
IIIII --





DOE/LLW.184

Greater-Than-Class C
Low-Level Radioactive Waste
Shipping Package/Container

Identification and Requirements Study

Michael Tyacke

Published August 1993

Idaho National Engineering Laboratory
EG&G Idallo, Inc.

Idaho Falls, Idaho 83415

Prepared for the
U.S. Department of Energy

Office of Environmental Restoration and Waste Management

Under DOE Idaho Field Office r_ S T_
Contract DE-ACO7-761D01570



CONTENTS

DEFINITIONS ........................................................... v

1. INTRODUCTION ..................................................... 1

2. CURRENT IDENTIFICATION OF GTCC LLW .............................. 2

3. SHIPPING REQUIREMENTS ............................................ 4

3.1 General Requirements for Radioactive Shipments ........................... 4

3.2 Shipping Requirements for Shipping Packages and Waste Containers ............ 6

4. SHIPPING PACKAGES AND WASTE CONTAINERS ......................... 9

4.1 Activated Metals .................................................... 18

4.2 Process Waste ...................................................... 21

4.3 Dry Contaminated Solids .............................................. 21

4.4 Sealed Radiation Sources ............................................. 23

5. CONCLUSIONS ....................................................... 25

6. REFERENCES ........................................................ 26

Appendix A--Shipping Packages/Casks .......................................... A-1

Appendix B--Waste Containers/Storage Casks .................................... B-1

Appendix C--Sealed Radiation Sources ......................................... C-1

FIGURES

1. Decision diagram for determining the appropriate shipping packaging ............... 7

TABLES

1. Potential generator or source of GTCC LLW and associated radionuclides ........... 3

2. GTCC LLW potential packaging (Type B) .................................... 10

3. GTCC LLW potential packaging (Type A) ................................... 14

4. Waste container design considerations for loading, storage, transport, and disposal of GTCC
LLW ................................................................ 17

,°°

111



5. Storage and storage/transport casks for spe_atfuel .............................. 22

6. Source and package size ranges ............................................ 24

iv



DEFINITIONS

Exclusive Use. The sole use of a conveyance by a single consignor and for which all initial,
intermediate, and final loading and unloading are carried out in accordance with the direction of

the consignor or consignee. Any loading or unloading must be performed by personnel having
radiological training and resources appropriate for safe handling of the consignment. Specific
instructions for maintenance of exclusive use shipment controls must be issued in writing and
included with the shipping paper information provided to the carrier by the consignor. '
(49 CFR 173.401)

L/m/ted Quant/ty. A quantity of radioactive material not exceeding the materials package limits
specified in §173.423 and that conforms with requirements specified in §173.421.
(49 CFR 173.401)

Low Specific Activity (LSA). Any of the following:

• Uranium or thorium ores and physical or chemical concentrates of those ores.

• Unirradiated natural or depleted uranium or unirradiated natural thorium.

• Tritium oxide in aqueous solutions provided the concentration does not exceed
5.0 millicuries per milliliter.

• Material in which the radioactivity is essentially uniformly distributed and in which the
estimated average concentration of contents does not exceed:

-- 0.0001 milhcurie per gram of radionuclides for which the A2 quantity is not more
than 0.05 curie;

-- 0.005 millicurie per gram of radionuclides for which the A 2 quantity is more than
0.05 curie, but not more than 1 curie; or

-- 0.3 millicurie per gram of radionuclides for which the Az quantity is more than
1 curie.

• Objects of nonradioactive material externally contaminated with radioactive
material, provided that the radioactive material is not readily dispersible and the
surface contamination, when averaged over an area of 1 square meter, does not exceed

0.0_31 millicurie (220,000 disintegrations per minute) per square centimeter of
radionuclides for which the A 2 quantity is not more than 0.05 curie, or 0.001 millicurie
(2,200,000 disintegrations per minute) per square centimeter for other radionuclides.

[49 CFR 173.403(n)].

Packaging. The assembly of components necessary to ensure compliance with the packaging
requirements of 10 CFR 71 (49 CFR 173, Subpart I). It may consist of one or more waste
receptacles, absorbent materials, spacing structures, thermal insulation, radiation shielding, and
devices for cooling or absorbing mechanical shock. The vehicle, tie-down systcm, and auxiliary

equipment may sometimes be designated as part of the packaging (10 CFR 71.4 and 49 CFR
173.403). Also referred to as shipping casks in this report.



Safety Analysis Report for Packaging (SARP). A document that provides a comprehensive
technical evaluation and review of the design, testing, operational procedures, maintenance
procedures, and quality assurance program to demonstrate compliance with the NRC regulatory
safety standards, or equivalent standards established by DOE for approving packagings and
issuing certificates of compliance. (DOE 1540.2)

Shipping Package. Package means the packaging together with its radioactive contents as
presented for transport. (10 CFR 71.4)

Special Form. Radioactive material that: (a) must be a single solid piece or contained in a sealed
capsule that can be opened only by destroying the capsule, (b) have at least one dimension not
less than 5 millimeters (0.197 inch), and (c) must meet applicable test requirements as defined in
49 CFR 173.469. Special form encapsulations designed in accordance with the requirements of
49 CFR 173.389(g) in effect on June 30, 1983, and constructed prior to July 1, 1985, may
continued to be used. [DOE 1540.2 and 49 CFR 173.403(z)[

Type A Package. Contents limited to Type A quantity [does not exceed A 1 (special form) or A2
(regular form) radioactive material]. Packaging designed to retain the integrity of containment
and shielding required by 49 CFR 173, Subpart I, under normal condition of transport as
demonstrated by tests set forth in §173.465 and §173.466, as appropriate. (10 CFR 71.4 and
49 CFR 173.403)

Type B Package. Contains radioactive material greater than Type A quantity. Packaging designed
to retain the integrity of containment and shielding required by 49 CFR 173, Subpart I, when
subjected to the normal conditions of transport and to hypothetical accidents as set forth in
10 CFR Part 71. (10 CFR 71.4 and 49 CFR 173.403)

Waste Container. General term for receptacle (e.g., drum, box, can) used to contain radioactive
waste. Some waste containers are designated for specific packages, others are used for storage

and may not be acceptable to contain radioactive waste during transport. (Not a regulatory
definition.)

Waste Package. Waste form and any containers, shielding, packing, and other absorbent materials
immediately surrounding an individual waste container. (10 CFR 60.2, there is no similar
definition for LLW defined in 10 CFR 61.)



Greater-Than-Class C
Low-Level Radioactive Waste

Shipping Packages/Containers
Identification and Requirements Study

1. INTRODUCTION

This report identifies a variety of shipping packages (also referred to as casks) and waste
containers currently available or being developed that could be used for greater-than-Class C
(GTCC) low-level waste (LLW). Since GTCC LLW varies greatly in size, shape, and activity
levels, the casks and waste containers that could be used range in size from small, to

accommodate a single sealed radiation source, to very large-capacity casks/canisters used to
transport or dry-store highly radioactive spent fuel. In some cases, the waste containers may serve
directly as shipping packages, while in other cases, the containers would need to be placed in a
transport cask.

For the purpose of this report, it is assumed that the generator is responsible for transporting
the waste to a Department of Energy (DOE) storage, treatment, or disposal facility. Unless DOE
establishes specific acceptance criteria, the receiving facility would need the capability to accept
any of the casks and waste containers identified in this report. In identifying potential casks and
waste containers, no consideration was given to their adequacy relative to handling, storage,

treatment, and disposal. Those considerations must be addressed separately as the capabilities of
the receiving facility and the handling requirements and operations are better understood.

This report is divided into six sections and three appendices. Section 1 introduces the report.
Section 2 provides a discussion on the sources of GTCC LLW as presently identified. To some
extent, Section 2 identifies the uncertainty surrounding accurate identification of some
GTCC LLW. This uncertainty, coupled with receiving facility design uncertainties, forces a wider

consideration of shipping packages and waste containers than might otherwise be the case.
Section 3 provides a discussion on cask and container shipping requirements. This discussion is
fairly broad given the uncertainties in waste container usage at this time. Section 4 provides a
discussion of available shipping packages and waste containers. It is clear that DOE must
establish criteria in the near term to put some limits on acceptable packaging (size, handling
characteristics, etc.); otherwise, the available selection of waste containers and shipping packages

are simply too large for a receiving facility to accept. Sections 5 and 6 provide conclusions and
references, respectively. Appendices A, B, and C provide documentation on existing shipping

packages, waste containers, and sealed sources. In addition, several commercial vendors have the
capability to modify, design, or fabricate specialized casks and containers for GTCC LLW to meet
shielding, physical configuration, or sizing needs.
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2. CURRENT IDENTIFICATION OF GTCC LLW

The report, DOE/LLW-114,1 categorized GTCC LLW into the following types:

• Nuclear utility waste t, ..

- From operations

- From decommissioning

• Sealed sources

• DOE-held potential GTCC LLW

• Other generators' waste.

Generators or sources of GTCC LLW, the four major GTCC LLW streams (activated metals,
process waste, dry contaminated solids, sealed sources), and the radionuclides associated with this
waste are provided in Table 1, as derived from DOE/LLW-114.1 Some of this material is
physically large, and the casks and waste containers for the material will be dependent on the
extent and type of sizing.



Table 1. Potential generator or source of GTCC LLW and associated radionuclides.

GTCC LLW waste Potential GTCC LLW 10 CFR Part 61

generators waste stream Class C radionuclides

Nuclear utility ACTIVATED METALS

BWR opcratioas waste Primary activation product and other
Control rod blades radionuclides 59Ni, 63Ni, 94Nb, and 14C

Local power range monitors
IRM/SRM instruments, dry tubes

PWR operationswaste
Thimble plug assemblies
Incore instruments strings
Primary sources

BWR decommk_oaing waste
Core shroud

PWR dccommissioaiag waste
Core shroud
Core barrel (high case only)

Nuclear utility/ PROCESS WASTE
DOE held

BWR dct_ntamination resins Fission product radionuclides 137Cs,129 99 90 . •
I, Tc, and Sr, actwatmn product

PWR decontaminationresins radionuclide 63Ni,and transuranics

BWR cartridge filters
Control rod drive

Fuel pool
Underwater vacuum

PWR cartridgefilters
Seal water injection Back-flush letdown
,_,ealwater return Fuel pool
Reactor coolant system

Other generators/ DRY CONTAMINATED SOLIDS Transuranics
DOE held

Contaminated nonmetals

Contaminated metals

Industrial sealed SEALED SOURCES

a cs 241Am 244 238source Transuranic..beating Transur m (' .., Cm, Pu,
Transuranic gamma gauges and 239pu), 137Cs, 90Sr, and 63N

X-ray fluorescence sources
Well logging devices
Moisture gauges

Other

Medical therapy Calibration devices
Gamma gauges Gamma irradiators V1
Beta gauges Gas chromatography
Well logging devices Beta eye applicators
Moisture gauges

BWR -- boiling water reactor
PWR -- pressurtzed water reactor



3. SHIPPING REQUIREMENTS

The regulatory and DOE requirements for shipping GTCC LLW material are the same as
those for other types of radioactive material shipments. The following sections present the
general requirements for radioactive material shipments and specific requirements for
transportation packaging.

3.1 General Requirements for Radioactive Shipment,

There are four Federal agencies with transportation requirements that must be satisfied. The
agencies are the Department of Transportation (DOT), Nuclear Regulatory Commission (NRC),
Environmental Protection Agency (EPA), and DOE. The following is a list of the applicable
requirements, by agency:

. 49 CFR (DOT regulations)

Part 171 Generat information, Regulations, and Definitions

This subchapter prescribes the requirements of the DOT governing the
transportation of hazardous materials by interstate rail car, aircraft, and
vessel; and intrastate carriers by motor vehicle as related to hazardous
waste and hazardous substances. It defines the requirements for
manufacturing, fabrication, marking, maintenance, reconditioning, repairing,
and testing of packagings and containers that are used for transportation of
hazardous materials.

Part 172 Hazardous Materials Tables and Hazardous Materials Communications

Regulation

This subchapter prescribes the requirements of the DOT governing
hazardous material identification, shipping papers, marking, labeling,

placarding, and emergency response information.

Part 173 Shippers -- General Requirements for Shipments and Packagings

This subchapter prescribes the requirements governing shipper activities by
requiring that shipments subject to the hazardous material regulations must
be packaged, described, stored, and transported in accordance with the
regulations. This part identifies the responsibilities of the shipper to
instruct those persons offering hazardous materials for transportation about

the applicable regulations.

Part 173 Radioactive Materials

Subpart I
This subpart sets forth requirements for the transportation of radioactive
materials by carriers and shippers. The requirements prescribed in this
subpart are in addition to other requirements set forth in 49 CFR 173 and
10 CFR 71 for the packaging and transportation of radioactive materials.



• 10 CFR (NRC regulations)

Part 71 Packaging and Transportation of Radioactive Material

Packaging and transportation of radioactive material regulations specify the
standards for packaging of Type B, fissile, plutonium, and special form
radioactive materials. They impose operating controls and procedures and
set forth the quality assurance requirements for package design.

° 40 CFR (EPA regulations)

Note: Only a minimal amount of GTCC LLW is expected to be mixed waste covered by
EPA regulations (GTCC LLW Mixed Waste Assessment, DOE/LLW-156, September
1992).

Parts 260 Solid and Hazardous Waste Regulations
to 299

Solid and hazardous waste regulations of the Resource Conservation and
Recovery Act (RCRA) contain provisions authorizing the states to regulate
the treatment, disposal, and storage of solid and hazardous wastes. The
EPA governs the activities of Federal agencies and contractors. This
regulation identifies the responsibility for the proper identification and
classification of wastes and for proper preparation of the manifest. It
requires the carrier to obtain a waste hauler identification number from the
EPA, and the carrier must be properly permitted prior to tendering
hazardous waste shipments.

Part 355 Emergency Planning and Notifications

The Emergency Planning and Notification Order of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA)
establishes the list of extremely hazardous substances threshold quantities
and outlines the notification responsibilities and implementation of state

and local emergency response plans.

• Orders (DOE requirements)

1540.1 Materials Transportation and Traffic Management

Establishes policy and procedures for management of transportation
activities, including traffic management.

1540.2 Hazardous Material Packaging for Transport -- Administrative Procedures

Establishes administrative procedures for the certification and use of
. radioactive and other hazardous materials packaging.



5480.3 Safety Requirements for the Packaging and Transportation of Hazardous
Materials, Hazardous Substances, and Hazardous Wastes

Establishes requirements for the packaging and transportation of hazardous
materials, substances, and wastes.

5820.2A Radioactive Waste Management

Establishes policies, guidelines, and minimum requirements by which DOE
manages its radioactive, mixed waste, and contaminated facilities.

3.2 Shipping Requirements for Shipping Packages
and Waste Containers

Packaging requirements are developed to protect the public and environment from the
hazards associated with the material being transported. The more hazardous the material
classification, the more restrictive the packaging requirements. Figure 1 illustrates a decision
diagram used for identifying the appropriate packaging and shipping requirements for radioactive
material. The following describes the packaging requirements for different radiation levels:

• Low specific activity (LSA)--Shipping packages used to transport radioactive materials
that meet the definition of LSA as defined in 49 CFR 173.403(n) must meet the

requirements for a DOT Specification 7A (49 CFR 178.350) package for regular
shipments, or if an exclusive transporter is used, they must meet the requirements for
"strong tight" packages as defined in 49 CFR 173.425(b).

= Limited quantity. Shipping packages used to transport radioactive materials meeting the
definitions of limited quantity radioactive materials as defined in 49 CFR 173.423 must
meet the requirements for "strong tight" packages as defined in 49 CFR 173.421.

• Type A quantities of radioactive materials--Shipping packages used to transport
radioactive materials meeting the definition of Type A 1 or A 2 quantity of radioactive
materials as defined in 49 CFR 173.433 must meet the requirements of Type A packaging
as defined in 49 CFR 173.415 for nonfissile material and 173.417 for fissile material, and

must be able to withstand the tests required in 49 CFR 173.465.

• Highway route controlled quantities--Shipping packages used to transport highway
route controlled quantities of radionuclides must meet the requirements for a Type B

package (see the following bullet for Type B package specifics). Highway route
controlled quantities are quantities of radioactive material within a single package that
exceeds:

- 3,000 times the A 1 value of the radionuclides as specified in 49 CFR 173.433 for

special form radioactive material

- 3,000 times the A2 value of the radionuclides as specified in 49 CFR 173.433 for
normal form radioactive material, or

- 30,000 curies, whichever is least. (49 CFR 173.403)
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Highway route controlled quantities shipments are subject to specific routing controls that
apply to the highway carrier. Preferred routes must be used. The reporting of these
routes is the responsibility of the carrier and shipper.

• Type B quantities of radioactive materials--A shipping packagethat meetsthe
definition of 49 CFR 173.403(hh) for a Type B package must be used to transport
radioactive materials that exceed the A 1 or A2 values for radionuclides as defined in
49 CFR 173.433. Type B packages must be reviewed and certified by NRC or DOE.
NRC requirements are specified in 10 CFR 71. Certification requires submission of a
safety analysis report (SAP,), which describes the package and demonstrates that it will
meet stringent performance requirements under normal and accident conditions specified
in the regulation. The SAR must address the following topics: general information,
structural evaluation, thermal evaluation, containment, shielding, criticality, operating
procedures, and acceptance and maintenance programs. Specific requirements for a
comprehensive quality assurance program are also defined. DOE is authorized to certify
Type B packages by 49 CFR Part 173.7(d), however, DOE must use packaging standards
equivalent to those specified in 10 CFR 71. DOE's certification requirements are found
in DOE Order 1540.2. Since the design requirements are so rigorous for Type B
shipping packages, in most cases there are no additional requirements for the inner
container/waste container. However, if special requirements are needed, those
requirements will be identified in the certificate of compliance and safety analysis report
for packaging required for each Type B package.

Most GTCC LLW will be shipped in Type B packages because of its high radiation and
activity levels. This could include LSA materials that exceed radiation limits. Sealed sources have
historically been shipped in Type A packages. Otherwise, it is unlikely that GTCC LLW will be
transported as normal form Type A or as limited quantity.

There are no specific transportation requirements for waste containers unless the container
serves as the shipping package. Also, containers of waste are frequently overpacked with an outer
container that serves as the DOT package. In this case, the certification for the outer container
or cask may specify requirements for the inner (secondary) container.



4. SHIPPING PACKAGES AND WASTE CONTAINERS

Since the transport of radioactive materials is well established, shipping packages exist for
transporting GTCC LLW. Two types are available: (a) spent fuel casks and (b) radioactive waste
casks. Table 2 provides information about Type B casks and Table 3 provides information about
Type A packages that could be considered for the GTCC LLW Prt,gram. Appendix A.1 and A.2
have more detailed information about several of the casks.

Spent fuel casks have been developed specifically for shipping spent nuclear fuel. They are
large casks with fuel baskets inside to position the fuel and control criticality. The baskets contain
fuel slots that are about 8-in. square and 15-ft long. The number of fuel slots varies, depending
on the cask. Shielding is provided for both gamma and neutron radiation.

The fuel basket and neutron shielding may be undesirable features for carrying GTCC LLW
because: (a) criticality control and neutron shielding are not required for GTCC LLW, and
(b) the basket limits payload weight and restricts the volume available. For some spent fuel casks,
it may be possible to remove the fuel basket. The fuel basket would be usable if the GTCC LLW
is loaded in specially designed canisters that fit in the slots. This may not be practical, however,
because of costs and ALARA (as low as reasonably achievable) considerations associated with
sizing the GTCC LLW.

Spent fuel casks are currently available for both truck and rail use. They may be leased or
bought from vendors such as Transnuclear, Pacific Nuclear, and Scientific Ecology Group (SEG).
DOE's Office of Civilian Radioactive Waste Management (OCRWM) is developing two new
high-efficiency large-capacity casks, one for rail/barge and one for truck. There are also several
casks that are designed and licensed for both transport and storage of spent fuel.

Radioactive waste casks are also large shielded casks. Instead of a fuel basket, the interior is
a large open cavity that will accommodate a variety of payload sizes and shapes. There is no
neutron shielding. Waste casks are available in a variety of sizes. Contents are limited by
shielding, payload weight, and interior volume. Waste casks may be leased or bought from
vendors such as Transnuclear, Chem-Nuclear, SEG, and Pacific Nuclear.

The majority of GTCC LLW sealed radiation sources and devices containing such sources are
transported from the manufacturer in 7A (Type A) containers. However, some sources have
been transported in Type B containers because of special requirements. The Type A containers
are usually retained by the users, while the Type B containers are returned to the manufacturer.

The major factors to consider in determining appropriate waste container design for
GTCC LLW are loading, storage, transportation, treatment, and disposal. Table 4 identifies the
waste container design considerations for these major design factors.

In the process of identifying waste containers, it is important that efficient volume utilization
(i.e., packaging factors) be considered. (For information about packaging factors for
GTCC LLW, see DOE report DOE/LLW-114H. 2) Packaging factors are an important
consideration in that the more efficiently the waste is packaged, the fewer the number of
shipments required and the better the utilization of the storage and disposal facilities. These are
important public considerations.



Table 2. GTCC LLW potential packaging (Type B).

Description

Outside Carney Weights Lead

CofC number/ Hcight/ Width/ Height/ Width/ Decay shielding Certificate

Packagmg expiration length diameter length dmmeter Empty Loaded Payload heat equivalence issued to/ Waste
identification date Package (in.) (in.) (in.) (in.) (lb) (Ib) (Ib) (watts) (in.) owner container{s) Comments

IF-300 USAjgO01/B()F Cylinder 210 64 180.25 37.5 119,000 140,000 21,000 40,000 >4 Pacific Special t.oniainer Rail cask, i[¢ad_.a!e_dpWR/BWR

3 l-May-95 Btu/hr Nuclear uranium oxide fuel; solid irradiated
Systems New design hardware

N-55 USA/9070/B(U) Cylinder 48 32 34.5 24 200 750 550 3 -- Nuclear One 5S-gal drum LSA or special form -- dewatered,

3 l-Aug-94 Packaging solid, solidified; or solid metalpieces or activated solid metal
components

NuPac 125-B USA/9200/B(M)F Cylinder 207.5 65.5 192.5 51.25 100,500 181,500 20,600 700 >3.88 Department Seven TMI fuel canisters Spent fuel railcaslc; byproduct and
31-May-96 (double) OV of Energy special nuclear material; irradiated

" 37,000 New design core structural components;
IV internal contamination

TRUPACT-II USAJ9218/B(U)F Cylinder 122.0 94 75 73 11,985 19,2.50 7,265 TRUCON Contact Department Fourteen 55-gal drums TRU waste --dewatered solid or
31-Aug-94 (double) (1,000 Ib DOE/WIPP handled of Energy or solidified wastes

89-004, waste Two standardwaste boxes
55-gal Rev. 5

drum and

4,000 lb

per SWtl)

NuPac 10-142 USAJ9208/B0 Cylinder 130.0 112-0 72-00 66.00 58,100 68,000 I0,000 400 4.25 Nuclear Services Ten 55-gal drums Dcwatered, solid, or solidifiedor waste; activated solid components
30-Jun-96 One ES-142 C.S. HIC

or

One ES-142 F.H. HIC

Secondarycontainers

LN I0-135 USA/9210/B(U) Cylinder 130 112 72-0 66.00 58,000 68,000 I0,000 400 4.4 LN Technologies Ten 55-gal drums >Type A dewatered, solids, or
30-Nov-93 Corp. (SEG) solidified waste; activated

Secondary containers components



Table 2. (continued)

Descnption

Outside Camty Weights l.¢ad

CofC number/ HcighU Width/ Height/ Width/ Decay shielding Certificate

Packaging expttation length diameter length diameter Empty Loaded Payload heat equivalence issued to/ Waste .
identtficatton date Package (in.) ,(in.) (in.) (in.) (Ib} (Ib) (lb) (watts) (in.) owner container(s) Comments

3-82B USA/6574/B 0 Cylinder 74.5 66.25 62.13 54.00 41,805 50,000 8,195 205 Btu/l_ 4.58 SEG Three 55-gel drums Byproduct material --ion

30-Apr-96 Four 30-gel drums exchange resins, filter sludge, spentfilter cartridges, etc.

TN-RAM USA/9233/B(U) Cylinder 129 51 Ill 35 70500 80,000 9,500 300 >6 Transnucl_r "IN-RAM liner >Type A quantity of radioactiv_material, including fL_Sil¢material

30-sep-94 New design not exceeding limits specified in
10 CFR Parts 71.18, 7120, and
71_.22.

CNS !-13C II USA/9152/BO Cylinder 68.5 39.1 45.2 26.5 24,000 27,000 3,000 800 >5 Department of One 55-gal drum >Type A nonft_sile radioactive
30-Jun-94 Energy material as solidified or dcwatered

Special design process solids (resins); >Type A
irradiated solid reactor

components; >Type A irradiated
fuel (de-,lratered)

CNS !-!3C USA/9081/B() Cylinder 68.5 39 54 26.5 21,000 26,000 5,000 600 5 Chem-Nuclear Secondary container >Type A byproduct material as
3 l-Dec-92 Systems, Inc. solid metal; prtx¢_ solids, eitherdewatered, solid, or solidified; .solid

reactorcomponents

CNS 1-13G USAJ9216/B()F Cylinder 67.19 38.5 54 26.5 25,500 -- -- 600 6.2 Chem-Nuclcar One 55-ga1 drum Byproduct material and special
31-Dec-92 Systems, Inc. material as solid metal or tzddes;

Secondary container h-radiated fuel rods; process solids
dewatered, solid nonfLssile
irradiated metal hardware;

radioactive waste materials

immobilized in cement grout

CNS 3-55 USA/5805/BO Cylinder 133.75 50.5 116 36 60,780 70,000 %220 250 6 Chem-Nuclear Secondary contmner. Neutron sources/irradiated metal
3 l-Mar-94 Systems

Three 55-gaI drums

CNS 4-85 USAI6244/B() Cylinder 111.5 58 I00.0 46.0 40,_300 46,000 5,700 10 3.38 Chem-Nuclear Four 55-gel drum >Type A byproduct material,
31-Oct-94 Systems, Inc. dewatered, solid or solidified;>Type A solid metal components



Table 2. (continued)

Description

Ou is,de Cavity Weights Lead

CofC number/ HeighU Width/ Height/ Width/ Decay shielding Certificate

Packaging exptrat=on length diameter length diameter Empty Loaded Payload heat equrvalencu" Lssuedto/ Waste
identification date Package (in.) (in.) (m.) (in.) (Ib) (Ib) (Ib) (watt) (in.) o_-ner container(s) Comments

CNS 8-1208 USAf)168/B(U) Cylinder 88 74 "75.0 670 49,300 74,000 14,680 100 45 Chem-Nuelear Eight 55-gal drum Byproducts dcwatered resins,solid
31-Mar-95 Systems,Inc. or solidified _ra_ste;actrva[ed

reactor components

TN-8 USAPg015/B() Cylinder 192 67.5 168 Irregular 73,800 78,600 4,800 2.3.5kW 7.3 Transnuclcar, Three PWR fuel Irradiated clad fuel pins, irradiated

TN-SL 31-May-% Inc. as_mblies PWR uranium oxide, solid non-
fLssdeirradiated hardware,intact

Specialdesi_m BWR and pWR fuel rods

TN-9 USA_016/BOF Cylinder 200 66 178 Irregular 73,600 78,200 4,600 24.4 kW 6.5 Tra_nuclear, Seven BWR assembli¢_ Irradiated BWR unranium oxide;

3l-May.9_b Inc. solidnont-LSSileirradiatedhardware
S_¢claldesign

NL[-I/'2 USA_010/B()F C_,:linder 195.Z5 47_12 178 12.63 46,500 49,7.50 3,000 10.6 kW 2.12 Nuclear Six con.solidatcdfuel Irradiated PWR or BWR uranium

31-Mar-96 (four Assurance c_msters oxide; irradiated metallicfuels;
config- Corporation solid, nonFLs,sile,irradiated

urations) Specialdesi_,m hardware and neutronsource
components; byproduct and special
nuclear material of irradiated

uranium and plutonium oxide

NLI-10/24 USA,_023J_()F Cylinder 204.5 96 179.5 45 178,000 194,000 34,100 70 kW >6 Nuclear IrradialedPWR and BWR

31-Mar-97 (double) A._surance uramum ox3d¢-- rail c_k
Corporauon

NUHOMS Being hcensed Cyhnder 200 925 1861196 68 211,000 2.50,000 39,000 17kW 5 Pacific Nuclear NUHOMS-24P dry Spent fuel -- modified for ocher
MP- 187 shieldedczanLster/ uses

NUHOMS-52B dry
shieldedr-anister

Flexable internal design



Table 2. (continued)

Description

Outside Cavaty Weights l.cad

CofC number/ HeighU Width/ Height/ Width/ Decay shielding Certificate

Packaging expiration length dtameter length diameter Empty Loaded Payload heat equivalence issued to/ Waste •
identtficatton date Package (in.) .(in.) (in.) (in.) (Ib) (Ib) (Ib) (watts) (in.) owner container(s) Comments

GA-4 Being licensed Cylinder 187.75 <48.00 167.25 18.06 46,400 52,600 6,200 2.2 kW >2.65 General Four PWR assemblies Legal weight truck caskAtomics/
DOE OCRWM

GA-9 Being licensed Cylinder 198.00 <47.73 178.00 18.21 46,600 52,900 6,300 1.6 kW >2_45 General Nine pWR assemblies Legal weight truck cask
Atomics/
DOE OCRWM

BR-100 Being licensed Cylinder 252 126 -- -- 168,900/ 201,700/ 32,8001 12 kW >5 Babcock and Assemblies: Rail barge cask
169,900 203,700 33,800 Wilcox/ 21 PWR

DOE OCRWM 52 BWR

t.,....,t



Table 3. GTCC LLW potential packaging (Type A).
Descnpt ton

Outside Cavity _'¢tghts _d

Co{C number/ HelghU Width/ Helght/ Width/ Deck. shielding C.¢rtificate

Packag,ng exp_rat,on length diameter length diameter Empty. Loaded P.ayload heat equ nealene,p issued Waste
ident,fica|lon date Package (in.) (in) (m) (in.) (Ib) (Ib) (Ib) (watts) (in.) to/o_t_'r cotlminer(s) Comments

CNS 6-75 USAPal0_R/A C_tmder 86.6 62 745 53 31.000 41.300 10,300 _ 4.0 Chcm-Nuclear Six .S_-_aldlu_ >Tyl:x: A radio_lctlVematcrialSystems. Inc.
30-Sep-q3 S_ry container

CNS 6-80-2 USA,q1111A C_llnder 78 6 705 58.0 59.0 44,1)00 51.500 7.501{) 61) 4.2.5 Chcm-Nucl_r Four 55-pl drum LSA -- >Type A byproduct solids
" Systctns. Inc. and solidified waste, and activated

CNS 6-80-?.A 31 .Jan-94 Seo0ndsry container solid components

C'NS 8-i 20A USA/_i6OI/A C_hnder 92 73 5 75 62 .19.3_ 70,1_O 20,000 40 4.5 C'hem-Nuclear Fight SS-ga| drums LSA -- proces_ solids (dewatered
• Systems. Inc.. solid or solil'ied); solid reactor

_,-Fcb-96 Secondary.container comlxment't

CNS 14-195H USA.'_I/A Cylinder 8988 8313 80 13 770 38.8_) 56.500 17,700 >?17 Chem-Nuctear Fourtec¢l 55-ga| LSA- dc_71tcred, solid or solidified;Systems, Inc. drum solid reactor componen_
31 -Oct -95

._ne_wd,l.yc_t_incr

CNS 21.300 US_A C'yl.inder 111725 86.73 106.5/ 76/ 30,200¢ 57,450/ 27.250 _ > 1/'_0 Chem-Nuclear Eight 55-gal drums LSA -- de_eatert-d, solid or solidified:

(w/Shield inset) 30-5ep-95 109.2.5 83.0 39.310 66.560 Sin,Ictus. Inc. _ty-OnCdrums55-gal solid t,eactor COmlXments

oontaincr

i.=.a
NuPac USA._! 76/A Cyhnder 92.0¢ _r_725/ 802.._ 77.5 31,600/ 51,600/ 20,0110 9 _00/ Pacific Nuclear/ Fourteen 55-gal LSA --de_eater_, solids or solidilicd.

14_10L 31 -May-98 93.5 9"3.5 38.401) 58.4_) _73 Nuclear drums or activated solid components• Packaging/ Ooe ES-210 t"..S.

14/210H Chem -Nuclear HIC or

CNSI S_tems, Inc. OBe EL-210 P.H.
14_15H HIE
Sen_ A

I..N S4xoada_ container
14rlgSL

14/'195H



Table 3. (continued)
Description

Ou_*de Cavlty Weights Lead

CofC number/ Helghtt Width/ HclghU W'_t h/ Decay. ,_hielding Ce_ficat¢

Packaging cxptratlon lengih diameler length di=meter Empty Loaded Payload heat equivalence issued Waste

idenld-lcallon date PaO_age (in.) • (in.) (in.) (in.) (Ib) (Ib) (Ib) (watts) (in.) tolo_ter container(s) Comments

NuPac USA/9159/A Cyhnder 80 51 91.5 7338 75_5 29.200/ 49,200/ 20,000 7/25 2.00/ Nudear Fo_i_n 55-ga| L_A -- _i_¢_,_. solkfL_of Inlldiflt,,¢!
14/19OL 31-May-93 8325 45200 65.200 3.5 Packaging/ drums or activated solid components• C'hem-Nudear One ES-210 CS.

14/190M Systeals. lac. HIC or
14/190H One EL-210 P.H.

LN HIC

14-170L

14.170M Secondary container
14.170H

(CNS 14-190H)

NuPac 14D-2-0 USA/9079/A Cylinder 81-50 81.75 73.38 75.5 34.000 48,000 14,000 7 >1.'/5 Nuclear Fottrte¢/i 55-gal LSA -- process solids eitherPack.aging drums de_atered, solid or solidified;
(CNS 14-170 30-Jun-93 >Type A radioactive mat_,tai

Scnmt il) Seaandary containers

NuPac USP_'9|'F/IA Cylinder -- -- 73.00 66.0 41.500 56.500 15.000 24 >775 Nuclei" Ten 55-gai drums LSA -- dcwalered0 solids or solidifcdPackaging waste; actv."ated solid compoc_n_

14/I 40 31 -May-93 Se¢oadary containers

LN

10/135A

NuPac 7/100 USA/9178/A Cylinder -- -- 40.75 75.5 35.900 48,9_1 13.(]_0 17 3.50 Nuclear Seven 55-gai drut_ I.,SA -- dcwatercd, solidi or solidifiedPackaging/ waste;activated solid components

I..N 7-100 31-May-93 Chem Nude:at Se_ada_ container

C/I Systems. Inc.

NuPac USAF)I791A Cylinder -- 69.111 62-00 61.00 30,9001 42-9001 12.0(]O 9161 3.251 Nuclear Six 55-ga1 drums LSA -- de'_ltcred, solids of u)lidil'ted
6/fOOL 31-May-93 71.37 41,900 53,900 4.40 Packag_g waste; acti_ated solid componenl3Secondary container

(_q00H

LN

6-80L

6-80H

NuPac USAF_laSIA Cylinder -- -- 52.50 48.50 9.00OI 13.200/ 4.201) -- 1.501 Nuclear Seo3nda:y container LSA -- dewatcrt-d, solids or solidified

50-1 5L 31-Mar-96 24,700 28,900 4.00 Packaging w-_tc; actrrated solid componentsFourteen55-gal

50-2-5L drums

50-3 0L
50-,I 0L



Table 3. (continued)

Dc:scnptton

Out_de CavaW Weights
Lead

Co(C number/ He_ghU' Width/ Height/ Width/ Decay shielding Certificate

packa_,mI ¢x_ration lentth diameter I_nlph diameter Empty Loaded Payload lust ¢quivalen¢_ issued Waste
identlficat=on date Pack,_ge (in.) • (in.) (in.) (in.) (Ib) (Ib) (Ib) (,,_lt_) (in.) to/owner contain_K) Comll_nts

14-215 USA/9"Z22/A C.'_,tindcr 92-25 83.5 80.25 77.25 38,400 58,400 20,000¢ 9 2.751 SEG Fourteen 55-pl [.,SA --d_tratercd, solids, or solidified

(with insert) 28-Feb-93 13,400 3.50 drums waste; activated solid compouemsSecondary metaine_m

HbI-iqaS USA/90891A Cylinder 84.25 81.6 753 75.6 26,000 43,000 17,0G0 2 1.81 Hittman (SEG) Fourteen 5$-gal L,SA -- de_'atered, solids, or solidifieddrums waste
31 -Jan-_M

HN-190-1 USA/gOS_A Cylinder 82.5 81.5 74.5 75.63 35.500 50,000 14.500 7 2.5 Hittman (SEG) Fourteen 55-gal I.,SA -- dc-_atcl_'d, solids, or solidifieddrums waste
31 -.Iul-93

Secondary container

HN.I_Xl.2 USA/9224/A Cylinder 81.5 81.75 73.38 75.5 30.200 48.000 14.200 7 2.5 Hittman (SEG) Fourteen 5$-gal LSA --dcvratermd, solids, or solidifieddrums waste
30-Jurt-93

Secondary container

HN-I00 USA/91SilA Cylinder 81.51 81.7_1 7156/ 73.06/ 3521301 53,000 10.555/7 (w/o insert) !51 Hiuman (SEG)/ Fourteen 55-gai LSA -- de-_atered, solids, or solidified

Sene_ 3 31-Jul-92 81.6 81.5 73.63 75.5 42.4,15 17,80028 (w/in_n) 4.0 Chem-Nude.ar drums w-,m¢
Swtem._ Inc..

CN$14-170 Seomuh_ cnmainer
Senet 111

LN 14.z7o
Ser_ 1

NES-i

UN-I4Z USA/_73/A Cylinder 120 101 72.0 66.0 54,000 64.00Q 10,000 400 4.4 /..lq Ten 55-gal drums LSA -- dewatered ion em:hange resins
Technologies or solid waste; actrrtted solid

28-Feb-94 (SEG) Secretary container components

SEG -- Sclen.fic Ecology Gna,up. Inc.



Table 4. Waste container design considerations for loading, storage, transport, and disposal of GTCC LLW.

Loading/

Design consideration storage Transportation Treatement Disposal

Size (capacity) X X X X

Shape (geometrical configurations) X X X X

Wall thickness (structural) X -- X X

Materials (corrosion) X -- X X

Loading (openings and penetrations configurations) X X X X

Handling and lifting attachments (margins of safety) X X X X

Storing, stacking, racking (crush strength) X -- X X

Decontamination capability (surface finish) X -- X X

Confinement capability (structural) X X X X

.._ Criticality control (margin of safety) X X X X

Gas release (vents) X X X X

Shielding (contact or remote handled) X X X X

Storage environment compatibility (pool, weather) X -- X X

Payload compatibility (corrosives) X -- X X

Ease of fabrication X X X X

Standardized design and/or subcomponents X -- X X

Off-the-shelf availability X -- X --

Disposal site environment compatibility (longevity and external corrosion -- -- -- X
rate performance)

Puncture protection -- X -- --

Maximum payload weight -- X -- --

Heat conduction -- X -- --



Appendix B identifies a representative number of commercially available shipping casks and
containers that could be used for GTCC LLW waste. Also, there are numerous vendors with
technical and manufacturing capabilities to custom modify, design, or fabricate casks and
containers specifically for GTCC LLW.

Appendix A.4 identifies the containers that have been evaluated and tested, and that qualify
as DOT-TA packages (49 CFR 178.350) for DOE) They are not only usable for waste
containers, but also for transporting LSA, limited quantity, and Type A quantities of radioactive
materials.

There are no acceptance criteria for GTCC LLW; therefore, the containers could vary
significantly in size, shape, structural material, and so forth. The following sections provide a brief
discussion of each type of GTCC LLW along with examples of casks and containers that could be
used to transport and store the waste. Since the specific requirements for the GTCC LLW
treatment, storage, and disposal facilities have not been established, this report does not try to
identify the "best" casks and container(s). Instead, this report identifies a wide variety of potential
casks and containers.

4.1 Activated Metals

There are two sources of activated metal components: (a) those resulting from normal
refueling and maintenance operations in nuclear power facilities, and (b) structural components in
reactor vessels that are removed during decommissioning at the end of the reactor operating life.
The size of these components varies from (a) large boiling water reactor (BWR) and pressurized
water reactor (PWR) core shrouds and PWR core barrels, to (b) smaller components such as
BWR control rod blades, incore instruments, PWR thimble plugs, and primary sources.1 The
casks and waste containers needed for activated metals could vary greatly.

Larger components will most likely be sized for transport. These components are expected to
be highly radioactive; therefore, they will need to be shipped in heavily shielded Type B shipping
packaging. The waste container requirements will be those imposed by the shipping packaging.
The most likely Type B shipping packages for this waste will be large heavily shielded casks,
e.g., TN-RAM, NuPac 125-B, NUHOMS, TITAN, IF-300, GA-4, BR-100, GA-9, and TN-8. The
following is a detailed description of some of these shipping casks and the waste containers for
placement in these casks.

Appendix A shows examples of large capacity containers. A discussion of these large-capacity,
single, and multipurpose containers is given below:

• TN-RAM high activity irradiated hardware container

This container has a capacity of about 53 ft3 and is transported in the TN-RAM cask.
This cask system was developed to meet demand for a high capacity packaging to serve
an irradiated hardware market. It is an overweight truck cask used extensively by the
commercial industry, primarily BWR power stations, to transport irradiated components
as LLW to the commercial LLW disposal facilities.

Advantages of this container are: (a) it is a waste container being used in the private
sector and auxiliary equipment for using the container exists; (b) the container has a large
capacity and is transported by truck; (c) the TN-RAM cask is licensed by the NRC to
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current regulations for transport; and (d) the TN-RAM provides shielding, which allows
the container to hold up to 14,000 curies of Co-60.

Disadvantages of this system are: (a) it is a patented system available through a single
vendor; (b) a shielded storage cask or facility would need to be developed to store loaded
canisters; (c) this system is not universally used by industry, which means that the storage
and disposal facilities will need to have the capability to handle other types of large waste
containers; and (d) there is no assurance that these containers will be acceptable for final
disposal.

• NUHOMS dry shielded canister (DSC)

The canister, NUHOMS-24P, is part of the NUHOMS system. The NUHOMS MP-187

transportation cask is in the process of being licensed by the NRC to 10 CFR Part 71.
The NUHOMS is used by some commercial nuclear reactor facilities for dry storage of
spent fuel, bu other canister designs could contain GTCC LLW. The system has a
10 CFR 72 storage license from the NRC. Modifying the internals of the DSC and using
the DSC to store GTCC LLW could require changes to the license. The total system is
self-contained with its own transfer-shipping-storage cask, concrete storage modules, and

miscellaneous loading, unloading, and transporting equipment.

Advantages of this type of system are: (a) the system is not dependent on major facilities
and can be easily moved from one location to another; (b) the canister has a large

capacity (two sizes, 380 ft 3 and 400 ft3) that could reduce the number of shipments to
storage or disposal facilities; (c) it is a proven technology licensed by the NRC and used
by commercial reactor utilities; (d) once the canister is sealed shut, no repackaging is
projected prior to disposal (assumes meeting repository or other disposal facility
acceptance criteria); (e) since the concrete storage modules are designed for storing spent
fuel, they either would provide adequate shielding or could be easily modified to provide
additional shielding; and (f) if successful, the transfer cask will also be licensed by the
NRC to serve as a transport cask and storage cask.

Disadvantages of this system are: (a) it is a patented system available through a single
vendor; (b) licensing of the transfer cask as a shipping package and storage cask is still
being worked; (c) this system is not universally used by industry, which means that the
storage and disposal facilities will need to have the capability to handle other waste
containers as well; (d) the DSC and shipping package cask are very large, requiring
railroad access, which may not be available at all locations; and (e) there is no assurance
that the DSC will be acceptable for final disposal.

• Universal container system (UCS)

Virginia Power is evaluating using a universal container system (UCS) for spent nuclear
fuel storage, transport, and disposal. The UCS would consist of a basic metal container
with three separate overpacks, one each for transportation, temporary storage, and

. permanent disposal. The UCS could be used, as is, if the GTCC LLW is sized and
' loaded into canisters that fit into the basket assembly slots, or if thc internals of the UCS

could be modified to accept GTCC LLW.
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Advantages of this type of system are: (a) the UCS would have a large capacity,
estimated to be 21 fuel assemblies, that could reduce the number of shipments to storage
and disposal facilities; (b) once the UCS is sealed shut, the GTCC LLW will not need to
be repackaged for disposal; (c) this system would provide a storage, transport, and
disposal system; and (d) since the UCS would be designed for spent fuel storage, it would
provide shielding.

Disadvantages of this system are: (a) the system may be dependent on major facilities to
transfer the inner container into the various overpacks and may not be easily moved from
one location to another; (b) it is not a proven technology used by commercial reactor
utilities and it is not licensed by the NRC for any of the functions; (c) this system is not
universally used by industry, which means that the storage and disposal facilities will need
capabilities to handle a wide variety of waste containers; (d) the UCS is very large,
requiring railroad access, which may not be available at all locations; and (e) there is no
assurance that the UCS container and overpack are acceptable for disposal since the
acceptance criteria for the disposal facility has not been established.

• DOE dual-purpose casks

DOE, through the OCRWM, is conducting a project to demonstrate dual-purpose cask
systems, e.g., casks used to transport and store spent nuclear fuel. The two casks
designed and fabricated for this purpose are the TN-BRP and TN-REG. Both of these
casks have been licensed by the NRC for transportation. The TN-BRP license is
USA/9202/B(U)F and TN-REG license is USA/9206/B(U)F. Both casks have a right
circular cylindrical design constructed primarily of forged steel. The TN-BRP is designed
to hold up to 44 BWR spent fuel assemblies and the TN-REG is designed to hold up to
40 PWR spent fuel assemblies. These casks, like the DSC and UCS systems, could be
used as is, if the GTCC LLW is sized and loaded into canisters that fit in the basket
assembly slots, or if the internals could be modified to accept the various waste forms and
configurations.

Advantages of the DOE dual-purpose casks are: (a) both of these casks have large
capacities (320 ft3 for the TN-BRP and 380 ft3 for the TN-REG); (b) this system
provides storage and transport; (c) both casks are licensed by the NRC for transport; and
(d) since the casks are designed to transport and store spent fuel, they would provide
shielding.

Disadvantages of these casks are: (a) the casks are not designed for disposal and no
effort is underway to license them for storage; (b) because of criticality concerns, the
casks have been licensed by the NRC for transporting only half loads of spent fuel at a
time--this may not be a concern for GTCC LLW, as criticality is not an issue; (c) this
system is not universally used by industry, which means that the storage and disposal
facilities will need to have the capability to handle other waste containers or will need to
load and seal the waste into these casks at the facility; (d) these casks are very large,
requiring railroad access, which may not be available at all locations; and (e) there is no
assurance that these casks are acceptable for storage at an NRC licensed facility since
they have not been licensed for storage and there is no effort underway to license them.
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• Other storage and storage/transport casks for fuel storage

In 1988, Oak Ridge National Laboratory compiled information on casks used in the U.S.
for the storage and transport of commercially generated spent fuel. 4 A summary of
storage and transportable storage casks is shown in Table 5. All of these casks are
possible candidates for GTCC LLW if the inner cavity is redesigned. More detailed
information about these and other casks is found in Appendices A.1, A.2, and B.4.

Smaller waste containers could be used to transport activated metal. Large components
would need to be sized to fit in the waste containers. All of the containers in

Appendix B could be used for this purpose. However, the more standard the waste
containers are, the more off-the-shelf equipment that is available for handling operations.
For example, 55-gallon drums are used extensively throughout governmental and
commercial sectors. There are many commercially available shipping packagings for

55-gallon drums, as can be seen in Tables 2 and 3. Waste containers that are not
standard (a) may require special handling equipment, (b) may not fit into conventional
transportation casks, or (c) may require special dunnage for transport.

4.2 Process Waste

Process wastes consist of the wet waste generated from the cleanup of liquids containing
soluble and insoluble radioactive constituents. Those wastes are in the form of ion-exchange

media, filter media, and cartridge filters, with GTCC LLW concentrations of 137Cs and 9°Sr. The
Class C limits of cartridge filters are also affected by the presence of 63Ni.1

The waste containers for processed waste could be either self-contained filters or removable
filters that must be placed into a storage container after being used. The Three Mile Island
Unit 2 (TMI-2) accident produced several examples of self-contained filter processed waste used
as part of the cleanup system following the TMI-2 accident. Those waste containers are the
Submerged Demineralizer System (SDS) vessels, EPICOR-II prefilters, and TMI-2 filter canisters.
Appendix B.3 provides a brief description and sketch of each of these filter containers.
Generally, Type B transportation casks have been used to transport these filters. Examples of
Type B casks used to transport this type of waste are CNSI 1-13C, NuPac 125-B, SEG's 3-82B,
and CNS 8-120B. Filters have been stored in concrete overpacks and disposed of in vaults or

high integrity containers (HICs). Examples of casks used to transport HICs are NuPac 10-142,
NuPac 14/210L, CNSI 14/215H, LN 14/195, etc. Many cartridge filters are not self-contained.

HICs and 55-gallon drums are the most commonly used. The multipurpose cask and canisters
discussed in Section 4.1 may also be used to store filters.

One issue for transporting filters is gas generation from radiolytic decomposition of water into

H 2 and O 2 gases that can reach a flammable gas mixture. DOT regulations prohibit shipment of
radioactive material generating gas mixtures. In order to transport this type of waste, the gas

generation rate must be controlled. Controlling gas generation can be done by equipping the
containers with a catalyst for gas recombination. Other treatments are water removal by vacuum

drying and filter vitrification.

4.3 Dry Contaminated Solids

Dry contaminated solids are routinely generated at most facilities in the nuclear industry and

by other commercial users of radioactive materials. Those materials are in the form of
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Table 5. Storage and storage/transport casks for spent fuel)

CAS'I_R TN-REGI RE.A- C-E Dry NUPAC NUHOI_S
_R-IC V/21 TN-24P TN-24 BRP MC-10 2023 NAC S/F Cap CP-9D h 0708

TY_ Storage Storage Storage/ Storage Storage/ Storage Storage Storage/ Storage/ StoraEe Storage
transport transport transport transport

Capacity (assemblies) 16 B_VR 21 PWR 24 PWR 24 PWR 40 PWR 24 PWR 24 PWR 26 PWRf 24 PWR 9 PWR 7 PWR
Intact SF 52 BWR 85 BWR b 52 BWR 60 BWR

Consolidated fuel rods 21 BWR 42 BWR 48 PWR 48 PWR 48 BWR 48 PWR 56 PWR 48 PWR 18 PWR --
104 BWR 104 BWR 122 BWR 100 BWR

Weight-Loaded (tons) a 81 ! 17 100 100 103/98 120 98 100 111/113 88 11 c

Design heat 14.4 28 20.6 24 5 13.5 44.6 26g 24 5.4 7
Rejection (kW) a

Peak Clad Temperature (°c)a 365 365 221 375 375 336 304 360 355 290 380

Materials o,¢ Construction Nodular Nodular Forged SA350, Forged Forged Pb/SS Pb/SS Steel Concrete Concrete d

Cask body cast iron cast iron steel Gr. LFI steel steel

Basket Borated SS SS/borated SS A1/B SS/B, SS/B SS grid/ SS with boral A1 SS Steel SS/Pb
Cu plate SS cell with inserts in ends e

tO boral plates

Neutron shield Polyethylene Polyethylene Resin-sides; Polyester None BISCO Gylcol and BISCO BISCO Concrete/ Concrete d
lid--poly- resin N-3 water NS4FR RX-227

propylene

Cavity Atmosphere lte He He N or He Inert He He He He Inert He

Licensing Status Licensed Licensed Applied Applied Applied Licensed Applied Applied Applied Applied Licensed
for-- for for-- for for-- for for

storage transport storage

Number in existence in U.S. 1 6 l 0 2 1 l 1 0 0 3

(or on order in 1988)

a. For intact fuel assemblies.

b. Short assemblies, double stacked.

c. Weight of canister only -- not concrete storage module.
d. Refers to NUHOMS concrete storage module.
e. Refers to NUHOMS canister.

f. 31 PWR with buruup credit.
g. 16 kW for burnup credit version.

h. Applies for CP-9W.

SS -- stainless steel.



contaminated plastics, paper, metals, and wood, and are historically the largest volume of LLW
generated. The routine generation of these waste forms is a result of surface contamination.
Their specific activity is low, rarely exceeding Class A limits. For most facilities, it is unlikely that
Class C limits for these waste forms will be exceeded. However, there are some fuel development
and hot cell facilities that could generate GTCC LLW as a result of transuranic surface
contaminationJ (See Table 1 for examples of dry contaminated solid wastes.) Since hot cell
facilities are usually small, with limited space and capability to handle large containers,
contaminated materials are often bagged and/or loaded into 1-gallon paint buckets. The bags or
paint buckets may then be loaded into larger containers. HICs and 55-gallon drums are most
commonly used as a waste container for these wastes. There are numerous transportation casks
available to transport these waste containers as shown in Tables 2 and 3. These wastes could also
be loaded into the large capacity canisters discussed in Section 4.1, which would allow this type of
waste to be transported and stored using the same equipment and storage facilities as the spent
fuel.

