator pump could
exceed 5% (for "worst case" waste material attached to a pump) within the
twenty year service life of the packaging. To prevent the possibility of
hydrogen build-up in excess of 5%, the flexible receiver assembly and the
packaging for the heel and agitator pumps are fitted with approved filters.

Conclusions of this evaluation are that the packaging containment system

for a WSSP-1 package is considered acceptable to safely contain radioactive
materials for normal conditions of transfer identified in this SEP.
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5.0 SHIELDING EVALUATION

5.1  INTRODUCTION

Evaluations in this section are provided to assure that the packaging
design is adequate to provide sufficient shielding of the packages during
designated normal conditions of transfer. Since the packages will be
transferred to the CWC for storage, the lowest acceptable dose rate at the
surface of the packages for either transfer or storage of the packages will be
considered the controlling dose rate for evaluations in this SEP. A shielding
analysis was completed to support evaluations in this SEP and is shown in
Part B, Section 5.4.

5.2 SHIELDING REQUIREMENTS

Shielding shall limit the dose rate on the surtace of the packages to
200 mrem/h and 10 mrem/h at 1 m from the vehicle for transfer of the packages.
For storage of mixed TRU waste, the dose rate on the surface of the packages
shall be limited to 100 mrem/h. Shielding material shall be secured to the
package as regtired to withstand normal conditions of transfer. The dose rate
at the vehicle driver location shall not exceed 2 mrem/h during transfers of
tlie package.

To assure that the lowest identified shielding requirements of
100 mrem/h can be met at the surface of the package, the packaging design
shall include provisions to install sufficient shielding material on the
outside of the package to 1imit dose rates to 100 mrem/h or less. The design
shall a}so include provisions for remote installation of the shielding
material.

§.3 SHIELDING EVALUATION AND CONCLUSIONS

A shielding analysis (Part B, Section 5.4) was performed to determine
the thickness of solid lead required on the outside of the packaging to reduce
dose rates to less than 100 mrem/h at the surface of the package. The
analysis was based on "worst case" waste material attached to a pump in the
packaging containers. Considerations were made for the approximate location
of pumps with respect to the ends of the packaging container to assure that
the dose rate limits were not exceeded for the total length of the packaging.

Results of the shielding analysis indicated that the package containing
the 102-AY agitator pump will probably not require shielding, the package
containing the 106-C transfer pump will require a maximum 0.125 in. thick"
layer of solid lead shielding and the package containing the 106-C heel pump
will require a maximum 0.75 in. thick layer of solid lead shielding. If lead
shot is used as the shielding material, the shielding thickness should be
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increased conservatively by a factor of 1.54. If steel shot is use, a factor
of 4.6 should be applied for the increased thickness of shielding. This would
result in a maximum required lead shot thickness of 1.155 in. for the WSSP-1
package containing the heel pump and 0.190 in. for the WSSP-1 package
containing the transfer pump. The maximum required thickness using steel shot
is 3.45 in. for the WSSP-1 package containing the heel pump and 0.57 in. for
the WSSP-1 package containing the transfer pump.

Considering that the annulus for shielding is 1% in. thick and that the
pumps will be rinsed during removal from the tanks, the packaging design is
considered to be more than adequate to assure that the dose rates on the
surface of the package can be Timited to 100 mrem/h. This will satisfy all
requirements for *ransfer and storage of the packages except for dose limits
at the driver location. Dose Timits at the driver location based on the
estimated location of the package on the transport vehicle tractor were
evaluated in the shielding report and indicated that actual dose rates will be
less than 2 mrem/h. This will be verified in the field prior to transfer of
the packages.

B5-2



WHC-SD-TP-SEP-024 Rev. 0

5.4 SHIELDING ANALYSIS
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Westinghouse Internal
Hanford Company Memo .
From: Radiation Physics and Shielding 22570-HJG-93-019

Phone: 376-3765 HO-35
Date: September 7, 1993
Subject: TANKS 106-C AND 102-AY EQUIPMENT PACKAGING SHIELDING ANALYSIS

To: D. B. Calmus G2-02
cc: J. G. Field G2-02
J. Greenborg HO-35

HJG File/LB

The Problem

The introduction of a waste sluicing system in tanks 106-C and 102-AY has
necessitated the removal and disposal of two pumps from 106-C and one pump
from 102-AY. These pumps will be shipped in stainless steel cylinders which
are themselves encased in larger stainless steel cylinders. The space
between the two cylinders will be filled with lTead shot.

This analysis was performed to ascertain if the absorbed dose rate at the
surface of the outer cylinder does not exceed ImSv/h (100 mrem/h). .

The Analysis

The dimensions of the pumps in centimeters, are given in WHC-SD-TP-PDC-015
as follows;

106-C 106-C 102-AY
Heel Pump Transfer Pump Agitator Pump
Maximum Length 1,149 1,164 1,630
Maximum Diameter 91.5 80.5 107.8

The above cited document also documents worst case estimates of the isotopic
inventory assuming a 0.32 cm thick layer of waste on each of the pumps.
These are tabulated below;

Hanford Operations and Engineering Contractor for the US Dspartment of Energy .
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Radionuclide Inventory for Waste Equipment

Isotopes 106-C 102-AY
Heel Pump Transfer Pump Agitator
(Bq) (Bg) Pump (Bq)
27p¢ 8.92E+06 1.28E+06
2Tpm 2.89E+10 4.18E+09 2.11E+10
23pm 2.11E+08 3.03E+07
137mga” 4.73E+12 6.79E+11 5.36E+09
e 1.98E+06 2.85E+05 1.15E+06
22em 1.11E+08 1.60E+07 5.92E+01
24 em 1.32E+09 1.91E+08 7.29E+08
o 1.15E+10 1.65E+09 5.92E+04
37 5.00E+12 7.03E+11 5.66E+09
154y 7.92E+10 1.14E+10 5.92E+10
1291 7.92E+05 1.14E+05 1.37E+06
SN 8.10E+08 1.17E+08
3N 9.21E+10 1.32E+10
210pp 2.97E+06 4.29E+05
210p, 1.98E+04 2.85E+03
28p,, 4.29E+09 6.18E+08 1.32E+09
29y 2.38E+10 3.42E+09 4.18E+09"
242py 3.96E+06 5.70E+05
225Ra 4.92E+07 7.14E+06
1255 5.62E+10 8.10E+09 1.14E+10
e 9.40E+06 1.35E+06 6.29E+06
gy 1.96E+13 2.82E+12 3.42E+13
1¢ 1.39E+09 1.99E+08 2.89E+07
90y* 1.96E+13 2.82E+12 3.42E+13
"~ These isotopes were not in the original table but are daughters of listed
isotopes.

** This was listed as 2%2%py. The entire inventory was modeled as Z°Pu as
a conservative limit for the shielding studies.
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The problem was run utilizing the program ISOSHLD on a Cray mainframe
computer. _The hardware was modeled as a cylinder of waste of density

p=1.2 g/cm3, surrounded by a cylinder of air, two shielding cylinders, and a
steel cylinder whose thickness equaled the sum of the two packages. The
shielding cylinders were run as an inner cylinder of lead and an vuter
cylinder of air. The thicknesses of these two cylinders were varied from
all air to almost all lead. In all cases, the thickness of these two
cylinders combined remained the same. The exposure rate was taken at the
center of the length of these cylinders at the outer surface.

The Results

[ ISOSHLD Results
Results are in rem/hr rather than the Sv/hr required by WHC
Lead Thickness 106-C 106-C 102-AY
(cm) Heel Pump Transfer Pump Agitator
Pump

No Lead 1.130 0.1458 0.07419
0.5 0.5840 0.0741 0.03631

1.0 0.3036 0.03800 0.02129

1.5 0.15907 0.01969 0.01326

2.0 0.08437 0.01036 0.008543

2.5 0.04552 0.005556 0.005634

3.0 0.02511 0.003053 0.003780

3.5 0.01422 0.001724 0.002568

4.0 0.008291 0.001003 0.001763

4.5 0.004983 0.0006026 0.001292

5.0 0.003038 0.0003731 0.0008491

5.5 0.001969 0.0002377 0.0005946

IF 6.0 0.001287 0.0001552 0.0004185
6.5 0.0008597 0.0001036 0.0002958

7.0 0.0005844 0.00007034 0.0002098

7.5 0.0004028 0.00004843 0.0001494

8.0 0.0002808 0.00003372 0.0001067
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Despite the fact that the U.S.Department of Energy and WHC have mandated the
use of S.I. units, I have presented the results in the older units. These
results are presented more visually in the accompanying graph. Note that
the 102-AY agitator pump should not need any further shielding. The 106-C
transfer pump will need about 0.3 cm (~1/8") of lead shielding to meet the
1limit and the 106-C heel pump will need 1.85 cm (~3/4").

Note that these thicknesses are in terms of solid lead. Theoretically the
packing ratio for close packed spheres is 0.74, this assumes perfectly
packed spheres. When pouring lead shot into the shipping container, the
shot often is less than perfectly arrayed, and thus the packing ratio is
1es; than ideal. I have heard numbers in the mid to high sixties for this
number.

Recently I called Non-Ferrous Metals, in Seattle. Although Jeff McGee was
not there, the person I talked with gave me numbers of .8 to .9. I was told
that the shot used was reclaimed shot, and thus not spherical in shape.
These numbers are believable if the shot is in the form of flattened spheres
or some other odd shape.

Of course, if the space between the two cylinders is not filled, the shot
will bunch up and leave sections with less than the required amount of
shielding. I thus assume that the whole space will be filled with lead
shot. At this point any packing ratio above 0.25 will be adequate.

This package is being planned as a one-time use container. One drawback of
lead shot is that over time the shot will become deformed and packed down.
This may leave sections with less than the required amount of shielding. If
these packages are to be used again the adequacy of the shielding will have
to be verified.

{
O,ﬂg égw\l,—f—a

CONCURRENCE:
Harvey J. Goldberg Jess Greenborg, Manager
Principal Engineer Radiation Physics and Shielding
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\‘ Sample Output Deck

0 2 106-C and 102-AY Equipment Packaging Shielding Analysis
106-C Hee! Pump-no |ead
&INPUT NEXT=1, IGEOM=7, NTHETA=15, NPS1=9, DELR=5.0,
NSHLD=5, JBUF=5, IPRNT=0 OPTION=1,
SLTH=11648.72, Y=574.36, X=75.6, T(1)=45.86,
1(2)=19.7, 1(3)=0.0, 7(4)=8.1, T(5)=1.91,
WEIGHT(487)=2.41E-04, WEIGHT(496)=7.82€-01,
WEIGHT(505)=5.70E-03, WEIGHT(451)=5.35€-05,
WEIGHT(504)=3.00E-03, WEIGHT(500)=3.58E-02,
WEIGHT(472)=3.10E-01, WEIGHT(335)=1.35E+02,
WEIGHT(336)=1.28E+02, WEIGHT(415)=2.14E+00,
WEIGHT (290)=2.14E-05, WEIGHT(508)=8.03E-05,
WEIGHT (484)=5.36E-07, WEIGHT(492)=1.16E-01,
WEIGHT (493)=6.42E-01, WEIGHT(492)=4.97E-04,
WEIGHT(485)=1.33E-03, WEIGHT(269)=1.52E+00,
WEIGHT (027)=2.54E-04, WEIGHT(082)=5.30E+02,
WEIGHT (084)=5.30E+02, WEIGHT(141)=3.75E-02, &
SOURCE 9 1.6
AIR 3 0.00129
LEAD 14 11.35
AIR 3 0.00129
1 STEEL ¢ 7.8
106-C Heel Pump-0.5 cm lead
&INPUT Mext=4, T(3)=0.5, T(4)=7.6,
106-C Heel Pump-1.0 cm lead
&INPUT Next=4, T(3)=1.0, T(4)=7.1,
106-C Heel Pump-1.5 cm lead
&INPUT Next=4, T(3)=1.5, T(4)=6.6,
106-C Heel Pump-2.0 cm lead
&INPUT Mext=4, T(3)=2.0, T(4)=6.1,
106-C Heel Pump-2.5 cm lead
&INPUT Nextz4, T(3)=2.5, T(4)=5.6,
106-C Heel Pump-3.0 cm lead
BINPUT Next=4, T(3)=3.0, T(4)=5.1,
106-C Heel Pump-3.5 cm lead
&INPUT Next=4, T(3)=3.5, T(4)=4.6,
106-C Heel Pump-4.0 cm lead
&INPUT Next=4, T(3)=4.0, T(4)=4.1,
106-C Heel Pump-4.5 cm lead
&INPUT Nextsd, T(3)=4.5, T(4)=3.6,
106-C Heel Pump-5.0 cm lead
&INPUT Next=4, T(3)=5.0, T(4)=3.1,
106-C Heel Pump-5.5 cm (ead
&INPUT Next=4, T(3)=5.5, T(4)=2.6,
106-C Heel Pump-6.0 cm lead
&INPUT Next=4, T(3)=6.0, T(4)=2.1,
106-C Heel Pump-6.5 cm lead
RINPUT Next=4, T(3)=6.5, T(4)=1.6,
106-C Heel Pump-7.0 cm (ead
&INPUT Next=4, T(3)=7.0, T(4)=1.1,
106-C Heel Pump-7.5 cm lead
&INPUT Next=4, T(3)=7.5, T(4)=0.6,
106-C Heel Pump-8.0 cm lead
&INPUT Next=4, T(3)=8.0, T(4)=0.1,
106-C Transfer Pump-no (ead
&INPUT NEXT=1, 1GEOM=7, NTHETA=15, NPSI=9, DELR=5.0,
NSHLD=5, JBUF=5, IPRNT=0, OPTION=1,
SLTH=1163,96, Y=5B1.98, X=75.6, 1(1)=50.48,
T(2)=15.08, 1(3)=0.0, T(4)=8.1, T(5)=1.91,
WEIGHT(4B7)=3.46E-05, WEIGHT(496)=1.13E-01,
WEIGHT(505)=8.20E-04, WEIGHT(451)=7.70E-06,
WEIGHT(504)=4.32E-04, WEIGHT(500)=5.17E-03,
WEIGHT(472)=4 .4TE-02, WEIGHT(335)=1.94E+01,
WEIGHT(336)=1.B4E+01, WEIGHT(415)=3.07E-01,
WEIGHT(290)=3.0BE-06, WEIGHT(508)=1.16E-05,
WEIGHT(484)=7.70E-08, WEIGHT(492)=1.67E-02,
WEIGHT(493)=9.25E-02, WEIGHT(492)=1.54E-05,

R0 @0 @0 R0 Qo G0 R0 g0 o G0 R MO R O o RO
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WEIGHT(485)=1.93E-04, WEIGHT(269)=2.19E-01,
WEIGHT(027)=3.66E-05, WEIGHT(082)=7.63E+01,
WEIGHT(084)=7.63E+01, WEIGHT(141)=5.39E-03, &

SOURCE 9 1.6
AIR 3 0.00129

LEAD 14 11.35

AIR 3
1 STEEL 9
106-C Transfer Pump-0.5 cm lead

&INPUT Next=4, T(3)=0.5, T(4)=7.6,

106-C Transfer Pump-1.0 cm {ead

&INPUT Next=4, T(3)=1.0, T(4)=7.1,

106-C Transfer ng 1.5 cm lead
LINPUT Next=4, T(3)=1.5, 1(4)=6.6,
106-C Transfer Pump-2.0 om lead

RINPUT Next=4, T(3)=2.0, T(4)=6.1,

106-C Transfer Puvg 2.5 cm lead
RINPUT Next=4, T(3)=2.5, T(4)=5.6,
106-C Transfer Purg 3.0 cm lead
LINPUT Next=4, )

106-C Transfer Pump-3.5 cm lead

&INPUT Next=4, T(3)=3.5, T(4)=4.6,

106-C Transfer Pump-4.0 cm lead

RINPUT Next=h, T(3)=4.0, T(4)=4.1,

106-C Transfer Pump-4.5 cm lead

&INPUT Next=4, T(3)=4.5, T(4)=3.6,

106-C Transfer Pump-5.0 cm (ead

&INPUT Next=4, T(3)=5.0, T(4)=3.1,

106-C Transfer Pump-5.5 cm lead

SINPUT Next=4, T(3)=5.5, T(4)=2.6,

106-C Transfer Pump-6.0 cm lead

&INPUT Next=4, T(3)=6.0, T(4)=2.1,

106-C Transfer Pump-6.5 cm lead

&INPUT Next=4, T(3)=6.5, T(4)=1.6,

106-C Transfer Pump-7.0 cm lead

S&INPUT Next=4, T(3)=7.0, T(4)=1.1,

106-C Transfer Pump-7.5 cm lead

&INPUT Next=4, T(3)=7.5, 1(4)=0.6,

=3.0, T(4)=5.1,

R fo R0 RO Qo Qo PO g0 Qo o Q@ g o o P
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106-C Transfer P
&INPUT Next=é,
102-AY Agitator

WHC-SD-TP-SEP-024

-8.0 cm {ead
sf‘g)-B.o, T(4)=0.1, &

Pump-no {ead

LINPUT NEXT=1, 1GEOM=7, NTHETA=15, NPSI*9, DELR=5.0,
NSHLD=S5, JBUF=5, IPRNT=0, OPTiON=1,
SLTH=1630.68, Y=815.34, X=75.6, T(1)s53.89,

T¢5)=1.91,

T(2)=11.67, T(
WEIGHT (498)=5.
WEIGKT(504)=1.
WEIGHT(472)=1,
WEIGHT(336)=1.
WEIGHT(290)=3.
WEIGHT(493)=1.
WEIGHT(027)=1.
WEIGHT(084)=9,
SOURCE 9 1.6
AIR 3
LEAD 14
AIR 3
1 STEEL 9
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
BINPUT Next=4,
102-AY Agitator
LINPUT Next=4,
102-AY Agitator
LINPUT Nextsé,
102-AY Agitator
LINPUT Next=4,
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
&INPUT Nexts=4,
102-AY Agitator
&INPUT Nexts=4,
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
SINPUT Next=4,
102-AY Agitator
&INPUT Next=4,
102-AY Agitator
&INPUT Nexts4,

3)s0.0, T(4)=8.1

69E-01, WEIGHT(4S

1)=3,10E-05,

60E-09, WEIGHT(500)=1.97E-02,
60E-06, WEIGNT(335)=1.53E-01,
45€-01, WEIGHT(415)=1.60E+00,
70E-05, WEIGHT(492)=3.56€-02,
136-01, WEIGHT(269)=3,09E-01,
70E-04, WEIGHT(082)=9.24E+02,
24E+02, WEIGHT(141)=7.80E-04,&

0.00129

Pum-0.5 cm lead

1(3)=0.5, T(4)s7.6,

Pump-1.0 cm lead

1(3)=1.0, Tt4)=7.1,

Pump-1.5 cm lead

T(3)=1.5, T(4)=6.6,

Pump-2.0 cm lead

1(3)=2.0, T(4)6.1,

Pump-2.5 cm lead

T(3)=2.5, 7(4)=5.6,

Pump-3.0 cm lead

T(3)=3.0, T(4)=5.1,

Pump-3.5 cm lead

T(3)=3.5, T(4)=4.6,

Pump-4.0 cm (ead

T(3)=4.0, T(4)=4.1,

Pump-4.5 cm lead

1(3)=4.5, 1(4)=3.6,

Pump-5.0 cm {ead

T(3)=5.0, T(4)=3.1,

Pump-5.5 cm lead

T(3)=5.5, T¢4)=2.6,

Pump-6.0 cm lead

T(3)%6.0, T(4)=2.1,

Pump-6.5 cm lead

1(3)26.5, T(4)=1.6,

Pump-7.0 cm lead

T(3)=7.0, T(4)=1.1,

Pump-7.5 cm lead

T(3)=7.5, T(4)=0.6,

Pump-8.0 cm lead

1(3)=8.0, T(4)=0.1,

DAT'S ALL PHOLQUES!!ITHILY

&INPUT NEXT=6,

&

e @ 0 Qo 0 Qo fo Q8 o Q0 o Qo & P Qo P
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CHECKLIST FOR CALCULATION REVIEW AND APPROVAL

Document Reviewed (Complete reference) __ Tanks 106-C and 102-AY Equipment
—Packaging Shielding Analysis

Author(s) __Harvey Goldberg
CHECKLIST FOR CALCULATION REVIEW

Yes No_ N/A
General Considerations
] Problem completely defined.
} Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.
] E Data used in calculations explicitly stated in document.
Data checked for consistency with original source information
as applicable,
(31r1 ] Mathematical derivations checked including dimensionai

consistency of results. ‘
{111 L/ﬂ Models appropriate and used within range of validity or use

outside range of established validity justified.
{ } [ % Hand calculations checked for errors.
[ Cod? runstreams correct and consistent with analysis documen-
tation,

(/1 11 (1, Code output consistent with input and with results reported
in analysis documentation.
(3101 ] Acceptability limits on analytical results applicable and
supported. Limits checked against sources,
} [ } Safety margins consistent with ?ood engineering practices.
[ [ g?nglusions consistent with analytical results and applicable
mits,
/;,1/T/; [ 1 Results and conclusions address all points required in the
problem statement.

Reviewer Name: Steven R. Gedeon
(print or type)

3 3

Technical Reviewe roval . Dat

Note: Any calculations, comments, or notes generated as part of this
review should be signed, dated and attached to this checklist.
Such material should be labeled and recorded in such a manner as
to be intelligible to a technically qualified third party.
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6.0 STRUCTURAL EVALUATION

6.1  INTRODUCTION

Evaluations in this section are provided to assure that the WSSP-1
packaging structural system is adequate to withstand designated normal
conditions of transfer and other specified structural requirements of the
packaging. The structural evaluation is based on requirements provided in the
following subsections. Similar structural evaluations for the WSSP-2 package
will be determined (TBD) and included this SEP at a later date by issue of
an ECN.

6.2 STRUCTURAL REQUIREMENTS
6.2.1 Packaging Materials

Packaginy construction materials shall be based on the following
requirements for the transfer and storage of the packages.

1. Packaging construction materials shall be selected to assure that
there will be no significant chemical, galvanic, or other
reactions among the packaging components or between the package
components and the package contents, including possible reaction
resulting from inleakage of water to the maximum credible extent
during the 20 year specified lifetime of the packaging.

2. Material structural properties shall conform to packaging
structural design analysis provided in this SEP.

3. Packaging containment materials with thickness between 0.19 in.
and 4.0 in. shall meet packaging category II fracture toughness
requirements shown in Table 5 of NUREG/CR-1815. The lowest
service temperature (LST) for design purposes shall be -10 °F.

