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EXECUTIVE SUMMARY

This Safety Evaluation for Packaging (SEP) evaluates and documents the
ability of the 101-SY Hydrogen Mitigation Mixer Pump (HMMP) Package to meet
the radioactive material packaging requirements of WHC-CM-2-14, Hazardous
Material Packaging and Shipping. This packaging is used for the onsite

- transfer of the radioactively contaminated HMMP from the SY Tank Farm to

designated storage or disposal areas. Onsite transfer is the transport of
hazardous materials on controlled routes confined to established Timited areas
and to portions of federally owned roadways to which public access is
prohibited during transfer.

The HMMP Package is used only for the transfer of the HMMP. The HMMP
Package consists of two cylindrical carbon steel standard wall pipes with
bolted flanged ends which provide two containment barriers for the
contaminated pump. An annulus space between the pipes is provided to add lead
or steel shot as required for shielding purposes. The package is loaded onto
a truck-trailer combination and transferred to the designated storage or
disposal site.

Part A of this SEP provides a description of the packaging, payload, and
transfer operations. It also sets forth operational.requirements for package
transfer. Part B. of this document contains the package evaluations:
shielding, structural, tiedown, thermal, containment, risk, dose consequence,
pressure, and hydrogen generation.

*WHC-CM-2-14, Hazardous Material Packaging and Shipping, Westinghouse
Hanford Company, Richland, Washington.
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PART A - PACKAGE DESCRIPTION AND OPERATIONS

- 1.0 INTRODUCTION

1.1  BACKGROUND INFORMATION

Radjoactive waste material in storage tank 241-SY-101 (101-SY) causes
higher-than-normal hydrogen gas buildup in the tank waste. Rollover of the
radioactive waste contents occurs periodically during venting of the hydrogen
gas. A modified test pump 60 ft long, 19,247 1b in weight, and powered by a.
150 horsepower electric motor was installed in 101-SY to evaluate whether the
agitation of the tank contents would lead to gradual release of hydrogen and,
thereby, avoid safety concerns with periodic release of large quantities of
hydrogen. This pump is referred as the Hydrogen Mitigation Mixer Pump (HMMP).

After completion of the testing program for hydrogen mitigation, this
pump will be removed from 101-SY. As it is pulled out of 101-SY, the
radioactively contaminated pump will undergo a high pressure water spray
operation and then will be enclosed inside a portable flexible bag assembly.
The pump will then be inserted into a shipping container which provides two
containment barriers for the contaminated pump. Approximately 13 ft of the
upper section of the pump will be cut off and the shipping container will then
be sealed. This loaded shipping container is referred to as the HMMP Package.
The packaging and contents 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.

A Packaging Design Criteria (PDC), WHC-SD-TP-PDC-019 (WHC 1994), was
developed to provide design criteria for both the onsite transfer and storage
of the removed equipment. Data presented in the PDC indicates that the
equipment (pump) is a Type B quantity of waste and should be classified as
mixed low-level waste for purposes of packaging design and transfer
evaluations.

Classification as mixed waste requires that the equipment must be
transferred from the Tank Farms to a licensed mixed waste storage facility
within 90 days. This classification requires that the packaging must be
designed and evaluated to meet special storage acceptance requirements at the
CWC. Special- package requirements 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.

Al-1
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1.2 PURPOSE AND SCOPE

This Safety Evaluation for Packaging (SEP) provides safety analyses and
evaluations considered necessary to support a safe one-time onsite waste
transfer of the HMMP Package. The scope will include the transfer of the HMMP
Package from the Tank Farms to the CWC for interim storage and then to T Plant
for processing and disposition.

This SEP demonstrates that the short-term onsite transfer of the HMMP
Package meets the onsite transportation criteria. 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 HMMP 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 packaging consists of two cylindrical carbon steel standard wall
pipes with bolted flanged ends which provide two containment barriers for the
contaminated pump. The HMMP Package is 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 HMMP Package will
only be transferred in the horizontal position and will include adequate
1ifting attachments and tiedown down devices. Internal shielding, if
required, will be added in the form of lead or steel shot in an annular space
between two containment barriers to 1imit dose rates at the surface of the
HMMP Package to acceptable values during transfer and interim storage. If
additional shielding is required to reduce dose rates, external shielding will
be installed on the outside of the HMMP Package.

This SEP will approve transfer of the HMMP Package within one year from
date of issue unless otherwise designated by issue of an Engineering Change
Notice (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 64 in. outside diameter
x 0.5 in. wall thickness. The closure on one end of the packaging is a 2 in.
thick plate welded inside the end of the 64 in. diameter pipe. The inner
closure on the opposite end of the assembly is a top hat assembly bolted to a
2 in. thick ring flange attached to the end of the 64 in. diameter pipe. The
removable inner closure plate is attached to the ring flange with twenty-eight
1 in. diameter bolts, nuts, and lock washers. A % in. thick gasket seals the
bolted inner plate to the ring flange. The removable outer closure plate is
attached to the ring flange with thirty-two 1 in. diameter bolts, nuts, and
Tock washers. A % in. thick gasket seals the bolted outer plate to the ring
flange. Double containment of the end closures is provided by a 2 in. thick
plate welded to the end of the 64 in. pipe at the welded closure end of the
packaging and by another top hat assembly installed around the outside of the
bolted inner closure end.

Stiffening rings are installed at intervals along the length of the HMMP
Package to support/protect the package during 1ifting and normal transfer

A2-1
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and/or potential accident conditions. An outer layer of plate is installed
between the stiffening rings to form a 2 in. wide annulus for installation of
shielding material along the full length of the package. The outer plate is
5/16 in. thick along the container Tength, except from column line 8 through
15 which uses % in. thick plate. The shielding annulus also provides double
containment of the waste contents along the sidewalls of the package for
storage. -

The overall length of the HMMP Package is nominally 52 ft.

2.3  MATERIALS OF CONSTRUCTION

Material requirements for the HMMP Package are described in the parts
1ist on Westinghouse Hanford Company (WHC) design Drawing H-2-83734, Sheet 1
(Part A, Section 9.2). In general, all structural components are carbon
steel. Specifically, the standard wall % in. diameter piping material and
closure end plates are American Society for Testing and Materials (ASTM) A671
carbon steel. The outer 5/16 in. diameter plate material is 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
package are described in the "General Notes" of packaging design
Drawing H-2-83734, Sheet 1 (Part A, Section 9.2).

2.5 WEIGHTS

The calculated maximum gross weight of the HMMP Package with external
shielding (lead shot) and contents (HMMP) is approximately 138,800 1b. The
weight of the HMMP Package without shielding and with contents (HMMP) is
approximately 72,930 1b. The maximum weight of the package 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 HMMP Package and is the primary containment
barrier during interim storage of the package. The primary containment
boundary is sealed on one end with a welded plate and is sealed on the
opposite end with a boited top hat assembly and gasket. A secondary
containment boundary is provided on the HMMP Package by installing additional
plates on each end of the main enclosure, by installing the shielding annulus

A2-2
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the full Tength of the package, and by sealing with a bolted top hat assembly
and gasket. One pipe fitting is provided on the outside of the package for
venting and will be sealed during transfer of the package.

2.7 CAVITY SIZE
The cavity size of the HMMP Package is 63 in. diameter by 52 ft long.

2.8 HEAT DISSIPATION

Maximum heat dissipation from waste contents for the HMMP Package is
0.88 W. The heat is transferred passively to the environment.

2.9 SHIELDING

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

If dose rates are slightly above 100 mrem/h after sealing of the
package, use of solid lead shielding on the outside of the package only may be
considered.

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 1ifting
beam assembly (Drawing H-2-83744 in Part-A, Section 9.5).

2.11 TIEDOWN DEVICES

Two special attachments are instalied on the bottom end and midpoint of
the packaging to secure the package to a strongback/tilt mechanism unit on the
transport trailer. Stiffening rings are installed at intervals along the
Tength of the packaging and are provided with holes that are used to attach
tiedowns to the transport trailer.

A2-3
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3.0 PACKAGE CONTENTS

3.1 GENERAL DESCRIPTION

Contents of the HMMP Package are considered to bé the HMMP placed in a
portable flexible bag assembly. The following data relates to the HMMP
scheduled for removal from 101-SY and placed in the specific package for
transfer:

1. The test pump is Tocated in 101-SY. The physical description and
reference drawings are as follows:

Maximum length: 60 ft
Maximum diameter: 53 in.
Estimated weight: 19,427 1b
Reference drawings: H-2-89945 through H-2-89967

3.2 RADIONUCLIDE ACTIVITY

Radionuclide "activity in terms of curie content is evaluated in Part B,
Section 2.1 and indicates that the HMMP Package must be transported as a
Type B quantity of waste. Specifically the total curies of waste material
attached to the HMMP is 561 Ci and is 280 times the effective A, value of the
mixture of radionuclides.

3.3  FISSILE CONTENT

Fissile content (in grams) of the estimated amount of waste material
attached to the HMMP. is evaluated in Part B, Section 2.2. The evaluation
indicated that the quantity of fissile material attached to the pump is 1.8 g.
The HMMP is thus considered as "fissile excepted" since the total fissile
content is less than 15 g.

*Approximate1y 13 ft of the upper section of the hydrogen mitigation
mixer pump will be cut off after insertion into the shipping container.

A3-1
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4.0 TRANSPORTATION SYSTEM

4.1 TRANSPORTER

The transporter system consists of a truck/trailer assembly suitable for
transfer of the HMMP Package system including the shipping container,
strongback, and tilting mechanism (maximum 100 tons - Sketch in Part A,
Section 9.4). The strongback (Drawing H-2-82736 in Part A, Section 9.3) is
used to interface the shipping container with the tilting mechanism. Suitable
attachments are provided on the vehicle for securing the HMMP Package to the
trailer bed.

4.2 TIEDOWN SYSTEM

Design of a tiedown system is provided to safely secure the HMMP Package
on she 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 transfer
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 for "Exclusive Use" only. The
transporter is restricted from use for any other purpose while
assigned to the 101-SY pump removal project.

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

4. The- vent opening shall be sealed prior to transfer of the package
according to Drawing H-2-83750 (Part A, Section 9.2).

5. The package shall be loaded, secured, and unloaded in the
horizontal position.

6. The transport vehicle shall stop at all railroad crossings that
have warning lights or crossing gates prior to crossing.

7. The HMMP Package shall be secured to the transport vehicle using
the tiedown system described in Part B, Section 6.5.

Ad-1
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The HMMP Package 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.

The dose rate on the surface of the package and at 2 m from the
vehicle shall be Timited to 200 mrem/h and 10 mrem/h,
respectively, for transfer of the package. For storage of the
package, the dose rate on the surface of the package shall be
limited to 100 mrem/h. The dose rate at the vehicle driver
lTocation shall not exceed 2 mrem/h during transfers of the
package.
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5.0 ACCEPTANCE OF PACKAGING FOR USE

The following requirements shall be verified and/or inspections shall be
performed prior to use of the HMMP Package according to WHC-CM-4-2, Quality
Assurance Manual, and Part A, Section 7.0:

1.

Verify that all non-destructive testing and inspections have been
completed as specified by the design drawings and information
included in this SEP.

Inspect the package 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 gouges, dents, or scratches on flange
sealing surfaces that would prevent sealing.
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6.0 OPERATING REQUIREMENTS

6.1 GENERAL

Specific oberating procedures shall be developed and approved by
designated Transportation and Packaging personnel to verify transportation
requirements are provided prior to transfer of the package.

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

Operating procedures, in general, shall cover the mounting of the empty
shipping container onto the tilt mechanism on the trailer, loading of the
contents into the package, Toading of the package on the transport vehicle,
transporting the package, and unloading the package at transfer
destination(s). Bolt tightening specifications, or reference to the
specifications, for all flanged connections shall also be included in the
operating procedures.

6.2  INSTALLATION 0# PACKAGE CONTENTS

The HMMP (Part A, Section 2.2) will undergo several operations before
placement into the shipping container. The pump, as it is removed from the
tank, will undergo a high pressure water spray operation and then will be
enclosed inside a portable flexible bag assembly prior to insertion into the
shipping container. Approximately 13 ft of the upper section of the pump will
be cut off after removal. Basic steps for removing the pump and placing into
the shipping container are as follows:

1. The shipping container shall be located in the special strongback
and tilt assembly on the truck-trailer and raised into the
vertical position in accordance with DOE-RL-92-36, Hanford Site
Hoisting and Rigging Manual (RL 1993) and the vendor's operating
manual.

2. The pump shall be attached (hooked) to a portable flexible bag
assembly installed on a spray wash assembly in accordance with
DOE-RL-92-36, Hanford Site Hoisting and Rigging Manual (RL 1993)
and the appropriate work plan.

3. During removal from the tank by the crane and during insertion
into the portable flexible bag assembly, the pump shall be sprayed
with 3000 psi, 160 °F water.
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The pump shall be fully raised into the portable flexible bag
assembly in accordance with DOE-RL-92-36, Hanford Site Hoisting
and Rigging Manual (RL 1993). The bottom section of the bag shall
be remotely closed in accordance with the appropriate work plan.
It shall be confirmed that approved absorbent material has been
placed in the flexible bag and/or the shipping container to absorb
at Teast twice the amount of expected free liquids that may be
present in the waste contents.

Using the crane, the pump inside the flexible bag shall be moved
at a minimum possible elevation, then 1ifted approximately 75 ft,
transferred over to the tilt assembly, and inserted into the
shipping container in accordance with DOE-RL-92-36, Hanford Site
Hoising and Rigging Manual (RL 1993) and the appropriate work
plan.

The shipping container shall be Towered toward the horizontal
position in accordance with DOE-RL-92-36, Hanford Site Hoisting
and Rigging Manual (RL 1993) and the appropriate work pian.

In accordance with the appropriate work plan, the loaded shipping
container in the tilt assembly shall be moved to the designated
area and the upper section of the pump (approximately 13 ft) shall
be cut off. The pump shall then be stabilized inside the shipping
container.

The two top closure plates on the shipping container shall be
installed with care not to damage the gasket material. The bolts
on the closure plates shall be tightened using the tightening
sequence and torquing requirements provided in Drawing H-2-83750
(Part A, Section 9.2) and in the field procedures.

The shipping container shall be lowered completely to the
horizontal position.

The radiation dose rate at any contact surface of the shipping
container shall be verified not exceed 100 mrem/h. If this dose
rate is exceeded significantly, lead shot or steel shot shall be
added to the shipping container annulus and additional solid lead
shielding may be installed on the external surfaces to reduce the
dose rate to acceptable Timits prior to transfer of the package.
If dose rates are slightly above 100 mrem/h after sealing of the
package, use of solid lead shielding on the outside of the package
only may be considered. The surface contamination levels of the
shipping container shall be verified to not exceed the limits of
the following table (WHC Radiological Control Manual, WHC-CM-1-6):
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Nuclide Removable {dpm/100 Total (Fixed +
{note 1) cm?) Removable) (dpm/100
{note 2} cm?)
{note 3)

U-natural, 2%, ®2U, and associated decay products. 220 alpha 5,000 alpha
Transuranics, *°Ra, **Ra, *°Th, **Th, ®'Pa, *"Ac, 125, 129 20 500
Th-nat, 32Th, ®Sr, *¥Ra, *Ra, ©2U, 129, 1), 133 200 1,000

1,000 beta/gamma

5,000 beta/gamma

Beta-gamma emitters (nuclides with decay modes other than alpha emission
or spontaneous fission) except ¥Sr 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 iteam. 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 cm?® of surface area should be 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 appropriate instrument of known efficiency. For objects with a surface area less than 100 cm?, the entire
surface should be swiped, and the activity per unit area should be based on the actual surface area. Except to; transuranic
‘glements, 22®Ra, *’Ac, 2°Th, 2Th, ®'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 values
for removable contamination.

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.

6.3

10. Install the package tiedowns on the special tilt/trailer per
instructions in Part B, Section 6.5. Fully inspect the package to
confirm that all transportation requirements are met and release

the package for transport.

UNLOADING THE PACKAGE

Verify that the dose rate at the surface of the package does not
exceed 100 mrem/h and that surface contamination does not exceed
the Timits specified in Part A, Section 6.2 (10). Inspect the
package and determine that it is acceptable for storage and/or
processing of the contents at the designated facility.

1.

Determine the actual center of gravity of the package and total
gross weight based on the package, waste contents, and shielding
installed in or on the package. Information is provided in the
tiedown analysis in Part B, Section 6.5 for specific scenarios for
addition of shielding which estimate approximate centers of
gravity. Prepare a plan to safely 1ift the package in the
horizontal position. Hoisting and rigging operations shall
approve this plan.

Remove the tiedowns and prepare the package for rigging.
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Provide a suitable crane, rigging, and 1ifting beam (Drawing
H-2-83744, Part A, Section 9.5) to safely 1ift the specified load
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) and the appropriate work plan.

A6-4



WHC-SD-TP-SEP-026 Rev. 0
7.0 QUALITY ASSURANCE

7.1  INTRODUCTION

The 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 in
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, and
verification activities for the packaging are in accordance with,
or equivalent to WHC-CM-4-2 for the assigned safety class.

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

3. The assigned Safety Class 3 of the packaging and Safety Class 3 of
the packaging components (WHC 1994) are in accordance with
requirements of Management Requirements and Procedures (MRP) 5.46,
WHC-CM-1-3.

4, A1l required inspections and testing of the packaging are properly
documented.
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8.0 MAINTENANCE

Preventive maintenance shall be performed 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, 1994, Packaging Design Criteria for Transfer and Disposal of Hydrogen
Mitigation Mixer Pump, WHC-SD-TP-PDC-019, Westinghouse Hanford Company,
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.
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9.2 HYDROGEN MIXER PUMP CONTAINER (H-2-83750 and H-2-83734)
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GENERAL NOTES (uuess omemwss seeanen)

1. THREAZED FASTENERS SHAL ZE CCATED WITH A THIN CCAT CF NICKEL NEVER
STIZE §NS—~1E0 CR LCCTHE C. THEN TORCUED TO (SEZ NOTE 2) IN
ACCORCANCE WITH THE GASKET SUPPLIERS INSTRUCTIONS AND PROCEDURES
TO 2£ PROVIOED Y COGMIZANT ENGNEIR.