4.4 Sealed Radiation Sources

Sealed radiation sources consist of small capsules, usually stainless steel, that encapsulate

relatively high concentrations of a single nuclide. Sealed sources are used in a wide range of
applications, including industrial and medical applications. The sealed sources are typically
contained within a larger device. Two groups of those sources have been identified: (a) those
containing transuranic radionuclides, and (b) those containing other radionuclides. 1 Table 6
summaries the range of sizes for individual source capsules along with the shielding, device, and
transport package for each major sealed source identified by an NRC survey. 5

Sealed sources are routinely handled throughout industry. In most cases, they have their own
containers that are used for storage, shielding, and transport. Appendix C shows typical sealed
sources, and examples of nonreturnable and returnable packaging. Appendix A.3 is a list of
NRC-licensed transport packaging. Sources and containers could be placed into larger waste
containers as is; however, that would be an inefficient use of the waste container. One vendor,

Troxler Electronics, Inc., may develop a 55-gallon 7A drum that has special pipe sleeves and
shielding for consolidating sources. 2 As identified in Reference 2, if the sources were dismantled,
thereby removing all the electronics and support components so that only the shielded capsule
remained, a significant volume reduction would result.

It should be noted that it is important to ensure that sealed sources meet the definition of

special form radioactive materials, 49 CFR 173.469, if the A 1values are used in determining the
appropriate shipping packages. Failing to identify that a source no longer meets the definition of
special form could result in it being shipped out of compliance with DOT and NRC regulations.
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Table 6. Source and package size ranges. 2

Moisture/Density Gauges (.=14#00)

Source capsule size 0.75 cm3 - 4.6 cm 3
Shield size 3,670 cm 3 - 4,140 cm a

Gauge size 14,680 cm 3 - 20,700 cm3
Package size 96,500 cm3 - 104,950 cm3

Fixed/Test Gauges (.=4,100,,+ 66,000,-I-,)

Source capsule size 4.24 cm3 - 13.5 cm 3
Shield size 198 cm 3 .. 655 cm3

Gauge/container size 5,678 cm 3 - 9,440 cm 3
Package size 20,600 cm 3 - 32,180 cm3

Oil Well Logging Units (.=2,000)

Source capsule size 14.3 cm3 - 38.6 cm3
Shield size 1,073 cm3 - 1,442 cm3

Gauge/container size 3,785 cm3 - 5,680 cm3
Package size

Type A 20,600 cm 3 .- 32,180 cm3
Type B 71,800 cm3 - 71,800 cm3

i
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5. CONCLUSIONS

There are a wide variety of shipping packages and waste containers that could be used to
transport GTCC LLW. Transportation regulations do not address waste containers unless they
are used as shipping packages or are specified as a component of a shipping package. In most
cases, the waste container will be determined by the generator based on operations, handling,
storage, and transportation capabilities. Unless acceptance criteria are developed for GTCC LLW
accepted by DOE, there is a potential of receiving a wide variety of containers transported in
various shipping packages.

This report does not try to identify the "best" package or container(s); however, there are
shipping packages and containers that have attributes worthy of discussion. The TN-RAM cask
and container system is currently being used throughout the commercial industry for transporting
large volumes of radioactive LLW by truck. The GTCC LLW could be sized to fit into the
TN-RAM container and transported in the TN-RAM cask. The NUHOMS, currently licensed by
the NRC for storage, could be attractive if the transfer cask is licensed by the NRC for transport.
The canister has a large capacity that could be modified to hold the GTCC LLW. Smaller
containers like 55-gallon drums are attractive in that (a) the handling equipment is commercially
available, (b) sophisticated facilities for handling are not required, (c) they are inexpensive, (d) a
large selection of shipping packages are available for transport, (e) the GTCC LLW could be
sized to fit into the drums, and (If) there are numerous commercially available casks for
transporting 55-gallon drums.

The above are not the only casks and containers to be considered. A strong case can be
made for using other casks and containers, or a combination of casks and containers, identified in
this report. The final decision will be made based on a number of considerations, e.g., the waste
form; the generators' capabilities; processing and repackaging, if any; transportation; and the
storage and disposal facilities' capabilities and acceptance criteria. Once these considerations have
been addressed, the program will need to decide whether to lease or buy shipping packages. It
appears from the information contained in this report that a new shipping package design will not
be necessary. However, there are several vendors in the commercial sector that have the
technical capability to modify and design shipping packages and waste containers to meet the
needs of the GTCC LLW transport program.
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Appendix A.1

Standard Transportation Packaging/Casks
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m,, i i.,H li,l. ii , ,,,,, Hil . ,,,,..,, ii ,,l i ,

 IPEIFIIE CASK DATA TABLE
NLIIELFJ:IR®

llll ill i., i ill i

CASK DIMENSIONS

CASK CLASS USNRC PAY. DRUM INNER INNER EXT. EXT.
TYPE C OF C VOL. CAP. DIA. HGT. DIA. HGT.

CU.FT.
,, ,, _ ,, • ,. . ', ,,,=,. , .,, _ ,, ,,, ,, _ ,,,,,,, , ,_, ,_',,.. ,

14-210L A 9176 217 14 77.5 80.25 92.25 92.0

14-210H A 9176 217 14 77.5 80.25 93.5 92.0

14-190M A 9159 190 14 75.5 73.38 91.5 85.13

10-142B B 9208 142 10 66.0 72.0 112.0 120.0

I' _ ,,.. ,,_,' ' ,,. ',' f , ' ' ,,,,, ' ' ,, i - ' ''" , , ,I ' '_, ,, I', ' ,, ,,

AUTHORIZED
CASK EMPTY PAYLOAD LOADED
TYPE (LBS.) (LBS.) (LBS.)

.... ,,, ,,,, , , ,, , ,,;',_ , , ' , , ,, - ' , , ' " "" ' ' , , ,I,' ,

14-210L 31,600 20,000 51,600

14-210H 38,400 20,000 58,400

14-190M 33,500 20,000 53,500

10-142B 58,100 10,000 68,100

', c_ ' , =' i , ,, .', " ' : c_: , , ,, . -

CASK CONTAINER LEAD EQUIV. MAX. RAD.
TYPE TYPES (INCHES) LEVELS INVENTORY

L '" '"" _ '_, ,T,_ ,, , , , ,' ,' I , _ '

14-210L ES-210 C.S 2.00 7 R/hr. 7
EL-210 P.H.

14-210H EL-210 C.S. 2.73 20 R/hr. 8
EL-210 P.H.

14.190M ES-190 C.S. 2.25 10 R/hr. 1
EL-190 P.H.

10-142B ES-142 C.S. 4.25 350 R/hr. 3
EL-142 P.H.

C.S. = CARBON STEEL
P.H. = POLY HIC

i , ,ira ii ill i ,,,i i lln iii, l
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NuPac Cask No. 10-142 r-n_F,
NRC CofC #9208 INILIICLFJ'-II_

SYSTEMS

iii i i i i ii i ii

Capacity: 10-55 gallon drums -. ,_/_'_

1-142 ca. ft. liner -\. ,._.\ _<,_/]

Shielding' 4.25" lead equivalent

Dose Rate: 350 R/hr approximate ___,._r_.r------------_,,,/._(based on Cobalt 60)

.motPaca0e.e0.t,w,.O0OPayload Weight' 10,000 "
The NuPac 10-142 is a lead and steel Type B
shipping cask. The cask lid is secured to the
cask body by 16 1-1/2" studs and nuts. This
cask is top loading and has both a stainless
steel liner and outer surface for ease of

decontamination. ,.u
ii i i i i

L = ii|l IIlll

112.0 . _ .50 -:i.. _ 3.5 _ __112
STL, LEAD STL.

CASKANDPRIMARYLID

LIFTLUGS (3)SECONDARY LIDf LIFT LUGS(31

"'tl' '

"_ _ _ ..... : " _ '= .

;- I , A : ,.'.,=.
' ' ----' " ' .... !' I' ,q' ;'

"
-- _ I, - _ .... , , •

:.':..'_ : _._ :!._ _,_

29 0 ,

_ x

120 0 -,_ 720 '

_ .

I ,,, ,, ', '.,. ; " " ' i

_- OVERPACKS

NuPac Services, Inc. Brooks_cle Office Park No1 Herb=son Way, Sutte 209 Columb=a. South Carohna 29212
Telelonone(8031781-0426 Te!ex _52667 PNSIUD Teteco_y: (8031781-9316
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NuPac Cask No. 14.210H
NRC C of C #9176

Capacity: 14 55-gallon drums _ _ ""

1 190-215 cu. ft, liner _'%' 1

Shleldlng: 2.75 lead equivalent _- ,;-'_
Dose Rate: 20 R/hr

(maximum based on Cobalt 60) ,__ { _k.
Empty Package Weight (with lid): 38,400 I ,.nJ..dr.

Payload Weight: 20,000
The NUPAC 14.210H is a lead and steel shipping
cask for dewatered or solidified waste. Contents
may be greater than Type A quantities meeting ,,/
the requirements of low specific activity. The cask J
lid is secured to the cask body by eight 1_A"
ratchet binders. ---



', , ,, O0 mr/hr CONTACT - RESIN
I
I
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I
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"' !--
r,_

t I I i
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NuPac.Cask No. 14.210L
NRC C of C #9176

.°

. Capacity:. 14 55.gallon drums
1 190.215 cu. _t. liner ,__

Shielding: 2.0" lead equivalent _"-._'_
Dose Rate: 7 R/hr (approx)
(maximum based on Cobalt 60)

Empty Package Weight 28,600 t
Payload Weight: 20,000 "_

\..,

The NUPAC 14.210L is a lead and steel shipping %<'--4,.cask for dewatered or solidified waste. Contents
may be greater than Type A Quantities meeting ""_..
the requirements of low specific activity. The cask
lid is secured to the cask body by eight 1_A"

ratchet binders.
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NuPac Cask No. 14.190H
NRC C of C #9159

Capacity: 14 55-gallon drums / _'

o1 190 cu. ft. liner

Shielding: 3.5" lead equivalent _'. -_
Dose Rate: 150 R/hr (approx)
(maximum based on Cobalt 60)

Empty Package Weight 45,200

Payload Weight: 20,000 ,:
The NUPAC 14.190H is a lead and steel shipping

cask for dewatered or solidified waste. Contents _'_._.._,may be greater than Type A quantities meeting ._.
the requirements of low specific activity. The cask
lid is secured to the cask body by eight 1_,4•
ratchet binders.

_.
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14-190H

• ,000,000 - , ,
I I

I I I
I00,000 ----------"

i ' ' I

I i

i0,000

_-- l I l I

1,000

200 mrlhr CONTACT - CONCRETEMEDIUM

200 mr/hr CONTACT - RESINMEDIUM
(./9

ZOO 10 mr/hr @ 6' - CONCRETE MEDIUM
I

i0 mr/hr @ 6' - RESIN MEDIUM
l

zo l
I

' T I

i i
l
l

i
I

, I
I

i I
l , l I l '

,i L _ t i t I I i t i

0 .25 .50 1.75 1.00 1,25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
.66 1

CESIUM 137 COBALT60

GAMMAENERGY (MEV)
A-13



FE.ATURES OF THE IF.300 IRRAOIATED FUEL TRANSPORTATION SYSTEM

The IF.300 Irraaiatecl Fuel Transl:ortat=on System _s des=ease to l:ansoor! trracl_ated IsDentl nuc:ear fue_

,n accordance wltit tits requirements of t_e Nuclear _egulatory Commission (NRCL an(:] tr_e _)e_arcment _t

_ranscortatron." The system _so_eratlonal under Certsficate of Coml:liance 9001, wnwcn was ortg_nally _ssue_

Dy t_e NRC (t_en Atomic Energy Comm|sslon_ _n 1973. At tr_e Dresent t_me, this Cer_tficate Derm_ts shipment of'

all currently used Be=ling (BWFII and Pressur_zecl (PWR) Water Reactor fuel _na dry mode. Fuels of nom,nal burn. :I

_ can _e sn=_ed after aoorox=mately 2.1/2 years ot cooling t_me. The cask ts presently uCJt_zeofn a "zero-

release" configurat=on and uses a rupture chsK aewce for averoressure _rotect_on ratr_er than the or=g_nai
:,':ntrollecl-release valve.

The IF.300, wnlc_ _as a caoac_ty of 7 ;:rWFIor 18 BWR bunclles, was trte first multz-Ounclle cask w_tn the

neutron sr_=elOtng requ=re_:lf_r I-tigr_exgosure fuel. It is t_e only mutti.bunclle cask w_tt't actual operat=ng ex.
_er_ence and ts notes for =ts relative compactness andease of l_anaiing in currently o_eratmg nuclear stations.

Ca_ac=ty, weight, anti dimens=onal Sl:)e¢iflcations of the IF.300 are as follows:

Capacity BWR PWR

Bunclles ........................................................... 18 7

At>lxt:uclmate Maximum Loaded Wel_ttt (_N4_'*
Cask only, ;x_un(:lt......................................... 140,000 136,000
Skid, enclosure, ana cooling

system, l_ouncls......................................... 45,0(X] 45,000
Flail Car ........................................................... 75,000 75,000

Total System, i:ounas ................................... 260,000 256,000

Cavl_

Length, incites ............................................... 180 169
Diameter, incites ........................................... 37.5 37.5

CaM lledy

Lengttl. inches ............................................. 2138 198
Nommll Oilmet_, incites ............................ 64 64

Redundant Yoke

We_grtt, l:)ounOI ............................................ 15,000 1_,000

Standard Yoke

We,grit, l:)ounas.............................................. 5,000 5,0OO

Sldd

Lengtrt, feet .................................................... 37.5 37.5
Wl(:Itit, feet ...................................................... 8 8

Heat Dissipation
BtuJitr. ............................................................. 4,0,000 40,0OO

"U 5 C :as ot I::eOtra| ;=equiat,on=, _0CF;171 in(: 4¢JCFR17

• "',*il_(_( Of waist I_ CJill wrll_ I tlfllO¥1K] |rOf'_ _l I_ ai)_t0z_fftillly 4 000 _:Ut_$.

)
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Figure 2 IF-300 Irladlafad Fuel Shipping Cask



Inner container for the Pacific Nuclear Systems IF-300
shipping storage (I of 3)



Inner container for the Pacific Nuclear Systems IF-300

shipping storage (2 of 3)



Inner container for the Pacific Nuclear Systems IF-300
shipping storage (3 of 3)
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NUPAC TRUPACT-II SHIPPING CONTAINER

The TRUPACT-IIpackageis a stainlesssteeland polyurethanefoam shippingcon-

tainer designedto providedoublecontainmentfor shipment of contact-handled

transuranicwastes. The package is desi§nedto ship up to fourteen55-gallon

drums or two standardwaste boxes (SWB). The package weighs approximately

19,250pounds when loadedwith the maximum authorizedcontentsof 7,265pounds.

Up to threeTRUPACT-IIshippingcontainersare transportedon a trailer

designedfor that purpose.

The TRUPACT-IIpackageconsistsof a stainlesssteel inner containmentvessel

(ICV)housed inside a stainlesssteel-polyurethanefoam outer containment

assembly (OCA). The OCA is a right circularcylinderwith a flat bottomand

domed lid. It has outsidedimensionsof approximately94 inchesdiameterand

122 inchesheight.The OCA body consistsof a 10-inchthick layer of

polyurethanefoam sandwichedbetweena I/4 to 3/B-inchthick outer stainless

steel shell and a 3/16-inchthick inner stainlesssteel shell. The inner

stainlesssteel shellof the OCA is designatedas the outer containmentvessel

(OCV). The dome shaped lid of the OCA is filled with polyurethanefoam and is

securedto the OCA body by a lockingring. A butyl rubberO-ring is used for

the containmentseal for the OCV. A secondO-ring,made of eitherneopreneor

ethylenepropylene,allowsthe OCV seal to be leak tested. The OCV is equipped

with a seal test por: and a vent port. The OCA lid is equippedwith three

pairs of equallyspaced lift strapsand guide pocketsfor liftingand handling

the OCA lid.

The ICV is a I/4-inchthick stainlesssteel shell with domed ends havinginside

_imensionsof approximately73 inchesdiameterand 98 inchesheight. A butyl

rubberO-ring is used for the containmentseal. A secondO-ring,made of

either neopreneor ethylenepropylene,allows the ICV seal to be leak tested.

The ICV is equippedwith a seal test port and vent port. Aluminumspacersare

placed in the top and bottomdomed ends of the ICV duringshipping. The cavity

availablefor contentsis a cylinderwith approximatedimensionsof 73 inches

diameterand 75 inchesheight.

The TRUPACT-IIpackageis securedto a special trailerusing four sets of

doublerplates and tie-downlugs. Fork pocketsare locatedat the base of the

OCA for liftingand hanalingthe package.
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Rep:esentAtive _AC_-II 14-Dt_ Psylold Co_i_stio_
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(I) _ Legal WeightTruck ShippingCask "

(Z) Manufacturer/Vendor NuclearAssuranceCorporation

(3)

(a) IntactSF (Assys) I PWR; Z BWR
(b) Cans ConsolidatedFuel Rods I PWR; 2 BWR

(4) _ (tons)
(a) Loaded 23
(b) Empty 22

(5) DesignHeat Rejection(kW) ll.S

(6) _ Cylindrical

(7) Dimensions

(a) OverallLength (in) 214
(b) OverallDiameter(in) 38
(c) Cavity Length (in) 178
(d) CavityWidth (in) 13.5

i_I Inner Shell Wall Thickness (in) 0.31Lead ShieldWall Thickness (in) 6.6Z
(9) Outer ShellWall Thickness (in) 1.25
{h) NeutronShieldTank Thickness(in) 4.5

(8) Materialsof Construction

(a) Cask Body SS/Lead
(b) NeutronShield

Sides BoratedWater/Antlfreeze
Ends None

(c) B_sket SS

(9) _ None . SmoothSurface

(I0)02eratlngTemper@ture(OF) 345 max.

(II) Oj)eratinqPressure(pslg) 5 (984max.)

(12) OutsideSurfaceDose (mR/hr) 200 max.

(13) qavi_t_Atmo_here Air

(14) LicensingStatus Originallylicensedby AEC and NRC. NRC would not recertifythe
cask due to the fact that the insidecavitywas constructedof 5/16-1nchSS plate
which was rolledand welded. There was some distortionin the innercavityas a
resultof this. After the cask had been used some time NRC rehuireddocumentation
to show that the distortionwasn'tdue to shippingoperations;however,thesetypes
of recordswere not available. Hence the cask has had limited use in transporting
non.LWR fuel and can only be used for on-sitetransfersof LWR fuel.

(15)Comments NAC obtainedlicensefor NFS-4caskdesign-- to have NAC-Imanufactured;
NAC rater took possessionof NFS-4 casks and has rightsto leasethem•

A totalof sevencasks are inexistence,one of which isowned byDuke PowerCo. and
the others are availablefor lease from NAC. Casks have interchangeablebasLets
for PWR and BWR fuel.

References

(I) K. H. Dufrane,Desian,Manufacturingand OperationalExperiencewith the NFS-
4 Spent Fuel ShippingCask, ProEeedings'ofthe 4th InternationalSym_po_umon
Packaging and Transportationof RadioactiveMaterials, Miami Beach, FL,
September 1974.

(2) Letter W. J. Lee (NAC) to W. Etz (JAI),July 29, 1987

(3) U. S. Department of Energy, Technology for Commercial RadioactiveWaste
_, Vol. 4, DOE-ET-O0?B_May 1979

' (4) P. M. Dalingand R. L. Engel,An___alyslsof)Jeer-TermSpent Fuel Transportation
HardwareRequirementsand TransportationCosts,PNL-4575,January1983
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NLI ]/2

(I) _ LegalWeight TruckShippingCask

(2) Hanufacturer/Vendor NL Industriesinc.

(3)

:I IntactSF Assys ] PWR;2BWRI Cans Consolidated Fuel Rods 2 PWR;4 BWR

(4) _ (tons)

(aS Loaded 23.1
(b) Empty 22.3

(5) Destgn Heat Rejection (kW) 10.6

{6) _ Cylindrical

(7) Dimensions

(aS OverallLength(In) 195.25
(b) Overall Diameter (tn) 47.12
(c) Cavity Length (in) 17B
(d) CavityDiameter(in) 13.38
(e) InnerShellWall Thickness(in) 0.5
(f) Lead ShieldWall Thickness(In) 2.12
(g) Depleted U Wall Thickness (tn) 2.75
(hi Outer Shell Wall Thickness (in) 0.88
(t) Neutron Shield Tank Thickness (in) 5.25
(j) InnerContainerWall Thickness(in) 0.25

(8) Materialsof Construction

(aS Cask Body SS/Lead/Depleted U
(b) Neutron Shield

Sides Water& EthyleneGlycol
End None

(c) Basket SS and Aluminum

(g) CoollngFins Yes

(I0) CavityAt_sphere He; air if heat Is less than 2.S kw

(II) OD)ratlngTemperature(OF) go0 (FuelClad)

(12) OperatlngPressure(psig) 310 max.

(13) OutsideSurfaceDo_e (mR/hr) IO0 max.

(14) LicensingStatus Licensed by NRC in 1980; can be used to ship either intactor
consolidatedLWR fuel.

(15) Comments Casks have separatebzskets for PWR and BWR fvel. There are a totalof 5
casks currentlyin existence.

Casks are currentlyin the possessionof NuclearAssuranceCorporationwho has the
rightsto leasethem.

References

(I) USNRCCertificateof ComplianceNo. 9010,July 16, 1980

(2) LetterW. J. Lee (NAC)tn W. Etz (JAI)oJuly 2g° 1987

{3) LetterW. J. Lee (NAC)to E. R. Johnson(JAI),February8, Ig88
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NLIZOf2_

(1) _ Rail Shipping Cask

(2) Manufacturer/Vendor, NL Industries Inc,

(3) Capacity -i
(aS Intact SF Assys 10 PWR;24 BWR

(4) _ (tons)
96,5

Empty 89

(5) Dest9n Heat Re_ectto_n{kW) 70

(6) Shape Cylindrical

(7) Dimensions

(a) OverallLength (in) 204.5
{b) Overall Diameter (in) 88
(c) Cavity Length (tn) 179.5
(d) CavityDiameter(In) 45
(e) Inner)hell Thickness(in) 0.75
(f) OuterShell Thickness (in) 2

I_} Lead ShieldWall Thickness(In) 6NeutronShieldTank Thickness(in) 9.75
{t) Outer Closure HeadThickness (in) 2.5

{8) Materialsof Construction

(aS Cask Body SS/Lead
(b) Neutron Shield

Sides Water
Ends & StrategicWall Locations Rlcorld

(c) Basket AluminumLined wlth Ag-ln-CdplatesIn SS

(9) CoolingFins Concentric(forcedwater circulation
• coolingfrom separatecoolingcircuit)

(I0)Dry Shipment

(aS Atmosphere He
(b) CavityPressure(pslg) 23.1 {normal);500 {max.)

(II)Wet Shipment

(_) Medium Water
(b) CavityPressure(psl9) 500 (max.)

(12)NormalOperatingTemperatures
(w/onlyone of two coolingsystemsoperative)

a) Outer Surfac)(OF) 227
InnerSe_l (_F) 268

)) Basket ("F) 451 (max.)
(d) Fuel Assembly (OF) 690 (avg.)

(13)OutsideSurfaceDose (mR/hr) 200 max.

(14)LicensingStatus Licensedby NRC for shipmentusing Ag-ln-Cdbasket.Certificatehas
expiredand no renewalhas been appliedfor.

(15) Comments Cask has two separatebaskets,one for PWR and one for BWR. Due to no demand
for the use of this cask, owrlerrecoveredsilverfrom the basketsIn the late 1970s
thus no basketsexistfor the cask at present. There are a totalof 2 caskscurrently
in existence.

Casks are currentlyin the possessionof NuclearAssuranceCorporationwho has the

rightsto lease them.
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(I) C. E. Williams,et el, Designand tlcensln9Considerationsof the NLI 10/24Rall
TransportationSystemfor {hippingSpent Nuclear Fuel, Proceedingsof the 4ti;
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Materials,MiamiBeach,FL, September1974

(2) LetterW. J. Lee {NAC)to W. [tz (JAI),Julz 29, 1987

(3) LetterW. J. Lee (NAC)to [. R. Johnson(JAI),February8, IgB8
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THE TN-P,_¢.I- A NEW CASK FOR SHIPPINGHIGH

ACTIVITYIRRADIATEDHARDWARE

PACKAGE DESCRIPTION

Specifications for the TN-RAM were developed in conjunction
with WasteChem to meet demand for a high capacity packaging to
serve the irradiated hardware market. It was decided that an
0ver-Weight Truck (0WT) cask would be required to meet this
goal. Transnuclear already operated a fleet of TN-8 and TN-9
0W'r casks for spent fuel, and therefore it was decided to
design the TN-RAM to mate with existing lifting equipment and
auxiliary equipment to minimize the investment needed. An
optimization study led to the following key design parameters:

Payload: 9500 Ibs (4310 kg) including the weight of secondary
liner

Heat Load: 300 watts
Source Term: 2000 times the A2 quantity for Co-50, 14,000

Curies (5.18E14 Bequerels)

With these parameters set, intensive design efforts got under
way in the spring of 1988.

A schematic of the cask is shown in Figure 1. The TN-R£M
transport cask has the configuration of a right circular
cylinder. It is fabricated from lead and stainless steel,
with wood-filled impact limiters attached at both ends. The
lead and steel construction of the lid, walls, and bottom
provides a shielding effectiveness of 7.1 inches (18 cm) lead
equivalent. The overall dimensions of the packaging are
178.12 inches (4S2 cm) long and 91.75 inches (233 cm) in
diameter with the impact limiters installed. The cask is
129.38 inches (32g cm) long and S2.00 inches (132 cm) in
diameter. The cask cavity has a length of 111 inches (282 cm)
and a diameter of 35 inches (89 cm).

The basic components of the TN-RAM packaging are the cask
body, closure lid, lid bolts, and impact limiters. The cask
body consists of the cylindrical shell assembly and bottom
assembly. The closure lid is attached to the cask body with
sixteen 1.S inch (3.BI cm) diameter bolts. Six trunnions are
welded to the cask body with four located at 90 ° intervals
near the lid end and two located with a 180 ° spacing near the
bottom end. Two penetrations into the containment are
provided to support cask operations. One is located in the
lid and one is located in the cask body near the bottom end.
The maximum gross weight of the loaded package is 80,000
pounds (36,288 kg) including payload. The TN-R_M is
transported horizontally on a dedicated trailer with the Iid
end facing the tractor. During transport, the packaging is
supported in a transport cradle by two top and two bottom
trunnions.
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II I I Ill II IIII I I I _ III II I I IIIll

Desigl iCharacteristicsof TransnuclearSpentFuel (::asks
- II III I IIIII I

_! ." TN-8 TN-9 TN-12Y

.; ,Ty_e of Fuel PWR BWR
L PWR/BWR

/i Number of Assemblies 3 7 12/32

!Cavity,
,:;,.Cavity length 14' 14' 10" 14' 10"
': : Fluid during transport Air Air Air

,_ Pressure during transport (psia) <14,7 <14,7 <14,7
-!_ Design pressure (psia) 125 125 750
i' ;. " ': ,': :.. .

Shielding . ,,,
_':"Gamma shield material Lead Lead Lead
,'_..

•Gamma dose rate 2m from surface (mrem/hr) 6.5 : 6,5 <8
','. Neutron shield material Borated Solid Resin

Neutron dose rate 2m from surface (mrem/hr) 2 2 2
,'. . ,

•Heat Rejection
:,;. Mode Natural convection and radiation
', Surface N0ckel-chrorr e plated copper fins Smooth outer

surface

, ,Overall Dimensions
_ . Outside diameter 5' 8" 5' 8" 7' 6"
,q. eJ ii

,_!, Length with covers 18'1 18' 11" 18'11
• Length without covers 16' 16' 10" 17' 2"

:Weight ,,_
:; Maximum loaded weight (Ibs.) 78,600 78,200 172,000
i' Empty weight (Ibs.) 73,800 73,600 153,000

Cover weigl_t (2) (Ibs.) 1,820 1,820 8,000,, .

Lid weight (Ibs.) - 1,870 1,510 9,000
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PHOTOGRAPHOF TN-8 SHIPPING CASK
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BABCOCK AND WILCOX - BR-IO0 RAIL BARGE CASK

RemovableFuelBasket StamtessSteesinnerShell

Cav,t_esfor21 PWR or 1 /52 BWR FuelAssemDhes ' Gamma Shield(Leao_

FuelAssemnhes \ / // \
_lugs

'_ (AlternateTrunmon Lc:'_tton) ,Shiel0Plug
|

• J RemovableTrunnlons

ClosureLLC

\

Stainless Steel Outer Shell

Neutron/Thermal Shield

Removaole SkidSuitable for Rod or Barge Shioment

(PersonnelBamer not Shown for Clarity)

Holfldown Bracket (Not Shown lot Clarity)

Impact L_m=ter
ShearPad

Figure I. B&W BR-IOO _ bargec.a.,d¢.

selected ('orI.bm.renergy.absorbing abilities, ultimately stractm'A _ d:_ermalreasons and a boron-=dun'_u.m

reducing impact loads on the container during an acci- sheet material for cnticaJ.izy contn_l. A separate s_ield
dent. The fuel baskets are assemblies of individual fuel ptug of lead encased in stainless steer is located be-

storage ceUsmade pnma.,'fly of azwxtmeda]un_num for tween d:= fuel, and tbe dosu,,e lid..

Table 1, BR-IO0 component weigh= lib)
,, ,,, iii

Pool _g Tr=sportanon
Con.figuranon Configuranon

Com_>oent PWR BWR PWR BWR

Cask body 139,000 139,000 139,000 139,000

Sl_eld plug 5_00 5_00 5_00 5.200_ 7300 7 300
?vb.Uaclosurehd
Basket assembly 9,000 10.000 9,000 lO,O00
Payload 32,800 33.800 32,800 33,800
Dewatenng tool 1,000 1,000 - -
_g eqmpment 2,.500 2.500 - -

Water tbefore dram) 10,000 _8300 8,000 8.000
Impaa tUmter_

Package and 199.500 200,000 201300 203,700

,Contents _ 45,000 45,000
Railcar - _ 11.500 11.500
Skid - _ SO0 500
Personnel Bamer

_ 258.700 260,700
Gro_ Vehicle Weight "-
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GENERAL ATOMICS - GA-4/GA-9 LEGAL WEIGHT TRUCK CASKS

Table 1 summanzes the cask weights and key _.'ide vane_, of s'tmngtm, has a well..det_ed uniform
d.umeta._om, crush stren.w.mand does not bum when subjected to m-

tense heal By den.zmag the imuact Limiterswath sec.

The casJ¢ components mat retm.nthe radioacuve uom of hor_e.vcombof differ_m s'tr=-usa_sand _ed
m cLiffe_tu _.r_ons. me unoa_ titmters arc _ycontems _ called the commamem boundary, and con-

sist of the _ body sidewall, c[osuz=, closure se:d. er_ciem, t=Lmble,md IJghrwei_t,
closuz= bolts, bosom head.,ancLpenetraaons wnb se:d.s
for _-azmag :metgas sampling. The fuel s'u._pon s'trucm.mm eaca _ is r_movable.

This feature facilitams mak:mg mpaa's to _e fuel sup-
port smacmms m cas_ of damage, facilitates deconr.m-n-

Table I. Weights and dimemiom mating tbe cask. and allows the most flexibility in
carrymg ocherpayloads smchas fuel with nonmatxiami
dimenmons and nonfuel-bearmg components.

GA_ GA-9

All major caxk corn.txmen_ art mainless steel except
Weight 52,600 Ib 5").900 lb the neutron s_eld, which m polyethylene-boron the
Ca_ len.ma gamma aeneid,which m del:)lete_m-a.mum:and the bo=

without u'apact lmumr_ 187.75 in. 198.00 in. mn-caroid_ neutron-ooLson rode contamext in t_ f'tml
with imo_t ]irmtem 233.75 in. 2.0A.00in. _._ixm sa'uc'm_.The solid pol.vtthylene-bomn used

Tnmmon.to-mmmon width -'8.00 in. 47.73 ha. for neutron aLneldingcontains 1%('by wetght) mawa_
Imt_actLimlterdiameter 90.00 in. 90.00 in. boron to mimmize secotxlaxy gamma tm:xiucttonwith.
Cavity. depth 16725 in. 178.00 in. m the matenaL The me,._llic comtmmnm m tt_ ports
Cavity wldda/height 18.06 in. 1821 in arc fabricated from 304 s-tamie_ _eek ALlof the otl_r

s-tamlem steel compomm a=_fabncated fz_)mX2VI-19
stmaless steel, which is an austemtic stainless steel

The nonctrcularcrosssectionofthecaskbody withhigbsw_ngT_,e_:,eLIentcorrusionn'¢istmc_,duc-

(Figu_ 3) was selected over the traditional circular tiliry, and low-mmpetanm: impact rt._m "rbe do..
c'_osssect:ton becmme it rtmflts m a wetght-effiment de- su_ and impact l.imiter bolts, t.tu,-eadedinserts, and
sign that maxumaes thecapa_ryofthelegalwei._t sheaxpins_ fabncauxi from l_cone2718.AllO.rmgs
truck_ By inc'_asmgthecapamtyofthe_, _ made ofParkerV835-75compound,whichisa

the number of trips the _ must make from tm rtac,- fluoroc:u'bon etastomer.
tor sate to a momtortd retrievable stora_ facil_ orto

a _posnory ts muced. Th_ reduces the n._ of a ca_ The impact Limitemart fabncamd of alumiman hot)-
l:_mgmvolw--_1m anaccid#mt,rcduc_thedosetothe eycomb_ arttotallyemcaosodw-tthItx:ond62.5.
publica_doccup_ona_wodmm, andrt_lumsme total cot_l625isabigb-strcngm,higb-mc.lmlst_laLloy
costofsJaippmgthespentfuel. withexc#.Llentlow-temp_ram_impacttt:sts'uxnc_,cor-

rosmn_ta_c,, andduct_tity.

A _ featm_ofthecaskd_m= m timrtmov-

able and inmrehangeable alum.mum honeycombin- The cask interior surfaces at'=smooth and f:rt'eof
pact Lim_w.z_The mapa_t limimr de.zign m ideancal/or any pruje_-uons that could mmrm_ with fuel loadmg
both tap and bottom impact Limitm and for troth the orrtmovakALlcompotmnr: thmcould comem content
GA_ mad GA-9 cas_. Getmral Atomzca selected alu- with tbe fuel assemblie_ art fabricated f:mm XM. 19

mammabotmycomb for ttmimpel: limite_ becam_ it is stamies, sree.L,which has exc_l_ r_m.s-_anc_to gal-
light-welgJaL is of t,l._if01"_den.'iity, k_available m a vamc corromon.

STRUCTURAL EVALUATION

Strn_ analysis of the GA_ and GA-9 _ de- U.S. Nucteaz Reg,%datory.Commm._on (NRC')Reguia-
stm= shows tLmt.the cask de.rompsmeet all applicable tory.Grade 7.6. "De.=EmGmd_ for tee Structm'_ Amd-
ca'xtmaa.,Tl:_c,u.5_sartdesag:ned forttmloaxlmg anden- yszs of Shi.opmg Cask Conta.mment Vessels." In
vtatmmemal cot_taons deft.nee in Title I0of tbe Code a_Litiom t_ desama._meet all .a._..Ltcahlecnmna from

of Fedm'al Regu2anons. Part 71 (I0 C2rRPan 71_ and the "American Society of Mecaamcal Engmeers
meet tm elasnc am_y_ s'tre_ ailowa_le_ preheated m (ASM_E)Boiler and Prca.sm.mVemet Code."
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FUELSUPPORTSTRUCTURE
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CNS 14.170 TYPE A TRANSPORT CASK - SERIES li
T'be mp..io,,-'linl_CHS 14-1"/0 Tr-,n_potl Cuk is deliK_'d to com,,io (outset,, dx'um_or o_ 185 fff liner wid_ r=_idoo leveb up m _pm;dm_,_l), I;_ R/t_r at the surface. Ttu_ cuk

u_4_siriIch_l binder= for euy loading and unto=sUngchanm:_=risdc=, l"_s Scrim 1117pc =Slows aplylo*d of 14,000 pounds. Approximat©ly 2-13 bx:h¢'=o(lead equlv,,len! ,,_eiding
is provided.

CNS 14.170 TYPE A TRANSpOI_T CASE- SERIES II1
The CNS 14-i70 Series M C-_k is i sct..eiem:mK'd.,leLd sb_lded ¢=k for low specit_: ,,.-tivic7 miceri,J. The Series M c=,k is e,._aa,.lly tl_ =u=_ ,,, the _,-RI n ¢=,k except rout
it hu an inercucd muximum payloud of 17.800 Founch versus 14.000 pouncb for tbc Scric= l'r_

cNs 14-190H TYPE A TRAHSpORT CASK
The CNS 14.-19OH C=,k is a top-Iota:Sin| lead _ steel cMk for tl_n=por_n I dcwah=rcd ir_ =olidiScd low Ipc,oific =:riviry mi_riLI. This cuk hu an empty wei&ht of 45.200

pound= _ a m=utimum payload w©ll_h{of 20,000 poutKb. |t diD pn0vide.= I ie=:l equivde=:e of 3.3 hm:l_s.

CNS 14.-195LSTRONG. TIGHT TRANSPORT CASK
Th, CNS 14-195L Cuk Is I top-lo=u:llnS lead ,m:l steel euk specifically de,lllr_i for I_nmspordrqlTyl_ A quu,',ddes of I'Ktio.=<flveman_dd me*d.n| Iow.,,p_lflc _dvt[y celled•.
•r_ls ¢uk can J¢commodlm o_ 215 _ contdner or fourt_e ._lidlo_ drums. I! hu • lebd equlvuJen¢ o( ZO Incb_ _d • m*JJmum paylo*d or 17.700 Foum_.

CNS 14.-195HTRANSPORT CASK
The IopIoadinli CN$ 14-195H Transport Cuk i= desllp,_ to controls fourL-',endrums o¢ one 215 ft.=liner with r_=flon levi I,, u'pto ,,pproxima"=ly 18 R./hr •t the surfK_.. By arab..
testc*lly Io¢Idns drums with lower sud=e r-,lludoa levels witlda the CNS 14.-19]H cue drum= r_ial:ing up to 80 R/•u"=,y be reKl_ly ,hleicl¢_ _pmxtmi_=ly 2-7.I in!be= o!

leKI equiv=lenc shleldlnli is provided. MuImum paylo,,,I I= 17,700 pound=.

CNS 14.21SH TYPE/_ TRaNSpORT CASK
The C'NS 14-2151.1Transport Cuk is de_gne<l to u'tnsp<_ fou_ee_ ¢_-umsor o_ 215 _ liner ,_¢h r_Kliudon levels of up m ipp.oximamly 20 R/hr. Apl_mXima_ely Z73 Inebe_ of

levi equivalent Ii provided. The ¢,,,k bu a m,,,imum payload volume of 217 ft"=. '1"Ida=,,-k bM • m=udmum pnylo,,d of 20,000 pouB:l_.

CNS ls--160a TYPE B TRANSPORT CASK
The top-Io*_:linl| CNS 1_-160B Tr, nsport Cask t= cks_d to t=_mport fif_n .1.l-•diDo DOT TYl_ A drum= or two 80 _ conudaen wicb rluLiidoa levels up ¢o !.9/t/hr. I.q

inches of leud skieldlnli Is provided. The cuk b-" • m,.timum puylo_l of 5,0(X) pounds.

CNS 18-450 TRANSPORT CASK

The mpqo=u:lin| C"NS 111-450C_k ts d¢=ilp_:l to a-utiport one 380 ft_ Ii_.T or eighl,:_-_ 55-gmllon drums m=_inli I to 5 R,/twi_ corn,c•. Owe ir<h of leKI e'Rmvllen¢.e is provk_d In

the cuk with :uppk:ment,d sldcld plat. Io,c=axl oa d>c cMk's exterior with •n udd_doa,d | inch of lead eq_vdcs_c=.

CNS 21-300 TYPE A TRANSPORT CASK ' "
The top-ioacLiag CHS 21-300 C_sk is desil_accl to trim•port twenry..ooe -15_tllou drum_ or out 340 flP liner. _ cuk providc.s ipproxJmau_ly 1.-1 i_ches of leKI eqmvlleul

=hieldinli wi_h racfiadon levels of 3 P/mr bcinl_ t_utily sldeldcd. Tb= m_imum payloKl for Ib2=cuk Is 27,Z.50 pounds.

SHIELDED VANS
The CNS =¢lndud 40-fool. clo_¢d mdlm are provided for very low-level radwutu. Approximamly 26,000 pounds of drumm_ or od_rwi_= pm1_¢rl7 pKkal_"d radwu_ may be

_r=mport_i per shipment. Radwut_ mdiadn S up to ,ppmximlt¢ly 750 m.RJbrcan be mKlily sbieldzd by stxttClpcally pl=cins drums in tiN: c=ntcr of via. Aver=lie r_u_on Icvcli
o( m,rcri,_ should bo ,,bout 200..400 m/Utu'.

CNS 27-415 SHIELDED SHIPPING eo_
"Fbe C_S _.7.-415 shielded ship_iul_ box is • ¢ont&ioeTwhich ¢-,, be t==_ Io t=rtnmpotttwt._ry4eveu .1.1.1pdlondrums rtdis'_n 8 up m iFproxJim*_=ly 7_0 m.R,_. Tlda cootmlae_rbus
m,,,imum initial volume o(41.1 fr_.

REGULAF_VANS
Seandu'd 4D-foot., closed trailer= =msprovided tot"very low-level r=dwMt¢- Apl;m=ximulcly 45,000 potm_ of d.m.mmedor other'wis¢ prop¢-rly pack.god radwum may be

t_mported per IIdpmenl. Kadwuu= nu:Gtd=_ up co•bou_ 200 m.R,r=_cm= be r=odily s_elded.

CNS BTC-C TRANSPORT VEHICLE
The rop.4oKtin| CINS BTC-C coat=ira=r= ,sz dump-4vpe vehicles which may be u¢iliz=d for tbo tr_mport of bulk r_dm=rive wu_-s. Each vehicle hu aa •v,,_isbk= iatmmd volum-_

of 620 I_. 1¢c=m a-,report • p•ylo,=:[ of approximately 40,000 pou_l_.

CN_ BTC-$ TRANSPORT VEHICLE
The tog.4o*<Un | CH5 BTC-S siren|, dff,ht contllncr rely be uriliz=d in tb_ shipment of bulk or LSA rKEoactive wit==. E_:b container con_u o( in ou_cr shell _vith 3 mmovabk_

slezl boles therein, each of 120 tt_ capacil?. _ CNS BTC-,S coatlda¢_ ,me av_il•ble. Tldl coaudrmr hu ua in(crud csplciry of 360 tiP. _l csa Ir=_pml • pmylo*d o( lipp_x_-

mseety 40.000 pound=.

SPECIA L CONTA!NEI:]S
Yumcruu.t one.rime _ .peci=dt_ u_ culrJ sod cootaioer= hive b_n d¢ldgo_l i_1 fsbd,':itcd by C"bcm-Nucklur Syst'cms, _ ,.SuchcoolaJoer= _rc h_ucndy l_ltdR"d t'o
accommoclsm odd-4hapcd or weight 7 ob)_c_,. Cooulct your CHSI M=u'kenug Rcpresentlnvc for fu_bcr inform•6ou.

"'_, dos, r_,_ _,n for ,_h cask _re _,d on AoqbCo6_-_O cor_,_rrmion.



. C I-/T;'_M-NUCLEAR SYSTEMS, INC.

TRANSPORT EOUIPMENT DESCRIPTION

CNS1-.8TYPE B TRANSPORTCASK
The CN$ I..8 CMk is a 8reel and Polyurctbt,-¢ foam =hiFpin8 container ccrdficd for T:q:_e"B" shi]_ment=. 'l'he CHS I-8 provides essentially no shieldin s and can =st•am•dale one

55-gailotn dam or =approximately 9 _ of property pec:ktgedsolid radwtn re. This cuk is designed, but not limited, for alpha andbeta rsdio0u<lid¢s, including fissiJe malarial. Rod levels i
should no_ e:tcced 200 •.K/hr. Tlab tMk b= t maximum payload of 550 pounds.

CNS 1-130 TYPE B TRANSPORTCASK
The top-loB:ling CN$1-138 C=k l=deaiB,,rR'dto trsnsgorl or_ 55-sallon drum •tone 17 ft3 liner. This CAukprovide= 6.2 ir,cbe.=of had e,cruivtlenl shielding, with r'=:litaon levels of
6(XX) _ being rtadl]y skil>l¢l¢¢L.Uodtr'watet loadil:_ capabilities tr= desi_c<l tl_:min.

AUXILIARY SHIELDCONTAINEREOI:]THE CNS1-13GCASK
"/'be CN$ •uxiliLry ,ideld ¢ontJJ0¢r is a cylindrical shaped _calnd¢ont_iner eomtru,:t=.d of,_,ehkd steel and lc='L The le_ shield thickness i= equivalent Io7 3/4 Ir_l,_j. "l'b¢body el•earl

dim•el•us tR 30.5 Inches in ht'-ig_htby 24 incbe_ is=ditmcl=r. "P_ lrttemtl t-,•try formed by the lkl Led t>odyis 14 i_:l=rtl laJg,b w'tth • "/.62 inch diameter. 'I_s tout•ins1' ,,Is• ulillz_8

t dr=in plus ,*,bachmsk=_ it suitable for tmderwster IoKllu&. VtriouL= 17pea o( irr_sted component= cut be shipped t, thla co=/_am'=rio¢t. 'l'he r=<lio=,-d_ cons•no of the m•terld met

not ex¢t_--d39,000 tm'_s of Cob,,It.60 or equivd¢.nt r=dlo=¢d_ ton•eat. "l"laJs tonaL•met hu ,m¢m pry body weight of 4,9(_Opouch, with • Lid we•sEt of 200 pots<Is. Mulmum •onus u=

v_,qllht should not exceed 250 pound=.

CNS 1-13CTYPI" a TRANSPORTc/_sl_
The tol_-|c:M_u | CHS I-I 3C C'_k t==imilu to the 1-130 exct'.ptthis I_ thct,'rnid =hield 18|ntel_rtl Io the I- 13C C.uk body, 5io¢.e no _klirlorutl Oral'pSi 18provided, 81aieldins 18Rduced

Io approximately 5.7 inches of lead equiv,,Ic_¢P- _ icy©is should not txcx:,m.l4,500 R/hr. Tida e.Mk -18o hu uodcrwtu=r io4M:iln|capabilities. MAximum payloKI is 5,000 pound=.

CNS 3-55TYPE _1TRANSpORTCASK
"T'l>eCH$ _55 Cuk is s karl _ el=_l cuk tertlflod for aldpment=olrType B Quantity, with Insic_ dSn_,,mion, sir :36Inches in diameter ted 110.5 incbe_ in hei8ht. T'hla unckr_v•l=r

IoKtin s ¢Mk ¢,.n ••'to•modal• thRe (3) standlJr¢l5S-I[dl_ dta_= or • 60 I_Pc-pK-try dlrlx_Jble liner. The cuk pm_ldea the eclurivdent shieldin 8 of 7 inches of leKL _ CHS 3-.
55 CMk i_ suitable for ua_ with either the redundant cram or d._hlX)t _ of cuk drop pro•st=ion mymlmm.Thl• cuk 18sis• Ideal for Ihe rr=n_:K_rlof ir,redi-ted n_t•l 8, I_KI levels should

not exceed 15,000 R/_. "T_s cuk d_o hu • alaiclded Penmnncl barrier d=ai_nd up¢c:t',lly for dais cuk. Muimum p•).lo-,'l is 9#20.

CNS 4.-88TYPE BTRANSPORTCASK
The topIo_l.in 8 CNS 4-8:_ Cuk is dc•ia_ed Io transport fore"_5-gdlon cl,'amtsor•us 88 _ lime. 'Tlds c,-,k provid¢8 3.38 intl,• of levi equivalent 81sack;ling.Rod levels should not

exceed 35 R/hr. _ muimum payio=K:lfor this cMk b .'3,700poutl<t=.

CNS6-75TYPE P,TRANSPORTCASK
CINS 6-75 C.uk is •k:ad 111<18t_l cMk for sldFIpinl_solid low-level rtdio,=_'flve wule. The cuk wel8hs 31,000 Pourr_ empl 7 and pmvick_ the eqtdvtlent =hleld_ni_of 4 in•he=

of IcKL _ ¢--k can eat'•ms•dam six (6) st_dt_155-sdlo_ drum= in m• palled,r,_ am.=of tlu_, or • 85 1_ cap=•Sty dlspos•ble liner. Appr_'_"d _r LSA melvrid tn trn•tm' than

Type "A" qu_dde=. _ levels 8bouid net ex,¢eed 2.15 Whr. "l'be cuk 1• d=ed such that (3) 24 ° x 72" pJ_-Mm vmu_l.Jwill fit lurid•. Mu.imum ptyloKI la I• j00 Poutz:[z.

CNS6-80-2TYPE A TRANSPORTCASK
The top.toKlinl_ CI_IS 6-.110-2Transport Cuk i• de_ilp_'d Io trut=1xx't rtdwute r_i,,dnl_ up m •bou_ 1,860 l_r ted c_ r_dily =_.-,ommodat_ m_lerw•tt_r Is=l/•IF Four (4) 5S-|tlion
drum= of l'=<lw-,. I¢ may be n=_ly tnm.wort=d _ AJ=o,one (I) 91 It' _apoMble Kn_ my be piled d)er¢in. _ mudshu • lr._l OClulVdent orS.00 inches=.T'kla cuk bu • = =is urm

p•ylo_l of 7,500 pou_:b.

CN_ 7-!00 TYPE A TRANSPORTcAsK
"The lop.loci•nit CNS 7-100 Trtmqp,ort CMk i8 desilptK'dto cons=in =even drum, or o_ I00 fP IS•el _th rKIt•tion le'RIs up m 190 P,J'nrco>uS=eLBy slr=_e_edly Iotadn& _a '=vilh
lower surt'K't rKlittlon levels within the C]q5 7-100 C=_ drurmaradi•tin s up to has'wee=12,$ted 150 R,tt_ may be =laleldk:d.Appr_dm•tety 3.5 Lr_ch_lof I©KI shiektin$ is p_vtd_l.

Muimum paylo"l ia 13,000 Pouncl_.

CNS8-120A TYpI_ p,TRANSPORTCASK
The C1NSI1-12OA C.Mk =" • ieKI _nd alMi cMk ¢_rdfied for =hiFl_g IFt'sl_r than Type A crwmlitie= of r_llo=crive materld, mettle8 the _'_lviR'm e'm=for low q_'_-"ifi_:=:•iv•IT. Tlal• ¢Mk

pmvtd_ the eCluiV:Lk.-nt0hieldJngof 4._0 inches of le-,4 'With inmm•l dimension= of 62 Inches In diameter and?J inches in hei8ht, this ¢uk ¢•n 8_-commocl=reei8ht 8_=ndsrd _._-lpIlon _
drum• or • 130 ft.=cap,,_lty dis'polibi© liter. This ¢uk is auhald© for un<k:rwsn=rIo4Klln&. Do_ r•t=.t of •ppmximat¢ly •SO ]Uhr ¢_ be rtKlfly =.hkldtd for tramp•r• udlil:ln| this mL

M_xim=m p•),ioad ia 20,000 pouM=.

CNS8-120B TYPE B TRANSPOFITCASK
CINS 8-12UB Ca._k b a I¢.,'1 end steel c-,,k certified for sldpmen,', of Tyl_e "13" =rod1='3,ecTuanddesof r=:lio_cd_ m-_erida. The auk -,,_i&hs 511,O00pounds and pmvide.s the

equivalent shi¢ldin Kot' 4_ inch•8 olr lead. WIIh internal dimensions of 62 inch•= in dhmtmr ted 75 inches in h¢'i8hl, the cuk can =¢commod•m eish¢ (8) st=n<l_u'dJ.%l"llon drums
or • 130 fr=cap=tit' 7 disposable liner. Additioodly, tb= ¢uk Lt8stable for ua,Kl¢_t©r Io=KLin&.Dose nt_ of =ppro_timat©ly 680 K/Sue¢-o tx: readily shiekltd for un=ru=porturiliz.in| this

¢Mk. MAximum p-ylo=:l lJ 14,MS pound=.

CN$12-180 STRONG,TIGHTTRANSPORTCASK
The CH5 12-180 CuE |s • leKI ted steel m:t_nl_ltt ¢uk d==ItF_l to _cc,ommod=_ t'_lve (12) ,t•rKl_rd 5J-s_llc_DOT Tyl_ ,_ drum,n olrType "A" cru,nmic.=of r.=d_,ufe

m•_-_rid. "Ibis cuk il of the tnd-.io=KlinK type equipped with roller convcyo_ cutup•tilde with most FW'R. and BWR. dr'urn io_dout fm'tli_==. T'o¢ c=,k w¢i8_ 31,000 poun<b

_npI 7 u<i Fm'_ick_ the s'quivdtnt of 2 iotbc_ o( le''1 allzleldinI. _ le'v'ela =boudclnot ex¢t_."cl1 ]R,/l'u"tout=at.