6.2.2 Packaging Dimensions

Waste packaging containers shall be sized to transfer and contain for
storage the "package contents" described in Part A, Section 3.0 of the SEP.
Specifically, a designated pump placed in a flexible receiver assembly.
Clearance dimensions required for the packaging enclosure cavity shall
consider adequate clearance for installing the flexible receiver assembly.

6.2.3 Tiedown System

Tiedown devices that are attached to the packaging container shall be
capable of holding the package on the transport trailer during sudden stops
and cornering speeds of 15 mph without exceeding the yield strength of the
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tiedown device or its connection point to the package. In addition, tiedown
devices that are a structural part of the package must be capable of
withstanding, without generating stress in any material of the package in
excess of its yield strength, a static force applied to the center of gravity
of the package having a vertical component of two times the weight of the
package with its contents, a horizontal component along the direction in which
the vehicle travels of 10 times the weight of the package with its contents,
and a horizontal component in the transverse direction of five times the
weight of the package with its contents. Any other structural part of the
package which could be used to tie down the package shall be rendered
inoperable for tying down the package during transport, or shall be designed
with strength equivalent to that required for tiedown devices. Each tiedown
device which is a structural part of a package must be designed so that
failure of the device under excessive load would not impair the ability of the
package to meet other requirements of this section.

The tiedown system used to secure the package to the transport vehicle
shall be designed and evaluated to assure that the tiedown assemblies used to
secure the packaging against movement in any direction have the aggregate
static breaking strength of at least 1% times the weight of the package.
Design and analysis of the tiedown system shall be provided as part of the
packaging design project and will be included as part of the SEP
documentation.

6.2.4 Lifting Devices

Attachments shall be provided on the packaging container as required to
safely 1ift the waste package and secure the package during transfer. Any
1ifting attachment that is a structural part of the package shall be designed
with one of the following:

J A minimum safety factor of 3 against yielding.

] A safety factor of 5 based on the ultimate strength of the
material.

~ When the 1ifting attachment is used as intended, it must be designed so
that a 1ifting device failure caused by an excessive load would not impair the
package from meeting other criteria. Any structural part of the package not
approved for 1ifting the package must be capable of being rendered inoperable
for 1ifting the package during transfer or must be designed with strength
equivalent to that required for the approved 1ifting attachments.

6.2.5 Closure Design

The packaging shall have positive closure assemblies that cannot be
opened unintentionally and will meet the acceptance requirements of the normal
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conditions of transfer test per Part B, Section 4.2. Any penetrations on the
packagings that will not be used shall be provided with acceptable closure
devices.

6.2.6 Normal Transfer Conditions

Specific requirements for normal conditions of transfer testing of the
packagings is shown in Part B, Section 4.2. The drop test for structural
evaluations shall consist of a simulated drop of a unshielded WSSP-1 package
and a drop of a fully shielded WSSP-1 package from a horizontal position. In
addition, the penetration, vibration, and pressure testing described in
Part B, Section 4.2 will also be evaluated in the structural section of this
SEP.

6.3  STRUCTURAL EVALUATION AND CONCLUSIONS
6.3.1 Packaging Materials

The packaging container is designed for a 20 year lifetime in the
environment of the CWC mixed waste storage facility. Significant galvanic
reaction will not be present since all containment materials are similar.
Internal corrosion due to possible leakage of the contents is not considered
critical since the storage tank waste material is normally 10 pH or higher.
The structural materials are carbon steel and all exposed external surfaces
are painted to prevent external corrosion during the specified packaging
lifetime. The structural strength of the packaging materials required to
safely contain and 1ift the packaging has been analyzed in the structural
analysis shown in Part B, Section 6.4. Results of the analysis indicated that
the packaging material is structurally safe for containing and lifting the
maximum contents of 66,300 1b for the WSSP-1 package.

Evaluation of packaging containment materials to meet the required
brittle fracture criteria was based on an analysis of 2 in. thick American
Society for Testing and Materials (ASTM) A516 steel in accordance with
specifications and criteria presented in NUREG 1815, Recommendations for
Protecting Against Failure by Brittle Fracture in Ferritic Steel Shipping
containers Up to Four Inches Thick. An evaluation of the brittle fracture
guidelines in NUREG 1815 for onsite transfers of radioactive materials under
the conditions of this SEP is shown in Part B, Section 6.6. The evaluation
indicates that the specified ASTM A516 is considered acceptable to meet
designated brittle fracture criieria without requiring specific Nil Ductility
Testing (NDT) by the manufacturer of the material.
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6.3.2 Packaging Dimensions

The packaging internal cavity dimensions for the WSSP-1 packaging is
51% in. diameter and is 49 ft in length. The internal cavities of the
packaging is considered sufficient to install and remove each of the two types
of pumps (heel and transfer) placed in the flexible receivers.

6.3.3 Tiedown System

A tiedown analysis for devices attached to the packaging is shown in
Part B, Section 6.5 and indicates that the strength of the attachments meet
the identified tiedown requirements and are considered safe for the intended
use.

A sketch of the proposed tiedown system that will be used to secure the
package to the vehicle is shown in Part B, Section 6.5. The system is based
on using the strongback/trailer assembly to transport the package to the CWC
(a standard trailer bed may also be used if required). Analysis of the
tiedown system indicates that the proposed system is considered safe to secure
shielded or unshielded WSSP-1 package on the transport vehicle during normal
transfer operations. The tiedown system for the strongback/trailer assembly
is based on six (6) tiedown points on the WSSP-1 package and eight tiedown
points on the trailer. The nominal breaking strength (NBS) of tiedown cables
must be equal to or exceed 14,500 1b.

6.3.4 Lifting Devices .

Evaluation of the 1ifting attachment analysis provided in Part B,
Section 6.5 and indicates that the strength of the attachments meet the above
design requirements and are considered safe for the intended use. Other parts
of the package not approved for lifting are not readily assessable and do not
have any means to inadvertently connect hoisting equipment.

6.3.5 Closure Design

The closure devices (end plates) were analyzed in the drop tests shown
in Part B, Section 6.4 for normal conditions of transfer, and were shown to
maintain the integrity of the seal after dropping the package onto a
designated concrete surface. This test is considered sufficient to assure
that the package closures will not open during normal conditions of transfer.
Remote operation to install or remove closures is not required for a contact
handled package shielded to 100 mrem/h. Closures are provided to seal the
vent openings during transfer of the package. These closures provide positive
sealing and are considered safe for containment of the package during transfer
and will be removed during storage of the package for installation of an
approved high efficiency particulate air (HEPA) filter.
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6.3.6 Normal Transfer Conditions

Results of analyses for simulated drop tests of the WSSP-1 package is
shown in Part B, Section 6.4. The analysis was based on the determining if
critical structural components of the package will exceed yield stresses
during impact of the package onto a concrete surface from a horizontal drop.
If yield stresses are not exceeded, the packaging containment body and end
closures will be considered to have maintained their integrity following the
drop test. Results of the test analysis indicated that the yield stresses
were not exceeded and that the packages successfully passed the drop tests.

Evaluation of assumed vibration movements of the WSSP-1 package during
transfer were analyzed and are shown in Part B, Section 6.4. Results of this
study indicated that with the package properly secured to the transport
vehicle, and with specified administration controls being applied per this
SEP, vibration will not be considered as a critical factor during transfer of
this package. One conclusion of the structural analysis indicated that the
contents of the package should be restrained prior to transfer and this
concern was addressed in the operation procedure guidelines shown in Part A,
Section 6.2, item 3.

The WSSP-1 packaging was evaluated to determine if unacceptable damage
would result from dropping an object on the surface of the packaging per
requirements described in Part B, Section 3.1. Results of an assimilated
penetration test are shown in Part B, Section 6.4, and indicated that the
packaging containment barrier would not be damaged following the assimilated
test.

Criteria (Part B, Section 3.1) for normal transfer condition tests
requires that the packaging be evaluated to determine if it will safely
withstand specific internal and external pressures during normal transport of
the package. Results of the pressure tests is shown in Part B, Section 6.4
and indicates that the WSSP-1 packaging will safely withstand the specified
pressure tests without damage to the containment barrier.
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6.4 STRUCTURAL ANALYSIS
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Westinghouse  Internal
Hanford Company Memo
From: Packaging Safety Engineering 84100-94-PMN-259

Phone: 376-3702 G2-02
Date: August 16, 1994
Subject: ENGINEERING SAFETY EVALUATIONS

To: D. B. Calmus G2-02
L. M. Hay G2-02
S. S. Shiraga N1-40

106-C 49 Foot Package Structural Analysis Files
PMN File/PSE Route/LB

This memo is issued in regards to the safety evaluation of the 49 foot 106-C
container which was based on the shop copy of the development control
drawings.

The shop copy of the development control drawings has been checked for
consistency with the approved final formal drawings. Therefore, this memo
is superseding memo number 84100-94-PMN-193 in its entirety.

?N\?\B]w»axow

P. M. Nguyen
Advanced Engineer

dmr
CONCURRENCE:

/W;L/ Date f//!/f%
§.7S. Shivagd [

Senior Principal Engineer

Hantord Operations and Engineering Contractor for the US Department of Energy
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ENGINEERING ANALYSIS .
Drawing __H-2-83724 Doc. No.__PMN-WTCG-049 Page_] of _24
Building__Tank 241-C-106 (]06C) _ Rev. 0 Job No.
Subject _ Weight and Center of Gravity
Originator__P. M. Nauyen tmueweAcan Date__05/25/94
Checker S. S. Shiraga ,4#24‘. s Date__06/15/94

1. Objectives:
The objective of this analysis is to determine the weight and center of

yravity of the 106-C 49 foot long container for transport of the Heel
and Transfer Pumps.

II. References:
1. Industrial Press, Machinery's Handbook, 23rd Edition.
2. AISC, Manual of Steel Construction, Ninth Edition.

3. WHC Drawing No., H-2-83722, H-2-83724, H-2-83725, H-2-83726 and
H-2-83727.

4. KEH, Design Analysis, Calc. No. W320-25-004, Dated 11-10-93.
ITI. Results and Conclusjons:
The weight and center of gravity calculated are estimates from the basis
for other engineering evaluations applicable to this container. These .
calculated estimates are the primary input parameters for the drop,
1ifting and vibration calculations. Results of these calculations are:
1. Weight of empty container: 25,086 1bs.
Weight of the non-shielded loaded container: 28,238 1bs.

Weight of the shielded loaded container: 65,884 1bs.

&, W™

Weight of container without support rings or shielding:
20,503 1bs
5. The center of gravity of the top cap is:
2.5 inches from the flange bolting surface
6. The center of gravity of the container is:
288.4 inches from the closed end of the container (welded end).

The estimated weights have been rounded off to the nearest pound.
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ENGINEERING ANALYSIS

Drawing __H-2-83724
Building__Tank 241-C-106 (106C) _ Rev. 0

Doc. No.__PMN-WTCG-049

Job N

Page_2 of _24
0.

Subject _ Weight and Center g'f Gravity
Originator__P. M. Nauyen ew~

Checker S. S. Shiraga zZZ7

Date
Date

05/25/94

06/15/94

IV. Engineering Evaluation:

1. Weight of 52" diameter pipe:
Length: Tpipe = 49 f1
Outside diameter: d, = 52 inch
Inside diameter: d; = (52 - .75) inch
Area:
Apipe = % (de - d?)
Pipe density (Reference 1, p.398): Ppipe
Weight per foot of pipe: Woipe = Apipe‘ppipe-IZ in/ft
Weight of pipe: wpip, = 'Ip‘pe-wpipe
Woipe = 10,156 1bs
2. Weight of outer skinl (i.em 8):

Length:

1, = 38.875 inch 1, = 39.75 inch 1y = 48 inch
15 = 48 inch 1, = 45.75 inch 1, = 48 inch
1, = 48 inch 1, = 39.75 inch

Ly = 1+l 41+l 41 +1g+ 1,41+ 1541

L, = 37.68 ft

Thickness: tesey = 0.1875 inch

B6-9
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ENGINEERING ANALYSIS

Drawing __H-2-83724 Doc. No._ PMN-WTCG-049 Page_3 of _24
Building__Tank 24]1-C-106 (106C) No.

Rev. 0 Job
Subject __Weight and Center of Gravity

Originator__P. M. Nouyen emN Date_ 05/25/94
Checker S. S. Shiraga /7 Date_ 06/15/94

dy; = 52 inch + 2 « (tgee;*1.5 inch)
dy; =(52 +2 +1.5) inch
Area:
T
Acge1r = 3 * (do.l2 - di.la)

Density: (Reference 1, page 398)
Weight of skinl:

Pege, = 0.284 Tbs/in’

Wcstll = Pesar Ac.v:lx ‘ Ll

Wi = 4,195 1bs
3. Weight of outer skin2 (item 9):

Length of skin2: 1,, = 48 inch

1,, = 42.75 inch

Legerz = 42y + 1,

toge2 = 3/8 inch

d,; = 52 inch + 2 * (tog;,*1.5 inch)
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ENGINEERING ANALYSIS

Drawing __H-2-83724

Doc. No._ PMN-WTCG-049 _ Page 4 of _24
. No.

Job

Date
Date__06/15/94

Checker

dy, = (52 + 2 *1.5) inch

Area:

Acserz = "} : (daz2 - dizz)

Weight of skin2:

Wcsclz = pcn.l : Auclz * Lz

W2 = 1,640 1bs
4. Weight of item 7:
Length: 1, = 7 inch
Thickness: t, = 3/8 inch

d;, = 52 inch + 2 - (1.5 inch)

doy = (dy + 2 * t, ) inch

Area:

Weight of skin2:
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ENGINEERING ANALYSIS .
Drawing __H-2-83724 Doc. No._ PMN-WTCG-049 _ Page 5 of _24
Building__Tank 241-C-106 (]106C) _ Rev. 0 Job No.___
Subject __Weight and Center of Gravity
Originator__ P, M. Nguven 9w« Date__05/25/94
Checker. S. S, Shirasa L&/ Date__06/15/94
inch

Ml'pcul'A'r‘l'l'lz"""f_t_

W, = 130 1bs
5. Weight of item 6 (3 ea):
Length: 1, = 7 inch
Thickness: t, = 3/16 inch

d;s = 52 inch + 2 - (1.5 inch)
dos = (dgs + 2 * tg ) inch
Area:
A, = ':':‘ "(dos® - dis?)

Weight of skin2:

inch
T w6=pc,u'As-16-12~'l?t

Wy =3 - w
W, = 194 1bs
6. Weight of item 5 (2 ea):
{a) 1" thick plate: d = 58.5 inch

d,s = 52 inch
Area:
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ENGINEERING ANALYSIS
Drawing _ H-2-83724 Doc. No._ PMN-WICG-049  Page 6§ of _24
Building__Tank 241-C-106 (106C) _ Rev. 0 Job No.
Subject _ Weight and Center of Gravity
Originator owp Date__05/25/9¢
Checker $. S, Shiraga 4~ Date__06/15/94

1 T l1./=x
A= 3 ('-"os2 - -A-d“’) *3 (";dasa - dxsz)

Thickness: ts =1 inch
Weight:

Wa ® Pegtz * Aa ‘ tns

W, = 265 1bs
(b) 1 1/2" thick plate (2 ea):
Area: A, = 9.14 inch - 15 inch
Thickness: ts = 1.5 inch

Weight:

Wp ® Peges * Ap * tps
Wg = W, +2 W,

Weight of item 5:
We = 2 ° wy
W = 763 1bs

Weight of item 3 (1 ea):

(a) 2" thick plate:
di = 58.5 inch
Area:

A, = 3,055.04 in’
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Drawing -2-83724 Doc. No._ PMN-WTCG-049 _ Page_7 of _24
Building__Tank 241-C-106 (106C)  Rev. Q Job No.

Subject ._Hgmh.t.md_c.ennr_:nf_ﬁravitv
Originator__ P, M. Nauyen ®wN Date__Q5/25/

Checker, S. S Shiraga &7 Date__06/15/94

Thickness: ts = 2 inch
Weight:

Wa * Poges * An ' t.,

W, = 1,735 1bs
{(b) 1 " thick plate:

dgs = 58.5 inch
d,y = 52 inch

Area: .
. 2 T . 2

Thickness: ts = 1 inch
Weight:

Wp = Peges * Ap ° tpy

W, = 265 1bs
(c) 1 1/2" thick plate (2 ea):
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Drawing __H-2-83724 Doc. No.__PMN-WTCG-049 Page_B8 of _24
Building__Tank 241-C-106 (106C) _ Rev. 0 Job No.________
Subject __MWeight and Center of Gravity

Originator__ P, M. Nguyen ead Date__05/25/94
Checker S. S, Shiraga &7 Date__06/15/9¢4

wc " Pcee1 ’ Ac * tc:

W = 2-W,
W, = 62 1bs
(d) 1" thick plate (2 ea):
Area:
Ay = 8.25 inch * 3 inch
Thickness: ts = 1 inch
Weight:

Wg = Peges “ Ag * tas

Wy =7 1bs

W = 2-W,

Wg = 14 1bs
(e) 1 1/4" thick plate (1 ea):
Area:

A, = -} + (51.25 inch)?

Thickness: ta = 1.25 inch
Weight:

Wo = Pesta .Ao ' tc:
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Orawing __H-2-83724

Doc. No.__ PMN-WTCG-049 Page_9 of _24
Building__Tank 24]1-C-]106 (106C) _ Rev. 0 Job No.___
Subject __MWeight and Center of Gravity
Originator__P. M. Nguyen fmn Date 5794
Checker S. S. Shiraga @ Date__06/15/94
W, = 732 1bs

Weight of item 3:

Wy = W, + Wy + W, + Wy, + H,

W, = 2,808 1bs
Weight of item 3 minus support ring: Wy, = Wy - W,
7. Weight of item 4 (1 ea):
(a) 1" thick (2 ea): d, = 58.5 inch
d,, = 52 inch

Area:

1 L3 1 b
A, =3 (docz - 'Z"duz) M (zdocz - duz)

Thickness: t,, =1 inch
Weight:

Wa = Peser * Aa ' tu

W, = 265 1bs

W, =2 -\,

W, = 529 1bs
(b) 1 1/2" thick plate (2 ea):
Area: A, = 7.25 inch - (13 - 3) inch
Thickness: t,, = 1.5 inch
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ENGINEERING ANALYSIS

Drawing __H-2-83724 Doc. No.__ PMN-WTCG-049 Page_10 of _24

Building__Tank 241-C-106 (106C) _ Rev. 0 Job No.

Subject _ Weight and Center of Gravity

Originator__P. M. Nguven ewmd Date__05/25/94

Checker S. S. Shiraga 77" Date__ 06/15/94
Weight:

Wy = Peges “Ap * Tha

W, = 31 1bs
Wy, = 2-W,
Wy, = 62 1bs
c) 1" thick plate (2 ea):

Area:

A, =8.25 inch 3 inch
Thickness: t, =1 inch
Weight:

Wc = Peser ” Ac ' tcc

W, =7 1bs
We = 2°W,
W, = 14 1bs
Weight of item 4:

Wy = Wag + Wyy + Wy

W, = 605 1bs
Weight of item 4 minus support ring:
Wy =W, - W,
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Drawing __H-2-83724 Doc. No.__ PMN-WTCG-049 Page_11 of _24
Building__Tank 241-C-106 (106 Rev. 0 Job No.

Subject __Weight and Center of Gravity

Originator__P. M. Nguyen s Date__05/25/94
Checker S. S. Shiraga Z” Date__06/15/94

Weight of item 12 (8 ea):

(a) 1" thick plate: d,,, = 58.5 inch
d;,, = 52 inch
Area:
1 1
A =3 (donz - %duzz) 37 ('}douz - dizzz)
Thickness: t,, = 1 inch
Weight:

Wa = pcstl ' Alz ’ t12

W, = 265 1bs
W, =8 W
W,, = 2,116 1bs

Weight of item 18 (3 ea):
(a) 1/4" thick plate:

Area:

A, =2 +|18.875 inch -}2—1 inch] + 2 inch 11 inch

Weight:

W, = A, " Poses © 025 inch

W, = 16 1bs
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ENGINEERING ANALYSIS

Drawing __H-2-83724 Doc. No.___PMN-WICG-049 Page_l2 of _24
Building__Tank 241-C-106 (]106C) _ Rev. 0 Job No.

Subject __Weight and Center ?f Gravity

Originator__P. M. Nguyen ew Date__05/25/94
Checker. S. §. Shiraga A’ Date__06/]15/94

(b) 1/4" thick (4 ea):

Area:

A, =

N

- 18.875 inch - 12.875 irh - cos (5 °)

Weight:

Wy = Ay * Pegey * 0.25 inch

W, = 9 1bs
Wo, =4 - W,
W, = 34 1bs
(¢) 1/4" thick plate (2 ea):

Area:

A =2 -L% ©12.875 inch - cos (15 *) - 12.875 inch - 8in 15 %)|...

+ 12 inch - 12.875% inch - cos (15 *)
Weight:

W, = A, " Pcye; * 0.25 inch

W, = 13.5 1bs
W, =2 - W
W, = 27 1bs
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ENGINEERING ANALYSIS .
Drawing __ H-2-83724 Doc. No.__ PMN-WTCG-049 Page_l13 of _24
Building__Tank 24]1-C-106 (]06C) _ Rev. 0 JobMNo.__
Subject __Weight and Center of Gravity
Originator__P. M. Nauyen emd Date__05/25/94
Checker S. S. Shiraga &7/ Date__06/15/94

Weight of item 18:
Wig = W, + W, + W,
W,s = 78 1bs
Wig = 3 - Wy
W,y = 233 1bs
10. Weight of item 15:
(a) 1/4" thick plate:

Area: A, = 12 inch - 32.5 inch
Weight: W,=A, - P,y - 0.25 inch

W, = 28 1bs
(b) 1/4" thick plate (2 ea): .
Area:

A = % ©21.75 inch - -;- -32.5 inch

Weight: Wp = A - Py - 0.25 inch

W, = 12.6 1bs

Wy =2 - W

W, = 25 1bs

(c) 1/4" thk (2 ea)
Major diameter: dy; = 32.5 in

Minor diameter: d,. = 25.625 in
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Drawing __H-2-83724 Doc. No.__PMN-WTCG-049 Page_l4 of _24
Building__Tank 24]-C-106 (106C Rev. 0 Job No.
Subject __Weight and Center of Gravity
Originator__P. M. Nguyen e _ , Date_ 05/25/94
Checker S. §. Shiraga Z#A 7 Date_ 06/15/94
Area:
A, = 12‘- 32.5 inch * 25.625 inch

Weight:

Wo = A, Poge; © 0.25 inch

w, = 93 1bs
Wo=2-w
W, = 186 lbs
Weight of item 15:
Wy = W, +W, + W,
Wys = 239 1bs
Weight of item 11:
Thickness: t, =1.75in

Area:
A, = .i'. -[(51.25 inchy® - (47.25 inch)?)
Weight:

Wy, = Ay * Pesey “1.75 inch

Wy, = 154 1bs
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Orawing __H-2-83724 Doc. No.__PMN-WTCG-049 Page_15 of _24
Building_ Tank 241-C-106 (]06C)  Rev. 0 Job No.