2. BOLT TCRQUES VALUES
13 UNC—28 ASTM AZ07 GR B .= 295-305 ft-ibs

3. BOUTING OF STRONG-3ACK TO CCNTANER JOINT CONNECTION. BOLTING SHALL
8E PER_ASC, S?"CﬂCAuQN FCR STRUCTURAL JOINTS USING A325 O
BOLTS 7ROM MANUAL OF SVeEl CONSTRUCTIO ON, ALLOWABLE STRESS OESICN. 9TH
EDMON. 2 1/Z°3 BCUTS SHALL BE TIGHTENED 7O SNUG TICHT CONOMON BER
WHC~SO—#M=0A170 . FASTCMR THREADS SHALL NOT 3€
LUBRICATED SEYOND THE AS CELIVERED CONOMON AS SPECFIED IN 8(a).

4. THE FOQUR CC N’TNNE! ATTACYDIENT ASSEMBUES SHALL E-E SOLTED TO THE
STRONG~ZACK 'MTH 1-3UNC=2A HEX MEAD BOLTS AND 1-3UNC-28 HEX
NUTS. THE SCLTS SHMALL EE TGHIENED TQ SNUG TIGHT CONMON
WHC—SO-WM—0A—170. AFTER THE CONTANER IS NN PLACE ANO
FULLY SOLTED TO THE CONTAMER ATTACHNENT ASSEMBLY.

»

SHIELD #TH LEAD (PY) SHOT OR STEEL SHOT. SHIELOING SHALL BE RED
INSTALLED PSR WHC-~SD~TP-527~026.

4. USE DRUM PLUG (McMASTER-ZARR, JSO19T11) 7CR SYSicM TEST AN
ONLY FOR STORAGE LSE VENTED FLUG, (NUCFIL 016, Z°NPT, 204SS UD ANO
HOUSING) WITH OETAR E =
7. STQRAGE AND SHIPPING QF CONTAINER S'MLL 8E AS FOLLOWS:
THE CONTAINER SHALL S€ SUPPORTED QURING STORAGE AT COLUMNS 6,
AND 21. OURING TRANSPORT THE CONTAINER SHALL 8E SUPPORTED
AT COUUNMNS J AND 21

& FOR ALIGNMENT OF THE CONTANER AND STRONG—BACK IN THE VERTICAL
POSIMICN THE RED PAINT MARX CN THE TOP OF THE C!JNTNNER SHALL
BE IN UNE WITH THE SHIELDING FILLER PLUGS. THE RED PAINT MARK
ON THE SIOES CF THE THE CONTANER SHALL 8E IN UNE WTH 2 1/7°3 8OUTS
ATTACHING THE CONTAINER TG THE STRONG—3ACK, 1/4° WIOE MAXINUM,

9. AUGNMENT OF CONTANER WITH STRONG—EACK AT ASSEMBLY:

LONGITUBINAL CENTER UNES CF THE CONTAINER AND STRONG~BACK SHALL, BE
EQuaL £1/87.
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5 ‘ 4 3 I 2 1
1
i
F
1
1
NUTHEAVY HEX 2 1/2-4 UNC-28, | HEX HEAD EOLT, 1-8 UNC-24x%" LONG
ASI:HMSI»GRD‘IIRECU!RED.‘PL [P Asar(ugzca.s 0
WASHER, FLAT 1°, ASTM F—438
WASHER, SPUT—LOCK 1”7 ANSI 818.21.1
28 EACH REQUIRED FOR INNER TOP CaP
HEX HEAD SOLT 2 1/2-4 UNC-ZA SNUG TIGHT
x 7 1/27 LONG ASTM A 449, TYPE
IW/ 4 1/€ THREAD 1 REQD, 4 FL
SEE NOTE 3.
2 1/79 FLAT WASHERASTR F436, 04-2-57307934%4 & DETAL 3 3
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A
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— HEX FEAD aoLr 1°~8 UNC 2A x 4° LONG,
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WASHER, SPUT-LCCK 1° ANSI 918.21.1
32 e RECUIRED FOR OUTER 1CP CAP
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10N

+13'~8 1/4°¢1/8

#1681 3/4% ﬂ@

11/0

+18'~9 1/4"2

+21'~4 3/4°+1/8

26

MATCH LINE

FILL NOZZLE FOR LEAD

SHOT SHIELOING, 24 PL.

s&€

e DR

_~______.7+___. e S —

2 . T T b T 2 o

(6'-Z szcron
$'~£CD PIPE)

+40'-6 3/4°£1/0

+43'-2 1/4°%1/8

?

(10° szcnon
5-4°CO PIPE)

1/2 THICK x 5'~8'10 OUTER
SHELL, 7 SZCTICNS, CaL 8

THRU 1S

®

+445'-9 3/4°+1/8

. 0
\

i

]

,
+48°=5 1/4°¢1/8

2 PL SOTH SIES CF
QUTER SHELL SZCTION
N LCCATION SHOWN,
TP CCL 1 THRU 25

4. AL MACHINED SURFACES SKALL BE IN ACCORDANCE 'MTH ANS! 846.1.

1.
2

3.

s,

®.

+49°=2 3/4°£1/8

GENERAL NOTES (umess omgrwisz sPecneo)

REMGVE ALL BURRS ANO BREAX ALL SHARP EDCES.

WELD AND INSPECT PER AWS D1.1-1994, ALSQ SEE NQTE 10. VT FINAL PASS OF ALL
WELDS. VT FiT UP, ROOT PASS ANO FINAL PASS CF ALL CONTAINMENT WELDS AND
LFTING WELDS. MT OR PT FINAL PASS OF CESIGNATED WELDS. FINAL PASS OF WELDS
MACE 5Y PIPE SUPPUER ON FROCURED PIFE SHALL 2E VT AND RT BY THE PIPE °
SUPPUER, WELDER CUAUFCANCNS AND WELD PROCEDURES PER ASME SECTION IX ARE F
AN ACCEPTASLE SUBSTITUTION. STAINLESS TO STAINLESS STEZL AND STAIRLESS 1O
CAREON STEZL WELDING SHALL BE PERFORMED PSR HS-YS-0013,

MATERIAL SHALL CONFCRM TQ THE FCULOWING SPECIFICATIONS:
$"—4700 PIPS:  ASTM AS71, GRADE CC70, CLASS 31 — 1993
T BOTTOM PLATE, GUTER TOP CAP FLANGE. INNER TOP CAP, INNER CONTAINER
FLANGE AT CCL 25, WNER RETAINING PLATE, INNER TOP CAP FLANGE, AND VENT
PLATE: ASTM AS16, GRAGE 70, NORMAUZED - 1950
1 1/Z THICK RINGS, UFTING LLIG, ATTACHMENT PLATE. SUPPORT BAR, 7 BUND
FLANGE, QUTER TOP CAP, SPACERS, BACKING BAR, OUTER CONTAINER FUANGE AT
COL_25, QUTER SHELL, SAOOLE SUPPORT PLATE AND SACOLE SUPPCRT SIIFFENER
PLATE: ASTM A36 - 1993
VENT FIPE: ASTM A106 — 1594

FUNNEL GUSSET PLATES, FUNNEL PLATES, FUNNEL RING AND SADOLE PLATE:
ASTM A240 REV B8 304L — 1993

HEAVY HEX HEAD BOLTS: ASTM A307 GRAOE B — 1993
FLAT WASHERS: ASTM F435 — 1993 ’
LOCK WASHERS: ANST B13.2%.1

HEX HEAD PLUG: ASTM A105 — 1993

FLANGE CUIDE PINS: ASTM A32Z GR4130, HEAT TREATED
STRENGTH OF 135 KSI ANO HARONESS OF HB 270 - 19

~

TQ A MININUM TENSILE
91

GASKETS SHALL BE FLEXICARS MRG GASXETS BY FLEXITALLIC AND SHALL HAVE A
NOMINAL CCRE THICKNESS OF 1/8° OF A=304 MATERUL. GASKETS SHALL HAVE A
0.03C" GRAPHITE LAYER ON EACH SIOE.

PAINT ALL EXTERIOR SURFACES WITH ONE CCAT GF AMERLOCK 400 FOLLOWED WITH
ONE TOP COAT OF AMERSHIELD. FINAL COLOR SHALL BE AMERON WHIE. 50 NQT
PAINT SURFACES CF RLANGES. PREPARATION AND APPLICATION SHAUL BE PER
MANUFACTURER'S INSTRUCTIONS.

(GENERAL NOTES CONTINUED ON SHEET 8, ZONE 2F) ]
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GENERAL NOTES (connnued FRoM SHEET 1) !

7. THRERDED FASTENERS SHML SE COATED WITH NICKEL NEVER STZE JNS-150 CR

.< .< LCCTiE C.
" L] -
~1 o 8. MATERMAL SHALL BE MARKED SUCH THAT T IS TRACZAELE TQ THE CHEMICAL ANALYSIS
it 3 AND MECHANICAL TZST RESCRTS. BEAT NUMBER TRACEABIUTY OF MATTALAL SHALL 8E
3 b MAINTAINED ON THE Eitl OF MATERALS, I
+ +
9. EACH ANNULUS SHALL EE PRESSURE DECAY TESTED TO 11.2 PSI PER HS~85-0076
! 7 OUTER CCTNTAINER FLANGE TYPE 1, HOLO 10 MINUTES (NO LEAKAGE ALLOWED).
——— 10. WELD AND INSPECT ALL PRMARY CONTAINMENT WELOS PER ASME 8 & PV CCOE.
L~ sl SECTION VIl
o =
=" FOR FUNNEL ASSEMELY 11, GRIND WELO EEAD ON SIGFENING RINGS AS NECESSARY TO ALLOW FITTING OF
£ 7 SZE DETAIL @ QUTSIDE SHELL.
11 &/ 12, MARK PER HS—3S-0Q1S, TYPE 8, IN LOCATCN INCICATED USING 17 HICH BLACK —
/f ! CHARACTERS:
oid . 1 O#G. NO., REY, NO.
< i CONTAINER WT. L85
» H 13.  MARK PER HS—-3S-001S. TYPE 8, N LOCATION INOICATED USING 1° HIGH BLACK
L~ 1 CHARACTERS:
| NO., REY. NO.
" TOP CaP W, 13s
|
\L ) 14. MARK PER HS—8S—001%5. TYPE 8, M LOCATION INDICATED USING Z° HIGH BLACK
H CHARACTERS:
! ANOWS NO. £
! srinuws NUMEER IS THE SAME AS THE COLUMN LINE NUMBER ON THE LEFT SIOE
I H FUNNEL ASSEVBLY " j o=
‘~\~ H = - _
~ |t
8 f £ BOLT CIRCLE =2
=N 1 B
~ 1 - -
N ]
1/4° SPHERICAL RADILS PROVICE LN3 FIT FOR PLACING L
7 PIN, PIN MAY 82 THREADED
= ] INTO FLANGE. IF THREADED
\ k) USE 1/2~13UNC-28
4
Sca INNER CONTAINER FLANGE 1/28 PN | -
! G
- QUTER SHELL Y 74
USE TO ATTACH SZCTIONS : . [
CF 1/8 THCX STFFeNER
PLATES TOGETHER ¥ CONTAINER & QUTER FLANGE |
I
b:: 28
INNER OR OUTER CONTANER FLANGE
ot
/F\  SECTION
\—j SCALE: AL
1 5/8" THICK OUTER CONTAINER FLANGE € BCLT CRCLE
PROVIOE LN3 FIT FOR PLACING
1/4° SPHERICAL RAOWIS PIN, PIN MAY 8E THREADED c
INTO FLANGE. IF THREADED
USE 1/2-13UNC-28
1/73 P ]
!
€ CONTAINER & OUTER FLANGE I N

INNER QR CUTER CONTAINER FLANGE

(E\ SECTION T
/ N SCALE: AULL L
S ] 1|
/ | ;o"_r HOLE. "”"3’3&5 /18 o, CA72 58P 29 Wz
/1N DETAIL FOR GENERAL NOTES SEE SHEET 1
W SCALE: 1 1/T =1°~0" == AN nc | &h U.S. DEPARTMENT OF ENERGY
ST, e | 3-9¢ 00€ Fies Offios, Tanions
::,V/;Zr 2.7¢ - A
i l =—=re =R HYDROGEN MIXER PUMP
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3 : TRE e :mmm = am:c:: LT = : ’El 2;:3 T;o: IT’*~—2—83734| 6 |
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1/4 SAOCLE PLATE
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©)

QUTER CONTAINER
Se=

SEE NOTE 10 & 2

(1/2)1
7/16

/%)

INNER FUNNEL PLATE —

1/4 THICK SADOLE

PLATE, 2 PL

3/8 THICX FUNNEL

GUSSET PLATE
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SCALE: 1/4 SIZE

\&/

I

LI ' '
O T !

 eAge P emmed b sk B A aaat_..d.”ﬁu:’:.: ﬂuﬂgsn L L3 Arv7 0 ttanebdid ianthis Smnedeiandienie

TTT S

- et e e -




WHC-SD-TP-SEP-026

Rev. O

Fill, BETWESN ALLET.
WELDS AS sao-.m.>—‘7—‘
crivo contour” /4

1/4° SADOLE PLATE \

OUTER FUNNEL
PLATE

A1

o

SECTION

=/

1/Z THCX RING
[

SCALE: FulL

/-S CONTAINER

FUNNEL RING

1/4° THICK INNER
FUNNEL PLATE

3/16

1/4 SKID PLATE, LENGTH AS
RECO TO BLENO, MAXKE SAME
WIOTH AS 3/4° SACOLE PLATE.
ASTM A240 REY 8 304L-33

/74
1/4

3/4 SAOCLE PLATE

OUTER FUNNEL
PLA

DI 220%

-~

SAQOLE SUPPORT PLATE — |

A—— :

Lo A
1/8" SADO{SSUPPOR‘T_/
STIFFENER PLATE

DETAIL

FUNNEL RING

FUNNEL, RING

SCALE: FuULL

\/L

INNER FUNNEL PLATE

INNER FUNNEL PLATE
T0 1/4° 32 £
PLATE, 2 PL

L ‘
74

CUTER FUNNEL PLATE

’é
FILL, WITH WELD MATERWL
A EETE AS SHGWN AND GRIND SMOQTH
AN DETAIL
\T/ SCALE: FULL —T
i |
»
5 1/4 THICK SACOLE FLATE o
N 'z
s - S\ QUTER CONTAINER SHELL
7 [k DY
RNG 7 0 3
\ 2 /8 86 3
R PUATE, 2 PL | =
[ T
3/18 1
Vv 1/Z THICK SADOLE [
SUPPORT PUTE. 2 PL
3/47 THICK SAODLE PLATE
/AN SECTION FOR GENERAL NOTES SEE SHEET 1
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2 1
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: 4 PL

4—q 40"

ATTACHMENT ASSEMELY,

-—————ll
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LY LT T T T T e Sy

...

ax
A&r —_

HYDRAUUC BEAM
ATTACHMENT ASSEMBLY

-w3sx160

\ 3/8 PLArE

1/4" UNER FLATE

3/8 PLATE

FASTEN ATTACHMENT ASSEMELY TO

STRONGBACK WITH § HEX HEAD
EOLTS 1~BUNC-2A X 4 1/47 1,
AND & ROUND WASHERS,

6 PL, Ste NOTE 6

¢

e
\\—-”:
™~
™~
\

HYCRAUUC BEAM
ATTACHMENT ASSEMELY
SEZ OETAL 5 ON SH 8

/

— 1 1/ STFFENER 1 1/7 STFFENER

MHC—-SD~WM—~CA-185 | SUFPORTING COC

GENERAL NOTES

(UNLESS OTFZRWISE SPECIFIZD)

€T, FLAT BAR, AND WI0E FLANCES SHALL CONFORM TO ASTM A36-1992
CAREON STETL. ALL STRUCTURAL TUSWS SHALL CONFORM TO ASTM AS00-1992

CRADE B CARSON SIEEL  HEX HEAD
STEEL MEX NUTS SHALL CCNFORM 70 ASTM A194 GRADE 2H CAREON

2. WELD AND INSPSCT PER AWS D1.1-1992, VI FINAL PASS OF ALL WELDS. MT FINAL PASS
CF DESIGNATED WELDS. WEll CUALFICATIONS AND WELDING PROCEDURES PER ASME
SECTION 1X—1892 ARE AN ACCEPTASLE SUBSTHTUTICN.

3. REMOVE ALL SURRS AND SREAX ALL SHARP ECGES.

4. IDENTIFY ASSZMBLY WITH THE DRAWING NUMBEIR AND DRAWING REVISICH NUMBER
IN THE LOCATION INCICATED ON THE CRAWING ON BOTH SIOES OF THE STRONGCBACK
PER 1S-85-001S5, TYPE 8. CHARACTERS SHALL BE Z° HIGH AND SHALL BE
PAINTED ‘MITH 8LACK ENAREL

S. PAINT “STRONGZACK WEIGHT eese (ES" IN THE LOCATION INOICATED ON THE ORAWING
ON BOTH SICES OF THE STRONGBACK PER HS—3S-0015, TYPE 8. ThE ASSEMBLY
SHALL BE WEIGHED PRIOR TO PAINTING THE ABQVE ANO THE WEICHT TO THE NEAREST
POUNO SHALL EE INSERTED WHERE THE wwee ARE. THE CHARACTERS SHALL BE
2 HIGH AND SHALL BE BLACK ENAMEL ON A YELLOW ENAMEL BACKGROUNO.