A-42



CIlEM-NUCLEAR SYSTEMS, INC. TRANSPORT CASK INVENTORY

APPROXIMA-tt_
APPROXIMATE MAXIMUM NO LIMIT
MAXIMUM RAI_

c_SI INTERNAL PB Sl[IELDING LEVELS (R/HR) LINER DRUM EMPTY MAXIMUI_

*BASF.D ON 10% CAPA )_Y (55-GAL) VIEIGI IT PAYLOADTRANSPORTCONTAINER NO. CLASSIFICATIONCOFC** DIA. X IIEIGIITDIMI_SIONS EQUIVALI_CE(INC! IES) Co-60 (IT CAPACITY (LBS) (LBS)

Type A
CNS 14-19511 i I USAjgO94/A 77.00" x 80.13" 2.63 21 215 14 39,650 17,700

Type A
CNS 14-21511 8 UsAJgI76/A 77.00" x 80.25" 2.73 20 215 14 38,400 20.000

Type B
CNS 15-160B 1 USA/6144/13 126" x36" x 75" i.50 1.9 2_ 80 15 37,000 5,000

Serong. Tight 86.00" x 86.00" No More Than
cIqS 18-450 1 Container x 100.00" !.50 I R/hr on 450 18 37,000 No Limit

Contact

TypeA
CNS 21-300 12 USAJg096/A 83.00" x 109.25" 1.50 3 340 21 30,200 27.250

CNS 21-300 Type A

*_ W/Sifieid USAJg096¢A 76" x 106-1/2" 2.130 3.00 170 8 39,310 27,250
,.,_ Insert 3

Shielded Shipping 39" H x 78" W x
Clqs 27-415 I Box 233-3/4" L 0.66 • !.15 0.75 415 27 26,725 No Limit

Fl=lbed ]q/A B' W x 40' L
8' W x 45' L N/A 0.080 NIA N/A 14.000 48.000

Regular N/A 13"6 = II x 40" L
Van 13' 6" !1 x 45'L N/A 0.200 N/A N/A 17,500 45,000

Shielded Closed, Transporl
Van Vehicle T 5" x 40" x 9' 0.50 0.750 NIA lq/A 33,000 26,000 .

3

CNS BTC-C Bulk Shipment Only Dump type vehicles for the transport of bulk LSA, radioactive wastes - 620 t_ capacity, 36,000+ lb. payload capacity (depending on
various state limits). (Dimensions 18' x 52" x 84")

3

CNS BTC-S Strong. Tight Closed box-type containers for the ihlfmlenl of bulk, LSA. radiotcdve w,ete, - 360 I1 capacity, 40,000+ lb. payload capacity (de-
Container pending on vmriousstate limits). (Dimensions without lnsert._ - 78" z 180" x 52")

* Based on Cobalt-60 gamma energy, these Paul levels are generally found Io be conservative, however, equivalent shielding should be cmefully evaluated in relation to the specific
isotopes involved. Reference the Individual cask's Maximum Allowtble Ac|iviw Concentrelion Curves to determine youursTe¢lfic case.
**All lqRC-*[,lwoved casks can be used as DOT 7A - Type A containers with minor modificalions.



CIIEM-NUCLEAR SYSTE_L_, INC. TRANSPORT CASK INVENTORY

APPROXIMATE APPROXIMATE
MAXIMUM NO LIMIT

MAXimUM RAD- LINER DRUM EMPTY MAXIMUM
CNSI _AL PB SI HELDINO LEVELS (R/I IR) CAPACITY (S5-GAL) WEIOI IT PAYLOAD

TRANSPORT ClaSSIFICATION DIMENSIONS EQUIV_CE *BASED ON 10% (IT 3 ) CAPACITY (LBS) (LBS)
CONTAINER NO. C OF C°* DIA. X I[EIGIIT (INCIIES) Co-60

CNS I-8 Tyre B
I USA/9OTO/B 24.00" x 34.50" Nil 0.200 9 I 200 550

CNS i -130 Type B
1 USA/9216/13 26.50" x 54.00" 6.20 6,000 17 I 25.500 No Limit

CNS 1-13C Type B
I US_ i/B 26.50" X 54.00" 5.70 4.500 !7 I 20,950 5,000

CNS 3-55 Type B
2 USA/SSOS/B 36.00" X 116.75" 7.00 15,000 60 3 64,980 9,220

'CNS 4-85 Type B
i USA/62,M/B 46.00" X i 00.00" 3.38 35 88 4 40.300 5,700

CNS 6.-75 TypeA
! USA/910_A 53.00" X 74.50" 4.00 235 85 6 31,0(30 10.300

>

_-_ C'NS 6-80-2 Type A
5 USA/9 ! I I/A 59.00" X 58.00" 5.00 i,860 91 4 44,000 7.500

C'NS 7-100 TypeA
2 USA/gO80/A 75.50" X 40.75" 3.50 190 !(30 7 35,500 13.000

C'NS 8--12013 TyFe B
2 USA/9168/I] 62.00" X 75.00" 4.50 880 i 30 8 49.300 i4.680

CNS B- 12OA Type A
5 USA/6601/A 62.00" X 75.00" 4.50 880 130 8 49.300 20.000

C3_IS!4- i 70 Type A
Selies II 6 USA/_79/A 75.50" X 73.25" 2.13 15 185 14 33,800 14,000

C'NS 14-170 TypeA
Series IH 5 USA/9151/A 75.50" X 73.25" 2.13 15 185 14 35.200 17,800

CNS 14-19011 TypeA
| USA_I59IA 75.25" X 73.38" 3.50 50 |8_ 14 45.200 20.000

Suong. Tight -
Container,LSA No More Than

CNS 14-195L 2 TypeA 77.00"X 80.00" 2.00 I Rlhron 215 14 31.550 17300
OuantJl¥ Only Contac|
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CNS 1-8
:,,.._ ,..---_\

• _ _,_ NRC Certificate No. USIV9070/B( )F

Capacrty: (1) 55-gallon drum
Shleld=ng: NIL
Dose Rate: 0.200 R/hr

(Maximum based on Coball 60)
Ltl

Empty Package Weight
(wrthlids, empty): 200#

Payload Weight: 550#

(n i.l

i The CNS 1-8 is a specially des=gned low carl>on steeloverpack tilled wrth rigid polyurethane foam used for

,_ shipping greater than Type A Quantities lor radioactiveI
i _1 |1 I_'_": (,', ', material. The containment vessel is a 55-gallon drum,

_ meet=ng the requirements ot DOT Specification 17H or

17C.

[.AT('I/ (/,)
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tmL131"13

"J/"I't /"FL' r) _."t I_I'P.(';,I .A._S;

I L IN_ilI:_IIILI.
,14

31 31M_

t The CNS 1.8 _sa reusable tnsulated and _ock alosorOangpac_g_ng designed to protec1 a standard 55-gallon drum from normal condItions ot

Iransl::)ortand hypothetical acc=aen! cond_llons A-45



J'' CHEM-NUCLEAR SYSTEMS, INC. & CNS 1-13G

TIt ==,, ,o,_ CNS 1-13G __...__._

NRC Cert,hcale No USA/9216/B ( ) F _=:-,-:=r-'..'- ',"-;'J,•,r ' - .a, --"W

!._ Caoac_ty (1) 5S.gallon clrum ,l'13G'l

(1) 8.17 1t3 liner ._:.. "
Sh_eloincj: 6.20" lead eQuwalent ''
Dose Rate: 6000 R/hr (approx.)

(Maximum based on Cobalt 60)

._ ,l, p,.J_{ Total Empty Package We,gnt: 25,500#

Eml::)tyCask We,gnt :'i '. :_.--....:..::

_j (w,th _,o): 19,1001 , .. -:._
Cask LLa We,ght: 2.000/ .:!._ :. .

;, i,,_[ Payload we,grit not resmcted

_= _ The CNS 1.13G cask Is sl::)eoally designed for lranspor.'_ =! hng activated reactor comoonents and nuclear meraoy

75. 00"

64.50" sources.|/
] HEX.H0.B0 62.00(6)i"-8 UNC-

ZA x 2.2S" LG. 40.50 .... ---i

38.50" DIA. "_ I 2.25" DIA.

3.00" x 8.00".

F 1.50" DIA.

....

--" A

!, !
r 68 00"
i.
II

8s i 5.00"

_IA.

54.00"

_"_0.S0" STN. STL.

..

6a.oo" "I
I

I

"he CNS 1.13G cask Js a lead and steel $1_tppmgCaSkfor hs_de, $OhClmelal, or melal ox=cles by.pro(3ucl malenal The decay t_eal of the COnlenls
mum nol excee_ 600 warts (38.800 cunes ol Cobalt-60)

Loa(:hng (A) One Orum w,n aooroor=ate httmg shng mav be lowered _n/o the cask. (B) A chsPosaDle hner may be lowered mid the cask wb_le
mounted on lrte Iransoort Ira_ter. (C) Act;valeo reactor componenls conlmned tn a (_,soosaDle hner may De Ioa(_e_ =rodIne cask unclerwaler

_..r,,2
....... A-46 ................
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CHEM NUCLEAR SYSTEMS INC CNS 1 13CLG

500 = _ ;
:!i -= i

,50 I _ MLlurnum kllo-.bl¢ Ac,ivify C_nc¢n,r._,onVen, u= Co-60 Pzrmcnt of To¢.l Activity

,oo--ii",.... i

_. 320 --- , . . : _ ] The curves shown at left may De used to

I celerm,ne lhe maximum actlwly concenl_atlon

]oo ----- , (F,gure 1) and the maximum liner close rate

"_ I-------_: !.. i (F=gure 2) wn_cn can be shiDDed in lh_S CaSk. For

-_ _ a well m,xed..,un,torm concenlrat,on of wasle,".' use of these hgures w,ll result an c_.omphance w,th

250 f - , _egal dose rates on lhe cask sudace and at a,3 r o,s_ance of 2 reelers from the sudace (See

' _. ] Caul,onary No_e)
7_ 2oo
v

'< *,- I

: : _ "::" - "" i These curves are related to Ihe rela[we concen.

•_ 150 " _'_". ! lrahon Of Co.60 ,n the wasle The Co-60 concen.[.-

i Irahon mSobla,ned from a representative s.amDle
...... : _ _ _,_

100 _ _i-. [-[_ i. ! i-- -'_.._,.._ Concr¢t.¢ 1 oftnewasleDr,orlohlhngadrumorhner

- .... - ' I Prachcal exDer,ence snows thal Co.60 is a

L,_ ._ _ _ dom,nanl isotooe in mosl mixlures and is me
SO _ ]::_min 1 ' -- _.-- most sagnmhcanl from a shielding standoo,nl. The

_: : - ----_-_-_ .-"'_--'-,_.-_-._ conservative assumption _s made thal the

; -=a-. rema,n,ng ,SOlOOeS (olher than Co.60) emil one

o o I o : o :,c, 4o '.,o 6 o ;' o 8o go l oo : gamma !3er a,s_nlegral_on wHh an energy of 1 0

Co-¢_3 Percent. of To_.-I Ac'.,vlty MEV

Two general lypes ol waste lorms are normally

:c, oo0 .... ; __i stopped, concreted or dewalered resms and
....... _

_: ' g/cc lot concreted wastes and 0 6 g/co tot resins
t .... _ M.u_mum kilo. able Liner Do4e RaLe

q. 000{ was used tn deveiopmg lhe curves
Velum Co-60 Percent o1" To_LI ACf, Ivily i '- i

J....
e. ooo,---- CAUTIONARY NOTE

-.- The curves =nclude a safety factor (peak-to.

l "' average tactor) of 2 0 wh,ch relales field

"; ooo' _ measurements to sh,eldmg calculations as.sum-

,, .ng un,lorm waste m_xtures The calculahonst
- _ ooo , were made using a comprehensive compuler

_ analys,s The field measurements are based on

_ a Slal_shCal analysis of a large number o! cas_

= __ sn,omenls However. due to variations in waste
c 5 000,"

maler,a_s, tolerance _n measurement mstru.

_ meats, and other real world factors, there _sstdl a

4. ooo _ large scarier _n lne pea_,-lo-average factor.StaI_s1_c...ally these curves y_eld c..omohance ,n

_ _ about 600/o ol Ihe sn,omenls To obtan COrn-

}. O001%"_ " _" : " ! _ i ohance _n about 95q.b of lhe Shlpmenls, multiply

and the maximum allowable hner dose rate by
,',oool " " _! ! -..."-I oe

I--
),.O00i _,

o io 20 }o _o '_o 60 ?o _o so _oo

Co-_O P,=n..,.¢ of To,,d Acti,,,ity A-47
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C_HEM-NUCLEARSYSTEMS, INC. _ CNS 3-55

The CNS 3.55 cask Lsa steel.encased, lead-st_=etded cask W_l_crushaC)le=mpact hm_tersused lot transporting m_scellaneous nonhss_le,rrad_a{eo

COmDonents packaged _n secondary containers. MaJ,jrnum decay neat load sl_ould not exceed 250 warts.

LDao_ng Th_sunderwater Ioad=ng cask can accommodate mree (3) standard 55.gallon drums or a 60 113ca_3ac_tyo_sl3osaDle hner

' A-48
-- III
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The CNS4-85 cask is specially designed for

HEX HD. BOLT ....... 89.38" DIA. transpoctlng type B quantities of radio-
(24).75"-10 UNC active dewatered resin.
.x 3.50" LG.

_ -.'"'°_--_

i___,_ ,,x,o.,o_
 ,'Iit L°'
_ ,l_;_ i _i__

s<s_.T //-2.oo.. s_.
i, : /z1"z_ °:19"SPACE

139.50" J

m i L-0,13. ASBESTOS " ""

:l 12.75" HONEYCOMB

The CNS 4-85 cask Is an alumlnum honeycomb, lead, and steel shipping cask,for dmwatered or solldlfled

waste material, The con¢ents may confain greater than Type A quanfltla$ of radioactive maTeclal. The

decay heat of the contents must not exceed I0 waits (640 curies of Cobalt 60).
i A-50
I

Loading: The dlsoosable IIn_ may be loaded _hlle In +l_ecask cx" oiled In she cask afro" filling.
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CHEM-NUCLEAR SYSTEMS, INC. CNS 6-75

CJSI ;ILLPOl! CNS 6.75
• . .C851CO_(ll

NRCCertdscateNo,USA/9108/ACapacity: (6)55-gallondrums
-_ (1)85ft3 liner

('_"'" '"_"_" ..., (3)24" x 72" pressure

Shielding: 4.0" lead equivalent
('_' "_ _'"'_ Dose Rate: 235 R/hr

EmptyPackageWeight

i _ (w,h,,o,) _1oo,,

_'_ CaskLid: 3.800#
< , I _ PayloadWetght: 10,300#

i TheCNS6.75caskissDeoallydesignedfortransport.

ing greater than Type A quant=t_esof raa_oactwe
material.

7/, 5 3_

6s 518

_* 3/4 _
' I _quAn_"

3I: I.r^n_42_'STF_I. 1.1&'" STIrE1.

, No
1 '

1

I TYP, _.ZAIL ¢;EI"TIP'_

I
I
=

,';'he CNS 6.75 cask ts a sleel-encasecl, leaa.sn_elaea cyhnq3ncal cask for transpomng aewaterea or Sohadea waste meel_ng the requirements of

_Ow sDecd_c act=wry mater_al in secondary conlaJners A-_2

i Loading: Th=s cask accommodate s=x (6) stanaard 55.gallon arums _n two (2) t=ers of three, or one 85 fl caDac_ty 3 d_sposable hnet,,,



CHEM-NUCLEAR SYSTEMS, INC. CNS 6-75
, i III I II I

I
lo , lr i¢'ure 1

1 MLT.imum A,llowabltActivity Concentr,,tion

9 Vtrzut C,o-60 Pe.,_nt of "1"ot-1 ._:tivity

8

" .... , ; I The curves shown at Iell may be used to
= ._ delerm_ne I_e maximum actw_ty concenlral_on

tj I' j (Figure 1) and the max=mum liner dose rate
(Figure 2) which can be shilo0ed in this CaSk.For

," 1 a well mtxed, uniform concenlrahon of waste.4

_ use of these figures wdl result _ncomDhance with
\

.I

; legal dose rates on the cask surface and at a
=_ _ d_stance ol 2 meters trom the surface (See
u 5 .....

o" _..... ; ..... ..,, %_._ ,..---.-.._:..,I Caullonary Nole).
{J

' i ' L ' j
a

-; 4 Concrete These curves are related to t_e relatwe concen.
= i
u I trataonof Co-60 =nIhe waste The Co.60 concen-

,,<
lrat=on _sobtamed from a represenlalwe sample

"_._ 3 _ I of the waste prior to filhng a drum or hner
{" ..... '- Practical experience shows that Co.60 _sa

2 domrnant _solope (n most m_xlures and _sme
most s,gndicant trom a sh=eldmg $tandoo_nt The
conservalwe assumption _smade that me

1 remammg isolooes (other man Co-60) em_tone
gamma per c:l_s=ntegraltonw_tnan energy of 1 0
MEV

0 0 .l.0 20 30 ,t0 S0 60 "t0 80 90 _.00

Co-60 Percent of Total Activity Two general types of waste forms are normally
Sh_DpeCI,concreted or Oewalered resins and
Idler mecba A nommal average densely of 20
g/cc for concreted wastes and 0 6 g/cc for resins
was used _n developing me curves,

f •
I Firur¢ 2 -- "--i

Muimum Allowible Liner Do4e Rite CAUTIONARY NOTE240
Yertu= Co-60 Percent of TotaJ Activity ----''"_, The curves include a safely factor (peak-to

average factor) ot 20 wn_c_ relales field

200 measurements Io stueldmg c.,alculal=onsas.sum.
"_ 1 _ng undorm waste m_xlures The calculations_" ,,,,-7---71,
'-" were made usmg a comprehensive compuler

"_ 160 ] analys_s The held measurements are based on

= Concrete _ a stal_sl=calanalysis of a large number of cas_o sn=pmenls However. due to variations =nwaste
12 o materials, tolerance =nmeasurement mslru-

= ments and omer real world factors, there _sstill a

_ large scalier _nthe peak-to-average faclor
$1al=shc.ally,these curves y_e(dcompliance _n

i!0 Rum about 60°/o ol me sl_pments To ol31a=ncom-
Dhance _nabout 95% of me s_oments, multiply

40 = lhe max=mum allowable act=wryconcentration
] and t_e maximum allowaDte hner dose rate Oy

•._ 06
C

G ,l.C ;._ 30 40 50 60 70 _0 90 .1.00

Co-60 Percent of Tot =1 Activity

A-53
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' CHEM-NUCLEAR SYSTEMS, INC, _ CNS6-80-2

D

..

"' ""°"°° " '" "(CNBBOB)?;=, . . :._-
(I) 80-91 ft "3 liner .., ,.._

Shielding: 5.00" lead equivalent " .
Dose Rate: I000 RYhr

(Maximum based on C_balt 60)

•

Empty Package WelghT
(wlth lids): 44,000/

Prlm. &sec. lids: 6,100# '-Li:,.w ..-,,_,,

Secondary lid: 2,200#
Payload weight: 7,500#

The C_NS6-80-2 cask Is speclally designedi

HEX HD. BOLT for transpor_ing dewatered and sol ldlfledJ

"-7 UNC x 6.25" LG. ICASK highly radioactive resin.

__JLID
_LIFTING

I-'HEX HD" BOLT 25,, G/ ILUGSi3)
(B)1"-BUNC x 2. L .

\I -- 70.50"DIA.

l ,
A

I
o

29.00" DIA.-"

STEEL ql = - "- STEEL
12 GAUGE
STN. STL.

59.00" DI

58.O0"

75.00"

I
T

The C_NS6-80-2 cask Is a lead and st_l shipping cask f_ dewat_ed _ solidlfled waste mateclai.

The contents may contain greater than Type A quantities of radioactive material but must meet the

recluirements of low speclflc actlvll_Y • The d_ay heat of the load must ncr_ exce<_:l 400 wat-ts (25,0CK)
curies of Cobalt 60).

Loading: (A) Four drums are placed on one pal let I_a_e<l outside of the cask. The pallet is then
Iowere_ into the cask. (B) A IIn_ may I:>e Ioade<l while in the cask through the 29 Inch dl_et_ access

port or placed In the cask after filling- The upright cyclind_ cask may also be loaded while mountaO
_. *.- *--_:_-e_",-,-_1l*-. A-54 :e,,. I



CHEM-NUCLEAR SYSTEMS, INC. A CNS 6-80-2

GRAPH I
00000. .--, , 'I " _ --II . :: '' -_

1i -:l i-' _ : ' ' ii "_:i ..... . !._=

iiii i iiiii ,!Ijii;ii;_ii iii Ji ;I_

_., Iljl .Jii[llJ, 'lllJl!liliJit [[i i ii ,ilF_ Graph I sho.s themaxlmum curie10000 ] 111111111111i llllltltllll I,, ....
• 7= , ' ' :i! ii : .... :!: concentratlon (curles/ft 3) for various

. L !:i ri .... gamma emitting radlonuclldes (NOV) to
j iiiii ,{{'{ ; _ i]iiii;ili ;ii ii :-

iiii 11tf Iilllllfi _ iii __I1 ]i p_i[- produce a dose rate of I0 mllllrem/hour at aJ

1000. I t! i iJiiiiii iJiiJlJ ill ijii Ij JJjJ _,,,o_ of _,xf_t f_o_th_:o,_,,d_."-- • _ " i ' ' " ' '

tt!_ !il' !!!t iililiiii " _li _ til
J ,H£1,,i lllll!JJllllJlJiJJJil Graphsll and lll show the dose rate

"100 -I Iill tilt . _ , t_:.. {_,,,,_e_ho°_,oto _,_,_o o, ,,_ ,_,
• -- '; " :i,i i.j _:: ;!_. i from the cask side and at contact with the

'".-: _LI N;\4ii', _,,_.,:_ i_ . ,ij cask based only on Cobalt-60 radlonuclldes.

= i !l_]i_ CONCRETE" ' (I 5 MeV Average).
i0. _[ RESIN _ NIl ',q IIIIIIIII,_II !! IIIII

- ' ii I , - ',_I
:iiiiii!_-Z_ii_.N_ i_ _ i f{ iiiil Radiation self absorbtlon factors were

: ........ .... .:, :.:ii ., ;il i i _i"liiiiJiiii iiiH4ili_I I lil !!!!1 considered for all graphs. The graphs _ece

i i11t....ill l_iji i: "1 -:' . I III1! ! _" _,. III!!_ based on a resin content density of I.O
_ _!:,_ _::_:_ :_ : _ _ _ I _ _ gm/cc and a concrete density of 2.4 gmlcc.

i_ i_i_:,',':,i,,f:i_ 'ii] _iiiili iii,llii_i " -,,i_ i i i

•1 II.Iill i1!iliil1i!11 It..
I - I I I
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GAMMA ENERGY (mew)

CONCRETE A-55 RESIN



i CHEM-NUCLEAR SYSTEMS, INC. CNS 7-100
,_.

CNS 7-100

'
_t.,=v _to _co._Y LId NRC CertificateNo.US,aJ9080/A
LIFTa_LU_ _-Ll_t_ LU_(A) (m) I.,

Capaoty: (7) 55.gallondrums

(1) 85.100 ft3 liner
Shielding: 3.50" lead ecluivalent
DoseRate: 190 R/hr(approx.)
C_ax,mumo_,_oo,_o%COO,,,,o) U.S.A./_._:;_"......_J/A

f _ ,ouxz_._ Empty Package Weight __ ,_
L-- fJ_l( LlrrlN6 (with hds): 35,500#_o tt[.oouN

Lu($ (¢) Pr=maryand Secondarylids: 15,750#
Secondarylid: 850#

,L, PayloadWeight: 13,000#

._ The CNS7-100caskisspeciallydes,gnedfortransport-
_'_ ingsolidifiedradioact=vewastematerial

The CNS 7.100 caskis a lead and steelsn,13plngcask lor dewatereclorsohdifiedwastemater,al Thec._ntentsmay con[a,ngreatertha_ TypeA
cluant,t_esol radioactivematerial but mustmeetthe reclu,rementsof lowsDecaficact=v_y.

Load,ng:(A)Sevendrums are placedon one palletlocatedouts=Oethecask. The pallet=sthen loweredmid the cask (B)A hnermaybe loaded
wmle ,n tl_ecaskthrougrt the 29 inchd=ameteraccessportor placed_nthe cask aller filling, rheul3rlghtcyt=naerCaSkmayalsoOeloadedwh_le

_= amountedon the transport tra,ler A-_6 =_,,,
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CHEM-NUCLEAR SYSTEMS, INC. CNS 7-100

9 _ M_Jmum AJlow,,b[, Activity Coneentrltion

Vet=,,. Co-_ P,rcent of TotL1 Activ3ty

$
', ...... t

Ill.
= I'

-_.rJ \ , r The curves shown at lefl may be used to

_.: i _ determ,ne the max,mum act,v,ty concentrat,on"-" (Figure 1) and the maximum liner dose rate
I= 6 .

o (Figure 2) which can be shiDped in lh4scask. For
2.. _ _ a well m_xed, undorm concentral=on of wasle.
= .5 _ = , : ; 'L ' : "I use Oflhese figures will result incomphance wllh

.u i legal dose rates on lhe cask surface and at a
o d_slance ol 2 melers from lhe surface (See

Caul_onary Note)
.....

--_ C,oncrete ,

'< 3 ' ' _ Thesc_curves are relalecl to the relattve concen-
-, I lralion of Co-60 Jnthe waste. The Co-60 concen-

I,-, 2 '-' , i i i __,,.._-_.-_.._..,_ _, tratlon ts ol3tamed from a representative sample_ ..... . of the waste pnor to filling a drum or hner.
_ ! "%= i._ ".. _ .. _ _ • . _ _--_. ----- ' Pract=calexperience shows that Co.60 _sa
: , '_ _'l.._,= dominant isotope =n most m,xlures and _sthe

_ _ ":'_ .__ R.e,,in_ I most significant/rom a snlelchng standDomt The

" ,t
,_--_ .,

.... _ . , . , conservatwe assumption ,s macle that the
0 rema_mng isotoPes (other than Co.60) emit one

gamma per d,smlegratlon with an energy of 10
0 lo 20 30 40 50 60 70 m0 90 loo _ MEV

Co-60 Perttnt of Toca_ Activity

Two general types of waste forms are normally
Sh=loPeCl,concreted or clewaterecl res=nsand

.... _ lifter media. A norr, nal average dens=ryof 2.0
2.00 _ _ _ g/cc tot concreted wastes and 06 g/cc for res=ns

280 "T-." _*'_ d Mu:Jznum AJlow=bl= Liner Do,_ Rate ! ! : was used ,ndevelop,ng the curves

- " Vmu_ C,o-EOPertent of Tot,,l Activity i i .
- '_ ' : CAUTIONARY NOTE

60 i The curves ,nclucte a safety lactor (peak.to.
._ _ average ta_or) of 20 which (elales field

i measurements Io sh,_d_ng calculations assum-
240 _nguniform waste m_x_ures The calculations

=: 1 were made using a comprehensive computer

The held measurements are based on220
analysis

C.oncr_te a statistical analys_s of a large number of cask

__..__,_ .smDments However, due to vanatlons _n waste
I:-- malenals, tolerance _n measurement mstru.

1 O0 menls, and other real world taclors, llnere =sst_lla

]R.uin _ I large scatter _nthe peak-to.average factor
" _ Slal_sl=cally.lhese curves weld comphance _n

e 0 ! abou!60% ofthe st_ornents.To obtaincom-

.... _ phance _nabout 95% of the shipments, multiply
: ' _ the maximum allowable activity concenlral_on

_0
i and line maximum allowable liner close rate by

i 06
40 I

,.I

1

20
,I

]
0

O 20 20 30 40 50 _O ?O IO _0 lOO

Co--60 P_._mt of TotL1 Activity A-57
J
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CHEM-NUCLEAR SYSTEMS, INC. CNS 8-120A

The CNS 8-120A cask _s specially clestgned for

t /_ HEX H0. BOLT(32)

1.75"-5 UNC x 4.88" LG. lransporl!ng Type A cluanhtnes of dewatered or
sohdified radioactwe waste.

7 so oI .
(5)2.73" DIA. x (2)6.88" DIA. x
7.00" LG. 7.00 °' LG.

I .... Ir

I d

The CNS 8.120 cask ,s a lead and steel sh_oD*ngcask for dewalerecl or sohdnliedwaste matenat or act,vateo reactor components The conlents

may contain Type A cluant_hesof low sDec0tlc act0v0tymater0al. The decay heat o! the content must not exceed 40 warts.

Loachng (A) Four clrums are placed on eacn ol the two pallets local, d outs=deof me cask. The pallets are men Iowe_ecl ,nIo the cask. (B) ActwateO
teaclor comoonents contanned ona disposable lonermay De IoadeO ontothoScask underwater. (C) A hner may be loaded wmle ,n the cask through

the 7.5 nncl_o,ameter access Don or pie,ted ,n me cask al_er hlhflg. The upngm Cyhn0er Cask may also de loaded wnde mounted on me transport
va,ler A-58

i _ _ III _

......
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CHEM-NUCLEAR SYSTEMS, INC. CNS 8-120

5O

:I .----:------_;X

l }" iI"u_ I

45 _(L_dmum AJlo-,,ble Activity Concentrition : _' l

Yeruul Co-60 Per'cent of Tot=l Activity .....
40 _

i

., , _ . j The curves shown al lefl may be used to•_ ! ' _ I '

:_-:: ; I . cielerm_ne the max=mum activity concenlral=on

= 30 _- , . i (F_gure 1) and the maximum hner close rate
o _ _ (F,gure 2) which can be shipped in lhls cask. For

_ _ : _ a well m_xed, un_lorm concentration ol waste,

"_ 2,5 :-_- i . " use of these figures will resull _ncomohance withIII

u ,. : 'l legal dose rates on the cask surface and at a
oc ,, _ ' :'= d,slance of 2 reelers from the surface (SeeI,.,)
t,,_. 20 _- . _ ', ' ........ Caullonary Note)", ' "",,=

" ttJ ,, _'_

< 15 These curves are related Io the relative concen-

! lrallon of Co.60 =nthe waste. The Co-60 concen.
i,- .} lralion IS obtained from a representative samDle

Z0 e_ '.' .... -'-_ of Ihe waste prior to fllhng a drum or hner
: - ' .... ;= !: t i ;' ' __.,,.... l Practical experience shows that Co.60 ts a

; -: ; i - __ _ dommanl isotope in mosl m,xtures and _sthe
-li • !

5 _:' . .; ---..L Fl..t,m .i most s_gn=ficantfrom a sh_eldLngstandl::iomt. The
_- ' ---,-,-' i I conservative assuml3hon ,s made that the

;;.. i, , "-,'..--:,"LL,.... ' ---"-_ _ ' ' '_: remain,rig isotoces (other than Co.60) emit one
0 !_ !'' - !:: , ,I

gamma Der d_s,nlegrai=on wJlh an energy of 1 0
0 10 20 30 40 50 60 70 I!0 90 100 MEV

Co-60 Percent of Toil] Activity

Two general tYl3es of wasle forms are normally
sh,1313ed,concreted or dewalered resins and

1000 ] filter med_a. A nom,nal average density of 2.0
g/cc for concreted wastes and 0 6 g/cc for resins

IrNr'ur'_'2 '" ! was used =n devetoD=ng the curves9G3
• i " ' _i IVli.i:_mum .i,.lloviible Linty D_ P,.itl : !

,, , ] Vm'_u= Co-60 P_-r._nt of ioiaJActivity , , .

• i _c, '4 CAUTIONARY NOTE.... I oo ' * The curves include a safely factor (peak-to-
.... '. . ! ltl .'_ l average lactor) of 2.0 which relates field

' measurements to shielding calculations assure-"" "/00
' i. _ng uniform waste m,x'lures The Calculations

I¢ . ,, .,. were macie us,rig a c.,oml::)rehens_vecomouler

I '_ ' analyses The field measurements are based on
I00 a statistical anaiys_s of a large number of Cask

i Sh_Dmenls However, due to variahons _nwaste
" malenals, tolerance ,n measurement _nstru-

,';%,' : '_ : "_': _:": Concrete , - _ :j, ments, anOdiner real world factors, there =sstill a

<: ; , . -- ..-,%.. _ -"-_ ;..._ . ! ! _ ! large st..alley in the Deak.lo-average factor.
! " : _' : ' _,,L_....: i _ . = i Slallst=cally, these curves y_eld comDhance in

ilO0 : ', " : : ' ' -"-._ , , ,;,-"-_ , ;
:" ; : i i,,',' i _"-_ ;, i , _ ' : _ _ _ , ',! .,,i ! about 60% Of the st"uDmenls To obtain c._m-

; 'L , , : _ -.._ _, : ,, , : , _ _ , phance _n aDout 95% of Ihe shipments, mutt_ply

300 " ' " _ Reiin _ i i : i i lhe maximum allowable activity concenlralion
: ' ' _ ' : i ; . _ _ ! and the maximum _llowable hner dose rate by06

_,00
!

0
o zo _o :_o 40 so io 70 Io _o ;zoo

P,,_.=i or To.J ._-_r,_t A-59
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CHEM-NUCLEAR SYSTEMS, INC. " CNS 8-120B

Ii ill

..,,, __, . ___ _.

NRC Cert=licate No, USA/9168/B(U) ""; '' .._-.+r,_.:'+.

Cal:)acity: (8) 55-gallon drums

;t (1) 120-130 ft3 liner

(4) 24" x 72" pressure
vessels

Shielding: 4.5" lead equivalent
i Dose Rate: 880 R/hr

(Maximum based on 10% Cobalt 60)

Package WetghtEmpty

t (with hClS): 49,300# .:j_.....: ;:,:.-:,._"::-_._,.:_• Primary and Secondary lids: 7,080# -,.-'.',,+...-_ .... ." :".'..,_
' Secondary lid: 1,890# .+;". -:: ..... :.,.:.,

] Payload Weight: 14,680# .........

The CNS 8.120B cask is Sl:)ecJally designed for
a transl:)ortmg Type B cluanl_ties of clewatered and

I solidified highly radioactive resin.

ov1':.]+,.1FA(:i_

I"
!

_ '/5"

I_TC HE"t $2.D%,t _. _ _,._1/4T 3 "

1B'It:_El_ .35 •l.,r..J_

-., 40

] _12"I++M,,_ll_C'tZO1,1

!

1
!
t

The CNS 8-120B cask _sa lead and steel shedding cask for dewatereO or solichfied waste material or act=vated reactor coml:)onents contasned

w_th,n secondary conta=ner(s) The contents may contasn greater than Type A c_uant_t=esof rad_oact=vemater_al

Loacl=ng (A) Four drums are i:)laced on each of the two I:)atletslocated outside the casK. The Dallets are then lowered =ntothe CaSk.(B) Act=vated
reactor comconents contmnecl =na Oisoosalole liner may be loaded into th=s cask underwater. The ul:)l:)err=gt'ttcyhnder cas_,may be loaded wh,le=

mounted on ',ne transl:)ort tra_ler. A,-60



50 _ - " '

-- Firur_ ! ) +

--.-------------MLTJmum AJlowableActivity Concentration
= _ -

V,n-. Co-60P,_,_t ofTot_xctiv,ty i- - . i
E40 -------------

= 35 = The curves shown at left may be used tor...3
_--- determtne me maximum actLv_tyconcentrahon

-.-' ,' (F,gure 1) and the maximum hner dose rate,.. 30
(F,gure 2) wn,cn can ise sml3_ed tn th,s Cask For

o _ a wetl m,xed undorm concentrahon of waste.,e

= :Z5 _ use of these hgures wdt result _ncomDhance w,lh
legal dose rates on the cask surface and at a

o _ o,s',ance of 2 meters from the surtace (See

>.,_.20 _ Cautionary Note)
11,

< _.5 I Thesecurvesare relatedIotherelahveconcen.
"; _ lration Of Co.60 ,n lhe wasle The Co-60 concen-
"_ -_-- _ ' i . ,x._%... _ Conc_te :II"- : .... tral,on JSobtained from a representative samole

10 -- :_ OIIhe wasle Drlor to f,lhng a drum or hner
,._ _ Practtcal exoer,ence snows that Co.60 ,s a

• dom,nanI _sotope tn most m,xtures and ,s the

5 _ mosl s,gnlhcanI from a snmeldmgstandpolnl The
conservative as.sumDhon _smade thai the

remalmng tsolooes (deer than Co.60) emit one
0 -" gamma per d_s,ntegrahon w_lh an energy ol I 0

0 .1.0 20 30 40 50 60 "tO 80 90 1.00 MEV

Co-e,0 Percent of Totmd Actzvlty

Two general types of waste forms are normally

1o0o t I _ sn,pped, concreted or dewatered resins and
hirer med=a. A nom=nal average Oens=tyof 2 0

]r'iru_t 2 _, g/co for concreted wastes and 06 g/cc for resins

M=_r3mum Allow,ble Liner Do4e R+_e903 was used =nOevelop,ng the curves

V,rlu, Co-60 P,rc,nt of Tot_J Actlvlty I
800 _ _ CAUTIONARY NOTE

__ _ The curves ,nctude a safety factor (DeaK.to--- average factor) of 2 0 wn,ch relates held
"/0,3 measuremenls to sn,ela,ngcalculanons assure.

,rigundorm waste m,xtures The calculations
= were made usinga comprehensive comDuler

_30 anaiys+s The held measurements are based on
_-_ a slahsllcal analys_s ot a large number olcas_

smoments However _ue to var,a1+onS,n waste
= 5'3¢ I malenals tolerance ,n measuremenl _nstru-

..4 menls and diner rea_world factors there ,Sst,na

large statler ,nme _ea_.to.average factor
40O Concrete - _--+ Slal_Stlcally. these curves y,eld COmDhance _n

:1 aboul 60q/oOt the Sh,Omenls TO oblarn com.

p.ance ,naDOul950"00lIr,e sn,pmenlS,mull_OlY
336 " the max,mum allowable act,wly c._ncentrallon

and the maximum allowable brier dose rate by
06

20¢ R._.in, I
+

E

o E::=:== "---

0 _0 20 30 40 50 60 70 10 90 _00

Co-(K) Pem.._mtof Tot_ ./l_tJvitY
A-6I
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CHEM-NUCLEAR SYSTEMS, INC. ' .CNS 14-170SERIES II

CNS14-170
I_ tlO

t It1 lit, LII=$

....jurt_=,, tlo NRC Certificate No. USA/9079/A

Capac=ty: (14) 55-gallon drums " ""

(1) 170.185 ft3 liner

Shielding: 2.13" lead equivalent _,.., :
Dose Rate: 15 R/hr (approx,) U.$.&.TItT$#

(Maximum based on 10°,/oCobalt 60) ' r'_C_

Empty Package Weight %""
(with lids): 33,800# ;

Primary and Secondary lids: 5,600#
Secondary lid: 400#
Payload Weight: 14,000#

The CNS 14.170 cask is specially designed for

transporting solidified drums ot low level rachoact=ve
waste material.

CASKLIFTING LUG
PRIMARYLID LIFTINGLUGS (3)

_ECONDARY LID//'--]LIFTINGLUG93.75"

--i
I_" DIA.

'4--'-.38"STL.
' NUT HEX AND
LOCKWASHER(8)

.Ts--1ou.c. STL.ISTUD (8).75"-I0UNC.
x 3.25" LG.

73.25"

84.25"

7S.90"OlA.

I

L !81.?5"DIA. _--_

The CNS 14.170cask_sa leacJand steelCaSKforclewateredorsohd_fiedwastematenal.The conlentsmay containgrealerthanTypeA cluant,tLes

Ol racJtoacttvematerialbul must meet thereClu_rementsof low spec01iCactivity.Maxlmum clec.ayheatloadmust not exceed 7 waits

Loac3mg:(A)Seven drums are placedon eacholthetwo palletslocatedouts_cleolthecask The palletsarethenlowered,nlolheCaSk (B)A hner

may be loadedwhde m thecaskthroughthe 16inchdiameteraccessportorplaced_nthe caskafterhlhngThe upr,ghtcyhnOercaskmay alsoDe

loaded wh=le mounted on the transport trader. A-62 me,,=



CHEM-NUCLEAR SYSTEMS, INC. CNS 14'170 !'
I.0 ' _n

Yil'u r_ I
0,9 ......

l_[_..irnum /Lllow,,ble Activi¢y C..-oncentraL|on "-'----"---
_ , !

1 Ve_u= Co-60 Perx:en_.of Tol,=J Ac_.tvlLy
--S 7 _i

o.e !_il . ! i
,,, J

_ o.7
•_. The curves St'lown at lefl may be used to
•..- _: _ ............ determine t_e maxsmum actfvdy concenlral_0n

0.6 (Figure 1) and the maximum hner dose rate
•.: ' (Figure 2) whfch can De snq:)l::)eclin th=scask. For

.= o 5 --_; _ a well m_xecl, unflorm concentration of waste,• use of these hgures wdl result encomphance w,th
h.,. legal close rates on the cask surface and at a

_ O,stance of 2 reelers from the surface (See
o. 4. h Cautionary Note)

>

i i _ _ L -% Concr,=t,e
_' These curves are related to the relat=veconcen." . _:.;-} i - _ ............

"_ - " _ - . " ?"--,.. trat,on of Co-60 _nthe waste TheCo-60concen.
{'-' , ,, • ±= , , , -- -I,.

_ ..... : • _-:'...- -- trahon _soOlmned from a reoresentat_ve sam01e
o. 2 ....... -'__'-"= _ ol the waste prior tOhlhng a drum or hner

_ ,,,,,,_ .

-_" _ _ _-' __ .... _ _ Practical exoenence snows that Co-60 _sa
• : ._,,_

o I _---_ d3om=nant_sotooe ,n most m,xtures and =Sthe
• _- _ R_in mosl s_gn,f,cant from a sn,elOmg stanOoo,ntThe

' _ ....----- ".... conserval=ve assum0hon _smacle Inat the

rema_n,ng _sotopes (diner than Co.60) emit one,3
lo 2o 3o ,_o 5o 60 ;s 8c 9¢ .1.o0 gamma per chs,ntegrat_onw'tn an energy of 1 0

MEV
Co-60 Percen'of To'al Ac_,,,l:y

Two general types of waste forms are normally
sh,pped, concreted or d3ewaterecl resins and2
Idler mecha. A nominal average clens_tyof 2 0

for concreted wastes an_ 0 6 for2 g/cc glcc resins

1S 1 .1',,4u:]mum ,,_Lllo_'mbleLiner Do_ FL_.e was used ,n (3evelolmng the curves.

V._t.u Co-60 P.rcent of To_.=.lActivity

I _ CAUTIONARY NOTE
" The curves =ncluOe a safety factor (peak-to.=" , ...._ _ _-

=:: .... average laclor) of 2 0 wmcn relates he<:i
"" I 4 measurements to sh_eid=ngcalculations assure.
,, _n9 un,lorm waste m_xlures The c.alculahons

=::: " were maoe using a comOrenenmve computer
i2 analys_s The held measurements are basec_ on

_'_ • a stat_shcal anaiys,s of a large number ot cask
" , . _--:_-_ -- Sh,pments However clue to variations _n waste

,..a'-1o _: : ._, _ maler,als, tolerance _nmeasuremenl _nstru.
' ' _"_ ..... _ _ menls and other rea_wOtlC]factors, there ,s Sldla

' -"_ -_ ' --"-__ large scarier ,n the Dea_-to.average facto,, _ _ -_,,,,,,.___

O _ - _"--_.._ .. I Rcmm Slal,shcally these curves y,eld comohance _n
::_: - _: -' i:,,--"----_-- aDoul 600/o of lines_omenls To obla,n com.

' _ _ .... :, ! Dhance ,nabout 95% of t_e smomenls mUltiply

6 _ _ the max,mum allowable achwty concenlrahon
l and themax,mum allowable hner dose rate by

O6
4 ,,. , _ ,

I

• m

o

o Io 20 ]o _o So _o To eo '_o loo

Co.-.60 P_rv._at of To_Ll A=tr,nt_
A-63
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CHEM-NUCLEAR SYSTEMS, INC. CNS 14-1'70SERIES 111

,,,,,,,,, t,= CNS 14-170
t IvTII_ L_

.._../SdDC_It_Cav LIO
tlrTl_ tt.E

NRC CertificateNo. USA/91511A

Capacity: (14) 55.gallon drums
(1) 170.185 ft3 liner

Shielding: 2.13" lead equivalent

Dose Rate: 15 R/hr (30orox.)
• (Maximum bas._, on 10°/0Cobalt 60)

( Empty Package Weight

,I.1 (with lids): 33,800#

i Primary and Secondary lids: 5.550#Secondary lid: 375#
Payload Weight: 19,205#

J

The CNS 14.170 cask is spec)ally designed for,_ transporting solidified drums of low level radloact)ve

waste matenal
. CASKLIFTINGLUG
,, PRIMARYLID LTFTINGLUGS (3)

! / ..__[SECONDARYLID
; / / )LIFTINGLUG

1

NUT HEX AND

LOCKHASHER(8)

i .Ts--toUNC. , STL.

STUD (8).75"-10UNC,
x 3.25"LG.

73.25"

_I 84,25"

75.50"DIA.

'i

"_ -- __ _ -

, ! L
=1.,.75" _LEAD

' L II

i] ' , Q_.75_'0I,_.......... :

The CNS 14.170 cask is a lead and steel cask tor dewatered or SohdrFmeclwaste material The contents may c'.ontam greater than Type A cluantMhes
of r:._:.o_oactlvematerial but ,must meet the reClutrementso! low soeofK: activity Max=mum decay heat load must not exceed 7 warts

Loading: (A) Seven drums are Placed on each of the two pallets located outsaaeof the cask. The palleIs ate _hen Iowerecl into the cask (B) A liner
may _ loaded while in the cask through the 16 inch dtameter access port or placed inthe cask atter filhng. The upright cyImnc|ercask may also De

Ioacled wrttle mounted on the transport Ira_ler A-04,1
(], -- -,.__I _ IN I IllI __ II millI In_ __ Illlll II INml _ I __



CHEM-NUCLEAR SYSTEMS, INC. CNS 14-170'
1.0

Fibre 1 ....0.9 M=,.._mum ,/UlowLble Activity Concentration

Venus Co-60 Pe_ent of ToL_ Act,ivory
0 B _ ......... , .- , : -

ii,,

r,j 0.'/ - _ - The curves shown at lefl may be used to
-- _-- _ _ _elerm,ne the maximum acttwty concentrationi _" - _- _ "_ ' ......... _ '_ "

"" (Frgure 1) and the maximum hner close rate
o= 0.0 _ -_ :- .... (F,gure 2) which can De shfpDed in Ibis c_.ask.For

_ --- __ _ _ a well m_xed, umtorm concentrahon of waste.
"_ 0.5 __ .-----h,_ use of these hgures wdt result =ncomDhance w_th
u __.. _-_: ;; _ legal dose rates on the CaSk surface and a_ a

0_stance of 2 meters from the surface (See
-"- Cautionary Nole)-, 0.4 _ _ ::: %,:....... ;- ._ ,_. _',.

t,,a

0.3 : - 3 These curves are related to the relative concen.
..... .....:ii ., trallon of Co.60 =nthe waste The Co.60 concen.

"_ ..... -- - ' '.; .; .' . , _-,, " i - tratlon _sobta=neo from a relotesentalwe sample

o. 2 : :.--_ : _ _ -- of fine waste Dnor tn filhng a drum or liner

,,=,.,.,_...==__: Ptachcal exDenen¢.e shows thai Co-60 =sa
_ _ 0ommant LsotoDe _n rod,stm_xturesand ts the

0. _ ........... _"-"- Ft,.,=in most slgnlhcant from a shielding standl:_nt. The
, _ : _ conservahve assuml3tson is maae that the

: _-- : " _ ' I ,

rema=n_ng_sotooes (other than Co.60) emit one
o -" gamma _er d_s_ntegrat=onw_h an energy of 1 0

0 _.G 2o 30 40 50 60 70 e0 90 ,_oo MEV
Co-60 Percent. ofTotal Ac',iv_Cy

Two general types ot waste forms are normally
sn,01oecl,concreted or dewalered reruns an0

2 o __ Idler med_a. A nominal average densrly of 20

ril._ 2 _ g/co for concreted wastes and 0.6 glcc for resins

was used m develop=rig the curves.
18 M=._mum AJIo_ble Liner D_.=.__te _: : i

.... --

Y=_,,,, Co-_,0 P=r_=nt of Total ACtivity
CAUTIONARY NOTE

].6 __ The curves ,nclude a safety factor (Deak.to-
________--------_-- - ,,, , .... ,,
-- - --.. average factor) ol 2.0 wl_c.h relates held

=t "± : i measurements to st_elding calculations assure.
_ _ngumfotm waste m_xtures The Calculations

_ were ma_e using a coml::)rehens_vecomouter

,l 2 -- _ _ ; "_ ! analys=s. The held measurements are Dased on
-- --: ... :: _ _ a stat_st_c.,,alanaly_s of a large number of cask

Concr_,e _ ., 5tn=pmeots However. clue to vanahons _nwaste
," _ ---_-,--::-,__....

-_ lO -_ _ -- _._-. :.. . ; _--L , : _ matenals, tolerance _n measurement _nstru-
___"_-- _ i__=. i _: _: ':':I _-_-._ : : J ments, and other real worl_ tactors, therelsstllla

-- -- _-_: _-- _- '-' -: P..e_in-_ - : _- : -'_ large scatter in the i::_ak.to-average factor.I! Slat_st_cally,these cu_es y_eld comDhance _n
about 60_ of the sml3ments To obtain com.

phance _nab_L,"t95% Of the s_=pments,mull_131y
ttnemaximum allowable ac-'l=v_tyconcentration

_- : i and the maximum allowal_le hner close rate Dy

- I 06
4 __ : i' "" ]

2

I

o xo 20 _o _o so 60 70 so so xoo

Ptru=t of Tot,d /Lcti.rir,/ A-65
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CHEM-NUCLEAR SYSTEMS, INC. CNS 14-190H

CNS 14-190H

NRC Certlficale No. USN9159/A _ , .,._,.,

Caloac,ty: (14)55.ga,ondrums '" -"_'_',:.-:,CNS'14"190"HNO-1
," (1) 17Ott3 ¢ontamer

._ Shieldmg: 3.5" lead eclulvalent
Dose Rate: 80 R/hr

(Maximum based on 10o/oCobalt 60) ',:" USA/9159/A._.:_i:"'",

Eml3ty Package Weight
(wilh lids): 45,200#

Pr,mary and secondary lids: 7.520# __ '..-_'"
Secondary hd: 550# =... ,.
Payload Weight: 20,000#

•. _ .:

The CNS 14.190H cask is des=gnecl lot transPonmg
dewaterecl ancl solichfied low specdic act=v=tymatenal.

Secondary

Lid Li_t Lug_ 7SQcondary L_,d

Lifting anti
Tie_OownLug

(4) _ 9. dO
D_,A

_=:..== 73 3/8

t '6,

i _ 75.2 " 2.73
Eau.tva ].ent

%
,; _ -- -, ,

_: . 83.25 ;_
DZA

The CNS 14.190H casW,ts a leacl and steel cask for clewatereO, sohcls,or sohclifieclwaste meeting the re<:lu=rementsfor low soecd=cachv_rymatenal.
=nsecondary conta=ners. The contents may contam gtealer than Type A cluanl=bes ol rachoactfve malenal, Dut must meet the reclu|rements of low
$0ec=ficact=wry.

Loao=nr_:(A) Seven clrums are placed on each of the two pallets located outside the cask. The pallets are men lowered ,nto me cask. The uDngnt
CyhnOet may also be IoaOecl wtl=le mounlecl on the transport Ira=let

A-6(:,
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I

!" "'; Figure 1 I: ':I ="-'-- ] Ma._imum Allowable Activity Concentration i

- t "" Verlua Co-60 Percen¢ ofTotal Activity iT : I

L
.-c- i

_- = The curvesShOWn atleftmay be used to
U.... _ determine the maximum achv_tyconcentration

---- 1_ (Figure 1) and the maximum liner dose rate
,.. 3 _ ::t (Figure 2) which can be shipped anthis cask For
O

'Z, -- " i a welt mixed, unltorm concentration ol waste.
,.- _ use of these hgures w,II result ,n comphance w_th
'_ legal dose rates on the cask surtace and at aqu

,,.. chstance of 2 meters from the surface (See

r_ ----- Caullonary Note)

?,
These curves are related to the relatwe concen-

: trat_on of Co.60 in the waste. The Co-60 concen-

._ Iral_on Is obtained from a representative sample
["" of the waste Or=ortO filling a drum or hner.

1 _ Pracucal expenence shows thai Co-60 _sa
dominant usotope 0nmost rr',xlures and _sthe

.... most s_gmficanl from a smeld=ngstandpoint. The

_ ! . _.= I:L-,in ] conservalsve assumption _smade that the
"

-- _ remaining _sotopes (other than Co-60) emit one
gamma per d_s,ntegrahon w,ln an energy of 1 00

0 10 20 30 40 50 60 "/0 80 90 100 MEV

Co-60 Percent of Total Activity

Two general types of waste forms are normally
sh0pped, concreted or dewalered resins and

_ "'t

- _ tilter med_a. A nominal average dens_ty ol 20

100 _ Fii_re 2 ;_- II :_ glcc for concreted wastes and 0.6 g/co lot resuns
:" was used in developing the curves

90 ,, M_imum AllowableLinerDole Rate
Verlul Co-60 Percent. ofTotal Actwtty

CAUTIONARY NOTE
B0 = '_' The curves _nclude a salelyfactor (peak-to-

"D _ ---------.,----_ average factor) of 2 0 which relates field.=

_ _ --- measurements to smel@ng calculahons assum-
_, 7G i _ng undorm wasle m0xtures. The calculations
,,_ were made usanga comprehen_ve computer

anatys_s The field measurements are based on
u 60 a stahshcal analys_s of a large number of cask
O

shipments However, due to variations an waste
malenals, tolerance _n measurement _nstru-

" 50
menls, and other real world factors, there _sst_lla
large scatter _nthe peak.to-average factor

40 Stat_sl_cally.these curves y_eld compliance _n
al:x:)ut 600 ot the smpments To obtain com-

"- phance _n about 95°A_ol the shipments, mutt_ply
: the maximum allowable acUwty concentration

30 _ and the maximum allowable hner close rate by

: :=== l 06

20 I

10

E ---'-"'-'-"=

0 0 10 20 30 40 50 60 70 80 90 100

Co-60 Percent ofTot_ Activity A-67
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LIDLIFTINGRING(3} CNS 14-195L ' ,, tl
SECONOARY L IO _,r, r,L,,_L_r'.,,,LUL,

EYE (l) Strong, tightcontainer.Type A quantatles

CASK LIrTING only

I TRUNNIOtl S" " "

Capacity: (14) O,u=, CN 14i"35L{
(1) 190-215 ft3 liner

Shielding: 2.00" lead equivalent,,1.,._

'j _'_p. Dose Rate: Less than 1 R/hr on

contact (based on Cobalt

60) ¢ ",

TIEDOwI'I Empty Package Weight ! • ". '

(with ;ids): 31,550# i ". .t.._ '

Payload We,ght: 17,700# 1.:_;=;_.. -- .,.,

The CNS 14.195L cask ts specmlly designed tot

transporting Type A quanhhes of rad_oacuve material.

