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SAFETY EVALUATION FOR PACKAGING (ONSITE) TRANSPORT
OF LSA-II LIQUIDS IN MC-312 CARGO TANKS

PART A: DESCRIPTION AND OPERATIONS

1.0 INTRODUCTION

1.1 GENERAL INFORMATION

Hanford Site facilities generate large volumes of liquid waste that is
contaminated with Tow levels of radioactive materials. Transfers of low-level
radioactive liquid wastes from operating facilities to tank farm facilities
have typically been done through underground transfer Tines or by the use of
railroad liquid waste tank cars (LWTC). In specific cases, transfer of
Tow-level Tiquid wastes by either of these methods is not operationally
possible and/or is not cost effective. A safe and cost-effective means of
packaging is required to transport low specific activity (LSA-II) 1iquid waste
(up to 100 A,s) from its generating facility to the tank farm facility. The
222-S Labora%ory Cargo Tank (222-S Cargo Tank) and two Liquid Effluent
Treatment Facility (LETF) Cargo Tanks have been identified as safe, cost-
effective packagings to transfer bulk low-level radioactive 1iquid wastes;
otherwise, new Industrial Packaging (IP)-2 approved bulk tank cars would need
to be developed.

The purpose of this safety evaluation for packaging (SEP) is to authorize
the onsite transfer of bulk LSA-II radioactive 1iquids in the 222-S Cargo Tank
and LETF Cargo Tanks. Under the current U.S. Department of Transportation
(DOT) regulations, the MC-312 Cargo Tanks are authorized for shipment in
commerce of bulk LSA-I radioactive liquids only. The 222-S Cargo Tank
(vehicle registration number H0-64-4275, serial number L1-10477} and the LETF
Cargo Tanks (vehicle registration number H0-64-3858, serial number PI-12654,
and vehicle registration number H0-64-3859, serial number P1-12655) are DOT
MC-312 specification cargo tanks. This SEP provides the evaluation necessary
to demonstrate that the 222-S Cargo Tank and the LETF Cargo Tanks meet the
requirements of WHC-CM-2-14, Hazardous Material Packaging and Shipping; meet
the MC-312 specification and DOT trailer rules; and provide similar safety
functions as would be provided by IP-2 packagings. Operational, acceptance,
maintenance, and quality assurance (QA) guidelines are established to ensure
the method of transport for the 222-S Cargo Tank and LETF Cargo Tanks is
performed safely and in accordance with WHC-CM-2-14.

1.2 SYSTEM DESCRIPTION

The 222-S Cargo Tank and LETF Cargo Tanks were fabricated to their
original DOT specification (49 CFR 178.343 [1989]) and are authorized by this
SEP to transport bulk LSA-II liquids. The three carge tanks were manufactured
by Polar Tank Trailer, Inc. Drawing information regarding the 222-S Cargo

Al-1
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Tank and LETF Cargo Tanks transport systems with ancillary equipment and
components is listed in Part A, Section 10.0, which includes the specific
drawings, H-2-79957 and H-9-203, and a piping diagram.

The primary contents of the 222-S Cargo 'tank and LETF Cargo Tanks are
LSA-II liquids limited to 100 A,s per shipment. The estimated maximum
isotopic activities are provideé in Part B, Table B2-1. The loaded 222-S
Cargo Tank and LETF Cargo Tanks will be transported from the originating
facility to the designated tank farm facility and unloaded of their liquid
waste contents.

This SEP is a copy controlled supporting document to ensure that only
up-to-date approved versions of this SEP are used for package transport. Any
changes to this SEP will be performed by Westinghouse Hanford Company (WHC)
Packaging Engineering and are incorporated and distributed to users through
the copy control system.



WHC-SD-TP-SEP-048 Rev. 0
2.0 PACKAGING SYSTEM

2.1 CONFIGURATION AND DIMENSIONS

The packaging system is an 18,925-L (5,000-gal) DOT MC-312 specification
cargo tank truck with a cleanbore straight-shape vessel. Each container is
constructed of a 4.17-mm (8-gauge) T316 stainless steel, two-piece barrel with
one circumferential weld. The heads (ends) are fabricated from 4.76-mm
(3/16-in.) T316L stainless steel and are butt welded to the barrel. The
11 stiffening rings are 304 stainless steel fully welded to the barrel and are
3.40-mm (10-gauge) 5.7-cm (2%-in.) channel. Each cargo tank is 147 cm
(57% in.) in diameter, is 1,128 cm (444 in.) long, and is 133 cm (52% in.)
above the ground on its transporter. The overall length of the cargo tank
tractor and trailer is 1,615 cm (636 in.).

Each cargo tank has an American Society of Mechanical Engineers (ASME)
tested 5.1-cm (2.0-in.) rupture disc with polyethylene drain tube located at
the top center of the vessel. The 242-kPa (35 psig) air inlet pressure
package (consisting of a pressure gauge, ball valve, coupler, and ASME-
approved relief valve) is mounted in the dam area. Each cargo tank also has a
7.6-cm (3.0-in.) stainless steel dip tube in the forward dam area. The dam is
a part of the cargo tank flashing system and is built as a stainless steel
construction spillbox with polyethylene drain hoses on each side, located just
forward of the suspension system.

Each cargo tank is limited to a maximum volume of 15,140 L (4,000 gal)
per shipment. The maximum operating system pressure is 242 kPa (35 psi), and
the design temperature is 52 °C (125 °F). The design specification states
that the cargo tank was designed for 1liquid weighing 1.92 kg/L (16 1b/gal) or
36,287 k?b(80,000 1b); however, the maximum payload authorized is 23,118 kg
(50,965 1b).

2.2 MATERIALS OF CONSTRUCTION

Barrel: 4.17-mm (8-gauge) SA-240, T316 stainless steel material
Heads: 4.76-mm (3/16-in.) SA-240, T316L stainless steel material

Rings: 3.40-mm (10-gauge) SA-240, 304 stainless steel material, 5.7 cm
(2% in.) high

A1l other cargo tank support systems are constructed of various types of
stainless steel.

2.3 DESIGN AND FABRICATION METHODS

The 222-S Cargo Tank and LETF Cargo Tanks were fabricated to the MC-312
DOT specification per 48 CFR 178.340 and 49 CFR 178.343 (1989). Each cargo
tank is ASME certified and has a certificate of compliance (CoC) that states
the cargo tank was designed, constructed, and tested in accordance with DOT

AZ-1
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Motor Vehicle Cargo Tank Specifications for cargo tanks used for the
transportation of classified liquids. See Part A, Section 5.0, for additional
information on vessel design and fabrication.

2.4 MWEIGHTS AND CENTER OF GRAVITY

The center of gravity of a completely full MC-312 Cargo Tank (18,925 L
[5,000 gal]) is assumed to be at its geometric center. The cargo tank on its
transporter is 133 cm (52.5 in.) above the ground. The coordinates of the
center of gravity for the full MC-312 Cargo Tanks are:

x--564 cm (222 in.)
y--73.5 cm (28% in.)
z--206.5 cm (81% in.).

The cargo tank is capable of carrying the maximum liquid specified, a maximum
load of 23,118 kg (50,965 1b). The cargo tank trailer is capable of carrying
the cargo tank assembly; ancillary equipment; and the maximum 1iquid volume
specified, a maximum load of 34,885 kg (78,000 1b).

2.5 CONTAINMENT BOUNDARY

The containment boundary is provided by the stainless steel two-piece
barrel and heads. Penetrations are provided on the top of the containment
vessel for installation of the manhole cover, rupture disc, relief valve,
pressure gauge, ball valve, coupler, and dip tubes. These penetrations with
the installed components include bolted flanges with neoprene gaskets to seal
the containment boundary. During transport of the loaded cargo tank, the
valves are closed.

2.6 CAVITY SIZE

The cavity size of the 222-S Cargo Tank and the LETF Cargo Tanks is
146 cm (57% in.) in diameter and 1,126 cm (443 in.) long.

2.7 HEAT DISSIPATION

The payload, which consists of LSA-II radioactive Tiquid, has a maximum
decay heat less than 1 W. The 222-S Cargo Tank and LETF Cargo Tanks have no
special cooling devices used to transfer or dissipate heat. Heat is passively
dissipated.

2.8 SHIELDING

The stainless steel two-piece barrel provides negligible shielding
capabilities. For transport of the loaded 222-S Cargo Tank and LETF Cargo
Tanks, the radiological limitations of Part A, Section 4.3.2, shall be met.

A2~2
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2.9 LIFTING DEVICES

Not applicable.

2.10 TIEDOWN DEVICES

The MC-312 Cargo Tanks are permanently secured to their transport
trailers. The cargo tank is-welded to the rear suspension system, which, in
turn, is fastened to the trailer frame. The fifth-wheel assembly in front is
fastened to the suspension system and trailer frame, using a heavy plate with
an adjustable double-hubbed kingpin. No tiedown devices are required.
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3.0 PACKAGE CONTENTS

3.1 GENERAL DESCRIPTION

The authorized contents for the 222-S Cargo Tank and LETF Cargo Tanks are
bulk 1iquid hazardous and radioactive materials.

3.2 CONTENTS RESTRICTIONS

3.2.1 Radioactive Materials

The radioactive source term is derived in Part B, Section 2.0, of this
SEP. The liquid waste transported in the 222-S Cargo Tank and LETF Cargo
Tanks shall meet the LSA-II definition for radioactive materials from
49 CFR 173.403 (1996) (<10's A,/g for liquids), shall be essentially uniformly
distributed, shall not exceed 100 A,s, and shall be fissile excepted according
to the requirements of 49 CFR 173.4%3 (1996).

3.2.2 Hazardous Materials

Any hazardous material transported in the 222-S Cargo Tank and LETF Cargo
Tanks shall be authorized according to the MC-312 Cargo Tank DOT specification
and as specifically authorized in 49 CFR 172.101 (1996), "Hazardous Materials
Table,” for transport of hazardous materials in bulk packagings. There are no
flammable separable organic phases permitted. For unloading at tank farm
facilities, the pH of the liquid waste is expected to be between 10.5 to 13.
Tons that may be present include chloride, nitrate, nitrite, carbonate,
bicarbonate, phosphate, aluminum, sodium, fluorine, barium, cadmium, iron,
Tead, silver, arsenic, mercury, selenium, and chromium.
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4.0 TRANSPORT SYSTEM

4.1 TRANSPORTER

The transporter consists of the 34.9-metric ton (39-ton) capacity
semitrailer and tractor with approximate dimensions of 16.4 m (53 ft, 10 in.)
Tong and 3 m (10 ft) wide.

4.2 TIEDOWN SYSTEM

The MC-312 Cargo Tanks are permanently secured to their transport
trailers. No tiedown devices are required.

4.3 SPECIAL TRANSPORT REQUIREMENTS

4.3.1 Routing and Access Control

The 222-S Cargo Tank and LETF Cargo Tanks are authorized for onsite
transfers only. Road closure shall be required for liquid waste transfers
occurring south of the Wye Barricade and shall be conducted according to the
Transportation Plan for "Non-DOT" Packages South of the Wye Barricade
(WHC 1993). For liquid waste transfers north of the Wye Barricade, no road
closures are required. The loaded cargo tank shall stop at all railroad
crossings and proceed when determined safe to do so.

4.3.2 Radiological Limitations

The dose rate limitations must be less than 200 mrem/h at the surface of
the cargo tank, less than 13 mrem/h at 2 m from the trailer, and less than
2 mrem/h at any space normally occupied by personnel. Transfer of the cargo
tank above this limit is not authorized. From the shielding analysis in
Part B, Section 4.0, the projected dose rates meet these limits.

If dose rates exceed the occupied space limit, shielding (i.e., lead
blankets or lead sheets) on the tractor-trailer may be added. Any added
shielding shall not affect the cargo tank integrity and shall not affect
transport system performance.