6. THE FQUR CONTAINER ATTACHMENT ASSTMBUES SHALL BE BOLYED TO THE
STRONGEACK WITH 1—8UNC=-2A hEX HEAD BOLTS AND 1—8UNC-28 HEX
NUTS. THE BCLTS AND NUTS SHALL 2E£ FULLY TIGHTENED AFTER THE CONTANER
IS IN PLACE ANO FULLY BOUTED TG THE CONTAINER ATTACHMENT ASSEMBLY 8Y
USING THE TURN OF THE NUT METHOO PER AISC STEEL CONSTRUCTICN HANUAL.,
STH EDMION.

7. AFTER FABRICATION, PREPA.S AND PANT ALL EXPOSED CARBON STEEL EXCEPT
NUTS, BOLTS, BOLT AND WASHER CCNTACT SURFACES, BOLT HOLES, BEARINGS AND
PINS WITH TWO COATS OF AMERLOCK 400 AND OME TOP CCAT OF AMERCCAT 450 HS.
FINAL CCLOR SHALL EE BEIGE RT-8304. PRIPARATION AND APPLICATION SHALL BE PER
MANUFACTURER'S INSTRUCTIONS.

8. RCUND BAR USED FOR PINS SHALL CONFCRM TO ASTM A331-1990, STANDARD
SPECIFICATION FOR CCLO-FINISHED MLOY STEEL BARS, GRADE E4340. THE ROUND
BAR SHMALL BE COLD ORAWN AND SHALL BE QUENCHED AND TEMPERED, THE
ROUND BAR SHALL HAVE A MINIMUM HARDNESS OF HRC S1. WORK SHALL BE DONE 8Y
TRAILER MANUFACTURER.

9. HOLES THROUGH CLEVIS PLATES AND LUGS AT CONNECTIONS A ANO B SHALL 8F
IN-UNE WITHIN A DMETER CF .0035 INCH. WORK SHALL BE DONE BY TRALER
MANUFACTURER.

RING PINS SPALL 8% INSTALLED THROUGH THE I° OWMETER PIN ON BOTH CIDES CF
THE ASSEIMELY AS SHOWN. RING PINS SHALL BE 1/7° DWMETER x 3 1/4°

EFFECTVVE LENGTH ANO SHALL BE SUPPUED WITHOUT A COUAR. BING PINS SHALL BE
ZINC PLATED CARSON STZEL RING PINS SHALL BE SUPPUED WITH A §5 COTTER PIN
FOR STCURING IN PLACE. RING PINS MAY EE PROCURED FROM:

AIMSCY, INC,
P.0. SOx 80304
SEATILE, WA
93108
1-800~-+426-0244
RING PINS TO BE INSTALLED SY TRANLER MANUFACTURER.

BEARINGS SHALL BE GAR-MAX, FULAMENT WOUND, HIGH LOAD, SELF-LUBRICATING
BEARINGS AS MANUFACTURED BY GARLOCK BEARINGS, INC., BEARING fCM48S56.
BEARINGS SHALL HAVE A NOMINAL SZE OF 30 x 3 l/TOD BEARINGS FOR
THE T CLEVIS PLATES SHALL 8E€ 1 15/16" LONG. BEARINGS FOR THE I° LUGS
SHALL 2E 2 15/16  LONG, SEARINGS SHALL BE PRESS FIT ANO SHALL 8E
INSTALLED PSR MANUFACTURER'S INSTRUCTIONS. BEARINGS TO BE INSTALLED BY
TRALER MANUFACTURER.

12, SEAL WELD ALL JOINTS THAT ARE NOT WELDED.

1 1/2° STIFFENER UFTING
UG & TE OOWN LUG

3/8 PUTE

1° STIFFENER

SOLTS SHALL CONFORM TD ASTM A325-1993 CARECN
STEEL

T"\ v1sl 0 |
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1/4 UNER PLATE

~t

N t
ol
E
Wl
i 1
i Rl
ST T
T‘ a '
N TS4x4x3/8, INSTALLED I
I ] /] ON CENTERUNE GF
' v 4 COLUMN 1, 2, 3, & 5
\: NSNS .
NYE I SN T S X ‘
T 0 I g as nfu T ow i
~do<"
T | I I 0
1} 1
L HYDRAULIC BEAM |
i ATTACHMENT ASSEMBLY -1 TS424x3/8 DUAGONAL, 4 PL
w@
| —
(SHOWN WITHOUT BASE ASSEMBUES)
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»
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1
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/EN\ _ SECTIONM

\xl 1/7 SDFFENER

11/7 PUATE
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w SCALS: 3/16 SIZE

I—-10 /7

Z_PLATE, CONTAINER
EEARING BLOCK,
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—_— e — —] e

R t

1 1/ SIFFENER

1 1/7 PATE
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5 ‘ 3 3 I 2 , 1 ’
| |
7 PLATE CIMENSION "2 (2°-3 1/7) kg !
SZE SREZT 5. CTIAL 2
17 PLATE TO FLANGE
NT 8 13/16" S 7/8 8 13/158” T OF W36
Z PLATE TO } 7\
" PLATE @"— " PLATE —‘—w
ur /" /
MT '-' /1 1 X 4 3/4 X 1°=0° PLATE —
7 PUATE 1O l _1 l __(
I we y A !
XL [ N K }
1 1/7 SAFFENER \_S/IS [ uN| |8 ]
10 1" PUATE, 2 PL / 5/16 | = s/16 1 1/Z STFFENER TO
MY f" FLANGE OF W36 &
- B 5/16 1" PUTE, 2 PL #
@__. ————— . N A MT
14
| \ 3
- ~ NUT CUP FOR 1°
/R /N e i
\t/ V 1° STFFENER s 1 1/Z STFFENER TO
- WEB OF W36 &
~-\v S5/ VN5 we 2 5
C R B M
| L1 1/Z STFFENER MY
(G 1/7%) seE \ | | — _—
SECTOn 38 ON / /_1' STFFENER | wisxico
s L
= 3 we 7_ o5 -
M
11 ILATE &
(571631 OF W35, 2 PL
' o
i T
6 5/8R o e e = = e e e = S
MT / —_——
Hr l
1 1/2 STWFFENER 1O\ 5,16
vz P;A;,EL‘ (3/16) \ TS4x4x3/8 TS4x4x3/8 CUGTNAL
9 1/8 ——
1 1/2 PUTE 1 1/7 PAZ 10
m FLANGE CF W36
M
17 AND 1 1/2° PUATE TO 3°
LUG, TCP & BOTTOM,
GRINO AS REQUIRED FOR
NUT CuP c
WT
@ NOTE: PROVIDE CMTR TRACEABILAY
(D _SECTION PROVIE C
K_/ SCALE: 3/16 SIZE
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SEE NOTE 9
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1 1/Z STFFENER 2 PL
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T
1 1/2 STFFENER TO\ S/16
3 WG 2 PL 5/16

1 1/2 STFFENER
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¥

§

|_——w36x160

E—- 24

77 277

o I we
1" STFFENER 2 PL

! XI'STIFFENER.ZPL

1 1/7 STIFTENER UFTING
& TE OOWN UG

SECTION
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/—Q STRONGACK i
i
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S L T
T T e
1/7 STFFENER PLATE 1 T we £

PIN ASSESMELY, CCNNECTION 8.
SEE NOTE 9

BASE ASSTMBLY

\ [ ] il
1S 4x4x3/8

TION
3/16 SIZE ¢
7 PATE
_\ 1/7 STFFENER
10 3/16 s 7/8
2 3/18° ) o

1 1/7 SOFFENER 2 PL ——

1 1/Z STFFENER L
STTENER TON 5718 . P
STIFFENERS & LUG = L
s>~ T ) /
3 N .
B i /—-wssusa
1 / -
T L7227 5 |
i Il A
I
} o
-
3 we 3
k-
1" SRFFENER 2 PL { \_‘_ R 2 e &
STFFENER TO\  s/15 ( | ST o z
STFFENERS & LG >—2fe H
Eas 1 1/7 STFFENER UFTING T T p— {
s /8 8_13/18 & s Ea @5 i . i
1° STIFFENER , 2 PL ! ' Ho® o &
O, i !
FOR GENERAL NOTES SEE SHEET 1
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'1.1 SAFETY EVALUATION METHODOLOGY

WHC-SD-TP-SEP-026 Rev. 0

PART B - PACKAGE EVALUATION

1.0 INTRODUCTION

Part B of this Safety Evaluation for Packaging (SEP) identifies and
evaluates the requirements considered applicable to the one-time transfer of
the Hydrogen Mitigation Mixer Pump (HMMP) Package and will evaluate the
adequacy and acceptability of the packaging and transfer systems described in
Part A of this SEP. The SEP demonstrates that the onsite transfer meets the
onsite transportation safety criteria (WHC 1994b).

A.

Methodology used to evaiuate the acceptab111ty of the package for
safe onsite transfer was to:

1. Determine the probability of an accident during transfer.

2. 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 determines the applicable dose consequence limits
Tisted in WHC-SD-TP-RPT-001, Report on Equivalent Safety for
Transportation and Packaging of Radioactive Materials (WHC 1994b).
Three accident probability ranges are listed in the equivalent
safety document (incredible, credible, and probablie). Each
accident probability range has a maximum onsite and offsite dose
consequence 1imit. For the short mileage requirements evaluated
in this SEP, the probability of an accident during transfer of the
package was determined to be "incredible" (less than 10 )
Reference to the equivalent safety document indicated that the
applicable dose consequence limits for accidents in the incredibie
range of events is 25 rem to an offsite person. This information
was then compared to results of a dose consequence study which
determined that the dose consequence following the potential
accident conditions were within acceptance Timits of the
equivalent safety document.

Specific tests were selected to provide a basis for evaluation of
package parameters for normal conditions of transfer and
identified accident conditions. The specified tests were
simulated and were evaluated by analysis. In cases where the
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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 Targe Tong-length package
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 Teak 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 the HMMP Package indicated that the proposed packaging/transfer
system is considered safe for the intended usage and meets the onsite
transportation safety criteria.

An accident frequency assessment of the HMMP 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 acc1dent during
transfer is not considered probable (incredible-less than 10° ) This was
based on transferring the HMMP Package a total of 4.3 miles.

A dose consequence study showed that radiation dose rates and the
radionuclides that may be released in the incredible event of an accident are
well below the dose consequence limits of 25 rem to an offsite person.

Conditions relating to normal handling of the package 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 package 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 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.

Shielding evaluations indicated that sufficient shielding (if required)
can be installed on the outside of the package to 1imit contact dose rates to
100 mrem/h. This will meet the radiation dose rate requirements for both the
transfer and storage of mixed, category 3, low-level waste.
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The tiedown system design and analysis were evaluated and determined to
be adequate to assure that the package will be properly secured to the vehicle
during transfer.

A structural analysis of the package indicated that the 1ifting
attachments on the package have sufficient strength to safely Tift a fully
Toaded package in the horizontal position.

A thermal analysis of the package indicated that the fui]y loaded

package would not exceed external surface temperature limits due to solar
insolation and radioactive contents decay heat.
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2.0 CONTENTS EVALUATION

2.1 CHARACTERIZATION

Cértain characteristics of radioactive materials must be identified and
evaluated to assure that the contents of a package can be safely transferred.
Three major concerns relating to transferring radioactive materials are as
follows:

1. The effective A, value (A,.) of the material must be calculated to
determine if the package must be transferred as a Type A or Type B
quantity of material. If the package contents are a Type A or
Type B quantity of radioactive material, a 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 A,,

o% 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 transfer as "fissile" or "fissile excepted." 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.

Based on a waste generation study (WHC 1994a), Table B2-1 below was
developed to indicate the activity of radionuclides estimated to be attached
to the mixer pump. The activity in curies is shown for an estimated 3 mm
thick film of waste tank material attached to specific areas of the pump and a
Tiquid holdup of 68 gallons inside the pump. This is considered the "worst
case" waste that will be attached to and contained inside the pump and will be
used throughout this SEP to assure that the package is properly evaluated for
the intended use.

Table B2-2 was developed to determine the A,, values for the mixture of
radionuclides attached to and contained inside the mixer pump. As noted
above, if the total curies of waste material attached to the mixer pump is
greater than the A,, value of the mixture, the waste equipment must be :
transferred as a Type B quantity of waste.

B2-1




WHC-SD-TP-SEP-026 Rev. 0

Table B2-1. Radionuclide Activity for the HMMP Package.

Radionuclide | Pump Holdup (Ci)* Pump Film (Ci)** Total Curies
21 am 1.02 E-01 6.03 E-02 1.63 E-01
238py) 2.82 E-04 1.66 E-04 4.48 E-04
2%y 5.65 E-03 3.33 E-03 8.97 E-03
240py 1.33 E-03 7.86 E-04 2.12 E-03
&1py 1.12 E-02 6.61 E-03 1.78 E-02
242py, 6.24 E-08 3.68 E-08 9.92 E-08
230 1.16 E-04 6.86 E-05 1.85 E-04
26hem 2.03 E-03 1.20 E-03 3.22 E-03
22em 5.05 E-05 2.97 E-05 8.02 E-05
B7cs 1.61 E+02 9.50 E+01 2.56 E+02
3783 1.52 E+02 8.98 E+01 2.42 E+02
1ec 3.88 E-04 2.29 E-04 6.17 E-04
08y 1.88 E+01 1.11 E+01 2.99 E+01
90y 1.88 E+01 1.11 E+01 2.99 E+01
P 7¢ 1.51 E-01 8.90 E-02 2.40 E-01
1291 5.93 E-03 3.49 E-03 9.42 E-03
Z7Nn 1.68 E-02 9.87 E-03 2.66 E-02
238y 2.14 E-05 1.26 E-05 3.40 E-05
23y 2.35 E-06 1.39 E-06 3.74 E-06
Se 1.35 E-04 7.94.E-05 2.14 E-04
*“Nb 1.88 E-05 1.11 E-05 2.99 E-05
™Nb 1.61 E-03 9.50 E-04 2.56 E-03
o 2.10 E-01 1.23 E-01 3.33 E-01
Phey 1.50 E+00 8.83 E-01 2.38 E+00
N 5.40 E-05 3.18 E-05 8.58 E-05
&N 8.61 E-03 5.07 E-03 1.37 E-02
238y 1.59 E-06 9.40 E-07 2.53 E-06

* Based on 68 gallon waste holdup in pump legs (987 lb)
** Based on 3 mm film thickness of waste (582 lb)
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. Table B2-2. Effective A, -- HMMP Package.

Radionuclide | A, Limit (Ci) | HMMP (Ci) £, £./A
24 pm 0.008 1.63 E-01 | 2.91 E-04 0.0364
Z38py 0.003 4.48 E-04 | 7.99 E-07 0.003
239py 0.002 8.97 E-03 | 1.60 E-05 0.008
240py 0.002 2.12 E-03 | 3.78 E-06 0.0019
21py 0.1 1.78 E-02 | 3.17 E-05 0.0003
242p, 0.003 9.92 E-08 | 1.77 E-10 0
23Cm 0.009 1.85 E-04 | 3.30 E-07 0
24hem 0.01 - 3.22 E-03 | 5.74 E-06 0.0006
2h20m 0.2 8.02 E-05 | 1.07 E-06 0
3¢ 10 2.56 E+02 | 4.564 E-01 0.0456
3783 10 2.42 E+02 | 4.314 E-01 | 0.0431
Yec 60 6.17 E-04 | 1.10 E-06 0
Sy 0.4 2.99 E+01 | 5.33 E-02 0.1333
20y 0.4 2.99 E+01 | 5.33 E-02 0.1333
P1¢ 25 2.40 E-01 | 4.28 E-04 0
1297 2 9.42 E-02 | 1.68 E-05 . 0
27Np 0.005 2.66 E-02 | 4.74 E-05 0.0948
238y u 3.40 E-05 | 6.06 E-08 0
233 0.2 3.74 E-06 | 6.67 E-09 0
5e NA 2.14 E-04 0
%“Np NA 2.99 E-05 0
P™Nb NA 2.56 E-03 0
o -7 3.33 E-01 | 5.94 E-04 0.0001
S4Ey 5 2.38 E+00 | 4.24 E-03 0.0008
2N 900 8.58 E-05 | 1.53 E-07 0
3N 100 1.37 E-02 | 2.44 E-05 0
236y 0.2 2.53 E-06 | 4.51 E-09 0

TOTALS 561 1.00 0.4985

Effective A, 2.01

The effective A, vatue is 1.00/0.4985 = 2.006 Ci. The total curies are greater than
the effective A5 value, therefore, the mixer pump must be transferred as a Type B
quantity of Nas%e. The total activity in terms of A2 is 560.79/2.01 = 280 Ass

Note:
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The total estimated curies of material in the package contents (561 Ci)
is 281 times greater than the A, value of the mixture of radionuclides
indicating that the mixer pump must be transferred as a Type B quantity of
waste. The A,, value for a mixture is equal to 1/% f./A, where f. is a
fraction of activity for each radionuclide in the mixture and A, is the
appropriate Type A curie limit for each radionuclide.

Fissile materials present in the waste are 238Pu, 239Pu, 2“Pu,'and 235y,
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 B2-3 was developed to determine the total grams of fissile
materials in the HMMP Package evaluated in this SEP.

Table B2-3. Fissile Content.

Activity Curies Grams
(Ci/g)
238p,, 17 4.48 £-04 2.63 E-05
3%y 0.62 8.97 E-03 1.45 E-02
41py 110 1.78 E-02 1.62 E-04
235y 2.10 E-06 3.74 E-06 1.78 E+00
TOTAL GRAMS 1.7947

As shown in Table B2-3, the total quantity of the fissile radionuclides
estimated to be attached to and contained inside the mixer pump is 1.7947 g.
Radioactive waste is excepted from fissile classification if the total
quantity of fissile components are less than 15 g (DOT 1992) in each package.
Under the conditions stated above, the package containing the mixer pump will
be considered as "Fissile Excepted." Based on the "Fissile Excepted”
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.
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2. The chemicals are normally in a liquid phase in the tank and will
normally be washed off by spraying the equipment with water during
removal.