Subject __Weight and Center of Gravity
Originator__P, M. Nguyen twv Date__05/25/94

Checker S. S. Shiraga 4442/ Date__06/]15/94

12. Weight of item 14:
Thickness: t, = 1.75 in

Area:

A, = _1‘- -[(58.5 inchy® - (52 inch)?

Weight:

Wy, = Ag ' Pesey *1.75 inch

W,, = 280 1bs

13, Weight of item 13 (8 ea): .

Thickness: t; = 0.25 in

Area:

A, = X -[2 inch - 3.5 inch) - (0.53 inch)?)

»n

o Weight:

Wiy = Ayy " Peser * by

W,y = 0.24 1bs
Wiy = 8 - Wy
Wiz = 2 1bs
14. Weight of blind flange (1 ea):

a) Plate: d, = 51.25 in
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A, =(7.56 * 594)--

[(7-94 -7.94 - tan(24°)) + (2 - 2 -

B6-23

Drawing __H-2-83724 Doc. No.__ PMN-WTCG-049 Page_16 of _24
Building__Tank 24]-C-106 (}06C) _ Rev. 0 Job No._____
Subject __Weight and Center ?f Gravity
Originator__P. M. Nguven Date__05/25/94
Checker S. S. Shiraga A/ZC/’ Date__06/15/94
tp1 = 0.75 in
Area:
n
A, = Y +(51.25 inch)?
Weight: HP‘ = Apl “Peser - tp(
Hm = 439 1bs
b) Shackle 1ift plate, assume it is a rectangle:
Toige = 6 1n
Woige = 3 10
tos = 0.25 in
Area: Astise = Totire * Warise
Weight: Woite = Astire * Peset * Ltine
Woiise = 1.3 Tbs
c) Weight of blind flange: Wyqianee = Woi + Woiig,
Woifiange = 441 1bs
“7-15. Weight of top cap (1 ea):
a) Item 1 - 1/2" thick plate (2 ea):
Thickness: t, = 0.25 in
Area:

cot(32°)]



WHC-SD-TP-SEP-024 Rev. 0

Drawing _ H-2-837

ENGINEERING ANALYSIS

Building__Tank 24

1-C-106 (106C)
Subject __Weight and Center of Gravity

Originator_P. M.

4 Doc. No._PMN-WTCG-049  Page_l7 of _24
Rev. 0 Job No.___

Nauyen emv Date__05/25/94

Checker

Weight:

. Shir Date__06/165/94

W= Ay s P - Y
HI'Z'N
W, = 4 1bs

b) Bar - 1" diameter & 8" long (1 ea):

Area:
Length:
Weight:

Ao = (x/8) - (1 in)?
lor = 8 0

bar = Poar " Pestt * par
Woor = 2 1bs

c) Item 2 - Inner plate 1" thick (1 ea):

Area:

, =@

Thickness:

Weight:

4.625 inch - 4.125 inch) + = < - (58.5 inch)?

t,=1in
W= ARt pegy -
N, = 780 1bs

d) B-Section plate, 1/2" thick (2 ea):

Area:

Weight:

Togec = 7-7 in
Woo = 5.9 in

togec = 0.5 in
Atgec = Togec Wisec

whuc: = Abuc : p:ltl : thlcc

Wpgec ™ 6.5 1bs

B6-24




16.

WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS
Drawing __H-2-83724 Doc. No._ PMN-WTCG-049 Page_18 of _24
Building__Tank 241-C-106 (]06C)  Rev. 0 Job No.
Subject __Weight and Center of Gravity
Originator__P. M. Nguyen mv Date__05/2
Checker S. S. Shiraga 2~ Date__06/15/94

Wogee ™ 2 * Wigqe

Wepeo = 13 1bs
e) Outer plate, 3/8" thick (1 ea):
Diameter: doept = 53.5 in
Thickness: toutp = 0.38 in
Area:

Agueps = -} *(53.5 inchy?

Weight: Wourpt = Aouept * Peset * Lourpt

Wourpt = 239 1bs
f) Weight of top plate: Weotate ™ Wourpt + Wogee + Wo + Wy + ¥,

Weptate = 1,039 1bs

Weight of shielding:
Lead density (Reference 1, p. 398):
Ppy = 0.41 1b/in®
Assume 62% lead density of lead:
Py = 0.62 - p,
P = 0.25 1b/in®

Total Tength of shielding: 1., = 49 ft
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Drawing __H-2-83724 Doc. No._ PMN-WTCG-049 Page_]9 of _24
Building__Tank 241-C-106 (]106C) _ Rev. 1 Job No.

Subject _MJM_LED&&LJQLEBV"-V

Originator__P. M. Nauyen s Date__05/25/94
Checker S. S. Shiraga 7 Date__06/15/94

Volume of shielding:
id,, = 52 in od,, = 55 in

2 . 2
Vol.b-ﬂ'ig_d_‘h—fi—d_'-h-l'lm

Weight of shielding: Wy = Py - Vol
W, = 37,650 1bs
17. Weight of bolts:
Number of 3/4" bolts: n, = 24
Number of 1" bolts: n, = 16
Weight per 100 of Hex bolts and nuts (3/4"), Reference 2, p.4-144
and 4-145:
w,, = 52.3 1bs

Weight of 3/4" bolts:

52.3
100 b2

b2

Wy, = 12.6 1bs
Weight per 100 of Hex bolts and nuts (1), Reference 2, p.4-144
and 4-145:

W, = 108.8 1bs

Weight of 1" bolts:

Wy, = 17.41 1bs
Total weight of bolts: Wy =W, + W,
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Drawing __H-2-83724 Doc. No._ PMN-WICG-049 __ Page_20 of _24
Building__ Tank 241-C-106 (106C) _ Rev. 0 Job No.

Subject _jﬂghundﬂﬂm_;yf.ﬁravitv

Originator__P, M. Nguyen s Date__05/25/94
Checker S. S, Shiraga &~ Date__06/15/94

W, = 30 1bs
Weight of vent (1 ea):
Woeny = 15 1bs
Weight of plug (16 ea):
Woig = 3 1bs
Hm = 16 Wolug
Woiug = 48 Tbs
Maximum Weight of payload: (Reference 4, page 5)
Woioaq = 3,152 1bs

. Weight of empty container:

W

cant ® Wospe * Wegers * Wegerg + Wy ¢ Wy « Wy ¢ M, + W, ..

Wyt Wy Wy v Wy Wy Wy ¢ Waieiange * Weptaze * Wb * Wegne * Wppug

W.ooe = 25,086 1bs

Weight of non-shielded loaded container:

W

nscont wcal'\t + uplood

W = 28,238 1bs

nscont

Weight of shielded loaded container:

W

scont "cmt + wpl(m.! + w-h
W

= 65,884 1bs

scont

24. Weight of container without support rings or shielding:

W,

porings * Woscont = Wy, - Wylud - Wy - W, - wtplnto - Wy,
Um,.‘m' = 20,503 1bs
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Drawing __H-2-83724 Doc. No._ PMN-WTCG-049  Page_21 of _24
Building_ Tank 241-C-106 (106C)  Rev. Q JobNoO.____
Subject _ Weight and Center of Gravity
Originator__P, M. Nayven wa¥ _ Date__05/25/94
Checker S. S, Shiraga <~ Date__06/15/9¢

25. Center of gravity of top cap:

x (in) w (1bs) X-W
(in.1bs)
1 0.5 908 454
i (e . -1-33-) 1-3.93 161
3 239.4 1,960
%)

4 (SJ’%)‘(S__I%) 1.8 5.6 .
5 %'(7+T33-)+1 13 59.5

Center of Gravity:

ce,, = XWy + 2 XW, + XW, + XW, + 2 * XW,

thlu-

CG, = 2.5 in, from the bolting surface
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Drawing __H-2-83724 Doc. No._ PMN-WTCG-049  Page_22 of _24
Building__Tank 241-C-106 (]06C)  Rev. 0 Job No.
Subject __Weight and Center of Gravity
Originator__P, M. Nguven 9Ma/, ' Date__05/25/94
Checker S. §. Shiraga Z47 Date__06/15/94
Package center of gravity:
X w

1 1 1,735

2 3.13 732

3 5.6 31

4 5.6 31

5 10.8 265

6 5.5 65

7 29.7 359

8 49.13 265

9 57.6 265

10 68.5 367

11 88.4 265

12 112.4 443

13 136.4 265

14 160.4 443

15 184.4 265

16 208.4 443

17 232.4 265

18 253.8 792

19 267 265

20 275 265

21 299 890

22 323 265

23 34.6 422

24 368.9 265

25 393 443
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Drawing _ H-2-83724 Doc. No.__PMN-WTCG-049 _ Page_23 of _24
Building__Tank 24]1-C-106 (]06C) _ Rev. 0 Job No.__
Subject __Weight and Center ?f Gravity i
Originator_P. M. Nauyen Date__05/2
Checker, S. S. Shiraga Date__06/15/94

26 417 265

27 44] 443

28 465 265

29 489 443

30 505 265

31 553 265

32 513 367

33 533 280

34 295 10,180

35 594 1,000

36 148 239

37 467 233

38 467 233

39 467 233

as
E w=23,0871bs

1=l

39
;(w “X) =6.7 +10° lbs * inch
"1
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Drawing __H-2-83724 Doc. No.__PMN-WTCG-049 Page_24 of _24
Building__Tank 241-C-106 (106C) Rev. 0 JobNo.__
Subject _ Weight and Center of Gravity
Originator__P. M. Nquyen twd . Date_ 05/25/94
Checker S. S. Shiraga {7 Date__06/15/94

39

. (W X)
CGP‘W . 39
w

CG,, = 288.4 in from the closed end of the container (welded end).
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ENGINEERING ANALYSIS .
Drawing__H-2-83724 Doc. No._ PMN-GLOAD-049  Page_] of _5_
Building__Tank 241-C-106 (]106C) Rev. 0 Job No.

Subject_G loading on 12 in Thick Reinforced Concrete Slab
Originator__P. M. Nguyen emNAw-er~ Date___05/24/94

Checker S. S. Shiraga , /&7 7oA. . Date__ 06/13/94

I. Objective:
The objective of this analysis is to determine the g loading for the

106C 49 foot package when subjected to a simulated drop onto a flat
horizontal 12-inch thick reinforced concrete slab per Reference 2.

I1. Reference:

1. US-NRC, 10 CFR Part 71, *"Packaging and Transportation of
Radioactive Materials".

2. WHC-SD-TP-PDC-015, Rev. 0-A, "Packaging Design Criteria Transfer
Disposal of Equipment, Tank 241-C-106 Waste Sluicing System".

3. Electric Power Research Institute, EPRI NP-4830, "The Effect of
Target Hardness on the Structural Design of Concrete Storage Pads
for Spent Fuel Casks", October 1986.

4, American Concrete Institute, Manual of Concrete Practice 1989,

Part III.
5. Engineering Change Notice, No. 606658, dated May 02, 1994. .
6. WHC Drawing No., H-2-83722, H-2-83724, H-2-B3725, H-2-83726 and
H-2-83727.

I1I. Results and Conclusions:

As a result of preliminary analysis, it was determined that the
container as designed could not withstand a drop of 1 foot onto a hard
unyielding surface as specified in Reference 1. Although this criterion
is not specifically stated in Reference 2, it is standard practice
within the precepts of Equivalent Safety to perform an analysis on this
basis to show structural integrity of the container. However, since the
container was already constructed, an alternative criteria was needed to
show structural integrity of the container for conditions which exist
within the site boundary. It was determined that by using the EPRI
Report (Reference 3), a credible criterion to show container structural
integrity could be developed by dropping the container onto a thick
concrete pad. This was justified on the basis that the container is
similar to a spent fuel container with a substantial all steel
construction with a relative overall hardness greater than concrete.
Consequently, Reference 2, was revised via an ECN (Reference 5) to
reflect this change.
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Drawing__H-2-83724 Doc. No._ PMN-GLOAD-049 Page_2 of _5_
Building__Tank 241-C-106 (]106C) Rev. 0 Job No.

Subject_G Loading on 12 in Thick Reinforced Concrete Slab

Originator__P. M. Nguyen ®wNBmeam Date___05/24/94
Checker S. S. Shiraga 7/~ Date__ 06/13/94

Based upon the EPRI Report, the analysis result shows a g loading on the
package of 42, as a result of a 12 inch drop. This g loading will be
used in subsequent drop calculations for the container.
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Drawing__H-2-83724
Building__Tank 241-C-106 (]06C)

Doc. No. EHN GLOAD-049 Page_3 of _§5
Rev. Job No.___

Subject_G Loading on ]2 in Thick Reinforced gongrgte Slab

Originator__P. M. Nauven em~

Date____05/24/94

Checker S. S. Shiraga ZA7/

Date___06/13/94

Engineering Evaluation:

LOAD CALCULATION AT A 1-FT FLAT DROP OF THE 106C PACKAGE ONTO A FLAT 12-

IN THICK CONCRETE.

Calculations based on Reference 2.

Assumptions:
Concrete thickness:
Cover over rebar:

Concrete strength:

Soil Modulus of Elasticity:

h =12 in

c=2

o, = 4,000 psi

f.=o0,
E, = 25 X 10° psi
S, = 60 X 10° psi

For normal weight concrete (Reference 4, p. 318/318R-83), concrete

modulus of elasticity:

E. = (57,000 - £°°) - psi®®

constant 57,000 has the built-

E, =3

, forced E_ to have "psi" unit, since the

in "psi®>®" unit.

.605 X 10° psi

#9 rebar (Reference 4, Tbl B.1, Part III):

A9=
Package length (Reference 6):

Package weight:
Width of footprint:

B6-34
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For edge drop:

a=1.48 in

1
=7 . 3y .
To=L (0 - =

I, = 8.49 X 10* in®

Ultimate moment capacity of the concrete slab:

Mzz:As'Sy'(d-%)

M, = 5.57 X 10° in-1bs

Es 0.25%
B“[M-EC-IC)]

8 = 0.012 in”’
Foot print area: A=1L -d
A =5.90 X 10° in?

Target hardness number (non-dimensional) which uniquely characterizes
the target.
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2-A-E, "M, ‘0

S = 3
Weon: * B

S =1.92X10°

FDRCE (C)

8 S ARARRRSSAA ; APARARARRRSSY
. “
rmmmxls-4

Figure 1

Using Figure 1 above from Ref. 2, p. 2-32, the g loading is
approximately 42.
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I. OGbjectives:

The objective of this evaluation is to determine the ability of the
106C-49 foot packaging to withstand the stress induced by the dropping
of a 13 1bs steel bar onto the packaging as required by Reference 5.

11. References:

1. WHC-SD-TP-PDC-015, Rev. 0-A, "Packaging Design Criteria Transfer
and Disposal of Equipment, Tank 241-C-106 Waste Sluicing System“.

2. WHC Drawing No. H-2-83722, H-2-83724, H-2-83725, H-2-83726,
and H-2-83727.

3. “Structures to Resist the Effects of Accidental Explosion -
Department of the Army, Navy and Air Force", PM 5-1300 June 1969.

4. *Fundamentals of Protective Design", US Army Corps of Engineers
(1943).

5. US-NRC, 10 CFR Part 71, "Packaging and Transportation of
Radioactive Materials".

I11. Results and Conclusions:

The penetration analysis was performed for the thin skin shielding
material retaining section of the packaging per the requirements
Reference 5. This is determined as the weakest exposed section of the
packaging.

This evaluation is based on empirical projectile penetration data
provided in References 3 and 4. The analysis shows the thinnest section
of the container resists penetration by a 13 1bs projectile falling onto
it from a height of 40 inches. The calculated estimated margin of

safety is 0.15. Subsequently, it is concluded that the package design
is adequate.
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Iv. nginee aluation:

d=1.26"
PP-lB 1bs

40~

| %
)
Diameter of projectile (Ref. 1): d=1.25 in.
Height of projectile object (Ref. 1): h = 40 in
Mass of projectile object (Ref. 1): p =13 1bs
Outer skin thickness (Ref. 2): ty = 3/16 in
Gravitational constant: g = 32.2 ft/sec?

Velocity of a free falling object:

v=yJy2gah

v = 15 ft/sec
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Penetration distance into reinforced concrete (Reference 3):

v1.33
10‘ dl.ﬂ
S =0.168 Inch

S = 5,423

this is penetration distance into reinforced concrete.

This translate into the perforation 1imit for steel (Reference 4),

£ 1.216 S +1.4d
12

t = 0.163 inch

This is the penetration distance into steel.

Margin of Safety,

t

M5 = £k -1
t

MS = 0.15

0K, Package has sufficient skin thickness.
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I. Qbjective:

II.

III.

The objective of the drop analysis is to determine if the 106C-49 foot packaging
could survive a 1-ft drop onto a flat, horizontal 12-in thick concrete (per
Reference 1 & 2). Survival in this evaluation is defined as not losing
structural integrity or breaching containment of the inner packaging as defined
in 10CFR71.71 (Reference 10).

References:

1. WHC-SD-TP-PDC-015, Rev. 0-A, Packaging Design Criteria Transfer and
Disposal of Equipment, Tank 241-C-106 Waste Sluicing System.

2. Engineering Change Notice 606658, dated May 02, 1994.

3. American Society of Mechanical Engineers, Boiler Pressure and Vessels,
Section VIII, Division 2, 1989,

4. Industrial Press, Machinery's Handbook, 23 rd edition.

5. WHC Drawing No., H-2-83722, H-2-83724, H-2-83725, H-2-83726 and
H-2-83727.

6. EPRI NP-4830 “The Effect of Target Hardness on the Structural Design of
Concrete Storage Pads for Spent Fuel Casks".

7. Design Analysis, WO/Job No. ER4289, Kaiser Engineers Hanford, Nov. 11,

1993.

8. Roark, Formulas for Stress and Strain, 4th edition.

9. American Institute of Steel Construction, Steel Construction Manual, 9th
edition.

10.  US-NRC, 10 CFR Part 71, "Packaging and Transportation of Radioactive
Materials".

11. Engineering Change Notice W-320-23, dated June 06, 1994.

12. American Society of Mechanical Engineers, Boiler Pressure and Vessels,
Section VIII, Division 1, 1989.

sults an clus
This engineering evaluation is based upon classical methods, which models the

dynamic loads as a static equivalent loads, The calculations are based on the
assumption that the time of loading is long as compared to the natural period of
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L

'Y

the package. Also the calculations are based on elastic behavior of the
material.

As stated in the G loading determination calculations, since the package as
designed cannot meet the drop requirements of Reference 10. Subsequently
alternate criteria were specified to evaluate package integrity in Reference |
and 2. Under these new criteria based upon Reference 6, the drop G loading is
deviloped to determine the equivalent static loadings to be applied to the
package.

Results and conclusions of this evaluation are as follows:
1. The packaging material and welds have adequate margins of safety.

2. The packaging stiffener ring design is adequate with the margin of safety
of 0.68.

3. The pipe joint weldment is adequate with the margin of safety of 2.41.
4, The package outer skin design is adequate with the safety margin of 1.3.
5. Blind flange bolts calculational results were as follows:

* With all 16 bolts engaged in carrying the load, the Margin of Safety
is 0.22. This adequate to insure containment of the package after a
drop.

* The minimum number of bolts required to be engaged in shear to
provide sufficient strength is 3.

* With only 1 bolt engaged, the Margin of Safety is -0.25. Therefore,
a single bolt would not be able to provide containment.

* Consequently, in order to provide containment after a 1 foot drop, at
minimum 3 bolts of the 16 will need to engage the load. At present
there is no sure method to insure that 3 bolts will engage the load,
due to the variations in tolerance stackup of bolt to boit holes.
Subsequently, this evaluation cannot state with confidence that a
leak path will not develop after a 1 foot drop onto a concrete slab,
since the probability exists that only 1 bolt will initially carry
the load. If that occurs a leak path may develop through failure of
one of the bolts.

6. Previous guide pin design were analyzed, it was found that they could not
bear the shear load. Accordingly, alternative materials were specified for
the current guide pins as referenced in reference 11. With the
modification, the guide pins will support the shear load of impact by a
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margin of safety of 0.08. Also since, at least one blind flange bolt will
be engaged in conjunction with the guide pins which was ignored in the
analysis, the evaluation is conservative.

7. The internal plate design is appropriate for the load.

8. The top cap bolts findings are as followed:

* With one bolt engagement, margin of safety is -0.63. Therefore 1
bolt cannot carry the load.

* There must be a minimum of 5 bolts engaging the load in order to
maintain confinement.

* With all 24 bolts in engagement the margin of safety is 0.53, the
package secondary containment will be retained.

However, this is not containment boundary for transportation and consequently is

considered adequate.
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Iv. Engineering Evajuation:
W
pack
wp)old [Leonl- I).,] .!EE‘.‘_L’..
Vyr
@  xk ok k| *k k| k% k  kx %  k  k*k o
T I T e e e T R I e 404 2493
) r ) & LY L) r 3 aA & & N A A A A
12 34 5 6 7 8 910 11 12 13 14 15186 17
Legend
® Vot * Vatirz D W
Figure 1
Weights:
Weight of container w/o ring supports: Weontt = 20,503 1bs
Weight of payload: HW:- 3,152 1bs
Weight of shielding (62% density of Pb): W, = 37,650 1bs
Weight of container: W, = W + W,
Weone = 58,153 1bs
G loading factor for drop calculation on 12 inch thick concrete: g, = 42

(Reference 6)
Weight of stiffeners:
1 inch thick:

6 loaded:

W,ei1 = 265 1bs

Woeirt ™ Tloed Werity Woiqr = 11,130 1bs

2 inch thick: = 1,736 1bs

Werif2
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G Toaded: W, (s> * 9\00c®¥arit2 Wiz = 72,912 1bs

Weight of package with G loading:

Woack ™ Fiosd Heont Woact = 2.44 X 10° 1bs

Weight of top cap: Hmp = 1,039 lbs

Linear load per foot:

W = Wetop

ctop e 3 . h
+ =
( 16) inc.

Werop = 1,523 1bs/ft

t t r ’
Model with assumption weight of pipe, internals, shielding and skin are unifoMily
distributed over the entire length of pipe, except top cap section. Load of
rings are modeled as concentrated loads at their respective locations and payioad
is modeled as a concentrated load at the center of gravity.