Nonessential personnel shall be restricted from receiving radiation
exposure during the transfer. When the cargo tank is stationary, the controls
specified in HSRCM-1, Hanford Site Radiological Control Manual, apply,
including any posting for personnel exclusion areas.

The radiation work permit may require the driver to wear dosimetry.
The carge tank should be transported as soon as possible after loading to

reduce the possibility of increased dose rates due to settling of particulate
radioactive material.
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Permissible external contamination limits for the exterior of the 222-§
Cargo Tank and LETF Cargo Tanks are as shown in Table A4-1.

Table A4-1. External Container Contamination Limits.

. Maximum permissible limits
Contaminant >
uCi/en dpm/cmz

Beta-gamma emitting radionuclides; ell radionuclides with 10'5 22
half-lives less than ten days; natural uranium; natural
thorium; uranium-235; uranium-238; thorium-232; thorium-
228 and thorium-230 when contained in ores or physical
concentrates
ALL other alpha emitting radionuclides 1076 2.2

Source: 49 CFR 173.443, 1996, “shippers--General Requirements for Shipments and Packagings,* Code
of Federal Regulations, as amended.

4.3.3 Speed Limitations

The 222-S Cargo Tank and LETF Cargo Tanks shall observe posted speed
limits for the Hanford Site.

4.3.4 Environmental Conditions

If extreme fog, ice, or adverse snow conditions exist, the 222-S Cargo
Tank and LETF Cargo Tanks shall not be transported.

4.3.5 Frequency of Use and Mileage Limitations

There are no restrictions for frequency of use, and there are no mileage
Timitations.

4.3.6 Emergency Response

The waste generating facility, Tank Farm Surveillance Operations,
Radiation Protection, Packaging Engineering, and Hazardous Materials
Operations shall be notified of all accidents involving radiocactive material
shipment that may result in vehicle damage, container damage, personnel
injury, or contamination spread.
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5.0 ACCEPTANCE OF PACKAGING FOR USE

6.1 ACCEPTANCE REQUIREMENTS

Details of the acceptance process are listed below.

5.1.1 Inspection and Testing

Final inspection and testing of the 222-S Cargo Tank and LETF Cargo Tanks
were done by the vendor, Polar Tank Trailer, Inc., and witnessed by WHC
nondestructive examination personnel and by ASME, the third-party inspector.
The tests were documented in accordance with the procurement specification and
are part of the QA data package. The cargo tanks have the required CoC from
the vendor and are forwarded to the cargo tank custodian(s) vendor information
file.

5.1.2 Documentation

The following documents are provided in the QA data package from the
vendor:

o Manufacturer's data report for the vessel
o ASME design certification

¢ CoC from the vendor. The CoC certifies that the MC-312 Cargo Tanks
were designed, constructed, and tested in accordance with DOT Motor
Vehicle Cargo Tank Specifications for cargo tanks used for the
transportation of classified 1iquids

e Vessel fabrication, assembly, and test documentation for the vessel.
Documentation includes final as-built fabrication drawings,
engineering change notices, fabrication travelers, inspection
records, nonconformance reports, material test reports,
nondestructive examination and leak test reports, pressure test
reports, weld qualifications, welder qualifications, stress
calculations, and performance-oriented evaluations

+ Specifications for two-piece barrel construction, rings, frame,
upper fifth wheel, flashing system, manhole, undercarriage
(suspension, subframe, springs, axles, oil seals, brakes, bumper,
air system), rims and tires, tire carrier, fenders, mudflaps, lights
and wiring, walkway, ladder, hose carriers, valving and piping, top
unioading (4-in. nozzle with blind flange), ocutlet valving and
drain, venting, and painting

» Vendor's data for equipment furnished by the Seller is provided in
the final document package. This includes vendor's data sheets
(with identifying part numbers), test reports, warranties, parts
Tist, and maintenance requirements. This applies to valve, sluicing
equipment, and gauging equipment for process control.
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5.2 PACKAGING FOR REUSE

The 222-S Cargo Tank and LETF Cargo Tanks have a design 1ife of 30 years.
In order to use the cargo tanks for that length of time, the maintenance and
operating plans must be followed. Part A, Section 8.0, contains the
requirements for testing, inspection, and documentation.
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6.0 OPERATING REQUIREMENTS

6.1 GENERAL REQUIREMENTS

1.

The approved SEP shall be considered the controlling document for
the shipment of the 222-S Cargo Tank and LETF Cargo Tanks.

Al11 applicable instructions and procedures for onsite shipments of
radioactive materials specified in WHC-CM-2-14 shall be followed.

Operational controls presented in the SEP shall take priority over
similar requirements presented in other WHC manuals, except where
other WHC requirements are more restrictive.

The 222-S Cargo Tank and LETF Cargo Tanks and their design shall not
be altered or revised without documented approval in accordance with
WHC-CM-6-1, Standard Engineering Practices, and WHC-CM-2-14.

Written operating procedures shall be followed when loading,
transferring, and unloading payloads in the 222-S Cargo Tank and
LETF Cargo Tanks. These procedures shall provide instructions to
ensure that the container is being used in accordance with this SEP.
These procedures shall be reviewed and approved by Packaging
Engineering.

Unless otherwise noted in Part A, Section 8.2, it shall be verified
by custodians prior to usage that the 222-S Cargo Tank and LETF
Cargo Tanks comply with their original specification per 49 CFR
178.340 and 49 CFR 178.343 (1989).

Unless otherwise noted in Part A, Section 8.2, the inspections of
the 222-S Carge Tank and LETF Cargo Tanks shall be done according to
49 CFR 180.407 (1989), "Requirements for test and inspection of
specification cargo tanks."

As documented in Part A, Section 8.0, the 222-S Cargo Tank and LETF
Cargo Tanks will not be fully DOT compliant upon the expiration
dates of two inspections, and certification under these conditions
must be withdrawn by the custodian. The conditions necessitating
withdrawal of the certification must be recorded and signed on the
written certification for the cargo tank. To avoid violation of DOT
requirements, the specification plate must be covered in a secure
manner.

6.2 LOADING/UNLOADING

1.

The cargo tanks shall not exceed 99% working capacity according to
the requirements of 49 CFR 173.24b(a)

Cargo tank loading and unloading shall be scheduled to minimize

outdoor storage. The cargo tank shall be filled and emptied under
strict Tiquid-level control.

A6-1
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3. The loaded cargo tank stored outdoors shall be visually inspected
for leaks and abnormal conditions at least once a day. -

4. The loaded cargo tank shall not be left unattended en route.

5. For bulk, unpackaged, LSA-II radioactive 1iquids and other liquid
hazardous material, transport shall comply with the requirements of
Part A, Section 4.3.

6.3 EMPTY PACKAGING

After emptying its contents at the tank farm facility, the cargo tank
shall be assumed to contain a minimum volume that cannot be removed.
Transport of the empty cargo tank shall be done according to the same
requirements of a loaded cargo tank.
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7.0 QA REQUIREMENTS

7.1 INTRODUCTION

WHC-CM-4-2, Quality Assurance Manual, and WHC-IP-0705, Quality Assurance
Program Plan for the Hazardous Materials Transportation and Packaging Program
(WHC 1995), describe the WHC QA program for radioactive material shipping
packages. In addition, WHC-CM-2-14 defines specific quality-affecting
responsibilities.

7.2 SPECIFIC REQUIREMENTS

These specific requirements apply to activities that could affect the
safety basis or quality of the MC-312 Cargo Tank/Trailer system and associated
hardware. The overall MC-312 Cargo Tank/Trailer system is classified as
"Safety Significant” per Section 9.0 of WHC-CM-4-46.

Each cognizant engineer involved with procurement, use, or maintenance of
the MC-312 Cargo Tank/Trailer system, or components thereof, is responsible
for ensuring that the assigned tasks are performed in accordance with
controiling plans and procedures, which must, in turn, conform to the
governing DOT and WHC QA program requirements.

7.2.1 Design Control

The cargo tank is designed to comply with the performance requirements
specified in MC-312, with the cargo tank designed in compliance with the
ASME (1992). Modifications shall comply with the MC-312 specification.

7.2.2 Procurement Control

Procurement documentation for MC-312 Cargo Tank/Trailer items is
initiated by the 222-S Laboratory and LETF design authorities. The standard
WHC purchase requisition (PR) contains both the technical and QA requirements.
The PR information is converted to a purchase order (PO) by the WHC Purchasing
organization. The cognizant Quality Assurance engineer reviews and approves
all PRs per WHC-CM-4-2.

Changes to the PR, or subsequent PO, are subject to the same review and
approval requirements as the original PR. QA requirements are imposed by WHC
specifications, engineering drawings, or other QA documents.

7.2.3 Control of In-Service Inspection and Testing

Inspection and testing of cargo tank equipment shall be conducted
according to applicable DOT MC-312 specification standards at a minimum.
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7.2.4 Maintenance Checks and Controls

The maintenance procedures (Part A, Section 8.0) establish, as
appropriate, criteria for maintenance inspections/tests to be conducted by the
user to ensure the cargo tank/trailer system maintains containment and is free
of excessive contamination. The maintenance procedures also establish
qualification criteria for responsible personnel who document and evaluate
inspection/test results.

7.2.5 Records and Document Control

Records that furnish documentary evidence of quality shall be specified,
prepared, and maintained per WHC-CM-4-2, WHC-CM-2-14, and WHC-CM-3-5, Document
Control and Records Management Manual. All documents used to perform and/or
verify quality-related activities shall be controlled. Controlled documents
include, but are not limited to drawings, specifications, POs, inspection and
test plans and procedures, reports, verification data, nonconformance reports,
corrective action reports, this SEP, and operational and maintenance
procedures.

The design authority is responsible for ensuring accessibility to the
latest issue of all design and maintenance records.

The SEP document shall be copy controlied. Records associated with this
SEP shall be retained for the life of the package by the SEP agent.

7.3 REVIEW AND UPDATE CYCLES

This SEP is subject to periodic review and updates. A review shall be
performed every five years to ensure that all SEP evaluations and other
included information meet new or revised regulatory and/or company
requiremints. The initial review and update of the SEP shall be early in the
year 2001.
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8.0 MAINTENANCE

8.1 GENERAL REQUIREMENTS

The waste generating facility shall provide the procedures for the
required maintenance, inspections, and testing of the cargo tank.

8.2 INSPECTION AND VERIFICATION SCHEDULES

1. Maintain the DOT inspections, as follows.

Prior to loading of the cargo tank, verify that the brakes and
running gear preventive maintenance inspection is current.

Verify the retest and inspection of the cargo tank are current
according to the requirements of 49 CFR 180.407 (1989) with the
two following exceptions.

- The inspection of tank exterior that is covered by the
upper coupler (fifth wheel) assembly according to
49 CFR 180.407(d)(2)(viii) (1989) is not required.

- The internal visual inspection according to
49 CFR 180.407(e) (1989) is not required.

2. Quality Assurance inspection planning shall be established to ensure
that inspection, prior to each use, verifies compliance with the
following items.

Cargo tank/trailer are properly assembled.

Cargo tank is properly leak/pressure tested and satisfies the
established criteria.

A1l acceptance criteria are met for its use.
A1l shipping papers are properly completed.

Cargo tank/trailer is conspicuously and durably marked as
required by the governing regulations.

Measures are established to ensure that an individual, trained
and certified as an onsite shipper, designated by the user of
the cargo tank/trailer system, signs the shipping papers before
authorization for shipping.

Operational and maintenance procedures are properly completed.