__L.

!. ,,.,- J !
- I)IA.

%.00"

t

i The CNS 14.195L cask =sa leap and steel sn,pplng cask for transporhng dewatered or sohdJhed waste matenal, but must meet the requirements ot

low spe.c=hc ac,,twty

Loading (A) Seven drums are placed on each of two pallets located outside of the cask. The pallets are then lowered _nIo the CaSk. (B) A hner may

be Ioade, O wn=te _ntne cask througrt a 26 mcn dmmeter access port or placed en {tie CaSk afler filhng+ The upnghl cyhnOer may als,o be loaded wmle

moumeO on tne transPorl trader ,._,-68

, II



i CHEM-NUCLEAR SYSTEMS, INC. CNS 14-195H
i

• ..-

L[OLIFTINGRING(3; CNS 14-195H '_=;
..

SECONOARYLIO NRC Certificl.ate No. USA/90941A

EYE (I) -'-'. I. .:

CASK LIFTING Capaob/: (14) 55-gallon drums CN$'i4"JS -...... ."

TRUNNION (1) 190-215 ti3 liner ; ":_"

Sh,elding: 2._" lead equivalent _ ,11 _CW_ '

(Maximum based on 10o/o Cobalt 60) "'

Empty Package Weight ....

(w_th lids) 39,650# .

T I EDOWN P,ima_ and sE_:::ondary lids: 5,450# , • 7. _.,-.

S_=.condary hd: 850# " .',..

Pa),loacl weight: 17,700# , :. "-'., z:

/_NLFT HE% 1.25"-7 UN[ (.12) ._...._EXHD. CAPSCREW (IB) The CNS 14.195H c,,ask=s specially designed for
SOC. HD. SCREW (l?) 75"-10 UriC 2B _ 1.50" LG. transporl_ng dewatered and sohdlfied low specdic

1.25"-7 LII_Cx 6.50" LG. / I" activity material'87.13"01A.

RING

RING

PLCS.

L 26.00"DIA. !

77.OO"DIA.

0.13_. 2.19" ;_0.75'-

LEAD STEEL

I 19.8.8"--
I DIA.

-- 96.O0"

The CNS 14.195H cask _sa lead and steelsh_pptng c,ask tOtclewatered or sohdifiedwaste mater_al.The contents may contain greaterman Type A

Quantitiesof rachoacIwe mater_al but must meet me requlrements ot low speohc act_wty.

Loading: (A} Seven drums are placed on each olthe two palletslocatedoutside of the _sk. The palletsare men lowered _ntolhe CaSk.(B) Ahner

1 may be loaded wmle =n the cask through the 26-,ncn clJameter access pon or piaced _nthe (:_3sk aMer filhng The upright cychnder cask may a_so be
i loaded wmle mounted on the IransoorI trader A -_() =""



Verlu= C_-60 Percen_ of TotM Activity :! ::=:

O " _ i The curves shown at left may be used to

__- _ , determine the maximum achv,ty concentrahon

-----------' I (Figure 1) and the maximum liner close rate

oc 0.6 _ (Figure 2) which can be sh,pped inthis CaSk. For"= ___....-......_ a well m,xed, umform concentral_on of waste.." _ _ ==::==:=
_ . .... ::==:::=::z------ use of these figures w,tl result ,n comphance with

0.5 : ........ !_T i legal dose rales on the cask surlace and al a

o _:: : :i ': _ ; -T_'_-: Conc_ O_stance ot 2 me!ers from lhe suriace (See

U t Cautionary Note)
_o.4 i

"6
"< 0.3 These curves are related to the relative concert-
% -- lrat¢on of Co-60 sn the waste The Co.60 concen-
"6 tral_on _sobtained from a reoresentatwe sample

I.-., __._ _ of the waste pr,or to hlhng a drum or hner

0.2 _ Prachcal expenence shows that Co-60 ,sa

dom,nanl _sotope ,n most mlxtures and _s the

o. 1 most s_gmficant from a shield,rig stanopo,nl Theconservative assumot=on _s made that the

___ : t remmn,ng _solooes (other than Co-60) em,I one
0 -- gamma per disintegration w,th an energy ol 1 0

lo 20 30 40 50 60 70 so 90 i00 MEV

C__-E_3 Per'cent of Total Activity

22 _] Twogeneraltypesotwasteformsarenormally

Fi('...tr_ _I shipped, concreted or dewatered resins and

20 z: " i ':_" = _4,.,/_num AJlow=.bl¢ Lin,r Do_ P_te filter media A nom,nal average density of 20

_L V_u-.=,,,, 0o.-60 P._t of Tot.=.l Activit, y g/cc lor concreted wastes ancl 0 6 g/co tor resins

was used _n developing the curves

CAUTIONARY NOTE

--- 16 _ The curves _nclude a safety factor (peak-to.
•_ average factor) ot 20 wn,cn relates held

measurements to shielding calculallons assure-
--. .1

14 _ng undorm waste mixtures The calculations
• were made using a comprenens_ve computer

¢::
analys_s The held measuremenls are based on

12 a slat_sl,cal analys=s of a large number ot cask

sh,omenls However, clue to vanatlons ,n waste
c malenats, tolerance _n measuremenl _nslru-

].0 menls, and ottqer real world factors, there _sshll a

large scatter ,n the peak.lo-average factor

Slal_st_c..ally. these curves y_eld com0hance _n

8 about 60% ot the shipments To obtain com-

phance ,n about 95% of the sn,oments, mulhOly

the maximum allowable act,v,ly concentration

6 and the max,mum allowable hner dose rate by

06
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CHEM-NUCLEAR SYSTEMS, INC. CNS 14-215H

CNS 14-215H

--LID LIFTING RING (3;

SECONDARYLID NRC Cerx_ficateNo. USA/9176/A

EYE (1)

CASK LIFTING Capacity: (14) 5$-gallon drums

TRU_ ,NION (1) 215" 3 liner ........CHGI

(7) 24" x 72" pressure

vessels _.

/_ Shielding: 2.73" lead equivalent • _.... -'Y"_'

• . .- :-:-.-::..
i Dose Rate: 20 R/hr : .... -.,..,:_.- ..:-:.'....:.:

(maxtmum based on 10% Cobalt 60) ...... :' " - ' .';_." :.
• .......c, , .,',...': ..... .:.:,.,.£.;- .

TIEDOwN Empty Package Weight "',_,':'i. _ . "_" _'
(with lids): 38.400# { " r_'

primary and Secondary lids: 6.380# /

.i Secondary hd: 1,140#
Payload Weight: 20,000#

t " The CNS 14-215H cask ,s specially des:gned for
transl::)ortmg dewatered and sohdd_ed low soecfl_c

acnwfly material.

The CNS 14.215H cask ts a lead and steel encased sh,eolng cask for lransPorttng dewalered or sohdffled waste maler_al The contents may con-

lain greater than Type A Quanlmes of raa_oact,ve mater_al, but must meel the reclu_rements ol low speohc actw_ty

Loading (A) Seven drums are placed on each ot the two pallets located ouls_de lhe cask The pallets are then lowered Lntothe cask. (B) A 190.215
h3 I,ner can be loaded wrule lhe cast,, is mounted on the transport tra,er

A-7I

' IL



CHEM-NUCLEAR SYSTEMS, INC. CNS 14-215H

1.0 f---

O. 9 -- M_Jmum AJlowable Activity ConcentrLtion I......

i:. _ i_ i, Ve_uJ Co-60 Percent of Total Activa_y

,,,

_, . ..... . '_ .;
Ill,, %

t_ 0.7 ;" ' : The curves shown a{ left may be used to

_.., " .:_ delerm_r_e lhe maximum actlvlly concenlrahonO !

""," 0.6 : . . :. !%,. , (Figure 1) anti the maxtmum hner dose rale
o (Figure 2) which can be sn_poed In th_s cask For
'_ ;' ' ' ' : %, a well m,xed, un,form concentration of wasle.

"_ : use of these figures wdl result _n comphance wdh

ue o. 5 _ :' legal dose tales on the cask surface and al a
t"

_ _ Concr.t,._ i el,stance of 2 reelers from Ihe sudace (See
o. 4 . ..... :; .-, .... ,T- i Caul_onary Note)

•; = i
'_ These curves are related to lhe relative concen.
-- 0 3
" " trat_on of Co.60 _n tr_e waste The Co-60 concen.

i-., trahon _s obiasneO from a represenlahve sample

0.2 of the waste pnor to hlhng a drum or hner.
Practical exDenence shows Inat Co.60 _sa

dominant _solol::>e_n most m_xtures and _s the

0. I mosl s_gndecanl trom a shielding slandl::K,_nt The
conservative assumption ,s made that the

remaining _solooes (diner lhan Co-60) emit one

O ---- gamma per d_s,nlegral_on w,lh an energy of 1 0

0 10 20 30 40 50 60 70 B0 90 100 MEV

Co-60 Percent of To_.,,l Activity

_- Two general Iy_es of waste lorms are normally

FiA,'u_2 - snq313ed, concreted or dewalered resins and

20 _ _: Ma_dmu_ .A.llow-bl, LJn,r DoN ]_t, _ : i filter meO_a A nominal average densely of 20
•-T" _ h . ; Vmu.a C_-_3 P_u"_qmt ot' Tot ,,,I Activit¥_ glcc lot concreted wastes and 0 6 glcc for resins

_ was used _n developing l,_ecurvesIS .:- '

_ CAUTIONARY NOTE

"2" 16 _ _ The curves _nclu_e a saleW _ac_o_ (peak.lo-

-.. average factor) of 2 0 wn_ch relales held

measuremenls IO sn_eiO_ng Calcu_al_ons as.sum.

; 4 _ng un,form wasle m_xlures The c_..alculal_ons

were made using a comprehensive computer

analys_s The held measuremenlsare based on
_.;: a slaDs_cal analys_s ot a large number of cask

srllomenls However due tO vanal_ons _n wasIe
-- maler_als, iolerance _n measuremenl mstru-

..4 1C
merits and olmer rea_ woncl factors Imere ,s sldl a

_I_ large S._tler _n l_e peak-lo.average factor

I_ Slatlsl_cally. these curves y,elcI comohance _n

B _ aboul 60°,40of line sn_omenls To oOla_n corn-

"- phance _n about 95% ol the Shipments, mull_ply

the maximum allowable aclw,ly concenlral,on6
and llne maximum ailowable hner dose rate by

O6

..-----

0
o :o 2o 3o 4o so _o '70 so 90 '_oo
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CNS 14-220L

CNS 14-220L \ _r.,_K L,n

" .... ' "" "" """ ' --" Strong,tight container,

Type A quant_l_esonly

--..- / Capac_y: (14)55-gallondrums

"_'_ (1) 200 ft3 liner

, Shielding: 1.75" lead equivalent <
.... Dose Rate: Less than 1 R/hr contacl

(Maximum based on Cobalt 60)

,,_, EmptyPackageWeight 33,200#
Payload Weight: No limCt

!
The CNS 14-220L is spec=ally designed lor transporlmg

Type A quantlt=tes of radioact,ve matenal.

I
t__.,, 103 = Ii-

,,,.

The CNS 14.220L cask =sa sleet and concrete sr, pp=ng cask lot transport=ng dewatered or sohcliliecl wasle material.

Loacl,ng: (A) Seven drums are placed on each of two pallets located OUtSidethe cask The pallets are then lowered tnto the cask. (B) A hner may be
_oaOeOwnde _n tl'te cask mrougn a 26-_ncn o_ameter access port or Dlacecl in the cast<after filling The upnght cyhncler may also be loaded wmle
mounted on me transport trmler. A-'73



' CHEM-NUCLEAR SYSTEMS, INC. & "CNS 15-160B

The CNS 15.160B cask COnSistsof rectangular, double-walled welded todd steel designed to transporl greater man Type A Quant_t=esof rad_o-
active matenaL not to exceed 5 watts

Load=ng Th=s CaSk iS des=gned to transoort fitleen (15) 55-gallon drums or two 80 ft3 hners One and one.hall inches ot lead equivalence ,s pro-
video A-74
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| CHEM-NUCLEAR SYSTEMS, INC. CNS 21-300

t
_ CNS 21-300

_LtDLtFTt._,l._ C_;
. NRC Certdacate No. USAJ9096]A

\ CASKLIFTING

Capacfty: (21) S5_alton drums ENSI'al"3QO,,:

(1) 315.340 ft3 liner ..
Sh=eldtng: 1 50" lead ecluJvalenl
Dose Rate: 3 R/hr (approx.)

(Maxamum based on Cobalt 60) U. S, _. / 913 9 6 / i:::1

Empty Package We=ght
(w_th lads): 30,200#

Primary and Secondary lids: 3,450# ",..-

t Secondary lid: 550# ;

Payload Weight: 27,250# }iw.=

___{NU'T,HEX 1.25"-7 UNC(lZ) --HEX Ul:)CAPSCREW(18) The CNS 21+300 cask ,s spec,atly des,gned forSOC. HD. SCREW(12) /'--I .75"-I0 LINEx I SO" LG!.25"-7 UNCx 6.50" LG • • transporting large volumes of low level racl_oacttvewaste material.
!-- 862 S"OIA. _

I
-___+,+." _ _,+ .....

DIA. " 1

i I17.25"

t "-+- 83.00"DIA. " f

v"

_/I_/ _

'_ _ EADt

i ' I•-------g 5.00" Ol_,. _-----_
t

: . 96.00" ......

The C,",IS21.300 cask _sa leacl ancl steel snq_p_ngcask tot clewalereclor sohdd_ed waste matenal The contents may contain greater than Type A
Quantmt_esol raO_oac'ltve malenal lout must meet me reclu_rements ot low spec_hc act,wty+

,t Loao=ng (A) Seven Orums are placeO on each of treemree pallets Ioc.,ate<30uls_Oeot the Cask. The Datlets are men lowered tnto the cask (B) A liner
' may t::eloaded ins+de tt"lecas_,through me 26 mcn cltameter access port or placed tn the casi_ alter hlhng The upright Cyhnder cask may also be

Ioaceo wr_tlemounted on the transoort tratter+ A-75 =,.,,,



3.i0

F il'ureI
0.09

M_mum )LJlo_,_b}eActivity C..oncentrltion

•_'_\:::i, Verlum C.o-60 Per_tnt of TotJJ Actlv(_ym

0.08 ,; -. - _ -I

_0.07 'h
.. . - The curves ShOWn al lefl may be used to

k delerm,ne the maximum achvtly concenlrallon

(F,gure 1) and the max,mum hner dose rate
= O. 06 '_.

•.-.° ... : _h (F,gure 2) wmch can be sn,DDea ,n ln_s cask. For
,-. a well m_xed, untform concentration ol waste.
c L' ; ;."%_..,., .... use of these hgures wdl result in comDhance w_th

O" 05 : l l: : ] " L_ Concl'ele legal dose tales on the cask surface and at a

-"_' _ d,stance of 2 meters from tree surlace (See

_" 0 04 .... -,.. Cauhonary Note)--, •

,,,.,

_" These curves are relaged Io the relallve concen-
.'_ o.03 _- ' :. _ ,,_.

_ -"---_: tralfon Ol Co-60 _n the waste. The Co-60 concen-
!--. _ lrat,on ,s oDratned from a represenlalwe sample

o.02 i ' i. _'.,. oltne waste pnor to fllhng a drum or hner.
;_ _ -"---L ._ Practical exoenence snows thal Co-60 ,s a

-----__.__ Re_in dominant _solope ,n most mixtures and mSthe
_ ..

C. 0 1 _ ...--....,_: _._.___ mosl stgqd_cant Iron a sh,elomg standpoint The
' ' -'- .... conservalwe assumpl_on ,s made Inal the

rema,mng isotopes (Other than Co60) em_t one

: " ' " ' _" '" ' gamma per d_smlegranon w_In an energy ot 1 0
0 13 20 30 40 50 60 70 80 9[' i00 MEV

Co-60 Percent of Total Act,vii)

_! riru_ I Two general Iypes of waste forms are normally

stuDDed, concreleO or dewatered resins and

_ I,,4,.xirnum ,K.IIo--bl. Liner Do.., P_te filter med_a A nom,nal average densely of 2 0
. 6' _L --- Vr_u,.J Co-_5,0 P,,rv._nt of ToIIJ Actlv|ty_i!!i ..i: i_'i:',- g/cc for concreted wastes and 0 6 glcc tor res,ns

was used _n de'.'e_op,ng lhe Curves

"%"_','_.. CAUTIONARY NOTE
,._.. ' ¢ " , _,,...

........ ; ':_'- _ The curves ,nclude a safely factor (iDeak-to-

' : ":... __ average laciot) ot 2 0 wh,Ch relales field

I. _ -- --....._ measurements to sn,eld,ngcalculal,onsassum-

.._ _ _. Concrete i.!'- -'_-.'.--'-- _'--.--:.=_. _ ,ng undorm waste m,xlures The calculal,ons
= "_ were made using a comprenens,ve compuler

, . - analvs, s The held measurements are based on,, -%,.

i ..-::-- --'--...,...---.---- R.emtn a slal(sltcal analys4s ol a large number Of CaSk

• _ __ sn_omenls However due tO vanat,ons ,n wasle
C

_. ' = maler,als, tolerance ,nmeasurement _nstru.
=_ _ meritS, and olher real world factors there _s Sldl a

_arge scaner ,n the beak.to-average faclor

C e Slal_sl,cally these curves y,eld comol,ance in
about 60% Otthe smoments Tooblmn corn.

phance _n aboul 950,'0 of the smomen(':-i mull,ply

0.6 the max,mum allowable act_v,lv conce_Irallon

and lne max,mum a_lowable hner dose) rale by

O6

c.4

C }3 20 33 4"; 5C CO 70 60 9E lOC
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CHEM-NUCLEAR SYSTEMS, INC.
,,,

P,O. Box 726. Barnwell, South Carolina 29812. (803) 259-1781

December 19, 1978
SEO-618

In order to attain full compliance with Chem-Nuclear Systems, Inc. (CNSI) licensed casks' Certificates of
Compliance, the following information is provided to convert curie contents to thermal watts. This is to be
utilized to insure that CNSI shipping casks' thermal watt limitations are not exceeded. We have included sam-
pie calculations for the 600 watt limit as defined for our CNSI 1-13 shtpping cask, Certihcate of Compliance,
USAJ9044/B( )F, to assist you in documenting your shipment.

I] Curies to Thermal Watts Conversion Equation

( Total MEV ) x Kilowatt-- Second

Kilowatts = (total curies) (Disintegration) 6.243 x 1015 MEV

x 3.7 x 1010 Disinteqration -- Second
1 Curie

II] The following example is provided determining the maximum allowable curie content for CNSI's
1-13 cask, (USN9044/B()F"), which has an upper limit of 600 watts:

Radioisotope: Cobalt 60

0.314 MEV Beta Max = 0.105 MEV Beta Average
3

1.173 MEV Gamma
1.332 MEV Gamma
0.105 MEV Beta Average
2.610 MEV

Total MEV per disintegration: 2.610

A-77



1000

•-_ I00

..Co/60

Notes:

(1) This curve is basea on the currently acceptecl
value or:

m 6 x 10.3 warts

Mev-Ci

(2) In determining Mev/d_s for a pamcular isotope
always use t_e average beta energy plus the total
gamma energy. The be{a average is generally
taken as 1_ of the beta max=mum.

lo 1 ! 1 1 ! 1
0 O..S 1.0 i.5 2.0 2.S 3.0 3.5

• Mev/chslntegra_on

FIGURE A-1. ISOTOPE HEAT RATING

A-2
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Co-60 Percent of Total Activity
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Co-60 Percenl of Total Actw_r,/
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Co-60 Percent of Total Acttv_ly
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Appendix A.2

Transportation/Storage Casks
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MSB RAILCASK- SIERRANUCLEARCORPORATION

The MSB Transport Cask radial dimensions are illustrated in Figure. Radial dimensions
are critical to the transport of a cask by rail because of the 128-inch width limitation. The
length of a cask is generally not important because heavy weight railcars are quite long (up
to 60 feet) to spread the load of the package and reduce the load per unit length on bridges.
The outside diameter of the cask is 93.5 inches, and the cask cavity diameter is 63.0 inches.
The 63.0-inch cask cavity allows adequate clearance to accept the 62.5 inch outside diameter
MSB. The interfaces between the cask and impact limiter are shown in Figure. Figure

also illustrates the construction of the Impact Limiters using 4000 psi crush strength
aluminum honeycomb in a doughnut that encircles the end of the cask to accommodate side
drops, with a 1000 psi honeycomb disk 30 inches thick for end and oblique anizle drops.
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Figure

MSB Transport Cask Dimensions

93.4

2.0" FS

__] 3.5" Pb FS - Fermtlc Steel

2.5" FS Pb - Lead Shleldlng
5.5"' NS4 NS4- Neutron Shieldxng
0.25" SS SS - StainlessSteel

F P F N S Outer Skin
SbS S S

,7,_0,, II
o o I'_, ,

L

3'-8" 14:30

4000 psl i_

Honeycomb I000 ps_
Honeycomb

' IMPACT LIMITER
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I I I' - i _" Ill

I i _/_

_ _ IlL ' _ • ,dr _ f
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(408) 438-6444 (404) 518-7785
(408) 438-5200 (_._x') (404) 518-7883 (F.aX)

i i iii i i i i ii 1 iiiii ,H I I , I II II I I I,

VENTILATED STORAGE CASK

The Ventilated Storage Cask
(VSC) (Figure 1) is a second ...._':'_'_,,'I

generation, NRC certified, dry ..-,.'
irradiated fuel storage system that _""'::

offers low up-front cost and modu- ,'.:i.,_:'i "' ....lar addition in increments as small _'_ :" };:_' ' .......'"i_'1 ,. _, ._. .

as a single cask. The VSC design ,,_2,, ,_,'_",.. ,,.:;;._,_.:,..

takes full advantage of the exper- ,_ " ""_ i,, ,.:..-s,,,ience gained by the Sierra Nuclear ,:,_ ..... .:,...e, ,. ;,

Corporation (SNC) design teamon ;1_ ::_,_ _,: ' ......'-":_
previous dry fuel storage projects _,)," "'_-"_": "!!_:
and previous cask analyses and ,:ti, .._,,!f '"

• , ' .,, ,_

testing. The VSC represents the .,.:(+:.._._': ., -,, ....
logical next step toward large scale ,.' ,, .,,_ "_ : ';_'?_'
implementation of low cost dry . _;:_; i_; .q#2:_o'!, _" _ "4"a¢", ...... .

fuel storage. The VSC system has .;:;,_._,,..:o, __'_2""
been loaded with consolidated fuel __ _,_i ,:_._i_2_1
at the Idaho National Engineering ___ _ _____, :_:,a-_ "_ _,;_Laboratory. The VSC has also .....------ _ :. _a_
been selected for use at Wisconsin
Electric's Point Beach Nuclear Four completed ventilated concrete casks.
Power Plant, Consumers Power's
Power's Palisades Plant, and Entergy Operation's The VSC system is provided with a unique
Arkansas Nuclear One Plant. Eight casks are handling system that allows for vertical loading of

currently on site at Palisades. the basket into the concrete cask and greatly
simplifies the handling of the thirty-ton basket

The VSC system is also fully compatible with compared to horizontally loaded concrete storage
future shipping options as its sealed steel basket systems. Transferring the entire 24 PWR or 52
can serve a.s a shipping cask basket. BWR assemblies at one time minimizes the

number of operations and impact on plant

TIIE VSC SYSTEM personnel. A transfer cask and lifting yoke are
used to move the basket into the fuel pool for

The VSC storage system is made up of a venti- loading. The transfer cask, containing the loaded
lated concrete cask and a multiassembly sealed basket is moved out of the pool to the decontami-
basket. The basket is a seal-welded, steel canister nation area. The transfer cask with a loaded
containing up to 24 pressurized water reactor basket weighs under 100 tons. The transfer cask
assemblies or 52 boiling water reactor assemblies, moves the sealed basket into the concrete cask
The basket is designed to meet both storage and within the controlled atmosphere of the plant
shipping requirements. The basket is stored in the auxiliary building. Thus, the cask that goes in the
central cavity of the concrete cask. The cask is pool does not go out to the storage pad. This
ventilated by internal air flow paths that allow the greatly reduces the possibility for the spread of
decay heat to be removed by natural circulation, radioactive contamination.
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SNC also provides an alternative loading system
that uses a single assembly transfer machine
(weighing 35 tons) to move fuel from the pool to _; :-_,.
a basket contained in the concrete cask. Another

feature of the VSC system is that the concrete
cask is always in the vertical position and is moved
on and off the transfer trailer with a specialized
lifting skid or air pads. The cask can also be
moved with a cask transporter like metal cask.
Thus, the VSC system does not need specialty
alignment skids and rams needed by other storage
systems to place the fuel or cask into storage.
Also, the VSC handling system allows the use of a
close packed cask array with minimum handling
areas, thus, using much less valuable plant space
than horizontal systems, which require large
transporter alignment and maneuvering room.

Another important feature of the VSC system is
that the basket is shippable. At the end of on-site .' '.
storage, the basket can be placed in a rail]barge ¢r,tl_,
cask and shipped off-site. If continued storage is
needed at the receiving end, the empty concrete
cask can also be shipped and the basket reinserted
in the concrete cask for storage at their destina-
tion. Used in this manner, the VSC system could
save the federal fuel management system hundreds
of millions of dollars.

Another important feature of the VSC is its low _.,_,.._,
up-front cost and low, modular addition cost. The ..

up-front cost for the VSC system is limited to the :_;. "
cost of the ISFSI storage pad and fence, transfer "_:
cask, transfer trailer, skid, vacuum drying system ,-
and associated miscellaneous equipment. The
total cost for this equipment is much less than the Removable exterior concrete form. Cask can be
cost of large enclosed structures and complex easily constructed at any site on an "as needed"
remote handling equipment required in some basis. Totally flexible arm modular
storage systems. The VSC system cost is competi-
tive, if not lower than consolidation cost and does

not require continual activities in the fuel pool
area. Indeed, in some instances, due to licensing

constraints, the VSC system is competitive with
pool reracking. This low initial incremental cost
offers utilities the opportunity to implement the
VSC dry fuel storage system in a prudent and cost
effective manner and show adequate reasonable-
ness of the expenditure of both capital and

operating funds.
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_VSC
I--- VSC ISl_l TII_iLIDll
| :STOI_GE

-- TOW CASK TO vSC ISF'SI.

}dOVE CASK TO VSC C
RECEIVE RAIL CASK AND

UNLOAD WITII MOBILE2 CRANE IN YARD sYSTEM TRAILER.

MSB SIIIELDED _

: IV /t\ //sY_E. r-u

NSTAIL SCAFOLDING , REMOVE CASK PLACE kITC ON VSC. RAISE },ISB INTO },ITC.
LID AND INSTALL TILANSFER COU.AR.

I,,-4

I,'T

I I

I

LOllER MSB INTO CASK REPLACE CASK LID ANDPUT CASK ON RAIL
MOVE TO TOP OF CASK. CAR AND SIIIP OFF SITE.



TN-BRP AND TN-REG DUAL PURPOSETRANSPORT

AND STORAGECASKS

TN-BRP TN-REG
Cask Characteristics Cask Cask

Dimensions

Packaging overall length (with impact 244.50 234.00
I imiters), in.

Packaging maximumdiameter (with impact 131.00 131.00
I imiters), in.

Body outside diameter, in. 83.25 90.25
Body overall length (with lid), in. 190.50 180.00
Shell wall thickness, in. 9.62 9.25
Bottom thickness, in. 9.75 8.25
Lid thickness, in. 9.75 8.50
Cavity diameter, in. 64.00 71.75
Cavity length, in. 171.00 163.25
Numberof lid bolts 48 48
Lid bolt nominal diameter, in. 1.63 1.63
Numberof trunnions 4 4
Numberof bolts per trunnion 14 14
Trunnionboltdiameter,in. 1.50 1.50

WeiQhts

Packaging (transport configuration with 215,000 225,000
fuel assemblies), Ib

Body and basket assembly (without fuel 152,000 153,000
assemblies and impact limiters), Ib

Fuel assemblies, Ib 42,500 52,000
Impact limiters (front and rear combined 20,000 20,000

total), Ib
Transport frame 20,800 20,800
Tiedowns • 8,500 8,500
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_ A1"7'ACHMENT801.T IAfPACTL/MITERLIFTIHG

REARIMPACT
ALIGNMENT

REAR_MP_CTUM_TER

•_..._r,_R.COV_R1 (r,-aRpo,_,0
' ' ._ ..,..:. TIE-RO0

,FRONTIMPACTLIJ,#TER_ _ CASKBOOY

(TN-REGON(.Y) RESEARCH

INSTRUMENTAI"10NPORT
LID

ATTACHMENT .%
./

TRUNNION

.%

PORT
ACCESS

SAMPLIN
PORT,TOP_ "--.IMPACT LIMITERTIERO0

,,,_/',/ (14 PLACES)
BASKET

,,/ ,

O

o ,,/
. _ PRESSUREPORT

o "LIDLIF_NGLUG

FRONTIMPACT UMITERSPACER
(TN-BRPONLY)

IMPACTLIMITER

CASKATTACHMENTBOLTHOLES 429228

TN-BRP and TN-REGdual purposetransportand storagecasks
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NAC S/T

(i) _ Storage/Transport

(2) Manufacturer/Vendor NuclearAssuranceCorporation

(3) Capacity(assys)

t( IntactSF 26 PWR (31 PWR w/burnupcredit)I ConsolidatedFuel Rods 56 PWR; 122 BWR

(4) Wet_.Lt""""__ {tons)

{a) Loaded I00 {intact);124 {consolidated)
(b) Empty BI

(5) Thermal

(a) DesignHeat Rejection(kW) 26 (16 for burnupcreditversion)
(b) Peak Clad Temperature(_C) 360 max.

(6) _ Cylindrical

(7) Dimensions

(a) OverallLength (in) 181.3
(b) OverallDiameter(in) 94
(c) CavityLength (in) 164
(d) CavityDiameter(in) 64.7
(e) Wall Thickness(in) 15
(f) Lid Thickness(in) B.5
(g) BottomThickness (in) B.8
(h) BasketLength (in) 155
(i) BasketDiameter(in) 64.5

(8) NeutronSnield

(a) No. Rods None
(b) Rod Diameter(in) None
(c) Side Thickness (in) 7
(d) Lid Thickness(in) None
(e) BottomThickness(in) None

(91 Materialsof Construction

(a) Cask Body Lead/SS
(b) Basket Aluminum
(c) NeutronShield BISCO NS4FR

(I0) No. CoolinqFins None

(II) Cavit@Atmosphere He

(12)C.avit_pressure (psia) 30

(13)OutsideSurfaceDose (mR/hr) IDO max.

(141Licensing Status TSAR docketed 12/84. License approval is expected in early
1988.

(15) Comments One cask has been fabricatedby NAC for use at the Surryreactorsite.

References

(I) LetterW. J. Lee (NAC)to W. Etz (jAI),July 29, 1987

(2) Personalcommunicationwith NAC, August31, 19B7

(3) J. V. Houston,Jr., The NAC S/T Status: An Update,INhU4Spent Fuel Storage
SeminarIll,Washington,D.C., January1986

(41 LetterW. J. Lee (NAC)to E. R. Johnson(JAI),FebruaryB, 1988.
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C-E DRYCAP

(I) Type Storage/Transport

(2) Manufacturer/Vendor CombustionEnglneerlng/Sumltomo

(3) Capactty (as_ys)

(a) Intact SF 24 PNR; 60 BWR
(b) Consolidated Fuel Rods 48 PWR;100 BWR

(4) _ (tons)

(a) Loaded 111 (PWR-tntact); 113 (BWR-tntact)
125 (consolidated)

(b) Empty 93,3

(5) Thermal

(a) DesignHeat Rejection(kW) 24 (est.)
(b) Peak Clad Temperature(°C) 355 max.

(6) Shape Cylindrical

(7) Dimensions

(a) OverallLength(in) 196.9
(b) OverallDiameter(In) 90
(c) CavityLength (in) 178.7
(d) CavityDiameter(in) 64.6
(e) Wall Thickness(in) 1Z,7
(f) Lid Thickness(in) g.s
(g) Bottom Thickness(in) 8.7
{h) BasketLength (in) N/A
(1) BasketDiameter(in) N/A
(J) Thicknessof BasketSpacers (in) N/A

(B) NeutronShield

(a) No. Rods None
(b) Rod Diameter(in) None
(c) Side Thickness{in) 3.2
(d) Lid Thickness(in) None
(e) BottomThickness(in) None

(9) Materialsof Construction

(a) Cask Body Steel

()) Basket SS( NeutronShield BISCO

(lOBNo. CoolingFins None

(II)Cavity A_osphere He

(12)Cavity Pressure (psla) N/A

(13)OutsideSurfaceDose (mR/hr) SO max. (PWR);80 max. (BWR)

(14)MaximumLeak Rate {I/s) N/A

(15)LicensinqStatus TSAR submittedto NRC. NRC licenseexpected In lgBB.

(16) Comments None available at present, but can be ordered from Combustion
Engineering.

References

(I) C. K. Andersonand W. j. Burns,The C-E Dry-CapSpent Fuel Stora)e/Transport
Cask, T15-8195,Presentedat PATRA_-B6,Davos Switzerland,June 1986

N/A means not available.
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TH.24P

(I) Type Storage/Transport

(2) Manufacturer/Vendor TransnuclearInc.

(3) Capacity (assys)

{aS IntactSF 24
(b) ConsolidatedFuel Rods 48

(4) _ (tons)

(aS Loaded IO0
(b) Empty 82.3

(5) Thermal

(aS DesignHeat Rejection(kW) 20.6 (Intact-vertical)
20.5 (intact-horizontal)

(b) Peak Clad Temperature(°C) 221 (intact-vertical)
215 (intact-horizontal)

(6) _ Cylindrical

{7) Dimensions

(aS OverallLength(in) 199.3
(b) OverallDiameter(in) 89.8
(c) CavityLength (in) 163.4
(d) CavityDiameter (in) 57,3
(e) Wall Thickness(in) 16.25
(f) CoolingFin Length (in)
(g) Lid Thickness(in) 15.4 (24.9w/protectivecover)
(h) BottomThickness(in) 11.0
(iS BasketLength (in) 162.2
(j) BasketDiameter{in) N/A
(kS Thicknessof BasketSpacers 0.4

(8) NeutronShield

(aS No. Rods N/A
(b) Rod Diameter(in) N/A
(c) Side Thickness{in) 4.2
(d) Lid Thickness(in) 4.2
(e) BottomThickness(in) None

(g) Materialsof Construction

(aS Cask Body ForgedSteel
(b) Basket AI/B
(c) NeutronShield Resin (sides& bottom);granular

polypropylene(lid)

(I0) No. CoolingFins 44

(II) Cavlt_Atmosphere He

(12) Cav.ltyPressur@(psla) N/A

(13) OutsideSurfaceDose (mR/hr) I00

(14) MaximumLeak Rate .{I/s.) N/A

(15) LlcensinqStatus TSAR submittedto NRC.

(16) Comments The cask is in existenceat INEL and has been successfullytested there
using Surry spentfuel.

References

(I) Electric Power Research Institute,The TN-24P PWR Spent-FuelStorageCask:
Testingand Analysis,EPRI NP-SI2B,_prll 1987

N/A means not available.
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NUHOMS TRANSPORT/STORAGE CASK SYSTEM

NUHOMS®-24P Canister and Cask Design Requirements for Transportation

NUHOMS@-24P CAN'ISTER _'LrHOMS@.24P TRANSPORTATION CASK (MP- 187 )

(A) CB) (C)
i0CFR72 I0CFR71 I0CFR71

STORAGE DESIGN TR.ANSPORTATION DESIGN

BASIS DESIGN BASIS BASIS

PJTYS']CAL PARk__,I_IT]_:

• OUTSIDE D_ 67.25 IN. • CAVITY DIAMETER 68 fIN.

• MAXIMUM L._GTH 186 IN. • CAVITY LE2VGTH 187 IN.

• MAX]]vflffMLDADEDWEIGHT 72,0OO l_BS • M_MLOADEDW'EIGt-IT 12.5TONS

CRITI_ CONTROL:

• BURNUP CREDIT OR • B_P CREDIT OR • BUR2VIJ'PCR.F.DITOR

BORON CREDIT MODERATOR EXCLUSION MODERATOR EXCLUSION

• Kr..ff < .95 0NOND • Kdf < .95 • Kdf < .95

DFI'?AYlq_FJkTREMOVAL:

• 16 Kw/DSC 16Kw/DSC 16Kw/DSC

• MAXIMUM CLADDING TEMP

_;3_'C (LDNO _ N/A N/A

_;570"C (SHORT TER2v() < 380"C < 380"C

BAI2I_Qi22_=A_
• DOSE(NORMAL)

",-_

,c20O MXEM/}-IR(CONTACT) _;2OOMREM/I_ (CONTACT) _ 20OMR.EM/RR (COb-fACT')

s l0_Jl-lR @ ZM

• DOSE (ACCH)_'T)

N/A N/A I_ @ 1M

• SMEAR.A.BLECONTAMINATION < 22,0O0dpm/10Ocm2 < 22.,000dpm/100cm2

_ZIRI..XZIX_AL
• NORMA.LADFF.NORMA_ LOADS

N/A lFT FRF_ DROP IF'rFRE_ DROP

• ACCIDENT LOADS

. SIDE DROP 75g't 30FT DROP 30 FT DROP

. END DROP "/Sg's 30FT DROP 30 FT DROP

. CORNER DROP 25g', 30FT DROP 30 FT DROP

- N/A N/A 40IN PUNCTURE

• INTERNAL PRESSLrR_

NORMAL < IOPSIG < 10PSIO < 10PSIG

ACCIDENT < 50 PfiIG < 50PSIG < 50PSIG

NIA _

FLOOD N/A SUI3_ION

A-99



SHIELD PLUG

OUTER COVER
PLATE

INNER COVER
PLATE

\
I

I

FSAIJ9 DRAIN ArID
rILL POR]

I3_M DSC SHELL
.F..UD

>
SUPPORT ROD

/
GUIDE SLEEVE* /

RAil GRAPPLE ,"BASKET( ASSEMBLY
RING SPACER DISK _/OUTER COVER

PLATE SIPHON TUBE _BORATED NEUTRON ABSORBER PLATE

SHIELD PLUG FOR CHANNELLED BWR FUEL

INNER COVER
PLATE

NtJllOMS ® Dry shielded Canister Assembly Components



NUHOMS _ System Components, Structures,
and Transfer Equ=pment Elevation View

GRAPPLE ASSEMBLY RAM PENETRATION

IEMPORAR¥ / HORIZONTAL

PLUG SIORAGE MODULE
MULTI-STAGE

HYDRAULIC RAM

: " %' " " * "1

,_ _ i__ _ ,,, _

DRY s1OR_kG[ CANIslER
(stored POslw,ON)

ONsltEtraNsrer cAsK

cask sUPPortsKin.
AND POSITIONING SYSIEM

Pacific Nuclear



NUHOMS ®

Multi-Purpose (MP-187) Cask- Exploded View
CASK lOP COVER PLATE--_

\

CANISTER SHELL

CANISTER BASK[]--_
CANISTER SHIELD PLUG

RAM ACCESS POR1 "_

>
' RAM ACCESS PORT -_
o COVER PLATE ",
F,J

\,

_ REUOVABLE CASK

Y _,_. UFIING IRUNNIONCASK CONTAINI_ENT BOUNDARY

LEAD GAMMA SHIELD

CASK STRUCTURAL SHELL

SOUD NEUTRON SHIELD

CASK OUTER JACKET

• CANISTER GRAPPLE RING

-REMOVABLE IMPACT LIMITER

Pacific Nuclear



Appendix A.3

Transportation Packaging for Sealed Sources
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SHIPPING CONTAINERSFOR SOURCES
[Radioactive Materials Packaging Database (RAMPAC) Query]

,,,, ,,,, , , , , ,,,, , , ,,, ,,,, ,..... , ,, , ,,,, ,

Package,,.,IDNumber Packa,_e.... Package,Descr!_,tion Cavity .....Cavity

USA/O018/S ,. S En,capsulatedSource ,,. 0.970 0.1285

USA/O030/S , ,, S Cy,llnder..... N/A N/A

USA/O036/S , S ,fn__capsulatedSource ,,, N/A N/A

USA/OO42/S S .... Encapsulated Source ,,, N/A .... N/A

USAIO043/S .............. S Encapsulated Source N/A ....N/A

USA/O058/S _ ,.S.... Encapsulated Sou,rce N/A N/A

USA/OO61/B(U) ,,, B ,, Contai,ner in Box ,,, N/A N/A

USA/O062/S ,, S ,EncapsulatedSource,.. N/A N/A

USA/O065,/_ ,,,S ......Encaps,,ulatedSource .... N/A .....N/A

USA/O066/S ...... S Elncaps,u,late,_ Source ,. 0.30 N/A

USA/OO69/S ....... S Encapsulated Source ,N/A N/A

USA/O071/S ...... S Encapsulated Source ...... N/A N/A

USA/O072/S ,,, S ,C_linde.r ..... N/A ,,. N/A

USA/O073/S ,,S Encapsu,lated Source .......... N/A N/A

USA/O074/_S ............ S , Encaps_,lated Source .... N/A 0.125

USA/O077/S .......... S Encapsulated Source .......... N/A N/A

USA/O078/S ,, S Encapsulated Source , .,N/A N/A

USA/O081/S ..... S ....Cylinder ,, , 0.59 N/A

USA/OQ83/S S ,C_]inder ........ N/A N/A

USA/O084/S ....... S ,, CY)Inder ._ N/A ,, , I,.18,,,

_USA/O086/_ .... S Cylinder ,. _ 0.160 0.008

USA/O087/S S .,,EncapsulatedSource N/A , ,N/A,.,

USA/O088/S , S Encapsulated Source .... N/A N/A,,1

USA/OO89/B(U) B ,Source Changer................ N/A N/A

USA/OO,92/B!,U) B C_tainer in Box .... N/A N/A ....

USA/O095/S S Encapsulated Source N/A N/A
,. ,, ,+

USA/OO99/B(U) B Box ,,, N/A N/A ,,I

USA/0103/S S Encapsulated Source N/A N/A

.......... ' "'I ,m. ! ,..,

U,SA/OtlO/B(U) B Cylinder ......... N/A ..... N/A

USA/01,,II/S, S .....Encapsulated Source ....N/A N/A

USA/O!,[2/S S Encapsulated Source ...... N/A N/A

USA/0113/S S Encapsulated Source ...... N/A , , N/A
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:: _ , ,,m , , ,, , ,,,ij,I :_ H, ,- _ , ,_,_,,, ,, , ,, ,_ ........

Package ID,,Number Package.. Package Descript,,,!on.... Cavity Cavity

USA/01,!4/S ............. S E,ncapsulate,d Sou,_ce N/A N/A

USA/01,,,15/S.............. S Encapsulated,Sou,,rce ....0.315 O,180

USA/OI,,24/B(U) ,,, B Conta,j,,ne_ i,,n,,Drum 4.60 2.47

USA/OI2B/B(U)-85 B Container in Drum N/A 2.97,, ,.,

USA/O131/B!.U) _ B Source Changer ....N/A ,N/A

USA/OI32/B(U) ...... B , Conta!,ne_,i.n,Box ,,N/A N/A

USA/0135/S S , Encapsulated Source ,.N/A N/A

USA/0137/S S Encapsulate,d,Source N/A N/A

USA/O!38/S S Encapsulated Source N/A 1.050_ __ ill i i ill ii ii

USA/0139/S ..... S Encapsulated Source N/A N/A

USA/O!.,41/S.... S , ,EncapsulatedSource .....0.895 0.154

USA/O!,,4,9/S,, S Encapsulated Sour,ce .....N/A N/A

USA/0152/S .... S Encapsulated Source .......N/A N/A

USA/0154/S S Encapsulated Source N/A N/A_ ii,i __ ill

USA/0158/S........ S , Encapsulated Source N/A N/A

USA/0159/S S Encapsulated SourCe N/A N/A

USA/OIB4/B{U) ........ B Cylinder ....... N/A ..... N/A

USA/0165/S _ _ S..... Encapsulated Source N/A N/A....

,USA/0166/S ...... S ......Encapsulated Source.......... N/A N/A

USA/OJ68/B(U) . ,B Container in Drum N/A N/A

,USA/OI69/B(U) B Container 2n Drum ........ N/A N/A

,,,USA/OI70/B!U).... B Container in Drum , N/A ..... N/A

USA/O171/B{U) ....B Encapsulated Source......... N/A N/A

,,,USA/O,172/B,(U} B Container,,_nDrum N/A N/A

USAIOI73/B(U) ......... B Cyli,nder ............. 3.35 1.26

USA/OI74/S ..... S Encapsulated Source, N/A N/A

USA/0179/S S EncapsuIat,,edSource N/A ., N/A ....
r

USA/O,I83/S .. , S Encapsulated Source N/A N/A....

,USA/OI85/S .,. S Encapsu]ated Source , , N/A,' 0.95

,USA/0192/S .... S Encapsulated Source ..... N/A ,N/A,'

,.USA/OI93/B(U),. B Cyl!nder .... 11.12 ,§.00,

USA/0202/S .... S Encapsulated ,Source N/A N/A

USA/0205/S ........ S Encapsu]a_ed So,urce .... 1.43 0.43

USA/0212/S S Encapsulated,Source ....... N/A N/A
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Package ID Number...... Package Package Description Cavit_ Cavity

USA,/O21,,,4/B(U) ,.. B Cylinder ............ 18.87 6.37

USA/0221/S ..... S Encapsulated Source L N/A , ,,N/A

USA/O226/B(U), B Encapsulated Source N/A ,,, N/A_

USA/O227/B(U), B C,z,linder N/A N/A

USA/O22,8/B(,U,,)...... B , Cylind,er .......... N/A N/A

USA/O22,9/B(U) B C,_linder .... N/A N/A

US,A/O23O/B(U! ,,B Cylinder............. N/A N/A

USA/0242/S S Encapsulated Source N/A N/A), ,,. ,, m , ,,, , -, "

USA/O243/B(U) B Container in Drum .... N/A ....N,/A

, USA/0245/S S Encaps,,ulatedSource .... N/A N/A

USA/0249/S S Encapsulated Source N/A N/A.... ...

USA/O25,0/B(U) ..... B Container in Drum ......... N/A N/A

USA/O251/B(U) B Drum N/A _N/A,,i ., , ,-,

USA/0257/S ,,,S ,, Encapsulated Source N/A N/A

USA/0263/S S Cylinder N/A N/A

USA/O267/B(U) B Container in Drum N/A N/A,.,. , , ,,, i

USA/O27,2/B(U) ,,, B .Cylinder ...... N/A N/A

USA/O273/B(U) ,,,B C_linder N/A N/A

USA/02,7,6/S.... S Encapsulated Source 0.50 0.25

USA/0277/S ......... S .....Encapsulated So,urce N/A _ N/A

USA/0279/S S Encapsulated Source N/A N/A ]

USA/0282/S ........ S Encapsulated Source N/A _ N/A

USA/0283/S S Encapsulated S,ource...... N/A . N/A

USA/O284/B(U) B C_linder N/A .....N/A

USA/0290/S S Cylinder 10,75 _i.07..... ,.,

USA/0292/S S Encapsulated Source N/A N/A
" '.... " "' ""I -

USA/O295/B(U) B Cylinder ..... N/A ....N/A

USA/O296/B!U) ,, B Box N/A.... N/A .

USA/0297/S S .........Encapsulated Source O.JSO 0,111

USA/O3OI/B(U) B Drum ......... N/A ..... N/A

USA/O302/B(U) B Drum N/A N/A,..

USA/O303/B!U) B Drum .......... N/A N/A

USA/O304/B(U) B Drum N/A N/A,,,, •,,

USA/O305/B(U) B Drum.............. N/A . N/A
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,,

Package ID Number ,, Package Package Descript,ion ,Cavity Cavity

USA/O306/B(U) B ........Drum .... N/A N(,A

USA/O3OT/B(U).' B Drum N/A N/A

USA/O3OB/B(U)..... B Drum .... N/A N/A

USA/O3Og/B(U) B Drum N/A N/A,,

USA/O310/B(U) B Drum ...... N/A N/A

USA/O311/B(U) B Drum N/A N/A

USA/O31.,2/B,(U).... B Drum .., N/A N[,A

USA/O31.3/B(U1 B Encapsulated Sou,ice N/A N/A

USA/O314/B(U), B Drum ...... N/A N/A

USA/O315/B(U), B Drum ...... N/A N/A

USA/O316/B(U) .... B Drum .... N/A N/A

USA/O317/B(U) B Cylinder ,.. N/A N/,A

USA/O320/B(U) ,,, B Cylinder ,. , N/A N/A

USA/O322/B(U! ...... B Container in Drum N/A N/A

USA/0327/S S Cylinder ,N/A N/A,,

USA/O32,9/S S Encapsu,,,!atedSou._ce N/A N/A

USA/0331/S S Encapsulated Source ....... N/A N/A

U,SA/O332/B(U) B Cylinder N/A N/A

USA/O33,2/B(U)_ B Cylinder .., 30:12 , ]0.24

USA/0335/S S Enca,psu!atedSource N/A N/A

USA/0336/S S Encapsu!ated Source N/A N/A

USA/O337/B(U! B C_linder .,, N/A N/A

USA/O342/B(U) ........ B Cylinder N/A N/A

USA/O343/B(U!...... 8 C_linder ., N,/A N/A

U,SA/O344/B(U) B Cylinder N/A N/A

USA/O345/B(U) B C_linder N/A .....N/A

USA/O346/B(U) B Cyl_nder ,., N/A N/A

USA/O348/B(U) ..... B C_linder N/A 11.50

USA/0350/S S Encapsulated Source N/A N/A

USA/0351/S S Encapsulated Source N/A N/A

USA/0352/S S Encapsulated Source N/A 0.70,,

USA/0353/S ., S Encapsulated Source N/A N/A

USA/0354/S S Encapsulated Source N/A .... N/A

USA/0356/S S Encapsulated Source N/A N/A
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Package IO Number Package Package Description Cavity Cavity

USA/0357/S S Encapsulated Source N/A 0.187,.

USA/0363/S, S Cylinder ,,, N/A N/A

USA/O365/B(U) B Drum N/A N/A

USA/0366/S ....... S Encapsulated Source N/A N/A

USA/0367/S S Encapsulated Source N/A 0.154

USA/0369/S , , , S ,Encapsulated Source , . , 1.49 1.31

,USA/Q3IO/B(U) B Container in Box N/A N/A

USA/O372/B(U) B Drum , . N/A, N/A

USA/O373/B(U) B Cylinder N/A N/A

USA/O374/B(U) B Cylinder ...... N/A N/A

USA/O375/B(U) B Drum N/A N/A, ,,, , ,,_ ,

USA/0376/S S Encapsulated Source N/A, N/A

USA/0377/S , , S Encapsulated Source , , N/A N/A

USA/p378(B(U) B Cylinder N/A N/A

USA/O382/B(U) B Drum N/A N/A, , . ,

USA/O3B3/S S Encapulated.Source ,, N/A 4 N/A

USA/O384/B(U) B Cylinder N/A ...... 6.40,,,,, .,,

USA/O385/B(U) B Box N/A N/A

USA/0390/S S Encapsulated Source N/A 0.555, , ,.

USA/0392/S S Encapsulated Source N/A N/A,,

USA/0393/S S Encapsulated Source .., N/A N/A

.,,USA/O395/S .... S Encapsulated Source ,,, N/A N/A

USA/0396/S S Encapsulated Source 0.656 0.,,,0787'

USA/0398/S S Encapsulated Source N/A N/A
I' ' '' ' ......

USA/0400/S S Encapsulated Source N/A ..... N/Ai,,,

,,USA/O40_B(U) B Cylinder 3.74 1.97

USA/O404/B(U) B Container N/A N/A.. ,

,,.USA/O4OS/B(U} B Encapsulated Source ......N/A N/A

USA/0413/S S Encapsulated Source N/A N/A
I " .. ,m,, ,,,

USA/0415/S .,, S Cxlinder 16.95 0.319 _

USA/0417/S S Er,!capsulatedSource ,.. N/A ,N/A

....USA(O41B/S S Encapsulated Source N/A N/A

USA/0419/S S Cylinder N/A ,,,N/A

USA/0420/S S Encapsulated Source N/A N/A
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: II ill

PackageID Number Package PackageDescription Cay.,ity Cavity ,.