Geometric Parameters:

Length between supports:

1, = 8.75 in 1, =3 ft + 3.875 in 1, = 41.25 in
1y = 8.5 in 15 = 49 in 1, = 1
1o = 1 1, = 43.75 in Ty =1
1, = 8.25 in Ty = 46.75 in T, =1
T = s Ty = 15 Tis = 1y
Ty = s 1,, = 8.1875 in
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(1

Date

05/23/94
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W/

Date

06/14/94

Total length:
L

+ 1+ g+ 1o+ 1y,

L, = 50.46 ft

Parameters of inner pipe section:

Pipe od: dpy = 52

in

Wall thickness:

Pipe id: dp;y =

Cross sectional area:

Moment of Inertia:

UPgq + 2-t,,

A - F(dpls - dpiy

P

I, =

4

n(dpsy - dpiy)

€4

Parameters of outer pipe cross section (thin portion):

Gap between pipes:

Outside radius of pipe: Ry, = 26 in + dg,  + t

dgpp = 1.5 1in

OQutside diameter: odapme = Z-R,,pipe

Cross sectional area:

A =

Wall thickness:

opipe
Inside diameter:

ﬂ(Odozpipe -1 d:pip,)

opl

B6-45
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Moment of Inertia:

I . n{(0dapipe = 1dopips)
opl - 64

Total moment of inertia of inner and outer thin pipe:

Lo = 1o+ 1,

Parameters of outer pipe cross section (thick portion):

Gap between pipes: dm@'p = 1.5 in Wall thickness: 1:‘,'_.‘“,e = 0.375 in
Outside radius of pipe: Ry . = 26 in + dj  + t .,
Outside diameter: od,; . = 2:R,;, Inside diameter: id;,. = 2-(Ryine = topipe)

Cross sectional area: .

2 . 32
“(Odopipe - 1dopipe)
opz 4

Moment of Inertia:

4 :
- T _ ﬂ'(odopipe - ld:pipj)
op2 64

Total moment of inertia of inner and outer thick pipe:
Io=1,+ I,
Center of gravity of heel jet pump (Reference 7: KEH Analysis, ER 4289):

CG = 13.47 ft
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G loaded weight: W, .4 = 9 geq ¥
Woiaq = 132,384 1bs
Weight per unit length distributed between supports:

W = WEJ oad
pload 15

W = 2,702 1bs/in

pload
Distance of pump cg from supports:
From support 6 (P147.625, column 5):
a= (13.47 ft + 2 in + 0.5 in + 1.25 in) -~ 147.625 in
a=181in
From support 7 (P196.625, column 6):
b = 196.625 in - (13.47 ft + 2 in + 0.5 in + 1.25 in)
b=2311in

Uniform loading due to pipes, shielding and internals:

Woucx = 4,090 1bs/in
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oment determination us h oment Theorem: The package is modeled as a
beam with uniformly distributed load, where the load is the impact load due to
weight of the container plus the shielding. The stiffened ring and payload
impact load were superimposed into the model.

End constraints:
End Moment due to top cap:

2
M = - 910ad wczop 117
* 2

M. = -14,887 ft-1bs

r

End Moment at closed end: M, = 0 ft-1bs

Span ] and 2 .

]

3 3
M 11 +2 M (__ll + '12 ) M 12 __l[ Woack 1] + Woack 12]
a I, I, Ips ¢ Ipl 4 I, I,

Span 2 and 3
Ao (B B b -;[wmx B, Yoo 1;]
I, I, I I, a1, I,
Span 3 and 4

3
M _.1_3_ + 2Md(-1—3 + _1_‘..) + M, ._l_‘_ = -l[wpack 13 + Wpack 12
Ipl ‘Ipl
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Spa nd
3 3
M,,_zi+2M.(,5L+_1i)m,_zz.,-g[wmm “fpackls)
I, I, I, I, 4\ I, I,
Span 5 and 6
M, s 42 M, (_15_ . _f_ﬁ.) + M, de . _l( Woack 15, Wpack 53) _ Wpraag @ (18 - @7
I, I, I, I, a1, I, 1, I,
Span 6 and 7
M2 w2, (—1—6— . _1_7.) ey 2 3( Woack 16 | Wpack 75] - Wproaa b (1¢ - B2
I, I, I I, s\ I, I, I, I,
Span 7 and 8
o M, Lo, M, (_}_7_ + _1_3) + M, Lo . __l( Wosck 11, Wpack 13)
I, I, I I, 4\ I, I,
Span 8 and 9
3 3
Mb_‘zi +2Mi(..£9.+.1_’;)+uj.__9_ l[wpﬂ-‘kl" + Ypack 1s
Ipe p2 Ipz Tpe A\ I pz
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Span 9 and 10
o (s o) Lo -A(Emk L, Yoo 130)
I, NI, I I, & I, I,
Span 10 and 11
M. —1—3’-2 + 2 M, (-‘-Z-LQ + _ﬁl) +Ml :Ell = __,_1_( wP“’k 1130 wp“’k 131)
11, I, I, I, a1, I,
a and
M, -l—n- +2 M (-lli-l- + ..'.1_1.?.) + M ii = _l(!pnck 1131 . Wpack 1132)
I, I, I =TI, 4\ I, I,
Span 12 and 13
Ml_ﬂl+2y(.:l1_2+.‘1_’£)+u i&:-l(&““li YPﬂckll:,’)
— Ip: "\ Ip: Ips ? I, 4 I Ip,
Span 13 and 14
M, 22 s a0 (iza . ﬁ:) ey el -_l_[i’pack 1, Woaer 13‘]
o
I, I, I, I, & I, I,
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Span 14 and 15

an 15 and 16
3
wode s pag (s D)y Le =__a[wmklxs . wp-cxlfs]
° I, PlI, I, T I, 4 I, I,

Results of solving simultaneous solutions:

M, = 0 ft-Tbs M, = -41,272 ft-1bs  M_= -36,210 ft-lbs
M, = -35,740 ft-1bs M, = -52,535 ft-lbs M, = -102,919 ft-1bs
M, = -115,041 ft-lbs M, = -50,514 ft-lbs M, = 44,063 ft-1bs
M, = -47,059 ft-1bs M, = -68,686 ft-lbs M = -68,337 ft-1bs
M, = -66,997 ft-lbs M = -72,705 ft-lbs M = -51,214 ft-1bs
M, = -77,879 ft-1bs M, = -14,887 ft-lbs

Span Moment and Reaction Loads:

M, <M,

", - (wmk 12 M+ Mb) . (M - M
2
8 2 2 wpack 11

M, = 56,546 ft-1bs
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+
2 11 stifa

R, = 34,198 1bs

Mb>Mc

M, = ( ‘pack 12 - M, - Mc) . (Mb - Mc)z

8 2 2w, pack 12

M, = 106,483 ft-1bs
w 1 M, - M, W, 1, M -M
(kA (g nin @
R, = 165,612 1bs

MMy

2 - M2
M, = ( Woack 15 _ My + Mc) . M - M)

8 2 2 Wpaey 13

M, = 39,057 ft-lbs

Woack 12 . My - M, Woack 13 M, - M,
B =( pa:‘:z * 1, =+ P‘cz * c13 + Weeirs

Ry = 110,915 1bs
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My<M,

2
M, = (wpack 15 _ My + Me) . Mg - u):
8 2 2 wp.ck 1.

M, = 116,850 ft-Tbs

R‘ = (WP“* 13 + Mc ~ Md] + ( Wp“_; 1‘ + Md ‘;‘ M’) + W,:iﬂ

2 1,

R, = 108,612 1bs

Mo<M,
( Wpaex 15 _ M, + M, . M, - M
MS 8 2 2
2 Woaex 1s
M= 181,536 ft-1bs
| My~ M, Woaer 1 M, -M
R5=( pwzk e dl¢ )+( plczk - e‘,15 t)"watin
Rs = 188,175 1bs
Me<M,

2
¥, - (wmk 1 M+ Mg) L, M -MP W ab

M, = 336,257 ft-1bs
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Checker____S. S. Shirasa 727 Date__06/14/94
W, 1 W, b M -M W, 1 M, - M
Rg -( 2‘;" S & N.‘l’:d + ‘15 ’) +( }“;‘ s - ’-1; ) * Woeies
R, = 280,552 1bs
M >M,
", - (w,.c, 13 M+ M,,) (Mg = M) _ Woougad
8 2 2 w ‘pack .17 16
M, = 62,650 ft-1bs
W, 1 W a M, - M w 1 M, - M
R,7=( P‘cz"' LI Plzd + :16 9)+( P‘C; 14 977 h)*wgcin
R, = 150,641 1bs
M >M,
M, (wplck 182 - M, + MJ) . (Mb - MJ)Z
8 2 2 Woo 1¢
M, = 128,839 ft-1bs
Wk 1, M, - M Waer Jo . My - M
Ra'(p'zk le ”)+( P‘“z" L bl, i)*wniu

Ry = 214,772 1bs

B6-54




WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS
Drawing_H-2-83724 Doc. No. PMN-DROP-049 __  Page_l6 of _47
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Originator_P. M. Nguyen s~ Date__05/23/9
Checker S. S. Shiraga 2/ Date___06/14/9
M<M,
%‘(W”QI:_MA-*MX)_' (Mi-Mj)f
8 2 2 Wpaer 15
M, = 48,653 ft-1bs
W, 1 M -M W, 1 M -M
ng( p‘;k e hl‘ 1)*( E‘;k o 1194)"”0:1:1
Ry = 114,846 1bs
M<M,

MM,

2
", = (w”ck o M+ M,) , (M - M)

8 2 2 Wpaex 150

My, = 151,268 ft-Tbs

w 1 M, - M w 1 M, - M,
Ryo =( Pu; 2 jlm k) +( p.czk > 119 J) Weeiss

Ry = 122,373 1bs

2
M, =(wPlck In _ M+ Mz) , (M- M)
8 2 2 wpack 1121

M,, = 170,769 ft-lbs
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Subject_ Drop Calculation for the 49 foot 106C Packaaing

Originator_P., M. Nquyen Pvar, Date___ 05/23/94
Checker S. S. Shiraqa 7 Date__ 06/14/94

W, 1 M, -M w, 1 M -M
Ru'( a-s; 10 . 2% :)+(__ﬂc£ 1 ., klu 1)*".:1::

10

Ry, = 212,338 1bs

MM,
M, -(wpack 12z - M, +Mn) + (Mu 'Ml)z
1
8 2 2 wpnck 11?2
M, = 169,926 ft-1bs
Woack 1 M -M Woack 1 M - M
Ry, =( Ec; 2 - kln 1) +( pu; 2. " ') * Weeses
Ry, = 211,229 1bs
Ma<M,
M, = (wpcck 18 oMy Mu) + M, - Mu)z
8 2 2 wpack 1!?3
My = 172,128 ft-1bs
Woacx 1 M) - M, W, 1 M, - M,
Ryy = (ch; = - 1.112 m) +( Ac; - _lln n) * Wi

Ry = 210,402 1bs
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Originator_P. M. Nguven e~ Date___05/23
Checker____S. S. Shiraga 2<” Date___06/14/94
MM,
M, = (wgack 1124 oM+ Mo) . (M, - Ma)2
8 2 2 wpac): 1124

M,, = 164,499 ft-1bs

W, 1 M, - M W, 1 M, - M
- pack ~13 . “m nl 4 pack <14 . °n o) + W
Ry ( 2 113 ) ( 2 .1“ scif1

R, = 207,606 1bs

MM,

M. = (wp-ck 1% M Mp) . M- M,)?

15 8 2 2

2 wplt.‘k .115

M, = 82,775 ft-1bs
w, 1 M -M w 1 M, -M
R, = (J""; L "lu °) +( P“; 15 . 6115 P) + Weeirs
- Rys = 94,645 1bs

MM,

2
M, - (wm, 1% M+ M,) . (M - M)
8 2 2 Wpack 1126

M,, = 151,065 ft-1bs
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Subject_ Drop Calculation for the 48 foot 10

6C Packagina
Originator_P. M. Nauyen A4/ Date__ 05/23/94
Checker S. S, Shiraga 7 Date___06/14/94

|1

w, 1 M -M w, 1 M, - M
B = ( p“; = . pl r) * (-Esg 2o =2 " p) + Weeirs
16

Ry, = 151,524 1bs

Weight of tapped stiffener: w . = 280.4 1bs
Weight of G loaded stiffener: W, ;s = 9 0q Weeits Wiz = 11,777 1bs
Reaction at Support 17:

1.6 ME - M
Ry = Wpack 21 - 7 ~ o+ Werirs
16

R,, = 127,374 1bs

Largest Moment and Reaction at Support 6, therefore evaluate for worst case
stiffener ring and pipe loading:

M, = 336,257 ft-1bs R, = 280,552 1bs
Determine highest stress on inner pipe section:
_Assume no strength contribution from outer skin.

Bending stress:

My Rops
obpiptn___fofa

Oppipe = 5,551 psi
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Subject_ Drop Calculation for the 49 foot 106C Packagina

Originator_P. M. Nguven prar/ Date___05/23/94
Checker____S. S. Shiraga A Date__ 06/14/94

Maximum shear stress:

R,
Tpipe = 2—A_p

Toipe = 9,226 psi

von Mises Stress:

- 2 2
Optot = \/obpipo +3 Tpipe

Opeor = 16,917 psi

ASME Allowable (Reference 3, Table ACS-1, p.77):

Ogeme = 23,270 psi

[+]
= asme _
MSpipe = — 1
ptot

MS,ipe = 0.38  OK

Stiffener Ring Parameters and Evaluation:

Model ring loading as a combination of a ring loaded by a distributed load
through the cross section, reacted against by a force causing a shear load
through the ring. See Figures 2 and 3 below. (Reference 8, pages 176 and 178,
Cases 20 and 25)

Poisson's Ratio for Carbon steel: v = 0.3

(Reference 3, page 516)

Bottom radius of ring: Rr“‘ = 29.25 in

B6-59
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Building_Tank 241-C-106 (106C) Rev. 0 JobNo.____
Subject__Drop Calculation for the 49 foot 106C Packaging
Originator_P. M. Nguyen om~/, Date___05/23/94
Checker____S. S. Shiraga L~ Date__ 06/14/9¢
Loading Due to Weight Loading Due to Reaction with Surface
/A-mld Geometry /A-n-d Geomstry
T
" ring J__qna_*
I "
- £
ring
]
Pm"‘:m‘ xf“n Bg
1’.ll
o1 Vrng * z u’;n,.(l:‘)
Figure 2 Figure 3

Width of ring: "Iring = 1.0 inch .

Angle for Case 25 is: 6 = D deg

Angle of evaluation: x = 0 deg

a) Case 20, Loading due to Weight:
Assume load per ring smeared throughout cross section:

- Load density:

u = cos(x) Z = sin(x)

From Figure 2, above:
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Building_Tank 241-C-106 (]106 Rev. 0 Job No.

Subject_ Drop Calculation for the 49 foot 106C Packaging
Originator_P. M. Nauyen em~ Date___05/23/94

Checker S. S. Shiraga Z27~” Date___06/14/94

Moment due to weight:
1 1 1
M,1=pm,R}‘m,(—2- rgu-35m z+-%‘-xz)
M,, = 2.13 X 10° Tbs-in/in
Tangential load due to weight:

2 1 1 1
T,l=pm,R,m,(1+-zu--2—1tz+—§xz)

T,, = 121,447 1bs/in

Radial Shear due to weight:

2 1 1 1
Ve = pszﬁngKE X u+ Z z) - 3 7 u]

V., = -152,615 1bs/in
b) Reaction load, Figure 3:

s = sin(8) c = cos(8) u_ = cos(x) z. . =

rxn rxn

Moment due to reaction:

sin(x)

M,, = Ry Ryyn; [0.2386 u,, - -21- §+0.15915 (X Z,p + 0 5 + C = Upyy cz)]

M., = 177,518 ft-bs
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Originator_P. M. Nauyen Pmn/ Date___05/23/94
Checker, S. S. Shiraga &~ Date__ 06/14/94

Tangential load due to reaction:
T,, = R, [0.15915 (X Zom = Upgy €7) = 0.07958 Uy, = 3 z,,,,]
T, = -72,868 1bs
Radial Shear due to reaction:

V.2 = Rg [0.15915 (x Uz --;- Zoen * Zrem cz) - % um,]

V,, = -152,615 1bs

c) Total Moments and Loads on Ring:

Mtotal = Ms1'1ring = Mrz Mtotul = 98.5 ft-1bs .
Teotat = Ts1Tring *+ Tra Teoral = 48,580 1bs
vtotal = Vs1.1ring + vrz vtotal = 0 1bs

Since the ratio of the radius to thickness of the ring is slightly less than 10,
treat as a curved beam:

Geometric Parameters of ring per Figure 2 above:

- Inside radius:

dp;
Ir.i.ng = 21d

Depth of ring: h = 3.25 in + 0.375 in

ring
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Subject__Drop Calculation for the 49 foot 106C Packaging

Originator_P. M. Nguyen Pmn Date__ _05/23/94
Checker____S. S. Shiraga Date__ 06/14/94

Neutral Axis radius:

= bring

na R
rzing

Center of gravity of ring:

Eccentricity:

ecc = r,, = I,

Cross sectional area of ring:

An‘ng = hz.i.ng lring
Stresses in ring:
Bending stress:
0 < Mioeas (Tna = Zring)
bottom
A ing €CC Tpring
Oporrom = 965 psi
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Subject__Drop Calculation for the 49 foot 106C Packaging
Originator_P. M. Nauven *mw~ Date___05/23/94
S. §. Shiraga 2~ Date__ 06/14/94

Checker

Tangential stress:

Shear stress:

Total stress:

o = Tzotal
ttop Atj,ng
Opeop = 13,401 psi

V.
= total
Tring = 2——-A _
Iring
Tring = 0 Psi

UT = Ubotww + attop + 7rin9
o, = 13,966 psi

(o]

MSgiitten = ;s:e -1
MS,ciere = 0.67  OK
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Checker, S. S. Shiraga &7 Date__ 06/14/94
Connections:

re
B
-

Where: i=1, 2, 3, 4

Figure 4

1) Stresses at pipe weld joints:
Largest moment at position h, largest reaction at Support 5.
Weldments at: between supports e (rxn load 5) and f (rxn load 6), g (rxn
Toad 7) and h (rxn load 8), k (rxn load 11) and 1 (rxn load 12), m (rxn
load 13) and n (rxn load 14).

Between support e and f:

M <M,

Weld distances: d, = 22.87 in d,, = 25.13 in

Moments on weld:

W, d M, - M
My, = "L“%“'ﬂ(ls - d,;) "'( °l f) d,; = M,

M, = 177,856 ft-1bs
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Checker S. S. Shiraga A/ Date_ _06/14/94

d

w, M - Mf
M,z = _Ec_kz"!z(ls = dy) "‘( .

) dyiz = M

M1z = 230,949 ft-1bs

Shear on weld:

1 M -M
Vo = Wpack ('?5 - dwz) + (_'_d..__i)

wl

V., = 33,101 1bs

Between support g and h:

MM, .

Weld distances: d, = 44.88 in do, = 3.13 in

Moments on weld:

w, d M, - M
Mg, = _&g_ﬂ(lv - dy) *+ (_LE_E) dy, - M,
.- M., = 87,440 ft-1bs
w d M, -M
My = "L""——"c’cz 221, - dyag) + ("‘L"""l_’ b) duzz = My

M, = 70,851 ft-1bs
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Subject__Drop Calcuiation for the 49 foot ]106C Packaging

Originator_P. M. Nguyen Qum~
Checker

Date__ 05/23/94
Date__06/14/94

S. S, Shiraqa /&7

Shear on weld:

V., = - 100,579 1bs
Between support k and 1:

MM,

Weld distances: d; = 17.13 in ds, = 30.87 in

Moments on weld:

W, ck dw.!

M -M
M, = ‘E‘E—_‘(ln = d,;) + [ x .

11

) dy; = M

Mg, = 161,568 ft-1bs

d M -M
= We!ckz wJZ(ln - dwjz) +( k 1

d,;, - M
111 ) w32 k

MvJZ

M, = 163,811 ft-Tbs

Shear on weld:

Vv,

'1=W

M - M
‘pack ("21‘1‘ - dvzz) + (T)

Vs = 29,889 Tbs
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Originator_P. M. Nguyen 9ms~ Date__05/23/94
Checker S. S. Shiraga .~ Date___06/14/94

Between support m and n:
Ma<M,
Weld distances: d, = 39.13 in d,. = 14.87 in

Moments on weld:

W, d M -M
Mvu _wg——!!(ln dw) * ( uln m) dvl Mm
My = 128,234 ft-1bs
w d M -M
M, = _3555_1_4_2_(113 - dyg) ( Dln m) duez - M,

M, = 157,432 ft-1bs

Shear on weld:

1 M -M
we = Wpack ("% - dw) +( nd m)

.- V, = -61,567 1bs
Largest load is M, between supports e and f:

Bending stress:

o = M, Ragig
w Ip

o, = 3,813 psi

B6-68



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS

Drawing_H-2-83724 Doc. No._PMN-DRDP-049 Page_30 of _47
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Originator_P. M. Nguyen ém Date___05/23/94

Checker S. S. Shiraga 7Zz2” Date___06/14/94

Shear stress:

17, = -3,307 psi

von Mises Stress on weld:

Ototwel = VO,, +3 1

0 = 6,881 psi

totwel

: O a5me
MSpye1q = ——— - 1

O tocwel

MS = 2.38 0K

pweld

2) Lead slump on the outer skin (skin weldment):

I o /
=~
JAY ANl 1 P
L R
Figure 5
Model thinest section only.
Inside diameter of skin: ippp, = 52 in
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Checker S. S, Shiraga A/ Date___06/]4/94
Thickness of skin: t,, = 0.1875 in

Outside diameter of skin:

cpm =55+ 2) -2 c.]