A8-1
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Prior to departure (unloaded or loaded), the cargo tank shall be
inspected for potentially hazardous conditions, as follows:

e Tank body leaning or listing, sagging, objects dragging below
or extending to the side, any broken or missing safety
appliances

» Corrosion or leaking around the upper coupler (fifth wheel)
assembly

e Leaking of contents from cargo tank

o Any other condition considered likely to cause any significant
problems before arrival at the cargo tank destination

o Tank, safety appurtenances, and fittings in proper condition
for safe transportation (shipper must determine to the extent
practicable).

A cargo tank that shows any of the defects mentioned above must not
be offered for transportation until proper repairs have been made by
the appropriate personnel.

8.3 RECORDS AND DOCUMENTATION

1.

The design authority of each cargo tank, in accordance with the
requirements of WHC-CM-2-14, shall obtain and retain the
manufacturer's data report or certificate that the specification
cargo tank was manufactured and tested in accordance with the
applicable specification. The custodian shall retain the documents
throughout ownership of the specification cargo tank and for one
year thereafter.

The maintenance records shall be maintained for the length of time
the specification cargo tank is owned plus one year.

The test and inspection reports of the specification cargo tank
shall be maintained until the next test and inspection of the same
type is successfully completed.

As relief is provided for two inspection requirements from

49 CFR 180.407 (1989), the specification carge tank will not be
fully DOT compliant upon the éxpiration dates-of these inspections,
and certification under these conditions must be withdrawn by the
custodian. The conditions necessitating withdrawal of the
certification must be recorded and signed on the written certificate
for the cargo tank. To maintain compliance with DOT requirements,
the specification plate must be covered in a secure manner.
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DRAWINGS

10.0 APPENDIX:

10.1 PIPING DIAGRAM--MC-312 CARGO TANKS
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10.2 222-S LABORATORY MC-312 CARGO TANK DRAWINGS (H-2-79957)
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PART B: PACKAGE EVALUATION

1.0 INTRODUCTION

1.1 SAFETY EVALUATION METHODOLOGY

The 222-S Laboratory Cargo Tank (222-S Cargo Tank) and Liquid Effluent
Treatment Facility (LETF) Cargo Tanks were evaluated against the requirements
of WHC-CM-2-14, Hazardous Materials Packaging and Shipping, for onsite
transportation of bulk radioactive 1iquids that meet the low specific activity
(LSA)-1I definition, are essentially uniformly distributed, do not exceed 100
A,s, and are fissile excepted.

The analyses presented in this safety evaluation for packaging verify the
cargo tanks meet the onsite transportation safety requirements based on the
U.S. Department of Transportation (DOT) MC-312 specification, DOT trailer
assembly, and comparative evaluation to Industrial Packaging (IP)-2
requirements.

1.2 EVALUATION SUMMARY AND CONCLUSIONS

The 222-S Cargo Tank and LETF Cargo Tanks are safe for the onsite
transportation of bulk radioactive liquids that are LSA-II, are essentially
uniformly distributed, do not exceed 100 A,s, and are fissile excepted.

The typical contents of the 222-S Cargo Tank and LETF Cargo Tanks are
evaluated in Part B, Section 2.0.

. Containment was evaluated based on the MC-312 design and determined to be
acceptable for the stated conditions of handling and onsite transfer. The
containment evaluation is presented in Part B, Section 3.0.

The shielding analysis for the source term identified for the MC-312
Cargo Tanks indicates that the dose rate 1imit at the package surface would
not be exceeded; however, the dose rate limits for the 2-m distance and driver
location in the transport vehicle would be exceeded. To aliow transport up to
the maximum estimated dose rates, additional administrative controls are
provided. Use of shielding material, if required, will be authorized to
reduce the dose rate at the driver location. The shielding evaluation is
presented in Part B, Section 4.0.

The structural evaluation demonstrates that the 222-S Cargo Tank and LETF
Cargo Tanks meet their original MC-312 specification and relevant IP-2
requirements. The structural evaluation is presented in Part B, Section 5.0.

The thermal evaluation demonstrates that heat generation is not a concern
due to the very low concentration of radionuclides, and package surface
temperature limits will not be exceeded under the Hanford environmental
conditions. The thermal evaluation is presented in Part B, Section 6.0.
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The gas generation analysis demonstrates that hydrogen generation rate is
very low, and pressurization of the 222-S Cargo Tank and LETF Cargo Tanks is
not of concern during transportation. The evaluations are presented in
Part B, Section 7.0.

A package tiedown system evaluation was not conducted as the cargo

tanks are permanently secured to their transporter in accordance with DOT
requirements.

1.3 REFERENCE

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

2.1 CHARACTERIZATION

The payload of the 222-S Cargo Tank and LETF Cargo Tanks consists of bulk
Tiquids contaminated with radionuclides. The estimated contents are based on
the highest activities of specific radionuclides that will be discharged into
the waste liquid effluent. An example of previous radionuclide activities,
associated daughter products, and fissile content are listed in Table B2-1.

Table B2-1. MC-312 Cargo Tank Radionuclide Activities.”

Activity Activity . Quantity Specific Sum of
Isotope (ci) (Bg) Ay (CD) (grams) activity fraction Ay
(Ci/g)

3y 8.40 E-01 3.11 E+10 1.08 E+03 8.66 E-05 9.70 E+03 7.78 E-04
e 6.50 E-03 2.40 E+08 5.41_E+01 1.44 E-03 4,50 E+00 1.20 £-04
80co 4.35 E-01 1.61 E+10 1.08 E+01 3.95 E-04 1.10 E+03 4.03 £-02
90sp 2.63 E+00 9.73 E+10 2.70 E+00 1.88 E-02 1.40 E+02 9.74 E-01
90y 2.63 E+00 9.73 E+10 5.41 E+00 4.87 E-06 5.40 E+05 0.00 E+00
Pre 5.50 £-02_ | 2.03 E+09 2.43 E+01 3.26 E+00 1.70 E-02 2.26 E-03
129, 4,80 E-02 1.78 E+09 Unlimited 2.67 E+00 1.80 E-04 0.00 E+00
137 2.61 E+00 9.66 E+10 1.35 E+01 3.00 E-02 8.70 E+01 1.93 E-01
13745, 2.47 E+00 9.14 E+10 0.00 E+00 0.00 E+00 0.00 E+00 0.00 E+00
o 7.50 E+00 2.78 E+11 2.43 E+01 9.30 E+02 9.30 E+02 3,09 €-01
154e, 5.54 £-03 2.05 E+08 1.35 E+01 2.13 €-05 2.60 £+02 4.11 E-04
24 1.45 E-02 5.36 E+08 2.70 £-02 2.34 €400 6.20 E-03 5.37 E-01
235w 8.50 E-05 3.14 E+06 Unlimited 3.86 E+01 2.20 E-06 0.00 E+00
By, 8.50 E-05 3.14 E+06 2.43 E+01 1.60 E-10 5.30 E+05 0.00 E+00
B8, 1.40 E-03 5,18 E+07 Unimited 4.12 E+03 3.40 E-07 0.00 E+00
238y e 2.15 €-02 7.96 E+08 5,41 E-03 1.26 €-03 1.70 E+01 3.97 £+00
Bp e 1.85 €-01 6.85 E+09 5.41 E-03 2.98 E+00 6.20 E-02 3.42 E+01
21y 1.45 £-01 5,36 E+09 5.41 E-03 4.26 E-02 3.40 E+00 2.68 E+01
Total 1.96 E+01 7.25 E+11 6.70 E+01

* Assume 18,000 L, 1 g/cc; data provided by M. Hall, 02/22/96.
** Fissile isotopes; toral fissile mass = 41.6 g

2.2 CLASSIFICATION

To meet the def1mt1on of LSA-II, the specific activity of a Tiquid
cannot exceed 10 A,/ This will be true if the number of A,s in the liquid
divided by 10~ and %he mass of the material is less than 1. zrh1s is
represented as:
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Number of A,s
107° x mass (grams)

1)

There are 67 A,s per shipment; the minimum mass of the liquid equals
1.51 x 10% g. The masg is calculated by multiplying the maximum volume of
liquid, 1.514 x 10% cm® (15,140 L [4,000 gal]), by the minimum density of the
waste, 1.0 g/cm®. The resulting equation is »

67

— 3 =0.444
1075 x 1.51 x 107 (@)

The result is less than one. There are less than 100 A,s, the dose rate
is less than 1000 mrem/h at 3 m from unshielded material (See Part B,
Section 5.0), and the radioactive contents are essentially uniformly
distributed. The shipment meets all LSA-II requirements.

The liquid is fissile excepted per 49 CFR 173.453(b) because it is a
homogenous mixture that has less than 5 g (0.18 oz) of fissile material per
liter, a mass of fissile radionuclides less than 500 g (17.64 oz), and a ratio
of hydrogen atoms to fissile atoms greater than 5200. Al1 these requirements
were exceeded by at least a factor of 10. The liquid is also fissile excepted
per 49 CFR 173.453(d) because the concentration of fissile radionuclides in
any 10-L volume is less than 5 g (0.18 oz) per liter and will maintain the
limitation on fissile radionuclide distribution during normal transfer
conditions.

2.3 REFERENCE

49 CFR 173, 1996, "Packaging and Transportation of Radioactive Material", Code
of Federal Regulations, as amended.
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3.0 CONTAINMENT EVALUATION

3.1 INTRODUCTION

The purpose of this evaluation is to determine the ability of the 222-S
Cargo Tank and LETF Cargo Tanks to maintain their contents under onsite normal
transfer conditions.

3.2 CONTAINMENT SOURCE SPECIFICATION

The authorized payload is described in Part B, Section 2.0.

3.3 NORMAL TRANSFER CONDITIONS

The containment boundary is provided by the stainless steel two-piece
barrel and heads. Penetrations are provided on the top of the containment
vessel for installation of the manhole cover, rupture disc, relief valve,
pressure gauge, ball valve, coupler, and dip tubes. These penetrations with
the installed components include bolted flanges with neoprene gaskets to seal
the containment boundary. During transport of the loaded cargo tank, the
valves are closed.

3.3.1 Conditions To Be Evaluated

The conditions to be evaluated for normal transfer conditions are
structural integrity, thermal performance, and pressurization.

3.3.2 Release Acceptancé Criteria

Acceptable performance is defined as the ability of the MC-312 Cargo Tank
to survive normal transfer conditions with no significant yielding of the
cargo tank materials of fabrication and no loss of function due to thermal
conditions or pressurization.

3.3.3 Containment Evaluation

The structural evaluation in Part B, Section 5.0, evaluated the MC-312
Cargo Tanks to their original DOT specification, IP-2 requirements, and
specific normal transfer conditions. Results of the evaluation indicate the
cargo tanks meet these requirements, and no yielding of material of
fabrication would occur. The MC-312 Cargo Tanks are American Society of
Mechanical Engineers (ASME) certified and have a certificate of compliance
(CoC) from the vendor.

A thermal evaluation of the MC-312 Cargo Tanks is presented in Part B,
Section 6.0. This evaluation concluded that, because of the low payload heat
generation, the materials of fabrication are adequate for the temperature
range of -33 °C (-27 °F) and 46 °C (115 °F) for the Hanford environment.

B3-1
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The pressure and gas generation analysis presented in Part B,
Section 6.0, demonstrated that the pressure increase would be very small and
would be much less than the design pressure of 476 kPa (40 psi) for the MC-312
Cargo Tank. .

3.4 CONTAINMENT EVALUATION AND CONCLUSIONS
The MC-312 Cargo Tank containment for normal transfer conditions is

demonstrated to be adequate based on the structural, thermal, and gas
generation evaluations.

B3-2
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4.0 SHIELDING EVALUATION

4.1 INTRODUCTION

The cargo tanks are limited to a maximum volume of 15,140 L (4,000 gal)
per shipment. The payload will contain LSA-II shipments up to 67 A,s o
radioactive material. Based on the cargo tank evaluation, up to 106 A,s of
radioactive material will be authorized. LSA-II liquid q;teria] is de%ined in
49 CFR 173.403 (1996) as liquids containing less than 10 A./g.