USA/0421/S S Cylinder N/A N/A,,

USA/0422/S, S EncapsulatedSource ......N/A N/A

USA/0423/S . S ,.Encapsula,tedSource ..............N/A N/A

USA/0424/S ,. S EncapsulatedSource ....N/A N/A

USA/0427/S S Cylinder ....0.169 N/A

USA/p429/B(U) B Drum N/A N/A

USA/O430/B(U)F B Drum N/A N/Aiiiiiiiii iu ..i

USA/O431/S S Cylinder ,,, N/A N/A

USA/O440/B(U) B Cy!_.nder N/A N/A

USA/O441/B(U),, B Cyl!,nder .......N/A N/A

USA/O444/B(U) B Cylinder 5.10 5.00

USA/O446/B(U)F B Cylinder 97.40 7.72

USA(,0448/S S Cylinder 1.50 ,, 0.62

USA/0450/S S Cylinder N/A 1.454

USA/0453/S S Cylinder 12.00 N/A

USA/0455/,,S S Cylinder N/A ,,, N/A

USA/O456/B(U)-85 B Box . N/A N/A

USA/0457/S S Cylinder N/A N/A

USA/O458/S S Encapsu!atedSource ,. N/A N/A

USA/O459/B(U)-85 B Container N/A N/A

USA/0462/S S EncapsulatedSource N/A N/A

USA/O468/B(U)-85 B Cylinder N/A 6.3,?

USA/4888/B() B Generator N/A N/A

USA/5362/B(),. B Containerin Box 46.63 9.48

USA/5757/B()F B Cylinder .....N/A ,., N/A

USA/S796/B(U) B Box 29.00 25.50

USA/5796/B(U)...... B Box ,,, 29.00 ,,. 25.50

USA/5800/B B Container N/A N/A,,,.

USA/S830/B().... B Generator N/A N/A

USA/583D/B() B Generator N/A N/A

USA/5862/B(). B Generator ,, N/A N/A

USA/5939/B()F B Cylinder N/A 7.00

USA/5939/B()F B Cylinde,.[ ,_ N/A 7.00

USA/5939/X X Cylinder N/A 7.00
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PackageID,,Number Package PackageDescription Cavity Cav,ity,,,

USA/5979/B() B Cylinder N/A 24.00, ,,,,,

USA/5979/B() B Cylinder N/A 24.00

,USA/5984/B() B Cyli,nde_ 31.00 20.00

USA/6OSO/B(U) ,B . Cylinder , , N/A 3.75

USA/6125/B(U) B Box N/A N/A

USA/BI62/B(U) ,.B Cylinder ..... N/A 6.40

USA/6217/B(U) B Box N/A N/A, ,,

USA/6280/B() B Cy!inder .......... 3,6.,00 31.00

USA/6306/B{U) B Cylinder 18.87 6.37

USA/B350/B(U) B Box N/A N/A, , ,

USA/6351/B(U) B Cylinder N/A N/A, ,,

USA/B352/B(U) ,. B Box N/A N/A

,USA/B355/B(U), B Container,in Box ....N/A N/A

USA/B358/B(U} , , . B ,Cylinder ..... N/A , N/A

USA/B613/B(U,) B Box ....... 3.25 2.26

USA/BB13/B(U) B Box 3.25 2.26, ,

USA/6642/B(! B Cylinder .. 6.37 4.00

,USA/6642/B(!, B Cylinder ,,,6.,3l 4.00

USA/6717/B(U) B Drum N/A N/A,,,

USA/6717/B(U) B Drum N/A N/A

USA/6786/B() B Generator N/A N/A

USA/9OO6/B(U) B SourceChanger N/A N/A

USA/9OO6/B(U) ,,, B SourceChanger, N/A N/A

USA/9OO7/B(U) B Cylinder N/A N/A.

U,SA/9OO7/B(U) B Cylinder N/A N/A

USA/9011/B() B Box 32.00 38.00

USA/9011/B(,,) B ,,, Box 32.00 38..00

USA/9021/B(U) B SourceChan,_er N/A N/A

USA/9021/B(U) B SourceChanger N/A N/A,,,

USA/9024/B() ,, B Cylinder 9.00 4.,.00

USA/9027/B(U) B Projector N/A N/A

USA/9027/B(U) ,, B Projector N/A , . N/A

USA/9028/B(U) B PToJector N/A N/A

USA/9028/B(U) B Projector N/A N/A
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.PackageID Number,, Package PackageDescription Cavity Cav,,i,t_

USA/9029/B(U) B ..... Projector N/A N/A

,USA/9029/B(U) B Projector N/A N/A

USA/9030/B() B Generator N/A N/A,,,,,,,,,

USA/9032/B(U) B SourceChange,r N/A N/A

USA/9032/B(U) ......... B SourceChanger ,N/A ,,,N/A

USA/9033/B(U) , , B ,,, projector .... N/A N/A

,,,USA/9033/B(U) B Pr,ojector N/A ,, N/A

USA/9035/B(U) B .,. Projector...... N/A N/A

,USA(9,035/B(U) , B ,,, Projector N/A N/A

,.USA/903§/B(U) B.... SourceChanger ....... N/A N/A

USA/9036/B(U) B.... SourceChange,r ,. N/A N/A

USA/9039/B(U) B Drum N/A N/A,,,,, , ,,,

USA/9039/B(U) B Drum N/A ., N/A

USA/gO53/B(U) B Cylinder N/A ,,.N/A

USA/9053/B(U) B Cylinder ........... N/A N/A

USA/gO56/B(U) B projecto_.... N/A. N/A

USA/9056/B(U) B Projector ........ N/A N/A

.....USA/9102/B() B Container N/A 8.25

,,,USA/9107,/B(U) B SourceChanger N/A N/A

..... SourceChanger ..... N/A N/A
USA/91OT/B(U) B r....

...USA/9126/B(U)' , B Container .. N/A N/A

USA/9126/B(U) B Container N/A N/A,,, ,, ,,,, ,, ,

.,.USA/9127/B(U) B, EncapsulatedSource N/A N/A

.....USA/9127/B(U) B EncapsulatedSour,ce ......N/A N/A

USA/9128/B(U) B SourceChanger N/A N/A

USA/9128/B(U) .... B SourceChanger N/A N/A

USA/9137/B(U) B SourceChaDger N/A N/A

USA/9137/B(U) B SourceChanger N/A N/A

USA/gI41/B(U) B Box N/A N/A......

USA/gl.4!,,/B(U) B Box N/A N/A

USA/9143/B(U) B Box N/A N/A, ,

USA/9143/B(U) B Box N/A N/A
,,,,_ , ....

..,USA/9147/B(U) B.... SourceChanger N/A N/A

USA/9147/B(U) B Sourc,,e,_hanger .... N/A N/A
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,I ' , ,.,,,

.packageID Number , ,Package PackageDescript!.on , Cavity Cavity

,,USA/9148/B(U) B SourceChanger .... N/A N/A

USA/9148/B,,(U) B SourceChan_er N/A, N/A

USA/9153/B() B Generator N/A 1.871

,,USA/9156/B,,(U).... B Containerin Dr,,pm N/A. N/A

USA/9156/_,(U) ......B ,,, Container,!nDrum N/A N/A

USA/9157/B(U) B Box , , N/A N/A

USA/gI57/B(U) B .Box ,, N/A N/A

USA/9!B5/B(U) B ........sourceChan_er N/A N/A

USA/9,165/B(U), B ....SourceChanger......... N/A N/A

USA/9166/B(U) B ,, ,SourceChan_er N/A N/A

USA/9166/B(U).... B Sou,,rceChanger N/A N/A

USA/9167/B(U), B Cylinder .... N/A , , N/A

USA/9167/B(U)T B Cylinder N/A N/A,,,,, , , ,,

USA/9167/X B Cylinder N/A N/A

.,,USA/9!80(B(U) B Containerin Drum N/A , N/A
I

,USA/9180/B(U) , B Containerin Drum ...... N/A N/A

USA/9182/B(U) B Cylinder N/A N/A_,

.......USA/9185/B(U) B Drum N/A .., N/A

USA/9185/B(U) B Drum N/A N/A,,,, ..... , ,,

USA/g187/B(U) B Container N/A N/A, , ,,,,

.,,USA/.9187/B(U) B Container N/A N/A

,USA/9205/B(U) B Generator ., N/,A 26,.I0

USA/9215/B(U) B Cylinder N/A 8,25

USA/9215/B(U,)...... B Cy,.l,inder N/A 8.25

USA/9245/B(U} B Drum N/A N,,,(A

USA/,9245/,B(U),,, B Drum , , N/A N/A

USA/9511/B(U) B Cylinder N/A 20.25- _ ....

USA/9511/B(U)(DOE) B ,. Cylinder N/A 20.25

USA/9516/B(U)F(DOE) B Cylinder N/A N/A, j
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Appendix A.4

DOT Specification 7A Packaging by DOE

(This appendix is extracted from WHC-EP-0558,
Test and Evaluation Document for DOT Specification 7A Packaging.)

Appendix A.4.1 Steel Drums

Appendix A.4.2 Steel Boxes

Appendix A.4.3 Wooden Boxes

Appendix A.4.4 Fiberboard Containers
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Test and valuation
Document for DOT
Specification7A
Type A Packaging

Preparedfor the U.S. Departmentof Energy
Assistant Secretaryfor Environment,Safety and Health

(_) WestinEh0useHanfordCompanyRichlan_,Washington
Hanlord Opera_ons and Engineering Contractor for the
U.S. Department ol Energy under Contract DE.ACO6-87RL10930

) Approvedfor PublicRelease
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TEST AND EVALUATIONDOCUMENTFOR THE U.S. DEPARTMENTOF TRANSPORTATION
SPECIFICATION7A TYPE A PACKAGINGS

1.0 INTRODUCTION

The U.S. Departmentof Energy(DOE) has been conducting,throughseveral
of its operatingcontractors,an evaluationand testingprogramto qualify
Type A radioactivematerialpackagingsper U.S. Departmentof Transportation
(DOT)Specification7A (DOT-7A)of the Code of FederalRegulations(CFR),
Title 49, Part 178 (49 CFR 178). The programis currentlyadministeredby the
DOE, Divisionof Transportationand PackagingSafety,DOE/EH-33.3,at
DOE-Headquarters(DOE-HQ)in Germantown,Maryland.

This documentsummarizesthe evaluationand testingperformedfor all of
the packagingssuccessfullyqualifiedin this program. This document
supersedesDOE EvaluationDocumentfor DOT-7A TypeA Packaging(Edling1987),
originallyissuedin 1987by MonsantoResearchCorporation- Mound Laboratory
(MLM),Miamisburg,Ohio, for the Departmentof Energy,SecurityEvaluation
Program(DP-4). Mound Laboratoryissuedfour revisionsto the document
betweenNovember1988 and December1989. In September1989,the programwas
transferredto WestinghouseHanfordCompany(WestinghouseHanford)in
Richland,Washington. One additionalrevisionwas issuedin March 1990by
WestinghouseHanford.

This documentreflectsthe earliermaterialand incorporatesa numberof
changes. Evaluationand testingactivitieson 12 DOT-7A ProgramDockets
resultedin the qualificationof 29 new packagingconfigurations,which are
incorporatedhereinand summarizedbelow.

New PackagingConfigurations.
,., --

Docket(s) Configurations Description

89-01 ' 3 oRNL Y-12 seriesboxes ........
H, ,., ........

8_9-03 .....I WIPP RH-T'RUcanister .......
.,

8-9"-04...... 2 ' ORNL low-levelwaste containers

89-08 2 ORN'Lmodified5A'and5B cylinders
,.

89-09 6 WMCObande(_, wooden boxes
.... --

89"-12 I ORY-12 picture frame box

90-1"3/-18 ' 5....... RFP DOT-17C,55-"gallondrums

' 90-14..... I WHC'liquidsamplepackaging

90-i7/-2() 2 ANL-E/FMPCDOT-17H, 30-gallon drums

90-19 4 ..... ORY-12 c-series wooden boxes .... --

L 90-22 I- SRPprocess-water sample packaging
,. .... .u ..............

_- 91-25 1 RF Model LWS-I (liquids)
......

I-i
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This documentwas prepared initiallyin July 1991 as a draft and
submittedto DOE-HQ for review. The DOE-HQforwardeda copy of the draft to
the DOT for review. The DOT providedconcurrenceto the draft in April 1992
via a letter (includedherein as AppendixE) which was forwardedto
WestinghouseHanfordwith DOE's directionto distributethis document.
A number of miscellaneouschangeshave been made for completenessand to
reflectthe programmaticchangesthat have occurredsince 1987.

1.1 PURPOSEANDSCOPE

The purposeof this documentis to providetechnicaldocumentationof the
evaluationand testingactivitiessuccessfullycompletedto qualifya number
of packagingsto the requirementsof DOT-7A (49 CFR 178.350). The packagings
describedherein are consideredacceptablefor transportof Type A quantities
of radioactivematerialsubjectto the applicablerestrictionsand
specifications.

The specificpackagingdata containedin this documentwill serve to meet
the requirementsof 49 CFR 173.415(a)for ". . documentationof tests . "
when the packagingsare used as prescribed, in additionto the documentation
of tests,the shippermust maintainon file other appropriatedata applicable
to the shipment,such as the following:

• Evaluationof the propertiesof the actualcontentsto be shipped
for compatibilitywith the packaging

• The QualityControlProgramand its implementation,

Therefore,it is apparentthat this documentdoes not "standalone"for
all the documentationneededwhen offeringa packagefor transportation.The
shipperis responsiblein many areas for ensuringthat the loadedpackageis
acceptable.

Changes in technologyand in the missionof the variousDOE facilities
and contractorswill generatethe need for new packagingdesignson a
continuingbasis. If a new design is needed (i.e.,not currentlycoveredin
this document),contactone of the DOT-7A Programadministrativeor technical
contacts listed in Sections1.1.1 and 1.1.2,respectively,for assistanceon
qualifyinga new packaging.

1-2
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I.I.I AdministrativeContacts

The DOT-7A Programis currentlyadministeredby the DOE, Divisionof
QualityVerificationand TransportationSafety,DOE/EH-33.3,at DOE-HQ in
Germantown,Maryland. The responsiblepersonsare as follows:

M. E. Wangler,Director F.G. Punch
Divisionof Transportationand Divisionof Transportationand
PackagingSafety PackagingSafety
U.S. Departmentof Energy,EH-33.3 U.S. Departmentof Energy,EH-33.3
19901GermantownRoad 19901GermantownRoad
Germantown,MD 20874 Germantown,MD 20874
COMM/FTS301-903-5078 COMM/FTS301-903-6020

Any organizationwishingto have a packagingqualifiedin this program
shouldcontactone of the personslistedabove.

I.I.2 TechnicalContacts

WestinghouseHanford,Transportationand Packaging,is currently
conductingthe evaluationand testingactivities. The personsresponsiblefor
these activitiesare as follows:

J. H. Hummer,Manager J.H. O'Brien,ProjectEngineer
PackagingProgramsand Testing, PackagingProgramsand Testing,

MSIN G2-02 MSIN G2-02
WestinghouseHanfordCompany WestinghouseHanfordCompany
P,O. Box 1970 P.O, Box 1970
2355 StevensDrive 2355 StevensDrive
Richland,WA 99352 Richland,WA 99352
COMM/FTS509-376-9361 COMM/FTS509-376-2808

Pleasecontactone of the personslistedabovewith any technical
questionsor any questionsregardingdocketsthat have been establishedin the
program.

The programhas a great deal of experiencewith designsand materials
that adequatelyperformto the requirements.

The normal approachto qdalificationof a new packagingdesign is to
developthe designand operationaldocumentation,reviewthis documentation,
and expose severaltest units to the Type A packagingtests (49 CFR 173.465
and 173.466). If the packagingperformsadequately,it will be approvedfor
use and includedin this documentat the next revision.

1.2 RESPONSIBILITIES

There are a numberof specificfunctionsthatmust be performedto ensure
that a DOT-7A packageis properlypreparedfor safe transportand in Full
compliancewith the applicableregulations. The affiliationor the specific
arrangementsbetweenthe designer,manufacturer,and user should be adequately
describedand understood.

1-3
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The followingparagraphsdiscussspecificresponsibilities.

1.2.1 The U.$. Departmentof Energy

The PackagingCertificationStaff of DOE/EH-33.3is responsiblefor the
administrationof the DOT-TA Program. This includesapprovalauthorityfor
all of the variousprogramdocuments,requestsfor evaluationand testingof
new packagings,and approvalof their qualification.Generalprogrammatic
directionis also under the controlof DOE/EH-33.3.

1.2.2 Shipper

Shippersof Type A quantitiesof radioactivematerialare generally
responsiblefor all aspectsof the shipment. It is DOE policyto fully comply
with the regulationsfor such shipmentsas establishedin 49 CFR 173.
Normallythe shipperwill be able to locate an acceptablepackaging,which
places primaryemphasison ensuringcompatibilitywith contentsand
correctnessin operations.

1.2.3 Manufacturer

The manufacturerof a DOT-TAType A packaging,which is coveredin this
documentor otherwiseauthorizedfor use within the DOE system,is responsible
for using materials,fabricationmethods,manufacturing,and qualitycontrols
to ensure that the packagingis equivalentto the specifieddesign. No design
changes,substitutions,or changesin fabricationmethodsor controlsare
authorizedwithoutthe approvalof DOE/EH-33.3.

1.2.4 TestingLaboratory

The testinglaboratoryis responsiblefor evaluationand testingof new
DOT-7A packagingdesignsbased on the directionof DOE/EH-33.3. This process
involvesreviewof the applicantsdesigndata, inspectionof the test unit
packages,performanceof the Type A packagingtests, and documentationof the
results. WestinghouseHanfordis currentlyperformingthis functionfor
DOE/EH-33.3;WestinghouseHanford is also maintainingand distributingthe
variousDOT-7A Programdocuments.

1.3 APPLICABLEU.S. DEPARTMENTOF TRANSPORTATION
REGULATIONS

The DOT regulationsfor shippinghazardousmaterialsare locatedin
49 CFR, Parts 100-500. Copiesof these regulationscan be obtainedfrom the
GovernmentPrintingOffice or other sources. The packagingsdescribedherein
have been qualifiedto meet DOT-7A (49 CFR 178.350)for Type A packagings.
Specification7A is a generalspecificationand invokesthe applicable
requirementsof 49 CFR 173, SubpartsA, B, and I.

1-4
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Someof the important regulations affecting shipments of Type A
quantities of radioactive material are summarized in the following paragraphs.
The primary sections of the regulations applicable to Type A packaging
requirements are as follows:

178.350 Specification 7A; general packaging, Type A

173.21 Forbiddenmaterialsand packages

173.22 Shipper'sresponsibility

173.24 Standardrequirementsfor all packages

173.411 Generaldesignrequirements

173.412 Additionaldesignrequirementsfor Type A packages

173.415(a) AuthorizedTypeA packages

173.461 Demonstrationof compliancewith tests

173.462 Preparationsof specimensfor testing

173.463 Packagingand shielding--testingfor integrity

]73.465 Type A packagingtests

173.466 Additionaltests for Type A packagingsdesignedfor liquids
and gases

173.474 Qualitycontrolfor constructionof packaging

173.475 Qualitycontrolrequirementsprior to each shipmentof
radioactivematerial.

1.3.1 ContentsCharacterization

Specification7A packagingsare qualifiedfor transportingType A
quantitiesof radioactivematerial. Characterizationof contentsfor
compatibilitywith the selectedpackagingis an importantaspectof any
shipmentand is primarilythe responsibilityof the shipper. The regulations
addressthis area with a numberof items,which are summarizedin the
followingparagraphs.

1.3.1.1 Radiological. The followingitems in 49 CFR 173, SubpartI address
the radiologicalcharacteristicsof the materialto be shipped:

173.431 Activitylimits for Type A and Type B packages

173.433 Requirementsfor determinationof AI and A2 valuesfor
. radionuclides

1-5
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173.441 Radiationlevel limitations

173.455 Classificationof fissilematerialspackages.

The shippermust characterizethe payloadas neededto determine
compliancewith these requirements.

1.3.1.2 PhysicalForm. The physicalform of the materialhas an indirect
affect on the applicabilityof a number of requirements. For example,the
densityof the materialwill affectthe gross weight,which affectsthe
requirementsinvokedfor packagehandlingfeatures. In the DOT-7AProgram,
solidmaterialsare classed intoone of three MaterialForms (Forms)as
follows:

• Form No. I: Solids--anyparticlesize

- A packagingqualifiedfor these contentsis expectedto contain
radioactivecontentsof any representativeparticulateform.

• Form No. 2: Solids--largeparticlesizeonly (cementgrade sand or
larger)

- Contentsof a correspondingparticulatesize such as soil or
constructiondebris. (Glassor plasticlabwarehavingfine
particulateavailablefor dispersionwould not fit this
categoryand would requirea packagingqualifiedfor fine
particulate,FormNo. i.)

• Form No. 3" Solid materialwith no removableor dispersible
contamination(fordefinition,see 49 CFR 173.443,"Contamination
control").

- Metalswith activationproducts

- Forms of metals/alloys/compoundsof uranium,thorium

- Solidmaterialswith the radioactivematerialfirmlyfixed in
place,possiblyby the applicationof a fixingmedia
(paintetc.)

- Solidifiedmaterial

NOTE: These are examplesonly and each form must be analyzedfor
compliancewith the "no removableor dispersiblecontamination"criterion
found in 49 CFR 173.443.

Packagingsintendedto transportliquidsand gases must be designedto
withstandmore severetest conditionsthan thosedesignedfor solids.

1-6
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Io3.1.3 Thermal. Thermal limitations and requirements applicable to
packagings are addressed in the following sections:

173.412(d) Containment and shielding--temperature range

173.442 Thermal limitations

173.448(b) Heat output.

The thermal heat generation of the contents for whatever reason must not
degrade the packaging. Normally, Type A quantities of radionuclides do not
generate enough decay heat to be of concern. If there is any doubt, the decay
heat should be calculated and the package design analyzed to ensure no
problems.

1.3.1.4 Chemical. The chemical characteristics of the contents are addressed
by the following requirements:

173.21 Forbidden materials and packages

173.24(a)(3) Mixture, reaction

173.24(c)(5) Reaction

173.24(c)(6) Closures, gaskets

173.24(d) Plastic compatibility/permeability

173.412(g) Compatibility, behavior under irradiation

173.412(h) Gas generation, radiolysis.

Generally, the contents must not react with the packaging so as to
degrade it and must not develop chemical conditions which could lead to an
explosion. The basic chemical makeup of the nonradioactive constituents of
the contents to be shipped must be understood in order to adequately design a
packaging.

1.3.2 Packaging Design

The regulatory requirements primarily applicable to the design of a
Type A packaging are listed as follows:

173.24(a) Design and construction

173.24(c) Design and construction criteria

173.24(d) Polyethylene packagings and receptacles

173.411(a)-(f) General design requirements

173.412 Additional design requirements for Type A packages

1-7
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173.462(c) Containmentsystem . . . specified

173.462(d) Externalfeatures. . . clearlyidentified.

The packagingsidentifiedin this documenthave been designedand
qualifiedto meet these requirementsfor transportingcontentsas shown in the
subsequentsections. The followingparagraphsare intendedto summarizethe
design-relatedrequirements.

1.3.2.1 GeneralArrangement. The packagingdesignwill generallyfall into
one of three basic configurations: (I) singlepackaging,(2) composite
packaging,or (3) combinationpackaging(seedefinitions4g CFR 171.8 as
revisedby HM-181dated December21, 1990). Singlepackagingsare generally
recommendedfor solidsmeetingthe definitionof Form 2 or Form 3, or gases.
For packagingof solidsclassedas Form I and liquids,compositeor
combinationpackagingsare recommended.

1.3.2.2 Containment. The requirementsthat pertaindirectlyto containment
of contentsare as follows:

173.24(a) Design and construction

173.24(c)(5) Reaction

173.24(c)(6) Closuresand gaskets

173.24(d) Polyethylenepackagingsand receptacles

173.462(c) Containmentsystem . . . specified.

Basically,there can be, "no significantreleaseof the hazardous
materialsto the environment,"and the packagingmust remaineffectivewhen
subjectedto normalconditionsof transport,with accountbeing taken for any
reactionsbetweenthe contentsand the packagingmaterials. In practice,"no
significantrelease,"impliesno measurableleakagebased on visual
evaluation.

Containmentis formedby those materialsor componentsthat are or may be
in direct contactwith the contentsduring shipment. The designprocesswill
involvechoicesof basic material,use of filtersor other pressurerelief
devices,gasketsor other sealmaterials,closuremechanisms,and other
features. Typicalcontainmentmaterialsare high-densitypolyethylene(HDPE),
polypropylene,glass, and steel.

1.3.2.3 Shielding. The followingrequirementsdirectlyaddressshielding
design of Type A packagings:

173.412(d) Temperature(-40°Fto +15B°F),brittlefracture

173.412(k) Shielding/containmentinterface

173.441 Radiationlevel limitations.
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Shieldingmay be requiredfor Type A quantitiesof radionuclides.Lead
or steel are commonlyused materialsfor shielding. The regulationsrequire
that the shieldingand containmentsystemremainintactandeffective when
subjectedto normalconditionsof transport.

1.3.2.4 Liftingand Handling. The followingrequirementsdirectlyaddress
the design of liftingand handlingfeaturesof Type A packagings:

173.411(a) Handling,securing

173.411(b) Manual handling(grossweight 22 to 110 Ib)

173.411(c) Mechanicalhandling(grossweightabove 110 Ib)

173.411(d) Liftingattachments.

The exteriordesignof the packagingmust addressthese items.

1.3.2.5 Tiedown. The followingrequirementsdirectlyaddressthe designof
tiedownfeaturesof Type A packagings:

173.411(a) Handling,securing

173.412(I) Tiedown,failure.

Packagetiedownfeaturesand equipmentmust be designedto complywith
these requirements.

1.3.3 PackageQualificationand Testing

Type A packagingsmust be designedto withstandthe tests delineatedin
49 CFR 173, Sections173.465and/or 173.466as applicable. Section173.461
addressesthe methodsby which compliancewith these requirementsmay be
addressed. The DOT-7A Programtypicallydemonstratesacceptableperformance
by exposingseveralprototypetest units to the test conditions. The te_ts
that are performedare describedbrieflybelow.

1.3.3.1 ReducedPressureTest [49 CFR 173.412(i)].The reducedpressuretest
is intendedto simulatethe reductionof ambient(external)pressureto the
packageto 3.5 psia. This may be achievedby pressurizingthe internalcavity
of the packagingto 11.2psig or by placinga closedpackagingintoa chamber
that can be evacuatedto 3.5 psia. In both cases,leak detectionby visual,
soap bubble,pressurechangeor other methodis used.

1.3.3.2 Water SprayTest [49 CFR 173.465(b)].The water spray test simulates
exposureto rainfallof approximately2 in./hourfor at least one hour. This
test must precedeeach of the other tests or test sequencesdescribedin
49 CFR 173.465. The time intervalbetweenthe end of the water spraytest and
the beginningof the next test shall be such that the water has soakedin to
the maximumextentwithoutappreciabledryingof the exteriorof the package.
The .timeintervalis two hours if the spray is appliedfrom four different
directionssimultaneously.Other tests will follow immediatelyif the spray
is appliedfrom each of the four directionsconsecutively.

1-9

A-127



WHC-EP-O55B

1.3.3.3 CompressionTest [49 CFR 173.465(d)]. The compressiontest lasts for
a period of at least twenty-fourhours. The compressiveload is equivalentto
either five times the weight of the actualpackageor 1,300 kg/m2 (265Ib/ft2)
multipliedby the verticallyprojectedarea of the package,whicheveris
greater. The load is applieduniformlyto two oppositesides of the package,
one of which must be the base on which the packagewould normallystand.

1.3.3.4 PenetrationTest [49 CFR 173.465(e)and 173.466(a)(2)].The package
is placed on a rigid, flat, horizontalsurface. A bar (penetrationbar)
3.2 cm (1.25 in.) in diameterwith a hemisphericalend, weighing6 kg
(13.2Ib), with its longitudinalaxis vertical,is droppedonto the centerof
the weakestpart of the package,so that, if it penetratesfar enough,it will
hit the containmentsystem. The bar must not be deformedby the test.

The distanceof the .fallof the bar is measuredfrom its lower end to the
upper surfaceof the package. The determinationof this distancedependson
the basic physicalform of the contentsfor which the packagingis designed.
The penetrationdrop heightfor packagingsdesignedto containonly solidsis
I m (3.3 ft). This distanceis 1.7 m (5.5ft) for packagingsdesignedto
containliquidsand/orgases.

1.3.3.5 Free Drop Test [49 CFR 173.465(c)and 173.466(a)(I)].The freedrop
test consistsof a fall onto a flat, horizontal,rigid surface. The
orientationof the test packageis such that the fallwill cause maximum
damage to the packageand its safety features. The distanceof the fallwill
be measured from the lowestpart of the packagingto the upper surfaceof the
target.

1.3.3.6 Demonstrationof ComplianceWith Tests. Followingt_e test
sequences,which exposethe prototypesto the applicabletests,the
performanceof the packagingis evaluated. If determinedacceptable,the
packagingis approvedfor use by DOE/EH-33.3and includedin thisdocument.

1.3.4 The HM-181 RegulationChanges

The HM-181 implementedregulationsthat will effectrequirementsfor
packagingand transportationof hazardousmaterialsin the United States,
similarto the United Nations(UN) recommendationsfor packagingof dangerous
goods.

The final rulingof HM-181was issuedon December21, 1990. Under the
HM-181 regulationchanges,most nonbulkhazardousmaterialpackagingsmust be
tested againstperformancecriteriathat simulatestressesencounteredduring
shipment. The resultsof these tests must be documentedand the packagings
marked or certifiedwith a UN certification. Packagingsnot markedwith the
certificationwill be refusedentry into internationaldestinationsand may be
refusedby domesticair carriers. The transitionperiodin which all domestic
shipmentsmust attaincomplianceis fiveyears or sooner,dependingon the
material to be shipped.

The packagingtest requirementsvary dependingon the density,vapor
pressureand packinggroup for a particularmaterial. PackingGroup I

1-10
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packagings are subjected to the most stringent performance tests. Packing
Groups II and III invoke progressively less stringent performance
requirements.

The HM-181 regulation changes have no direct affect on this document or
the use of Specification 7A. However, there is an indirect affect since
HM-181 resulted in the deletion of many of the specification packagings
covered in 49 CFR 178. For example, the DOT Specification 17-C drum
(49 CFR 178.115) was deleted from the regulations. This document refers in
many places to this and similar specifications. Accordingly, when referring
to these specifications in procedures, specifications, and purchasing
documents, reference the specification followed by the words, "in effect in
December 1990 (i.e., prior to DOT rulemaking HM-181)." Another indirect
affect may be encountered when shipping liquids via an air carrier. The
HM-181 requirements regarding qualification of the packaging to the reduced
external pressure conditions may be invoked, requiring review and/or
additional testing of the packagings described herein.

1.4 USE OF TYPE B PACKAGINGS

The U.S. Nuclear Regulatory Commission (NRC)-approved Type B packagings
may be used to transport Type A quantities of radioactive materials provided
applicable requirements are met. The NRC provided some clarification
regarding such use of NRC-approved Type B packagings in Information
Notice 90-82 dated December 31, 1990 (NRC 1990). This information is
summarized in the following paragraphs.

The NRC and DOT share primary responsibility for approving package
designs for transportation of radioactive materials within the United States.
The NRC regulations for the transportation of radioactive materials are
codified in 10 CFR Part 71, "Packaging and Transportation of Radioactive
Material." The DOT's hazardous materials regulations, which include
radioactive material, are codified in 49 CFR Parts 100-199. Requirements for
shippers of radioactive materials are given in 49 CFR 173.400 through 173.478.
In addition, a provision in the NRC regulations, 10 CFR 71.5, requires that
NRC licensees comply with DOT's hazardous materials regulations.

In general, pursuant to 10 CFR Part 71, NRC approves package designs for
shipment of fissile and greater-than-Type A quantities of radioactive
material. The design for packages up to Type A quantities is subject to the
requirements of DOT in 49 CFR Part 173.

In authorizing the use of NRC-approved packages for transportation of
Type A quantities of radioactive material, DOT regulations specify, in
49 CFR 173.415, that certain conditions be met. One condition
(49 CFR 173.471) is that the shipment of the package be made in compliance
with the terms of the NRC certificate of compliance (certificate). For
example, a radiographic source changer authorized for a Type B quantity of a
specific radionuclide in special form is also authorized for a Type A quantity
of the same specific radionuclide in special form, provided that all the terms
and conditions of the certificate are met. Note that NRC approvals include

the type and form of material, the maximum quantity of material per package,
and the operating instructions and maintenance procedures for the package.
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Alternately, an NRC-approved package may be shipped under the provisions
of 49 CFR 173.415(a) as a DOT-7A package. In this instance, the shipper (if
requested) must provide DOT with a complete documentation of tests and an
engineering evaluation or comparative data showing that the construction
methods, packaging design, and materials of construction comply with DOT-7A.
The shipper is required to maintain this documentation on file for at least
one year after the latest shipment. Thus, a radiographic source changer
approved by NRC for shipment of a specific radionuclide in special form could
be used to ship a Type A quantity of a different nuclide, provided that the
package is re-evaluated under the provisions of 49 CFR 173.415(a).

When an NRC-approved package is used as a DOT-7A package, the NRC package
identification marking should be covered and new markings ("USA DOT-TA TYPE A"
and "radioactive material") affixed to the package, pursuant to
49 CFR 173.415(a).

Users of the NRC-approved packages should be aware of the requirements
for using NRC-approved packages for low-level radioactive materials exempted
under 10 CFR 71.10. In particular, users of NRC-approved packages should:

• Determine what provision of 49 CFR 173.415 applies

• Comply with all requirements in 49 CFR 173.415(a) and 49 CFR 178.350
when the shipment is made pursuant to 49 CFR 173.415(a). Note that
the use of an NRC-approved package pursuant to 49 CFR 173.415(a)
requires that the package be re-evaluated as a DOT-7A Type A
package, and that the shipper maintain the evaluation on file for
one year after the last shipment

• Comply with all terms and conditions in the NRC certificate when the
shipment is made pursuant to 49 CFR 173.415(c).

1.5 PROCUREMENT

Normally DOE shippers will procure complete packagings or components of
packagings from commercial suppliers to satisfy shipment needs. The
DOE/EH-33.3 recommends that any packaging procurement be conducted in two
basic steps:

I. Obtain from the packaging supplier the documentation that will
demonstrate compliance with the requirements (i.e., drawings,
specifications, etc.) and perform a technical review.

2. Upon acceptance of the documentation (i.e., all comments
satisfactorily resolved), release the supplier to manufacture the
packagings or components.

Procurement of the packagings identified herein or their components will
involve preparation of a technical specification followed by execution of the
normal process used for procuring equipment or components. The following
paragraphs summarize this process.
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1.5.1 Specification Development

The shipper should prepare a technical specification for the packaging or
component to be supplied that includes, as a minimum, any technical require-
ments specified in this document. The specification should also identify any
other deliverables desired and the requirements applicable to each. When the
specification is complete, the shipper normally will prepare a purchase
requisition, which will accompany the specification, to initiate the formal
procurement process.

1.5.2 Request for Proposals

The first formal step in the procurement process is preparation of a
purchase requisition and the subsequent issuance of a request for proposal
(RFP). The procurement package will include the completed specification,
schedule requirements, and other pertinent technical information such as
technical evaluation criteria, technical proposal instructions to bidders,
etc. Upon completion and management approval of the purchase requisition and
the specification, the shipper should contact the purchasing organization at
the site or facility to coordinate the RFP process. The buyer who is the
cognizant purchasing representative will become the focal point in the process
of negotiating with potential suppliers.

1.5.3 Order Placement

Normally several or more suppliers will respond to the RFP. This will
initiate a selection process for determining the candidate who will supply
acceptable deliverables for the lowest cost. The selection process will
normally involve the shipper's technical review of each of the proposals and
procurement department review including cost and price analysis. Upon comple-
tion of the reviews, a supplier (the seller) will be selected and the order
placed.

1.5.4 Documentation Review and Approval

The next major action for the shipper will be to review any seller-
provided documentation such as drawings, specifications, analyses,
manufacturing processing instructions, and quality control processes. Upon
acceptance of this data, the supplier will be released to manufacture the
components or packagings per the purchase order.

1.5.5 Packaging Manufacturing and Delivery

The seller will manufacture the fleet packagings as specified in the
purchase order when released by the buyer. When complete, the packagings will
be delivered to the shipper's facility for receiving inspection and use.
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1.6 PACKAGINGOPERATIONS

Packagingoperationsinvolveassemblingthe packaging,loadingthe
contents,closingthe package,and preparingfor shipment. The operating
instructionsfor a packagingare the primaryvehiclefor the shipperto
maintaincontrolon the assembly,loading,and closureprocessesfor a
packagingand its preparationfor shipmentand other items. Accordingly,
shippersare requestedto ensure that the operatinginstructionsfor the
packagingsystemto be used implementthe operationalrequirementsdiscussed
in the followingparagraphs.

The operatinginstructionsshouldconsistof the followingprimary
elements:

• Packagingdescription

• Authorizedcontents

• Preloadinginspections

• Loadingprocedure

• Preparationfor shipment

• Preshipmentinspections

• Shipmentrequirements

• Unloadingprocedure

• Reuse/reconditioning(if applicable).

The packagingdescriptionand authorizedcontentssectionsshouldbe
similarto the materialfor a packagingincludedherein.

The shippershoulddetermine,per the followingrequirements,the
preloadinginspectionsto be performedand the acceptancecriteriaconsidered
necessaryto ensurethat the packagingcompliesand that adequatequality
control is implemented.

173.474 Qualitycontrolfor constructionof packaging

173.475 Qualitycontrolrequirementsprior to each shipmentof
radioactivematerials.

The loadingprocedureshould addressall operationsnecessaryto
correctlyassemblethe packaglngcomponents,load the contents,and close the
packaging.

The sectionaddressingpreparationfor shipmentshouldaddresslabeling
and placardingrequirements(49 CFR 173.444and 173.446)and any other
applicablerequirements. If the packagemust be securedto the conveyancein
a particularfashion,this shouldalso be specifiedin a subsectionto be
entitled,"Tiedown."
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The section(s) addressing preshipment inspections should address
verifications for compliance with the following requirements:

173.441 Radiation level limitations

]73.442 Thermal limitations

173.443 Contamination control.

The section addressing shipment requirements should address requirements
and procedures applicable when the package is en route to its destination.
For example, the requirements of 49 CFR 173.447, "Storage incident to
transportation," should be addressed in this section.

The unloading procedure should detail all steps necessary to safely
unload the package from the conveyance and for unloading the contents from the
packaging.

If the packaging may be reused, the operating instructions should include
procedures for reconditioning the packaging to a state that will meet the
design requirements established in the drawing and specification.

1.7 QUALITY ASSURANCE

The quality assurance program implemented by the shipper's organization
must implement actions to provide adequate confidence that the shipments will
comply with the regulations. The DOE Order 5700.6C includes general quality
elements to be considered in development of the shippers quality program.
Shippers are cautioned to invoke only the quality requirements applicable to
Type A packaging and transportation.

The following regulatory requirements address quality control applicable
to Type A packagings:

173.474 Quality control for copstruction of packaging

173.475 Quality control requirements prior to each shipment of
radioactive materials.

The shipper is responsible for ensuring that the packaging materials,
components, and arrangement are in accordance with the qualified design as
documented herein. The shipper is also responsible for ensuring that the
packaging is assembled, loaded (with compatible contents), closed, and
prepared for shipment properly.

The DOE/EH-33.3 recommends that quality control be implemented as needed
for the shipper to ensure compliance with the regulations. This is considered
best achieved at three possible points in the packaging operation process:

I. Receiving inspections for procured packagings or components. The
inspections should be of adequate scope and detail to ensure that
the supplied hardware complies with the qualified design.
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2.0 STEEL DRUMS
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Figure 2-i. DOT-6C 5- and 10-Gallon Steel Drums, 49 CFR 178.99.
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2.1 DOT-6C 5- AND tO-GALLONSTEEL DRUMS (DOCKETS: MLM)

2.1.1 PackageDescription

Dimensions

Drum Height (in.) Diameter(in.)

5-galloninterior 12.50 11.25

5-gallonexterior 13.50 12.25

lO-galloninterior 15.75 14.00

lO-gallonexterior 17.25 15.00

Materials/Methodof Construction

5 gallon 10 gallon

Body and head sheet 22 gauge Body and head sheet 20 gauge

Ring 20 gauge Ring 16 gauge

Bolt 0.218 in. Bolt 0.312 in.

Gasketrequired Gasket required

2.1.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by the test contents. If they are not, testivbg or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

2.1.2.1 Physical Form

2.1.2.1.1 Solids only. Three forms are authorized. Each shipper must
determine the most appropriate form for his particular contents and comply
with any special requirements (e.g., room temperature vulcanizing
[RTV], etc.).

• Material Form No. I: Solids--anyparticlesize.

• Haterial Form No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.)

• Material Form No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,
see 49 CFR ]73.443,Contaminationcontrols.)
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2.1.2.1.2 MaximumGross Weight. Form No. I, No. 2, and No. 3:

• 5-gal = 80 Ib

• 10-gal= 160 lb.

2.1.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

2.1.2.3 Radiological. Dents approximately1.1 in. and 1.5 in. appearedin
the 5-gal and 10-galdrums, respectively,followingthe 4-ft drop test on the
bottomedge. The shippermust ensure that the radiationlevel at the surface
of t'._packagewould not increaseby more than 20% if suchdeformations
occurred.

2.1.3 Restrictions/Specifications

For FormNo. I Contents--RTVsealant(or equivalent)must be appliedto
the surfaceof the gasket in contactwith the drum body.

For Form No. 2 and No. 3 Contents--Nopackagingcomponentrequirements
other than specifiedin Section2.1.1.

Bolt closuretightened,with tapping,until the lugs beginto bend inward
or come together--typicallyless than 40 ft-lb. A jam nut shall also be used
to preventunintentionallooseningduringtransport.

The gasketmaterialmust have an operatingrange of -40 °F to +158 °F.

For heavy bulkymaterials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharpcornersor protrusions,or material/
containmentgeometriesthat could result in highlylocalizedforces,the
shippermust ensurethat the contentsare securelyfastened/positionedwithin
the package.
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2.1.4 4g CFR 17B.350REGULATORYREQUIREMENTS

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standard Meets applicablerequirements.
requirementsfor all packages See AppendixA, Table A-I.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-I.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A See AppendixC Table C-I.
packages

49 CFR 173.465,Type A Meets applicablerequirements.
packagingtests

Water spray Pas____ss.This test was conductedon nine
differenttypes of stee] drums and a total
of 26 packages. In all cases,therewas no
detectableeffecton the abilityof the
packagingto meet the subsequentType A
tests. Also, in all cases,therewas no
inleakageof water as a resultof this test.
See AppendixD, Table D-I.

Free drop Pas____ss.4-ft drop test conductedon:
Top - approximately45" on bolt
Bottom- approximately45°
Side - flat on bolt.
See AppendixD, Table D-tO.

Corner drop Not required.

Compression Pass. This test was conductedat greater
than five times the gross weight for 24 hr.
No detectableeffect on the packagingwas
observed. See AppendixD, Table D-23.

Penetration Pass. This test was conductedon the center
of the lid, on the centerof side body, and
on the lid close to the closurering. See
AppendixD, Table D-30.
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2.1.5 Quality Control

Packaging/Acceptance/Use Criteria
...........

Acceptance/pre-use/,
Critical Major inspection criteria

,,., ,,, , ,..... ,

Lid/body interface Vendor Functional:
sealing surface qualifications and

experience • Ease of lid/closure ring
application

• Bolt closure ring--bolt size

• Gasket, adhesive, as specified

• Geometry, as specified

Acceptable Conditions:

• Lack of dents, no deformation
of sealing surfaces

Gasket • Dimensions, as specified

Weld areas • Continuous welds, no sharp
edges

Body and chime Metal thickness Lot tests by shipper, as
appropriate.

Air leak tests Bolt size Vendor Data and/or Certification:

• Marking

• Test data

• Type A document provided as
appropriate

• Air leak tests

Protective coating Visual:
application

• Surface/coating as specified

• Lack of imperfections in
application

• Lack of rust, dents, nicks

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.
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2.1.6 AdditionalInformation

Evaluationand testingof _thispackagingwere performedat MLM and were
documentedin Edling 1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section1.1.2.

2.1.6.1 PrimaryUsers

Site/Contact/Phone Address

Rocky Flats Plant Rocky Flats Plant
D. M. Krieg P.O. Box 464
COMM/FTS303-966-2377 Golden,CO 80402-0464

2-8

A-14A



WHC-EP-0558 I

Figure 2-2. DOT-17C 5-Gallon Steel Drum, 49 CFR 178.115.

DOT 7A Type A
49 CFR 178.350

_o,,.,n0_ __

--_______.... Bolt (I/4in.)

)_f Head and Gasket

" _,

12 1/2 in. i_ Body and Head Sheet
(24 gauge)

_¢

y
I "1 39106073.1FH

2-9

A-145

, II III



WHC-EP-0558

2.2 DOT-17C 5-GALLONSTEEL DRUM (DOCKETS: MLM)

2.2.1 PackageDescription

Dimensions
,,,,,,,

5-gallondrum Height (in.) Diameter (in.)

Interior 12.5 11.25

Exterior (withring) 13.0 12.00
,

Materials/Methodof Construction

5 gallon

Body and head sheet 24 gauge
Ring IB gauge
Bolt 0.25 in.
Gasketrequired

2.2.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7Acompliancewith the actualcontents.

2.2.2.1 PhysicalForm

2.2.2.1.1 SolidsOnly. Three forms are authorized. Each shippermust
determinethe most appropriateform for his particularcontentsand comply
with any specialrequirements(e.g.,RTV, etc.).

• Material Form No. I" Solids--anyparticlesize.

• Material Form No. 2" Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.)

• Material Form No. 3' Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,
see 49 CFR 173.443,Contaminationcontrol.)

2.2.2.1.2 MaximumGross Weight. Form No. 1, No. 2 and No. 3"

• 100 lb.
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2.2.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

2.2.2.3 Radiological. The 4-ft drop test caused deformation of the package
resulting in a decrease in the distance from the exterior to the center of the
package at the bottom edge of 0.5 in. (approximate). The shipper must ensure
that the radiation level at any surface would not increase by more than 20%
(relative to the radiation level of the undamaged configuration) if such a
deformation would occur.

2.2.3 Restrictions/Specifications

For Form No. 1Contents--RTV sealant (or equivalent) must be applied to
the surface of the gasket in contact with the drum body.

For Form No. 2 and No. 3 Contents--No packaging component requirements
other than as specified in Section 2.2.1.

Bolt closure tightened, with tapping, until the lugs begin to bend inward
or come together--typically less than 40 ft-lb. A jam nut shall also be used
to prevent unintentional loosening during transport.

The gasket material must have an operating range of -40 °F to +158 °F.

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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2.2.4 4g CFR 178.350RegulatoryRequirements

RegulatoryComplianceAssessment
-- ,.,, ,. ,

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standard Meets applicablerequirements.
requirementsfor all See AppendixA, Table A-I.
packages

49 CFR 173.411,General Meets applicablerequirements.
design requirements See AppendixB, Table B-I.

,,,, ,, ,, ,.,,

49 CFR 173.412,Additional
requirementsfor Type A Meets applicablerequirements.
packages See AppendixC, Table C-I.

49 CFR 173.465,Type A Meets applicablerequirements.
packagingtests

Water spray Pas__.__Es.Tests were conductedon all three styles
of drums and demonstratedno inleakageof
water. Further,the water spray test preceded
each of the remainingType A tests. In no case
was there any effecton the abilityof the
packagingsto meet the requiredtests. See
AppendixD, Table D-].

Free drop Pas_____ss.Sixty-nineseparatedrop testswere
conducted(22 on StylesIA and B, 26 on
Style 2, and 21 on Style 3). Drops were
conductedon edges,top corners,bottom
corners,and the ends. In all cases,therewas
no loss of contentsor major distortionof the
packagings. See AppendixD, Table D-IO.

Cornerdrop Not required.

Compression Pas___..ss.The test was conductedon all three
stylesat greaterthan five times the gross
weight for greaterthan 24 hr. There was no
visibledistortionof the packagingsor loss of
contents. See AppendixD, Table D-23.

Penetration Pas_...._Es.The test was conductedat severalpoints
on all three stylesof the packagingswith no
significanteffect. The tests on the bungs
left no discernablemark. The impacton the
centersof the coversresultedin a maximum
dent of 0.25 in. The tests on the closure
rings left no visibleeffect. See AppendixD,
Table D-30.
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2.2.5 QualityControl

Packaging/Acceptance/UseCriteria

Acceptance/pre-use/,
Critical Major inspectioncriteria

,,, , ,, , , ,,, , ,, , ,,,,,, ,,,,,,,, , ,,,

Lid/bodyinterface Vendor Functional"
sealingsurface qualificationsand

experience • Ease of lid/closurering
application

• Bolt closurering--boltsize

• Gasket,adhesive,as specified

• Geometry,as specified

AcceptableConditions"

• Lackof dents, no deformation
of sealingsurfaces

Gasket • Dimensions,as specified

Weld areas • Continuouswelds,no sharp
edges

Body and chime Metal thickness Lot tests by shipper,as
appropriate.

Air leak tests Bolt size VendorData and/orCertification:

• Marking

• Test data

• TypeA documentprovidedas
appropriate

• Air leak tests

Protectivecoating Visual'
application

• Surface/coatingas specified

• Lack of imperfectionsin
application

• Lackof rust, dents,nicks
,, ,, , ,,

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-TAType A
packaging.
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2.2.6 ADDITIONALINFORMATION

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling 19B7. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section1.1.2.

2.2.6.1 Primary Users

ite/Contact/Phone _ddre_s

Los Alamos NationalLaboratory Los AlamosNationalLaboratory
N. King P.O. Box 1663
COMM/FTS505-667-4125 Los Alamos, NM 87545

Battelle Columbus taboratories Battelle ColumbusLaboratories
T. R. Emsweiler 505 K_ng Avenue
614-879-5165 Columbus,OH 43201
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Figure 2-3. DOT-17C 30-Gallon Steel Drum, 49 CFR 178.115.
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2.3.2.2 ChemicalForm. The shippermust evaluateand ensure chemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

2.3.2.3 Radiological. The 4-ft drop test causeddeformationof the package
resultingin a decreasein the distancefrom the exteriorto the centerof the
packageat the bottomedge of 2.75 in. (approximate).The shippermust ensure
that the radiationlevel at any surfacewould not increaseby more than 20%
(relativeto the radiationlevel of the undamagedconfiguration)if such a
deformationwould occur.

2.3.3 Restrictions/Specifications

For Form No. I Contents--RTVsealant(or equivalent)must be appliedto
the surfaceof the gasket in contactwith the drum body.

For Form No. 2 and No. 3 Contents--Nopackagingcomponentrequirements
other than specifiedin Section2.3.1.

The lid closurering bolt shall be tightenedto 40 ± 4 ft-lbwith tapping
of ring during tightening. A jam nut shall also be used to prevent
unintentionallooseningduring transport.

The gasketmaterialmust have an operatingrange of -40 °F to +158 °F.

For heavy bulkymaterials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharpcornersor protrusions,or material/
containmentgeometriesthat could result in highlylocalizedforces,the
shippermust ensurethat the contentsare securelyfastened/positionedwithin
the package.
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2.3.4 49 CFR 178.350RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

4g CFR 173.24,Standard Meets applicablerequirements.
requirementsfor all See AppendixA, TableA-I.
packages

49 CFR 173.411,General Meets applicablerequirements.
design requirements See AppendixB, Table B-I.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A. See AppendixC, Table C-I.
packages

49 CFR 173.465,Type A Meets applicablerequirements.
packagingtests

Water spray Pass. This testwas conductedon nine
differenttypes of steeldrums and a total of
26 packages. In all cases,therewas no
detectableeffecton the abilityof the
packagingto meet the subsequentType A tests.
Also, in all cases,there was no inleakageof
water as a resultof this test. See
AddendumI, Table D-I.

Free drop Pas_____ss.4-ft drop test conductedon:
Top - approximately45° on bolt
Bottom - approximately45°
Side - flat on bolt.
See AppendixD, Table D-tO.

Cornerdrop Not required.

Compression Pass. This test was conductedat greaterthan
five times the gross weight for 24 hr. No
detectableeffecton the packagingwas
observed. See AppendixD, Table D-23.

Penetration Pas_____ss.This test was conductedon the centerof
the lid, on the centerof the side body, and on
the lid close to the closurering.
See AppendixD, Table D-30.
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2.3.5 Quality Control

Packaging/Acceptance/Use Criteria
..........

Acceptance/pre-use/,
Critical Major inspection criteria

,,,, ,,,, ,,,,

Lid/body interface Vendor Functional:
sealing surface qualifications and

experience • Ease of lid/closure ring
application

• Bolt closure ring--bolt size

• Gasket, adhesive, as specified

• Geometry, as specified

Acceptable Conditions:

• Lack of dents, no deformation
of sealing surfaces

Gasket • Dimensions, as specified

Weld areas • Continuous welds, no sharp
edges

Body and chime Metal thickness Lot tests by shipper, as
appropriate.

Air leak tests Bolt size Vendor Data and/or Certification:

• Marking

• Test data

• Type A document provided as
appropriate

• Air leak tests

Protective coating Visual:
application

• Surface/coating as specified

• Lack oF imperfections in
application

• Lack of rust, dents, nicks
,,

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.
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2.3.6 Additional Information

Evaluationand testingof the subjectpackagingtook place at MLM.
A completetest report is availableupon requestfrom one of the DOT-7A
Programtechnicalcontacts listed in Section1.1.2.