Cross sectional area of skin:

Apy = '14" (Osz’b - ipgb)

A, = 252 in?
Length between supports: L, = 48 in
Mid-point of length:
i @
Zpp 2
Radius of Tlead:
Ip = -f-g’—’ﬁ + 1.50inches

Angle of evaluation: 6p, = 180 deg

Poisson's ratio of carbon steel (Reference 3, page 516): v = 0.3
Density of lead (Reference 4, page 398): p,, = 0.4096 1bs/in’
Assume 62% density of shot: p, = 0.62:-p,
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Originator_P, M. Naguven emnN, .. Date___05/23/94
Checker S. S. Shiraga A« Date__ 06/14/94

Weight of lead between supports:

Wepp = App Pan Lpp

oo = 3,073 1bs
Pb weight smeared over the cross sectional area:

Cross sectional area:

Smear density:

Py = Wepp
= Agmy Lpp

Load between supports at angle of evaluation 6,,, stress due to lead slump
modeled using membrane theory of pipe filled between supports with material:

Tangential stress:

2
G1cad Psmr TPy

o, =
t
tnk

@ - cos(e b))

o, = 9,130 psi

Longitudinal stress:

Fi10ad Pemr

(] =
1

(;)cos(&bw-vat

g, = 1,001 psi
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Originator P, M. Nauyen emn Date

Checker___S. S. Shiraga &7 Date___06/14/94

Shear stress:

2
g Pamr [ Zrp
Ognr ® .-_.LL:'_;__. (._.2_) sin(epb)

O, = 0 psi

Total stress at maximum defiection which is at the center:

Oeor ® 0, + O + 0, Oeoe = 10,131 psi
Margin of safety:
ag
MSppstump = ;m -1
tot

MSppetmp = 1.3 OK

olt and Guid loads:

a) Blind flange bolts (load from blind flange weight and pressure):
YA, GHIAISAIAI A

o

7

N

L

AN

|
wy

——

WA AN AN,
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Originator_P. M. Nguyen emn Date___05/23/94
Checker S. S. Shiraga 2" Date__ 06/14/94

Weight of blind flange: wy = 441 1bs

Bolt Parameters on bilind flange (1-8 UN 2B X 2 1/4", ASTM A307, Gr. B) (Ref. 5):
Number of bolts: ng, = 16
Nominal diameter of bolts: dys = 1 inch

Tensile stress area of bolt (ref. 4, 1278):

A, = 0.7854 (d,,, - £:2743 inch i”"h)z
Ags = 0.606 in?
Allowable tensile strength (Reference 3, page 276, Table UCS-23):
Oyen = 55,000 psi
Average shear stress on bolts due to weight of blind flange:

= Fioad ¥pr1
Abf.!

Oport
Opore = 30,577 psi
Data from ASME calculations verification:

Total pressure load on bolts: W,

, = 28,096 1bs

Bolt stress from pressure:

= Wnu
Opolpres = m

Opotpres = 2,899 psi

Preload torqgue on bolts (Reference 5): Tps = from 285 to 305 ft-1bs
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Stress on bolts due to preload:

0. = — Tbr
bt 0.2 d,; A,

O, = 30,211 psi

Total stress on bolts, if all 16 engaged in shear on drop:

o
bolt
Ot1vo1 ® Opolpres * Opr * 16

Ofibot ™ 35,021 psi

°
- ten _
MSi¢por = 1 .

O fibol

Margin of Safety:

MS o = 0.57 0K
Total stress on bolt, if only 1 is engaged in shear on drop:

Or1bol * Opoipres ¥ Obr * Opore

OfipoL ™ 63,687 psi
Margin of Safety:
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Building_Tank 241-C-106 (]106C) Rev. 0 Job No.
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Checker S. S. Shiraga " Date___06/14/94

Minimum of engaged bolts in shear:

1
Oten = (obolpros + Oy
Opolt

=1.4

Therefore at minimum 2 bolts must be engaged in shear.

Stress on bolts with only 2 engaged in shear:

ag
= bolt
Oribor = obolpzess * Opr * 2

Osipor = 48,398 psi
Margin of Safety:

o
MS = ten
el O f1bo1 *
0.

Moo, = 0-14 0K
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b) Guide pins, 2 each:

Guide fins

1
A

YA AN AN,

A
Z\
7
%#wa
2\
YA IS ALY 7]

Figure 7

Guide pins, ASTM A-322, Grade 4130, 1/2" diameter (Reference 5)

Number of guide pins: Ngpin = 2
Guide pin diameter: d“p = 0.5 inch
Yield allowable (Reference 11): Senear ™ 120,000 psi

Tensile stress area of bolt (ref. 4, 1278):

‘ 2
A,y =0.7854 (dyp - _0_37.__4130-1_”5'-’}_)

Short beam shear stress on pin:

. 4 " Wor) ' Gloud

o
gpin . .
3 Dgpyn t Agy
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Job No.

Subject_ Drop Calculation for the 49 foot 106C Packaging
Originator_P. M. Nguyen PMY Date__ 05/23/94

Checker S. S. Shiraga /%"

Date

06/14/94

Ogin = 87,020 psi

Bending stress:

tog = 0.75 in dyg = 51.25 in

tos = 0.125 in

tgas * Wpey ° glold

Mg'pbend = 2
Mamberg = 1,158 1bf-in
=% .44
Ibfl 64 dgp
d
Mgpbend =
Ogpbend = TZ T

Guide pin total s*ress:

- spin

Spin = 110,603 psi

s

Msgpin = ;ha:az -1
pin
MS_.. = 0.1
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Drawing_H-2-83724 Doc. No._PMN-DROP-049 Page_39 of _47
Building_Tank 241-C-106 (]06C) Rev. 0 Job No.
Subject__Drop Calculation for the 49 foot 106C Packaging
Originator_P. M. Nguyen ¢mN Date___05/23/94
Checker S. S. Shiraga /A7 Date__ 06/14/94
st on _the Internal Plate osed :

o4

U

HHTNna

RERRRRRARRRERENS

2 1
% S
Rl
Figure 8
Determine loading on weld area:
Plate dimensions from (Reference 5):
Material of construction: Carbon Steel (ASTM A-516, GR 70)

Plate thickness 2 inch
For conservatism consider only inner pipe weld.
" ASME allowable: o0, = 23,270 psi
Weld size: w, = 0.1875 in.
Weld diameter: d, = 52 in.
Circumference of weld: c, =% ¢ d,
Loading from pressure calculations for joint discontinuity:
Speor ™ 9,478 psi
Shear area of weld: A, =0.707 - w, - c

L]
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Building_ Tank 24]1-C-106 (106C) Rev. Job No.

Drawing_H-2-83724 Doc. No. PMN DROP-049 Page_40 of _47

Subject__Drop Calculation for the 49 foot 106C Packaging
Originator_P. M. Nguven PMN Date___05/23/94
Checker S. S. Shiraga 7t/ Date__ 06/14/94

Maximum Shear on weld due to drop (loading from R,):

2 R,
Tarop = A
£ 4
Tyrop = 3,158 psi

Total stress on weld: O, = Tgeoo * Sprot

Opoc = 8,636 psi

Margin of Safety:

asme _ 4

M504 = 5
wtot

MSyq = 1.69  OK
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Drawing_H-2-83724 Doc. No._PMN-DROP-049 Page_4] of _47

Building_Tank 241-C-106 (106C) Rev. 0 Job No.
Subject__Drop Calculation for the 49 foot 106C Packaging

Originator_P. M. Nquyen gmW | Date___05/23/94
Checker____S. S. Shiraga /7 Date___06/14/94

Top cap bolt loads:

Yz Ly

ct
wtplute

LAl 0 i,

i = Bolt ¢ 2

Rl?

Figure 9

Loading from weight and reaction at support 17.
= 1,039 1bs
Bolts are 3/4 - 10 UN 2B X 2 1/4 inch, ASTM A-307, Gr. B.

Weight of plate: W,
Bolting parameters from Reference 5.
Diameter of bolts: dicbore = 0.750 inch
Number of bolts: n_ . = 24

Stress Area of bolts:

0.9743 Inch\?

Atc.bol: = 0.7854 (dtcbalc - 10

Bolt Tensile and allowable from Reference 3, page 276, Table UCS-23:
Tensile strength: o, = 55,000 psi
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Drawing_H-2-83724 Doc. No._PMN-DROP-D49 Page_42 of _47
Building_Tank 241-C-~106 (]06C) Rev. 0 Job No.____
Subject_ Drop Calculation for the 49 foot 106C Packaging

Originator_P. M. Nguven @wv, Date 3/9
Checker___S. S. Shiraga /A~ Date___06/14/94

Bolt shear allowable: o, = 0.8-(55,000 psi)

Ratio of rxn between top cap and mating flange:

R., = 72,785 1bs

Total shear load on top cap bolts:

F = 29,165 1bs

Foher = Rex - gloud'wtplate shet

Shear stress per bolt:

4 Fohee

< = -
ctsh
3 nctbolt Acc.bol:

Teesh = 4,845 psi

Moment of top cap:

CG of plate is at midplane: CG,,, = 2.476 inch

Moment : M, = glo,d'w:pme' Cthlan

M., = 108,003 in-1bs

B6-81



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS

Drawing_H-2-83724 ___ Doc. No._PMN-DROP-049 Page_43 of _47
Building_Tank 241-C-106 (10 ) _ Rev. 0 Job No.____
Subject__Drop Calculation for the 49 foot 106C Packaging

Originator_P. M., Nguyen fMN Date___05/23/94
Checker S. S. Shiraga &~ Date__ 06/14/94

Pivot Point

Figure 10

Bolts in circular pattern:
Largest radius about pivot about edge is: r,g = 57.5 inches

Tensile load on bolts:

- F . T M.
ctbol 23

g (#2)?

Foepor = 156 1bs
Torque on bolts (Reference 5): Tee = from 118 to 128 ft-1bs
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Drawing_H-2-83724 Doc. No._PMN-DROP-049 Page_44 of _47
Building_Tank 241-C-106 (106 Rev. 0 Job No.
Subject__Drop C lation for the 49 foot 10 ackagin

Originator_P. M. Nguyen &ww,, Date__ 05/23/94
Checker S. S. Shiragqa Date___06/14/94

Bolt preload stress:

T,

te
0.2 dyeposr Arcborr

, =
P

g, = 35,161 psi

Tensile stress on bolts:

F, ctbol

tebol

o ctbol

Ocpo = 468 psi

Total stress on top cap bolt (if only one engaged in shear of drop):
Otetbott ™ Tetbot ¥ T ¥ Moot " Tersh
Ovcebory = 151,897 psi
Margin of Safety:

o
ten . 9
O toebolt

MS, epor =

Moo = -0.63 NG

Therefore more than one bolt needs to engaged in shear.
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Drawing_H-2-83724 Doc. No. _mN;QBQLQﬁ_ Page_45 of _47
Building_Tank 241-C-106 (106C) Rev. JobNo.
Subject__Drop Calculation for the 49 foot 1gsg Packaging
Originator_P. M. Nguyen _ tMVN Date___05/23/94
Checker____S. S, Shiraga /2~ Date___06/14/94

Determine minimum number of engaged bolts:

1
Oron ~ (acr.bcl + 01)

nctbal t 1.r:ub

=5.0

Therefore at minimum 5 bolts are required to be engaged.

Total stress on top cap bolts if all 24 bolts engaged:

o =0 +0, +7

tctbol24 ctbol ctsh

Oictbotos ™ 39,929 psi

Margin of Safety: .

- OEGH -1

M‘Szaccbo] = o
tctbol24

MS, o = 0-53  OK

Short Beam Shear:

/ /

) L 4 )

C / / ¢
> 25 7 2 1 R%

o[

Figure 11

Short sections between supports 1 and 2, 3 and 4, 9 and 10 and, 15 and 16.
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WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS
Doc. No._PMN-DROP-049 Page_46 of _47

Originator_P. M. Nauyern fmWN ., Date____05/23/94
Checker S. S. Shiraga AL~ Date__ 06/14/94

Largest reaction loading at support 16 (thin outer skin):

Outside radius of pipe:

Rebean = 27-.88 in
Reaction: R,, = 151,574 1bs

Shear stress in member:

2 Ry

tsbonm =

-14—: (Odgips - id:ipe}

Tepean = 9,077 psi

Bending stress in member:

O sboanm = ME ‘};sbeam

pl

Oppean = 1,548 psi

von Mises Stresses:

_ 3
Csbtot = ﬁsbum “ (3 Tpeam?

osbtot

= 15,310 psi
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Drawing_H-2-83724 Doc. No._PMN-DROP-049 Page_47 of _47
Building_Tank 241-C-106 (106C Rev. 0 Job No.
Subject__Drop Calculation for the 49 foot 106C Packaging
Originator_P. M. Nguyen ¢*N, Date__ 05/23/94
Checker, S. S. Shiraga 2<£~7 Date__ 06/14/94

Margin of safety:
MS, = Casme _ 1
oabr:oc
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Drawing__H-2-83724 Doc. No._PMN-PUMP-049 Page_]l of _7_
Building__Tank 24]1-C-106 (]06C) Rev. 0 Job No.
Subject__ Payload Impact to Flange Cover Due to Vibrational Sho a

Jriginator__P. M. Nguyen ¢™ . Date 05/26/94
Checker S. S. Shiraga %%N Date 06/13/94

Objective:

The objective of this analysis is to determine the loading for the 106C-49 foot
package top flange and bolts due to the payload (pump) impact which resulted from
vibrational shock. This analysis is necessary since the payload is not
restrained within the packaging (Reference 1).

References:

1. WHC-SD-TP-PDC-015, Rev. 0-A, Packaging Design Criteria Transfer and
Disposal of Equipment, Tank 241-C-106 Waste Sluicing System.

2. ANST 14,23, ®Draft American National Standard Design Basis for Resistance
to Shock and Vibration of Radioactive Material Packages Greater than One
Ton in Truck Transport", 1987.

3. American Society of Mechanical Engineers, Boiler and Pressure Vessels,
Section VIII, Division 2, 1989.

4, Industrial Press, Machinery's Handbook, 23 rd edition.
5. WHC Drawings, No. H-2-83722, H-2-83724, H-2-83725, H-2-83726 and H-2-83727.
6. Design Analysis, W0/Job No. ER4289, Kaiser Engineers Hanford, Nov. 11,

1993,
7. Roark, Formulas for Stress and Strain, 4th edition.
8. American Society of Mechanical Engineers, Boiler and Pressure Vessels,

Section VIII, Division 1, 1989.

Results and Conclusions:

The results show that the transporting shock load induced by the unrestrained
payload striking in the inner flange will result in local buckling failure of the
container inner flange (Margin of Safety of -0.047). Therefore, it is
recommended that the payload be restrained inside the container. Although the
boits appear to be stressed beyond yield, there is sufficient preload and
conservatism within the calculaticns to prevent unloading of the gasket. The
calculational conservatism results from the bolt tightening calculations which do
not take into account that the torsional stress disappears and the principle
stresses are reduced after initial tightening of the bolts.
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Drawing__H-2-83724 Doc. No._PMN-PUMP-049 Page_2 of _7_
Building__Tank 241-C-106 (106C) Rev, 1] Job No.
Subject__ Payload act t e Cover to Vibrationa a
Originator__P. M. Nguyen fmw~ Date 05/26/94
Checker S. S. Shiraga &4/ Date 06/13/94

IV. Engineering Evaluation:
Load on Top Flange:

Model as a circular flat plate which is simply supported. Maximum moment is at
center. Since contact area is unknown assume for conservation contact radius is
less than % the flange thickness and use contact radius specified in ref. 7,
Roark and Young, page 366.

Weight of Pump (Reference 6): Hp‘p = 3,152 1bs
O
PPump
’dplnte T—1 BC od plate
l tolate] | .
[] p—t
Figure 1

Dimensional Parameters of Flange:

Flange thickness:

Bolt circle diameter:

BC = 49.250" in.
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Drawing__H-2-83724 Doc. No._PMN-PUMP-049 Page_3 of _7_
Building__Tank 241-C-]06 (106C) Rev. 0 Job No.
Subject load ct _to Flange Cov e to Vibrational § 0
Originator__P. M. Nguyen MmN Date 05/26/%4
Checker S. S. Shiraga Z7/ Date 06/13/94

0D of Flange:

od,..p = 51.25° in.

Inner contact Flange diameter:

id,1,ee = 47.250" in.

From Reference 2:

Shock induced vibration "G" factor: (Longitudinal direction)

g, =2.3
Shock induced load:
Foup = Woump' 91

From Reference 7, page 366, define contact radius ry:

r = b delace
plate 2

rcon = 41'6' 'rplmcazf + tplatez - 0.675: tp.lnt:e

Ieon = 29.39° in.

Poisson's Ratio (Ref. 3):

v =0.30

Maximum radial moment at center:
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Drawing__H-2-83724 Doc. No._PMN-PUMP-049 Page_4 of _7_
Building__Tank 241-C-106 (]06() Rev. Job No.

Subject___ Payload 1 over Due to Vi ]
Originator__P. M. Nquyen ™~ Date 05/26/9
Checker S. S. Shiraga ZZ/ Date___ 06/13/94

M = Frup. (1 +v)'1n Ipiate) , 1
T 4'n

M, = 415 1lbs

Maximum tangential moment at center:

M, =M

Maximum radial stress:

6 M

plate

Maximum tangential stress:

6 M,
t 2
tp.laca

Total stress at center:

Otor =0, *+ 0,

I con

X

0, = 4,424 psi

o, = 4,424 psi

O, = 8,848 psi

Combine with load from reduced pressure calculations:

Material allowable from Reference 3:

s, = 23,270 psi

Flange loading from external pressure reduction calculations at 2 flange center:

O ess = 15,615 psi

pr
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Drawing__H-2-83724 Doc. No._PMN-PUMP-049 Page_5 of _7_
Building__Tank 241-C-106 (]06C) Rev. 0 Job No.

Subject__ Payload Impact to Flange Cover Due to Vibrational Shock lLoad
Originator__P. M. Nguyen tM™ Date 05/26/94
Checker S. S. Shiraga & Date 06/13/94

Total combined loading:

sftot = ctot + apress

Seeor = 24,429 psi
Margin of safety:

Load on bolts:
Applied Toad on each bolt due to pump impact:
Number of bolts:

Dpore = 16
F
Fp, = 2w F,, = 453 lbs
Dpoyt

In this case to determine load generated by bending moments from the plate.

My = Fo' Injeee M, = 893- £t 1bs

Load per bolt:

Distance between bolt hole and edge of plate:

5§ = 0dp,.e = BC
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Drawing__H-2-83724 Doc. No._PMN-PUMP-049 Page_6 of _7
Building nk 241-C-106 (]06C Rev. 0 Job No.
Subject ac v to Vi ional c ad
Originator__P. M. Nguyen eun Date 05/26/94
Checker S. §. Shiraga /& Date____06/13/94

Diameter of bolt hole: d,.., = 1.125 in

r - Yobore
hole 2

. v 582 - 4. 3

3 Odplul:o s 4 rhole
. e g3 o Q.. 4
8 odpln:a S 3'n rbola

Py =4 My

P, = 8026* lbs

Total bolt load on one bolt:

Fpeor = Fpa + P Fpeor = 8480 lbs

Tensile stress on bolt from shock induced vibration impact of pump: .

Nominal diameter of bolt:

dpo;e = 1 in,
Number of threads per inch:
"~ in.

Tensile stress and area:

2
A,, = 0.7845 [dbm - (9-'37—4—3)}
nep
F,
o, = et O, = 14015 psi
Ape
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Drawing__H-2-83724 Doc. No. _guu_guug_ggg___ Page_7 of _71_
Building__Tank 241-C~106 (106C) Rev. 0 b No.
Subject___Payload Impact Flan to Vibrati

Originator__P. M. Nguyen _mn Date 05/26/94
Checker S. S. Shiraga & Date 0v/13/94

Combine from ASME code verification calculation on bolt loading:
Bolting material allowable (Reference 8):
S = 55,000 psi
Bolt loading from ASME code verification calculations:
Opor = 32,270 psi
Total combined loading:
Sptot ™ Ttb + Opote
Sprot = 46,285 psi
Margin of safety:
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Drawing_H-2-83724 Doc. No. __BMN_BBJEBA_Q&E_ Page_] of _3_
Building_Tank 241-C-106 (106C) _ Rev. bNo.
Subject__Temperature Brittle Fracture Eyg]ua&jon
Originator___P. M. Nguyen PM\NowARA~ Date__05/06/94
Checker S. S. Shiraga sarforrX. . Date__06/13/94

Objectives:

The objective of this evaluation is to verify that the containment materials used
in the fabrication of the disposal packaging meet the brittle fracture
requirements of Reference 2 at the design temperature range of -10°F to 115°F in
order to satisfy the requirements of Reference 1.

References:

1. WHC-SD-TP-PDC-015, Rev. 0-A, "Packaging Design Criteria Transfer and
Disposal of Equipment, Tank 241-C-106 Waste Sluicing System".

2. American Society of Mechanical Engineers, Broiler and Pressure Vessels,
Section VIII, Division 1, 1989,

3. WHC Drawing No., H-2-83722, H-2-83724, H-2-83725, H-2-83726 and H-2-83727.
Results and Conclusions:

This evaluation shows that some of the packaging containment materials used .
the packaging design do not meet all requirements for extreme low temperature
service identified in References 1 and 2. Specifically the primary containment
flanges have a nominal thickness of 1.25 to 2 inches which is greater than
specified in Reference 2. The essential component of low temperature brittle
fracture is load. When at rest horizontally and with no internal pressure, only
the primary containment piping and flange bolts are under static load. This
would allow the flanges to exceed the thickness limits specified in Reference 2,
since they bear no significant loads. However, it is imperative that the Safety
Evaluation for Packaging (SEP) states that no movement or handling of the
container or application of any external load is allowed for temperatures below
0°F, as a safety precaution. Also, since the contents of the packaging may
generate hydrogen gas, the container must be vented to prevent pressurization at
extreme low temperatures, in order to prevent loading of the flanges.

|B6-94



Ry

v.

WHC«.‘\SD-TP-SEP-OM Rev. 0

ENGINEERING ANALYSIS

Drawing_H-2-83724 Doc. No. __gﬂu_ﬁglfﬂa_gggm Page_z of _3_
Building_Tank 241-C-106 (106() Rev, b No
Subject__Temperature Brittle Fracture fva uation

Originator__P. M. Nquyen  *#A Date__06/06/94

Checker S. S. Shiraga Kgégng Date__06/13/94

Engineering Evaluation:

Containment component materials of construction (Reference 3):

1)
2)
3)
4)
5)

Inner flange 1 inch bolts: ASTM A 307, Grade B

Containment and shielding piping, 0.375 inch thick: ASTM 516, Grade 70
Inner Containment flange, 1.25 inch thick: ASTM 516

Inner Hub Flange, 1.75 inch thick: ASTM 516

2" Thick outer flange: ASTM 516

Section UG-20 Design Temperatures (Reference 2, page 20), states that the
requirements for exemptions from Impact Testing are:

Paragraph (1)(b): Nominal thickness for noted materials in Curves B, C or D
of Figure UCS-66 1imited to 1 inch.

Paragraph (2): Hydrostatic testing, since container primary containment
is not under pressure, none required. Outer skin is
decay pressure tested.

Paragraph (3): Design temperatures no warmer than 650 °F nor colder than
~20 °F. Design temperatures as specified in Reference 1
are -10 °F and 115 °F.

Paragraph (4): No shock or mechanical loadings at low temperature
extreme.

Paragraph (5): Since one way transport and no movement at extreme low
temperatures, no cyclic loads.

Therefore, under extreme low temperature conditions (less than 0°F) no operations
shall be allowed with the container.