For purposes of evaluating the package for transfer, the potential
corrosion of packaging materials from the estimated minute quantity of
non-radioactive chemicals that may remain attached to the solid waste material
is considered insignificant. It should also be noted that absorbent material
will be included in the package to absorb any free liquids. This will prevent
direct contact of liquids with the packaging materials and will 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 limits cannot be transferred under the SEP unless an
Engineering Change Notice (ECN) is issued. The maximum amount of curies for
each radionuclide estimated te be attached to the hydrogen mitigation mixer
pump is shown in Table B2-1. The estimated maximum quantities of fissile
radionuclides attached to the pump is shown in Table B2-3.

2.3 CONCLUSIONS
Package contents as characterized in the waste generation study
(WHC 1994a) shown in Part A, Section 3.0, and evaluated in this section of the

SEP are considered to be properly identified and sufficiently analyzed to be
considered acceptable for transfer in the HMMP Package.
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3.0 RADIOLOGICAL RISK EVALUATION

3.1 INTRODUCTION

Rev. 0

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

Packaging of Radioactive Materials (WHC 1994b).

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 are shown in the Report on Equivalent Safety for
Transportation and Packaging of Radioactive Materials (WHC 1994b); however,
for purposes of evaluations in this SEP, specific criteria data from the
referenced document are shown in Table B3-1.

Table B3-1. Risk Acceptance Criteria.
Accident Annual Accident Dose Limits Dose Limits
Condition Frequency Onsite Worker (rem) | Offsite Farmer (rem)
Incredible <107 N/A N/A
Incredible 107 to < 10°° N/A 25 (EDE)
Credible 107 to < 1073 5/15/50 0.5/1.5/0.5
Probable 107 to 1 0.2/0.6/2 0.01/0.03/0.1

3.3 ACCIDENT FREQUENCY ASSESSMENT

An accident frequency assessment (see Part B, Section 3.6) was performed
to determine the probability of an accident for the one-time shipment

described in this SEP.

Results of the accident frequency assessment indicated

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

accident frequency was calculated to be 4.97 x 10°

indicating that accidents

are considered incredible for the onsite transfer of the HMMP Package
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described in this SEP. As noted in Table B3-1, no radiation release limits to
an offsite farmer are required for a calculated accident frequency of below
107, However, the predicted effect to an offsite individual was evaluated
based on the 10 to 10°" accident frequency for added conservatism.

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 farmer for the HMMP Package in the unlikely event of an accident. The
analysis assumed in the worst case that 30% of the radionuclide inventory is
released to the environment in less than one hour,.50% of the released
inventory is dispersed to the atmosphere, and that decay of the radionuclides
began at the time of release. The analysis indicated that an offsite farmer
at the nearest site boundary would be subjected to a 50 year committed
effective dose equivalent (EDE) of 4.1 rem for an accident with an estimated
15% dispersement of the radionuclide inventory to the atmosphere.

3.5 RISK EVALUATION AND CONCLUSIONS

For incredible accident conditions for acceptable release limits at the
Hanford Site, the calculated 4.1 rem EDE to an offsite farmer is well below
the 25 rem limit shown in Table B3-1. The conclusions of this evaluation are
that the identified radiological risks associated with the one-time transfer
of the HMMP Package described in this SEP are acceptable.
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3.6  ACCIDENT FREQUENCY ASSESSMENT
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HYDROGEN MITIGATION MIXER PUMP TRANSPORT FROM 101-SY TANK FARM
TO CENTRAL WASTE COMPLEX AND T PLANT

1.0 INTRODUCTION

This report contains an accident frequency assessment for transferring
the Hydrogen Mitigation Mixing Pump (HMMP) package containing contamination
removed from Tank 101-SY to the Central Waste Complex (CWC) and eventually to
T Plant for treatment/processing. 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 radicactive material in the transport of the HMMP package
by truck. The event tree (Figure 2-1) maps transportation accident sequences
resulting in radioactive 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 SY
tank farm and going South on Camden Avenue to 10" Street. Turn West on 10°
Street and .30 to Cooper Avenue. Turn North on Cooper to 13™ Street. Turn
West on 13" Street to Dayton Avenue. Turn North on Dayton Avenue and drive to
the CWC. The distance from SY Tank Farm to the CWC is less than three miles.
The additional trip from the CWC to T Plant is 1.3 miles. Go North on Dayton
and East on 23™ Street to accomplish this trip. Therefore, the total mileage
for this trip is less than 4.3 miles. 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 (see Figure 2-1) will be multiplied
by this mileage 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 Figure 3-1 for pathway driven).
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Transportation Event Tree.

Figure 2-1.
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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
WHC-SD-TP~-RPT-007 for a 1ist of the accidents and the miledge. 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 Sr more
damage be reported. A proposed change to WHC-CM-1-13 may increase the amount
to $5,000. Of these accidenis only thirty-one (27.2 percent) resulted in
major damage in which an undesired radiocactive 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
approxTmately 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, is evaluated based on the one percent fire occurrence
data.

Few vehicle fires seriously threaten the cargo because fires are usually
confined to small areas or are of short duration. Because fires typically
start in the engine compartment, cargo will not be significantly damaged if a
fire is controlled within ten minutes. Based on the response time of the fire
department, ninety percent of all truck fires can be extinguished during the
initiating phase. One-third of the remaining ten percent can be controlled by
the fire department before the cargo is damaged.

Two facts justify these assumptions. First, hand-held fire
extinguishers are effective on vehicle fires if less than seventy-five gallons
of fuel or less than one thousand pounds of solid combustible cargo are
involved. Second, the locations of the three fire stations on.the Hanford
Site allow fire trucks to get to one-third of the site within five minutes,
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two-thirds of‘the site within ten minutes, and to the entire site within
fifteen minutes (Reference 4). From this information a probability of
6.66e-02 was formulated and used for event six, FIRE CONTROL, on the event .
tree. :

The final event, PACKAGE, on the event tree evaluates the proposed
packaging. Based on the packaging design criteria, WHC-SD-TP-PDC-019, Draft,
the transfer pump located in tank 241-SY-101 weighs 20,906 1bs.with total _ -
weight waste matrix, is 41 inches in diameter, and 60 feet long. The package
for this pump will be analyzed for a drop of three feet. The packages will be
tied down to the vehicle. The tiedown devices used to secure the package to
the transport vehicle shall be designed and evaluated to assure the tie-down
assemblies used to secure the packaging can withstand sudden stops or
cornering at 15 MPH. Attachments shall be provided on the package 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 (whichever is more conservative):

0 A minimum safety factor of three against yielding.

0 A safety factor of five based on the.ultimate strength of
material. When the 1ifting attachment is used as intended, it
must be designed so that the T1ifting device failure caused by an
excessive load will not impair the package from meeting other
criteria. Any structural part of the package not approved for
1ifting the package shall be rendered inoperable for lifting the
package during transfer or shall be designed with strength
equivalent to that required for the approved 1ifting attachments.

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 a
random fire or collision at 5.0E-03, and 5.0E-02 due to a roilover. Included
in the package failure probability is a factor to account for the percentage
of radioactive release. For a complete release, not only would the packaging
have to fail, but the pump itself would have to open to result in a complete
inventory release. These values appear on the event tree.

4.1 EVENT TREE EVALUATION

Fourteen accident sequences are defined by the event tree. Eight of
these result in no release. It should be noted that it was assumed that the
transfer would not be allowed to occur during icy road conditions. Three
sequences result in a release, and three more result in a fire release. One
of the combinations of releases is caused by a random fire where the fire is
controlled but the packaging fails or the fire is not controlled. The
frequencies for these accidents are 1.80E-10 and 2.56E-09 per mile. The next
set of two sequences resulting in a release is initiated by a collision. The
collision with ne fire but with a packaging failure has a frequency of
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4.38e-09 accidents per mile, and the collision with an uncontrolled fire has a
frequency of 5.89E-10 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
5.12E-11 per mile with an uncontrolled fire. Summing the three accidents
without a fire results in a frequency of 8.36E-09 accidents per mile. When
this is multiplied by the distance of 4.3 miles results in an accident
frequency of 3.59E-08 per transfer. The three accidents with a fire release
sum to 3.20E-09 accidents per mile. Again using 4.3 miles, results in a
frequency of 1.38E-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.

6.0 REFERENCES

1. Clarke, R. K., 1976, "Severities of Transportation Accidents”,
SLA-740001, Sandia Laboratories, Albuquerque, New Mexico, September,
1976. .

2. WHC-SD-TP-PDC-019, (Draft), "Package Design Criteria Transfer and
Disposal of Hydrogen Mitigation Mixer Pump”, .

" 3. - WHC-SD-TP-RPT-001, Rev. 0, "Report on Equivalent Safety for
Transportation and Packaging of Radioactive Material”, December, 1993.

4. WHC-SD-TP-RPT-007, Rev. 0, "Standard Transportation Risk Assessmént
Methodology", December, 1993. ) °
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3.7 DOSE CONSEQUENCE ANALYSIS
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Westinghouse ' - .- Internal
Hanford Company . Memo
From: Radiation Physics and Shielding 8D530-RLS-94-007
Phone: 376-8244 HO-35 :

Date: May 5, 1994

Subject: DOSE CONSEQUENCE ANALYSIS FOR THE HYDROGEN MITIGATION MIXER PUMP
~ SHIPPING CONTAINER

To: R: F. Carlstrom G2-02 _
cc: J. G. Field G2-02 ~ H. J. Goldberg HO-35
J. Greenborg HO-35 P. D. Rittmann HO-36
A. E. Wa1tar~ HO-32 RLS File/LB
REFERENCES:
1. Internal Memorandum R. L. Simons to R. F. Carﬁstrom, "Estimated

Activity on the Mixer Pump Removed from Tank 101 SY," 22570-RLS-93-010,
December 14, 1993. '

2. B. E. Hey, "GXQ 3.1 User's Guide," WHC-SD-GN-SWD-30002, Rev O,
Westinghouse Hanford Company, Richland, WA, June 8, 1993.

3. B. A. Napier, et al., "GENII - The Hanford Environmental Radiation
Dosimetry Software System Volume 2: Users' Manual," PNL-6584 vol. 2,
Pacific Northwest Laboratory, Richland WA, November 1988.

This memorandum reports the calculated dose consequences for the accidental
release of radioactive material from the hydrogen mitigation mixer pump that
will be shipped from the 200 West area to interim storage and processing
facilities. The results of this analysis will be used by Transportation and
Packaging to determine the dose consequence off-site. The analysis assumed
in the worst case that 30 percent of the radionuclide inventory is released
to the environment in less than one hour, 50 percent of the released
inventory is dispersed to the atmosphere, and that decay of the
radionuclides began at the time of release. :

The radionuclide source was reported in reference [1]. The atmospheric
dispersion of radionuclides (X/Q) was calculated with the GXQ computer code
[2] using Hanford Site specific meteorological data. The Gaussian straight
Tine plume model was used for the analysis. The 50 -year committed effective
dose equivalent (EDE) to a farmer at the site boundary included direct
irradiation from the passing cloud, and uptake by inhalation, terrestrial,
and animal pathways. The off-site EDE was calculated with version 1.485 of
GENII [3]. The release site was located at the site of the tank 101 SY in
the 200 West drea. Plume meander was not considered in this analysis.

Hanford Operations and Engineering Contractor for the US Department of Energy
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The EDE calculated by ‘GENII for a net 15 percent release to the atmosphere
is 4.1 Rem to a farmer at the nearest site boundary (near the Yakima
barricade).

Attachment A gives GXQ ihput data and Attachment B gives GENII input data
for future reference and for review of this work.

If you have any questions regarding this ana]ysis,'p1ease contact me.

(R L

R.L. Simons, Principal Scientist
Physics and Radiation Shielding

¥ty

Concurrence:

J. Greenborg, Manager

fud Rffimanmn

P. D. Rittmann, Principal Engineer
Environmental Risk and Performance Assessment

Reviewed by:
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HEDOP REVIEW CHECKLIST

for
Radiological and Nonradiological Release Calculations

Document Reviewed: Internal Memorandum: 80530-RLS-94-007

Dose Consequence Analysis for the Hydrogen Mitigation Mixer Pump Shipping
Container .
Submitted by: R. L. Simons ) Date Submitted: May 5, 1994

Scope of Review: Entire Document
YES _NO* N/A

D0 [] [1 1. Adetailed technical review and approval of the
environmental transport and dose calculation portion of
. the analysis has been performed and documented.
[xk}-"[] [ 2 Detailed technical review(s) and approval(s) of scenario
and release determinations have been performed and
documented.

X1 [1] [ 1 3. HEDOP-approved code(s) were used.

5%} [ ] [ 1 4. Receptor locations were selected according to HEDOP
recommendations.

AN [ 1 [ 1 5. A1l applicable environmental pathways and code options
were included and are appropriate for the calculations.

bd ] { ] 6. Hanford site data were used.

[« (] { 3 7. Model adjustments external to the computer program were
justified and performed correctly.

6 [ ] [ ] 8. The analysis is consistent with HEDOP recommendations.

[] [} 9. Supporting notes, calculations, comments, comment
resolutions, or other information is attached (Use the
"Page 1 of X" page numbering format and sign and date
each added page.)

{1 10. Approval is granted on behalf of the Hanford

Environmental Dose Overview Panel.

A1l "No" responses must be explained and use of nonstandard methods
Justified.

Reviewer Name: Paul D. Rittmann, PhD CHP
(print or type)

b Pty s qy

HEDOP-Approved Reviewer (Signature) Date
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ATTACHMENT A
GXQ INPUT DATA
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Calc of GXQ for tank SY101 pump in 200 west area.

c
c

OO0 00000

O0000DO0O000O00000000O0

O000O0O00DO0OO0O0OO0ONDODODODO0OO0ODOD0ON0DN0N

nnoooo

00000

0O0n00000000

GXQ Ver. 3.1 Input File
mode
1
MODE CHOICE:
mode = 1 then X/Q based on Hanford site specific meteorology
mode = 2 then X/Q based on atmospheric stability class and wind speed
mode = 3 then X/Q plot file is created
LOGICAL CHOICES:
ifox inorm icdf ichk isite ipop icon
t f f f
ifox = t then joint frequency used to compute frequency to exceed X/Q
= f then joint frequency used to compute annual average X/Q
inorm = t then joint frequency data is normalized (as in GENII)
= f then joint frequency data is un-normalized
icdf = t then cumulative distribution file created (CDF.OUT)
= f then no cumulative distribution file created
ichk = t then X/Q parameter print option turned on
= f then no parameter print
isite = t then X/Q based on joint frequency data for all 16 sectors
z f then X/Q based on joint frequency data of individual sectors
ipop = t then X/Q is population weighted
= f then no population weighting
icon = t then X/Q is air concentration
= f then X/Q is integrated exposure
MODEL CHOICES:
idep iwake ipm irise igrav iwash iflow iwind
0 0 0 -0 0 0 0 0
idep = 1 then plume depletion model turned on (Chamberlain modet)
iwake = 1 then NRC RG 1.145 building wake model turned on
= 2 then MACCS virtual distance building wake model turned on
ipm = 1 then NRC RG 1.145 plume meander model turned on
* = 2 then Sth Power Law plume meander model turned on
- = 3 then sector average model turned on
irise = 1 then momentum/buoyancy plume rise model turned on, buoyancy
rise based on sensible heat emission
= 2 then momentum/buoyancy plume rise model turned on, buoyancy
rise based on initial plume density
igrav = 1 then gravitational settling model turned on
iwash = 1 then stack downwash model turned on
iflow = 1 then sigmas adjusted for volume flow rate
iwind = 1 then wind speed corrected for plume height
= 0 to turn any of the above modeils off
PARAMETER INPUT:
stack Wind frequency
release speed mixing to scaling
height height height exceed factor
(m) (m) (m) (%) (?)
0 10 1000 0.5 1
gravitational
building buitding release deposition settling
width height duration velocity velocity
(m) (m) ¢hr) (m/s) (m/s)
5 5 1 0.001 0.001
initial sensible
initial plume heat
plume flow stack emission
density rate diameter rate
(g9/ce) (m3/s) (m) (cal/s)
0.00122 0 1 4 ,18000E+05

RECEPTOR DEPENDENT DATA
make

FOR MODE

1 (site specific)

RECEPTOR DEPENDENT DATA
sector distance z-height

2 (by class & wind speed) class windspeed distance offset z-height
3 (create plot file) class windspeed xmax imax ymax jmax xgmin power

RECEPTOR PARAMETER DESCRIPTION:

sector = 0, 1, 2... (alt, S, SSW, etc.)
distance = meters

'B3-17
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class =1, 2, 3, 4, 5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
windspeed = m/s
offset = meters offset from plume centerline

xmax = maximum distance to plot or calculate to (m)
imax = distance intervals

ymax = maximum offset to plot (m)

jmax = offset intervals

xgmin = minimum scaled X/Q to calculate

power = exponent in power function step size
13160
13430
14860
12710
12460
12680
16430
17290
18960
27280
26890
23640
23270
28110
22790
18380

COO0COO0OO0OO0OO0OO0OOOO0OOOOO
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ATTACHMENT B
INPUT DATA FOR GENII CALCULATION OF DOSE CONSEQUENCES
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FHERHAHRRRHRERRRRRRRGEE Program GENIT Input File #HEEHEHEEE 8 Jul 88 ###
Title: Site boundary dose consequences for SY101 Pump

\GENII\pump_sb.in Created on 05-02-1994 at 10:38
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============ Section EXPOSURE PATHWAY OPTIONS===== Section
T Air Transport 1 F Finite plume, external 5
F Surface Water Transport 2 T Infinite plume, external 5
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 F Drinking water ingestion 7,8
F Report AEDE only F 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 5-Bq)
0 Surface soil-source units (1- m2 2- m3 3- kg)
Equilibrium question goes here

-------- {----Release Terms------}----------Basic Concentrations---------i
Use when| transport selected { near-field scenario, optionally i
________ Y P P |
1
Release E Surface Buried ! Surface Deep Ground Surface)
Radio- JAir Water Waste [Air Soil Soi l Water Water |
nuclide }/yr /yr /m3 1/m3 /unit  /m3 /L /L I
........ locococoos coooccoo cocoooo Joococooo coocooos cocoocco cooocooc® cocoooo i
[} 1 1
C 14 6.2E-04
€060 3.3e-01
NIS9 8.6E-05
N163 1.4E-02
SE79 2.1E-04
SR90 3.0E+01
Y 90 3.0E+01
NB93M 2.6E-03
NB94 3.0E-05
TC99 2.4E-01
I 129 9.4E-03
Ccs137 2.6E+02
EU154 2.4E+00
U 235 3.7E-06
U 236 2.5E-06
U 238 3.4e-05
NP237 2.7e-02
PU238 4.5e-04
PU239 9.0e-03
PU240 2.1e-03
PU241 1.8e-02
PU242 9.9e-08
AM241 1.6e-01
CM242 8.0e-05
CM243 1.9e-04
CM244 3.2e-03
------------ Derived Concentrations-----i

]
|

Use when] measured values are known
Jooocococoonocoooocoococooocacocncoocoacoo 1
]

Release |Terres. Animal Drink Aquaticg
Radio- Plant Product Water Food |
nuclide !/kg /kg /L /kg i

)

TIME

Intake ends after (yr)
0 Dose calc. ends after (yr)
Release ends after (yr)
No. of years of air deposition prior to the intake period
- No. of years of irrigation water deposition prior to the intake period

[N e Na RV, Frd
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Def1n1t10n option: 1-Use population grid in file POP.IN
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)

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

0 Fraction of roots in deep soil

0 Manual redistribution: deep soil/surface soil dilution factor

1250 Source area for external dose mod1f1cat1on factor (m2) :

TRANSPORT . oae. 4 - o H 4 o ewememrgomeme.