2.3.6.1 Primary Users

$iteZContact/Phone Address

BattelleColumbusLaboratories BattelleColumbusLaboratories
T. R. Emsweiler 505 King Avenue
614-B79-5165 Columbus, OH 43201
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Figure 2-4. DOT-17C 35-Gallon Steel Drum, 49 CFR 178.115.

DOT 7A Type A
49 CFR 178.350

Bolt Ring

(12 gauge)

: Head and Gasket

Bolt (5/8 in.)

Rolling Hoop

(3 required)

33 1/2-1n.

Usable ,.
Inside _ Body and Head sheet

Height (16 gauge)

"Inside Dia eter '
- " " 39102002.2 FH
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2.4 DOT-17C35-GALLONSTEELDRUM(DOCKETS:MLM)

2.4.1 Packa9eDescription

Dimensions
......

35-gallondrum Height (in.) Diameter(in.)
,,,,,, , ,

Interior 33.50 18.00

Exterior 34.75 20.50
......

Materials/Methodof Construction

35 gallon

Body and head sheet 16 gauge
Ring 12 gauge
Bolt 0.625 in.
Gasket required

2.4.2 Authorized Contents

The shippermust determinethat the actualcontentsare.closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-IAcompliancewith the actualcontents.

2.4.2.1 PhysicalForm

2.4.2.1.1 SolidsOnly. Three forms are authorized. Each shippermust
determinethe most appropriateform for his particularcontentsand comply
with any specialrequirements(e.g.,RTV, etc.).

• Material Form No. I: Solids--anyparticlesize.

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.).

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination.(Fordefinition,
see CFR 173.443,Contaminationcontrol.)

2.4.2.1.2 MaximumGross Weight. Form No. I, No. 2 and No. 3:

• 400 lb.

2.4.2._ ChemicalForm. The shippermust evaluateand ensure chemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

2-22
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2.4.2.3 Radiological. The 4-ft drop test causeddeformationof the package
resultingin a decreasein the distancefrom the exteriorto the centerof the
packageat the top edge of 1.125 in. (approximate).The shippermust ensure
that the radiationlevel at any surfacewould not increaseby more than 20%
(relativeto the radiationlevel of the undamagedconfiguration)if such a
deformationwould occur.

2.4.3 Restrictions/Specifications

For Form No. I and No. 2 Contents--RTVsealant(or equivalent)must be
appliedto the surfaceof the gasket in contactwith the drum body.

For Form No. 3 Contents--Nopackagingcomponentrequirementsother than
as specifiedin Section2.4.1.

The lockingring bolt shall be tightenedto 40 ± 4 ft-lbwith tapp;ngof
the ring duringtighteningper the followingprocedure:

I. Tiohtenthe bolt to 40 ft-lbtorque.

2. Hit the closurering vigorouslywith a metal hammer,eight to
nine times,equallyspacedaroundthe ring.

3. Repeatthis cycle three additionaltimes.

4. Torque holt one last time to 40 ft-lb.

A jam nut shall also be used to preventunintentionallooseningduring
transport.

The cover seal gasketmaterialmust have operatingrange of -40 OF to
+158 °F.

For heavy,bulky materials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharp cornersor protrusions,or material/
containmentgeometriesthat could result in highlylocalizedforces,the
shippermust ensure that the contentsare securelyfastened/positionedwithin
the package.
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2.4.4 49 CFR 178.350 Regulatory Requirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standard Meets applicablerequirements.
requirementsfor all See AppendixA, Table A-I.
packages

4g CFR 173.411,General Meets applicablerequirements.
design requirements See AppendixB, Table B-I.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A See AppendixC Table C-]
packages ' "

49 CFR 173.465,Type A Meets applicablerequirements.
packagingtests

Water spray Pass. This test was conductedon a total of
six packagings. In all cases,there was no
detectableeffecton the abilityof the
packagingto meet the subsequentType A test.
Also, there was no inleakageof water as a
resultof this test. See AppendixD,
Table D-I.

Free drop Pass. 4-ft drop test conductedon:
Top - approximately45° on bolt
Bottom - approximately45°
Side - flat on bolt.
See AppendixD, Table D-IO.

Corner drop Not required.

Compression Pass. This test was conductedat greaterthan
five times the gross weight for 24 hr. No
detectableeffect on the packagingwas
observed. See AppendixD, Table D-23.

Penetration Pass. This testwas conductedon the centerof
the lid, on the centerof side body, and on the
lid close to the closurering. Only minor
dents occurred. See AppendixD, Table D-30.
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2.4.5 QualityControl

Packaging/Acceptance/UseCriteria
............

Acceptance/pre-use_
Critical Major inspectioncriteria

L..... .. ,, , ,....... ,,,

Lid/bodyinterface Vendor Functional:
sealingsurface qualificationsand

experience • Ease of li_/closurering
application

• Boltclosurering--boltsize

• Gasket,adhesive,as specified

• Geometry,as specified

AcceptableConditions'

• Lackof dents,no deformation
of sealingsurfaces

Gasket • Dimensions,as specified

Weld areas • Continuouswelds, no sharp
edges

Body and chime Metal thickness Lot testsby shipper,as
appropriate.

Air leak tests Bolt size VendorData and/orCertification:

• Marking

• Test data

• Type A documentprovidedas
appropriate

• Air leak tests

Protectivecoating Visual"
application

• Surface/coatingas specified

• Lack of imperfectionsin
application

• Lack of rust, dents,nicks
,. r.

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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2.4.6 AdditionalInformation

Evaluationand testingof the subjectpackagingtook place at MLM in
1989. A completetest report is availableupon requestfrom one of the DOT-7A
Programtechnicalcontactslisted in Section1.1.2.

2.4.6.1 PrimaryUser(s}:

Site/Contact/Phone Address

Rocky Flats Plant Rocky Flats Plant
Doyle Mitchell P.O. Box 464
COMM/FTS303-966-4421 Golden,CO 80402-0464
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Figure 2-5. DOT-17C55-GallonSteel Drum.

DOT 7A Type A
49 CFR 178.350

NucFiI* Filter Bolt Ring

(Optional) (12 gauge)
r

Bolt (5/8 in.)Head and Gasket

:::::,: ':,

Rolling Hoop
(3 required)

33 1/4-in. Usable ,_
Inside Height ..... Body and Head Sheet

(16 gauge)

...

: ".::

22 1/2-in. --_
Inside Diameter

*NucFil is a trademark of Nuclear Filter Technology, Incorporated• 39102077.13FH
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F_gure 2-6. High-Density Polyethylene Liners for Use with
DOT-17C 55-Gallon Steel Drums.

DOT 7A Type A
49 CFR 178.350

f93/4n°penI Rn0wthcosureBoI18nOpenng1
Q T_ ._ -f"_-__ "-"_ and Gasket _

31 3/4 in. 33 in. 33 in.

l l ]
22 in. _ _ 22 in. _. _ 22 in.

90 mil 90 mil 90 mil

HF-1, HF-2, MD-1 LL-1 RF-2, RF-3, RF-4

31 in. 29 in.

22.15-in. Outside | I 22.15-in. Outsid
_:_ Diameter __>_ I.,(_ Diameter

22.0B-in. Outside _ _ 22.08-in. Outside
Diameter Diameter

Type IV - 110 mii 2-28 Type V- 110 mil
RF-5, RF-7 RF-6, RF-8 39103027.1 FH
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2.5 DOT-17C55-GALLONSTEELDRUM,OPTIONAL
PRESSURERELIEF DEVICEAND/ORHIGH-
DENSITYPOLYETHYLENELINER
(DOCKETS: MLM; 8g-13-7A,
01/go; gO-18-7A, 01/91)

2.5.1 Package Description

AuthorizedConfigurations(sheetI of 2)
...........

i)rumwith vent clip, liner, bag and catalYst: a DOT-17Cdrum
with a vent clip, with a 90-mil HDPEliner (vented or nonvented),

HF-1 which encloses a 4-mil polyethylene bag, which encloses the
contents.

,, ,,, ,,,, ,,,,, ,, , , __ ,, .... , i i

Drumwith liner: a DOT-17C(filtered or nonfiltered) drum with
HF-2 an HDPE liner (90-milbody, 110-milhead, ventedor nonvented),

which enclosesthe contents.
,. _ ,,. ,, , , ,,,, ,..,, ,, -- _

Drumwith liner: a DOT-17C(filtered or nonfiltered) drum with
LL-1 an HDPEliner (90-mil body, 110-mil head, vented or nonvented),

which encloses the contents.
_ , ,, ,. ,,.u,, , --

Drum with liner: a DOT-17C(filteredor nonfiltered)drum with
MD-I an HDPE liner (90-milbody, 110-milhead, ventedor nonvented),

which enclosesthe contents.
,,,,,, ,,, , ,,,. _ , , .m , ,.

Drum with polyethylenebag: a DOT-17Cnonfiltereddrum with an
optional4-mil polyethylenebag,which enclosesthe contents.

RF-I For FormNo. I materials,eitherthe bag or sealingthe lid
gasketto the body seal interfacewith RTV adhesiveis required.

,,

.........Filtereddrum, linerwith"bag: a DOT-i7Cfiltered(NucFil-014*)
RF-2 drum with a gO-milHDPE liner,which enclosesa 4-mil

polyethylenebag, which enclosesthe contents.
,,., , • , -- --

Drum with liner: a DOT-17Cnonfiltereddrum with an HDPE liner
RF-3 (gO-milbody, 110-milhead, ventedor nonvented),which encloses

the contents.
,., ,.. .. ,,,, ,,

Filtereddrum with ventedliner and bag" a DOT-17Cfiltered
RF-4 (NucFil-014)drum with a ventedHDPE 90-milliner,which encloses

a 10-milplasticbag,which enclosesthe contents.
, ,

Filtereddrum, closedType IV liner" a DOT-17Cfiltered
RF-5 (NucFil-014)drum with a Type IV HDPE 110-milliner,which

enclosesa 10-milplasticbag, which enclosesthe contents.
,, ,., ..... ,, ,.. ..,,__

Filtereddrum, PVC bag with Type V liner" a DOT-17Cfiltered

RF-6 (NucFil-014)drum with a 10-milplasticdrum liner (polyethylene
bag),which enclosesa PVC gloveboxbag, which enclosesa Type V
HDPE 110-milliner,which enclosesthe contents.

, J , ,- ..
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2.5.2.1 PhysicalForm

2.5.2.1.1 Solids Only. Three forms are authorized. Each shippermust
determinethe most appropriateform for his particularcontentsand comply
with any specialrequirements.

• Material Form No. I: Solids--anyparticlesize.

• Material Form No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.).

• Material Form No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,
see 49 CFR 173.443,Contaminationcontrol.)

2.5.2.1.2 MaximumGross Weight

• Form No. I = 900 Ib

• Form No. 2 = 1,000 Ib

• Form No. 3 = 1,000 lb.

2.5.2.2 Chemical Form. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

2.5.2.3 Radiological. The 4-ft drop test causeddeformationof the package
resultingin a decreasein the distancefrom the exteriorto the center of the
packageat the bottomchime of 2.5 in. (approximate).The shippermust ensure
that the radiationlevel at any surfacewould not increaseby more than 20%
(relativeto the radiationlevel of the undamagedconfiguration)if such a
deformationwould occur.

2.5.3 Restrictions/Specifications

The lid-lockingring bolt shall be tightenedto 40 ± 4 ft-lb torque with
tappingof ring during tightening. A jam nut shall also be used to prevent
unintentionallooseningduring transport.

The NucFil filter (if used) shall be installedusing Loctite° No. 262
(Red) and torqued to 5 ft-lb or tack-weldedto preventunintentional
loosening.

The drum gasket materialmust have an operatingrange of
-40 °F to +158 °F.

If a vented liner is used, a 10-mil (minimumthickness)polyethylenebag
must be placed insidethe liner to enclosethe contents.

"Loctiteis a trademarkof LoctiteCorporation.
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For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.

2.5.4 49 CFR 178.350 Regulatory Requirements

Regulatory Compliance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard Meets applicable requirements.
requirements for all See Appendix A, Table A-I.
packages

49 CFR 173.411, General Meets applicable requirements.
design requirements See Appendix B, Table B-I.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A See Appendix C Table C-I
packages ' "

49 CFR 173.465, Type A Meets applicable requirements.
packaging tests

Water spray Pass. This test was conducted and there was no
inleakage of water. See Appendix D, Table D-I.

Free drop Pass. Multiple 4-ft drop tests have been
conducted on a number of test units with
successful results. The impact orientations
included:

Top - CG over corner on bolt
Top - flat on top
Bottom - CG over corner
Bottom - flat on bottom
Side - flat on bolt.

See Appendix D, Table D-tO.

Corner drop Not required.

Compression Pas_____Es.This test was conducted on a number of
test units with successful results. See

Appendix D, Table D-23.

Penetration Pass. Penetration bar was dropped on a number
of test units impacting all potentially
vulnerable features with no adverse affects on
the packaging. The features impacted included
the lid, the filter, the side, and the bottom
center. See Appendix D, Table D-30.
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2.5.5 QualityControl

Packaging/Acceptance/UseCriteria

Acceptance/pre-use/,
Critical Major inspectioncriteria

,,,=, =,,,

Lid/bodyinterface Vendor Functional:
sealingsurface qualificationsand

experience • Ease of lid/closurering
application

• Boltclosurering--boltsize

• Gasket,adhesive,as specified

• Geometry,as specified

AcceptableConditions:

• Lackof dents,no deformation
of sealingsurfaces

Gasket • Dimensions,as specified

Weld areas • Continuouswelds, no sharp
edges

Body and chime Metal thickness Lot tests by shipper,as
appropriate.

Air leak tests Bolt size VendorData and/orCertification:

• Marking

• Test data

• Type A documentprovidedas
appropriate

• Air leak tests

Protectivecoating Visual:
application

• Surface/coatingas specified

• Lack of imperfections in
application

• Lackof rust, dents, nicks

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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2.5.6 Additional Information

Evaluation and testing of configurations HF-], HF-2, LL-I, MD-I, RF-I,
RF-2, and RF-3 took place at MLM and were documented in Edling 1987.
Westinghouse Hanford performed testing and evaluation to qualify the vented
liner versions of HF-2, LL-I, MD-I and RF-3 and configuration RF-4 in
January 1990 as part of Docket 89-13-7A. Configurations RF-5, RF-6, RF-7 and
RF-8 were qualified based on evaluation and extension of test results in
January 1991 as part of Docket 90-18-7A. Complete evaluation reports are
available upon request from one of the DOT-7A Program technical contacts
listed in Section 1.1.2.

2.5.6.1 Primary Users

Site/Contact/Phone Address

Rocky Flats Plant Rocky Flats Plant
D. M. Krieg P.O. Box 464
COMM/FTS303-966-2377 Golden, CO 80402-0464

Hanford Westinghouse Hanford Company
T. Romano P.O. Box 1970
COMM/FTS509-376-0610 Richland, WA 99352

Lawrence-Livermore Lawrence-Livermore
National Laboratory National Laboratory
I. Meisel P.O. Box 808
COMM/FTS510-422-7406 Livermore, CA 94550

MLM EG&G/Mound
Don Wikstrom Mound Road
COMM/FTS513-865-3919 Miamisburg, OH 45342

2.5.6.2 Suppliers

Liners: HF, MD - Orbitron Products
901S. Main St.
Delphos, OH 45833
419-692-9060

RF - K&M Plastic
1601 Pratt Blvd.
Elkgrove, IL 60007
312-439-3311

Plasti-Drum
1225 Davies
Lockport, IL 60441
815-838-7210

Russell Stanley Co.
8 Ritter Ave.
Woodbridge, NJ 07095
201-634-6000
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Figure2-7. DOT-17H30-GallonSteel Drum.

DOT 7A Type A
49 CFR 178.350

Bolt Ring
(12 gauge)

NucFil* Filter
(Optional)

"" Bolt (5/8 in.)

Head and Gasket

Rolling Hoop
(3 required)

•;::

! 1
Inside Diameter

*NucFil is a trademark of Nuclear Filter Technology, Incorporated. 39102077.14FH

,
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Figure 2-8. High-Density Polyethylene Liners for Use with
DOT-17H 30-Gallon Steel Drums.

DOT 7A Type A
49 CFR 178.350

I_1t Ring

Bolt (5/8_n.)

Drum Head (t8 gauge) __ Po|yethylene Disc
and Gasket If)

Fiberboard Liner
_=omlS)

Polyethylene Bag_(20 mll) m:_ii"i;!:il_...... NucRl F_Iter

:.... Rigid Plastic Liner._:i:_',::__iii!........... (100 ell)

"_'_._i_?,_;ii.-'.i;i!_.,'_.:

FE•. _:._,:.:.:.:.

_olyethylene Bag%

{20 ell) "_ _i ................... NucFII Filter

t 17 H 30-gal Drum

28 in. Usable
Inside Helght

18-1n.
Inside

Diameter

'NucFil is a trademark of Nuclear Filter Technology, Incorporated,
39102100,1aFH
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2.6.2 Authorized Contents

The shipper must determine that the actual contents are closely simuiatcd
by the test contents. If they are not, testing or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

2.6.2.1 Physical Form

2.6.2.1.1 Solids Only. Three forms are authorized. Each shipper must
determine the most appropriate form for his particular contents and comply
with any special requirements (e.g., RTV, etc.).

• Material Form No. 1: Solids--any particle size.

• Material Form No. 2: Solids--large particle size only (e.g., sand,
concrete, debris, soil, etc.).

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition,
see 49 CFR 173.443, Contamination control.)

2.6.2.1.2 Maximum Gross Weight. Material Forms No. I, No. 2, and No. 3:

• 400 lb.

2.6.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

2.6.2.3 Radiological. The 4-ft drop test caused deformation of the package
resulting in a decrease in the distance from the exterior to the center of the
package at the bottom chime of 2.75 in. (approximate). The shipper must
ensure that the radiation level at any surface would not increase by more than
20% (relative to the radiation level of the undamaged configuration) if such a
deformation would occur.

2.6.3 Restrictions/Specifications

Material Form No. I contents--RTV must be applied to the seal gasket to
body interface when the packaging is used to ship Form No. 1 contents.

The lid locking ring bolt shall be tightened to 40 ± 4 ft-lb torque with
tapping of the ring during tightening. A jam nut shall also be used to
prevent unintentional loosening during transport.

The NucFil filter (if used) shall be installed using Loctite No. 262
(Red) and torqued to 5 ft-lb or tack-welded to prevent unintentional
loosening.

The drum gasket material must have an operating range of -40 °F to
+158 °F.
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For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.

2.6.4 49 CFR 178.350 Regulatory Requirements

Regulatory Compliance Assessment

Regulatory requirements Testing/analysis results
-- _ ,,, _

49 CFR 173.24, Standard Meets applicable requirements.
requirements for all packages See Appendix A, Table A-I.

4g-CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-I.

_

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A See Appendix C Table C-I
packages ' "

49 CFR 173.465, Type A Meets applicable requirements.
packaging tests

Water spray Pas_____Es.This test was conducted on a number
of test units with no inleakage of water.
See Appendix D, Table D-I.

Free drop Pass. Multiple drop tests at varying impact
angles on a number of test units with
successful results. The orientations
included:

Top - CG over corner on bolt
Top - flat on top
Bottom - CG over corner
Bottom - flat on bottom.

See Appendix D, Table D-tO.

Corner drop Not required.

Compression Pass. This test was conducted on several
test units at more than five times the
maximum gross weight with successful
results. See Appendix D, Table D-23.

Penetration Pas_____ss.All potentially vulnerable package
features were subjected to the penetration
impact with no adverse affects.
See Appendix D, Table D-30.
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2.6.5 QualityControl

Packaging/Acceptance/UseCriteria
-- , , .., ......... _

Acceptance/pre-use/,
Critical Major inspectioncriteria

...... , ,.,,

Lid/bodyinterface Vendor Functional"
sealingsurface qualificationsand

experience • Ease of lid/closurering
application

• Bolt closurering--boltsize

• Gasket,adhesive,as specified

• Geometry,as specified

AcceptableConditions:

• Lackof dents, no deformation
of sealingsurfaces

Gasket • Dimensions,as specified

Weld areas • Continuouswelds,no sharp
edges

Body and chime Metal thickness Lot tests by shipper,as
appropriate.

Air leak tests Bolt size VendorData and/orCertification"

• Marking

• Test data

• TypeA documentprovidedas
appropriate

• Air leak tests

Protectivecoating Visual"
application

• Surface/coatingas specified

• Lack of imperfectionsin
application

• Lack of rust, dents,nicks
,.

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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2.6.6 AdditionalInformation

Evaluationand testingof configurationOR-I took place at MLM and was
documentedin Edling 19B7. WestinghouseHanfordqualifiedconfigurationsAW-I
and FM-I which utilizefiltereddrums and inner filteredbags. The testing .
and evaluationfor these packagingswas performedin July 1990 as part of
Dockets 90-17-7Aand 90-20-7A. Completereportsare availableupon request
from one of the DOT-TA Programtechnicalcontactslistedin Section1.1.2.

2.6.6.1 PrimaryUsers

Site/ContactJPhone Address

Fernald WestinghouseMaterialsCompanyof Ohio
C. E. Block P.O. Box 39B704
COMM/FTS513-738-6469 Cincinnati,OH 45239

ArgonneNational ArgonneNational
Laboratory-East(ANL-E) Laboratories
R. Ditch 9700 South Cass Ave.
COMM/FTS708-972-5865 Argonne,IL 60439

Oak Ridge National MartinMariettaEnergySystems
Laboratory Y-12 Plant
H. E. Crowder Oak Ridge,TN 37830
COMM/FTS615-576-5454
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Figure2-9. DOT-17H55-GallonSteel Drum.

DOT 7A Type A
49 CFR 178.350

Bolt Ring
(12 gauge).....

-
. :
:;i:.

l 22 1/2-in.- --1 39106089.30
Inside Diameter
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2.7 DOT 17H 55-GALLONSTEELDRUM (DOCKETS:MLM)

2.7.1 PackageDescription

Dimensions
.,.

55-gallondrum Height (in.) Diameter(in.)
.m

Interior 33.25 22.25

Exterior 35.00 24.00
,,,,

Materials/Methodof Construction

55 gallon

Body 18 gauge
Head 14 or 16 gauge
Ring 12 gauge
Bolt 0.625 in.
Gasketrequired

2.7.2 AuthorizedContents

The shippermust determinethat the actual contentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7Acompliancewith the actual contents.

2.7.2.1 PhysicalForm

2.7.2.1.1 Solids Only. Three forms are authorized. Each shipper must
determine the most appropriate form for his particular contents and comply
with any special requirements (e.g., RTV, etc.).

• MaterialForm No. I: Solids--anyparticlesize.

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris, soil, etc.).

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,
see 49 CFR 173.443,Contaminationcontrol.)
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2.7.2.1.2 MaximumGross Weight.

• Form No. I = 900 Ib

• FormNo. 2 = 1,000 Ib

• Form No. 3 = 1,000 lb.

2.7.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

2.7.2.3 Radiological. The 4-ft drop test causeddeformationof the package
resultingin a decreasein the distancefromthe exteriorto the centerof the
packageat the top edge of 3.75 in. (approximate).The shippermust ensure
that the radiationlevel at any surfacewould not increaseby more than 20%
(relativeto the radiationlevelof the undamagedconfiguration)if such a
deformationwould occur.

2.7.3 Restrictions/Specifications

For Form No. I Contents--RTVsealant(or equivalent)must be appliedto
the surfaceof the gasket in contactwith the drum body.

For Form No. 2 and No. 3 Contents--Nopackagingcomponentrequirements
other than specifiedin Section2.7.1.

The lid closurering bolt shall be tightenedto 40 + 4 ft-lb with tapping
of ring during tightening. A jam nut shallalso be used to prevent
unintentionallooseningduringtransport.

The gasketmaterialmust have an operatingrange of -40 °F to +158 °F.

For heavy, bulkymaterials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharp cornersor protrusions,or material/
containmentgeometriesthat could resultin highlylocalizedforces,the
shippermust ensure that the contentsare securelyfastened/positionedwithin
the package.

2-45

A-181



WHC-EP-0558

2.7.4 CFR 173.350RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standard Meets applicablerequirements.
requirementsfor all packages See AppendixA, Table A-I.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-I.

49 CFR 173.412,Additional Meets applicablerequirements
requirementsfor Type A
packages See AppendixC, Table C-I.

4g CFR 173.465,Type A Meets applicablerequirements.
packagingtests

Water spray Pass. Tests were conductedon a total of
26 testunits of g differenttypes of steel
drums. In all cases,there was no
detectableeffect on the abilityof the
packagingto meet the subsequentType A
tests. In all cases,there was no inleakage
of water. See AppendixD, Table D-I.

Free drop Pass. 4-ft drop test conductedon:
Top - approximately45" on bolt
Bottom- approximately45"
Side - flat on bolt.
See AppendixD, Table D-tO.

Corner drop Not required.

Co,npression Pass. The test was conductedat five times
the gross weight for 24 hr. No detectable
effecton the packagingwas observed.
See AppendixD, Table D-23.

Penetration Pass. The test was not conducted.
Conclusionbased on successfultestingof
comparableDOT-17Hdrum.
See AppendixD, Table D-30.
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2.7.6 Additional Information

Evaluation and testing of this packaging were performed at MLMand were
documented in Edling 1987. Complete evaluation reports are available upon
request from one of the DOT-TAProgram technical contacts listed in
Section 1.1.2.

2.7.6.1 Primary Users

Site/Contact/Phone Address

MLM Mound Laboratories
Don Wikstrom Mound Road
COMM/FTS513-865-3919 Miamisburg,OH 45342

Battelle BattelleColumbusLaboratories
T. R. Emsweiler 505 King Avenue
614-879-5165 Columbus,OH 43201

ORNL Martin-MariettaEnergySystems,Inc.
H. E. Crowder P.O. Box Y
COMM/FTS615-574-2689 Oak Ridge Y-12 Plant

Oak Ridge,TN 37830
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Figure 2-10. Steel Drums, Military Specification Containers
of Varying Sizes.

DOT 7A Type A
49 CFR 178.350

f Bolt Ring

Head and Gasket

Height

wP------Head,Sides, and
BottomSheet
(See Military
Specification
for Gauge)

!_ Inside !Diameter 39106073.2FH
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2.8 MILITARYSPECIFICATION(MS)DRUMS--VARIOUSSIZES (DOCKETS: MLM)

2.8.1 PackageDescription

Dimensionsand Weights
,, ,, .........

Drum Volume Insideheight Insidediameter Gross weight
number (gal) (in.) (in.) (Ib)

,,,,,, ,, ,,, |

MS-24347-21" 0.25 4.25 5.00 10

MS-24347-27 1.25 7.25 8.50 35

MS-27684-11 3,00 B.08 10.50 60

MS-27684-12 4.00 12.86 10.50 110

MS-27684-13 6.00 16.74 10.50 80

MS-27684-16 8.00 21.48 10.50 80

MS-27684-1B 12.00 19.68 13.81 200

MS-27683-36 30.00 26.99 18.25 400

MS-27683-42 45.00 26.11 22.50 500

MS-27683-50 85.00 36.00b 26.00 800
..

aThis number refersto the body numberof the drum on the drawing.
bNormalheightfor this drum is 34.43 in. Be sure to specifythe

additionalheight when ordering.

2.8.2 AuthorizedCon_ents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7A compliancewith the actualcontents.

2.8.2.1 PhysicalForm

2.8.2.1.1 SolidsOnly. Three forms are authorized. Each shippermust
determinethe most appropriateform for his particularcontentsand comply
with any specialrequirements(e.g.,RTV, etc.).

• MaterialFormNo. I: Solids--anyparticlesize.

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.).

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.443,Contaminationcontrol.)

2.8.2.1.2 MaximumGross Weight. See table in Section2.8.I.
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2.8.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

2.8.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in decreases in the distance from the exterior to the center of the
package (see table below). The shipper must ensure that the radiation level
at any surface would not increase by more than 20% (relative to the radiation
level of the undamaged configuration) if such deformations would occur.

2.8.3 Restrictions/Specifications

Maximum
RTV required Liner requiredb distance

Drum Volume - reduction to
number (gal) Form Form Form Form package

No. i No. 2 No. I No. 2 center (in.)
,,,,,, ,,,,,

MS-24347-21a 0.25 No No Yes No 1.625 side

MS-24347-27 1.25 No No Yes No 1.250 side

MS-27684-11 3.00 No No Yes No 1.0 side

MS-27684-12 4.00 No No Yes No 1.0 lid

MS-27684-13 6.00 No No Yes No 1.0 lid

MS-27684-16 8.00 No No Yes No 1.0 lid

MS-27684-18 12.00 No No Yes No 1.0 lid

MS-27683-36 30.00 No No Yes No 1.0 lid

MS-27683-42 45.00 No No Yes No 0.375 side

MS-27683-50 85.00 Yes No No No 0.375 side
........

aThis number refers to the body number of the drum on the drawing.
bThe liner shall be high density polyethylene, 4-mil thickness minimum.

The lid locking ring bolt shall be tightened to 40 ± 4 ft-lb torque with
tapping of ring during tightening. A jam nut shall also be used to prevent
unintentional loosening during transport.

The drum gasket material must have an operating range of -40 °F to
+158 °F.

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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2.8.4 CFR 173.350 Regulatory _equirements

Regulatory Compliance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard Meets applicable requirements.
requirements for all packages See Appendix A, Table A-].

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-I.

49 CFR 173.412, Additional
Meets applicable requirements.

requi,rements for Type A
See Appendix :C, Tab]e C-1.

packages

49 CFR 173.465, Type A Meets appl_cable requirements.
packaging tests

Water spray Pas____ss.Tests were conducted on a total of
26 test units of nine different types of
steel dr:ums. In all cases, there was no
detectable effect on the ability of the
packaging to meet the subsequent Type A
tests. ]n all cases, there was no inleakage
of water. 'See Appendix D, Table D-I.

Free drop Pas_____ss.4-ft drop test conducted on"
Top - approximately 45 ° ,on bolt
Bottom- approximately 45°
Side - flat on bolt.

See Appendix D, Table D-tO.

Corner drop Not requ_.red

Compression Pas_____s.The test was conducted at five times
the gross weight for 24 hr. No detectable
effect on the _ackaging was observed.
See Appendix D, Table D-23.

Penetration Pass. Significant dents occurred in the
smaller packages. The reduction in distance
to the package center is shown in the table
in Section 2.B.3. Each shipper must ensure
that the radiation level at the surface of

the package will not increase more than 20%
as a result of such a deformation. See

Appendix D, Table D-30.

i
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2.8.5 Quality Control

Packaging/Acceptance/Use Criteria
....................

Acceptance/pre-use/,
Critical Major inspection criteria

........ i ..... ,,,, , , ,, ,,,,

Lid/body interface Vendor Functional:
sealing surface qualifications and

experience • Ease of lid/closure ring
application

• Bolt closure ring--bolt size

• Gasket, adhesive, as specified

• Geometry, as specified

Acceptable Conditions:

• Lack of dents, no deformation
of sealing surfaces

Gasket • Dimensions, as specified

Weld areas • Continuous welds, no sharp
edges

Body and chime Metal thickness Lot tests by shipper, as
appropriate.

Air leak tests Bolt size Vendor Data and/or Certification"

• Marking

• Test data

• Type A document provided as
appropriate

• Air leak tests

Protective coating Visual"
application

• Surface/coating as specified

• Lack of imperfections in
application

• Lack of rust, dents, nicks
................

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.
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2.8.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling 1987. Completeevaluationreportsare availableupon
request from one of the DOT-7A Programtechnicalcontactslisted in
Section 1.1.2.

2.8.6.1 PrimaryUsers

_ite/Contact/Phone Address

MLM EG&G/Mound
Don Wikstrom Mound Road
COMM/FTS513-865-391g Miamisburg,OH 45342
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Figure 2-11. 71-Gallon Square Steel Drum, 6½-1nch Crimped Cover.

DOT 7A Type A
49 CFR 178.350

Style 1A
Cover and Gasket - Crimp Type

(20 guage)

2-in. Plug

Body and Head Sheet
(16 guage )

nsid(esqDim!_isio-_n _ 39102oo2.4 FH
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Figure 2-12. 71-Gallon Square Steel Drum, 6_-Inch Crimped Cover.

DOT 7A Type A
' 49 CFR 178.350

_ ,,,,, _

Style 1 B

Cover and Gasket - Crimp Type
(20 guage)

2-in. Plug

Body and HeadSheet

(16 guage )

33 1/4-in. Useable hi
Inside Height

" (sqUare) "

39102002.5 FH
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Figure 2-13. 71-Gallon Square Steel Drum, 18_-Inch Removable Head.

DOT 7A Type A
49 CFR 178.350

Style 2

Bolt Ring (12 guage)

Bolt (1/2 in.) .q Head and Gasket

2-in. Plug

,,,,,

Body and Head Sheet

(16 guage )

33 1/4-in. Useable
Inside Height

nsnd2e2D_iennsion__

" (sqiare) " ,,,o2oo,.,FH
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Figure 2-14. 71-Gallon Square Steel Drum, Fully Removable Head.

DOT 7A Type A
49 CFR 178.350

Style 3

Bolted Closure (12 guage)

Bolts (5/8 in.)

Plug

Head and Gasket

Body and Head Sheet
(16 guage )
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Materials/Methodsof Construction(sheet2 of 2)

Style 3

Body and head (removable) 16 gauge steel

Cover gasket Neoprene,half-roundtubular

Boltedclosure 12 gauge steel with 0.625-in.bolts (4)

Threadedplug Same as Styles ! and 2

NOTE: Drawings;PackagingSpecialties: Style lA--PN.225035WVTIGC,
Style IB-PN.225035WVTST],Style 2-PN.225035EGTSTIand
Style 3-PN.2250350HTSTI.

"StyleIA has a welded collarand Style IB has a rolled (onepiece)
collar againstwhich the cover is crimped.

bNeopreneis a trademarkof E. I. duPont de Nemours.
CMTPis a trademarkof Moll PlasticraftersLimitedPartnership.
dTri-Sureis a trademarkof AmericanFlange& Manufacturing

Company, Inc.

2.9.2 Authorized Contents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7A compliancewith the actual contents.

2.9.2.1 PhysicalForm

2.9.2.1.1 SolidsOnly. Three forms are authorized. Each shippermust
determinethe most appropriateform for his particularcontentsand comply
with any specialrequirements.

• Material Form No. I: Solids--anyparticlesize.

• Material Form No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete, debris, soil, etc.).

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition,
see 49 CFR173.443, Contamination Control.)

2.9.2.1.2 MaximumGross Weight. Form No. I, No. 2, and No. 3:

• 1,350 lb.

2.9.2.2 Chemical Form. The shippermust evaluateand ensure chemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

i
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2.9.2.3 Radiological. Maximum dent of 4 in. (Style I), 3.75 in. (Style 2),
or 4.5 in. (Style 3) resulted from the 4-ft drop test on the bottom edge of
the packaging. Each shipper must ensure that the radiation level at the
surface of the packaging will not increase by more than 20% if such
deformations would occur.

2.9.3 Restrictions/Specifications

The bung closure shall be tightened to 15 ft-lb on all styles.

The bolt closure shall be tightened to 30 ft-lb for Style 2 and 15 ft-lb
for Style 3.

Tighten the bolt per the following procedure:

I. Tighten the bolt to the designated ft-lb torque.

2. Hit the closure ring vigorously with a metal hammer, 8 to 9
times,equally spaced around the closure ring.

3. Repeat this cycle three additional times.

4. Torque bolt one last time to the designated ft-lb.

A jam nut shall also be used to prevent unintentional loosening during
transport.

The seal gasket material must have an operating range of -40 °F to
+158 °F.

For heavy, bulky materials (e.g., concrete chunks, motors, pumps),
equipment or materials with sharp corners or protrusions, or material/
equipment geometries that could result in highly localized forces, the shipper
must ensure that the contents are securely fastened/positioned within the

package.
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2.9.4 CFR 173.350 Regulatory Requirements

Regulatory Compliance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard Meets applicable requirements.
requirements for all packages See Appendix A, Table A-I.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-I.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A See Appendix C, Table C-I.
packages

4g CFR ]73.465, Type A Meets applicable requirements.
packaging tests

Water spray Pas___._ss.Tests were conducted on all 3 styles
of drums and demonstrated no inleakage of
water. Further, the water spray test
preceded each of the remaining Type A tests.
In no case was there any effect on the
ability of the packagings to meet the
required tests. See Appendix D, Table D-].

Free drop Pas___Es.Sixty-nine separate drop tests were
conducted (22 on Styles IA and IB, 26 on
Style 2, and 21 on Style 3)." 'Drops were
conducted on edges, top corners, bottom
corners, and the ends. In all cases there
was no loss of contents or major distortion
of the packagings. See Appendix D,
Table D-]O.

Corner drop Not Required.

Compression Pass. The test was conducted on all three
styles with greater than five times the
gross weight for greater than 24 hr. There
was no visible distortion of the packagings
or loss of contents. See Appendix D,
Table D-23.

Penetration Pass. The test was conducted at several
points on all three styles of the packagings
with no significant effect. The tests on
the bungs left no discernable mark. The
impact on the centers of the covers resulted
in a maximum dent of 0.25 in. The tests on
the closure rings left no visible effect.
See Appendix D, Table D-30.
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2.9.6.1 Primary Users

Site/Contact/Phone Address

West Valley Nuclear Services (WVNS) Department of Energy
Steve Ketola West Valley Project
COMM/FTS 716-942-4314 West Valley, New York

2-64

A-200



Appendix A.4.2

Steel Boxes

A-201



_ I

WHC-EP-0558

3.0 STEEL BOXES
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Figure3-I. CapitalIndustries,Incorporated,Family
of Filteredand NonfilteredSteel Boxes.

DOT 7A Type A
49 CFR 178.350

Guide Pin - /
2 Corners Only
1/4 In. x 1 1/4 In.

Width

Length

"_'_ cal End

Seams Welded
Inside and Out

Filter as Required
1/2 in. - 13 x 1 in.
Stainless Steel
Bolts and Nuts

/ll4-in. x 2-in.

F_. ,.._=_/" Neoprene 2 Gasket

I._--::' _ _ _ _"qF----.-.._ 12 Gauge Lid

I \
] 3/16.in, Formed

._ Angle Stillenor

1NucFil is a trad0mark of Nuclear Filter Technology, Incorporated,

2Neoprene is a trademark of E,I. duPont de Nemours and Company. 3910GOB9.2
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3.1 CAPITAL INDUSTRIES--FAMILY OF STEEL BOXES (DOCKETS: MLM)

3.1.1 Package Description

Dimensions and Weights
..........

Authorized Engineering drawing
Model Height Width Length gross

(in.) (in.) (in.) weight (Ib) number
,,, ,, , ,,..... , | ...... ,,,, -- ........ --

Interior 51.00 48.375 82.375 S-0483-0510-0823-0104
S-0510-0823 ........ 7,000

Exterior 54.00 54.000 88.000 sheets 1 and 2
,,, ,..

Interior 51.00 42.375 82.375 S-0483-0510-0823-0104
V-0510-0823 ..... 7,000

Exterior 54.00 54.000 88.000 sheets I and 2
..... - ..... --!

Interior 45.00 39.625 84.625 S-0396-0450-0846-0104
S-0450-0846 ........... 5,240

Exterior 48.00 45.000 90.000 sheets I and 6
,. ...... , | ,,

Interior 73.00 48.625 84.625 S-0486-0730-0846-0134
S-0730-0846 .... 8,700

Exterior 76.00 54.000 90.000 sheets I and 6
..... --,,,

Interior 24.00 48.375 90.625 S-0486-0240-0906-0104
S-0240-0906 ............. 3,672

Exterior 27.00 54.000 96.000 sheets I and 6
......., ,,,,,

Interior 48.00 48.000 90.625 S-0486-0480-0906-0104,
S-0480-0906 ....... 6,120

Exterior 51.00 54.000 96.000 sheets I and 6
......,

Interior 73.00 48.625 100.625 S-0486-0730-I006-0134,
S-0730-I006 -- 10,400

Exterior 76.00 54.000 106.000 sheets I and 6
........ ,,,i ,,, .... -- --

Interior 48.00 48.625 137.625 S-0486-0480-1376-0134,
S-0480-1376 9,295

Exterior 51.00 54.000 143.000 sheets I and 6
....

Interior 84.00 72.000 144.000 S-0720-0840-1440-0187,
S-0840-1440 ............. 22,700

Exterior 86.75 77.375 149.375 sheets I and 6
......
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Materials/Methodof Cons'ruction
, ,,-- __ , __ __

Model Part Description
'"'L ' ' "'" " ' i

V-0510-0823--Sides,top, ends, and"bottom 12 gauge steel

S-0510-0823 Sides, top, and ends 12 gauge steel

S-O4BO-Og06 Bottom 10 gauge steel

S-G240-og06

S-0450-0844

S-0730-I006 Sides,top, ends, and bottom 10 gauge steel

S-O730-OB46

S-04B0-1376

S-0840-1440 Sides,top, ends, and bottom O.IB7-in.steel plate

O.IB7-in.structuralmembers

Continuouswelds

Bolt closuredependson box size 0.5- 13 x 1.5 in.

0.5- 13 x 1.25 in.

O.S- 13 x I in.

Gasket 2 in. x 0.25 in. Neoprene'

30 durometeror high-density
closedcell

FiIter NucFilb

Skids
..... ... , ,,,,

_Neopreneis a trademarkof E. I. duPontde Nemoursand Company.
_NucFilis a trademarkof NuclearFilterTechnology,Inc.
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3.1.2 Authorized Contents

The shippermust determinethat the actualcontentsare closelysimulated
by test contents. If they are not, testingor analysismust be conductedand -
documentedto demonstrateDOT-7Acompliancewith the actualcontents.

3.1.2.1 Phystcal Form

3.1.2.1.1 Solids Only. Three forms are authorized. Each shippermust
determinethe most appropriateform for his particularcontentsand comply
with any specialrequirements.

• Material Form No. I: Solids--anyparticlesize

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.)

• MaterialForm No. 3" Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.443,Contaminationcontrol.)

3.1.2.1.2 MaximumGross Weight. See Dimensionsand Weightstable in
Section3.1.1.

3.1.2.2 ChemicalForm. The shippermust evaluateand ensure chemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

3.1.2.3 Radiological. The 4-ft drop test causeddeformationsof the package
resultingin smalldecreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensurethat the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

3.1.3 Restrictions/Specifications

For heavy, bulky materials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharp cornersor protrusions,or material/
containmentgeometriesthat could result in highly localizedforces,the
shippermust ensure that the contentsare securelyfastened/positionedwithin
the package.

3-6
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3.1.4 49 CFR :78.350RegulatoryRequirements

RegulatoryCompl ance Assessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-?.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-2.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-3.

4g CFR 173.465,Type A packaging Meets applicablerequirements.
tests

Water spray Pass. Test not conducted;however,
this test would not adverselyaffect
the abilityof this packagingto meet
the Type A test requirementsand
there would not be an inleakageof
water. See AppendixD, Table D-2.

Free drop Pas____ss.This test was conductedon a
top, lid corner (S-0518-0823,
V-0510-0823,S-0840-1440and
S-0730-I006). There was no loss of
contentsor significantdistortionof
packagegeometry. The remaining
packagingswere evaluatedby analysis
based on the testedpackages. See
AppendixD, Table D-]I.

Corner drop Not required.

Compression Pass. Tests were conductedwith
greaterthan five times the gross
weight for 24 hr. There was no loss
of contentsor significantpackage
distortion. These data were then
used for analysisof similar
packages. See AppendixD,
Table D-24.

Penetration Pass.
Steel box--Thistest was successfully
conductedon the top (middle)with
only a minor dent.
Filter--Testswere conductedwith
impactsdirectlyon the filtertop.
Only a minor dent resulted,and there

. was no loss of contentsor
containmentin either the Filteror
the filterhousing. See AppendixD,
Table D-3].
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3.1.5 Quality Control

Packaging/Acceptance/UseCriteria
......

Acceptance/pre-use/
Critical Major inspectioncriteria*

,, , ,,,

Lid/bodyinterface Vendorqualifications Functional"
Sealingsurface and experience

• Ease of lid application

• Flange--flatsurface;no
foreignmatter

• Geometry,as specified

AcceptableConditions:

• Lackof dents, no
deformationof sealing
surfaces

• Dimensions,as specified

Gasket • Gasket size, materials,
geometry

Weld areas • Continuouswelds, no sharp
edges

Body Metal thickness Lot tests by shipper,as
Bolt size and spacing appropriate,and/orvendor

certification.

Air leak tests Protectivecoating Visual:

• Surface/coatingas
specified

• Lack of imperfectionsin
application

• Lack of rust, dents, nicks

Filter Filter locationand AcceptableConditions:
Type installation

• Filter free-flowing
Efficiency,flow
characteristics • Filter securelyinstalled

,,,

•These criteriaap)ly to first-timeuse and to reuse as a DOT-7A Type A
packaging.
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3.1.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling 1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section1.1.2.

3.1.6.1 PrimaryUser(s)

Site/Contact/Phone Address

MLM EG&G/Mound
Don Wikstrom Mound Road
COMM/FTS513-865-3919 Miamisburg,OH 45342

3.1.6.2 Suppliers

Capital Industries,Inc.
5801 3rd Avenue,S.
P. O. Box 80983
Seattle,WA 98108
206-762-8585
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Figure 3-2. Container Products Corporation, Family of Filtered
and Nonfiltered Steel Boxes.

DOT 7A Type A
49 CFR 178.350

ght

Seal-locI Closure

/

L
NucFil2 filter

_1 "_ " _4-in. RisersTop, Ends, and Bottom
Structural U 12 Gauge Steel
Reinforcing

Note: This configuration shows a filtered steel box. Container No. 3 (B-96-5-RA-B) is an unfiltered
box with reinforcing structure to allow compliancewith the reduced pressure test.

1Seal.loc is a trademark of Container Products Corporation.

2NucFil is a trademark of Nuclear Filter Technology,Incorporated.
39106089.3FH
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Materials/Method of Construction
Sides, top, ends, and bottom 12 gauge steel, ASTMA569 low-carbon hot

rolled steel

Closure Seal-loc a or bolt de_ending on box style
Gasket Closed cell Neoprene _ (Mil R-6130-B)
Sealant Scotch No. 776 (Mil D-17951-B)
Filter NucFil c

aSeal-loc is a trademark of Container Products Corporation.
bNeoprene is a trademark of E. I. duPont de Nemours and Company.
CNucFil is a trademark of Nuclear Filter Technology, Inc.
ASTM = American Society for Testing and Materials.

3.2.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by test contents. If they are not, testing or analysis must be conducted and
documented to demonstrate DOT-7A compliance with the actual contents.

3.2.2.1 Physical Form

3.2.2.1.1 Solids Only. Three forms are authorized. Each shipper must
determine the most appropriate form for his particular contents and comply
with any special requirements.

• Material Form No. I: Solids--any particle size

° Material Form No. 2: Solids--large particle size only (e.g., sand,
concrete, debris, soil, etc.)

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.443, Contamination control.)

3.2.2.1.2 Maximum Gross Weight. See Dimensions and Weights table in
Section 3.2.1.

3.2.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

3.2.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

3.2.3 Restrictions/Specifications

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.

3-12
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3.2.4 4g CFR 178.350RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-2.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-2.

_

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-3.

49 CFR 173.465,Type A packagingtests Meets applicablerequirements.

Water spray Pass. Test not conducted;however,
this test would not adverselyaffect
the abilityof this packagingto
meet the TypeA test requirements
and therewould be no inleakageof
water. See AppendixD, Table D-2.

Free drop _P.__E.This test was conductedon a
top, lid corner (fourindividual
boxes). Therewas no loss of
contentsor significantdistortion
of packagegeometry. The remaining
packageswere evaluatedby analysis
based on the testedpackages. See
AppendixD, Table D-11.

Cornerdrop Not required.

Compression Pas__.__Es.Tests were conductedwith
greaterthan five times the gross
weight for 24 hr. Therewas no
significanteffect. There was no
lossof contentsor significant
packagedistortion. These data were
then used for analysisof similar
packages. See AppendixD,
Table D-24.

Penetration Pass.
Steel box--Testswere successfully
conductedon the box itselfwith
only minor dents resulting.
Filter--Testswere conductedwith
impactson the filtertop. Only a
minor dent resulted,and there was
no loss of contentsor containment
in eitherthe filteror the filter
housing. See AppendixD,
Table D-31.
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3.2.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling ]987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7AProgramtechnicalcontactslisted in
Section1.1.2.

3.2.6.1 PrimaryUser(s)

Site/Contact/Phone Address

DOE U.S. Departmentof Energy
T. G. Adams IdahoOperationsOffice
716-942-3235 West ValleyProjectOffice

P. O. Box ]gl
West Valley,NY 14171

3.2.6.2 Suppliers

ContainerProductsCorp.
P. O. Box 3767
Wilmington,NC 28406
COMM 919-392-6100
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Figure 3-3. RoGar Chemical and Nuclear Services, Family of Steel Boxes.

DOT 7A Type A
49 CFR 178.350

1/8-1n.x l-In. Flat Bar

Lifting Rings TM
for Lid

W
L "..

.. . _.
,, s H

2-1n.x 1-1n. -. .. _
•., I I

Steel Channel , , 14 GaugeSteel
' _ ' ' Top, Sidesand BottomI I

I I

I I

, 4 1/4 in.
Threaded Bolt
1/2-in. diameter x 5-in. Long _ 4-in. x I 1/2.in.Channel

SteelAngle 14 Gauge Steel2 In. x 2 in. x
3/16 in. 3/4-in. Seamless

Tubing (28 each)

39106089.4FH
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3.3 ROGAR FAMILYOF STEEL BOXES (DOCKETS: MLM)

3.3.1 Package Description

Dimensionsand Weights
i__ , '"" ...... '"'" --

Authorized Engineering drawingHeight Width Length gross
Model (in.) (in.) (in.) weight (Ib) number

...... ,,,, , i ,,- --
i i i,,,,,

- Interior 38'5 38,5 68.0 RENS- 031,
R-1 - ....... 7,750 Revision 0

Exterior 42.5 41.5 71.0
,,,,,,, ,, ,,,,, ,,,,,,, ,,, , i,,,,,,, ,,

Interior 38.5 54.0 68.0 RENS - 032,
..... 7 820 Revision0

R-2 Exterto"r 52.5 57.0 71.0 '
..... , , ,,,,, ,, ,,

Interior 54.0 54.0 88.0 RENS - 034,
- 7,920 Revision2

R-3 Exterior 58.0 57.0 91.0
..... ,,, ii,

,,,,,,, , ,,,,,,,, ,,,

Interior 48'0 48.0 84.0 RENS- 036,
R-4 ...... - - 7,920 Revision0

Exterior 52.0 51.0 87.0
...... ,,., , , ,,, , ,,.,,, i-- ,,, ,. ,

Materials/Methodof Construction ....

Sides,top, ends, and bottom 14 gauge steel
Skids 14 gauge steel
Bolt closure O.5-in.diameterx 5 in. long -

28 required

Gasket 0.25 in. x 1.75 in. Neoprene'

All seams weldedexcept closure
Filter NucFilb

"Neopreneis a trademarkof E. I. duPontde Nemoursand Company.
bNucFilis a trademarkof NuclearFilterTechnology,Inc.

3.3.2 Authorized Contents

The shippermust determinethat the actualcontentsare closelysimulated
by test contents. If they are not, testingor analysismust be conductedand
documentedto demonstrateDOT-TAcompliancewith the actual contents.
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3.3.2.1 Physical Form

3.3.2.1.1 Solids Only. Three forms are authorized. Each shipper must
determinethe most appropriateform for his particularcontentsand comply
with any specialrequirements.

• MaterialForm No. I: Solids--anyparticlesize
i

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc;)

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.443,Contaminationcontrol.)

3.3.2.1.2 MaximumGross Weight. See Dimensionsand Weightstable in
Section3.3.1.

3.3.2.2 ChemicalForm. The shippermust evaluateand ensure chemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

3.3.2.3 Radiological. The 4-ft drop test causeddeformationsof the package
resultingin small decreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensurethat the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

3.3.3 Restrt ctions/Speci fications

Liftingrings are for placementof the lid only. Proceduresand training
must ensurethat these are renderedinoperableprior to shipment(i.e.,welded
in place, cut off, etc.).

For heavy, bulky materials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharp cornersor protrusions,or material/
containmentgeometriesthat could resultin highlylocalizedforces,the
shippermust ensurethat the contentsare securelyfastened/positionedwithin
the package.

3-18
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3.3.4 49 CFR 178.350RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults
_, , , ,,,,,, ,, , __ ,,,, ,,,,,,, , , ,, _ - , -- __ -- __

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-2.

-- _ ,,, _ -- _ --

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-2.

-- , - _ ,, -- --

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-3.

49 CFR 173_465,Type A packaging Meets applicablerequirements.
tests

Water spray _. Test not conducted;however,
this testwould not adverselyaffect
the abilityof this packagingto meet
the TypeA test requirements,and
therewould be no inleakageof water.
See AppendixD, Table D-2.

Free drop Pas.___Es.This test was conductedon a
top, lid corner. There was no loss
of contentsor significant
deformationof packagegeometry. See
AppendixD, Table DL11.

Cornerdrop Not required.

Compression Pas____Es.Tests were conductedwith
greaterthan five times the gross
weight for 24 hr with no distortion
of the packagegeometry. See
AppendixD, Table D-24.