Of these components, those under static load during extreme design temperatures
are the bolts (item 1), containment and shielding piping (item 2).
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Drawing_H-2-83724 Doc. No. __BHN_EBLEBA_QAQ_ Page_3 of _3
Building_Tank 241-C-106_(]06C)__ Rev.___ b No.
Subject_ Temperature Brittle E__im_iﬂlyiﬁ&ﬂ___________r
Originator__P. M. Nguyen M~ Date__06/06/94
Checker S. S. Shiraga  4r Date__06/13/94
Curve From UCS-66:
1
-
w ;// #—‘
(] ! Y. l,d//
‘i i // L~
" 7 [J,
§ . / ’?f,—f" iy
| DA AT o
LA
4
LA
oA A e el e =
L 1
[t ) 1 ] mvi_‘ 4 [ ]

Rimiaes © 4 I for Weites Constramion)

FIK. UCS-64 MIPACT TEST DXEMPTION CURVES (SES UCS-4bla)]

Figure 1

Containment piping all < 1/2 inch, from notes in Reference 2, page 172:

Use Curve B, at low extreme design temperature the thickness limit is
greater 1/2 inch, neither component is thicker than 1/2 inch, therefore OK.

Inner flange 1 inch bolts:

Use notes on page 172 of Reference 2, Impact testing exemption temperature
1imit is -20 °F. This is below low extreme temperature specified in
Reference 1, therefore OK.
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Drawing__H-2-83724, H-2-83726 _ Doc. No. PMN-LIFT-049 __ Page_] of _18
Building_Tank 24}-C-106 (]106C) Rev. 0 Job No.
Subject__Lifting Cajculations

Originator___P. M. Nguyen SmAQuvem Date__05/23/94
Checker S. S. Shiraga xS Al . Date_ 06/]15/94
Objective:

The objective of this analysis is to evaluate the stress induced by 1ifting
operations for the 106C-49 foot package.

References:

1. American Institute Steel Construction, Manual of Steel Construction, Ninth
Edition,

2. American Society of Mechanical Engineers, Boiler Pressure and Vessels,

Section VIII, Division 2, 1989.

3. ANSI N14.6, "American National Standard for Radioactive Materials Special
Lifting Devices for Shipping Containers Weighing 10,000 1bs (4,500 kg) or

More", 1993.

4, WHC Drawings, H-2-83722, H-2-83724, H-2-83725, H-2-83726 and
H-2-83727.

5. Roark, Formulas for Stress and Strain, 4th edition.

Results and Conclusions:

The 1ifting evaluation is performed for the 106C 49 foot packaging system for
four situations. For additional conservatism, the margins of safety for each
analysis is based on Reference 1 allowables. Margins of safety based on
Reference 2 are provided for information only. For conservatism the container is
assumed to be lifted from the end rings which in practice it is not. The results
are:

1. Shielded container being 1ifted horizontally (0 deg elevation). Margin of
Safety for this analysis is 0.8, therefore the shielded package can
withstand the stress induced by the operational horizontal 1ift.

2. Shielded container being lifted at an angle (10 deg elevation). Margin of
Safety for bending and compressive within this evaluation are 0.42 and
11.9, hence the shielded package can withstand the angle 1ifting stress.

3. Non-shielded container being 1ifted horizontally (0 deg elevation). Margin
of Safety for this analysis is 3.42, therefore the non-shielded package can
withstand the stress induced by the operational horizontal lift.

4, Non-shielded container being l1ifted at an angle (10 deg elevation). Margin
of Safety for bending and compressive within this evaluation are 2.35 and
29.1, hence the non-shielded package can withstand the angle lifting
stress.
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Building -C-106 (106C) Rev. 0 Job No.
Subject__Lifting Calculations
Originator___ P, M. Nguyen fMn Date__05/23/94
Checker, S. S. Shiraqa Z77/ Date__06/15/94

Based upon this analysis, the container can be safely 1ifted at the spacified
orientations.
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Drawing__ H-2-83724, H-2-83726 Doc. No._PMN-LIFT-049 Page_3 of _18
Building_Tank 241-C-106 (106C) Rev. 0 Job No.
Subject__Lifting Calculations

Originator___P. M. Nguyen emN Date__05/23/94
Checker S. S. Shiraga /" Date_ 06/15/94

Engineering Evaluation:

Assume crane components are rigid.

1. Container parameters:

Pipe od: dpy = 52 in Pipe thickness: tpu = 0.38 in
Pipe id: dpjg = dpg - 2 - 1,
Area:

. dp,d - dp,d

Pipe moment of inertia:

x - FPop' - dPud
» 64

Outer pipe cross section (thick portion):

Ay, = 1.5 i to, = 0.375 in
Ropipe =26 in + 1.5 in + topipe
0dgpipe = 2 * Rogipe idonipe = 2 (Ropipe = topipe)

Cross section area:

0d pine? = 1d,0i00°
Aopz =q ( opipe < opipe
Moment of inertia:
od 2 - id_ .. 2
IT.=x - opipe opipe
e (el 2
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Drawing__H-2-83724, H-2-83726 Doc. No._PMN-LIFT-049 Page_4 of _18
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Outer pipe cross section (thin portion):

dg, = 1.5 in topenin = 0.1875 in
Ropthin = 26 in + 1.5 in + opthin
Odopthin =2- chthin 1.do:aptrhin =2 (Repthin - topthin)
Cross section area:
od 2 - id_ inin’
Aopl =% ° (_po thin 7 opth )
Moment of inertia:
od, cpin - 1d 2
Iop) =x ( pthin 7 opthin )
Iy =1+ 1,
Length of container: Teon = 49 ft
Weight of container with shielding: W, = 65,884 1bs
Weight of container without shielding: W, = 28,238 1bs
Weight of shielding: W, = 37,646 1bs
Elastic modulus at 115°F (Reference 2): E_, = 29.258 X 10® psi
ASME yield strength for ASTM A-516: Sy = 38,000 psi
ASME allowables: Se = 23,270 psi

AISC allowables (Reference 1):

...3_3..0..9_ = 86,84

ksi
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Odenin . 147,67

Loy

Therefore a compact section.
Bending allowable: Fp = 0.66 - 5, F, = 25,080 psi
Compression allowable:
Define: K. =1

Radius of gyration:

od
gy = 0.707 « —22E2
, K, -1
ratio = —£——=28
[-2£1%

ratio = 30.04

2'n?-E
Cc = 5 cstl
y
C, = 123.28

Since ratio << C_ then compression allowable is:

(1 _ ratloz) s,

F = 2-Cc2
* (g) , 3 -ratio _ ratic®
3 8 C, 8 -cc3

F, = 20,995 psi
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Determine center of gravity of container with shielding:

Shielding

L7/

AN A’
AU

Length of shielding:

Figure 1

_ 49 ft

Length from end to shielding:

cg of shielded section:

1, =2 1in
]ecg = ]sh + ]n

l,p = 24.67 ft

cg of container (cg of entire pkg at thick skin):

L =

B6-

1o, = 288.385 in

Wcoa i 1ccg + Wnb - 1

cg ch

scg

Leg = 293 in

102
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3. Determine loading with two pick point with shielding:

Model as a simply supported beam with a concentrated load at the cg.

G loading of 1ift (Reference 3): 9yype = 1.5
Load due to lifting: Witee ™ uiiee - Weg
Moy = Wisre * Leg * (doon = Leg)

‘l con

Mo = 1.21 X 10° ft-1bs
Bending at 1ift point (1ift pts at thin skin):

od
M . opthin
- 2

c
b1
I,

0,, = 12,323 psi

Vertical shear loading and maximum shear stress at 1ift point:

p = Wisee (lcon ~ ch)
1

lcon

- P, = 49,625 psi

P

111=2"j‘
P

T, = 1,632 psi
Maximum total stress:
Oor1 ™= Opy + Ty

Opory = 13,955 psi
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S
MS, = —2 -1
Gioe1

ASME Allowable  MS,, = 0.25

AISC Allowable MS, = 0.8 0K

4. Determine loading at angle a with shielding:
Evaluation angle: a = 10 deg

Assume height of crane hook: d_.,., = 70 ft

c

Equilibrium equations:

Forces:
Fy+ T, -~ Wy =0

FD-TAEO

Fy= Wy = Ty
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Moments:

Taking moments about point O.

Fy " (dcon * €OS(@)) = Fp * (1ooy * 8i0(R)) = Wyypp * [(deon = Iog) * COS(®)] = O

F,=F, (M‘Q) + Wyipe -[1 - (-l%i)]

cos(a)
T, = T,- tan (B)
= Aerane = deon ' Sina)
P ata.r{ Jdeon © COS(®)

8 = 51.88 deg

Fy = Wi - Tp- tan (8)

- . [sina) . lgg
Fo= T (COS(I!)) * Wiige [l (lcoa

Solve for T, then the rest:

cos(a)

Wige = Ty - tanp) = T, (Mﬂ) * Wige '[1 i (#)]
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Lc,

Ty = Wygee * 1. *[tan(P) + tan(a))

T, = 33,917 Ibs

= . L"?
Fo = Wuare " 7—Ttanp) + tana)]
F, = 33,917 1bs
T, = Wyige * Leg - tanf

leon * [tan(P) + tan(a))

T, = 43,220 1bs

L., ' tan(a) + (1 - L
[{con * (tan(f)) + tan(a)] 1

con

F, = 55,606 1bs

Ftot = VF‘, + Fy,

Feor = 65,134 1bs

Tror =Ty + T

T = 54,940 1bs
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Transform coordinates to container centerline:

Total angle:

6 = 58.62 deg
Fen = Froe - cOS(8-2) F, = 43,058 1bs
Fev = Fror - sin(6-a) F., = 48,871 1bs
Ten = Teor = COS(B+a) T, = 25,897 1bs
Tev = Teoe + sin(B+a) T, = 48,453 1bs
h@m i'“ sin(a) ITC\VM 2
Fen cg 7 Feh
Figure 3

Conservatively model as a simply supported beam with concentrated load at the cg,
end load of F_, and unequal moments due to vertical forces (case 8, p.150,
Reference 5).

Determine moments about the cg:
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Location of evaluation: Xx=1

(2}
- M, (n 1
i+ (SO el ) o 3)

Mg = 1.43 X 10° ft- 1bs

M., = Wy *8in(a) L,

Mor = Mijse + Moo
My = 1.85 X 10° ft - 1bs

Compressive stress:

Ocomp = 1,625 psi

Bending stress:

M . dpod

tot 2
Oprire = T
P2

Opiiee = 17,709 psi

AISC combined stress (Reference 1):

Ocomp , Obrite o g 7@
Fn Fb
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ASME allowable (Reference 2):

S,
MS,, = ==t -1

Opiire

ASME Allowable MS,, = 1.15
AISC allowable (Reference 1):

MS, = 5. -1
2 g
blife

AISC Bending Allowable MS, = 0.42 0K

F,
MS,. = —
comp

-1

AISC Compressive Allowable  MS, = 11.9 0K

5. Container without shielding:

Model as a simply supported beam with a concentrated load at the cg.

g loading of 1ift (Reference 3): 9ygpe = 1.5

Wite = 9uiee ° Weon

b = Hasze Lep* Ueon = Log)
1 con

Mu, = 518,684 ft-1bs
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Bending at 1ift point:

Oy = 4,958 psi

Vertical shear loading and maximum shear stress at 1ift point:

P= Wiser * (loon = lccg>

lcon

P, = 21,583 bs

P
T, =2 =2
4

T,, = 710 psi
Maximum total stress:

Otor1 ® Oy + Ty

Opory = 5,668 psi

S,

MS,, = (
2 O¢ocs

)y -1

ASME Allowable  MS, = 2.09

Fp

Oroes

MS;b-( )—1

AISC Allowable  MS,, = 3.42 OK
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6. Determine loading at angle a without shielding:

1, .
Ty = Wige I - (tan(p) + tan(a))

T, = 14,321 1bs

Leog

Fyp = Wigee * 1.+ (tan(B) + tan(a))

F, = 14,321 1bs

= . Ieeg
Tv = Wure " TT—Ttan(p) = tan(an]  con (P

T, = 18,249 1bs

- . 1., ' tan(a) _ deeg
Fv = Wiiee (1o, * (tan(p) + tan(a))) *(1 1eon

F, = 24,108 Tbs

F:ot = VFV + Fy

Feoe ® 28,041 1bs

tot

Teor = yIv + T

Teor ™ 23,197 1bs

tot

B6-111




WHC-SD-TP-SEP-024 Rev. 0

1

ENGINEERING ANALYSIS .

Drawing__H-2-83724, H-2-83726 Doc. No. Et{lﬂ LIFT-049 Page__l_q of _18
Building_Tank 241-C-106 (]06C) Rev. b No.
Sub_)ect Lifting Calculations

Originator__P. M. Nguyen omw Date_ 05/23/94
Checker S. S. Shiraga A/ Date_06/15/94

Transform coordinates to container centerline:

Total angle:

0 = acos( Fy )

tot

8 = 59.29 deg
Fon = Feor - COS(6 - a)

Fo = 18,290 1bs
Foo = Feor - SiN(6 - @)

F., = 21,225 1bs
Teh = Tor - €0S(8 - a)

T, = 10,934 1bs .
Tew = Teor + Sin(@ - @)

T,, = 20,458 1bs

Conservatively model as a simply supported beam with concentrated load at the cg,
end load of F_, and unequal moments due to vertical forces (case 8, p. 150,
Reference 5).

Determine moments about the cg:
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Location of evaluation: X = “Im
_[M, - M, - cos(D) ) s x ) X
M [ sTn (0] -8i 7 + M, -cos 7

M = 604,617 ft -1bs

Mcm = wlift - sin(a) - ch

Meor = Miiee + Meon
M., = 784,085 ft-lbs

Bending stress:

. GPog

MCOC 2

g ; T e e
blift
I,

Opiige = 7,495 psi

Compressive stress:

p - Mg
camp
AP

Ocomp = 696 psi

AISC combined stress (Reference 1):

o
comp , Oblire o
F, 7, 33
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F
MS,, = —2— -1
Oprire

AISC Allowable  MS,, = 2.35 OK

AISC Allowable MS, = 29.1 OK
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I. Objective:

The objective of this analysis is to evaluate the pressurization of the
106C-49 foot package as required in Reference 5.

1I. ferenc

1. WHC-SD-TP-PDC-015, Rev. 0-A, "Packaging Design Criteria Transfer
and Disposal of Equipment, Tank 241-C-106 Waste Sluicing System".

2. American Society of Mechanical Engineers, Boiler Pressure and
Vessels, Section VIII, Division 2, 1989.

3. WHC Drawing No., H-2-83722, H-2-83724, H-2-83725, H-2-83726 and
H-2-83727.

4. Roark, Formulas for Stress and Strain, 4th ed., R. J. Roark.

5. US-NRC, 10 CFR Part 71, "Packaging and Transportation of
Radioactive Materials"”.

6. Memorandum, 84100-94-DBC-186, D. B. Calmus to S. S. Shiraga,
"Container Barriers for 106-C Packaging", dated June 3, 1994.

I111. Results and Conclusions:

The analysis is performed for the increased external pressure of 20 psi
and decreased external pressure of 3.5 psi, per Reference 1.
Subsequently, the largest pressure differential results from decreased
external pressure. Only the largest pressure differential of 11.2 psi
which is internal was evaluated. The inner flange at the top and the 2"
thick flange at the bottom end are considered the primary containment
boundaries for transportation per Reference 6.

The results show that the package design is adequate to withstand the
pressure differentials specified in Reference 5. Also the results are
used in conjunction with the drop and pump impact evaluation, to
determine performance under combined loading.

B6-115



Drawing__H-2-83724 Doc. No._PMN-PRES-049  Page_2 of _]0
Building__Tank 24]1-C-106 (106C)  Rev. 0 Job No.___
Subject__Pressure Increase and Decrease Evaluation
Originator__P. M. Nauyen emA Date__05/24/94
Checker, S. S, Shiraga /47 Date__06/16/94

IV. Engineering Evaluation:

WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS

Pressure Change Evaluation Bottom End

Pipe and flange parameters:

Modulus of Elasticity (Ref.2): Eggey = 29.258 x10° psi
Poisson Ratio (Ref. 2): Vet = 0.3
Container diameter (Ref. 3): od, = 52 inch
od
5=

Wall thickness of pipe (Ref. 3): t, = 0.375 inch

ASME allowable (Reference 2, Table ACS-1, p.77): s, = 23,270 psi
l2 \
_{_4'}_.’_ _________ / / ]

=

Figure 1
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Thickness of flange (Ref. 3): t, = 2.00 inch

Ecstl t;
12 (1 - V)

D,

3
= Ecscl tP

P12 (1 - veesd)

4

>
u
——
W
o
]
<
12
]
iad
b
N
~——
i

sz t:p2

Container Mid Sections Stress (Reference 4, page 298, Case 1):

Evaluate package for reduction in external pressure (Ref. 1):
Preg = 11.2 psi

Meridional stress:

s, = Fredfo
2 ¢t,
s, = 388 psi
Hoop stress:
s, = Frede
2 t,
s, = 777 psi
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Container End Discontinuity Stress (Reference 4, page 307, Case 30):

Prog Rp> A2 Dp | 2P R2ADE,, t; D,

M 4 D¢ (1+Vc.“) Ecgel tp (1—% vcu.l)[Ecnl te+2 Rp Dp 193(1-‘,:‘&1)]
=
°

24, + 2 Ry A2 Dy _ Ap Bcoes tr

Df (1 + v‘-‘"-'-l) Ec.ltl tt+2 Dt )'ps R;(]'-vclcl)

M, = 124 1bs-in/in

2
y L 2R M D

[2 N P R2AZD,
° P Dy (14Veer))

4 Dp (14Vege)

V, = 784 ft'' 1bs

Hoop stress: .
Sprmax = % A2 R,
P
Shomax = ~2,913 psi
Spomax = 2t;’° A R,

Shemax = ~3,729 psi

Sthmax = Shrmax * Shemax * S2

Sermax = ~5,866 psi

B6-118 |



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS

Drawing__H-2-83724 Doc. No._PMN-PRES-049 Page_5 of _10
Building__Tank 24}-C-106 (106C) Rev. 0 Job No.___
Subject_ Pressure Increase and Decrease Evaluation

Originator__P. M. Nguyen esd Date__05/24/94
Checker S. S. Shiraga L/ Date__06/16/94

Smsmax ® 2,180 psi

snmx=smhmax+snsmx+sl

Setmex = 2,755 psi

Jotal stress:

Sbcoc = Spemax * stbmx

Speot ™ 9,478 psi
argin of Safety:

s, = 3.25 0K

Container bottom flange stress (Reference 4, page 307, Case 30):

Flange pressure loading: W, = pR’ W, = 23,786 1bs
Flange thickness (Reference 3): t, = 1.75 in
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Model as a simply supported plate.

i stress fr

ressure at cent e:
3w
8g = —— * (3m+1)
8 mts

where: m

cstl

S¢. = 2,342 psi

Maximum stress from moment at center of flange:

Shear stress:

s, = 33 psi

Total Flange stress:

Sttor ™ Str t Semr + S,

Seror = 2,561 psi
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Margin of Safety:
MS, = —2. -1
ftot
Ms, = 8.09 0K

Pressure Change Evaluation Top End:

Hub Flange thickness:

Blind Flange thickness:

t; = 1.75 inches

t,; = 0.75 inches

Evaluate package for reduction in external pressure.

Proa Ry AP Dy |

2 Pzed Epz A’g; Ec.ltl tf D)

4 Df (1+vcs:1)

1
Eeser &5 (1"3 vcsu)[Ecst te*2 R, D, A;33(1 'Vcscl)]

M =
° 2 A 2 R, A2 D, AL E g tg
P D, (1 * vc-'tl) Ecsc.l ct+2 Df A'5:.3 Rp(l-vcscl)

M, = 161 1bs

Vo = Mo [2 A’p + 2 RP 122 QP - Piac RPJ Ap2 DP
D: (1*vcnl) 4 Dt (1+vce:1)

V, ~ 960 ft' 1bf
HQDQ §L:g$§;
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Meridional stress:

2 M,

P

Apﬂ RP

8 prmax

Shemax ® ~ 32779 psi

2V
sbm"TpolpRp

= - 4,566 psi

shmx

st‘.hmx-sbbux‘sbmx"sz

Stheax ® ~ 7,568 psi

6 M,
Sprmax = tpz
Semax = 315 psi

_1.932V,

S pamax
Ay 8

Spemax = 2670 psi

s.mx'sw‘sux*sl

Sptmax * 31373 psi
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Total stress: Stot ™ Sumax * Stheax
Seor = 4,510 psi
Margin of Safety:
MS, = —& -1
sto:

MS; = 4.16 0K
Container top flange stress (Reference 4, page 307, Case 30):
Stress in % inch flange:
Diameter of flange assumed as inside radius of hub flange (Reference 2):
d, = 47 % inch R, = 23.625 inch
Flange pressure loading: W, = powaz W, = 19,639 1bs
Model as a simply supported plate.
Maximum stress from pressure at center of flange:

3w,

- (3m+1)
81tmt:b,

S ®

1
Veael

Where: m=

s,, = 13,753 psi
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Maximym stress from moment at center of flange:
6 M
Bpp * 2
i the

Sepe = 1,715 psi

Shear stress:
VO
5T T
s, = 107 psi
Sttor ™ S¢r t Semr t Sy
Seeor ™ 15,574 psi
Margin of Safety:

MS, = 0.49  OK
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1.  QObjectives:

11.

I11.

The objective of the vibrational analyses is to determine the stresses
ind:ced by peak shock loading during transportation of the 106C-49 foot
package.

References:

1. ANSI 14.23, "Draft American National Standard Design Basis for
Resistance to Shock and Vibration of Radioactive Material Packages
Greater than One Ton in Truck Transport", 1987.

2. ASME, American Society of Mechanical Engineers, Boiler and
Pressure Vessel Code, Section VIII, Division 2, 1989,

3. Industrial Press, Machipery's Handbook, 23rd Edition.
4, WHC Drawings, H-2-83722, H-2-83724, H-2-B3725, H-2-83726 and

H-2-83727.
5. Church, A. H., Mechanical Vibrations, 2nd Edition.
Results and Conclusions:

Both the vertical and longitudinal peak shock loads are taken from data
developed in Reference 1. Since this is a one-time transfer only cyclic
stresses are not evaluated. The vertical and longitudinal shock
loadings are modeled in three sections based on the method of tie-down.
Due to the method of tie~down the container was modeled in two cases
with a clamped and fixed boundary conditions at each end and one as a
cantilevered section. The maximum total stress in all cases occurred at
the tied-down stiffener ring. For this evaluation only the vertical and
longitudinal directions were evaluated, since the container is radial
symmetrical and the lateral direction loading is less than the vertical
loading. Results of this evaluation were as follows:

1. The container section from the closed end to the strongback end
was modeled as a clamped and fixed beam. The maximum total stress
developed from vertical peak shock loading was 8,970 psi tensile
and from longitudinal peak shock loading was -656 psi tensile.