====AIR TRANSPORT oECTlON 1=====
0-Calculate PM 10 Release type (0-3)

1 Option: 1-Use chi/Q or PM value |F Stack release (T/F)
2-Select MI dist & dir HY Stack height (m)
3-Specify MI dist & dir |0 Stack flow (m3/sec)

1.62E-05 Chi/Q or PM value .10 Stack radius (m)

0 Ml sector index (1=§S) {0 Effluent temp. (C)

0 Ml distance from release point (m)|0 Building x-section (m2)

F Use jf data, (T/F) else chisa grid}0 Building height (m)

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

0 Mixing ratio model: B8-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 withdrawl location (hr)

If mixing ratio model > O:

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

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

0 Offshore distance to the water intake (m)

0 Average water depth in surface water body (m)

o] Average river width (m), MIXFLG=1 only

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

===={JASTE FORM AVAILABILITY SECTION 3==z===

0 Waste form/package half life, (yr)

0 Waste thickness, (m)

0 Depth of soil overburden, m

====BIOTIC TRANSPORT OF BURIED SOURCE SECTION 4=====

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

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

0 Pre-Intake site condition.............. } 2-Humid non agricultural

! 3-Agriculturat
EXPOSURE RS A bbb S kA S SIS A S LA S S A LA
===sEXTERNAL EXPOSURE SECTION S=====
Exposure time: | Residential irrigation:

0 Plume (hr) 1T Consider: (T/F)

0 Soil contamination (hr) 10 Source: 1-ground water

0 Swimming (hr) i 2-surface water

0 Boating (hr) HY) Application rate (in/yr)

0 Shoreline activities ¢(hr) | O buration (mo/yr)

0 shoreline type: (1-river, 2-lake, 3-ocean, 4-tidal basin)

0 Transit time for release to reach aquatic recreation (hr)

1.0 Average fraction of time submersed in acute cloud Chr/person hr)

====INHALATION SECTION 6

8766.0 Hours of exposure to contamination per year

0 0-No resus- 1-Use Mass Loading 2-Use Anspaugh model

0 pension Mass loading factor (g/m3) Top soil available (cm)

====]NGESTION POPULATION SECTION 7=====
1 Atmospheric production definition (select option):
0 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)

0 Population ingesting aquatic’ foods, 0 defaults to total (person)

0.0 Population ingesting drinking water, 0 defaults to total (person)

F Consider dose from food exported out of region (default=F)

 —— T T ey
. SR B N Eor o gkl

B3-21




WHC-SD-TP-SEP-026

Rev. 0

Note below: S* or Source: 0-none, 1-ground water, 2-surface water
3-Derived concentration entered above

==== AQUATIC FOODS / DRINKING WATER INGESTION

Salt water? (default is fresh)

====SECTION

USE TRAN- PROD- -CONSUMPTION- |
? FOOD SIT UCTION HOLDUP RATE |
T/F TYPE hr kg/yr da kg/yr | DRINKING WATER
................................ looooocoocooooccooocssncoccos
1
F  FISH 0.00 0.0e+00 1.00 40.0 | O Source (see above)
F  MOLLUS 0.00 0.0E+00 0.00 0.0 |7 Treatment? T/F
F  CRUSTA 0.00 0.0£+00 0.00 0.0} 1.0 Holdup/transit(da)
F PLANTS 0.00 0.0E+00 0.00 0.0 { 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 0.0e+00 1.0 30.0
T ROOT vV 90.00 0 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 0.0eE+00 180.0 80.0
====ANIMAL PRODUCTION CONSUMPTION ===SECTION 10====
---HUMAN---- TOTAL DRINK  -=---cc-e---- STORED FEED--------=-----
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- 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 90.0 O 0.0 0.00 0.80 0.0
270.0 1.0 0.00 0.00 0.00 45.0 O 0.0 0.00 2.00 0.0
30.0 1.0 0.00 0.00 0.00 90.0 O 0.0 0.00 0.80 0.0
------------- FRESH FORAGE------------
0.00 45.0 O 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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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 packaging from a horizontal position
onto a 12 in. thick reinforced concrete slab with #9 rebar at 12 in. spacings
for reinforcement. 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.

The package shall be evaluated to determine the effects of a reduction
" in external pressure of 3.5 psi absolute and an 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 penetration. 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
0 °F and 115 °F.

4.3 CONTAINMENT EVALUATION AND CONCLUSIONS

Evaluations to assure that the packaging containment system is
acceptable for safe transfer of the pump package was based on results of
Normal Transfer Condition testing analyses (Part B, Section 6.4), a
radiological risk evaluation.(Part B, Section 3.6), dose consequence
evaluation (Part B, Section 3.7), and a gas generation study (Part B,
Section 8.3).

B4-1
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Results of the simulated free drop, vibration, penetration, and
pressure tests indicated-that the package will not lose integrity of the
containment barrier during normal transfer operations.

Results of the risk evaluation (as shown in Part B, Section 3.6)
indicated that a release of the package contents is extremely unlikely, and if
a release was made, the dose consequence (as shown in Part B, Section 3.7)
would not exceed acceptable Hanford Site limits for an incredible accident
assessment.

Results of a gas generation study indicated that hydrogen gas build-up
in a package would not exceed 5% (for "worst case" waste material attached to
a pump) within the twenty year service 1ife of the package. To prevent the
possibility of hydrogen build-up in excess of 5%, the package is fitted with
an approved filter when placed into storage.

Conclusions of this evaluation are that the packaging containment

system 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
shielding system is adequate to provide sufficient shielding of the package
during designated normal conditions of transfer. Since the package will be
transferred to the CWC for storage, the Towest acceptable dose rate at the
surface of the package for either transfer or storage of the package 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 ’ :

§.2. SHIELDING REQUIREMENTS

Shielding shall 1imit the dose rate on the surface of the package to
200 mrem/h and 10 mrem/h at 2 m from the vehicle for transfer of the package.
For storage of mixed low-level waste, the dose rate on the surface of the
package shall be Timited to 100 mrem/h (WHC 1993). Shielding material shall
be added to the package annulus or secured to the outside of the package as
required to withstand normal conditions of transfer. The dose rate at the
. vehicle driver Tlocation shall not exceed 2 mrem/h during transfer of the
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 in the
annulus of the package and on the outside of the package to limit dose rates
to 100 mrem/h or less. The design shall also include provisions for remote
installation of the shielding material.

5.3 SHIELDING EVALUATION AND CONCLUSIONS

A shielding analysis (Part B, Section 5.4) was performed for addition
of Tead shot or steel shot in the 2 in. annulus space of the shipping
container 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 and
contained inside the hydrogen mitigation mixer pump. A film thickness of 3 mm
and waste material holdup of 68 gallons was assumed (Part B, Section 2.0).
Considerations were made for the approximate location of the mixer pump with
respect to the ends of the package to assure that the dose rate limits were
not exceeded. for the total Tength of the package.

Results of the shielding analysis indicated that the package containing

the 101-SY HMMP must require addition of lead shot into the 2 in. annulus
space for the "worst case" waste for a minimum Tength of 800 cm on the "hot"
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end of the package. Considering that the annulus for shielding addition is

2 in. thick and that the pump will be rinsed with a high pressure water spray
(3000 psi at 160 °F) during removal from the tank, the packaging design is
more than adequate to assure that the dose rates on the surface of the package
can be Timited to 100 mrem/h. '

Based on evaluation of the high pressure spray operation for
radioactive waste removal and evaluation of the package surface dose rates
taken prior to transport, use of steel shot or no shielding may be considered
for specific sections of the package. This will satisfy all requirements for
transfer and storage of the package except for dose 1imits at the driver
location. Dose limits at the driver location based on the estimated location
. of the package on the transport vehicle tractor require evaluation and the
actual dose rates shall be less than 2 mrem/h. This will be verified in the
field prior to transfer of the package.
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5.4  SHIELDING ANALYSIS
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Westinghouse Internal

Hanford Company ' Memo
From: Radiation Physics and Shielding 8D530-SRG-94-007
Phone: 376-9892 H0-35

Date: July 22, 1994

Subject: ESTIMATED DOSE RATES OF THE SURFACE OF THE 101-SY MIXER PUMP
SHIPPING CONTAINER

To: R. F. Carlstrom G2-02
cc: H. E. Adkins, Jr. G2-03 S. R. Crow G2-03
J. Greenborg HO-35 J. P. Hauptman S$2-03
A. E. Waltar HO-32 SRG File/LB
References: 1) Internal Memorandum from E. R. Selle to D. C. Hetzer,

“Cesium Inventory Remaining on Air Lances Removed from
Tank 101-SY,: December 16, 1992, 29250-ERS-92014.

2) Briesmeister, J. F., Editor, MCNP -- A General Monte
Carlo N-Particle Transport Code. Version 4A, LA-12625,
Los Alamos National Laboratory, Los Alamos, New Mexico,
1993

3) Carter, L. L. and R. A. Schwarz, Certfficat}on of MCNP
Version 4A for WHC Computer Platforms, ECN 186710,
January 4, 1994.

This analysis provides radiological dose rate estimates for a contaminated
101-SY hydrogen mitigation mixing pump (HMMP) in various configurations of a
shielded shipping container. Dose rates were also calculated at the 51 foot
elevation, where it is anticipated the pump would be cut after placement in
the shipping container. :

The shipping container is modelled as two concentric cylinders with an
annulus region filled with Tead or steel shot. The inner cylinder is 0.5"
steel, the outer was modelled as either 0.25" or 0.5" steel. The annulus
region between was either 1.5" or 2.0" and modelled with steel shot, lead
shot or air. A packing factor of 60% was assumed when calculating the
average density of regions filled with shot. The bottom of the shipping
container was modelled as two steel plates separated by a 0.5" air gap. The
inner plate was placed 21.25" below the bottom of the pump.

Hanford Operations and Engineering Contractor for the US Department of Energy
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The HMMP was modelled as a combination of simple geometrical shapes
representing the 6" pump discharge legs, 16" pump support column, riser seal
discs and pump casting. These structures comprise the majority of the
wetted surface areas and are the basis for a source term of approximately 13
gallons of slurry. Additionally, it was assumed that the 6" discharge legs
and the impeller casing are completely filled with sTurry. This represents
a worst anticipated interior contamination of the mixer pump, and adds 68
gallons of slurry to the source term. The actual MCNP model is shown in
Figure 1; the yellow regions show the source regions. _Reference 1 indicates
that 101-SY slurry has a density of 1.74 g/cc and a "’Cs specific activity
of 360 uCi/g. '

Results of-this analysis are given in the attached Tables. Note that pump
column internals (i.e. conduit/pipe/guide plates), riser seal discs, and
other components above the wetted zone are not madelled, and that the
calculated dose rates at the top end of the model are undoubtably high.
Specifically, the dose rate on the top centerline of the support column is
probably high by an order of magnitude.

AR dar—

S. R. Gedeon, Advanced Engineer
Radiation Physics and Shielding

2 Jrugerl.

R. J. Morford, Principal Scientist
Radiation Physics and Shielding

Reviewed by:

sam

Attachments

C;>§—f{é i;gyg,ts—ﬁ/errxzzj ’7l2ﬁL)°1<{
Concurrence: Date:

J. Greenborg, Manager
Radiation Physics and Shielding
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Dose Rate (mrem/hr)
elev :
above air lead shot steel shot
HMMP ’
?2;§om annulus thickness / outer cover thickness (inches)
1.5/.25 | 2./.5 1.5/.25 | 2/.25 2/.5 1.5/.25 | 2./.5
12.55 | 2242 1685 116 44 35 901 481
38.05 | 2951 2228 159 61 49 1194 . 640
338.05 | 3745 2795 181 69 55 1448 756
487.6 | 6131 | 4489 280 104 83 2275 1175
566. 6785 4937 295 107 84 2502 1277
600. 6348 4637 298 109 87 2386 1227
650. 4044 2923 183 67 53 . 1472 754
700. 1259 880 30 10 8 346 159
750. . 668 469 22 8 7 196 95
800. | 530 383 20 7 - 177 87
850. 444 328 20 7 158 82
900. 385 289 18 7 149 76
950. 269 200 13 5 105 54
1000. 182 132 8 3 71 36
1050. 91 63
1100. 38
1500. <1
1550. <1

Table 1. Maximum Radial Dose Rate as a Function of Distance from the Bottom
of the Hydrogen Mitigation Mixing Pump.

Bottom " Dose Rate Top Dose Rate
mrem/hr mrem/hr
2" and 1.25" 189 centerline 94
endplates *
2" and 2" | 79 10 cm off 10
endplates centerline

Table 2. Dose Rates at Ends of Shipping Container
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Attachment

MCNP Input File
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Gamma Dose Rate Tank 101-SY Mixer Pump 1.5 in¢h annulus shipping asby
c no Pb, air in annulus

c mat# mat.den ° surfaces o

1 2 -.0012 -1 -200 100 $air inside 6" pipe

2 2 -.0012 -2 1 -200 100 3$no cont. inside pipe

3 3 -7.8 -3 2 -200 100 36" steel pipe

4 1 -1.5 -4 3 -200 100 $ cont. outside of pipe

10 2 -.0012 -10 -200 100 $air inside 6" pipe

11 1 -1.5 -11 10 -200 100 $imm cont. inside pipe 2

2 3 -7.8 - -12.11 -200 100 $6" steel pipe 2

13 1 -1.5 -13 12 -200 100 $1imm cont. outside pipe 2

20 2 -.0012 -20 -200 100 $air inside pipe 3

21 2 -.0012 -21 20 -200 100 $no cont. inside pipe 3

2 3 -7.8 -22 21 -200 100 $6" steel pipe 3

23 1 -1.5 -23 22 -200 100 $1mm cont.’ outsid pipe 3

30 2 -.0012 -30 -200 100 $air inside pipe 4

31 1 -1.5 -31 30 -200 100 $1mm cont. outside pipe 4

32 3 -7.8 -32 31 -200 100 $6" steel pipe 4

33 1 -1.5 -33 32 -200 100- $1mm cont. outside pipe 4

41 2 -.0012 -41 200 -420 $air inside pipe 1b

42 2 -.0012 41 -42 200 -420 $1mm cont. inside pipe 1b NOT
43 3 -7.8 42 -43 200 -420 $6" steel pipe 1b

44 1 -1.5 43 -44 200 -420 $cont. outside pipe 1b

51 2 -.0012 -51 200 -420 $air inside pipe 2b

52 1 -1.5 51 -52 200 -420 $cont. inside pipe 2b

53 3 -7.8 52 -53 200 -420 $steetl pipe 2b

54 1 -1.5 53 -54 200 -420 $cont. outside pipe 2b

61 2 -.0012 -61 200 -420 $air inside pipe 3b

62 2 -.0012 61 -62 200 -420 $cont inside pipe 3b NOT

63 3 -7.8 62 -63.200 -~420 $steel pipe 3b

66 1 -1.5 63 -64 200 -420 $cont. outside pipe 3b

71 2 -.0012 -71 200 -420 $air inside pipe 4b

72 1 -1.5 71 -72 200 -420 $cont. inside pipe &4b

73 3 -7.8 72 -73 200 -420 $steel pipe 4b

7% 1 -1.5 73 -74 200 -420 $cont. outside pipe 4b

90 2 -.0012 -90 209 -400 %$air inside support column
91 3 -7.8 90 -91 200 -400 $1/8" steel support column
92 1 - -1.5 91 -92 200 -400 ~ S$cont. on column

93 1 -1.5- -90 200 -209 $volute, impeller filted w/ waste
110 3 -7.8 -101 4 13 23 33 109 -110 $disc 1

111 1 -1.5 -101 4 13 23 33 111 -109 31mm cont. under disc 1
112 1 -1.5 -101 4 13 23 33 110 -112 $1mm cont. on top of disc 1
120 3 -7.8 -101 4 13 23 33 120 -121 $disc 2

121 1 -1.5 -101 4 13 23 33 122 -120 $cont. on bottom disc 2
122 1 -1.5 -101 4 13 23 33 121 -123 $cont. on top disc 2
130 3 -7.8 -101 4 13 23 33 130 -131 $disc 3