Penetration Pas_____ss.
Steel box--Thistest was successfully
conductedon the top (middle)with
only a minor dent.
Filter--Testswere conductedwith
impactson the filtertop. Only a
minor dent resulted,and there was no
loss of contentsor containmentin
either the filteror the filter
housing. See AppendixD, Table D-31.
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3.3.5 Qualtty Control

Packaging/Acceptance/UseCriteria

..... Acceptance/pre-use/ ....
Critical Major inspectioncriteria*

Lid/bodyinterface Vendorqualifications Functional:
Sealingsurface and experience

• Ease of lid application

• Flange--flatsurface;no
foreignmatter

• Geometry,as specified

iAcceptableConditions:

• Lack of dents, no deformation
of sealingsurfaces

Gasket • Dimensions,as specified

• Gasket size, materials,
geometry

Weld areas • Continuouswelds, no sharp
edges

Body Metal thickness Lot tests by shipper,as
Bolt size and spacingappropriate,and/or vendor

data/verification:

• Marking

• Test data

• Type A CertificationDocument
providedas appropriate

Air leak tests Protectivecoating Visual:
application

• Surface/coatingas specified

• Lack of imperfectionsin
application

• Lack of rust, dents, nicks

Filter Filterlocationand :AcceptableConditions:
Type installation

• Filterfree-flowing
Efficiency,flow
characteristics • Filter securelyinstalled

,,,, ,,

•These criteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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3.3.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section1.1.2.

3.3.6.1 PrimaryUser(s)

Site/Contact/Phone Address

MLM EG&G/Mound
Don Wikstrom Mound Road
COMM/FTS513-865-3919 Miamisburg,OH 45342

3.3.6.2 Suppliers

RoGar Chemical& NuclearServices,Inc.
582 MaytenDrive
Livermore,CA 94550
415-443-6101
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3.4 ROCKY FLATS SAND BOX--STEEL BOX (DOCKETS: MLM)

3.4.1 Package Description

Dimensions and Weights
r..............

Model Height Width Length Authorizedgross
(in.) (in.) (in.) weight (Ib)

,, I ....... ,

Style I 54.00 54.00 88.00 7,000

Style 2 48.00 48.00 84.00 6,000

Style 3 38.50 50.50 74.50 6,000

Style 4 38.50 54.00 68.00 6,000
..........

Materials/Method of Construction

Sides, top, ends, and bottom 14 gauge mild steel

Lifting loops 0.25-in. low-carbon steel

Pipe coupling and plugs Carbon steel

All seams continuous welds --

Closure is welded --

Filter (if used, not required) NucFil°

*NucFil is a trademark of Nuclear Filter Technology, Inc.

3.4.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by test contents. If they are not, testing or analysis must be conducted and
documented to demonstrate DOT-7A compliance with the actual contents.

3.4.2.1 Physical Form

3.4.2.1.1 Solids Only. Three forms are authorized. Each shipper must
determine the most appropriate form for his particular contents and comply
with any special requirements.

• Material Form No. 1" Solids--any particle size

• Material Form No. 2" Solids--large particle size only (e.g., sand,
• concrete, debris, soil, etc.)
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° Material Form No. 3" Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.443, Contamination control.)

3.4.2.1.2 Maximum Gross Weight. See Dimensions and Weights table in
Section 3.4.1.

3.4.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

3.4.2.3 Radiological. The 4-ft drop test caused deformations of the package !
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

3.4.3 Restrictions/Specifications

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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3.4.4 49 CFR 178.350 Regulatory Requirements

Regulatory Compl ance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-2.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-2.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-3.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pass. Test not conducted; however,
this test would not adversely affect
the ability of this packaging to meet
the Type A test requirements, and -
there would be no inleakage of water.
See Appendix D, Table D-2.

Free drop Pass. Tests on each box size were
performed with varying drop angles
and impact points. There was no loss
of contents or significant
deformation of package geometry. See
Appendix D, Table D-11.

Corner drop Not required.

Compression Pass. Both static and dynamic
compression tests were conducted at
up to 36,700 Ib for 24 hr. See
Appendix D, Table D-24.

Penetration Pass. The test was performed on the
center of the top of each container
with a resulting dent of 0.125 in.,
which had no effect on container
integrity. NOTE: For Nuclear Filter
Technology filters, if used, the
penetration test has routinely been
done. See Appendix D, Table D-31.
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3.4.5 Quallty Control

Packaging/Acceptance/UseCriteria
..........

Acceptance/pre-use/
Critical Major inspectioncriteria*

Lid/body interface vendor qualifications Functional:
Sealing surface and experience

• Ease of lid application

• Flange--flatsurface;no
foreignmatter

• Geometry,as specified

AcceptableConditions:

• Lack of dents, no deformation
of sealingsurfaces

Gasket • Dimensions,as specified

• Gasketsize, materials,
geometry

Weld areas • Continuouswelds, no sharp
edges

Body Metal thickness Lot tests by shipper,as
Bolt size and spacingappropriate,and/orvendor

data/verification:

• Marking

• Test data

• Type A certificationdocument
providedas appropriate

Air leak tests Protectivecoating Visual"

• Surface/coatingas specified

• Lack of imperfectionsin
application

• Lack of rust, dents, nicks

Filter Filter location and Acceptable Conditions:
Type installation

• FiIter free-flowing
Efficiency,flow
characteristics • Filtersecurelyinstalled

•These criteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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3.4.6 Additional Information

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling 1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section1.1.2.

3.4.6.1 PrimaryUser(s)

Site/Contact/Phone Address

Rocky Flats Rocky Flats Plant
R. R. Riddle P.O. Box 464
COMM/FTS303-966-2377 Golden,Colorado 80402-0464
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Figure3-5. ANL M-4 Bin Steel Box.

DOT 7A TypeA
49 CFR 178.350

Bin Cover

9 Gauge Steel
_ _ _58 3/8 in.

Brace

2-in. Angle Iron ,_

See Detail A
72 3/8 in.

Bin Body

12 gauge Steel / / .........
S
3-in. Angle Iron (34 required) ,

Corner SuppOr_eel "_ _3_lPrie nth iGkS ke_/4 i wil/z-in, x 4-=n. _ x. . n. de)
/

, .Ii:i,i:i:!_l I_

.... _-_ _" _- Bin Cover

Detail A BinBody

'Neopreneis a trademarkof E.I.duPontde Nemoursand Company. 39106089.5 FH
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3.5 ANL M-4 STEELBIN (DOCKETS:MLM)

3,5.1 PackageDescription

Dimensions
" -- - i

Model ......Height width.......Length
(in.) (in.) (in.)

m ,..mmmm il m

ANLM-4 72.375 58,375 50,375
L ' i " '"

Materials/Methodof Construction
i mi.m m .. il

Body 18 gauge
Cover 9 gauge
Bolts 0.312-tn, hex head screws

(34 requi red)
Neoprene*gasket 0.187 in, x 1.75 in.

Weldedseams(excePt cover) "" HIm llll --

.... "Neopreneis a trademark of E, I. duPontde Nemoursand
Company,

3,5,2 Authorlzed Contents

The shipper must determine that the actual contents are closely simulated
by test contents. If they are not, testlng or analysis must be conductedand
documentedto demonstrateDOT-7Acompllancewith the actual contents.

3.5.2.1 Phystcml Form

3.5.2.1.1 Sollds Only. Three forms are authorized. Eachshipper must
determine the most appropriate form for hts particular contents andcomply
with any spectal requirements.

, Matertal FormNo. 1: Solids--any parttcle size

, Material FormNo. 2: Solids--large parttcle size only (e.g., sand,
concrete, debris, sotl, etc.)

• Matertal FormNo. 3: Solids--objects wtth no significant
dispersible or removablecontamination. (For definition, see
49 CFR173.443, Contaminationcontrol.)

3.5.2.1.2 MaximumGrossWeight. 3,000 lb. (Basedon limitation of
overpackused. It is expectedthatthe binwouldpasswitha muchhigher
grossweight,)
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3.5.4 49 CFR 178.350 RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicabierequirements.
for all packages See AppendixA, Table A-2.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-2.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-3.

NOTE: This packagingfailedthe
reducedpressuretest withoutthe RTV
or equivalent.

49 CFR 173.465,Type A packaging Meets applicablerequirements.
tests

Water spray _. This test was not conducted;
however,this test would not
adverselyaffect the abilityof this
packagingto meet the Type A test
requirementsand therewould be no
inleakageof water. See AppendixD,
TableD-2.

Free drop Pas.____ss.Tests conducted. There was no
loss of contentsor significant
deformationof packagegeometry. See
AppendixD, Table D-11.

Cornerdrop Not required.

Compression Pas_.___ss.By referenceto tests
conductedon M-3 steel bin. See
AppendixD, Table D-24.

Penetration Pas_.___ss.Test conductedwith only minor
dents resulting. See AppendixD,
Table D-31.

RTV = room temperaturevulcanizing.
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3.5.5 QualityControl

Packaging/Acceptance/UseCriteria

- ' .................. Acceptance/pre-use/
Critical Major inspectioncriteria*

Lid/body'interface'Vendor................Functional:
Sealingsurface qualificationsand

experience • Ease of lid application

• Flange--flatsurface;no foreign
matter

• Geometry,as specified

AcceptableConditions:

• Lackof dents, no deformationof
sealingsurfaces

• Dimensions,as specified

Gasket • Gasket size, materials,geometry

Weld areas • Continuouswelds,no sharp edges

Body Metal thickness Lot tests by shipper,as
Bolt size and appropriate,and/or vendor
spacing certification:

• Marking

• Test data

• Type A CertificationDocument
providedas appropriate

• Air leak test

Air leak tests Protectivecoating Visual:
application

• Surface/coatingas specified

• Lack of imperfectionsin
application

• Lack of rust, dents,nicks

•These criteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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3.5.6 Additional Information

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-TA Programtechnicalcontactslisted in . .
Section1.1.2.

3.5.6.1 PrimaryUser(s)

S]te/ContactlPhone Address

ANL ArgonneNationalLaboratory
C. L. Cheever 9700 South Cass Avenue
COMM/FTS708-252-3311 Argonne,IL 60439
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Figure 3-6. ANL-West 7A-860 Steel Box.

DOT 7A Type A
49 CFR 178.350

5/16 Diameter Bolts

3.78 in. (typical) 3.52 in. (typical)

6-in. Steel - All Surfaces

9 in. 1 1/2 in. (typical)

Joints Except Enclosure

ContinuousFillet Welds
13 in. 19 in.

2 in. 39106089.6

3-34
A-236

i



WHC-EP-0558

3.6 ANL-WEST STEEL BOX (DOCKETS: MLM)

3.6.1 Package Description

Dimensions
................

Height Widih LengthModel
(in.) (in.) (in.)

,.., .,,.,, ,,,.

ANL-W Interior 9.000 13 19

steel Ibox Exterior 11 375 16 22
,,J ..........I

Materials/Method of Construction

Body and lid 0.187-in. steel

All joints (except closure) Continuous fillet welds

Bolts 0.312-in. diameter on

approximately 3.5-in. spacings

Gaskets Not required

NOTE: Drawing No. A I000-0037-DD-00.

3.6.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by test contents. If they are not, testing or analysis must be conducted and
documented to demonstrate DOT-7A compliance with the actual contents.

3.6.2.1 Physical Form

3.6.2.1.1 Solids Only. Only one form is authorized:

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.443, Contamination control.)

3.6.2.1.2 Maximum Gross Weight. 960 lb. (Empty packaging weight--
885 Ib, net contents--75 lb.)

3.6.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.
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3.6.2.3 Radlologlcal. The 4-ft drop test causeddeformationsof the package
resultingin ._,nalldecreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensurethat the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

3.6.3 Restrictions/Specifications

The following two possible approaches are acceptable with respect to
addressing tnleakage and ensuring that there is no transport of radioactive
materialsout of the packaging.

• Securelyenclosethe radioactivecontentswithin the box (i.e.,
wrappedand sealed in plastic,etc.) so that any inleakingwater
cannot come in contactwith the radioactivematerial.

• Ensurethat there is no loose or removablecontaminationthat could
be entrainedin any liquid and that the radioactivematerialis not
solublein the liquid. Thus, even if the liquidscome in contact
with the radioactivematerial,there could be no transportfrom the
package.

NOTE: There are obviouslyother possibleapproaches;however,if an
alternativeapproachis chosen,the basis for the choicemust be
supportedand documented. Using one of these alternativesor an
equivalentmethod allowsthese boxes to meet this requirement.

For heavy, bulkymaterials(e.g.,concretechunks,motors, pumps,etc.),
equipmentor materialswith sharp cornersor protrusions,or material/
containmentgeometriesthat could result in highlylocalizedforces,the
shippermust ensure that the contentsare securelyfastened/positionedwithin
the package.
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3.6.4 49 CFR 173.850RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-2.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-2.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-3.

49 CFR 173.465,Type A packaging Meets applicablerequirements.
tests

Water spray Pas____ss.This test was not conducted;
however,this test would not
adverselyaffectthe abilityof this
packagingto meet the Type A test
requirements. See Section3.6.3,
Restrictions/Specifications,and
AppendixD, Table D-2.

Free drop .P.g.s__..This test was cnnductedand
there was no loss of contentsand no
detectablechange in package
geometry. The contentswere pieces
of lead. See AppendixD, Table D-11.

Cornerdrop Not required.

Compression Pas____ss.This test was conductedwith
4,800 Ib for 24 hr with no detectable
effecton the packaging. See
AppendixD, Table D-24.

Penetration Pas.____ss.This test was conductedand
had no significanteffect. See
AppendixD, Table D-31.
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3.6.5 Quality Control

Packaging/Acceptance/UseCriteria

Acceptance/pre-use/
Critical Major inspectioncriteria*

Lid/bodYinterface Vendor qualifications Functional"
Sealingsurface and experience

• Ease of lid application

• Flange--flatsurface;no
foreignmatter

• Geometry,as specified

AcceptableConditions"

• Lack of dents, no deformation
of sealingsurfaces

• Dimensions,as specified

Weld areas • Continuouswelds, no sharp
edges

Body Metal thickness Lot tests by shipper,as
Bolt size and spacingappropriate,and/orvendor

certifioation:

• Marking

• Test data

• Type A CertificationDocument
providedas appropriate

• Air leak test

Protectivecoating Visual"

• Surface/coatingas specified

• Lack of imperfectionsin
application

• Lack of rust, dents, nicks

•These criteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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3.6.6 Additional Information

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
SectionI.I.2.

3.6.6.1 PrimaryUser(s)

S_ite/Contact/Phone Address

ANL ArgonneNationalLaboratory--West
Max Geisler P.O. Box 2528
COMM/FTS208-526-7727 Idaho Falls,ID 83403-2528
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Figure 3-7. TRUPACT-IIStandardWaste Box, Style I, BoltedClosure.

DOT 7A Type A
49 CFR 178.350

10 Gauge
ASTM A-569

Sides, Top,
Ends, and Bottom

42 1/2.in. UNC Flat head

Socket Cap Screws

71-ir_. Outside
Length

114 in. Plate
Lifting/Handling

37-in. Outside Attachments

Height NucFil 1 Filter

1/2 in. x 1 1/2 in. Wide
ASTM A-36 Lid

Perimeter Reinforcement

54 1/2-in. 45 1/16 in.Outside Width

Continuous Gasketing
1/2 in. Thick x 1 112 in. Wide

EPDM Closed Cell Neoprene 2

2-in. x 1 1/2.in. ASTM A.513

Upper Perimeter

1 in. x 1 in..062 Gauge ASTM A-513
Tubing

End Perimeter impact Guards

ASTM = American Society for Testing and Materials
EPDM = Ethylenepropylenediene.monomer

1NucFil is a trademark of Nuclear Filter Technology, Incorporated.

2Neoprene is a trademark of E.I. duPont de Nemours and Company. 39102002.1 FH
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• MaterialForm No. I: Solids--anyparticlesize

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.)

• MaterialForm No. 3: Solids--objectswith no significantor
removablecontamination. (Fordefinitionsee 49 CFR 173.443,
Contaminationcontrol.)

• Material Form No. 4: Solidsas describedin Form No. 3 above,
includinglarge, bulky,dense objectswith sharp and obtrusive
membersor components,but having Form No. I and/orNo. 2 as
dispersiblecontaminatesassociatedwith the material. (e.g.,steel
plates,motors,valves,steel pipes,concreteblocks,etc.)

• MaterialForm NO. 5: Four 55-galdrums (in any arrangementnot
exceeding1,000 Ib per drum) and overpackedwithin the standard
waste box (SWB).

3.7.2.1.2 MaximumGross Weight.

• 4,OOO lb.

3.7.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
comhatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

3.7.2.3 Radiological. A dent (approximately4 in.)resultedfromthe 4-ft
drop test on the bottomedge. The shippermust ensurethat the radiation
level at the surfaceof the packagewill not increaseby more than 20% if such
a deformationwould occur.

3.7.3 Restrictions/Specifications

The SWB shall be operatedin accordancewith the Westinghouse/Waste
IsolationDivisioninstructionentitled,AcceptanceUse InstructionSheet for
the TRUPACT-IIStandardWaste Box - Bolted Lid Style (WID 1989).

The lid closurebolts must be torquedto a minimumof 50 ft-lb.

The NucFil filter (if used) shall be installedusing LoctiteNo. 262
(Red) and torquedto 5 ft-lb or tack-weldedto preventunintentional
loosening.

The cover seal gasketmaterialmust have an operatingrange of -40 °F to
158 °F.

For heavy, bulky materials(e.g.,concretechunks,motors, and pumps),
equipmentor materialswith sharp cornersor protrusions,or material/
equipmentgeometriesthat could resultin highly localizedforces,the shipper
must ensure that the contentsare securelyfastened/positionedwithin the
package.
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3.7.4 49 CFR 173.350RegulatoryRequirements

RegulatoryCompl ance Assessment
_,,

.... Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-2.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-2.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-3.

49 CFR 173.465,Type A packaging Meets applicablerequirements.
tests

Water spray Pas...s.Tests were conductedwhich
demonstratedno inleakageof water.
The water spray test precededeach of
the remainingtests. In no case was
there any effecton the abilityof
the packagingto meet the remaining
tests. See AppendixD, Table D-2.

Free drop Pass. Four separatedrop testswere
conductedon top and bottomcorners
and on the ends. In all cases there
was no lossof contentsor
significantdistortionof the
packagings. See AppendixD,
Table D-I].

Corner drop Not required.

Compression Pas__.__ss.The test was conductedwith
greaterthan five times the gross
weightfor more than 24 hr. There
was no significantdistortionof the
packagingor loss of contents. See
AppendixD, Table D-24.

Penetration Pas_.__s.The test was conductedon the
top centerof the packagingwith no
significanteffect. The test was
also donewith the bar hittingthe
filterhousing. Again therewas no
significanteffect. The test on the
top of the cover left no discernable
mark and the impacton the filter
housingleft only a scuff mark. An
ultravioletinspectionindicatedno
leakageof contents. See AppendixD,
Table D-31.
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3.7.6 AdditionalInformation

Evaluationand testingof the subjectpackagingtook place at MLM in
1989. A completetest reportis availableupon requestfrom one of the DOT-7A
Programtechnicalcontactslisted in Section].I.2.

3.7.6.1 Primary User(s)

Site/C0ntact/Phone Address

Waste IsolationPilot Plant Westinghouse/WasteIsolationDivision
M. L. Caviness P.O. Box 2078
505-885-B883 Carlsbad,NM 88221
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Figure 3-8. ORNL Low-Level Waste Container.

DOT 7A Type A
49 CFR 178.350

3 ft 10in.

6 ft

NucFil* 4 ft

Filter

(optional)

2 ft 5 in_l ff I9 1/2 in.

*NucFil is a trademark of Nuclear Filter Technology, Incorporated. 39102077.4
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3.8 ORNL LOW-LEVELWASTE CONTAINER(DOCKETS: 89-04-7A,10/90)

3.8.1 PackageDescription

Dimensionsand Weights
..........

Model Height Width Length Packagingempty
(in.) (in.) (in.) weight (Ib)
,, ,,, ,,,,,, ,,, , ,,,, ,, ,,,,,

External 50.25 46.00 72.00 Vented 1,150

Internal 47.00 45.75 71.75 Nonvented 1,230
....

_. -- _ __ ,,, _

Materials/Methodof Construction

Major compone-nts-..... Material Thickness

Sides,ends l bottomASTM A56g Steel" 11 gauge

Top ASTM A36 Steel 0.250 in.

Bracing ASTM A36 Steel Varies

Square tubing ASTM A501 or A5OOB 0.500 in. x 0.500 in. x 0.250 in.
Gasket NitrileBUNA-N 0.500 in. x 0.500 in. x 19.333ft.

MIL R-3065

Lid bolts Grade 5 SteelA449 0.375-16UNC x 1 in.
0.500-13UNC x I in.

,,,,

NOTES' Containeris continuouslywelded constructionwith a bolted
lid. Filter' NFTI NucFil-013carboncompositefilter (ventedcontainer
only). Drawings" Martin MariettaEnergySystems,Inc., DPME-13053-B755,
Rev. A, VentedContainerand DPME-13053-B756,Rev. A, NonventedContainer.

ASTM = AmericanSocietyfor Testingand Materials.

3.8.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7Acompliancewith the actualcontents.

3.B.2.1 PhysicalForm

3.8.2.1.1 SolidsOnly. Three forms are authorized. Each shippermust
determinethe most appropriateForm for his particularcontentsand comply
with any specialrequirements.

• MaterialForm No. I: Solids--anyparticlesize

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.)
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• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.443,Contaminationcontrol.)

3.8.2.1.2 Weights

Vented Nonvented

Payloadweight 7,000 Ib 9,000 Ib

Maximumgross weight 8,150 Ib 10,230Ib

3.8.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

3.8.2.3 Radiological. The shippershall ensurethat the radiationlevel at
any surfacewould not increaseby more than 20% (relativeto the radiation
level prior to the test) as a resultof the decreasein distanceto the center
of the packageresultingfrom the 4-ft drop test. The decreasein distanceto
the center of the packageas a resultof testingwas 4 3/4 in. for the vented
containerand 1 I/2 in. for the nonventedcontainer.

3.8.3 Restrictions/Specifications

Operation of the subject packagings shall be in accordance with one of
the following procedures (as applicable):

Operations, Maintenance and Inspection Procedure for DOT-7A Type A
K1401-7V Low Level Waste Container (Vented) (Holbrook 1991a)

Operations, Maintenance and Inspection Procedure for DOT-7A Type A
KI401-gNV Low Level Waste Container," (Non-vented) (Holbrook 1991b)

The lid closure gasket material shall have an operating range of -40 °F
to 158 *F.

Torquing requirementsshall be 30 ± 3 ft-lb for the 3/8-in.bolts and
40 ± 4 ft-lb for the I/2-in.bolts.

The NucFil filter (if used) shall be installedusing LoctiteNo. 262
(Red)and torquedto 5 ft-lb or tack-weldedto preventunintentional
loosening.

For heavy, bulkymaterials (e.g.,concretechunks,motors, and pumps),
equipmentor materialswith sharp cornersor protrusions,or material/
equipmentgeometriesthat could result in highlylocalizedforces,the shipper
must ensure that the contentsare securelyfastened/positionedwithin the
package.
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3.8.4 49 CFR 178.350RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-2.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-2.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-3.

49 CFR 173.465,Type A packaging Meets applicablerequirements.
tests

Water spray Pass. Drop test was conductedand
therewas no inleakageof water and
no featureson the packagethat would
retainfree-standingwater. See
AppendixD, Table D-2.

Free drop Pas.___E.Drop tests from a heightof
4 ft were conductedas follows:

• Flat on top lid

• Flat on end containingfilter

• Centerof gravityover struck
cornerwith top end facingdown

• Center of gravityover struck
cornerwith bottomend facing
down. See AppendixD,
Table D-11.

Cornerdrop Not required.

Compression Pass. A compressiveload of
42,475Ib was appliedto the package
for 24 hr. See AppendixD,
Table D-24.

Penetration Pass. The 1.25-in.-diameter,13.2-Ib
penetrationbar was droppedfrom a
heightof 40 in. on the top of the
container. See AppendixD,
Table D-31.
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3.8.6 AdditionalInformation

The packagingsv'ereevaluatedand testedby WestinghouseHanfordas part
of DocketBg-O4-7A. Testingwas completedon Model KI401-7V (vented)in June
1990 and in October1990 for Model KI401-gNV(nonvented).A completetest
report is availableupon requestfrom one of the DOT-TAProgramtechnical
contactslisted in Section1.1.2.

3.8.6.1 PrimaryUser(s)

Site/Contact/Phone Address

ORNL Oak Ridge NationalLaboratory
R. H. Holbrook MartinMariettaEnergySystems,Inc.
COMM/FTS615-576-9182 P.O. Box 2003

Oak Ridge,Tennessee 37831-7365
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4.0 WOODENBOXES
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Figure 4-I. ANL-West 7A-217 Wooden Box
(contents restricted, see Section 4.1.3).

DOT 7/_ Type A
49 CFR 178.350

1/2-in. Metal Bands, Centered
and 3 in. from Each End

All Other Seams and Closure Nailed

3-in. Spacing, No. 8 Cement-Coated

Nails _'_
103/4 in. Including Cover

Cleats,
2 in. Wide

14 1/2 in. _-"_ _ 3/4-in. Plywood, Interior Grade
Sides, Top, Ends, and Bottom

End - 1-in. x 6-in. Pine

39106089.12
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Figure 4-2. ANL-West 7A-375 Wooden Box

(contents restricted, see Section 4.1.3).

DOT 7A Type A
49 CFR 178.350

1/2-in. Metal Bands, Centered

and 3 in. fro_ Each End
//X

Screw Closure, 3-in. Centers // \ 3/4-in. Plywood, Interior Grade
All Other Seams Stapled and Glued / / X, Sides, Top, Ends, and Bottom

. Including Cover ,

 o0,n.
3/4-in. Pine Cleats, 2 in. Wide 39106089.11
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Figure 4-3. ANL-West 7A-670 Wooden Box
(contents restricted, see Section 4.1.3).

DOT 7A Type A
49 CFR 178.350

Lid Fastenedwith 5/16-in.
Lag Screwson 4-in. Centers

3/4-in. Steel Bands Top, Fir 2 in. x 4 in.
Bottom, and Sides, Centered
3 in. from Edges

Double3/4-in. Plywood,
_' Interior Grade,Sides, Top

Bottom,and SeparationRings

38 in. 23 in.

) _. 33 in.
/.

All Joints ExceptClosure
Stapled and Glued

39106089.10FH



WHC-EP-0558

Figure4-4. ANL-West7A-880Wooden Box
(contentsrestricted,see Section4.1.3).

DOT 7A Type A
49 CFR 178.350

3in. _

T- • •
14 314in. 6 in. I ,, _

L4 6 in. /"1
,1

'_"15 314 in.---_6 in.

End Plates Bolted to Side and Ends
with 1/4-20 UNC X 2 in Lag Bolts

3 in. _" 2-in. LagScrews

3/4-in. Plywood (doubled)._ tquired)

Interior Grade for Sides,
Top, Bottom

I

37 1/2 in.
3/4-in. Steel
Bands

3 in.

T All Seams Except Closure Nailed and
18 in. Glued with No. 8 Cement-Coated Nails

L and 16 Penny Nails and Weldwood
36 in.

Epoxy Type Glue
33 1/2 in.

19 in.

Ends 2 in. x 4 in. Cleats

ASTM = American Society for Testing and Materials 39106089.9
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Figure 4-5. ANL-West 7A-995 Wooden Box,

DOT 7A Type A
49 CFR 178.350

31n._ tEnd Plate .._

= _L • Each End

143/1' ',, 6=n'I f-_
6,n.'l*-'

End Plates Bolted to Side and Ends

with 1/4-20 UNC X 2 in. Lag Bolts Top Fastened with

3 in. _ 2-in. Lag Screws
(18 required)

3/4-in. Plywood
(doubled)
Interior Grade for Sides,
Top, Bottom

37 1/2 in.
3/4-in. Steel

- Bands
3in.

1--
18 in. All Seams Except Closure Nailed and

L Glued with No. 8 Cement-Coated Nails66 in. and 16 Penny Nails and Weldwood
Epoxy Type Glue

33 1/2 in.

19 in.__
39106089.8
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Figure 4-6. ANL-West 7A-1315 Wooden Box
(contents restricted, see Section 4.1.3)

DOT 7A Type A
49 CFR 178.350

o.O_,._gj.;,_;sc.ew_

21£n.

3,4-,n. Steel BandsI _, _ 3/4e_oP_rWa_edo(d_Udb/sd)

__ _ ,, Top,a.d8o.om

All Joints Except Closure

are Stapled andGlued

4 in. x 4 in.

39106089.7 FH
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4.1 ANL-WESTFAMILY OF WOODEN BOXES (DOCKETS: MLM)

4.1.1 PackageDescription

Dimensionsand Weights
....

Authorized
Model Height Width Length gross weight

(in.) (in.) (in.) (Ib)

ANL-7A-217a 10.75 14.5 22 217

ANL-7A-375b 10.00 32.0 60 375

ANL-7A-670c 38.00 33.0 33 670

ANL-7A-880d 18.00g 19.0 136 880

ANL-7A-995e 18.00Q 19.0 166 995

ANL-7A-1315f 21.00" 20.0 38 1,315

aSeeANL-W containerdesignSPM-AP-I.
bSeeANL-W containerdesignSPM-PS-5.
CSeeANL-W containerdesignSPM-PS-8.
dSeeANL-W containerdesignSPM-HFEF-I.
eSeeANL-W WOO93-O812-EE-Ol.
fSeeANL-W containerdesignSPM-PS-9.
gHeightdoes not includeskids.
"Heightincludesskids.

4.1.1.1 Materials/Methodof Construction. All appropriateinformationis
given in Figures4-I through4-6.

4.1.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7A compliancewith the actualcontents.

4.1.2.1 PhysicalForm

4.1.2.1.1 SolidsOnly. One materialform is authorized:

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination.(Fordefinition,see
49 CFR 173.433,Contaminationcontrol.)

4.1.2.1.2 MaximumGross Weight. See the Dimensionsand Weightstable in
Section4.1.1.

I
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4.1.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4.1.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

4.1.3 Restrictions/Specifications

The following three possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

• Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCEL* or its equivalent. If the box is
reused, it must be re-coated with at least one coat to cover the
seal areas before each shipment.

• The third approach is to ensure that there is no loose or removable
contamination that could be entrained in any liquid and that the
radioactive material is not soluble in the liquid. Thus, even if
the liquids come in contact with the radioactive material, there
could be no transport from the package.

NOTE: There are obviously other possible approaches; however, if an
alternative approach is chosen, the basis for the choice must be
supported and documented. Using one of these alternatives or an
equivalent method allows these wooden boxes to meet this requirement.

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.

"GEOCEL is a trademark of GEOCEL Corporation.

4-10
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4.1.5 Quality Control

Packaging/Acceptance/Use Criteria

Acceptance/pre-use_inspection
Critical Major criteria

......

Lid/body interface Vendor Functional:
Sealing surface qualifications and

experience • Ease of lid application

• Mating surfaces flat and
smooth, no foreign matter

• Geometry, as specified

Acceptable conditions:

Joints/seams • Dimensions, as specified

• Glued

Closure • As specified, nail or screw

• Caulking on lid

• Steel banding of proper size
and location

Vendor Vendor data as appropriate. Lot
qualification and tests/inspections as appropriate by
experience shipper.

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.

4.1.6 Additional Information

Evaluation and testing of this packaging were performed at MLM and were
documented in Edling 1987. Complete evaluation reports are available upon
request from one of the DOT-7A Program technical contacts listed in
Section I.I. 2.

4.1.6.1 Primary Users

Site/Contact/Phone Address

Argonne National Laboratory-West Argonne National Laboratory-West
(ANL-W) P.O. Box 2528
M. C. Geisler Idaho Falls, ID 83401
COMM/FTS208-526-0111
COMM/FTS208-533-7666

4.1.6.2 Supplier. Manufactured by Argonne National Laboratory-West.
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Figure 4-7. LLNL Flush Panel Wooden Box
(contents restricted, see Section 4.2.3).

DOT 7A Type A
49 CFR 178.350
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4.2 LLNL FLUSH PANEL WOODEN BOX (DOCKETS: MLM)

4.2.1 PackageDescription

Dimensions

Height (in.) Width (in.) Length (in.)

48" 48 84
,,

*Doesnot includelid or skids.

Materials/Methodof Construction

Interiorframe 2-in. x'4-in. pine

Sub-flooring 2-in. x B-in. pine planks (GradeA)

Sides, top, lid 0.75-in.A/B plywood

Inner flooring O.5-in.A/B plywood

Staples 1.75-in.15-gaugewith 6-in. spacing
i

Joints/seams All except floor planksglued

Steel band 3 steel bar,ds(1.25 in. wide) aroundsides and ends

4 steel bands (0.75 in. wide) aroundtop, sides,and bottom

4.2.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7A compliancewith the actualcontents.

4.2.2.1 PhysicalForm

4.2.2.1.1 SolidsOnly. Two materialforms are authorized. Each shipper
must determinethe most appropriateform for his particularcontentsand
comply with any specialrequirements.

• Material Form No. 2" Solids--largeparticlesizeonly (e.g.,sand,
concrete,debris,soil, etc.)

• Material Form No. 3" Solids--objectswith no significant
dispersibleor removablecontamination. (For definition,see
49 CFR 173.433,Contaminationcontrol.)

4.2.2.1.2 MaximumGross Weight

• 2,50O lb.

4-14
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4.2.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4,2.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

4.2.3 Restrictions/Specifications

The following three possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

• Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coated with at least one coat to cover the seal areas

before each shipment.

• Ensure that there is no loose or removable contamination that could
be entrained in any liquid and that the radioactive material is not
soluble in the liquid. Thus, even if the liquids come in contact
with the radioactive material, there could be no transport from the
package.

NOTE: There are obviously other possible approaches; however, if an
alternative approach is chosen, the basis for the choice must be
supported and documented. Using one of these alternatives or an
equivalent method allows these wooden boxes to meet this requirement.

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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Figure 4-8. Configuration A Light Duty Wooden Box
(contents restricted, see Section 4.3.3).

DOT 7A Type A
49 CFR 178.350

..._ Option of Nailed or
Screw Closure

- • - o_

%
_-,,_. 3/4-1n.Ptywood

_"_.. (Exterior Grade)
_,,_ , for Sides, Top, and

_ Bottom

Nailed Construction
Except for Optional _, •

Closure _ I

I

1/2-1n. Steel Banding
Length Required

-.2-in. x 3/4-1n.Lumber

• -2-in. x 2-in. Lumber

i _ Glue Applied to
All Surfaces

39106089.14
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4.3 MOUND WOODEN BOX - CONFIGURATION A (DOCKETS: MLM)

4.3.1 Package Description

Dimensions and Weights

Authorized

Model Height Width Length
(in) (in) (in) gross weight• • ' (Ib)

MA-I 8 8 8 40

MA-2 8 8 36 100

MA-3 12 12 12 100

MA-4 12 12 36 100

Materials/Method of Construction

Sides, ends, top, and bottom 0.75-in. exterior grade plywood

Interior frame Corner posts, 2-in. x 2-in. pine

Braces, 2-in. x 0.75-in. pine

Nailed construction Nails, 1.5, 2, and 3 in., depending on
thickness of material

Nail spacing approximately 2 in.

All seams/joints glued

Steel banding (0.5 in.) 2 bands around sides and ends

2 bands around top, ends, and bottom

x band, as appropriate, to provide bands (top
to bottom) at least every 18 in. around
package

Closure (optional) May be nail or screw closure

Nails (see above)

Screws, 2-in. and 3-in. No. 10 screws
depending on thickness of material

4-19
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4.3.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by the test contents. If they are not, testing or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

4.3.2.1 Physical Form

4.3.2.1.1 Solids Only. Two material forms are authorized. Each shipper
must determine the most appropriate form for his particular contents and
comply with any special requirements.

• Material Form No. 2: Solids--large particle size (e.g., sand,
concrete, debris, soil, etc.)

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR ]73.433, Contamination control.)

4.3.12.1.2 Maximum Gross Weight. See the Dimensions and Weights table in
Section 4.3.].

4.3.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4.3.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

4.3.3 Restrictions/Specifications

The following three possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

• Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.)so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCELor its equivalent. If the box is reused,
it must be re-coated with at least one coat to cover the seal areas
before each shipment.

• Ensure that there is no loose or removable contamination that could
be entrained in any liquid and that the radioactive material is not
soluble in the liquid. Thus, even if the liquids come in contact
with the radioactive material, there could be no transport from the

' package.

4-20
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4.3.4 49 CFR 178.350RegulatoryRequirements

RegulatoryCompl anceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-3.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-3.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-5.

49 CFR 173.465,Type A packaging Meets applicablerequirements.
tests

Water spray Pas_____ss.Tests conductedon
representativepackagings
demonstratedthat this test did not
affectthe abilityof the packaging
to meet other Type A test
requirements.With the actions
requiredin Section4.4.3,
Restrictions/Specifications,these
packagingsalso satisfythis test
requirementwith respectto potential
inleakageof water. See AppendixD,
Table D-4.

Free drop Pass. This drop was made on the top
cornerwith the boxes invertedand
held at a 45° angle. There was no
loss of contentsand no significant
change in packaginggeometry. See
AppendixD, Table D-13.

Cornerdrop The cornerdrop was conductedon all
four packagings. This allowstheir
potentialuse at less than 110 lb.
See AppendixD, Table D-20.

Compression Pas____Es.The tests were conductedwith
greaterthan five timesthe gross
weight shown in the Dimensionsand
Weightstable in Section4.3.1 for
24 hr. There was no detectable
effect. See AppendixD, Table D-25.

Penetration Pas_____Es.This test was conductedon
each packagewith no significant
effect. See AppendixD, Table D-32.
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4.3.5 QualityControl

Packaging/Acceptance/UseCriteria

Critical Major Acceptance/pre-use_inspectioncriteria
•...... ,

Lid/bodyinterface Vendor Functional:
Sealingsurface qualificationsand

experience • Ease of lid application

• Mating surfacesflat and
smooth,no foreignmatter

• Geometry,as specified

Acceptableconditions:

Joints/seams • Dimensions,as specified

• Glued

Closure • As specified,nail or screw

• Caulkingon lid

• Steel bandingof proper size
and location

• Nail-typeand spacing

Vendor Vendordata as appropriate. Lot
qualificationsand tests/inspectionsas appropriateby
experience shipper.

•These criteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.

4.3.6 AdditionalInformation

Evaluationand testingof this packagingperformedat MLM were documented
in Edling 1987. Completeevaluationreportsare availableupon requestfrom
one of the DOT-7A Programtechnicalcontactslisted in Section1.1.2.

4.3.6.1 PrimaryUsers

Site/Contact/Phone Address

MLM Mound-MRC
Don Wikstrom P.O. Box 32
COMM/FTS513-865-3919 Mound Road

Miamisburg,OH 45342

4.3.6.2 Supplier. Manufacturedonsite.
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, Figure 4-9. Configuration B Medium Duty wooden Box
(contents restricted, see Section 4.4.3).

DOT 7A Type A
49 CFR 178.350

of Nailed or
Screw Closure

m

__ 3/4-1n.Plywood

" (Exterior Grade)
for Sides, Top, and
Bottom

Nailed Construction ,,
Except for Option °

Closure "_ _

/ • • J

Height, o

• 1/2-1n.Steel Banding
_, _-C, _ Length Required

Wldth_ 2-in. x 4-in. Lumber

-
I _ Glue Applied to

_ _ All SurfacesI

Note: Height includes width at top. 39106089.15
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4.4 MOUND WOODEN BOX - CONFIGURATION B (DOCKETS: MLM)

4.4.1 Package Description

Dimensions and Weights

Model Height Width Length Authorized
(in) (in) (in) gross weight

• • " (Ib)

MA-I 12 12 12 150

MA-2 16 16 16 150

MA-3 24 24 24 200

MA-4 12 12 36 150

MA-5 16 16 36 150

MA-6 24 24 36 200

Materials/Method of Construction

Sides, ends, top, and bottom 0.75-in. exterior grade plywood

Interior frame 2-in. x 4-in. pine

Nailed construction Nails, 1.5, 2, and 3 in., depending on
thickness of material

Nail spacing approximately 2 in.

All seams/joints glued

Steel banding (0.5 in.) 2 bands around sides and ends

2 bands around top, ends, and bottom

x band, as appropriate, to provide bands (top
to bottom) at least every 18 in. around
package

Closure (optional) May be nail or screw closure

Nails (see above)

Screws, 2-in and 3-in. No. 10 screws,
depending on thickness of material
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4.4.2 Authorized Contents
i

The shipper must determine that the actual contents are closely simulated
by the test contents. If they are not, testing or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

4.4.2.1 Physical Form

4.4.2.1.1 Solids Only. Two material forms are authorized. Each shipper
must determine the most appropriate form for his particular contents and
comply with any special requirements.

• Material Form No. 2: Solids--large particle size only (e.g., sand,
concrete, debris, soil, etc.)

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.433, Contamination control.)

4.4.2.1.2 Maximum Gross Weight. See the Dimensions and Weights table in
Section 4.4.1.

4.4.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4.4.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

4.4.3 Restrictions/Specifications

The following three possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

• Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coated with at least one coat to cover the seal areas
before each shipment.

• Ensure that there is no loose or removable contamination that could
be entrained in any liquid and that the radioactive material is not
soluble in the liquid. Thus, even if the liquids come in contact
with the radioactive material, there could be no transport from the

package.
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4.4.4 4g CFR 178.350 Regulatory Requirements

Regulatory Compl ance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets apDlicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pas_____s.Tests conducted on
representative packagings
demonstrated that this test did not
affect the ability of the packaging
to meet other Type A test
requirements. With the actions
required in Section 4.4.3,
Restrictions/Specifications, these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-4.

Free drop Pass. This drop was made on the top
corner with the box inverted and held
at a 45° angle. There was no loss of
contents and no significant change in
packaging geometry. See Appendix D,
Table D-13.

Corner drop Corner drop was conducted on all six
packagings. This allows their
potential use at less than 110 lb.
See Appendix D, Table D-20.

Compression Pas_____ss.The tests were conducted with
greater than five times the gross
weight shown in the Dimensions and
Weights table in Section 4.4.1 for
24 hr. There was no detectable

effect. See Appendix D, Table D-25.

Penetration Pass. This test was conducted en
each package with no significant
effect. See Appendix D, Table D-32.
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4.4.5 Quality Control

Packaging/Acceptance/Use Criteria

Acceptance / pre-u se_i nspect i on
Critical Major criteria

......... .. .,. --..... __

Lid/body interface Vendor Functional:
Sealing surface qualifications and

experience • Ease of lid application

• Mating surfaces flat and
smooth, no foreign matter

• Geometry, as specified

Acceptable conditions:

Joints/seams • Dimensions, as specified

• Glued

Closure • As specified, nail or screw

• Caulking on lid

• Steel banding of proper size
and location

• Nail-type and spacing

Vendor Vendor data as appropriate. Lot
qualifications and tests/inspections as appropriate by
experience shipper.

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.

4.4.6 Additional Information

Evaluation and testing of this packaging were performed at MLM and were
documented in Edling in 1987. Complete evaluation reports are available upon
request from one of the DOT-7A Program technical contacts listed in
Section 1.1.2.

4.4.6.1 Primary Users

Site/Contact/Phone Address

MLM Mound-MRC
Don Wikstrom P.O. Box 32
COMM/FTS 513-865-3919 Mound Road

Miamisburg, OH 45342

4.4.6.2 Supplier. Manufactured onsite.
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Figure 4-10. Configuration C Medium Duty Wooden Box
(contents restricted, see Section 4.5.3).

DOT 7A Type A
49 CFR 178.350

Option of Nailed or

Screw Closure

..._,_ :__ Top

3/4-in.Plywood i _ .'_/ I
(Exterior Grade) __ _ I

forSides,Top,and j ! _f__,,,_ !

Naiied Construction

Cleats 1 in. __]_ ..Thick, Clear _ _ "' /

White Pine_ ! __1 "'
• -. lil

AllSeams |_ _ .i :'" J 2 in. x 4 in.gth

Glued _ _,_, l/2-in.
Width _. Steel Banding

Required

Note: 2-in. x 4-in. interior frame not shown.
39106073.4FH
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4.5.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-TA compliancewith the actualcontents.

4.5.2.1 PhysicalForm

4.5.2.1.1 SolidsOnly. Two materialforms are authorized. Each shipper
must determinethe most appropriateform for his particularcontentsand
complywith any specialrequirements.

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.)

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.433,Contaminationcontrol.)

4.5.2.1.2 MaximumGross Weight. See the Dimensionsand Weightstable in
Section4.5.1.

4.5.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

4.5.2.3 Radiological. The 4-ft drop test causeddeformationsof the package
resultingin smalldecreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensurethat the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

4.5.3 Restrictions/Specifications

The followingthree possibleapproachesare acceptablewith respectto
addressinginleakageand ensuringthat there is no transportof radioactive
materialsout of the packaging.

• Securelyenclosethe radioactivecontentswithin the box (e.g.,wrap
and seal in plastic,etc.) so that any inleakingwater cannotcome
in contactwith the radioactivematerial.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coatedwith at least one coat to cover the seal areas
before each shipment.

• Ensure that there is no loose or removablecontaminationthat could
be entrainedin any liquidand that the radioactivematerialis not
solublein the liquid. Thus, even if the liquidscome in contact
with the radioactivematerial,there could be no transportfrom the
package.
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4.5.4 49 CFR 178.350 Regulatory Requirements

Regulatory Compliance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets applicable requirements_
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pass. Tests conducted on
representative packagings
demonstrated that this test did not
affect the ability of the packaging
to meet other Type A test
requirements. With the actions
required in Section 4.5.3,
Restrictions/Specifications,these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-4.

Free drop Pass. This drop was made on the top
corner with the boxes inverted and
held at a 45° angle. There was no
loss of contents and no significant
change in packaging geometry. See
Appendix D, Table D-13.

Corner drop The corner drop was conducted on all
five packagings. This allows their
potential use at less than ]10 lb.
See Appendix D, Table D-20.

Compression Pass. The tests were conducted with
greater than five times the gross
weight shown in the Dimensions and
Weights table in Section 4.5.1 for
24 hr. There was no detectable

effect. See Appendix D, Table D-25.

Penetration Pass. This test was conducted on
each package with no significant
effect. See Appendix D, Table D-32.

@
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4.5.5 Quality Control

Packaging/Acceptance/Use Criteria

Acceptance/pre-use_inspection
Critical Major criteria

Lid/body interface Vendor Functional:
Sealing surface qualifications and

experience • Ease of lid application

• Mating surfaces flat and
smooth, no foreign matter

• Geometry, as specified

Acceptable conditions:

Joints/seams • Dimensions, as specified

° Glued

Closure • As specified, nail or screw

• Caulking on lid

• Steel banding of proper size
and location

• Nail-type and spacing

Vendor Vendor data as appropriate. Lot
qualification and tests/inspections as appropriate by
experience shipper.

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.

4.5.6 Additional Information

Evaluation and testing of this packaging were performed at MLM and were
documented in Edling 1987. Complete evaluation reports are available upon
request from one of the DOT-7A Program technical contacts listed in
Section 1.1.2.

4.5.6.1 Primary Users

Site/Contact/Phone Address

MLM Mound-MRC
Don Wikstrom P.O. Box 32

COMM/FTS 513-865-3919 Mound Road
Miamisburg, OH 45342

4.5.6.2 Supplier. ManuFactured onsite.
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Figure 4-11. Configuration D Heavy Duty Wooden Box
(contents restricted, see Section 4.6.3).

DOT 7A Type A
49 CFR 178.350

Nailed Construction Cleats of Lumber
Except for Optional 1 in. Thick (or greater)

Closure j__ _,_ x 3 in. Wide

Q I I b

Q I

Height _ _ _,_
I ql t

4 I II

I I I ! Ib

•,_. . .-_
• Q

_'_W _" Lengthidth

3/4-in. Plywood
(Exterior Grade) for All Seams Glued
Sides, Top, and
Bottom

Note: 2-in. x 4-in. interior frame not shown.
39106089.16
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4.6 MOUND WOODENBOX - CONFIGURATIOND (DOCKETS: MLM)

4.6.1 PackageDescription

Dimensionsand Weights

Height Width Length Authorized
grossweight

Model (in.) (in.) (in.) (Ib)

MD-I 14 17.5 14 200

MD-2 24 27.5 24 300

MD-3 12 15.5 48 250

MD-4 12 15.5 60 250

MD-5 8 11.5 32 200

MD-6 12 15.5 28 200

Materials/Methodof Construction

Sides, ends, top, and bottom 0.75-in.exteriorgrade plywood

Interiorframe 2-in. x 4-in. pine

Nailed construction Nails, 1.5, 2, and 3 in.,dependingon
thicknessof material

Nail spacingapproximately2 in.

All seams/jointsglued

Steel banding(0.5 in.) 2 bands around sides and ends

2 bands aroundtop, ends, and bottom

, x band, as appropriate,to providebands (top
to bottom)at least every 18 in. around
package

Closure (optional) May be nail or screw closure

Nails (seeabove)

Screws,2-in. and 3-in. No. 10 screws,
dependingon thicknessof material
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4.6.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7Acompliancewith the actualcontents.

4.6.2.1 PhysicalForm

4.6.2.1.1 SolidsOnly. Two materialforms are authorized. Each shipper
must determinethe most appropriateform for his particularcontentsand
complywith any specialrequirements.

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris,soil, etc.)

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.433,Contaminationcontrol.)

4.6.2.1.2 MaximumGross Weight. See the Dimensionsand Weightstable in
Section4.6.1.

4.6.2.2 ChemicalForm. The shippermust evaluateand ensure chemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

4.6.2.3 Radiological. The 4-ft drop test causeddeformationsof the package
resultingin smalldecreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensurethat the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

4.6.3 Restrictions/Specifications

The followingthree possibleapproachesare acceptablewith respectto
addressinginleakageand ensuringthat there is no transportof radioactive
materialsout of the packaging.

• Securelyenclosethe radioactivecontentswithin the box (e.g.,wrap
and seal in plastic,etc.) so that any inleakingwater cannotcome
in contactwith the radioactivematerial.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coatedwith at least one coat to cover the seal areas
before each shipment.

• Ensurethat there is no loose or removablecontaminationthat could
be entrainedin any liquidand that the radioactivematerialis not
solublein the liquid. Thus, even if the liquidscome in contact
with the radioactivematerial,there could be no transportfrom the
package.
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NOTE: There are obviously other possible approaches; however, if an
alternative approach is chosen, the basis for the choice must be
supported and documented. Using one of these alternatives or an
equivalent method allows these wooden boxes to meet this requirement.

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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4.6.4 4g CFR 178.350 Regulatory Requirements

Regulatory Comp iance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray pass. Tests conducted on
representative packagings
demonstrated that this test did not
affect the ability of the packaging
to meet other Type A test
requirements. With the actions
required in Section 4.6.3,
Restrictions/Specifications, these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-4.

Free drop Pass. This drop was made on the top
corner with the boxes inverted and
held at a 45° angle. There was no
loss of contents and no significant
change in packaging geometry. See
Appendix D, Table D-13.

Corner drop The corner drop was conducted on all
six packagings. This allows their
potential use at less than 110 lb.
See Appendix D, Table D-20.

Compression Pass. The tests were conducted with
greater than five times the gross
weight shown in the Dimensions and
Weights table in Section 4.6.1 for
24 hr. There was no detectable

effect. See Appendix D, Table D-25.

Penetration Pass. This test was conducted on
each package with no significant
effect. See Appendix D, Table D-32.
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4.6.5 QualityControl

PackagingAcceptanceUseCriteria

Acceptance/pre-use_inspection
Critical Major criteria

,,,

Lid/bodyinterface Vendor Functional:
Sealingsurface qualificationsand

experience • Ease of lid application

• Mating surfacesflat and
smooth,no foreignmatter

• Geometry,as specified

Acceptableconditions:

Joints/seams • Dimensions,as specified

• Glued

Closure • As specified,nail or screw

• Caulkingon lid

• Steel bandingof proper size
and location

• Nail-typeand spacing

Vendor Vendordata as appropriate. Lot
qualificationand tests/inspectionsas appropriateby
experience shipper.

.... ,,,

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.

4.6.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section 1.1.2.

4.6.6.1 PrimaryUsers

Site/Contact/Phone Address

MLM Mound-MRC
Don Wikstrom P.O. Box 32
COMM/FTS513-865-3919 Mound Road

' Miamisburg,OH 45342

4.6.6.2 Supplier. Manufacturedonsite.
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Figure 4-12. Configuration E-150 Wooden Box
(contents restricted, see Section 4.7.3).

DOT 7A Type A
49 CFR 178.350

j ption of Nailed or
Screw Closure

;_._ ". °o

1/2-in. Plywood
(Exterior Grade)
for Sides, Top, and
Bottom

PineCleats _ _1/2 in. Wide x 3/4 in. Thick

1/2-in. Steel Banding
Required

All Joints _'_
Nailed and Glued '_
Except Closure,

Note: 2-in. x 4-in. interior frame not shown.
39106073.5FH
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4.7 MOUND WOODEN BOX - CONFIGURATION E (DOCKETS: MLM)

4.7.1 Package Description

Dimensions

Height Width LengthModel
(in.) (in.) (in.)

.... , , ,,, ,,,,,,

ME-I 17 15 18.5

ME-2 13 17 20.5

ME-3 21 21 22.5

Materia s/Method of Construction

Sides, ends, top, and bottom 0.75-in. exterior grade plywood

Cleats 0.75-in. x 0.5-in. pine

Interior frame 2-in. x 4-in. pine

Nailed construction Nails, 1.5, 2, and 3 in. depending on
thickness of material

Nail spacing approximately 2 in.