2. The container section from the strongback to the trailer tie-down
position was also modeled as a clamped and fixed beam. The
maximum total stress developed from vertical peak shock loading
was -7,252 psi compressive and -552 psi compressive from
Tongitudinal peak shock loading.
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3. The container section from the trailer tie-down position to the
container bolted end was modeled as a cantilevered section. The
maximum total stress developed from vertical peak shock loading
gas %,809 psi tensile and 127 psi from longitudinal peak shock

oading.

A1l of these stresses are well under the allowable for the container
material. Subsequently the package design and construction is adequate
to withstand the peak shock loads induced by transport as characterized
in Reference 1. Combining with external pressure reduction results will
not alter the conclusion, since these stresses are also relatively
minor.
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1v. neer valuation:

Peak Vertical Shock Loading:

Since the package is restrained by the saddles and tie-downs at the
supports, the system can be modeled as a series of clamped and fixed
beams between the supports and as cantilevered sections on the outside.
With the sections clamped and fixed, each section is loaded with a
pulsing sinusoidal force, acting at the center of the clamped and fixed
sections and at the ends on the cantilevered section. Assume the
package sections are of uniform sections, by assuming the weight is
uniformiy smeared over the length of the section. Assume that all
materials are homogeneous, isotropic and obey Hooke's Law.

The peak shock load is taken from data developed in Reference 1. The
peak vertical shock load was defined as:

8%  for a durationof T,= 2%

Gps =3.5 at o= Y P Py

Container Parameters:

Material Modulus at 115 °F (Reference 2): E.oey = 29.258 X 10° psi
Pipe 0OD: 52 inches Pipe Thickness: tp,= 0.375 inch
Pipe ID: dpig ® dPoy = 2 * Ly

Assume all

outer skin dimensions are the same:
Skin OD: od,, = 55.357 inch
Skin Thickness: t, = 0.1875 inch

Skin ID: idy =ody -2 -ty
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Total Area:

Total Moment of Inertia:

dp.g* = dpid‘ +x - od,! -id,*

I =% "

4 64 64
Container Empty Weight: W = 62,732 1bs
Payload Weight: Hpc = 3,152 1bs
Length of Container without Top Hat: Leon = 589.375 inches
Total Weight of Container: Np“k = W+ wpc Nmk = 65,884 1bs ‘

Load per Unit Length:

Pulsating Sinusoidal Force:
F, = gy ' Wegp 1 " 8in (@ * £)

Where 1 is defined as the length of the section.
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y
P' sinfw t)

% 1 )

2 7

U %

X -y

T P

Between Intermediate Supports

1" sin(w t)

T

At End Suoports

Response equations for the clamped and fixed sections on strongback:

Length of section between supports: 1, = 24 ft
Location where Beam to be Evaluated: x =1,

Assume when the beam vibrates vertically in one of its natural modes,
the deflection at any location varies harmonically with time as:

y=X-(A+cos (R -¢t) +B-sin (@ - ¢))

The general partial differential equation for free vibration then
becomes:

d‘
—_—x - (k) X =0
T < (k)
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The general solution for the normal function of deflection then becomes:

X=c,  (cos (k-x) + {(cosh (k'x)) +c, (cos k-x) -cosh (k-x})...

+ ¢y (sin (k' x) +8inh (k-x) + ¢, (sin (k- x) - sinh (k' X))

The boundary conditions for a clamped and fixed beam are:

Atx=0: x=0 and %x-o
Atx=1, x=0 and L x=0
b dx

2 X=c,-(-sin (k-x) -k +sinh (k-X) -k) + c;* (-sin (k-x) -k -

dx
sinh (k- x) * k)

c, * (cos (k* x)

+ ¢, (cos (k- x) -k+cosh (k-x) k) +

+k - cosh (k- x) *k)

Fromx = 0 €, =¢c, =0

So that:

X=c,  (cos (k-x) ~cosh (k'x)) +¢,- (8in (k- x) - sinh (k * x))

d yuq,-

dx

(~sin (k * x) -k -sinh (k- x) - k) +

¢, lcos (k*x) *k - cosh (k-x) k)
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hock Loading on 106-C (49ft)

From x = 1,:

€; *(cos (k1) ~cosh (k1)) +ci (sin(k 1) -sinh(k-1,)) =0

c,"(8in(k *1,) + sinh (k- 1, )) + ¢, * (-co8 (k * 1,) + cosh (k * 1) = 0

A solution for the constants CB and c, are only obtained in the case

where the determinant of the a
determinant:

cos (k- 1,)"cosh (k-1 =1

The non-zero roots of the above equation is approximated by:

i+% R
k;, =
1 1,

The normal function becomes:

Xx; = cosh (k; ' x) - cos (k; ' X) -~ « * (sinh (k; - x) - sin (k; ' X))

Where @, is defined as:

«. = 508 (ky = 1) - cosh (k; - l_bl
! ‘sinh(k; * 1) - (8in k; * Iy

ove equations equal zero. From the

The response for a steady state forced vibration of a clamped and fixed

beam is:

2-F, - 12 Xy * Xjoaq, ( w
= . — * S skt Y igin (m ct) - - 8i .
i e I, 2; (g +1p) Ps ) T, @ t))

B6-131



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS .
Drawing _H-2-83724 Doc. No. __guu_yjﬂly_ggg__ Page_& of _28
Building____Tank 24]1-C-106 (]106C) Rev.
Subject_Transportation Peak Shock lLoading on LQS -C (49{;)
Originator__P. M. Noguyen #mN ,, . Date___05/24/94
Checker S. S. Shiraga ZAS Date___06/15/94

Where x, ., is defined as the normal function at the load.

Xjoea, = cO8h (kx . %’—’) - cos (kx . —J-'z—b) -a;- (sinh (ki . ll‘-’) - gin (k, . -}2—")]

Since:

d!
M= e L g Y

X; = cosh (k; * x) - cos (kg " X) - &, *( 8inh (k; * X) - sin (k; * X))

di;z Xy = X] = (k) +[cosh (k; * %) + cos (k, " X) - a, - (sinh (k; * x) + sin (k; * X))] .

d!

4 % = Xx{ = (k;)® +(-sinh (k; - x) + sin (k; * X) + @ - cosh (K, " x) + @ * cos (K; * X))

dp Xjoad, * . @
= : . od oady . - . .
2-F, z, 73 ) (sux (0 - t) o, sin (Q; t))

Xioaa, - X!
Ve=2:F 1T —(ﬁff—l;)—‘—'px-(sin (@ - 8 -ﬁ’:-sin(ﬂ,'q)

Determine stress, deflection, and shear load for the first five modes at
x = 1, for one full period.

i=1, ..., 8
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Natural Frequency:

1
"—— i+ =)
Q, =12 % - g Eoyey ' I, k, = 2)
q Wean * 1p 1,

Fregquency Ratio:

Normal Function Coefficient:

. = cosh (k; * 1,) - cos (k; * 1)
4 “sinh (k; - 1) - sin (kg - 1)

Normal Function at Load:
o )2 o 3] )

Normal Function of the Section:

X, = (cosh (k; - x) -~ cos (kg - x)) - a; - (sinh (k; - x) - sin (k, * X))
Evaluation Time Intervals:

n=0...8 ta= g1,
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Pulsating Function Magnitude:

Fv'gp."m’lb

Deflection:
_2-F 1} Xy * Xloed, ( . _ @, Q 't)
Yn Eutl —z ; (‘ki N lb)‘ ﬂj sin (@ tﬂ) ﬁ; sin ( i n)

Moment Normal Function:

x{ = (k) - [ cosh (k; * x) + cos (k; - X) - @, * (sinh (k; - x) + sin (k; * X))

Bending Stress: .

2-F, -1} L X oyt
- v 2 . load, 1 . . _ o, .
o, T ; TR B, (sin CREA) o sin (@, t,)]

Shear Normal Function:

x{ = - (k)? - (-sinh (k, - x) + sin (k; - x) + @, - cosh (k, * x) + &, cos (k, * x))

Shear Load:

4
Xlud‘ Xy

Vb.‘Z‘F"lh]‘; m'Bi'(sin(w-tn)--é-";-sin(Q,-tn))
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Total Stress:

Opeoe, * Op, * Vatmarx,

Date___06/15/94
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Subject_Transportation Peak Sngcx Loading on 106-C (49ft)
Originator__P. M. Nquven me , 7/ Date___05/24/94
S. S. Shiraga 7«4/
Maximum Shear Stress:
T pmax, = 2

t_ (sec) y. (in) 0, (psi) Tenmae (PS1) | 0. (PSi)
0 0 0 0 0
0.063 0 4,317 1,813 6,130
0.125 0 6,167 2,579 8,747
0.188 0 4,518 1,896 6,414
0.250 0 251 114 365
0.313 0 - 4,234 - 1,775 - 6,009
0.375 0 - 6,321 - 2,650 - 8,970
0.438 0 - 4,773 - 2,007 ~ 6,780
0.5 0 - 407 - 183 - 591

Maximum total bending stress at stiffener rings:

Response Equations for the Clamped and Fixed Sections from Strongback:

Opror ® 8,970 psi

Length of Section Between Supports:

Location Where Beam to be Evaluated:

T4 = 242.750 inches

Xy = 1y

Determine loading using same methodology as above.
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Determine stress, deflection, and shear load for the first five modes at
x1 = 1,,/2 for one full period.

Natural Frequency:
1y.
Ql, = 42 52| T Besa " Ip u_gi‘i’ *
! Vean * . ! 1b

1,

Frequency Ratio:

Normal Function Coefficient:

el = cosh (k1, - 1,,) - cos (k1 - 1y)
4 “minh (kI; - 1) - sin (kI; - 1)

Normal Function at Load:

X100, ® (cosh (k.z, . -1-51-‘-’) - cos (kl, . -1512)) - al, -(sinh (kl, -%9) - sin (kl, : -%-’ ))

Normal Function of the Section:

X1, = (cosh (kl, - x1) - cosh (kl, - x1)) - al, * (8inh (k1 - x1) - sin (k1, - x1))
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Pulsating Function Magnitude:

Fl,» g, Wean * 1y

Deflection:

2-Fl, 1,, X1y * Xl1oay, . ey - @, .
vi, ;‘ * Ty <Pl (ain(u t) - BT, sin(Q1; c,))

c:u

Moment Normal Function:

X1{ = (k1,? *[cosh (kl, - xI) + cos (kl, - xI) - al, - (sinh (kl, - x]) + sin (kl, - x1)))

Bending Stress:

wod ?
: 2 . XJlud * Xl, . . . _ W, .
- ; T, : T Bl (sin(m td - gy, ‘sin @1 c,))

Shear Normal Function:

x1f = ~(kd4)* (-sinh(kl, ‘x1y+sin(kl; - x1)+al, -cosh(kl, xl)+al, cos (k2 - x1))

Shear Load:

X1jouy * X1
V1, =2 -Fl,-1,} }; (k‘l":"‘ L .p1, -(sin -t - -5"7‘: -sin (@1, * c,,))
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Maximum Shear Stress:
® =2
sheax, A,
Total Stress:

clbcat. = °1b, + ‘lh’,

t, (sec) Y. (in) 0, (psi) Toomax (PSV) 1 040, (PST)
0 0 0 0 0
0.063 0 3,269 1,632 4,901
0.125 0 4,598 2,291 6,888
0.188 0 3,196 1,589 4,785
0.250 0 - 130 - 69 - 199
0.313 0 - 3,450 - 1,722 - 5,172
0.375 0 - 4,838 - 2,414 - 7,252
0.438 0 - 3,494 - 1,749 - 5,243
0.5 0 - 209 - 112 - 321

Maximum total stress at stiffener rings:
Opror ™ - 7,252 psi
Response Equations for the Cantilevered Sections:
Using the same method as above, determine the response of {"e long
cantilevered section.

Length of Section Between Supports: 1. = 53.12 inches

Location where Beam to be Evaluated: X, = 0 inches
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Length of Top Cap: Vecap = B.1875 inches

Additional Weight Due to Top Cap: Hmp = 1,039 1bs

Determine stress and deflection for the first five modes at x = 0 and
for one full period.

Natural Frequency:

1
Q, =i3-»%- 9 Eeey " Ip 2 "
1 1‘_
Frequency Ratio:
Be, - 1

Normal Function Coefficient:

cosh (ko 1g + cos (k. - 19

e, © SInh {ke, - 1) + 8in (K, 1)

Normal Function at Load:

Xcicad, ® (CO8h (k, * 15 - cos (k. * 1) - @ - (sinh (ke, * 1) = 8in (k, * 14)
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Normal Function at Section:

X, = (cosh (k. * x,) - cos (k. X)) - &, °(sinh (k. * Xg) = #in (ko * X))

Pulsating Function Magnitude:

Foo ™ Gps " Woomy " 4,

Deflection:
2 F, Jc’ X, Xclud, W
- . . (T cload, | ‘{sin(w - t,) - sin@Q, - ¢t
Ye, Eopes Ip 2 (kc, . lc)‘ Be, (5 (W ) 'ﬁ:‘ -] ( ” n))

Normal Function of Bending Stress:

x.!= (ke)? *[cosh (k., * x;) + cos (k. * x;) - &, *(s8inh (k. ‘ x;) + 8in (ke, " %))
Bending Stress:

. !
xc.lud, xc,

O, * I 2 }; m— ~p,‘~(ain (w -c,)—-ﬁ“i: - 8in (0,‘~c,))

Normal Function of Shear Load:

X =k [sinb (k, * X)) - Bin (k,, X, - & *(cosh (k. - X + cos (ke, * X )))
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Shear Load:

X, -x
V&HRZ'F"-JE"; -—(‘L—‘:ﬂ—a’?— -6,‘-[sin(w-t,)--ﬁ"—’;-sin(Dc‘-c,))
[

Maximum Shear Stress:

Total Stress:

Octor, ® %cb, ~ Tommx,

t, (sec) Y, (in) o, (psi) Toomax (PST) | Oy (PST)
0 0 0 0 0
0.063 0 - 379 904 - 1,283
0.125 0 - 532 1,271 -1,803
0.188 0 - 375 895 -1,270
0.250 0 -1 1 -2
0.313 0 375 - 869 1,272
0.375 0 534 - 1,275 1,809
0.438 0 378 - 904 1,282
0.5 0 -1 4 -5

Maximum total stress at stiffener rings:

Opeor = 1,809 psi
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Peak Longitudinal Shock Loading:

Model as individual clamped and fixed beams between the supports and as
a cantilever at the ends. Assume the load is pulsating sinusoidal force
at mid span on the clamped and fixed beams and on the ends for the
cantilever. For conservatism only the inner pipe is considered to
resist the loading.

Flsin(w t)

-—D

AN

A

X =—
e e —

Between Intermediate Supports

«

N

Flc sin(w t)

N

N

X ——f

e 1l ——]

At End Suvvports
Figure 2

The peak shock load is taken from data developed in Reference 1, page 5.
The peak longitudinal shock load parameters are defined as:

Peak Loading: Gpst = 2.3 Frequency: ¥ = 4n/sec

Duration: Tp = 27/0
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L

Container Parameters:

Material modulus at 115°F (Reference 2): E

(=3

(= 29.258 X 10° psi
Density of carbon steel (Reference 3, page 398):
Pose, = 0.2835 1bs/in®

Acoustic velocity in carbon steel:

G Legeys
Peocs

Qoger =

a,, = 16,634 ft/sec
Pipe 0D: dp,y = 52 in Pipe thickness: t = 0.375 in
Pipe 1D: dpiy = dpy - 2-t,

Cross sectional area of pipe:

dp2y - dpis

Pipe cross sectional moment of inertia:

dpd, - 2

Ip = R ——ad;agg
Container empty weight: Weon = 62,732 1bs
Container payload: Npc = 3,152 lbs
Length of container: L., = 589.375 in
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Total weight of container: W, = W, + W, Woeck = 65,884 1bs
Load per unit length:
-

Pulsating sinusoidal force:

Fy = Gpu1 Woa 1 8in(w t)

Where 1 is defined as the length of the section.
Differential Equations of Motion for Longitudinal Vibration:

General form of eguation:

d? d?
d t? U = &g, dx?

Where "u” is defined as the displacement of the cross section.

General solution is:

ulx,t) = i(ﬁ cos(Q ¢t) + B sinQ &) (c coa(L’i) +D sin( a x)) =0

Acyel Aogel

Where A, B, C and D are constants to be determined by the boundary and
initial conditions. Q is defined as the natural frequency. It is
assumed that all materials are homogeneous, isotropic and obeys Hooke's
Law.
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Derivation of normal function for clamped and fixed section:

Since the beam is assumed to be clamped and fixed, displacement at the

ends is equal to zero. The boundary conditions are: u,  =u,,,=0.

Substituting these into the above equation:

Upno = Y, £(2) (C’cos(-;o-—c) +Dain( Q t)) =0

n cstl cstl

Where f(t) is defined as a time dependent function.

Then € = 0 and:

Upy = 3 F(E) D sin{—f——g) =0

cxel

Then:

Qcgrl

sir{ot)=o Where: Q = 2T Zesul

Therefore the normal function then becomes:

X(x) =D sin(-n—’l‘—’—‘)

Clamped and fixed supported section between strongback:
Length of section between supports: 1, = 24 ft

Evaluation time intervals: j=0..8
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t, - % T,

Location of evaluation: X, = 1y

0dd number of node locations: n=1..5 i, = 2en - 1

Magnitude of pulsating force: Fio® 9pst"Weon' Tn

F, = 74,047 1bs
Solve for time dependent function for forced vibration:
Since any displacement can be obtained by superposition of corresponding

displacements to the normal modes of vibration, vibration by disturbing
force can be represented by a the series:

u-i¢X(x) ’
n

Where ¢ is the unknown function of time.

By virtual work:

3 u=X(x) =Dain("§x)

Since the mass of an element between adjacent cross sections of the bar
is pA_ dx, the virtual work done by the inertial force on the virtual
displacement is:

WI--fa](—pAptix)-a";:—z un:iu-p,lt,fol(?‘i:—z u)Dsin{n:x)dx
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Substituting for u with the series:

~pAl a2
6";*——-—2ﬁ—b—§;

Virtual work produced by the elastic force is:

1 d?
8 W, = fo [Ec_m a5 u) du

By substituting in for the above serijes:

-n*n?E,, A

=
S W= — =2 D¢
Virtual work of the disturbing force where: x = 1/2
-1
8 W, = F(t) Dsi 2_2.5) = F(t) D (-1) 2

The second term is in a Fourier Series form.

Summing the above expression gives the total virtual work:

pA 1 g2 n*niE_, A 2
2 lp - 47 2T st fpog - -1) 3
4 dt,¢+ 53 ¢ = F(t) (-1)

Rearranging terms:

d? . 2 e
3c ¢+ [n“.)]z é e (~1) F ein(o t)
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The natural frequency is defined as:

i, na,.,

8y, = L5

Using Duhamel's integral (Reference 5, page 43)

1,-1
= 2 Fy (-1) 2 [ _ )
¢ Ap Peacs A g, fo sin(w (¢t - 2)) sinf@, (t - 2)] dz

Solving for the integral:

421

. _2F (-1) T [-wcosw ty) sinQ,, t)] + 0({_) sinw t,) cos/Q, )
A, Pests 1, Q(i_) [-wz * [Q("-)]z]

¢(‘t- -9

Deflection:

1, 'nx
= i b
2: $4,.1 8 1, )
Axial Stress (by differentiation):

by ® Ecstl

£ tfofin 1) 43)
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7
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Time t, (sec) Displacement u, (in) | Axial Stress o, (psi)

0 0 0

0.063 0 - 392

0.125 0 - 656
0.188 0 435
0.25 0 -3
0.313 0 511

0.375 0 - 5§72
0.438 0 449
0.5 0 -5

Maximum axial stress at stiffener rings:

Opmax = - 656 psi

Clamped and fixed supported section outside of strongback:

Length of section between supports:

Location of evaluation:

Magnitude of pulsating force:

x1, = 11,

11, = 242.750 in

F1 = 9o "Weon 11,

F1, = 62,413 Tbs

The natural frequency is defined as:

= in T Acger

01 T

(8]
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Using the same logic as above:

Deflection:

= 1, x x1
ui, = 1 sin‘ a ")
1 ; ¥ n 11,

Axial Stress (by differentiation):

91y, = Ecpe

= 1
£ bhuun ool n ) 5. 35

Time t. (sec) Displacement u. (in) | Axial Stress o, (psi) .
0 0 0
0.063 0 - 425
0.125 0 - 550
0.188 0 387
0.25 0 -3
0.313 0 375
0.375 0 - 552
0.438 0 - 364
0.5 0 1

Maximum axial stress at stiffener rings:

Ol = - 552 psi
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Cantilevered Section:
Length of cantilevered section:
1, = [(589.375 - 540.375) + 4.125] 1. = 53.12 in

Location of evaluation: x, = 0 in
Add in additional length and weight of top hat:
Weight: Woiae = 1,039 1bs Length: Tec = 8.1875 in

Assume additional weight distributed along the axis:

e 2
Magnitude of pulsating force: Fie = gm-wm,flc

Fio = 29,159 1bs

The natural frequency is defined as:

o da® Ay
uc(‘.) -———————1

4

From the same logic as the above the response equation becomes:

i, -1
2 F), (-1)

Rertt a1, Bt - 7]

bun = sin(w t,)
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Deflection:

e, = 5 b e 1)

Axial Stress (by differentiation):

G, ™ Eoper

E 0t (2 o4 % 3 _;_)]

Time t. (sec) Displacement u. (in) | Axial Stress o, (psi)

0 0 0

0.063 0 90

0.125 0 127

0.188 0 90

0.25 0 0

0.313 0 - 90

0.375 0 - 127

0.438 0 - 90

0.5 0 0

Maximum axial stress at stiffener rings:

Ol = 127 psi
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Qbjective:

The objective of this analysis was to verify the 106-C 49 foot bolt and hub

inner flange design loads in accordance with Reference 3, as an independent check
of the design calculations which were performed to Reference 11. Also the thread
engagement of the inner flange to insure proper strength of flange materiai. The
top hat Toading is not evaluated in this analysis, since it is not considered as

a part of the containment boundary for transportation.

References:

1. WHC-SD-TP-PDC-015, Rev. 0-A, "Packaging Design Criteria Transfer and
Disposal of Equipment, Tank 241-C-106 Waste Sluicing System".