4.2 DIRECT RADIATION SOURCE SPECIFICATION

4.2.1 Gamma Source

The gamma source term used in the shielding analysis was taken from
Part B, Section 2.0, and is listed in Table B4-1.

4,2.2 Beta Source

The beta source within the cargo tank leads to an insignificant dose rate
outside the tank because of the shielding provided by the tank. This
shielding, consisting of steel, is described in Part B, Section 4.4.3.

4.2.3 Neutron Source

A1l the actinides listed in Table B4-1 will fission spontaneously. The
total negtron source strength from spontaneous fission was computed to be
3.6 x 10° neutrons/s. The concentration of fissile material is very low, so
neutron multiplication will also be Tow (Part B, Section 6.0). The neutron
dose rate was estimated using the methods described in Estimation of Neutron
Dose Rates from Nuclear Waste Packages (Nelson 1996) and was found to be
insignificant compared to the gamma dose rate. Therefore, the neutron dose
rates are not reported.

4.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS

The shielding attenuation properties for the bulk materials used in this
analysis were obtained from the ISO-PC data library (Rittmann 1995).
A description of the configuration and densities of the shielding materials
used in the calculational models is given in Part B, Section 4.4.3.
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Table B4-1. 222-S Cargo Tank Source Term.

Nuclide Max:éntuin:l 1.ctay\r'g(omt)ank Nuclide Maxaicnlcuinb 1_ctayrg(ocit)ank
3H 8.40 E-01 Shey 5.54 E-03
Yec 6.50 E-03 Bitp 8.50 E-05
%o 4.35 E-01 S8py 2.15 E-02
Sy 2.63 E+00 29py 1.85 £-01
0y 2.63 E+00 #am 1.45 E-01
"Tc 5.50 E-02 By 1.45 E-02
1291 4.80 E-02 By 8.50 E-05
B 2.61 E+00 =8y 1.40 E-03
137mgq 2.47 E+00 Total 1.96 E+01
“Tpm 7.50 E+00 )

4.4 NORMAL TRANSFER CONDITIONS

4.4.1 Conditions To Be Evaluated

Dose rates are evaluated at the container surface, at 2 m from the
surface, and 2 m from the end of the container, the assumed distance to the
nearest normally occupied space. In addition, the dose rate at 3 m from
unshielded material will be evaluated for LSA transport requirements.

4.4.2 Acceptance Criteria

The shielding acceptance criteria for normal transfer conditions are a
maximum of 200 mrem/h on any surface of the tank, 10 mrem/h at 2 m from the
surface, and 2 mrem/h in any normally occupied space. In addition, the dose
rate at 3 m from unshielded material must be less than 1,000 mrem/h to meet
LSA-II criteria.

Based on the shielding analysis, the container surface dose rate limit is
met; however, the dose rate limits at 2 m and the normally occupied space are
exceeded. Justification to exceed these limits is provided in Part B,
Appendix 4.7.2. Additional administrative controls are provided in Part A,

Section 4.3.2, to address transport of the cargo tank with the estimated dose
rates.
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4.4.3 Shielding Model

The ISO-PC program (Rittmann 1995) was used for the gamma-ray dose rate
calculations. ISO-PC uses the point-kernel integration method to compute the
dose rate at a detector location. Bremsstrahlung photons are accounted for in
the dose rate calculations. Fluence-to-dose conversion factors were based on
an anterior-to-posterior irradiation pattern (ANSI 1991).

The tank container shell is constructed of 4.17-mm (8-gauge)
304 stainless steel with a 147-cm (57%-in.) diameter and 1,128-cm (444-in.)
length. The heads (ends) are 4.76-mm (3/16-in.) 304 stainless steel and are
butt welded to the two-piece shell. The source term consisted of the
radioactivity listed in Table B4-1, which was assumed to be homogeneously
distributed throughout the tank volume. The liquid waste was modeled as water
with a density of 1 g/cc. The tank wall was modeled as iron with a density of
8.0 g/cc.

4.4.4 Shielding Calculations

Table B4-2 summarizes the gamma dose rate estimates from ISO-PC for
various distances from the cargo tank surface. The maximum dose rate at the
surface of the tank is estimated to be 73 mrem/h and is 13 mrem/h at 2 m from
the surface of the tank. The dose rate at the approximate location of the
driver is 5.1 mrem/h. The maximum unshielded dose rate at 3 m is 14 mrem/h.
Example ISO-PC input decks are included in Section 4.7.

The dose rate for the cargo tank with the maximum anticipated radioactive
loading meets the regulatory requirement of 200 mrem/h at the surface of the
cargo tank. However, the dose rate of 13 mrem/h at 2 m from the cargo tank
exceeds the 10-mrem/h 1imit, and the dose rate of 5.1 mrem/h at the driver
Tocation exceeds the 2.0-mrem/h limit for any space normally occupied by
personnel. Approximately 3 cm of steel is required to reduce the driver dose
rate to 2.0 mrem/h. The LSA transport dose rate limit of 1,000 mrem/h at 3 m
from the unshielded material is satisfied.

Table B4-2. Dose Rates (mrem/h) Outside the 222-§ Cargo Tank.

Tank surface
Distance from tank surface

Side End
On surface .71 73
2 m 13 5.1
Driver location* NA 5.1
Driver location* with 3-cm steel shield NA 1.9
3 m from unshielded material 14 3.9

*Oriver assumed to be located 2 m from the end of the tank.

B4-3
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4.5 SHIELDING EVALUATION AND CONCLUSIONS

Table B4-3 summarizes the results of the shielding analysis for normal
operating conditions and for LSA-II determination. The dose rate for the
cargo tank with the maximum anticipated radioactive loading meets the
requirements of 200 mrem/h at the surface of the cargo tank. However, the
dose rate of 13 mrem/h at 2 m from the cargo tank exceeds the 10-mrem/h limit,
and the dose rate of 5.1 mrem/h at the driver location exceeds the 2.0-mrem/h
limit for any space normally occupied by personnel. Approximately 3.cm
(1.2 in.) of steel or 2 cm (0.8 in.) of lead is required to reduce the driver
dose rate below 2.0 mrem/h. The dose rate of 14 mrem/h at 3 m from the
unshielded material is far below the 1,000-mrem/h 1imit for LSA-II material.:

Table B4-3. Comparison of Maximum Dose Rates
(mrem/h) With Regulatory Limits.

Detector location Regulatory Timit Calculated
Normal operating Conditjons
On_surface 200 73
2m 10 5.1
Driver location* 2 5.1
Driver location* with 3-cm steel shield 2 1.9
3 m from unshielded material 1,000 14

*Driver assumed to be located 2 m from the end of the tank.

To allow exceeding the 2-m distance and driver location dose rates,
Justification is provided in Section 4.7.2. Additional administrative
controls are provided in Part A, Section 4.3.2, to address transport of the
cargo tank with the maximum estimated dose rates.

4.6 REFERENCES

49 CFR 173, 1996, “Packaging and Transportation of Radioactive Matefia]," Code
of Federal Regulations, as amended.

60 FR 50319, 1995, "Hazardous Materials, Transportation Regulations;
Compatibility With Regulations of the International Atomic Energy Agency
(IAEA); Final Rule," 49 CFR Part 171, Federal Register, Vol. 60, No. 188,
pp. 50319-50325.

ANSI, 1991, Neutron and Gamma-ray Fluence-to-dose Factors,

eNSi/ANS-G.I.l—IQQI, American National Standards Institute, New York, New
ork. ;



WHC-SD-TP-SEP-048  Rev. 0

Nelson, J. V., 1996, Estimation of Neutron Dose Rates from Nuclear Waste
Packages, (internal memo 8M730-JVN-96-007 to J. R. Green, March 8),
Westinghouse Hanford Company, Richland, Washington.

Rittmann, P. D., 1995, ISO-PC Version 1.98 - User’s Guide, WHC~-SD-WM-UM-030,
Westinghouse Hanford Company, Richland, Washington.

4.7 APPENDICES

4.7.1 Listings of Selected I1S0-PC Input Files

Calculation of Radial Dose Rates under Normal Condjtions

0 2 222-$ Cargo Tank Dose Rate

Dose Rate at the Side Surface (1 cm)

&Input Next= 1 , ISpec= 3 , IGeom= 7 , 1CONC=0, SFACT={, DUNITa7,
NTheta= 30, NPsi= 20, Delr= 5, Nshld= 2 , JBuf= 2 , OPTION=0,
Slth= 1128.,

Y= 228.6 ,
()= 735,

T(2)= 0.417,

X= 74.917,

WEIGHT(451) = 6.50€-03 ,
WEIGHT(472) = 4.35€-01 ,
WEIGHT( 82) = 2.63E+00 ,
WEIGHT( 84) = 2.63E+00 ,
WEIGHT(141) = 5.50E-02 ,
WEIGHT(290) = 4.80E-02 ,
WEIGHT(335) = 2.61€+00 ,
WEIGHT(336) = 2.47€+00 ,
WEIGRT(388) = 7.50E+00 ,
WEIGHT(415) = 5.54E-03 ,
WEIGHT(492) = 2.15E-02 ,
WEIGHT(493) = 1.85€-01 ,
WEIGHT(496) = 1.45E-01 ,
WEIGHT(520) = 1.45€-02 |
WEIGHT(476) = 8.50E-05 ,
WEIGHT(450) = 8.50E-05 ,
WEIGHT(526) = 1.40E-03 | &
H20 1 1,0

13048S 9 8.0

Dose Rate at 2 m from the Surface
&Input Next= &, X = 273.92 &
Dose Rate at 3 m from the Surface
&lnput Next= 4, X = 373.92 &

Dose Rate at 4 m from the Surface
Llnput Next= &, X = 473.92 &

End of Input

&Input Next= 6 &

B4-5
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Calculation of Axial Dose Rates under Normal Conditions

0 2 222-s Cargo Tank Dose Rate
Dose Rate 2 m off the End of the Tank
&Input Next= 1 , ISpec= 3 , IGeom= 9, ICONC=0, SFACT=1, DUNIT=7,
NThetaz 30, NPsi= 20, Delr= S, NShld= 4 , JBuf= 4 , OPTION=0,
slth= 73.5,
T(1)= 1128.,
T(2)= 0.476,
T(3)= 100.,
T(4)= 0.0001,
X= 1328.476,

-

WEIGHT(451) = 6.50E-03 ,
WEIGHT(472) = 4.35E-01 ,
WEIGHT( 82) = 2.63E+00 ,
WEIGHT( 84) = 2.63E+00 ,
WEIGHT(141) = 5.50E-02 ,
WEIGHT(290) = 4.80€-02 ,
WEIGHT(335) = 2.61E+00 ,
WEIGHT(336) = 2.47E+00 ,
WEIGHT(388) = 7.S0E+00 ,
WEIGHT(415) = 5.54E-03 ,
WEIGHT(492) = 2.15E-02 ,
WEIGHT(493) = 1.85E-01 ,
WEIGHT(496) = 1.45E-01 ,
WEIGHT(520) = 1.45£-02 ,
WEIGHT(476) = 8.50E-05 ,
WEIGHT(450) = B.50E-05 ,
WEIGHT(526) = 1.40E-03 , &
K20 1 1.