131 1 -1.5 -101 4 13 23 33 132 -130 3cont. on bottom disc 3
1321 -1.5 -101 4 13 23 33 131 -133  $cont. on top disc 3
140 3 -7.8 -101 4 13 23 33 140 -141 $disc 4

141 1 -1.5 -101 4 13 23 33 142 -140 3$cont. on bottom disc 4
%2 1 -1.5 -101 4 13 23 33 141 -143  $cont. on top disc &
150 3 -7.8 -101 4 13 23 33 150 -151 3$disc 5

151 1 -1.5 -101 4 13 23 33 152 -150 3$cont. on bottom disc 5
152 1 -1.5 -101 4 13 23 33 151 -153 S$cont. on top disc 5
160 3 -7.8 -101 4 13 23 33 160 -161 sdisc 6 )
16t 1 -1.5 -101 & 13 23 33 162 -160 $cont. on bottom disc 6
162 1 -1.5 -101 4 13 23 33 161 -163  $cont. on top disc 6
170 3 -7.8 -101 4 13 23 33 170 -171  sdisc 7

71 1 -1.5 -101 4 13 23 33 172 -170 $cont. on bottom disc 7
172 1 -1.5 -101 4 13 23 33 171 -173  3$cont. on top disc 7
180 3 -7.8 -101 4 13 23 33 180 ~181 $disc 8

181 1 -1.5 -101 4 13 23 33 182 -180 $cont. on bottom disc 8
182 1 -1.5 -101 4 13 23 33 181 -183 $cont. on top disc 8
210 3 -7.8 -101 92 44 54 64 74 210 -211 $disc 9

211 1 -1.5 -101 92 44 54 64 74 212 -210 3$cont. on bot. of 9
212 1 -1.5 -101 92 44 54 64 74 211 -213 S$cont. on top of 9
220 3 -7.8 -101 92 220 -221 3$disc 10

221 1 -1.5 -101 92 222--220 S$cont.on bot. of 10

222 1 -1.5 -101 92 221 -223 S$cont. on top of 10
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230
231
232
240
241
242
300
301
302
304
306
308
310
312
314
320
322
324
326
328
330
601
602
603
604
605
651
652
653
654
661
662
663
664
665
666
667

121
122
123
130
131
132

ONMNWNWNWHNWNRDWAONDWNWRONRONNNNNDINONDMNDNNMNDMNN = 2 o =W

o0
NN
NN

-7.8
-1.5
-1.5
-7.8
-1.5
-1.5
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-.0012
-0.0012
7.8
-0.00122
-7.8
-0.0012
-0.0012
-7.8
-0.0012
-7.8
-0.0012
-7.8 .
-0.0012
-7.8
-0.0012
-7.8
-0.0012

0 -20.
0 -20.
0 -20.
0 -20.
-20.0
-20.0
-20.0
-20.0
0 20.
0 20.
0 20.
0 20.
20.0
20.0
20.0
20.0
0
480.0
56.0
10.0
15.1
9.9
15.2
61.0
66.1
60.9
66.2
122.0
127.1
121.9

OO0 O0OO0DO0OODOOOOOCOOO

WHC-SD-TP-SEP-026 Rev. 0

-101 92 230 -231 $disc 11
-101 92 232 -230 $cont. on bot of 11
-101 92 231 -233 3$cont. on top of 11
-101 92 240 -241 3$disc 12
-101 92 242 -240 3$cont. on bot of 12
-101 92 241 -243 3$cont. on top 12
-101 4 13 23 33 100 -111  $air-space b/n datum & dsci
-101 4 13 23 33 112 -122 3%air space b/n disc 1&2°
-101 4 13 23 33 123 -132 $ » » o w283
-101 4 13 23 33 133 -142 $ " ¢ o w384
-101 4 13 23 33 143 -152 § » ©v @ " 485
-101 4 13 23 33 153 -162 $ w o @ " 586
-101 4 13 23 33 163 -172 % w m "o 67
-101 4 13 23 33 173 -182 % » » m " 788
-101 4 13 23 33 183 -200 $ v » » "8 and top
-101 92 44 54 64 74 200 -212 3%air b/n sec 1 and dsc 9
-101 92 44 54 64 74 213 -420 $air b/n dsc 9&top of pipes
-101 92 420 -222 $air b/n top pipes & dsc 10
-101 92 223 -232 $air b/n dsc10 & 11
-101 92 233 -242 $air b/n dscl1 & 12
-101 92 243 -400 $air b/n dsc12 & top

101 -93 100 -400 3air b/n pump & shipping assembly

93 -94 100 -400 S$shipping asby--structural steel

94 -95 100 -400 3$Pb annulus

95 -96 100 -400 $steel cover on Pb annulus

( 97 : -455 : 440 ) -1000 $ air outside shipping asby
-96 -100 451 $ air

-96 -451 452 % inner end plate

-96 -452 453 % half inch air gap btwn end plts
-96 -453 454 3 outer 2" end plate

-90 400 -440 $ air inside support column

90 -9 400 -440 3% support column

91 -93 400 -440 3% air btwn sup col & ship asby

93 -94 400 -440 3 inner ship container

94 -95 400 -440 $ annulus btwn inner & outer

95 -96 400 -440 3 outer cover

-97 (96 : -454) 455 -440 $ 2 in airgap btwn asbly & dose plane
1000 $universe

7.52 $imm thick cont. inside 6" pipe

7.62 $inside pipe dia.

8.414 $outside pipe dia.

8.514 $1mm thick cont. outside 6" pipe

7.52 $ ity

7.62 $ @

8.414 . $ @

8.514 $ ®

7.52 $ B

7.62 $ ®

8.414 $ ®

8.514 $ o

7.52 $ it

7.62 $ ®

B.414 $ u

8.514 $ ®

$bottom of mixer pump

$top of the bottom section
$radius -of the seal discs
$bottom of disc 1

$top of disc 1

$cont. on bottom of disc 1
$cont. on top of disc 1
$bottom of disc 2

$top of disc 2

$cont. on bottom of disc 2
$cont. on top of disc 2
$bottom of disc 3

$top of disc 3

$cont. on bottom of disc 3
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133 pz 127.2 $cont. on top of disc 3

140 pz , 183.0 $bottom of disc &4

141 pz 188.1 $top of disc 4

142 pz 182.9 $cont. on bottom of disc 4

143 pz 188.2 $cont. on,top of disc 4

150 pz 244.0 $bottom of disc 5

151 pz 249.1 $top of disc 5

152 pz 243.9 $cont. on bottom of disc 5

153 pz 249.2 $cont. on top of disc 5

160 pz 305.0 $bottom of disc 6

161 pz 310.1 $top of disc 6

162 ' pz 304.9 $cont. on bottom of disc 6

163 pz 310.2 $cont. on top of disc 6

170 pz 366.0 $bottom of disc 7

171 pz 372.1 $top of disc 7

172 pz 365.9 $cont. on bottom of disc 7

173 pz 372.2 $cont. on top of disc 7

180 pz 457.5 $bottom of disc 8

181 pz 462.6 $top of disc 8

182 pz 457.4 $cont. on bottom of disc 8

183 pz 462.7 $cont. on top of disc 8

209 pz 495.2 $top of impeller/volute region
210 pz 570.1 $bottom of disc 9-

211 pz 575.2 $top of disc 9

212 pz 570.0 $cont. on bottom of disc 9

213 pz 575.3 $cont. on top of disc 9

220 pz 670.1 $bottom disc 10

221 pz 675.2 $top of disc 10

222 pz 670.0 $cont. on bottom of disc 10
223 pz 675.3 $cont. on top of disc 10

230 pz 770.1 $bottom of disc 11

231 pz 775.2 $top of disc 11

232 pz 770.0 $cont. on bottom of disc 11
233 pz 775.3 $cont. on top of disc 11

240 pz 870.1 $bottom of disc 12

241 pz -875.2 $top of disc 12

242 pz 870.0 $cont. on bottom of disc 12
243 pz 875.3 $cont. on top of disc 12

400 pz 1016.0 $top of cont. portion of mixer pump (400 in)
420 pz 652.0 $top of pump/pipes end

440 pz  1555.0 $ 51 ft above bottom of pump
451 pz -53.975 $air gap betwn pump & inner end plate
452 pz -57.150 $outer side of inner end plate
453 pz -58.420 shalf inch air gap btwn plates
454 pz -63.500 $outer side of outer end plate
455 pz -68.580 $ tally surface 2" past end plate
41 c/z 0 -43.0 7.52 $1mm thick cont. inside pipe
42 c/z 0 -43.0 7.62 $inside pipe dia.

43 c/z 0 -43.0 8.414 $outside pip dia.

44 ¢c/z 0 -43.0 8.514 $1mm cont. outside pipe

51 c¢/z -43.00 7.52 $1mm cont. inside pipe

52 c¢/z -43.00 7.62 $inside pipe dia.

53 c¢/z -43.00 8.414 $outside pipe dia.

54 ¢/z -43.00 8.514 $1mm cont. outside pipe

61 c/z 0 43.0 7.52 " u
62 c¢/z 0 43.0 7.62. @ @
63 c¢/z 0 43.0 8.414 " "
646 c/z 0 43.0 8.514 " @
71 c/z 43.0 0 7.52 D o
72 c/z 43.0 0 7.62 il "
73 c/z 43.0 0 8.414 " "
74 c/z 43.0 0 8.514

90 cz 20.0
91 cz 20.32
92 cz 20.42
93 ez 80.015
9% cz 81.285
95 ez 85.095
96 cz 85.730

support column inner wall

support column outer waltl

imm cont. on surface of column
inner radius shipping asby struct
outer radius ¢ T @
inner radius annulus cover

outer radius annulus cover

L A B IR A L R R R
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- 97 cz 90.810 $ tally surface--2" out from annulus cover
1000 so 4000 $atmosphere
mode p
phys:p 10 10
idum 100 0O
c cell numbers :
c 1 2 3 4 1 11 12 13 20 21 22 23
imp:p 1 2m 2m 2m 1 2m 2m 2m 1 2m  2m  2m
c 30 31 32 33 &1 42 43 44 51 52
1 2m 2m 2m 1 2m 2m 2m 1 2m
c 53 54 61 62 63 66 71 72 T3
2m  2m 1 2m  2m 2m 1 2m  2m 2m
c 90 91 92 93
1 2m 2m  1m
c 110 111 112 120 121 122
im 2m 1m .5m  2m im
c 130 131 132 140 141 142 150 151 152
S5m0 2m im Sm 2m m .5m 2m m
c 160 161 162 170 171 172 180 181 182
Sm 2m m Sm 2m m Sm 2m 1m
c 210 211 212 220 221 222 230 231 232
S5m 2m 1m .5m 2m m .5m  2m im
c 240 241 242
- Sm o 2m 1m
c 300 301 302 304 . 306 308 310 312 314
2m im im im 1m 1m m im im
c 320 322 324 326 328 330 601 602 603
im im im im im m 2m m im
c 604 605 651-667 1001
im im 11r 0 .
sdef sur=0 erg=.662 wgt=5.897e+12 cel=dl rad fcel=d2 pos fcel=d3
ext fcel=d4 axs=0 0 1
c wgt = (360 uCi/g)(1.74 g/cc)(3.7E+4 dps/uCi)(.946X.9)(4.80E+4 cc)
c + (360 ¥(1.74 (3. 7e+b 1(.946x.9)(2.508e+4 )
scl source cells .
# si sp1
l d
4 2.553e+3
10 8.528e+4
1 2.283e+3
13 2.553e+3
23 2.553e+3
30 8.528e+4
3 2.283e+3
33 2.553e+3
44 9.147e+2
51 3.056e+4
52 8.181e+2
54 9.147e+2
64 9.147e+2
71 3.056e+4
" 72 8.181e+2
74 9.147e+2
92 6.832e+3
93 1.915e+4
11 9.852e+2
112 9.852e+2
121 9.852e+2
122 9.852e+2
131 9.852e+2
132 9.852e+2
141 9.852e+2
142 9.852e+2
151 9.852e+2
152 9.852e+2
161 9.852e+2
162 9.852e+2
171 9.852e+2

WHC-SD-TP-SEP-026
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Cc
ds2

si102
si142
si103
si104
s1106
si143
si107
si1108
si110
sil4é
si111
si112

- siti4
sil145 |

si115
sii16
si117
si1146
si118
$i119
51120
sit21
si122
si123
sii2é
si125
si126
si127
sii28
si129
si130
si131
si132
si133
si134
si135
s1136
si137
s1138
si139
s1140
si141
sc3

ds3

172
181
182
211
212
221
222
231
232
241
242

WHC-SD-TP-SEP-026

9.852e+2
9.852e+2
9.852e+2
9.852e+2
9.852e+2

9.852e+2

9.852e+2
9.852e+2
9.852e+2
9.852e+2
9.852e+2

sample radius °

s 102 142 103 104 106 143 107 108 110 144 111 112 114 145

Rev. 0

115 116 117 146 118 119 120 121 122 123 124 125 126 127 128
129 130 131 132 133 134 135 136 137 138 139 140 141

8.414 8.514
0 7.52
7.52 7.62
8.414 8.514
8.414 8.514
0. 7.52
7.52 7.62
8.414 8.514
8.414 8.514
0 7.52
7.52 7.62
8.414 8.514
8.414 8.514
0 7.52
7.52 7.62
8.414 8.514
20.32  20.42
0 20.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0

0 56.0
sample position
L

0 -20.0 0
-20.0 .0. O.
-20.0 O 0
-20.0 O 0
0 20.0 0
20.0 0 0
20.0 0 0
20.0 0 0
0 -43.0 0
-43.0 0 0
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ds4

51202
si2a2
si203
si204
si206
si243
si207
si208
si210
si244
si211
si212
si214
Si245
si215
si216
si217
si246
si218
si219
si220
si221
si1222
si223
si224
si225
si226
1227
si228
si229
51230
51231
si232

AR

[=R=N=NoNolale)e]

N
W
5

OO0 O0CO0CO0OO0O0O0DO0OO0DO0OO0OOOOOOOOOOODOO

COO0COO0ODOODOO0ODODOOODODODODOOOOOOCOOODOOOO

OCOO0CO0O0O0O0OODO0O0ODDO0O0DODOCODOODOOOO0OODOOO

sample extent

s 202 242 203 204 206 243 207 208 210 244 211 212 214 245
215 216 217 246 218 219 220 221 222 223 224 225 226 227
228 229 230 231 232 233 234 235 236 237 238 239 240 241

48
48
48
48
48
48
48
48

P
o
oo

480

480
480
480
480
480
480
480
9.9
15.1
60.9
66.1
121.9
127.1
182.9
188.1
243.9
249.1
304.9
310.1

" 365.9

372.1
457.4

0

0

0

0

0

0

0

0

652

652

652

652

652

652

652

652

1016

495.2
10.0
15.2
61.0
66.2
122.0
127.2
183.0
188.2
244.0
249.2
305.0
310.2
366.0
372.2
457.5

WHC-SD-TP-SEP-026
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si233
si234
si235
1236
s1237
s$1238
1239
$i240
51241
mi

28

mS

c
fS:p
fcS5
fmS

c
f15:p
fc15

c
f25:p
fcab
c
f35:p
fc35

c
f45:p
fc45

¢
f55:p
fc55
c
f65:p
febs
c
f75:p
fc75
c
f85:p
fc85
c
f95:p
fc95

WHC-SD-TP-SEP-026 Rev.