2. Engineering Change Notice 606658, dated May 02, 1994,

3. American Society of Mechanical Engineers, Boiler Pressure and Vessels,
Section VIII, Division 2, 1989.

4. Industrial Press, Machinery's Handbook, 23 rd edition.

5. WHC Drawing No., H-2-83722, H-2-83724, H-2-83725, H-2-83726 and

H-2-83727.

6. EPRI NP-4830 "The Effect of Target Hardness on the Structural Design of
Concrete Storage Pads for Spent Fuel Casks".

7. Design Analysis, WO/Job No. ER4289, Kaiser Engineers Hanford, Nov. 11,

1993,

8. Roark, Formulas for Stress and Strain, 4th edition.

9. American Institute of Steel Construction, Manual of Steel Construction, 9th
edition.

10.  US-NRC, 10 CFR Part 71, "Packaging and Transportation of Radioactive
Materials".

11. American Society of Mechanical Engineers, Boiler Pressure and Vessels,
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Results and Conclusions:
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The engineering evaluations independently verifies that the design is adequate to
withstand the pressure loads specified in Reference 10 by meeting the
requirements of Reference 3. Also the specified thread engagement is sufficient
to provide a flange strength equivalent to the bolt strength, which insures the
bolts will not pull away from the material. Bolt and blind flange stresses were
also used in conjunction with the drop and payload impact analysis.
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Engineering Evaluation:

1. ASME SECTION VIII, DIV. 2 Allowables:

Determination of pipe material allowable at temperature, (Ref. 3, Tbl. ACS-1,
p.-77):

g=]f23.1~23.3) -10
(200 ~ 100)

2 + (115 - 100) + 23.3 - 103
S = 23,270 psi
Modulus of Elasticity at temperature (Ref. 2, p.70):

Eyss =[3§iﬁiﬁ;§3;§ - (115 - 200) + 28.8| - 10¢

200 - 70

Eys = 29.258 X 10° - psi
Poisson's ratio (Ref. 3, p.516):
Since no cyclic loading assumed:

Syns = 38,000 psi Say4s = 38,000 psi

5
vy = 0.5 - 0.2 ~(—ZH£)

al115

Vys = 0.3

Design Pressure: p = 11.2 psi

Allowable tensile on bolting material (Reference 11, p.276):
Sy = 55,000 psi
2. Bolt loads: (Reference 3, Section 3-320, page 488)

B6-155



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS
Drawing__H-2-83724 Doc. No._PMN-ASME-049 Page_4 of _]17 .
Building__Tank 241-C-106 ()06C) Rev. 0 Job No.
Subject___ ASME Design and Bolt fngagement Verification Ca1cu1§t1ons
Originator__P. M. Nguven @emN, Date___05/26/94
Checker S. S. Shiraga ;/4297 Date___06/14/94

Gasket Factors from Reference 12:
ma=2 y = 1,000 psi

Gasket diameter:

N = 51.25 - 45.25)

Basic gasket seating width:

Effective gasket seating width:

Since b, > %: .

Diameter at location of gasket reaction:

Since b, > %:

G = (51.25 - 2b)

G = 50.025 in
Total hydrostatic end force:

H=0.785G*p

H = 22,002 1bs

B6-156 .



WHC-SD-TP-SEP-024 Rev. 0

ENGINEERING ANALYSIS

Drawing__ H-2-83724 Doc. No._PMN-ASME-049 Page_5 of _17
Building__Tank 241-C-106 (106C) Rev. 0 Job No.
Subject___ ASME Design_and Bolt Engagement Verification Calculations

Originator__P. M. Nguyen ¥WN | Date__05/26/94
Checker S. S. Shiragaﬂ/,// Date____06/14/94

Total joint surface compression load:

H,=2b+3.14Gmp

H, = 6,094 1bs

Required bolt load (internal pressure):

Wy = H+ H,

W, = 28,096 1bs

Total bolt load required for gasket sealing:

Wy,=3.14bGy

W, = 136,030 1bs
Since W, < W Gasket seating governs determine minimum bolt torgue.
Bolt diameter: dpoie = 1 inch Number of bolts: 16
Threads per inch: n = 8/in

Load per bolt for gasket seating:

Wz
Wio1t = kT3

W, = 8,502 1bs

Assume a torguing coefficient of: K _

=0.2
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Required tightening torque to seat gasket:

T

:oqu

coet Who1t Gport

Treq = 142 ft-1bs

Specified bolt torque (Reference 5): Tpre = 295 to 305 ft-lbs
Assumed: Tore = 305 ft-Tbs
Since Tpre > Tl_eq gasket seated and sealed.

Bolt loading:

Preload on bolts:

W = TEre .

act
Kcoef dbol t

Woee = 18,300 1bs
Hydrostatic load per bolt:

h = 1,375 1bs
Total load per bolt:

Wheor = wnct +h

Wpeor = 19,675 1bs
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Tensile stress area of bolts (Reference 13):

2
A, = 0.7845 (dm, - i%“-'-’-?-)

Total stress per bolt:

\ 4
btot
S =
bolt
Ab

Spote ™ 32,270 psi
Margin of safety:

Sap
MSpo1e = Spor -1
t

S, = 0.7

3. Fiange bolt design loads:
Internal pressure load:
W, = Wy, = 28,096 1bs

Required total bolt area:

w,
A = 22
n2 s‘b
A, = 2.47 in?
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Available bolt area:

2
A, = 0.7854 (1 - -9;’;4—3-) - 16

A, = 9.69 in?
Margin of Safety:
A
MS, = =% -1
ab Amz
MS,, = 2.91
Bolt yield strength (Reference 11): S, = 55,000 psi
Gasket load:
. (Bmt Ay S
Wgsk- Mzb a

Woer = 231,100 1bs
Flange moments for internal pressure:
Inside diameter of flange (Reference 5): B = 47.25 in
Thickness of hub at back of flange (Reference 5): g, = 0.75 in
Bolt circle diameter (Reference 5): C = 49.25 in

Radial distance from bolt circle to point of intersection of hub and back of
flange:

R=C-B
2

-g
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Hydrostatic end force on area inside of flange:

H,=0.785 B p

Hy, = 19,629 1bs
Gasket Load:
He = Hop - H
Hy = 6,094 1bs

Difference between total hydrostatic end force and the hydrostatic end force on
area inside of flange:

He = H - K
H; = 2,374 1bs
Radial distance from the bolt circle to the circle on which H, acts:
h, = R + 0.5 g,

Radial distance from gasket load reaction to the bolt circle:

hg = - 0.388 in

Radial distance from the bolt circle to the circle on which H; acts:

R + g + h,

hy = >

Component of moment due to H:

M =H - h
M, = 12,268 in-Tbs
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My=H - b

M, = 12,268 in-1bs
Component of moment due to H:
Mg = Hg - hg
M, = - 2,362 in-1bs

Component of moment due to H;:
Mp=H - by
M, = 727 in-lbs

Total moments from internal pressure:

Mopres = Mp + Mg + My .

Mcwws = 10,632 in-1bs

Moment from gasket seating:

Woer' (C = G
MOQDS = = 2 1)

M. = - 89,600 in-1bs

oga

4. Hub flange stresses (integral type flange):

Flange thickness: t, = 1.75 in
Hub Tength: h = 0.375 in
Thickness of hub at small end: g, = 0.375 in

Hub Factor:
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h, = JBg,

h, = 4.21 in

Ratio of thicknesses:

=2
Yo

Ratio of hub lengths:

h

7}—; 0.0891
From Reference 3, page 497:
Factors for integral type flange: F = 0.909 V=20.46
From Reference 3, page 499:
Hub correction factor for integral type flange: f=3.4
Flange outside diameter: A =51.25 in

Ratio of outside diameter to inside diameter of flange:

K=

tol

K =1.085
From Reference 3, page 496: K Factors: U = 29 T=1.95
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d= ."_7, h, g2
d = 37.32 in®
= £
e B,
e = 0.216 in"

L =0.850 ‘II"

2
g2 K241
K2 -1

7 =12.33

2
y=—21 (0.66845+5.71590K 1o (’O)
-1 K? - 1

Y = 23.78

Longitudinal hub stress:

Gasket seating:
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SHE —f__M-ﬂ
L-g*B

S, = - 13,480 psi

Operation:
s, = Moze.res
Lgl B
sy = 1,600 psi
Combined total: H, =S, + s, H, = - 11,880 psi

Radial flange stress:

Gasket seating:

(1.33 tpp &+ 1) Mogyus
Lty,?B

Sp =

Sg = - 1,094 psi

Operation:
o = (133 tpetl) My,
" Lt,*B
sy = 130 psi
Combined total: R, =S, + s, R, = - 964 psi

Tangential flange stress:
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Gasket seating:

Spw XM _gs
tpn B

S; = -16,328 psi

Operation:
sT = Y Moeras -z SR
ta? B
s; = 146 psi
Combined total: T, =S+ s; T, = - 16,180 psi
5. Allowable flange design stresses .

ASTM A-516, gr. 55 since no grade was specified on drawing, use lowest grade
(Ref. 3, p. 75), at 115°F, yield:
S, = 18,300 psi
1.5 - §; = 27,450 psi

For conservatism base on combined stresses:

Paragraph (a)(1): H, < 1.5 - S 0K
Paragraph (b): R, < S 0K
Paragraph (c): T, < S 0K

Paragraph (d):

R o

0K
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ENGINEERING ANALYSIS

Drawing__H-2-83724 Doc. No._PMN-ASME-049 Page_]5 of _17
Building__Tank 24]1-C-106 (106C) Rev. 0 Job No.
Subject___ASM i Veri Jeul
Originator__P. M. Nguyen o Date__ 05/26/94
Checker S. S. Shiraga % Date___06/14/94

Paragraph (e):
Weld size: w, = 0.375 in

Weld area:

A,=0.707 w,® B

A, = 78.71 in?

Stress on weld:

1, = 1,728 psi

ASME allowable: S = 0.8 - §; S, = 14,640 psi

W

Margin of safety:

MS, = 7.47 0K

6. Check Length of Thread Engagement for 1-8UN x 2 1/4 Bolt:
Reference 4, page 1278.
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Figure 1

Kopax = 0-86 in Egain = 0.92 in

A, = 0.7854 -(1 - o.-f’—%-:?—a ?
A, = 0.61 in?

- 2 -4,
L, = :
(3-1416 * Koy '[3 +0.57735 - 8 - (E

snin = Konax)
L. = 0.5947 in ]bolt = 2.25 in t

gask = 0:25in  t = 0.75 in

Length of engagement: Lact ® Tootr = Ygask = tofien

B6-168 .







WHC-SD-TP-SEP-024 Rev. O

ENGINEERING ANALYSIS

Drawing__H-2-83724 Doc. Wo. EMN ASME-D49 Page_17 of _17
Building__Tank 241-C-106 (]06C) Rev. Job No.

Subject__ ASME Desian and Bolt Engagement !emﬁcatwn Ca]culgt]gns
Originator__P. M. Nauyen eud _ Date___05/26/94
Checker S. S. Shiraga &’ Date__ 06/14/94

MSeng = 1.102 0K
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DON'T SAY IT — Write It! DATE: 5/26/94

TO: Donald B. Calmus 62-02 FROM: Harold E. Adkins, Jr. 62-03
iﬂepﬁone: 573-9755

cc:  J. W. Thornton G2-03

S. R. Crow 62-03
S. §. Shiraga N1-40
J. R, Bellomy IIl S6-12
7. C. Mackey 52-03
J. V. Egger $2-03

SUBJECT: 106-C TRANSPORT PACKAGING TIE-DOWN ANALYSIS

For the 106-C project, two separate transport systems designs were chosen.
These two systems will be referred to in this document as the main and
optional transport systems. These two transport systems consist of four tie-
down configurations. The main and optional transport systems, equipped to
handle both the 49 foot and 62 foot containers, are shown in Figure 1 and 2
respectively. These systems consist of a tilt-trailer/transport mechanism and
a specially modified extendable transport trailer respectively. The four tie-
down configurations for these two particular transport systems were designed
and analyzed around the following assumptions.

1) Containers are loaded with their payload and are fully shielded
as mentioned in earlier portions of this SEP.

2) Tilt-trailer pivot pins are able to withstand the remaining portion of
the longitudinal load that the tie-down system is incapable of
handling. This only applies to the main transport system. Analysis
to support this assumption can be supplied by T. C. Mackey.

3) Support saddles and their attachment fixtures are able to withstand
the entire longitudinal loading condition and can be considered as
blocking for the lateral loading condition. This only applies to
the optional transport system. Analysis to support this assumption
was performed and can be supplied by J. V. Egger.

4) The tie-down points on the trailer are capable of withstanding the
forces exerted by the tie-down cables (wire rope).

For the main transport system (Figure 1), the results of the analysis indicate
that the cables for the two possible tie-down configurations must have a
minimum Nominal Breaking Strength (NBS) of 14,474 1bs for each of the twelve
(12) cables. To remain consistent with the analysis performed, 34,000 1b
shackles with a pin diameter of 1-5/8 inches and 10,000 1b safety hoist rings
(D-rings) should be used for both of these tie-down configurations.

For the optional transport system (Figure 2%, the results of the analysis
indicate that the cables for the two possible tie-down configurations must
have a minimum Nominal Breaking Strength (NBS) of 9,160 1bs for each of the

54-3000- 101 (12/92) GEF0Y4
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sixteen (16) cables. To remain consistent with the analysis performed, 34,000
1b shackles with a pin diameter of 1-5/8 inches and 10,000 1b safety hoist
rings (D-rings) should also be used for both of these tie-down configurations.

It is suggested by the analyst to implement a ratchet-action load binding type
of device to minimize exposure time and to aid in pre-tensioning the tie-
downs. These such devices must meet or exceed the working load 1imit of the
cables they are being used with. It 1s important for interested parties to
note that all of the tie-down components mentioned above are available through
McMaster-Carr supply company (ratchet-action load binder - Ref. No. 5249).
Pre-tensioning is left to the discretion of the riggers responsible.

An important note that should be brought to the readers attention is as
follows. In figure 2, support saddle location is not the same for the 49 and
62 foot containers. At the trailing end of the trailer, support is applied to
different stiffening rings. Even with this in mind, the tie-down combination
at this particular location will be the same, the cable placement will werely
be reversed in the longitudinal direction. This will save on cost by
minimizing tie-down fabrication need. I.E., only one set of tie-downs will be
needed for the optional transport system.

The analysis, consisting of hand calculations, were checked by S. R. Crow and
are attached.

54-3000-101 (12/92) GEFO14
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62’ Container Transport Configuration’

Figure 1.

Main Transport System
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49’ Container Transport Configuration

Ad .

62' Container Transport Configuration

Figure 2.

Optional Transport System
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BRITTLE FRACTURE ANALYSIS
106-C PACKAGING PROJECT
D.B. CALMUS

: Determine the Packaging Category from Table 1 in
Regulatory Guide 7.11. Since the contents are in excess of 30 A,, the
Packaging Category is II.

REQUIREMENTS FOR NDT: Use Category II information requirements listed in
Table 5 of NUREG 1815 to determine the NDT for brittle fracture. As noted,
for thickness between 0.19 to 0.625, selection of material made to "fine grain
practice" is sufficient to meet brittle fracture requirements without testing.
For thickness greater than 0.625, two options are available. One option is
with full dynamic loading, and one option is for reduced loading rates. If
the reduced loading is considered, Figure 7 can be used to determine the NDT
or Table 6 (derived from Figure 7) can be used. Table 5 subscript "b" allows
the use of material without testing if the NDT can be met by selecting the
maximum NDT temperature given if Figure 1 or Table 3.

PACKAGE LOADING: Either full dynamic Toading at yield stresses or reduced
temperatures based on lower yields can be used to determine NDT as shown in
Figure 6 of NUREG 1815. Curve 1 is for dynamic loading at yield stresses,
curve 2 is material loaded to less than 100g and with yields strengths between
60 kips and 100 kips and curve 3 is for steels loaded to less than 100g and
with yield strengths less than 60 kips.

For 106-C package transfers, hypothetical accidents are not considered
credible and stresses during normal conditions of transfer are estimated to be
well below yield stress and below 100g during transfer indicating that the
dynamic load rates reduced by 30 °F or 70 °F (curve 2 or 3, Figure 6,

NUREG 1815) may be considered. For this evaluation, the 70 °F reduction
(curve 3) can be used since the A516 yield strength is below 60 kips

(38 kips).

CALCULATE NDT: To determine the NDT for 2 in. thick material, use Table 6,
curve 3 with Lowest Service Temperature (LST) specified to be -10 °F. The
formula for determining NDT is NDT = LST-A. The A value is found in Table 6
to be -17 °F for 2 in. thick material. The calcuiated NDT = -10 °F -(-17 °F)
or NDT = 7 °F.

SELECT MATERJAL: Use Table 3 to find the NDT ranges for various ASTM
specifications of steel and select the material based on the calculated 7 °F
NDT. A516 normalized steel has a NDT range of -50 °F to 10 °F and should be
acceptable for this project. In addition, if the calculated NDT is equal to
or greater than the maximum (10 °F) NDT range of the material, the material
can be used without specific NDT testing. Under these conditions, 7 °F is
considered close enough to the 10 °F maximum that A516 normalized steel is
considered acceptable without specific NDT testing.

B6-221



WHC-SD-TP-SEP-024 Rev. 0

The above analysis is for the worst case (2 in. thick) brittle fracture
material of the packaging containment flanges and indicates that the 1% in.
thick blind flanges for the containment assembly are also considered
acceptable.
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7.0 THERMAL EVALUATION

7.1  INTRODUCTION

Internal heat generation of the contents should not prevent the
container from maintaining its integrity during the specified lifetime of the
waste package. Evaluation of heat transfer data will include information or
assumptions as required to determine if the package is capable of passively
transferring the heat load to the environment or if specific cooling devices
are necessary.

7.2  HEAT TRANSFER EVALUATION AND CONCLUSION

Based on results of a gas generation study (Part B, Section 8.3), the
maximum thermal loading of the package is estimated to be 6.23 Btu/h for the
102-AY agitator pump, 4.27 Btu/h for the 106-C heel pump and 0.614 Btu/h for
the 106-C transfer pump. These minimal heat loads will be transferred
passively to the environment and will not affect the integrity of the package
during transfer or storage.
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8.0 GAS GENERATION EVALUATION

8.1 GENERAL INFORMATION

Packages of radioactive waste with the potential for gas generation or
to reach explosive concentrations of hydrogen and oxygen or other explosive
gases may require vents or catalyst packs to deplete free oxygen and prevent
explosive concentrations. A gas generation study (Part B, Section 8.3) was
completed to determine the estimated extent of hydrogen gas or other explosive
gas build-up in the packages. Based on results of the study, vents or other
methods were evaluated to ensure that estimated gas build-up will not result
in unsafe conditions. The study also identified the estimated pressure
build-up and thermal loading of the package due to waste contents.

8.2 GAS GENERATION EVALUATION AND CONCLUSIONS

Results of the gas generation study indicated that hydrogen gas build-up
will exceed acceptable Westinghouse Hanford Company (WHC) limits of 5% within
8 years for the heel pump package and 6.9 years for the agitator pump package.
To assure that hydrogen build-up will not exceed the acceptable limits during
the 20 year service life of the package, both the primary and secondary
containment barriers of the package are vented. The study also indicated that
the estimated maximum internal pressure build-up in the package at the 5%
hydrogen rate would be 0.77 psi. Considering this low rate (0.77 psi) of
pressure build-up combined with the requirement that the package is vented,
indicates that packaging design pressure ratings and extensive pressure leak
testing analysis is not required for packages described in this SEP.
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8.3 GAS GENERATION ANALYSIS
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Westinghouse
Hanford Company

Rev. 0

ANALYSIS

For
tocstion ____ 1100/MO-404/Boom 4

Subect  _____Gas (Generation for Pump Packagas

Problem:

Determine the hydrogen gas generation rates and potential

Page
sob No.
Date @ 01708734

8y

Chached 8,

1of2
YOB-USEP—

¢ P. Genoni

1
LY

operating pressures for two packaging variations (106-C equipment and 102-Y
equipment), and in addition estimate the thermal! output of the defined source

terms.

References: (1)

GEND-041, "A Calculation Technique to Predict Combustible Gas

Generation in Sealed Radioactive Waste Containers,”

May 1986

@) DOE/TIO-11026, D. C. Kocker, "Radicactive Dscay Tables,” April 1891

(3) WHC-SD-TP-PDC-015, "Packaging Design Criteria, Transfer and
Disposal Equipment, Tank 241-C-106 Waste Sluicing System®

Determination:

The calculation technique described in Reference 1 was used to predict the radiolytic gas
generation for two variations of trangfer and disposal packagings containing equipment
(pumps) from Tanks 106-C and 102-Y. The
Lotus 1-2-3® spreadsheet provided with Reference 1 was the analytical tool used in this
calculation. This methodology has been approved by the U. S. Nuclear Regulatory

Commission as a means for determining hydrogen gas generation rates.

The following table contains data extracted from Referance 3, Appendix A, which was used for

input into the spreadsheet

!

Input 102-AY 106-C Heal 108-C Transfer
Agitator Pump Pump
Package ID 51.251In 5125in 51.25in
@27 1) (4.27 ft) 427 1t)
Package Interior Length 744 in 588 in 588 in
(62 ft) 4o ) (49 f)
Package Volume 888.2 f* 702.0 t#° 702.0
Est. Pump Volume 4.00 ft! 3.54 2.05
(non void)
Est. Container Void Volume 884.11 698.46 f° 699.95 ft
w/o waste
Waste Weight 146 bs 590 lbs 85 lbs
Waste Volume 2.024 1 6.1 878 it
Waste Density 72.1 baft 96.7 Ibs/t® .| 86.8 Ibs/t®
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Westinghouse
Hanford Company ANALYSIS oo 2342
for Packaging Safety Engineering ::.:‘ . T oTUEE
watien ____1100/MO-404/Room 4 o ,ﬁﬂ?. Genon!
Subjet  ____ (Gas (Genseration for Pump Packages Checkad By
The following table contains resuits obtained from the spreadsheet calculations.
Results 102-AY Agitator | 106-C Heal Pump 106-C Transfer
Pump

Initial Gas Generation 2.340E+01 cchr 1.577E+01 cc/hr 2.270E+00 cc/hr

Rate

Gas Generation Rate © 2.153E+01 co/hr 1.430E+01 co/hr 8.692E-01 cc/hr

6% Hydrogen

Concentration

Days (years) to 5% 2544 (6.87) 3004 (8.23) At 100 years the

Concentration concentration is

3.71%.

Pressure at 5% .77 psi 77 psi 57 psi at

Concentration 100 years

Max Decay Heat Watts 6.231 4.268 614

(BTUMI) (21.267) (14.566) (2.096)

See spreadsheets and data library attached.
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