30485 9 8.0

Air 3 0.00122

130458 9 8.0

Dose Rate at 2 m from the End with 2 cm steel
&Input Next= 4, Jbuf=4, T(4)= 2. &

Dose Rate at 2 m from the End with 3 cm steet
&lnput Next= 4, T(4)= 3. &

Dose Rate at 2 m from the End with 4 cm steel
&Input Next= 4, T(4)= 4. &

End of Input

&Input Next= 6 &

Calculation of Unshielded Materia]l Radial Dose Rate undervNormaI Conditions

0 2 222-S Unshielded Cargo Tank Material Dose Rate

Dose Rate at 3 m from the Side Surface

&Input Next= 1, ISpec= 3 , 1Geom= 7 , ICONC=0, SFACT=1, DUNIT=7,
NTheta= 30, NPsi= 20, Delr= 5, NShld= 1 , JBuf= 1, OPTION=0,

sith= 1128,
Y= 228.6 ,
T(1)= 73.5 ,
X= 373.92,
WEIGHT(451) = 6.50E-03 ,
WEIGHT(472) = 4.35€-01 ,
WEIGHT( 82) = 2.63E+00 ,
WEIGHT( 84) = 2.63E+00 ,
WEIGHT(141) = 5,50E-02 ,
WEIGHT(290) = 4.80E-02 ,
WEIGHT(335) = 2.61E+00 ,
WEIGHT(336) = 2.47E+00 ,
WEIGHT(388) = 7.50E+00 ,
WEIGHT(415) = S.54E-03 ,
WEIGKT(492) = 2.15€-02 |
WEIGHT(493) = 1.85E-01 ,
WEIGHT(496) = 1.45E-01 ,
WEIGHT(520) = 1.45E-02 ,
WEIGHT(476) = 8.50E-05 ,
WEIGHT(450) = 8.50E-05 ,
WEIGHT(526) = 1.40€-03 , &
1H20 1 1.0
End of Input
&1lnput Next= 6 &

B4-6
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4.7.2 Justification for Exceeding 2-M and Driver Location
Dose Rates

Based on the MC-312 Cargo Tank source term, the shielding analysis
estimated the maximum 2-m dose rate on the side and the maximum driver
location dose rate as 13 mrem/h and 5.1 mrem/h, respectively (refer to
Table B4-2). These calculated dose rates exceed the DOT regulatory limits of
10 mrem/h and 2 mrem/h, respectively. The maximum surface contact dose rate
was estimated to be 73 mrem/h, well below the DOT limit of 200 mrem/h.
Justification to authorize transport of the cargo tank for the estimated dose
rates for the 2-m distance and driver location is as follows.

From the sample analysis for 1iquids to be transferred from the facility,
it is very difficult to predict the dose rates when the cargo tank is filled.
It is conceivable that DOT dose rate limits may be exceeded.

For the 2-m distance, the maximum estimated dose rate of 13 mrem/h is
only slightly above the 10-mrem/h 1imit. It would be very impractical to
remove 1iquid from the cargo tank or install shielding on the cargo tank
surface to reduce the dose rate to 10 mrem/h. Shipment of smaller volumes to
reduce the dose rate would increase the number of shipments, which would
greatly impact facility operations and would not be cost effective.
~Performing all of these operations would increase exposure time to affected
personnel; hence as low as reasonably achievable (ALARA) practices would not
be followed. To mitigate personnel exposure for the slightly higher 2-m dose
rate, safety controls can be enacted by this document; hence establishment of
a higher dose rate limit is justified.

For the driver location, shielding on the transport vehicle will be
added, as needed, if the dose rate limit is exceeded. From the shielding
analysis, 3 cm (1.2 in.) of steel or 2 cm (0.8 in.) of lead is sufficient to
reduce the dose rate to the 2-mrem/h 1imit; hence establishment of a higher
dose rate is justified.

B4-7
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4,7.3 Checklist for Peer Re_view

CHECKLIST FOR PEER REVIEW

Document Reviewed: Shielding Analysis for the 222-S Cargo Tank SEP

Scope of Review: Entire shielding analysis - Section 5.0

Yes

[1

DX
[X]

[¥]
%

g
[

X
[1]

bl
M

P

5
W
ba
(]
pd

No_NA
[1 D4
[10]
[10]
[10]
(1013
(101
(101
[-] K
(10
[] 0
[10)
E10]
(110
(11
[10]
[110)
L1071

(111

Previous reviews complete and cover analysis, up to scope of
this review, with no gaps. :

Problem completely defined.

Accident scenarios developed in a clear and logical manner.
Necessary assumptions explicitly stated and supported.
Computer codes and data files documented.

Data used in calculations explicitly stated in document.

Data checked for consistency with original source information
as applicable.

Mathematical derivations checked including dimensional
consistency of results. .
Models appropriate and used within range of validity or use
outside range of established validity justified.

Hand calculations checked for errors. Spreadsheet results
should be treated exactly the same as hand calculations.
Software input correct and consistent with document reviewed.
Software output consistent with input and with results

- reported in document reviewed.
~Limits/criteria/guidelines applied to analysis results are

appropriate and referenced. Limits/criteria/guidelines

checked against references.

Safety margins consistent with good engineering practices.

%onc]usions consistent with analytical results and applicable
imits. -

Results and conclusions address all points required in the

problem statement.

Format consistent with appropriate NRC Regulatory Guide or

other standards

Review calculations, comments, and/or notes are attached.

Document approved.
thrves Golbon %MSM ;@%/M

Revie%ﬁ? (Printed Neﬁe and Yignatdre) C::;%L\\\\

Date
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5.0 STRUCTURAL EVALUATION

5.1 INTRODUCTION

This evaluation will determine the structural capabilities of the 222-§
Cargo Tank and the LETF Cargo Tanks.

5.2 STRUCTURAL EVALUATION OF PACKAGE

6.2.1 Structural Design and Features

The 222-S Cargo Tank and LETF Cargo Tanks were fabricated to the MC-312
DOT specification 49 CFR 178.340 and 49 CFR 176.343 (1989). Each cargo tank
is ASME certified and has a CoC that states the cargo tank was designed,
constructed, and tested in accordance with DOT Motor Vehicle Cargo Tank
Specifications for cargo tanks used for the transportation of classified
liquids. See Part A, Sections 2.0 and 5.0, for additional information on
vessel design and fabrication.

§.2.2 Mechanical Properties of Materials

Table B5-1 shows material used in the Polar 5000 tank trailer.

Table B5-1. ASME Material Properties for
Section VIII, Division 1, Materials.

Material Minimum F S
composition use Temperature strength ksi ks1*
SA-240, 304 < 100 °F 75 ksi 30.0 18.8
18Cr-8Ni < 200 °F 25.0 17.8
(rings) < 300 °F 22.5 16.6
SA-240, T316 < 100 °F 75 ksi 30.0 18.8
(shell) < 200 °F 25.9 17.7
< 300 °F 23.4 15.6
SA-240, T3lelL < 100 °F 70 ksi 25.0 16.7
(heads) < 200 °F 21.1 16.7
< 300 °F 19.0 16.0

*Source: ASME, 1995, Section 11, ASME_Boiler and Pressure Vessel Code, American Society of

Mechanical Engineers, New York, New York (Tebles 1A and Y-1, using the highest values of §_,
allowing some permanent deformation). m
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5.2.3 Chemical and Galvanic Reactions

Because the cargo tank vessels are fabricated from T316, T316L, and 304
stainless steel, no chemical or galvanic reaction will affect the ability of
the three MC-312 Cargo Tanks to maintain the payloads identified in Part B,
Section 2.0. Other support systems are fabricated from various types of
stainless steel. Neoprene gaskets installed on the bolted flanges would not
be affected by the cargo tank chemical contents. The MC-312 Cargo Tank is
approved by the DOT for commercial transport of a wide range of corresive
chemicals, such as caustics and acids. The pH of the Tiquid waste transported
in the cargo tanks is normally between 10.5 to 13 for disposal into
underground storage tanks, which is within the cargo tank design limits.

§.2.4 Size of Package and Cavity
See Part A, Section 2.0.

5.2.5 Weights and Center of Gravity

The center of gravity of a completely full MC-312 Cargo Tank (18,925 L
[5,000 gal]) is assumed to be at its geometric center. The cargo tank on its
transporter is 133 cm (52.5 in.) above the ground. The coordinates of the
center of gravity for the full MC-312 Cargo Tanks are:

x--564 cm (222 in.)
Y--73.5 cm (28% in.)
z--206.5 cm (81% in.).

The cargo tank is capable of carrying the maximum liquid volume specified, a
maximum Toad of 23,118 kg (50,965 1b). The cargo tank trailer is capable of
carrying the cargo tank assembly; ancillary equipment; and the maximum liquid
volume specified, a maximum Toad of 34,885 kg (78,000 1b).

§.2.6 Tamper-Indicating Feature

There are no tamper-indicating features. Due to the nature of the
payload (low-Tevel radioactive liquid waste), tamper-indicating features are
not required. Operation of the valves on the cargo tanks is addressed by
onsite lock and tag procedures.

5.2.7 Positive Closure

The containment boundary of the cargo tanks is provided with positive
closure devices. Penetrations are provided on the top of the cargo tanks for
installation of the manhole cover, rupture disc, relief valve, pressure gauge,
ball valve, coupler, and dip tubes. These penetrations with the installed
components include bolted flanges with neoprene gaskets to seal the
containment boundary. During transport of the loaded cargo tank, the valves
are closed. Operation of the valves on the cargo tanks is addressed by onsite
lock and tag procedures.

B5-2
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5.2.8 Lifting and Tiedown Devices

Not applicable. The MC-312 Cargo Tanks are permanently secured to their
transporter.

5.3 NORMAL TRANSFER CONDITIONS

5.3.1 Conditions To Be Evaluated

The three MC-312 Cargo Tanks are evaluated against the original cargo
tank DOT specification (49 CFR 178.340 and 49 CFR 178.343 [1989]), IP-2
requirements (49 CFR 173.410 and 173.411 [1996]), and specific normal transfer
conditions for the environment of the Hanford Site.

5.3.2 Acceptance Criteria

The radioactive materials that will be allowed to be transported will be
based on the three MC-312 Cargo Tanks meeting the standards identified in
Part B, Section 5.3.1, and shown in Part B, Section 5.3.3.

6.3.3 DOT Specification Evaluation

The three cargo tanks are evaluated against the applicable requirements
for a DOT MC-312 Cargo Tank. The requirements are taken from 49 CFR 178.343
(1989). Each of the requirements is given, followed by a discussion of how
each requirement is being addressed. The requirements and discussions are as
follows.

49 CFR 178.343-1(a)

Specification MC-312 cargo tanks must comply with the general design and
construction requirements in 178.340 in addition to the specific
requirements contained in this section.

This requirement is met. The three cargo tank are ASME certified, and
CoCs were issued by the vendor, certifying the cargo tanks were designed,
constructed, and tested in accordance with DOT Motor Vehicle Cargo Tank
Specifications for cargo tanks used for the transportation of classified
liquids. Final inspection and testing of the cargo tanks were done by
the vendor, Polar Tank Trailer, Inc., and witnessed by the Westinghouse
Hanford Company (WHC) nondestructive examination personnel and ASME, the
third-party inspector. The tests were documented in accordance with the
procurement specification and are part of the QA data package.

49 CFR 178.343-1(b)

Tank Design: Cargo Tanks built under this specification that are
unloaded by pressure in excess of 15 p.s.i.g. must be designed and
constructed in accordance with and fulfill all requirements of the ASME
Code. No tank shall have head, bulkhead, and baffle or shell thicknesses

B5-3



WHC-SD-TP-SEP-048 Rev. 0

less than that specified in 178.343-2, Tables I and II, nor shall the
spacing of bulkheads, baffles, or shell stiffeners exceed that specified
in 178.340-7.

This requirement is met. The cargo tanks were ASME certified.
49 CFR 178.343-1(c)
Design Pressure shall not be less than pressure used for unloading.

This requirement is met. The design operating pressure is 276 kPa
(40 psi). The cargo tanks were hydrostatically tested at 1.5 times
operating pressure and successfully passed this test. Normally, the
cargo tank contents are removed using a vacuum transfer system.