462.6 462.7
570.0 570.1
575.2 575.3
670.0 670.1
675.2 675.3
770.0 770.1
775.2 775.3
870.0 870.1
875.2 875.3
1001.50 .4372 $H 101 SY Slurry
.6000.50 .0170 $C
7014.50 .0579 N
8016.50 .3725 $0
11023.50 .0975 $Na
13027.50 .0113 $AL
15031.50 .0011 %P
17000.50 .0029 scl
19000.50 .0026 $K
8016.50 .21 $0 air number fraction
7014.50 .79 $N
26000.55 1.0 $Fe iron
8016.50 -.4407 $0 concrete weight fraction
14000.50 -.2157 $Si
20000.50 -.1306 $Ca
26000.55 -.0788 $Fe

13027.50 -.0607 3AL
12000.50 -.0376 $Mg
19000.50 -.0066 3K
11023.50 -.0182 $Na
22000.50 -.0049 $Ti
1001.50 -.0031 3H
25055.50 -.0013 $Mn
15031.50 -.0009 3P

16032.50 .- .0009 3S

82000.50 1.0 $Pb shielding

0.0 62 550 +5

contact on pump

1.3 $increase tally by 30% for unmodeled surfaces
0.0 90.811 12.55 +5

cover contact

90.811

0.0

cover contact

0.0 90.811
cover contact

90.811

0.0

cover contact

0.0 90.811
cover contact

90.811

0.0

cover contact

0.0 90.811
cover contact

90.811

0.0

cover contact

0.0 90.811
cover contact y axis, z=z566.0 cm

y axis, z=12.55 cm

12.55 +5
x axis, z=12.55 cm

38.05 +5
y axis, z=38.05 cm

38.05 +5
x axis, z=38.05 cm

338.05 +5
y axis, z=338.05 cm

338.05 +5
X axis, z=338.05 cm

487.6 +5
y axis, z=487.6 cm

487.6 +5
x axis, z=487.6 cm

566.0 +5

c
f105:p 90.811 0.0 566.0 +5
cover contact x axis, 2=566.0 cm

fc105
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c
f115:p 0.0 0.0 1555.0 +5
fc115  top of assembly, center

c
f125:p 45. 0.0 1555.0 +5
fc125  top of asggmbly, off-center x-axis

c
f135:p 0.0 0.0 -68.579 +5
fc135  center of bottom plates, 2 in out

c
f145:p 0.0 90.811 600.0 +5
fc145 cover contact y axis, z=12.55 cm

c
. f155:p 90.811 0.0 600.0 +5

fc155 cover contact x axis, z=12.55 cm
c

f165:p 0.0 90.811 650.0 +5 .
fc165 cover contact y axis, z=38.05 cm

c
fi75:p 90.811 0.0 650.0 +5

fc175 cover contact x axis, 2=38.05 cm
c

f185:p 0.0 90.811 700.00 +5 ’
fc185 cover contact y axis, 2=338.05 cm

c
f195:p 90.811 0.0 700.00 +5
fc195 cover contact x axis, z=338.05 cm

c
f205:p 0.0 90.811 750.0 +5
fc205 cover contact y axis, 2=487.6 cm

c
f215:p 90.811 0.0 750.0 +5

fc215 cover contact x axis, z=487.6 cm
& -

f225:p 0.0 90.811 800.0 +5 .
fc225 cover contact y axis, 2=566.0 cm

c
f235:p 90.811 0.0 800.0 +5
fc235 cover contact x axis, z=800.0 cm

c
f245:p 0.0 90.811 850.0 +5

fc245 cover contact y axis, z=850.0 cm
@ -

f255:p 90.811 0.0 850.0 +5

‘fc255 cover contact x axis, z=850.0 cm
c

f265:p 0.0 90.811 900.0 +5

fc265 cover contact y axis, 2=900.0 cm

c
f275:p 90.811 0.0 900.0 +5

fc275 cover contact x axis, 2=900.0 cm
c

f285:p 0.0 90.811 950.00 +5

fc285 cover contact y axis, z=950.00 cm

c
£295:p 90.811 0.0 950.00 +5

fc295 cover contact x axis, z=950.00 cm
c

f305:p 0.0 90.811 1000.. +5

fc305 cover contact y axis, z=1000. cm
c

£f315:p 90.811 0.0 1000. +5

fc315  cover contact x axis, z=1000. cm
c

f325:p 0.0 90.811 1050. +5

£c325 cover contact y axis, z=1050. cm

c
f335:p 90.811 0.0 1050. +5
fc335 cover contact x axis, z=1050. cm

B5-15
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c
f345:p
fc345
c
f355:p
fc355

c
£365:p
fc365
c
f375:p
375
c
£385:p
fc385
c
£395:p
fc395
c
f405:p
fc405
c
f415:p
fcb15

c
f425:p
fc425
c
f435:p
fc435
c .
f445:p
fcbds

c
f455:p
T¢c455
c

c

ctme

0.0 90.811
cover contact

90.811 0.0
cover contact

0.0 90.811
cover contact

90.811 0.0
cover contact

0.0 90.811
cover contact

90.811 0.0
cover contact

0.0 90.811
cover contact

90.811 0.0
cover contact

0.0 90.811

" cover contact

90.811 0.0
cover contact

0.0 90.811
cover contact

90.811 C.0
cover contact

360.

WHC-SD-TP-SEP-026

1100. +5
y axis, z=1100.

1100. +5
x axis, z=1100.

1350. +5
y axis, z=1350.

1350. +5
x axis, z=1350.

1400. +5
y axis, 2=1400.

1400. +5
x axis, z=1400.

1450. +5
y axis, z=1450.

1450. +5
x axis, z=1450.

1500. +5
y axis, z=1500.

1500. +5
x axis, z=1500.

1550. +5
y axis, z=1550.

1550. +5
x axis, z=1550.

$time limit

cm

cm

cm

cm

cm

cm

cm

cm

cm

cm

cm

cm
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CHECKLIST FOR INDEPENDENT TECHNICAL REVIEW

DOCUMENT REVIEWED_ ESTIMATED DOSE RATES OF THE SURFACE OF THE 101-SY
MIXER PUMP SHIPPING CONTAINER
AUTHOR(s)___ S.R. Gedeon

I. Method(s) of Review

{ VT/ Input data checked for accuracy
( 49 Independent calculation performed
(-] Hand calculation
( ) Alternate computer code:
( ) Comparison to experiment or previous result
( ) Alternate method (define) ]

I1I. Checklist (either check or enter NA if not applied)
( “]. Task completely defined

( Activity consistent with task specification

{ v Necessary assumptions explicitly stated and supported

( 47 Resources properly identified and referenced

{ #J Resource documentation appropriate for this application

( & Input data explicitly stated

{ 9 Input data verified to be consistent with original source

( “J Geometric model adequate representation of actual geometry

( ¢ Material properties appropriate and reasonable

{MA- Mathematical derivations checked including dimensional consistency

(M4) Hand calculations checked for errors
(::;;/Assumptions explicitly stated and justified
( Computer software appropriate for task and used within range of
validity
(AOQ Use of resource outside range of established validity is justified
. ( &Y Software runstreams correct and consistent with results
( ~J~ Software output consistent with input
( #¥ Results consistent with applicable previous experimental or
analytical findings
( bj//Results and conclusions address all points and are consistent with
task requirements and/or established limits or criteria
(& Conclusions consistent with analytical results and established
Timits
Uncertainty assesment appropriate and reasonable
( ) Other (define)

II1. Comments:

1v. REVIEWER: %/ %M/,///Z/ DATE:  7-20 -5A4
OV S caand | '
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WHC-SD-TP-SEP-026 Rev. 0
6.0 STRUCTURAL EVALUATION

6.1 INTRODUCTION

.Evaluations in this section are provided to -assure that the 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
sections.,

6.2  STRUCTURAL REQUIREMENTS
6.2.1 Packaging Materials

Packagihg construction materials shall be based on the following
requirements for the transfer and storage of the package:

1. Packaging construction materials shall be selected to assure that
there will be no significant chemical, galvanic, or other reaction
among the packaging components or between the package components
and the package contents, 1nc1ud1ng possible reaction resulting
from inleakage of water to the maximum credible extent dur]ng the
.20 year specified Tifetime 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 0.4 in. and
4.0 in. shall meet packaging category III fracture toughness
requirements shown in Table 6 of NUREG/CR-1815. The Lowest
Service Temperature (LST) for design purposes shall be 0 °F.

6.2.2 Packaging Dimensions

The waste shipping container shall be sized to transfer and contain for
storage the "package contents" described in Part A, Section 2.0 of the SEP.
Specifically, the designated hydrogen mitigation mixer pump placed in a
flexible bag assembly. C(learance dimensions required for the packaging
enclosure cavity shall consider adequate clearance for installing the flexible
bag assembly.

6.2.3 Tiedown System

. Tiedown devices that are attached to the shipping 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
tiedown device or its connection point to the package. In addition, tiedown
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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 package 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 shipping container as required to
safely 1ift the waste package and secure the package during transfer. Any
lifting attachment that is a structural part of the package shall be designed
with one of the following: ‘

. A minimum safety factor of three against yielding.

. A safety factor of five based on the ultimate strength of the
material.

When the Tifting 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 package shall have positive closure devices that cannot be opened
unintentionally and shall keep the closures on. The closure shall also meet

the requirements for the primary containment barrier of the package for
transfer and storage of the waste. The clasure system, if required, shall
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. provide for remote closure with guides aliowing remote 1id positioning. Any
penetrations on the package 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 and testing of
the packaging are shown in Part B, Section 4.2. The drop test for structural
evaluations shall consist of a s1mu1ated 1 ft drop of a unshielded HMMP
Package, a 1 ft drop with partial shielding to column Tine 14, and a 1 ft drop
of a fully shielded HMMP Package from a horizontal position onto a 12 in.
thick reinforced concrete slab with #9 rebar at 12 in. spacings for
reinforcement. 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 shipping 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 surfaces are painted
to prevent external corrosion during the specified package lifetime. The
structural strength of the packaging materials required to safely contain and
1ift the package 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 1ifting the max1mum contents of

138,800 1b for the shipping container.

Evaluation of packaging containment materials to meet the required
brittle fracture criteria was based on -an analysis of 2 in. thick, normalized
(fine gra1n practice) 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 Ferr7t7c
Steel Shipping containers Up to Four Inches Thick (Holman and Langland 1981).
An evaluation of the brittle fracture guidelines in NUREG 1815 (Holman and
Langland 1981) for onsite transfers of radioactive materials under the
conditions of this SEP was conducted. In Table 6 of NUREG 1815 (Holman and
Langland 1981), there are no requirements for ferritic steels of yield
strengths greater than 100 ksi when the material thickness is Tess than
0.4 in. When material thicknesses are greater than 0.4 in., steels that are
made to normalized (fine grain practice) or better, no fracture toughness
testing is required. -The evaluation indicates that the specified ASTM A516
fine grain material for the shipping container is considered acceptable to
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meet designated brittle fracture criteria without requiring specific fracture
toughness testing and Nil Ductility Testing (NDT) by the manufacturer of the
material. :

6.3.2 Packaging Dimensions

The packaging internal cavity dimensions are 63 in. in diameter and
52 ft in Tength. The internal cavity is considered sufficient to contain the
HMMP .

6.3.3 Tiedown System

A tiedown analysis for devices attached to the package 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 tilt/trailer assembly with the interfacing strongback to
transport the package containing the pump. Analysis of the tiedown system
indicates that the proposed system is considered safe to secure the shielded
or unshielded HMMP Package on the transport vehicle during normal transfer
operations. The tiedown system is based on .12 tiedown points on the HMMP
Package with 16 cable legs. The breaking strength of tiedown cables will be
equal to or exceed 15,430 1b. )

6.3.4 Lifting Devices

Evaluation of the 1ifting attachment analysis provided in Part B,
Section 6.5 indicates that the strength of the attachments meet the above
design requirements and are considered safe for the intended usage. Other
parts of the package not approved for lifting are not readily accessible 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 12 in.
thick reinforced concrete surface with #9 rebar for reinforcement.. This test
is considered sufficient to assure that the package closures will not leak for
a rollover onto soft soil. 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 opening 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 HMMP Package are
shown in Part B, Section 6.4. The analysis was based on the determination if
critical structural components of the package will exceed yield stresses
during impact of the package 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 package successfully passed the drop tests.

Evaluation of assumed vibration movements of the 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 is not a consideration.

The 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 4.2. Results of a simulated
penetration test are shown in Part B, Section 6.4 and indicated that the
packaging containment barrier would not be damaged following the simulated
test. .

Criteria (Part B, Section 4.2) for normal transfer condition tests
require that the package 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 are shown in Part B, Section 6.4 and

indicate that the package will safely withstand the specified pressure tests
without damage to the containment barrier.

B6-5




WHC-SD-TP-SEP-026 Rev. 0

6.4  STRUCTURAL ANALYSIS
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6.4.1 Weight and Center of Gravity Determination
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ENGINEERING ANALYSIS

Drawing_ H-2-83734 Doc. No._101-SY-WTCG-01 _ Page_1 of _25
Building_Tank 241-SY-101 Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga %/AV Date_07/29/94
Checker S. R. Crow = : Date_08/25/94

Objectives:

The objective of this is to determine the weight and center of gravity of the
Hydrogen Mitigation Mixer Pump Package.

References:
1. Industrial Press, Machinery’s Handbook, 20th Edition.

2. AISC, American Institute Of Steel Construction, Manual Steel Construction,
Ninth Edition.

3. WHC, Drawfng, No. H-2-83734, AHydrogen Mixer Pump Storage Container".
4. Ingersoll-Rand, Compressed Air and Gas Data, 2nd Edition.

Results and Conclusions:

The weight and center of gravity calculated herein, form the basis for other
engineering evaluations applicable to this package. The calculated values a
conservative estimates of the actual weight and are the primary input parame. .
for the drop, lifting, and vibration evaluations. For reasons of conservatism
all calculated weights have been rounded upwards. Center of gravity values are
all relative to the center of the Bottom End Blind Flange, except for the Top
Caps which are relative to the front face of the Top End Flange. The weight and
center of gravity of the package for various loading combinations are as follows:

1. Weight of empty package no shielding: Werory = 57,000 ibs

CG of empty package no shie]ding: Cepack = 27.3 ft
2. Weight of empty package with shielding to Column 14:

W = 88,000 1bs

shipack

CG of empty package with shielding to Column 14:
CUgprpuck = 22.36 ft

3. Weight of empty package with full shielding (Column 25):

L] = 130,000 1bs

] sh2pack
CG of empty package with full shielding (Column 25):
Cghopack = 26.62 ft

4, Weight of Toaded package with no shielding:
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ENGINEERING ANALYSIS

Drawing__H-2-83734 Doc. No._101-SY-WTCG-01 Page_2 of _25

Building_Tank 241-SY-101 * Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination
Originator_S. S. Shiraga /7. Date_07/29/94

Checker, S. R. Crow . Date 08/25/94

Woacx: = 76,000 1bs
CG of loaded package with no shielding:
Cpperc = 28.45 ft

5. Weight of loaded package shielded to Column 14:

W = 110,000 1bs

packshi
CG of loaded package shielded to Column 14:

Cppexsnt = 29.59 ft

6. Weight of loaded package fully shielded to Column 25:

W = 145,000 1bs

. packsh2
CG of loaded package fully shielded to Column 25:

= 31.83 ft

cgpackshZ
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ENGINEERING ANALYSIS

Drawing__ H-2-83734 Doc. No._101-SY-WTCG-01 Page_3 of-_25
Building_Tank 241-SY-101 Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator__S. S. Shira i Date_07/29/94
Checker S. R, Crow&f Date_08/25/94

IV. -Engineering Evaluation:
He'i.ght Determination of 101-SY Container:

Carbon steel material density (Reference 1, page 2269):

Peser = 0.284 __l_l_)_?
in
From Reference 3
1. Main containment pipe:
0D of pipe: od ;e = 64 in Wall Thickness: t ;. = 0.5 in
Length: lpipe = 52 ft + 0.75 in
Cross section area:
2 _ . Odatpe = (0p1pe = 2 Lpipe)’
pipe 4
weight‘ of pipe: W = .pcs;-Apipe-lpipe
Wiipe = 17,698 1bs
Calculational Roundoff of Weight: W, = 18,000 1bs
2. Stiffening Rings Type 1 (with ears, 16 each):
Outer diameter (excluding ears): od,., = 5 ft + 11.625 in
Inside diameter: idgy = 5 ft + 4 in
Thickness of rings: t,q = 1.5 1n

Area of ring:

2 . 32
Odgz; - ldsrz
szl‘ 4
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ENGINEERING ANALYSIS

Drawing__H-2-83734 Doc. No._101-SY-WTCG-01 Page_4 of _25

.Building_Tank 241-5Y-101 Rev. 0 Job No.

Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga -~~~ Date_07/29/94
08/25/94

3a.

TR T P ey e

Checker, S. R. Crow .C=AC . Date

For Conservatism model ears as right triangles:
Height: Dear = 2 ft + 2 in Base: beyr =

Area of ear:

1
Aear = —2' bea: ‘hou
Weight of ring: Worr = Peset” (Agry + 2°A4.) gy
W,y = 418 1bs
Calculational Roundoff of Weight: W, = 450 1bs

Stiffening Rings Type 2a (with flats, 3 each):
Area excluding flats same as above:

Width of flat: wig, =3 in Length of flat:

sr

For conservatism assume rectangular shape.

Area of flats: Aflar = Wigo'l

sr2 'sr2

Attachment Tug (assume half the weight carried by each ring)

Thickness of long plate with hole: tan = 2 in
Height of plate: hyn = 11.625 1in
Width of plate: Wiy, = 8 in

Weight of long plate-with hole:

Win = Pesec Patn Wiatn™ tatn -

Thickness of short plate: t, = 1.5 in
Height of plate: h, =3 in
Width of plate: w, =9 in

R Lo s . ey e
s R e G S 1 S 4 TLeTTAR 3

6.5 in

1., =2ft+9in
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ENGINEERING ANALYSIS

Drawing_ H-2-83734 Doc. No._101-SY-WTCG-01  Page_5 of _25
Building_Tank 241-SY-101 Rev. 0 Job No.

Subject Weight and Center of Gravity Determination

Originator_S. S. Shiraqa _ 22~ Date_07/29/94
Checker S. R. Crow r—x" Date_08/25/94

Weight of bottom support plate:

wa& = pc:stl : has. was. tas

Total weiéht of one attachment Tug:

w =wlh+w

alug as

Height of ring: wsera = pcstl.(Asﬂ w Z.Aflat).tsﬂ v Walug
W = 495 1bs

sria

Calculational Roundoff of Weight: w;, = 525 1bs

Stiffening Rings Type 2b (with flats, 4 each):
Weight of ring only: Wooe = Peset” (Asmr + 27 Agtae) "t
Lifting lug:
Thickness of 1lifting lug: t,=21in
Area of ring:
Radius: r, = 4.75 in
Height of straight section: h,, =1 ft + 2.625 in
Width of lug: wi = 9.5 in
Total area: A, = (n-rlf)/z + hy Wi,
Weight of one lifting lug: Wi = Pese ALt
Weight of ring: W .., = W 5 + W, Weop = 550 Tbs

Calculational Roundoff of Weight: Wy = 600 lbs

Bottom End Flange:
Outside diameter of flange: od., = 5 ft + 11.625 in

Thickness of flange: toee = 2 1N
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Drawing_, H-2-83734 Doc. No._101-SY-WTCG-01 Page_6 of _25
Building_Tank 241-SY-101 Rev. 0 Job No. ]
Subject_Weight and Center of Gravity Determination

Originator__S. S. Shiraga _ -7/~ Date_07/29/94
Checker S. R. Crow L% Date_08/25/94

Area of flange:

odi,,

Area of flats same as above.
Weight of Bottom End Flange: Wy, = pege” (Aper + 2-Apiae) “toer + Warng
. Woer = 2,465 1bs
Calculational Roundoff of Weight: W, = 2,600 155.
5. Outside Top. End Flange (Open):
Outside diameter of flange: od,., = 5 ft + 11.625 in
Thickness of flange: L = 2 0N
ID of flange is od of the pipe.
Area of the flange:

2 2
_ odiar ~ 0dpipe
tef 2

Weight of Outside Top End Flange: W, = pooi Ares ties
W, = 461 1bs
Caiculational Roundoff of Weight: ¥, = 500 1bs

6. Inner bottom blind flange:
0D of flange: 0dipe = 0dipe - 2°%,

Thickness of flange: tipe = 2 10

2 © BRSO 05 S
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ENGINEERING ANALYSIS

Drawing__H-2-83734 Doc. No._101-SY-WTCG-01  Page_7 of _25
Building_Tank 241-SY-101 Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga _Z~2~ Date_07/29/94
Checker S. R. Crow ~<>4C Date_08/25/94

Area of flange:

od?
Ay, = 41.:::

Weight of inner bottom flange: Wine = Peset” Aine Lint,
W = 1,771 1bs
Calculational Roundoff of Weight: W, = 1,800 lbs
Inner Top Flange (Open):

0D of flange is same as above.