178.343-2(a)

Naterial thickness: The minimum thickness of tank material authorized in
178.340-3 shall be predicated on not exceeding the maximum allowable
stress level in 178.340-4(a) but in no case less than those indicated in
Table I and II listed below, or the accompanying aluminum alloy formula:
(1) Aluminum allow formula: Thickness of alumjnum alloy materials =
Steel thickness from Tables I and II x (3 x 101/5)1‘3 where E = Modulus of
Elasticity of the material to be used.

This requirement is met. The steel thicknesses for the two-piece barrel
and heads of the cargo tanks meet the minimum thickness requirements of
‘Tables I and II (refer to page 434 of 49 CFR 178.343 [1989]). The
minimum steel thicknesses in Tables I and II for the MC-312 Cargo Tank
are based on the volume capacity in gallons per inch (10 to 14), product
weight in pounds per gallon (13 to 16), maximum shell radius in inches
(less than 30), and overall steel sheet length in inches (less than 70).
From the Tables, the minimum steel thickness required for the two-piece
barrel is 4.17 mm (8 gauge) and for the heads is 4.76 mm (3/16 in.). The
two MC-312 Cargo Tanks have a two-piece barrel of 4.17-mm (8-gauge)
thickness and heads of 4.76-mm (3/16-in.) thickness. The maximum stress
levels will not be exceeded.

178.343-2(b)

Lining: Except as provided in paragraph (c).of this section, cargo tanks
shall be lined and the material used for lining each cargo tank subject
to this specification shall be homogeneous, nonporous, imperforate when
applied, not less elastic than the metal of the tank proper, and
Substantially immune to attack by the commodities to be transported
therein. It shall be directly bonded or attached by other equally
satisfactory means. Joints and seams in the lining shall be made by
fusing the material together, or by other equally satisfactory means.

The requirement is not applicable. The three MC-312 Cargo Tanks are not

lined and are fabricated to the requirements of 178.343-2(c) (1989) for
unlined tanks.
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178.343-2(c)

Conditions under which tanks need not be lined: Tanks need not be lined
as provided in paragraph (b) of this section, if: (1) The material of
the tank is substantially immune to attack by the materials to be
transported; or, (2) The material of the tank is thick enough to
withstand 10 years normal service without being reduced at any point to
less thickness than that specified in paragraph (a) of this section
corresponding to its type; or, (3) The chemical reaction between the
material of the tank and the commodity to be transported therein is such
as to be properly passivated or neutralized and if the tank is not
frequently cleaned and not used in the transportation of other
commodities.

This requirement is met. The materials of the two-piece barrel and heads
for the cargo tanks are T316 and T316L stainless steel, which are immune
to attack by the materials to be transported. The cargo tanks are
designed for a minimum of 30 years of service.

178.343-3(a)

Each compartment shall be accessible through a manhole conforming to
paragraph UG-46(g)(1) of the ASME Code. The manhole cover shall be
designed to provide a secure closure of the manhole. All Joints between
manhole covers and their seats shall be tight against leakage of vapor
and liquid. Gaskets, if used, shall be suitable material not subject to
attack by lading. (1) The manhole cover shall have structural capability
of withstanding internal fluid pressure equal to 1.5 times the design
pressure of the tank and no case less than 15 p.s.i.g. without permanent
deformation. Safety devices to prevent the manhole and/or fill cover
from opening fully when internal pressure is present shall be provided.

This requirement is met. The cargo tanks are accessible through the top
by a fully opening 50.8-cm- (20-in.-) diameter stainless steel manhole.

A neoprene gasket is used to seat the manhole cover to prevent leakage of
vapor and 1iquid and would not be affected by the cargo tank chemical
contents. The manhole and gasket are secured by hold-down devices to
prevent opening when internal pressure is present. The cargo tanks with
the manhole cover secured were hydrostatically tested at 1.5 times the
design pressure of 276 kPa (40 psi), and no permanent deformation of the
manhole was observed.

178.343-4

Safety Vent: Every cargo tank compartment shall be equipped with
suitable pressure relief devices as required by the ASME Code, or shall
be fitted with suitable rupture discs in lieu of mechanical pressure
relief valves. Such discs shall be designed. to rupture at not to exceed
1.5 times the design pressure of the tank. IFf air inlet devices are
provided, a relief valve shall have adequate capacity to limit tank
pressure to 130 percent of design pressure at maximum inlet flow rate.
Such maximum limits to be included on the metal certification plate
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178.340-10(b). Air inlet lines if permanently connected to an air source
shall be equipped with a check valve. Shutoff valves between the tank
and relief valve or rupture disc are prohibited.

This requirement is met. Each cargo tank has a ASME-tested 5.1-cm
(2-in.) rupture disc with polyethylene drain tube located at the top
center of the vessel. The rupture disc is designed to release pressure
at a maximum value of 242 kPa (35 psi), below the 1.5 times the design
pressure of the tank. :

178.343-5(a)

Each outlet at or near the top of a tank, used for discharge of lading,
must be equipped with a shutoff valve located as close as practical to
the point of outlet from the tank. FEach such outlet having its discharge
end below the top liquid Tevel in the tank must be equipped with an
additional shutoff valve, blank flange, or sealing cap at the discharge
end of the outlet.

This requirement is met. Each outlet is equipped with a two-way ball
valve and a "Snap-Tight" dust cover.

178.343-5(b)

Except as provided in paragraphs (c) and (d), of this section; each
bottom outiet must be equipped with a shutoff valve designed, installed
and protected as follows: (1) Product piping must be protected in such a
manner as to reasonably assure against the accidental escape of contents.
Such protection must be provided by: (i) A shear section located out-
board of each valve seat and within 4 inches of the vessel which will
break under strain and leave the valve seat and its attachment to the
vessel and the valve head intact and capable of retaining product. The
shear section shall be machined in such a manner as to abruptly reduce
the wall thickness of the adjacent piping (or valve) by at least 20
percent; or (ii) By suitable guards capable of absorbing a concentrated
horizontal force of at least 8,000 pounds applied from any horizontal
direction, without damage to the discharge piping which will adversely
affect the product retention integrity of the discharge valve. (2) Each
bottom outlet valve must be located inside the tank or immediately
adjacent to the outlet point outside the tank. (1) The valve seat must
be Jocated inside the tank or within the welded flange, its companion
flange, nozzle, or coupling at the point of outlet from the tank. (17)
Each bottom discharge valve must be equipped with a remote means to
activate a valve closure manually from a point no less than 10 feet away.
(3) In addition, a blank flange, sealing cap, or shutoff valve is
required at the discharge end of the outlet.

This requirement is not applicable. The cargo tanks are not

equipped with bottom outlets. Bottom outlets on DOT specification
containers are not authorized for shipment of LSA liquids according to
49 CFR 173.427(c)(2)(i1) (1996).
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178.343-5(c)

A bottom opening for purposes other than lading discharge may be closed
by a bolted blank flange at the tank shell. If any piping extends from
such an opening, it must be fitted with a shutoff valve designed,
installed and protected as described in paragraph (b)(1) of this section.
In addition a supplemental closure is required at the discharge end of
this piping. : o

This requirement is not app]icab]e{ The ‘cargo tanks are not equipped
with bottom outlets.

178.345-5(d)

Bottom outlet valves need not meet paragraph (b)(2)(ii) of this section
when the cargo tank is transporting a corrosive liquid containing solids
in suspension in sufficient quantity that settling may form a layer of
solid material that may interfere with sealing of the valve seat.

This requirement is not applicable. The cargo tanks are not equipped
with bottom outlets.

5.3.4 Industrial Packaging 2 Evaluation

The three cargo tanks are evaluated against the IP-2 requirements. The
requirements are taken from 49 CFR 173.410 and 49 CFR 173.411 (1996). Fach of
the requirements are given, followed by a discussion of how each requirement
is being addressed. The requirements and discussions are as follows.

173.410(a)

The package can be easily handled and properly secured in or on a
conveyance during transport.

This requirement is met. The cargo tanks are permanently secured to
their transporter.

173.410(b)

Each 1ifting attachment that is a structural part of the package must be
designed with a minimum safety factor of three against yielding when used
to 1ift the package in the intended manner, and it must be designed so
that failure of any 1ifting attachment under excessive load would not
impair the ability of the package to meet other requirements of this
subpart. Any other structural part of the package which could be used to
1ift the package must be capable of being rendered inoperable for lifting
the package during transport or must be designed with strength equivalent
to that required for lifting attachments.

This requirement is not applicable. The cargo tanks are permanently
secured to their transporter, and no 1ifting is done.
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173.410(c)

The external surface, as far as practicable, will be free from protruding
features and will be easily decontaminated.

This requirement is met. The cargo tank two-piece barrel, heads, and
rings are constructed of T316, T316L, and 304 stainless steel, which can
be easily decontaminated. The cargo tank platform and various ancillary
equipment, which are primarily on top of the tank, are constructed of
various types of stainless steel and are also easily decontaminated.

173.410(d)

The outer layer of packaging will avoid, as far as practicable, pockets
or crevices where water may collect.

This requirement is met. The cargo tanks on their external surfaces do
not have attached equipment where water may collect.

173.410(e)

Each feature that is added to the package will not reduce the safety of
the package.

This requirement is met. The cargo tanks do not have any features that
will reduce the safety of the package.

173.410(f)

The package will be capable of withstanding the effects of any
acceleration, vibration, or vibration resonance (see 178.608 of this
subchapter) that may arise under normal conditions of transport without
any deterioration in the effectiveness of the closing devices on the
various receptacles or in the integrity of the package as a whole and
without loosening or unintentionally releasing the nuts, bolts, or other
securing devices even after repeated use (see 173.24 and 173.2a).

This requirement is met. This specification contains a Toad combination
of dead weight (tank, contents, and equipment supported by the tank);
internal pressure; 0.7g vertical acceleration; and 0.75g longitudinal
acceleration. The stress intensity must remain under the ASME (1992)
design limit under this loading. An evaluation using this criteria,
included in Part B, Section 5.6, gives assurance of performance under
loads, acceleration, and vibration incident to normal transfer
conditions.

173.410(g)

The materials of construction of the packaging and any components or
Structure will be physically and chemically compatible with each other
and with the package contents. The behavior of the packaging and the
packaging contents under irradiation will be taken into account.

This requirement is met. See Part B, Section 5.2.3.

B5-8



WHC-SD-TP-SEP-048 Rev. 0

173.410(h)

All valves through which the package contents could escape will be
protected against unauthorized operation.

This requirement is met. Operation of the cargo tank valves is addressed
by onsite lock and tag procedures. When not in use, the cargo tanks are
located inside a locked, fenced area preventing access.

173.411(b)(2)

Each IP-2 must meet the general design requirements prescribed in 173.410
and when subjected to the tests specified in 173.465(c) and (d) or
evaluated against these tests by any of the methods authorized by 173.461
(a), must prevent: (i) Loss or dispersal of the radioactive contents;
and (ii) A greater than 20% increase in the radiation levels recorded or
calculated at the external surfaces for the condition before the test.

The three MC-312 Cargo Tanks meet the safety intent of the IP-2
requirements. As discussed previously, the cargo tanks meet the general
design requirements of 173.410. The cargo tanks meet the intent of the
tests specified in 173.465(c) and (d), and discussion related to these
test requirements is as follows.

The tests specified in 173.465(c) and (d) constitute a 0.3-m (1-ft) free
drop and a_compression test with five times the weight of the actual
package. The cargo tank is permanently secured to its transporter.
During normal operating conditions, the potential for a free drop of the
cargo tank is not plausible. In the highly unlikely event of the free
drop, damage to the cargo tank would be minimal due to the trailer
suspension. Because the cargo tank penetrations are located on the top
of the vessel and the orientation of a free drop would occur on the
bottom or sides of the vessel, damage to these penetrations would be
minimal, and loss of contents most Tikely would not occur. The
compression test is normally conducted to evaluate stacking of packages.
There will no operating condition where the cargo tank would be stacked
to experience five times its actual weight.