ID of flange: id, ;¢ = 4 ft + 10 in

Area of flange:

2 . 32
A _ odipr = 1diee
ter = T -z

Thickness: t; ., = 2 in
Weight of flange: Wi ¢ = poorAies ties

W..; = 270 1bs .
Calculational Roundoff of Weight: W, = 300 1bs
Built-in Outer Funnel: h

Gusset plate thickness: t__ = 0.375 in

g

Gusset length: Tous = 10.75 in Gusset height: hous = 9.25 in
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Drawing__H-2-83734 . Doc. No._101-SY-WTCG-0) Page_8 of _25
Building_Tank 241-SY-101 Rev._ 0 Job No.
Subject_Weight and Center of Gravity Determination
Originator_S. S. Shiraga Date_07/29/94
Checker S. R. Crow — >, Date_08/25/94
o : Area of gusset minus cut-out:
Agus = Lgus Bouy =~ = Lpue (Bgus = 2.5 in)
qus gus ““gus 2 gus gus

t

o
gus gus

Weight of 12 gussets: w, = 12:p .., -A

Quter funnel plate, treated as a frustum of a right circular cone:

Plate thickness: t; . = 0.250 in
Height of cone: h, . = 10.750 in
Outer radius of cone:
I
Rtrcc = 215-

Inner radius of cone:

3 ft + 8.5 In

I =]
frce 2

Surface area of section:

A:.rcc =7 (Rfrcc + I tzcc) ‘/(721.'zcc -z tzcc)z i b;rcc

Weight of outer funnel plate:

W A t

ofp = pcstl' frcc. frcc.

Weight of outer funnel:

W = Woue + Woep W = 226 1bs

ifunnel gus ifunnel

Calculational Roundoff of Weight: W, = 300 1bs

¢
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Drawing__H-2-83734 Doc. No._101-SY-WTCG-01  Page_9 of _25
Building_Tank 243-SY-101 Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga __/Z~~ Date_07/29/94
Checker S. R. Crow 1 Date_08/25/94

Funnel Plate:

Plate thickness: t. = 0.5 in

0D of plate: odg, = 5 ft + 3 in
ID of plate: idgy =3 ft + 8.5 1in
Weight of funnel plate:

’ 2 ., 2
w. . = odepr ~ 1depr
tp1 T Pesex ™ 4 Cepl

Weo = 222 1bs
Calculational Roundoff of Weight: W, = 300 1bs
Built-in Inner Funnel:
Thickness of inner funnel: tig = 0.250 in

Top section, treat as a half of a cone:

Outside radius: Ri; . =5 ft + 3 in
Inside radius: Tifcone = 3 ft + 8.5 1n
Height of cone: his . = 9.5 1n

Surface area of funnel:

- 2 2
A = T (Rifcone + I-.f.t‘ccne) J(Ritcone rifcone) * hi[cone
ifcone 2

Weight of half cone:

¥heone ™ pcstl.Aifcone.tifp Wrcone ™ 249 1bs

Approximate remaining sections as two right circular triangles.

B6-16




©FTEVD ¢

11.

WHC-SD-TP-SEP-026 Rev. 0

ENGINEERING ANALYSIS

Drawing__H-2-83734 Doc. No._101-SY-WTCG-01 _ Page_10 of _25
~ Building_Tank 241-SY-101 Rev. 0 ~ Job No.

Subject_Weight and Center of Grayity Determination

Originator__S. S. Shiraga 22~ Date_07/29/94

Checker S. R. Crow . or£C Date_08/25/94

Length of base:
Angle: e, = 30 deg
Radius same as ID of pipe.

i = R e

ifeone &if
Height of triangie is same as for cone.

Area of triangular sections:

1
Aifc:i =2 (—2- litb hifcono)

Weight of triangular section (two sections):
Witeri = 27 (Poset Aiseri” Litp) Wiger; = 44 1bs
Weight of inner funnel:

W + W.

iferi

it = Yheone W, = 294 1bs
Calculational Roundoff of Weight: w,, = 350 1bs
3/4 inch thick saddle:

Thickness of plate: tiiseq = 0-750 1in

Radius of midplane curvature:

. t
La4sad = 1 ft + 10 in + 34sad

" Total included angle of curvature: ay ., = 22 deg

Width of saddle: wis .4 = Tycaa” T3sced

Length of saddie: 1, = 51 ft + 2.75 in - 1 in - 2 in - 3/4 in

S

Weight of 3/4 inch thick saddle plate:

Waisod = Pesel” Vsad Wisssad” Paisad

B6-17
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Drawing__H-2-83734 . Doc. No._101-SY-WTCG-01  Page_11 of _25
Building_Tank 241-SY-101 Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga 22~ Date_07/29/94
Checker S. R. Crow. >#%& Date_08/25/94

Wyyooy = 1,118 1bs
Calculational Roundoff of Weight: W, = 1,200 Tbs
1/4 thick saddle plates (2 each):
Thickness of saddle: tiiseq = 0-250 in
Width of rolled section: ‘
Angle of roll: Biisaq = 45 deg - ag .o

Radius of roll is same as ID of pipe.

Wi ctisad = Rifcone” F1asad

Width of straight section: Wij g = 2 ft +10.5 in

Weight of both sections of 1/4 inch saddles:
Witsad = 27 [Peset (Wiiiisag + Wiiigaa)  Toaa trasad)
Wiieag = 90187 1bs

Calculational Roundoff of Weight: W,, = 5,500 1bs

Saddle support plate, 1/2 inch thick (2 each):

Height: h = 8.75 in

12ssp

Thickness of plate: tiassp = 0.5 i
Weight of both plates: Wizssp = 2'(Pcsn']sad'h125sp't12ssp)

Wizssp = 1,518 1bs
Calculational Roundoff of Weight: Wz = 1,600 1bs
Saddle support plates, 1/8 inch thick {2 each):
Width: Witgesp = 2 ft +6.25 in

Thickness of plate: tigssp = 0.125 in

Weight of both plates:

Wigssp = 2° (Peser” Lsaa™¥l1assp” t1assp)
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Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga /7 Date_07/29/94

Checker S. R. Crow (A : Date_08/25/94
Wigssp = 1,312 1bs

Calculational Roundoff of Weight: W, = 1,400 1bs
Vent (1 each):

Pipe parameters:

Length: Toene = 4.5 in

(Reference 4, page 34-64).

Weight per foot:

Wy = 5.79 222
Weight of pipe section: W, = wPVJVQM
:Flange:
0D of flange: od, = 3.25 in
ID of flange: id,, = 2 in
Thickness: ts =0.51n
. Weight of flange:
od?, - id
Weor = Peser ™ (__v_t_r_ﬂ) Eor

Weight of vent:

Woene = Wp + Wy Wyene = 3 1bs
Calculational Roundoff of Weight: W, = 10 1bs.
Outer shielding shell (thin section):

ID of shell: idg,, =5 ft + 8 in

Thickness of shell: toqeen = 0-3125 in
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Rev.

101-SY-WTCG-01

Page_13 of _25

0

Subject_Weight and Center of Gravity Determination

Originator__S. S. Shiraga

Checker S. R. Crow

Cross sectional area:

Job No.

P

Date_07/29/94
Date_08/25/94

Agiesn = T

(idshell i t51ssh)2

s 32
= 1dghe11

4

Lengths of shells, columns 1 to 8 and 15 to 25:

15

tot

15, = 9.75 in - t,_,/2 -

tsr‘l/z

(2-ft + 10 in) - 9.75 in - t,

(4 ft + 10.25 in) - (2 ft + 10 in) - t_,

(5 ft + 7.750 in) - (4 ft +

(8 ft + 3.250 in) -

(5 ft +

(10 ft + 10.750 in) - (8 ft

(13 ft + 6.250 in) - (10 ft

(32 ft + 8.250 in) - (30 ft

= (35 ft + 3.750 in) - (32 ft

15,
15, =

15, =

15, =

15, =

15, =

15, =

15,

15, = (37
15,, = (40
15,, = (43
15,5 = (45
15,, = (48
15, = (49
15,, = (51
15,, = (52

10.25 in) - t,,

7.750 in) -t

+

+

+

4

ft + 11.250 in) - (35 ft

ft +
ft +
ft +
ft +
ft +
ft +
ft +

6.

(= NN U I - 2 ¥ 1 B Ve R AN

750 in)

.250 in)
.750 in)
.250 in)
.750 in)
.750 in)
.750 in)

3.250 in) - t,,

10.750 in) - t_,

0.750 in) - t_,

8.250 in) - t_,

+ 3.750 in) - t_,

(37 ft + 11.250 in) - t_,

(40 ft
(43 ft
(45 ft
(48 ft
(49 ft
(51 ft

15 + 15, + 15, + 15, + ]5 + 15,
1513 + ]f + 13515 + 11516 + ]51.,
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+

+

+

+

+

6.750 in)
2.250 in)
9.750 in)
5.250 in)
2.750 in)
2.750 in)

t

srl

t

sri
srl
t

srl

srl

tsr1/2 - ttef/z

+ 15, + 15, + 159 + 15,5 + 15, + 15,, +
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Drawing__H-2-83734 Doc. No._101-SY-WTCG-01 _ Page_1i4 of _25
Building_Tank 241-SY-101 Rev.._ 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga .~~~ Date_07/29/94

Checker S. R. Crow —=4C Date_08/25/94

Weight of Thredolet and plug (Reference: H. E. Atkins, Jr, 7/18/94):
Wepreq = 20.1 1bs

Weight of thin outer shell:
Wsiesh = (Peset” Pstesn’ 19eor) + 17 Wepreg Wsien = 3,823 1bs

Calculational Roundoff of Weight: W, = 4,000 1bs

Outer shielding shell (tﬂick section)}

Thickness of shell: tiogn = 0.5 in

Cross sectional area:

. 2 _ 1.2
(1dgpers * Eizsa) idgher;
4

Apgp =T

Length of she’i']s Columns 8 to 15:
11, = (16 ft + 1.750 in) - (13 ft + 6.250 in) - t

sri

[
P

11, = (18 ft + 9.250 in) - (16 ft + 1.750 in)

srl

11; = (21 ft + 4.750 in) - (18 ft + 9.250 i

-
=}
~—
]
+

sri
11,
115 = (24 ft + 9.750 in) - (24 ft + 0.250 in) - t

[

(24 ft + 0.250 in) - (21 ft + 4.750 in) - t

sri
sri

11, = (27 ft + 5.250 in) - (24 ft + 9.750 in) - t

sri

]

11,
Tltot = 11, + 11, + 113 + 11, + Tlg + 11, + 11,

(30 ft + 0.750 in) - (27 ft + 5.250 in) - t

sril

Weight of thick outer shell:
Wioon = (Peser Arasn TTeoe) + 7" Wenred Wioen = 2,882 1bs

Calculational Roundoff of Weight: W,, = 3,000 1bs
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Drawing__H-2-83734 Doc. No._101-SY-WTCG-01 Page_15 of _25
Building_Tank 241-SY-101 Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator_S. S. Shiraga _ 2~ Date_07/29/94
Checker S. R. Crow —«—== : Date_08/25/94
Shielding:

Cross sectional area:

. 2. 2
idgherr ~ Odpipe
shsp 4

Density of lead (Reference 1, page 2269):
P = 0.4096-1bs/in’
Assume 65% density for'shot (equivalent densi;y):
Peo = 0.65'ppb
Weight per unit length of lead shielding:
posh — Peet Ashsp
. 110-1bs/in

W
¥obs
Lead weight up to Column 14:
Lead Length:
len,, = 15, + 15, + 155 + 15, + 155 + 15, 4+ 15, + 11, + 11, + 115 + 11, + 115 + 11

Weight of lead: Wy = Waleng, Wt = 30,859 Tbs
Calculational Roundoff of Weight: W, = 32,000 1bs

Lead full length to Column 25:

Lead length:  len,, = 15 + 11,

Weight of lead: nghz = wpbsh-'lenshz Wooshz = 64,947 1bs
Calculational Roundoff of Weight: W,q, = 66,000 1bs

Outer Top Cap:.
Flange:
Thickness: t = 2.250 in

otcf
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Job No.

Subject_Weight and Center of Gravity Determination

’

Originator__S. S. Shiraqga

Date_07/29/94

Checker S. R. Crow

Date_08/25/94

0D: od..,=5ft + 11.625 in

otcf

ID: id =5 ft + 5 in

otef

Cross sectional area:

A _ Odgcc: - idgz:ct
otcf n 4
Weight of outer top cap flange: Worcs = Pesel Potct”
Housing:
Thickness: t ., = 0.375 in Length: L ien
10: id . = 5 ft + 5 in
OD: Odotch = idon:h + 2.totch
Cross sectional area:
_ Odgcd: - idgcclz
jaocab =T 4
Weight of housing: Worcn = Pestt Potch” lotch
End plate:
Thickness: tonmp = 0.750 in
0D: c’dotcep = idot;:h
Cross sectional area:
2 _ Odic::ap
otcep —_'Z—_

Weight of End plate:- w

B6-23
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otcep

t

otcep

t

otcf

=2 ft + 1.875 in
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Drawing__H-2-83734 Doc. No._101-SY-WTCG-01  Page_17 of _25
Building_Tank 241-SY-101 Rev. 0 -Job No.

Subject_MWeight and Center of Gravity Détermination

Originator_S. S. Shiraga I Date_07/29/94

Checker S. R. Crow Date_08/25/94

Weight of bolts (1 inch, 4 inch long, weight per 100): Woecbroo = 162 1bs/100

Reference 2, page 4-146.
Number of bolts: n. ., = 32
Weight of bolts: w_ . = Noote” Woreb100

Weight of outer top cap:

Wore = Worer + Yorch + Worcep t Woreh Woee = 1,779 1bs
Calculational Roundoff of Weight: W, = 1,900 1bs
Inner Top Cap:

Flange:

Thickness: -~ t; ., = 2.250 in

00: od. . =5 ft +3 in

ID: . id =4 ft + 10 in

itef

Cross sectional area:

2 . 32
Odiccr = L1diccr

Aicct ==

4
Weight of flange: w; ¢ = Pigei Aieet Licer
Housing:
Thickness:  t., = 0.500 in Length: Ty, = 1 ft + 11.875 in
0D: Odieen = 1d;ecr
ID: idieen = 0deen = 27 tieen

Cross sectional area:

B6-24
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Drawing__H-2-83734 Doc. No._101-SY-WTCG-01  Page_18 of _25

Building_Tank 241-SY-101 Rev. 0 Job No.
Subject_Weight and Center of Gravity Determination

Originator _S. S. Shiraga 2~ Date_07/29/94
Checker, S. R, Crow ~——=-2¢ Date_08/25/94

2 s 32
a _ Oodiech - idiech
icen © T 1

Weight of flange: w; ., = Peset Piven” Viten

Retaining Ring:

Thickness: t;.... = 0.375 in Length: Vieerr = 2.6875 in
ID: iditcrr = Oditcf
0D: od = id; ., + 2°t

iterr iterr

Cross sectional area:

2 ¢ 32
Odi terr ~ ldi terr

Ajeerr = T P

Weight of retaining ring: Worcrr = Pestt Bitere” Viterr

Gussets (8 each):

Thickness: t;.... = 6.500 in

Length: Vitequs = 7.1875 in

Height: hitcgus = 7.0 in

Weight of gussets: Wircaus = 8" Peset” litegus Mitegus” Litegus

Retainer Plate:

Thickness: -ti'mp - 0.500 in

0D: 04 = 3 ft + 7 in

iD: idjpep = 4 ft + 9 in

Cross sectional area:

Weight of retainer.plate: Witerp = Pestt Picerp Literp
B6-25
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Drawing__H-2-83734 Doc. No._101-SY-WTCG-01  Page_19 of _25
Building_Tank 241-SY-101 Rev. 0 . Job No.
Subject_Weight and Center of Grayity Determination

Originator_S. S. Shiraga .~ Date_07/29/94
Checker S. R. Crow~(>_ Date_08/25/94

2 s 32
Od.i tcrp © ldi terp

itcrp ~ 4
End plate:
Thickness: titcep = 0.750 in -
0D: Oditcep = iditch

Cross sectional area:

2
A _ Odiccep
itcep — T 4

Weight of end plate: W

itcep = pcstl. : Aitcep' titcep

= 162 1bs/100

Weight of bolts (1 inch, 4 inch long, weight per 100): W, ecb100

Reference 2, page 4-146.

Number of bolts: n. . = 28

Weight of bolts: w;, . = N " Witcnioo

Weight of inner top cap:
Wite ™ Witet * Wieeh * Witerr T Witcgus * Witerp T Witcep T Wited
W,.. = 1,463 1bs

Calculational Roundoff of Weight: W,, = 1,500 1bs

Payload weight and CG (Reference from H. E. Atkins, Jr, 7/18/94):

Weight: Wy = 19,427 1bs
CG from bottom of outer top flange: COpayr = 19.42 ft
CG from bottom outer flange center is:
Cpay2 = (52 fy + 0.750 in) - Cpayt - e/ 2 Cpay2 = 32.56 ft
Calculational Roundof<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>