Each MC-312 Cargo Tank with its transporter thus provides the safety
features of an IP-2 package and is further defined as a conveyance for
onsite transport of radioactive materials.

5.3.5 Normal Transfer Conditions Evaluation

The three MC-312 Cargo Tanks are evaluated for their ability to maintain
containment and shielding when subjected to normal transfer conditions.

5.3.5.1 Environmental Conditions. The three MC-312 Cargo Tanks were
evaluated to the conditions of the Hanford Site specified in the Environmental
Conditions for On-Site Hazardous Materials Packages (WHC 1992). Results of
this evaluation are provided in Part B, Section 6.0, "Thermal Evaluation."
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The evaluation demonstrates that containment and shielding for the loaded
MC-312 Cargo Tanks are maintained during transport under the prescribed
Hanford environmental conditions.

6.3.5.2 Maximum Operating Pressure. The design pressure of the cargo tanks
is 276 kPa (40 psi). The cargo tanks are equipped with 242-kPa (35-psi)
rupture disc and relief valves. The cargo tanks were hydrostatically tested
at 414 kPa (60 psi).

5.3.5.3 Vibration. The MC-312 Cargo Tanks are designed to meet the normal
vibration due to transportation on the Hanford Site. See Part B,

Section 5.3.4, for discussion of acceleration, vibration, and vibration
resonance effects on the cargo tanks as related to the general packaging
requirement of 173.410(f).

6§.3.5.4 Water Spray. The test simulates exposure to rainfall at
approximately 5.1 cm (2 in.) per hour for at least one hour. Penetrations on
the top of the cargo tanks for the manhole, gauges, valves, and rupture disc
have bolted flanges with neoprene gaskets, which provide adequate sealing
capability. When not in operation, the valves are locked and tagged. The
containment barrier of the cargo tanks through the penetrations will not be
compromised due to the effects of rainfall.

5.3.5.8 Penetration. The test drops a bar 3.2 cm (1.25 in.) in diameter with
a hemispherical end, weighing 6 kg (13.2 1b), with its longitudinal axis
vertical onto the center of the weakest part of the packaging, to determine if
the containment barrier is penetrated. The bar must not be deformed by the
test. A penetration analysis was conducted (Part B, Section 5.6) and
demonstrated that the cargo tank containment barrier will not be penetrated.

6.4 STRUCTURAL EVALUATION AND CONCLUSIONS

The MC-312 Cargo Tanks will be loaded with up to 15,140 L (4,000 gal) of
bulk liquids. The MC-312 Carge Tanks are capable of transporting a maximum
gross weight of 23,118 kg (50,965 1b), and the trailers are capable of
carrying a maximum gross weight of 34,885 kg (78,000 1b). The MC-312 Cargo
Tanks were evaluated to requirements from their original DOT specification,
1P-2 requirements, and normal transfer conditions, and it was demonstrated
that the MC-312 Cargo Tanks meet the safety intent of these requirements.

5.5 REFERENCES

49 CFR 173, 1996, "Packaging and Transportation of Radicactive Material", Code
of Federal Regulations, as amended.

49 CFR 178.343, 1989, "Specification MC-312; Cargo Tank," Code of Federal
Regulations.

49 CFR 178 Subpart J, 1989, "Specifications for Containers for Motor Vehicle
Transportation,” Code of Federal Regulations.
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5.6 APPENDIX: STRUCTURAL ANALYSIS
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6.0 THERMAL EVALUATION

6.1 INTRODUCTION

The purpose of this evaluation is to demonstrate that the MC-312 Cargo
Tanks maintain integrity during their lifetime for internal heat generation
and Hanford environmental conditions. Evaluation of heat transfer data will
include information or assumptions, as required, to determine if the package
is capable of passively transferring the heat load to the environment.

6.2 THERMAL SOURCE SPECIFICATION

As part of the hydrogen gas generation evaluation, the heat output from
the cargo tank radioactive source term Tisted in Table B2-1 was calculated to
be 0.052 W. This information is provided in Part B, Section 7.3.

6.3 SUMMARY OF THERMAL PROPERTIES OF MATERIALS

The absorption factor for T316, T316L, and 304 stainless steel that is
not coated or painted is 0.18 for the empty cargo tank and 0.30 for the full
cargo tank.

6.4 THERMAL EVALUATION FOR NORMAL TRANSFER CONDITIONS

The cargo tanks were evaluated for surface temperature under full and
empty conditions. The calculations are shown in Section 6.7. The maximum
surface temperature was found for the cargo tank nearly empty. Using
Site-specific peak solar irradiation from Environmenta] Conditions for On-Site
Hazardous Naterials Packages (WHC 1992) and thermal absorptivity appropriate
for stainless steel, the maximum surface temperature is 59 °C (138 °F). This
produces a tank pressure increase of less than 41 kPa (6 psi).

Internal heating was neglected. As noted in Part B, Section_ 6.2,
internal heating produces 0.052 W, while solar heating is 388 W/m? or 1,100 W
on the cargo tank’'s projected area using an absorptivity of 0.18.

Assuming the cargo tank to be full and assuming the emissivity and
absorptivity to be 0.3, the maximum temperature gain is 1 °C (2 °F) in
12 hours when subjected to the solar irradiation of 400 g-cal/cm®. ~ The
highest absorptivity from a standard text was used for this evaluation.

6.5 THERMAL EVALUATION AND CONCLUSIONS

The heat generation from the concentration of radionuclides in the
liquids in the cargo tanks is very low and will not affect the cargo tank
structural integrity. The cargo tank surface temperatures will not exceed
safety 1imits due to the Hanford environmental conditicns. The maximum heat
loading produced an increase in internal pressure of less than 41 kPa (6 psi),
well below the cargo tank design pressure of 276 kPa (40 psi).
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6.6 REFERENCE
WHC, 1992, Environmental Conditions for On-Site Hazardous Naterial Packages,

WHC-SD-TP-RPT-004, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

6.7 APPENDIX: THERMAL EVALUATION
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ENGINEERING SAFETY EVALUATION |

Subject_222-S Cargo Tank - Thermal . Page 1_of _5
Originator _W. W, Smyth 1= 0 Sy ik Date_08/01/96

Checker___S. S. Shiraga @f%//&l‘ Date_08/19/96

L Objective:
For two (2) MC-312 tanks. Find the maximum tank temperature.
1I. References:

10 CFR 71, "Packaging and Transportation of Radioactive Material,"” Code of Federal Regulations, as
: amended.

Irwin, J. J., 1995, Thermal Analysis Methods for Safety Analysis Reports for Packaging,
WHC-SD-TP-RPT-005, Rev. 1, Westinghouse Hanford Company, Richland, Washington.

Pauling, L., 1970, General Chemistry, WH Freeman.
White, 1991, Heat and Mass Transfer, Addison-Wg:s]ey.
III.  Results and Conclusions:
A full tank heats less than 2 °F due to solar irradiation specified in 10 CFR 71.

An empty tank under the peak hourly Hanford solar irradiation will have a surface temperature of
138 °F and a pressure of less than 6 psig.
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ENGINEERING SAFETY EVALUATION

Subject_222-S Cargo Tank - Thermal Page 2 of _5
Originator _W. W. Smyth e Date_08/01/96
Checker___S. S, Shiraga Lt Date_08/19/96

IV.  Evaluation:

Thermal - Full Tank

Acceptance: Maximum tank temperature < 180 °F (10 CFR 71.41).
Assume no internal heating. Use 10 CFR 71.41.

Insolation of 400 g-cal/cm? at 115° ambient air temperature for 12 hours.

400 Bcal _ 400 418687 _ oo W

12 hfem? 12 - 3,600 (0.01)* m?

Use Heat and Mass Transfer (White 1991) for thermal data. e = emissivity (= absorptivity) is between 0.17
and 0.30 for polished stainless steel at temperatures between 300 K and 1000 K. Use 0.30.

Consider a2 1 m length of tank.
Heat capacity: Z C, - mass

SS: C, = 477 J/kgK p

[

7,900 kg/m?®

water: C, = 4,176 J/kg.K = 1,000 kg/m®

o
|

Total heat capacity:

2
= Q497 1 1000X8 . 4176 « x (1.46)0.00417) - 7,000 X& - 477 = 7063 E+06 L
4 m? m? K

12 hour AT: 12 - 3,600 - 338 *03 146 m
7.063 E+06

=104 K =2 °F

Tank temperature = 2 °F over tank contents in one day, ignoring heat loss by tank.

- B6-4



WHC-SD-TP-SEP-048 Rev. 0

ENGINEERING SAFETY EVALUATION .

Subject_222-S Cargo Tank - Thermal Page 3 of _5

Originator _W. W. Smyth 15 Date_08/01/96

Checker____S. S. Shiraga L Date_08/19/96
Empty Tank:

Assume the air in the tank is the same as the shell and the shell is uniform temperature. The shell
temperature will be found by iteratively solving a heat flow balanced equation.

Quotar = Qeoaveat. = Qs = 0

Qur =€+ Q- P,

P, = 1.46 m* € = emissivity (= absorptivity)
Q, = insolation

The 316 stainless steel is highly polished surface. The Site standard for thermal analysis of
packagings (Irwin 1995) suggests e = 0.15 for polished 18-8 stainless steel at 100 °F. A text

(White 1991) gives a range: 0.17 at 300 K (81 °F) to 0.30 at 1000 K. Interpolation for a value at

350 K (170 °F) gives 0.18.

Q: = 383 W/m® for a 12 hour average, on a horizontal surface. Thermal Analysis Methods for Safe
i y

Analysis Reports for Packaging (Irwin 1995) distributes onsite and 10 CFR data over time and
recommends 72.1 g-cal/em? for the peak 1 hour insolation.

72.1 - 4.1868 J w

" Convert to W/m® —_— =839 L
3,600 sec (0.01)> m? m?

This exceeds the 10 CFR requirements and is more appropriate for a stainless steel plate.

Quonr = 0.18 (839) 1.46 = 221 W

Qug =€ 0 A, (Ts‘ - To‘)
Stefan-Boltzman constant = 5.67 E-08 W/m* K
0.18

4
€
Any = surface area of 1 m length of tank = =d = 4.59 m? [form factor = 1]
T, = surface temperature, K
T, = surrounding temperature

(Irwin 1995), T, = 115 °F = 319K

Qg = 46.85 E-09 (T,* - T )
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ENGINEERING SAFETY EVALUATION

Subject_222-§ Cargo Tank - Thermal Page 4 of _35
Originator _W. W, Smvth V) Date_08/01/96
Checker___S.S. Shiraga - /4 Date_08/19/96

Thermal Analysis Methods for Safety Analysis Reports for Packaging (Irwin 1995) recommends:

025
b, = 027 (T, - T,) BTU
Do2s hf2R
forDinft, TinR

for a 20 °F difference in temperature and d = 57.5/12 = 4.79

. 025
b, =027 [22]" = 0368 BTY
4.79 hfi’R

h, = 0.368 - 5.678 = 2.19 ——
m?K

Queer = 2.19(4.59) (T, -T,) = 10.1(T,-TY) W
aslongasT,-T, = 20 °F
Heat balance:

221 - 101 (T, - T,) ~ 469 E-09 (T, - T} =F (T) = 0

F(x,
Fix,)
start with x, = 320

Solve by iteration (Newton’s method): x,; = x,

T, C°K) TR Qecny Qe E(Ty) F'(Ty -FIF
320 116.0. 7.4 45 208.5 -
321.0 117.8 17.5 10.7 192.3 -16.2 11.87
- 332.9 139.2 136.7 88.3 45 -16.6 -0.27
332.6 138.7 133.9 86.5 0.1 -16.9 0.01

Surface temperature:. T, = 139° for 115° ambient and € = 0.18

AT = 23° which is close to 20

B6-6
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i ENGINEERING SAFETY EVALUATION
Subject_222-S Cargo Tank - Thermal Page 5 of _5

Originator _W. W, Smyth W= Date_08/01/96
Checker__ S, S, Shiraga A Date_08/19/96

Find the tank pressure due to temperature rise and vapor pressure. Assume the tank was filled at
40 °F, then emptied after stabilizing at 40 °F, then heats to a uniform 139 °F.

Water vapor pressure at 139 °F (59 °C) < 0.1965 atm (Pauling 1970):
0.20 . 14.7 psi = 2.9 psi

AP due to temperature:
P, P

P 147 P,
Tl

2
T, 460 + 40 460 + 139

P, = 17.6 psi

AP =P, - P, = 2.9 psi

Total pressure = 2.9 + 2.9 = 5.8.psi < < 40 (design)

B6-7



WHC-SD-TP-SEP-048 Rev. 0

This page intentionally left blank.



WHC-SD-TP-SEP-048 Rev. 0
7.0 PRESSURE AND GAS GENERATION

7.1 GAS GENERATION

The purpose of this evaluation is to predict hydrogen gas generation and
pressure buildup in the MC-312 Cargo Tanks.

Hydrogen generation and pressure buildup can occur within a package as a
result of the radiolytic decomposition of the package contents.

The cargo tanks contain dissolved cations and anions in a water solution
as described in Part A, Section 3.0. Based on the source term provided for
the cargo tanks, the radiolytic gas generation was predicted. The analysis is
presented in Part B, Section 7.3.

7.2 PACKAGE PRESSURE

The analysis showed that the hydrogen generation rate is extremely low
and is not a concern for transportation. The worst-case scenario for hydrogen
concentration is one in which the cargo tank is completely sealed. Based on
these results, the 2.5% Timit applied to transportation would take
approximately 18 years to reach. The results also showed for the period of
time to reach the 2.5% hydrogen 1imit, the pressure buildup inside the cargo
tank would be 2.57 kPa (0.37 psi). Based on the time required for
transportation and the fact the cargoe tanks have a design pressure of 276 kPa
(40 psi), pressure buildup is not a concern.

In summary, the analysis showed that, even with several very conservative
assumptions, hydrogen generation is not a problem for transporting the cargo
tanks.
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7.3 APPENDIX: HYDROGEN GENERATION EVALUATION

ENGINEERING SAFETY EVALUATION

Subject_Hvdrogen Gas Generation in a 222-S Cargo Page 1 of 3

Originator _J, R, Green S Vard A7
Checker___J. E. Mercado () 4. E

I1I.

. Date_06/28/96
Aol Date_06/28/96

Objectives:

4000 gallons (1.514 x 107 cc) of liquid waste will be shipped in the 222-S Cargo Tank which is
authorized to transport bulk LSA liquids onsite. Calculations of the hydrogen generation rate, the
time t0 2.5% H, gas concentration by volume, and the decay heat from the inventory are required to
ensure transportation safety.

Reference:

Green, J. R., K. Hillesland, V. E. Roetman, and J, G. Field, 1995, Radcalc for Windows,
Version 1.0, Westinghouse Hanford Company, Richland, Washington,

Results and Conclusions:

A 5000 gal (1.893 x 107 cc) gallon tank truck containing 4000 gallons of liquid waste in aqueous
form will reach 2.5% H, gas concentration by volume in approximately 18 years. The hydrogen gas

_generation rate is 0.60 cc/h. The decay heat generates 0.0516 W. The tank primarily contains water.
- It does however contzin less than 1 weight percent organic carbons which were modeled as a straight-

chain hydrocarbon. Accordingly, the G-values for the calculation were conservatively based on 90
weight percent water and 10 weight percent straight-chain hydrocarbon (hexane). The values used
will result in conservative results.

Engineering Evaluation:

The computer code Radcale for Windows (Green et al. 1995) was used to calculate the production of
hydrogen gas in a 4600 gallon tank. The information supplied for the analysis follows:

Waste Volume 4000 gallons
. Total Tank Volume 5000 gallons
Waste Density 1.2 glec
Waste Matrix 99 w/o water 1 w/o organic carbon
Radioactive Components See Table 1.
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ENGINEERING SAFETY EVALUATION

Subject_Hydrogen Gas Generation in a 222-S Cargo Page 2 of 3
Originator _J. R. Green Oy R Brren— Date_06/28/96
Checker__J.E Mercade /] 4. & [ltrcenl Date_06/28/96

The following input parameters were used in the Radcale for Windows computer code:

Waste Volume 15.142 m*

Void Volume - | 3.7854 m®

Waste Weight 1.817x10° g

Gamma Absorption Fraction Basis LR-56

G-value Gamma Beta Alpha
Water (90 w/o) 45 0.53 1.6
Organic carbon (10 w/o) 5.3 53 21.2

Radioactive Components See Table 1

The fraction of gammas absorbed in the waste tank is a function of energy and geometry. The most
conservative values for the gamma absorption fractions contained in Radeale for Windows are those
which are calculated for the LR-56. Therefore, the LR-56 container was used to model the tank
because the 222-S cargo tank is not modeled within the code.

The H, G-value is a measure of the number of molecules of H, gas formed per 100 eV of energy
absorbed in the waste matrix. G-values are supplied in Radcale for Windows for a variety of material
types. The liquid waste to be shipped in the tank trucks is primarily water with less than 1 weight
percent composed of an organic carbon modeled as a straight-chain hydrocarbon. Water was
conservatively assumed to compose 90 weight percent of the solution and a straightchain hydrocarbon
10 weight percent. The G-values are high and will result in conservative values for the material
being shipped.

The above parameters were input into Radcale for Windows which calculated the number of days to
2.5% hydrogen gas concentration by volume to be 6659 days (18.23 years). The hydrogen generation
rate is 0.60 cc/h.  The decay heat from the inventory is 0.0516 W. A copy of the Radcale
input/output file is attached. The uncertainties in this enalysis are represented primarily by the
uncertainty of the G-value of the waste matrix. The value used is very conservative and may result in
an over estimation of the quantity of hydrogen gas produced.
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ENGINEERING SAFETY EVALUATION

Subject_Hvdrogen Gas Qene[apgn ina 222 S Cargo Page 3 of 3
Originator _J, R, Green (aptpme Date_06/28/96

Checker___J, E. Mercado /} J & Mol Date_06/28/96

Table 1. 222-S Cargo Source Term

Radionuclide Curies
H-3 8.40e-001
C-14. 6.50e-003
Co-60 4.35¢-001
Sr-50 2.63e+000
Y-90 2.63¢+000
Te-99 . 5.50e-002
1-129 4.80e-002
Cs-137 . 2.61e+000
Ba-137m 2.47¢+000
Pm-147 7.50e+000
Eu-154 5.54e-003
Th-231 8.50e-005
U-234 1.45¢-002
U-235 8.50e-005
U-238 1.40e-003
Pu-238 2.15¢-002
Pu-239 1.85e-001
Am-241 1.45¢-001
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Radcale for Windows 1.0 ' Date: 06-27-96 09:51 .
Performed By: é/;7/76
Checked By: ‘/17/76

File: 222SREVY.RAD
= Input Informstion

Source from jnput:
Radionucl ides Curies:

H-3 . 8.40e-001
C-14 6.50e-003
Co-60 4.35¢-001
Sr-%0 2.63e+000
Y-90 2.63e+000
Tec-99 5.50e-002
1-129 4.80e-002 N
Cs-137 2.61e+000
Ba-137m 2.47¢+000
Pm-147 7.50e+000
Eu-154 5.54e-003
Th-231 8.50e-005
U-234 1.45e-002
y-235 8.50e-D05
y-238 1.40e-0C3
Pu-238 2.15e-002
Pu-239 1.85e-001
Am-241 1.45e-001
Waste Form: Normal

Physical Form: liguid
Conteiner Type: LR-56

Packsge Void Volume: 3.79e+006 cc

Weste Volume: 1.51e+007 cc

Yaste Mass: 1.82e+007 ¢

Waste True Density: 1.20 g/cc

Date to be;in source decey: 11:00 May. 23, 1998
Date container sealed: 11:00 May. 23, 1996
Pays to decay source before seal time: 0.00 day:

Calculate number of deys sesled until 2.50% hydronen is reached,

G Value Paterial Selection:

Conxribu(inn Weight G—Alpha G-Beta G-Garma  Name
90,0l 0.9 0.53 0.45 Water (liquid)
10. DD 0.1 2 Z' 5.3 5.3 Hexane

{ * indicates the value was calculzted from a given value)

G values calculated from list averaging:
G Alpha G Bets G Garma
3.56 1.007 0,935

Comments:

G-Values were chosen on the basis of 90 w/o water and 10
w/o straight chain hydrocarbon which will bound the
organic in the liquid

reczzszezx Calculated Results

The sealed container witl uenerate Z 47 % hydrogen in 6658.79 days

This corresponds to dste: 00 Aug. 16,
K2 Volume: 9.59e‘004 e
K2 Generation Rate: 0,600 cc/hour
Hest Generated: 0.0516 Watts
Partial Pressure (H2): 2,57 kPa
Total Pressure (K2 and Air): 104. kPa
Bulk Density: 1.20 g/ce

Source decayed to start of seal time:
Radionuclide:  Curies:

B3 8.40e-001
c-14 6.50e-003
Co-60 4.35e-001

B7-5



Source decayed to end of
Radionuclide:
K-3
c-14
Co-60
sr-90
Y-90
Te-99
1-129
Cs-137
Ba-137m
Pm-147
Sme- 147
Eu-154
Th-231
Pa-231
Ac-227
Th-227
Ra-223
Po-215
Pb-211
Bi-211
T4-207

Pb-209

WHC-SD-TP-SEP-048

2.63e+000
2.63e+000
5.50e-002
4.8De-002
2.61e+000
2.47e+000
7.50e+000
5.54e-003
8.50e-005
1.45e-002
8.50e-005
1.40e-003
2.15e-002
1.85e-001
1.45e-001

seal times
Curies:

3.02e-001
.49e-003
95e-002
70e+000
70e+0D00
50e-002
80e-002
71e+000
624000
07e-002
82e-010
1.27e-003
8.50e-005
3.28e-008
7.91e-009
7.74e-009
7.82e-009
7.82e-009
7.82¢-009
7.82e-009
7.80e-005
1.07e-010
1.45e-002
2.38e-006
9.37e-009
9.38e-009
9.36e-009
9.35¢-009
9.35e-009
9.35¢-009
1.54e-009
1.54e-009
1.41e-009
&.50e-005
1.40e-003
1.40e-003
1.40e-003
1.Bée-002
1.85¢-001
1.47e-001
8.44e-007
8.39e-007
3.34e-011
1.91e-014
1.89¢-014
1.88e-014
1.88e-014
1.88e-0%4
1.83e-014
1.84e-014
1.88e-014

P N Y T
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WHC-SD-TP-SEP-048  Rev. 0
8.0 PACKAGE TIEDOWN SYSTEM EVALUATION

8.1 INTRODUCTION

The MC-312 Cargo Tanks are permanently secured to their transport
trailer. The cargo tank is welded to the rear suspension system, which, in
turn, is fastened to the trailer frame. The fifth-wheel assembly in front is
fasiened to the suspension system and trailer frame, using a heavy plate with
an adjustable double-hubbed kingpin. The cargo tanks are ASME certified and
have a CoC from the vendor certifying the cargo tanks meet the DOT Motor
Vehicle Cargo Tank Specifications. The cargo tank transport system has a
design life of 30 years. An evaluation of a tiedown system for the MC-312
Cargo Tanks is not required.
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