All seams/joints glued

Steel banding (0.5 in.) 2 bands around sides and ends

2 bands around top, ends, and bottom

x band, as appropriate, to provide bands (top
to bottom) at least every 18 in. around
package

Closure (optional) May be nail or screw closure

Nails (see above)

Screws, 2-in. and 3-in. No. 10 screws
depending on thickness of material
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4.7.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by the test contents. If they are not, testing or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

4.7.2.1 Physical Form

4.7.2.1.1 Solids Only. Two material forms are authorized. Each shipper
must determine the most appropriate form for his particular contents and
comply with any special requirements.

• Material Form No. 2: Solids--large particle size only (e.g., sand,
concrete, debris, soil, etc.)

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.433, Contamination control.)

4.7.2.1.2 Maximum Gross Weight

• 150 lb.

4.7.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4.7.2.3 Radiological. The 4-ft drop test caused deformation_ of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

4.7.3 Restrictions/Specifications

The following three possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

• Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coated with at least one coat to cover the seal areas

before each shipment.

• Ensure that there is no loose or removable contamination that could

be entrained in any liquid and that the radioactive material is not
soluble in the liquid. Thus, even if the liquids come in contact
with the radioactive material, there could be no transport from the
package.
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4.7.4 49 CFR 178.350 Regulatory Requirements

Regulatory Compliance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pas____ss.Tests conducted on
representative packagings
demonstrated that this test did not

affect the ability of the packaging
to meet other Type A test
requirements. With the actions
required in Section 4.7.3,
Restrictions/Specifications, these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-4.

Free drop Pas_____ss.This drop was made on the top
corner with the boxes inverted and

held at a 45° angle. There was no
loss of contents and no significant
change in packaging geometry. See
Appendix D, Table D-13.

Corner drop The corner drop was conducted on two
of the packagings. This allows their
potential use at less than 110 lb.
See Appendix D, Table D-20.

Compression Pas____ss.The tests were conducted with
greater than five times the gross
weight given in Section 4.7.2.1.2 for
24 hr. There was no detectable

effect. See Appendix D, Table D-25.

Penetration Pas____ss.This test was conducted on
each package with no significant
effect. See Appendix D, Table D-32.
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4.7.5 Quality Control

Packaging/Acceptance/Use Criteria
,,, .,,,

Acceptance/pre-use_inspection
Critical Major criteria

......, ,,

Lid/body interface Vendor Functional:
Sealing surface qualifications and

experience • Ease of lid application

• Mating surfaces flat and
smooth, no foreign matter

• Geometry, as specified

Acceptable conditions:

joints/seams • Dimensions, as specified

• Glued

Closure • As specified, nail or screw

• Caulking on lid

• Steel banding of proper size
and location

• Nail-type and spacing

Vendor Vendor data as appropriate. Lot
qualification and tests/inspections as appropriate by
experience shipper. ....

"These criteria apply to first-time use and to reuse as a DOT-7A Type A

packaging.

4.7.6 Additional Information

Evaluation and testing of this packaging were performed at MLM and were
documented in Edling 1987. Complete evaluation reports are available upon
request from one of the DOT-7A Program technical contacts listed in
Section 1.1.2.

4.7.6.1 Primary Users

Site/Contact/Phone Address

MLM Mound-MRC
Don Wikstrom P.O. Box 32
COMM/FTS 513-865-3919 Mound Road

Miamisburg, OH 45342

4.7.6.2 Suppliers. Manufactured onsite.
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Figure 4-13. NLO Family of Banded, Wooden Boxes
(contents restricted, see Section 4.8.3).

DOT 7A Type A
49 CFR 178.350

el 214-4 39106089.33FH
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4.8 NLO FAMILY OF BANDED, WOODENBOXES (DOCKETS: MLM)

4.8.1 Package Description

Dimensions and Weights
..................

External dimension Internal dimension

Mode[ ....................... Empty Authorized
Width Length Height Skid Width Length Height weight gross
(in.) (in.) (in.) (in.) (in.) (in.) (in,) (tb) weight (tb)

.................... _ i ......

G'4214 16.375 34.50 10.500 4.000 14.125 30.00 8.372 55 I,B05
................... ,_

G-4245 12.250 18.50 10.000 3.250 10,000 14.00 8.500 25 250
................

G-4255 25.625 35.00 9.750 3.250 24.125 30.75 B.O00 120 1,500
.... ,,

G-4273 27.000 41.25 13.750 3.250 25.500 37.00 12.000 140 3,250
............

G-4292 16.37'5 34.50 18.125 3.625 14.125 30.00 16.125 80 852
...............

Materials/Method of Construction

Drawing No. NLO-G-4214 and G-4292

Sides and ends 1.125-in. thick white pine

Bottom ]-in. hardwood

Lids 2, O.5-in. plywood

Banding See drawing, 1.25-in. steel

Skids 3 wooden, 3.625 in. or 4 in.

Drawing No. NLO-G-4245

Lid I, O.5-in. plywood

Banding 2 vertical and 2 horizontal

Skids 3.25 in.

Drawing No. NLO-G-4255 and G-4273

All construction 0.75-in. exterior grade plywood

Skids 3 wooden, 3.625 in. or 4 in.
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4.8.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by the test contents. If they are not, testing or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

4.8.2.1 Physical Form

4.8.2.1.1 Solids Only. One material form is authorized. Each shipper
must determine the most appropriate form for his particular contents and
comply with any special requirements.

• Material Form No. 3" Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.433_ Contamination control.)

4.8.2.1.2 Maximum Gross Weight. See Dimensions and Weights table,
Section 4.8.1.

4.8.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4.8.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

4.8.3 Restrictions/Specifications

The following three possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

• Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coated with at least one coat to cover the seal areas
before each shipment.

• Ensure that there is no loose or removable contamination that could
be entrained in any liquid and that the radioactive material is not
soluble in the liquid. Thus, even if the liquids come in contact
with the radioactive material, there could be no transport from the
package.
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4.8.4 4g CFR 17B.350 Regulatory Requirements

Regulatory Compl ance Requirements

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pass. Tests conducted on
representative packagings
demonstrated that this test did not
affect the ability of the packaging

to meet other Type A test i
requirements. With the actions
required in Section 4.8.3,
Restrictions/Specifications, these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-5.

Free drop Pass. By analysis and comparison to
tests conducted on G-4214 loaded with-

1,750 Ib and dropped 30 ft. No
significant distortion of package
geometry or loss of contents would
result. See Appendix D, Table D-14.

Corner drop Not required.

Compression Pass. By analysis and comparison to
test conducted at 9,050 lb. No
distortion or loss of contents would
result. See Appendix D, Table D-25.

Penetration Pass. This test was conducted on
each package with no significant
effect. See Appendix D, Table D-32.
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4.8.5 QualityControl

Packaging/Acceptance/UseCriteria

Critical Major Acceptance/pre-use_inspectioncriteria

Lid/bodyinterface Vendor Functional"
Sealingsurface qualificationsand

experience • Easeof lid application

• Matingsurfacesflat and
smooth,no foreignmatter

• Geometry,as specified

Acceptableconditions:

Joints/seams • Dimensions,as specified

• Glued

Closure • As specified,nail or screw

• Caulkingon lid

• Steelbandingof propersize
and location

• Nail-typeand spacing

Vendor Vendordata as appropriate. Lot
qualificationsand tests/inspectionsas appropriateby
experience shipper.

...........

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.

4.8.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling 1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section1.1.2.

4.8.6.1 PrimaryUsers

Site/Contact/Phone Address

Fernald WestinghouseMaterials
L. C. Dolan Companyof Ohio
COMM/FTS513-738-6208 P.O. Box 398704

Cincinnati,OH 45239
C. E. Block
COMM/FTS513-763-1151
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Figure 4-18. Y-12 Series B Wooden Boxes
(contents restricted, see Section 4.9.3).

DOT 7A Type A
49 CFR 178.350

3/4-1n.Steel Bands Sides, Top, and Base
(6 required) Exterior

Grade Plywood

_-_1
¢,1

#

All Joints Nailed 11
and Glued. Cement
Coated Nails at
1 3/4-1n.Spacing

112-1n.Exterior Corner Angles
Grade PJywood 2 in. x 2 In. x 118in.

on Each Corner
2 In. x 4 in. or
4 In. x 4 in. {)ependlng
on Box Size_seechart on
Martin Mafletta drawing
No. T2E-123911)

Note: Inside lined wfth l/4-1n.-thlck
Ethafoam* (not shown on drawing)

*Ethafoam is a trademark of Dow Chemical Company. 39106089.17a
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4.9.2 Authorized Contents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7A compliancewith the actualcontents.

4.9.2.1 PhysicalForm

4.9.2.1.1 SolidsOnly. One materialform is authorized. Each shipper
must determinethe most appropriateform for his particularcontentsand
complywith any specialrequirements.

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.433,Contaminationcontrol.)

4.9.2.1.2 MaximumGross Weight

• 40O lb.

4.9.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

4.9.2.3 Radiological. The 4-ft drop test causeddeformationsof the package
resultingin small decreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensurethat the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

4.9,3 Restrictions/Specifications

The followingthree possibleapproachesare acceptablewith respectto
addressinginleakageand ensuringthat there is no transportof radioactive
materialsout of the packaging.

• Securelyenclosethe radioactivecontentswithinthe box (e.g.,wrap
and seal in plastic,etc.) so that any inleakingwater cannotcome
in contactwith the radioactivematerial.

• Seal the box using GEOCELor its equivalent. If the box is reused,
it must be re-coatedwith at least one coat to cover the seal areas
before each shipment.

• Ensure that there is no loose or removablecontaminationthat could
be entrainedin any liquid and that the radioactivematerialis not
solublein the liquid. Thus, even if the liquidscome in contact
with the radioactivematerial,there could be no transportfromthe
package.
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4.9.4 49 CFR 178.350RegulatoryRequirements !

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults

49 CFR 173.24,Standardrequirements Meets applicablerequirements.
for all packages See AppendixA, Table A-3.

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirement_ See AppendixB, Table B-3.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A packages See AppendixC, Table C-5.

49 CFR 173.465,Type A packaging Meets applicablerequirements.
tests

Water spray Pas_____ss.This test was conductedon
eight boxes prior to the 4-ft drop
test and the penetrationtest. As
expected,it did not affectthe
packagesor the test results. With
the actionsrequiredin
Section4.9.3,Restrictions/
Specifications,these packagingsalso
satisfythis test requirementwith
respectto potentialinleakageof
_water.See AppendixD, Table D-5.

Free drop Pas_____ss.These packages"weredroppedon
a lid cornerwith the box invertedat
approximatelyat 45° angle. There
was no loss of contentsor
significantchange in packaging
geometry. See AppendixD,
Table D-13.

Cornerdrop The cornerdrop was conductedon
packagingsB-I, B-2, and B-6. This
allowstheir potentialuse at less
than 110 lb. See AppendixD,
Table D-20.

Compression Pass. This test was conductedat
five times the gross weight for 24 hr
with no loss of contentsor
significantchange in package
geometry. See AppendixD,
Table D-25.

Penetration Pass. This testwas conductedon the
top (middle),with only minor dents
resulting. See AppendixD,

. Table D-32.
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4.9.5 Quality Control

Packaging/Acceptance/Use Criteria

Acceptance/pre-use_inspection
Critical Major criteria

,,,,..

Lid/body interface Vendor Functional:
Sealing surface qualifications and

experience • Ease of lid application

• Mating surfaces flat and
smooth, no foreign matter

• Geometry, as specified

Acceptable conditions:

Joints/seams • Dimensions, as specified

• Glued

Closure • Nail-type and spacing

• As specified, nail or screw

• Caulking on lid

• Steel banding of proper size
and location

Vendor Vendor data as appropriate. Lot
qualifications and tests/inspections as appropriate by
experience shipper.

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.

4.9.6 Additional Information

Evaluation and testing of this packaging were performed at MLM and were
documented in Edling 1987. Complete evaluation reports are available upon
request from one of the DOT-7A Program technical contacts listed in
Section 1.1.2.

4.9.6.1 Primary Users

Site/Contact/Phone Address

ORNL Martin Marietta Energy Systems, Inc.
H. E. Crowder P.O. Box Y
COMM/FTS 615-574-2689 Oak Ridge Y-12 Plant

Oak Ridge, TN 37830
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Figure 4-19. Y-12 Picture Frame Wooden Box
(contents restricted, see Section 4.10.3).

DOT 7A Type A
49 CFR 178.350

Cover

3/4-in. Steel Bands

Len( 5 in. to 8 in.

ExteriorGrade
Plywood Sides, Top,
and Bottom

Width 4-in. x 4-in. Runner

All Joints
Nailedand Glued Base

39106073.6FH
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4.10 Y-12 PICTUREFRAMEWOODEN BOXES (DOCKETS: MLM, 89-12-7A,06/91)

4.10.1 PackageDescription

Dimensionsand Weights
.

Authorized
Model Height Width Length gross weight

(in.) (in.) (in.) (Ib)
.... ,, ,,, ,,,,

PF-I 6.0 25.00 25.00 500

PF-2 6.0 31.50 31.50 750

PF-3 6.0 37.50 37.50 1,000

PF-4 10.0 13.50 25.00 500

PF-5 10.0 13.50 31.50 750

PF-6 L2.0 15.00 37.50 1,000

PF-7 5.0 22.50 59.50 750

PF-8 12.0 20.00 70.25 1,000

PF-IO 14.5 48.00 48.00 2,500
..

Materials/Methodof Construction
,i

Sides and top 0.75-in.exteriorgrade plywood

Base sheet l-in. exteriorgrade plywood

Bottom sheet O.5-in.exteriorgrade plywood

Steel bands 0.75-in.per spacingin referencedocument

Joints/seams Nailed and glued

Nails See drawings

4.10.1.1 Drawings. MMES DrawingNo. T2E-125268(PF-IthroughPF-8) and
No. T2E-800530A014(PF-IO).

4.10.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7A compliancewith the actualcontents.
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4.10.2.1 Physical Form

4.10.2.1.1 Solids Only. One material form is authorized. Each shipper
must determine the most appropriate form for his particular contents and
comply with any special requirements.

• Material Form No. 3" Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.433, Contamination control.)

4.10.2.1.2 Maximum Gross Weight. See the Dimensions and Weights table
in Section 4.10.1.

4.10.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4.10.2.3 Radiological. The 4-ft drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

4.10.3 Restrictions/Specifications

The following two possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

° Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coated with at least one coat to cover the seal areas
before each shipment.

NOTE: There are obviously other possible approaches; however, if an
alternative approach is chosen, the basis for the choice must be
supported and documented. Using one of these alternatives or an
equivalent method allows these wooden boxes to meet this requirement.

For heavy, bulky materials (e.g., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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4.10.4 4g CFR 178.350 Regulatory Requirements

Regulatory Compl ance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pas____ss.Tests conducted on
representative packagings
demonstrated that this test did not
affect the ability of the packaging
to meet other Type A test
requirements. With the actions
required in Section 4.10.3,
Restrictions/Specifications, these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-5.

Free drop Pas____ss.These tests were conducted on
the corner edge. There was no loss
of contents and no significant change
in packaging geometry. See
Appendix D, Table D-13.

Corner drop Not required.

Compression Pass. The tests were conducted with
greater than five times the gross
weight shown in the Dimensions and
Weights table in Section 4.10.1 for
24 hr. There was no detectable
effect. See Appendix D, Table D-25.

Penetration Pass. This test was conducted on
each package with no significant
effect. See Appendix D, Table D-32.
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4.10.5 Quality Control

Packaging/Acceptance/Use Criteria
.......

Acceptance/pre-use_inspectionCritical Major criteria

None Lid/body interface Functional:

• Ease of lid application

• Mating surfaces flat and
smooth, no foreign matter

• Geometry, as specified

Acceptable conditions:

Joints/seams • Dimensions, as specified

• Glued

Closure • As specified, nail or screw

• Caulking on lid

• Steel banding of proper size
and location

• Nail-type and spacing

Vendor Vendor data as appropriate. Lot
qualification and tests/inspections as appropriate by
experience shipper.

"These criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.

4.10.6 Additional Information

Evaluation and testing of packaging Model Nos. PF-I through PF-8 were
performed at MLM and were documented in Edling 1987. Evaluation and testing
of Model PF-IO took place at Westinghouse Hanford as part of Docket 89-12-7A
with testing completed in June 1991. Complete evaluation reports are
available upon request from one of the DOT-7A Program technical contacts
listed in Section 1.1.2.
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4.10.6.1 PrimaryUsers

Site/Contact/Phone Address

ORNL MartinMariettaEnergySystems,Inc.
J. C. Copeland P.O. Box Y
COMM/FTS615-574-2689 Oak Ridge Y-12 Plant

Oak Ridge,TN 37830

H. E. Turner
COMM/FTS615-574-2688
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Figure 4-20. Rocky Flats RA SeriesWooden Boxes
(contentsrestricted,see Section4.11.3).

DOT 7A Type A
49 CFR 178.350

_.__4 Steel Bands

Configuration 1 Width 5/8 in. Wide

_ Screws - 30,Lag

Ba_d 3/4-,n. Plywood,

4-in. x 1/4-in. diameter

Steel
1 1/4i

Both Boxes

4-in. x 4-in. Length

Exterior Grade,Sides, Lid, Interior
of Ends, and Bottom

• Framing Members
2 in. x 4 in.

ti/6 Steel Bands 2 in. x 6 in.

Confiquration 2 _/ 5/8 in. Wide . All Joints Glued

Steel Bands _____--/___'___ _ Lag Screws-34,
11/4 in. Wide____ _ 4-in. x 1/4-in. diameter

Height

Length
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4.11.2.1 PhysicalForm

4.11.2.1.1 SolidsOnly. One materialform is authorized. Each shipper
must determinethe most appropriateform for his particularcontentsand
complywith any specialrequirements.

• MaterialForm No. 3" Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,see
49 CFR 173.433,Contaminationcontrol.)

4.11.2.1.2 MaximumGross Weight

• ConfigurationI--900Ib

• Configuration2--1,250lb.

4.11.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

4.11.2.3 Radiological. The 4-ft drop test causeddeformationsof the package
resultingin small decreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensurethat the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

4.11.3 Restrictions/Specifications

The followingthree possibleapproachesare acceptablewith respectto
addressinginleakageand ensuringthat there is no transportof radioactive
materialsout of the packaging.

• Securelyenclosethe radioactivecontentswithin the box (e.g.,wrap
and seal in plastic,etc.) so that any inleakingwater cannotcome
in contactwith the radioactivematerial.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coatedwith at leastone coat to cover the seal areas
beforeeach shipment,

• Ensure that there is no loose or removablecontaminationthat could
be entrainedin any liquid and that the radioactivematerial is not
solublein the liquid. Thus, even if the liquidscome in contact
with the radioactivematerial,there could be no transportfrom the
package.

NOTE: There are obviouslyother possibleapproaches;however,if an
alternativeapproachis chosen,the basis for the choicemust be
supportedand documented. Using one of these alternativesor an
equivalentmethod allows these woodenboxes to meet this requirement.
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4.11.4 49 CFR 178.350 Regulatory Requirements

Regulatory Compl iance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

i , ,,

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pas.____ss.This test was conducted prior
to the compression test with no loss
of contents or significant distortion
of packaging geometry. This same
package was dropped 4 ft
approximately 28 hr later.

Tests conducted on similar packagings
demonstrate that this test did not
affect the ability of the packaging
to meet other Type A test
requirements. With the actions
required in Section 4.11.3,
Restrictions/Specifications, these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-5.

Free drop Pass. This drop was made on the top
corner with the boxes inverted at

approximately a 45° angle. There was
no loss of contents and no
significant change in packaging
geometry. See Appendix D,
Table D-13.

Corner drop Not required.

Compression Pass. This test was conducted at
five times the gross weight for 24 hr
with no loss of contents or
significant change in package
geometry, see Appendix D,
Table D-25.

Penetration Pass. By analysis and comparison to
previous tests on 0.75-in. plywood,
which resulted in only minor dents.
See Appendix D, Table D-32.
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4.11.5 Quality Control

Packaging/Acceptance/Use Criteria
........

Acceptance/pre-use_inspection
Critical Major criteria

.... ,..... ,,,,,,, ,,, ,,

Lid/body interface Vendor Functional'
Sealing surface qualifications and

experience • Ease of lid application

• Mating surfaces flat and
smooth, no foreign matter

• Geometry, as specified

Acceptable conditions"

Joints/seams • Dimensions, as specified

• Glued

Closure • As specified, nail or screw

• Caulking on lid

• Steel banding of proper size
and location

• Nail-type and spacing

Vendor Vendor data as appropriate. Lot
qualifications and tests/inspections as appropriate by
experience shipper.

....... --

[hese criteria apply to first-time use and to reuse as a DOT-7A Type A
packaging.

4.11.6 Additional Information

Evaluation and testing of this packaging were performed at MLM and were
documented in Edling 1987. Complete evaluation reports are available upon
request from one of the DOT-7A Program technical contacts listed in
Section 1.1.2.

4.11.6.1 Primary Users

Site/Contact/Phone Address

Rocky Flats Rocky Flats Plant
R. R. Riddle P.O. Box 464
COMM/FTS 303-966-4596 Golden, CO 80402-0464
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4.12 WMCO FAMILY OF BANDED, WOODEN BOXES (DOCKETS: MLM, 8g-og-7A, 09/90)

4.12.1 Package Description

Dimens ons and Weights
....

External dimension Internal dimension _ Empty Authorized gross,,, ...... ,,,

Model Width Length Height Skid Width Length Height weight (tb) weight (lb)
(in.) (in.) (in,) (in.) (in.) (in.) (in.)

,. , ,,,,,..

G-4214 16.38 34.50 10.0 4.00 14.13 30.00 8.38 70 0 1,260
..... , ....

G-4245 12.25 18.50 10.0 3.13 10.00 14.00 8.50 25.0 225
,

G-4255 25.63 35.00 10.0 3.50 24.13 30.75 8.00 107.0 1,470
,,,

G-4273-5 27.00 41.25 13.0 3.38 25.50 37.00 12.00 132.0 3,035
, , ......

G42n627.00412s 160 33s 2550370 14.00146.0 3,540
,, ,

G-6292 16.38 34.50 17.0 3.38 14.13 30.00 16.13 85.0 1,330
....

Materials/Method of Construction

Drawing No. G-4292
OOF-5500-X-OO491, Rev. g

,,,, ,,,,,,,, ,

Drawing No. G-4214
OOF-5500-X-O0431, Rev. 19
OOF-5500-X-O1490, Rev. 3

, ....,,, ,,

Sides and ends 1.125-in. thick white pine

Bottom l-in. hardwood

Lids 2, O.5-in. plywood

Banding See drawing - 1.25-in. steel

Skids 3 wooden, 3.625 in. or 4 in.
.....

Drawing No. G-4245
OOF-5500-X-O0460, Rev. 3

,,

Lid I, 0.5-in. plywood

Banding 2 vertical and 2 horizontal

Skids 3.25 in.

Drawing No. G-4255
OOF-5500-X-O0468, Rev. 5
OOF-5500-X-O0470, Rev. 0

. , ,,,....

Drawing No. G-4273
OOF-5500-X-O0471, Rev. 14
OOF-5500-X-O0472, Rev. 7
OOF-5500-X-O0473, Rev. 4
,,.

All construction 0.75-in. exterior grade plywood

Skids 3 wooden, 3.625 in. or 4 in.
!
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4.12.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by the test contents. If they are not, testing or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

4.12.2.1 Physical Form

4.12.2.1.1 Solids Only. Restricted to Material Form No. 3 only. Each
shipper must determine the most appropriate form for his particular contents
and comply with any special requirements.

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition, see
49 CFR 173.443,.Contamination control.)

4.12.2.1.2 Maximum Gross Weight. See the Dimensions and Weights table
in Section 4.12.1.

4.12.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

4.12.2.3 Radiological. The decrease in distance to the center of the package
as a result of exposure to a 4-ft drop was estimated for each model as
follows:

Four-Foot Drop Test Estimates
,,

Decrease in distance
Model

to center (in.)
.....

G-4214 6

G-4245 3

G-4255 6

G-4273-5 12

G-4273-6 13

G-4292 6

These estimates were based on comparison with damage that occurred during
testing of similar packages. The shipper shall ensure that the radiation
level at any surface of the packaging would not increase by more than 20%
(relative to the radiation level of the undamaged configuration) if such
deformations would occur.
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4.12.3 Restrictions/Specifications

The loaded package must be banded as shown in Figures 4-21 through 4-25.

The following three possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

° Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Seal the box using GEOCEL or its equivalent. If the box is reused,
it must be re-coated with at least one coat to cover the seal areas
before each shipment.

• Ensure that there is no loose or removable contamination that could
be entrained in any liquid and that the radioactive material is not
soluble in the liquid. Thus, even if the liquids come in contact
with the radioactive material, there could be no transport from the
package.

NOTE: There are other possible approaches; however, if an alternative
approach is chosen, the basis for the choice must be supported and
documented. Using one of these alternatives or an equivalent method
allows these wooden boxes to meet this requirement.

For heavy, bulky materials (e.g., concrete chunks, motors, and pumps),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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4.12.4 4g CFR 178.350 Regulatory Requirements

Regulatory Comp iance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging _eets applicable requirements. !
tests

Water spray Pass. Water spray tests conducted on
all packagings demonstrated that this
test did not affect the ability of
the packaging to meet other Type A
test requirements. With the actions
required in Section 4.12.3,
Restrictions/Specifications, these
packagings also satisfy this test
requirement with respect to potential
inleakage of water. See Appendix D,
Table D-5.

Free drop Pass. All packages were subjected to
4-ft free drop tests with no loss of
contents. See Appendix D,
Table D-13.

Corner drop Not required.

Compression Pass. One package of each type was
subjected to the compression test.
There was no distortion or loss of
contents. See Appendix D,
Table D-25.

Penetration Pass. One package of each type was
subjected to the penetration test.
Minor indentations and some cracking
of the wooden lids were noted, but
there was no loss or dispersal of
contents. See Appendix D,
Table D-32.
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4.12.5 QualityControl

Packaging/Acceptance/UseCriteria

Acceptance/pre-use_inspection
Critical Major criteria

,.... ,,,,, ,, ,,,, -- __ _

Lid/bodyinterface Vendor Functional:
Sealingsurface qualificationsand

experience • Ease of lid application

• Mating surfacesflat and
smooth,no foreignmatter

• Geometry,as specified

Acceptableconditions:

Joints/seams , Dimensions,as specified

• Glued

Closure • Nail-typeand spacing

• As specified,nail or screw

• Caulkingon lid

• Steel bandingof propersize
and location

Vendor Vendordata as appropriate. Lot
qualificationsand tests/inspectionsas appropriateby
experience shipper.

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-TAType A
packaging.

4.12.6 AdditionalInformation

Evaluationand testingof the subjectpackagingtook place at MLM in
1989. WestinghouseHanforddevelopedthe final report and other documentation
as part of Docket89-09-7A. A completetest reportis availableupon request
from one of the DOT-7A Programtechnicalcontactslisted in Section1.1.2.

4.12.6.1 PrimaryUsers

Site/Contact/Phone Address

Feed MaterialsProduction WestinghouseMaterialsCompany
Center (FMPC) of Ohio (WMCO)
C. E. Block P.O. Box 398704
COMM/FTS513-738-6469 Cincinnati,OH 45239-8704
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Figure 4-26. ORNL Y-12 Series C Wooden Boxes
(contents restricted, see Section 4.13.3).

DOT 7A Type A
49 CFR 178.350

3/4-in. Steel Bands Sides, Top, and Base j
/4.in. Exterior

(6 required)
Grade Plywood

I

i

I

,4"
I

All Joints Nailed _
and Glued. Cement
Coated Nails at
13/4-in. Spacing

1/2-in. Exterior Corner Angles
Grade Plywood 2 in. x 2 in. x 1/8 in.

on Each Corner
2 in. x 4 in. or
4 in. x 4 in. Depending
on Box Size (See Chart
on Drawing Martin Marietta
TSD-61574)

Note: Inside lined with 1/4-in.-thick
Ethafoam* (not shown on drawing)
*Ethafoam is a trademark of Dow Chemical Company. 39106089.17b
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Figure4-27. ORNL Y-12 SeriesC WoodenBoxes.

DOT 7A Type A
49 CFR 178.350

Saddle
29 314 in. x 14 3/4 in.

or

23 3/4 In. x 11 3/4 in.

4 in.

1/2-1n.Nut

(8 places) \

1/2-1n. diameter >
All-Thread
Rod (4

©!
3/8 in. x 5-in. long
Lag Screw (wood)
(8 places)

n. Angle
(8 places)

1/4-in. Rubber
Lining

Note: 1. Brace contents lront and back
to keep lrom shilting.

2. Saddles made el 4 pieces of
1-in.-thick plywood glued
together. 39104048.2
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4.13 ORNLY-12 SERIESC WOODENBOXES(DOCKETS: 89-01-7A, 10/90;
90-19-7A, 08/91)

4.13.1 Package Description

Dimensions and Weights

- - Length Width- Height Weight
Model (in.) (in.) (in.) (Ib)

,,,.,, ,,,, _j., __ ,,, , ,

Exterior 49.500 25.500 29.500
C-I .... 130

Interior 48.000 24.000 24.000
, ., ,,,, , _ ,., , ,,,

Exterior 67.500 31.500 35.500
C-2 - - .... 200

Interior 66.000 30.000 30.000
__ ,,,,__ ,..,_ ,,,,

Exterior 79.500 31.500 35.500
C-3 ............ 230

Interior 78.000 30.000 30.000
,, ,,, .,, , ,.,

Exterior 50.375 18.875 18.875
C-280 ........... - - - 130

Interior 48.875 17.375 14.000
, _., ,,

Exterior 49.500 25.500 30.000
C-400 ........... .... 142

interior 48.000 24.000 25.500
,, , ,, ,,,,,,

Exterior 35.500 31.500 35.500
C-600 -- - .... 212

Interior 34.000 30.000 30.000
,,, ,., -, ,

Exterior 79.500 31.500 35.500
C-I000 ................... 236

Interior 78.000 30.000 30.000
.....

Materials/Methodof Construction

Major components Material
,,.,,,

S_des,walls, ends, top, and bottom .75-in.exteriorgrade plywood

Base sheet (bottomof skid) .50-in.exteriorgrade plywood

Joint/seams Nailed and glued

Top Hinged and closedwith Link-Lock
Latch #2

Skids- total of 3 4-in. x 4-in. lumber

Corner angle Aluminumangle,2 in. x .13 in.

Foam .50-in.Ethafoam"

Banding Steel, .75 in. x .03 in. _

NOTE" See MMES DrawingsNo. T2E-146358(C-I, -2, and -3) and
No. T2E-123911(C-230,-400, -600, and -1000).

"Ethafoamis a trademarkof Dow ChemicalCompany.
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4.13.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7A compliancewith the actualcontents.

4.13.2.1 PhysicalForm

4.13.2.1.1 SolidsOnly. Restrictedto MaterialFormNo. 3 only. Each
shippermust determinethe most appropriateform for his particularcontents
and comply with any specialrequirements.

• MaterialForm No, 3' Solids--objectswith no significant
dispersible or removablecontamination. (Fordefinition,see
49 CFR 173.443,Contaminationcontrol.)

4.13.2.1.2 MaximumGross Weight

Weights

Model Weight (Ib)

c-I 1,rio .....
C-2 1,700

C-3 2,230
C-280 2BO

C-400 400

C-600 600

C-I000 I,000

4.13.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

4.13.2.3 Radiological. The decreasein distanceto the centerof the package
as a resultof the 4-ft drop testingwas as follows:

Four-FootDrop Test Results
.....

Model Decreasein distance
to center (in.)

r ,,,,

C-I 2.125

C-2 5.500

C-3 5.000

C-280 0.750

C-400 0.750

C-600 0.750

C-]O00 0.750
.........
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The shippershall ensurethat the radiationlevel at any surfaceof the
packaging,would not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

4.13.3 Restrictions/Specifications

The boxes shall have at least two coats of a standardexteriorgrade
paint.

Note that the bandingrequirementschange for variousboxes. Band the
boxes per drawingrequirements.

Separationsof 3/8 in., 3/4 in.,and 3/4 in. occurredin boxes C-400,
C-600, and C-I000, respectively,as a resultof the drop test. Each shipper
must ensure that the contentsare of a size and form that could not escape
throughseparationsof this size.

The followingthree possibleapproachesare acceptablewith respectto
addressinginleakageand ensuringthat there is no transportof radioactive
materialsout of the packaging.

• Securelyenclosethe radioactivecontentswithinthe packaging
(e.g.,wrap and seal in plastic,etc.) so that any inleakingwater
cannot come in contactwith the radioactivematerial.

• Seal the box using GEOCELor its equivalent. If the box is reused,
it must be re-coatedwith at least one coat to cover the seal areas
beforeeach shipment.

• Ensure that there is no loose or removablecontaminationthat could
be entrainedin any liquid and that the radioactivematerialis not
solublein the liquid. Thus, even if the liquidscome in contact
with the radioactivematerial,there could be no transportfrom the
package.

NOTE: There are other possibleapproaches;however,if an alternative
approachis chosen,the basis for the choicemust be supportedand
documented. Using one of these alternativesor an equivalentmethod
allows these wooden boxes to meet this requirement.

For heavy, bulkymaterials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharp cornersor protrusions,or material/
containmentgeometriesthat could result in highlylocalizedforces,the
shippermust ensurethat the contentsare securelyfastened/positionedwithin
the package.
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4.13.4 49 CFR 178.350 Regulatory Requirements

Regulatory Comp iance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard requirements Meets applicable requirements.
for all packages See Appendix A, Table A-3.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-3.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-5.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pas.____ss.This test was conducted on
multiple test units and there was no
inleakage of water. See Appendix D,
Table D-5.

Free drop Pass. Multiple test units were
subjected to the 4-ft drop in varying
orientations with successful results.
See Appendix D, Table D-13.

Corner drop Not required.

Compression Pass. This test was conducted using
a test unit for each model with
successful results. See Appendix D,
Table D-25.

Penetration Pass. Penetration bar was dropped on
the top center and on the latches
with successful results. See

Appendix D, Table D-32.
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4.13.5 QualityControl

Packaging/Acce)tance/UseCriteria

Critical Major Acceptance/pre-use/inspectioncriteria"

Functional:

Body • Materialsof construction- Thickness
- Type
- Quality

Nailing • Nail spacingand type as specified

Banding • Width of banding

• Bandingmaterials

. Numberof bands

• Location

Joints/seams • Fastenersas specified
(cover-body
interface) . Mating surfacesflat and smooth

and freeof foreignmaterials

Surface • Appropriatepaint/orequal
preparation

Closure(hinges • Size,material,number screwsand
and latches) locationsimilar

Cushioningand • Thickness
gaskets

• Materialas specified

• Divisionof materialsper drawing
(C-2SO)

Acceptableconditions:

• Dimensionsand materials

• Lack of dents, no deformationof
sealingsurface

• Geometryas specified

• Gasketprovidesseal

• Bands as specified

"These criteriaapply to first time use and to reuse as a DOT-7AType A
packaging.
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4.13.6 AdditionalInformation

Evaluationand testingof the subjectpackagingstook place at
WestinghouseHanfordin 1990 and 1991 as part of DOT-7A Program
DocketsNo. 89-01-7Aand No. 90-19-7A. Mound Laboratoryconductedtestingof
the C-280,-400, -600 and -1000 models. WestinghouseHanfordcompleted
testingof the C-I, -2, and -3 models in October1990. Completetest reports
are availableupon requestfrom one of the DOT-7A Programtechnicalcontacts
listedin Section1.1.2.

4.13.6.1 PrimaryUsers

Site/Contact/Phone Address

ORNL MartinMariettaEnergySystems,Inc.
E. N. Turner P.O. Box Y
COMM/FTS615-576-2688 Oak Ridge Y-12 Plant

Oak Ridge,TN 37830
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5.0 FIBERBOARDCONTAINERS

5-1
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Figure5-I. DOT Specification12B FiberboardBox
(contentsrestricted,see Section5.1.3).

DOT 7A Type A
49 CFR 178.350

3-in. Foam
Sides, Top
and Bottom

de-Wall
Inserts (5/8 in. thick)

12B-65
Fiberboard Box

H

in. Plastic
Bands (4 or more)

W

_ _L 39106089.19
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5.1.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7Acompliancewith the actualcontents.

5.I.2.1 PhysicalForm

5.1.2.1.1 SolidsOnly. One materialform is authorized. Each shipper
must determinethe most appropriateform for his particularcontentsand
complywith any specialrequirements(e.g.,RTV, etc.)

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,
see 49 CFR 173.433,Contaminationcontrol.)

5.1.2.1.2 MaximumGross Weight

• 65 lb.

5.1.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

5.1.2.3 Radiological. The shippermust ensurethat the radiationlevel at
any surfacewould not increaseby more than 20% (relativeto the radiation
level prior to the test) as a resultof the decreasein distanceto the center
of the packageresultingfromthe 4-ft drop test. This decreasein distance
for each packageis given in the Dimensionsand 4-ft Drop Test Resultstable
in Section5.1.I.

5.1.3 Restrictions/Specifications

Contentsmust be of a size that would not move throughthe 1.25-in.-
diameterhole resultingfrom the penetrationtest bar.

Water-resistanttape is required.

Triple-Wallsupportor equivalenton all sides and ends is required.

Bandingwith 0.5-in.plasticor equivalentis required.

The followingtwo possibleapproachesare acceptablewith respectto
addressinginleakageand ensuringthat there is no transportof radioactive
materialsout of the packaging.

• Securelyenclosethe radioactivecontentswithin the box (e.g.,wrap
and seal in plastic,etc.) so that any inleakingwater cannotcome
in contactwith the radioactivematerial.

• Ensurethat there is no loose or removablecontaminationthatwould
be entrainedin any liquidand that the radioactivematerialis not
solublein the liquid. Thus, even if the liquidscome in contact
with the radioactivematerial,there could be no transportfrom the
package.
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5.1.4 49 CFR 17B.350RegulatoryRequirements

RegulatoryComplianceAssessment

Regulatoryrequirements Testing/analysisresults
-- _ -- __ . __ . _ _ ,., _ -

49 CFR 173.24,Standard Meets applicablerequirements.
requirementsfor all packages See AppendixA, TableA-4.

,m ,.,, ,.. - - , .., ,.. , --

49 CFR 173.411,Generaldesign Meets applicablerequirements.
requirements See AppendixB, Table B-4.

49 CFR 173.412,Additional Meets applicablerequirements.
requirementsfor Type A See AppendixC, Table C-7.
packages

49 CFR 173.465,Type A Meets applicablerequirements.
packagingtests

Water spray Pass. Packagingpasses only when specified
plastictape is used. This test was
conductedprior to each test.
See AppendixD, TableD-6.

Free drop Pass. Packagingpasses onlywhen
specifiedplastictape is used.
Note: Eachpackagemust be analyzed
with respectto the 20_ radiationlevel
increasecriterion. See AplendixD,
Table D-J5.

Corner drop Each size packagingwas subjectedto this
test with no loss of contents.
See AppendixD, Table D-21.

Compression Pas.___ss.This test was conductedfor 24 hr
with fivetimes the gross weight and,when
the Triple-Wallsupportswere used, this
test had no significanteffecton the
packaging. See AppendixD, Table D-26.

Penetration Pas_____ss.The bar routinelypenetratedthe
outer fiberboardsurfacebut, considering
the restrictedcontents,this is not
significant,See Section5.1.3,
Restrictions/Specifications,and
AppendixD, Table D-33.
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5.1.5 QualityControl

Packaging/Acceptance/UseCriteria
__ ,.....__ ....... _ .....

......... ........................ Acce'-'--ptance/pre-use/,
Critical Major inspectioncriteria

,, ,,,, ,,,,,,, ,,, , , ,

Lid or cover/body-Functional:
interface • Ease of lid application

• Mating surfacesflat and
smooth,no foreignmatter

• Geometry,as specified

Sealingmethods/ Materials,as AcceptableConditions:
materials specified

• Tape, water resistant

• Staples,type and spacing

• Thickness

• CompositIon

• Corrugations

• Surfacetreatment,etc.

• Dimensions,as specified

Vendor experience VendorData/Certification:
and qualification

• Marking

• Test data

• Type A certification
docu_nt as appropriate

Lot test/ inspectionsas appropriate
by shipper.

.....

"Thesecriterlaapply to first tlme use and reuse as a DOT-7AType A
packaging.
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Figure 5-2. LLNL Fiberboard Box.

DOT 7A Type A
49 CFR 178.350

12 in.
t2 in.

No. 10 Metal Can

with Mechanically f4oamCrimped Lid

• 4 in. of Foam from Side of Can
12 in. to Side of Box, Both Sloes.

,_ • 1 1/4 in. of Foam from Top and

J Bottom of Can to Sides of Box.
12 in. 12 in.

_ 39106073.7
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5.2 LI.NL12B-IOFIBERBOARDBOX

5.2.1 PackageDescription

Dimensions
..............

Height (in.) Width (in.) Length (in.)
i i i j ......

12 12 12

Materials/Methodof Construction

Fiberboardbox 12B-65 (49CFR 178.205)

Foam cushioning 4-in. minimum--sides,top, and bottom

No. 10 metal can Mechanicallysealed

Tape 2-in. fiberreinforcedpaper tape*

*This particulartape withstoodthe 1-hrwater spray test with no
significanteffects.

5.2.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7Acompliancewith the actualcontents.

5.2.2.1 PhysicalForm

5.2.2.1.1 Solids Only. Three materialforms are authorized. Each
shippermust determinethe most appropriateform for his particularcontents
and complywith any specialrequirements(e.g.,RTV, innerbag, etc.).

• MaterialForm No. I: Solids--anyparticlesize.

• MaterialForm No. 2: Solids--largeparticlesize only (e.g.,sand,
concrete,debris, soil,etc.).

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination. (Fordefinition,
see 49 CFR 173.433,Contaminationcontrol.)

5.2.2.1.2 MaximumGross Weight

• 10 lb.
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5.2.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the materialto be shippedwith the materialsof the
packagingin contactwith the payload.

5.2.2.3 Radiological. The 4-ft drop test causeddeformationsof the package
resultingin small decreasesin the distancefrom the exteriorto the center
of the package. The shippermust ensure that the radiationlevel at any
surfacewould not increaseby more than 20% (relativeto the radiationlevel
of the undamagedconfiguration)if such deformationswould occur.

5.2.3 Restrictions/Specifications

Contentsmust be of a size that would not move throughthe
1.25-in.-diameterhole resultingfrom the penetrationtestbar.

Water-resistanttape is required.

5-12
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5.2.4 49 CFR 178. 350 Regulatory Requirements

Regulatory Compliance Assessment

Regulatory requirements Testing/analysis results

49 CFR 173.24, Standard Meets applicable requirements.
requirements for all packages See Appendix A, Table A-4.

_ CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-4.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A package See Appendix C, Table C-7.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pass. This test was conducted prior to
the tests shown below. This test by
itself had no significant effect. Because
of the sealed metal inner container, the
potential inleakage Of water will not
adversely affect the performance. See
Appendix D, Table D-6.

Free drop Pass. This test was conducted on a top
corner with only a minor crumbling of the
impacted corner. After each test the
metal can was inverted in water in a
vacuum chamber and subjected to a reduced
pressure. No bubbles were detected,
indicating positive containment. See
Appendix D, Table D-15.

Corner drop Pass. The packaging would pass by
analysis and comparison to tests on
similar packagings. See Appendix D,
Table D-21.

Compression Pass. This test was conducted at 100 Ib
for 24 hr with no detectable effect. See
Appendix D, Table D-26

Penetration Pass. This test was conducted on the side
(impacted sealed end of can) and on the
top of the box (impacted side of can). In
each case the bar penetrated the box, but
the foam prevented major damage to the
can. In each case there was a dent
approximately 0.5 in. in the can. After
each test the metal can was inverted in
water in a vacuum chamber and subjected to
a reduced pressure. No bubbles were

. detected, indicating positive containment.
See Appendix D, Table D-33.

5-13

A-365



WHC-EP-0558

5.2.5 QualityControl

Packaging/Acceptance/UseCr teria

Acceptance/pre-use/,
Critical Major inspectioncriteria

Lid or cover/body Functional:
interface

• Ease of lid application

• Mating surfacesflat
and smooth,no foreign
matter

• Geometry,as specified

• Closure"secure"

Sealing Materials,as specified AcceptableConditions:
methods/materials

• Tape, water resistant

• Staples,type and
spacing

• Thickness

• Composition

• Corrugations

• Surfacetreatment,etc.

Dimensions,as
specified

• Test seals conducted
for can sealer

• Testingof metal can
seal as appropriate

VendorTest/Certification:

• Marking

• Test data

° Type A evaluation
documentationas
appropriate

Lot tests/inspectionsas
appropriateby shipper

"Thesecriteriaapply to first-timeuse and to reuse as a DOT-7AType A
packaging.
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5.2.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling 1987. Completeevaluationreportsare availableupon
requestfrom one of the DOT-7AProgramtechnicalcontactslistedin
Section1.1.2

5.2.6.1 PrimaryUsers

Site/Contact/Phone Address

LLNL Universityof California
Steve Chin LawrenceLivermoreNationalLaboratory
COMM/FTS510-422-0470 P.O.Box 808

Livermore,CA 94550
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Figure5-3. Tri-Wall PackageFiberboardBox.

DOT 7A Type A
49 CFR 178.350

in.

25 In.

3910608g.20
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5.3 TRI-WALL FIBERBOARD BOX

5.3.1 Package Description

Dimensions
,,,

Height (in.) Width (in.) Length (in.)
, ,,

25 25 52

Materials/Method of Construction

Tri-Wall fiberboard box 0.5 in. thick (see Section 5.3.6.2)

Urethane foam inserts 2 in. thick

Banding Tested with 0.5-in. plastic bands
2 around sides and ends
2 around cop and ends
2 around top, sides, and bottom
Any equivalent or better banding is
authorized

Taped closure 3-in. plastic tapes (or equivalent,
see Section 5.3.6.2)

5.3.2 Authorized Contents

The shipper must determine that the actual contents are closely simulated
by the test contents. If they are not, testing or analysis must be conducted
and documented to demonstrate DOT-7A compliance with the actual contents.

5.3.2.1 Physical Form

5.3.2.1.1 Solids Only. One material form is authorized. Each shipper
must determine the most appropriate form for his particular contents and
comply with any special requirements (e.g., RTV, etc.).

• Material Form No. 3: Solids--objects with no significant
dispersible or removable contamination. (For definition,
see 49 CFR 173.433, Contamination control.)

5.3.2.1.2 Maximum Gross Weight

• 350 Ib

- Packaging = 75 Ib

- Net contents = 275 lb.

5-17
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5.3.2.2 Chemical Form. The shipper must evaluate and ensure chemical
compatibility of the material to be shipped with the materials of the
packaging in contact with the payload.

5.2.2.3 Radiological. The 4-ft. drop test caused deformations of the package
resulting in small decreases in the distance from the exterior to the center
of the package. The shipper must ensure that the radiation level at any
surface would not increase by more than 20% (relative to the radiation level
of the undamaged configuration) if such deformations would occur.

.,

5.3.3 Restrictions/Specifications

Contents restricted to solid objects with no significant dispersible or
removable contamination.

Contents must be of a size that would not move through the
1.25-in.-diameter hole resulting from the penetration test bar.

Water resistant tape is required.

The following two possible approaches are acceptable with respect to
addressing inleakage and ensuring that there is no transport of radioactive
materials out of the packaging.

• Securely enclose the radioactive contents within the box (e.g., wrap
and seal in plastic, etc.) so that any inleaking water cannot come
in contact with the radioactive material.

• Ensure that there is no loose or removable contamination that would

be entrained in any liquid and that the radioactive material is not
soluble in the liquid. Thus, even if the liquids come in contact
with the radioactive material, there could be no transport from the
package.

NOTE: There are obviously other possible approaches; however, if an
alternative approach is chosen, the basis for the choice must be
supported and documented. The use of one of these alternatives or an
equivalent method allows these boxes to meet this requirement.

For heavy, bulky materials (i.e., concrete chunks, motors, pumps, etc.),
equipment or materials with sharp corners or protrusions, or material/
containment geometries that could result in highly localized forces, the
shipper must ensure that the contents are securely fastened/positioned within
the package.
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5.3.4 49 CFR 178.350 Regulatory Requirements

Testing/Analysis Results

49 CFR 173.24, Standard Meets applicable requirements.
requirements for All packages See Appendix A, Table A-4.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-4.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for Type A packages See Appendix C, Table C-7.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pass. Packaging passes only when
specified plastic tape is used. This
test was conducted prior to each test.
See Appendix D, Table D-6.

Free drop Pass. The tests were conducted with the
box impacting on the top corner. The
only effect was a crumbling of the
impacted corner. The maximum decrease
in distance was 1.75 in. This is not

expected to be significant; however,
each shipper must make this
determination. See Appendix D,
Table D-15.

Corner drop Not required.

Compression Pass. This test was conducted at
greater than 2,500 Ib for 24 hr with no
significant effect on the package
geometry or loss of contents. See
Appendix D, Table D-26.

Penetration Pass. This test was conducted on the
top (middle) and on one side (middle).
In each case the bar penetrated the top
and side wall, hence the Restriction in
Section 5.3.3. See Appendix D,
Table D-33.
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5.3.50ualtty Control

Packaging/Acceptance/UseCriteria

Critical Major Acceptance/pre-use/.
inspectioncriteria-

i ill i | m i i i i

Lid or cover/body Functional:
interface

• Ease of lid application

• Mating surfacesflat
and smooth,no foreign
matter

. Geometry,as specified

Sealing
methods/materials Materials,as specified AcceptableConditions:

• Tape,water resistant

• Staples,type and
spacing

• Thickness

. Composition

• Corrugations

• Surfacetreatment,etc.

• Dimensions,as
specified

Vendorexperienceand VendorTest/Certification:
qualification

• Marking

• Test data

, Type A certification
document,as
appropriate

Lot tests/inspectionsas
appropriateby shipper.

"Thesecriteriaa)ply to first time use and to reuse as a DOT-7AType A
packaging.
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Figure 5-4. DOT Specification 21C Fiberboard Drum.

DOT 7A Type A
49 CFR 178.350

Metal
Sealing Ring

Metal Lid

2-in. Foam
Rubber
Cushioning,Top,
Bottom,and Side

• . Height

ettOm _ InsideDiameter

Note: Wall supports necessarybut not shown.
See Restrictions/Specificationsparagraph.

39106073.8FH
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5.4 DOT-21CFIBERBOARDDRUM

5.4.1 PackageDescription

Dimensionsand 4-ft Drop Test Results
,,,

Decreasein distancefrom

Height Diameter cornerto center
Dimensions (in.) (in.) of package

(in.)

I 10.00 16.0 Bottom0.75
2 15.50 16.0 Bottom0.50
3 21.25 16.0 Top 1.00
4 9.75 20.5 Bottom 1.00
5 13.25 20.5 Bottom-chime1.50
6 27.25 22.0 Bottom-chime0.50

Materials/Methodof Construction

Sides,walls, and bottom Fiberboard(49 CAr 178.224)

Supports FiberboardTriple-Wall
(SeeSection5.4.6.2)

Top Metal

Closure Metal ringwith lever style closure
with gasket

Metal chime at bottomedge

Gasket required

5.4.2 AuthorizedContents

The shippermust determinethat the actualcontentsare closelysimulated
by the test contents. If they are not, testingor analysismust be conducted
and documentedto demonstrateDOT-7Acompliancewith the actualcontents.

5.4.2.1 PhysicalForm

5.4.2.1.1 SolidsOnly. One materialform is authorized. Each shipper
must determinethe most appropriateform for his particularcontentsand
complywith any specialrequirements(e.g.,RTV, etc.).

• MaterialForm No. 3: Solids--objectswith no significant
dispersibleor removablecontamination.(Fordefinition,
see 49 CFR 173.433,Contaminationcontrol.)
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5.4.2.1.2 MaximumGross Weight

• 115 lb.

5.4.2.2 ChemicalForm. The shippermust evaluateand ensurechemical
compatibilityof the material to be shippedwith the materialsof the
packagingin contactwith the payload,

5.4.2.3 Radiological. The shippermust ensurethat the radiationlevel at
any surfacewould not increaseby more than 20% (relativeto the radiation
level prior to the test) as a resultof the decreasein distanceto the center
of the packageresultingfrom the 4-ft drop test. This decreasein distance
for each packageis given in the Dimensionsand 4-ft Drop Test Resultstable
in Section5.4.1.

5.4.3 Restrictions/Specifications

Contentsmust be Of a size that would not move throughthe
1.25-in.-diameterhole resultingfrom the penetrationtest bar.

Triple-Wallsupports(minimumof five l-in,pieces on oppositesidesof
the package),

For heavy,bulky materials(e.g.,concretechunks,motors,pumps,etc.),
equipmentor materialswith sharp cornersor protrusions,or
material/containmentgeometriesthat could result in highly localizedforces,
the shippermust ensurethat the contentsare securelyfastened/positioned
within the package.
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5.4.4 49 CFR 178.350 Regulatory Requirements

Regulatory Compliance Assessment

Regulatory requirement Testing/analysis results

49 CFR 173.24, Standard Meets applicable requirements.
requirements for all packages See Appendix A, Table A-4.

49 CFR 173.411, General design Meets applicable requirements.
requirements See Appendix B, Table B-4.

49 CFR 173.412, Additional Meets applicable requirements.
requirements for lype A packages See Appendix C, Table C-7.

49 CFR 173.465, Type A packaging Meets applicable requirements.
tests

Water spray Pass. This test was conducted prior to
all the tests shown below. This test by
itself had no significant effect on the
packagings and there was no evidence of
inleakage of water. See Appendix D,
Table D-5.

Free drop Pass. This test was conducted on the
top closure ring and bottom chime with
no loss of contents and only a crumpling
of the edge. The side drop had little
detectable effect. Note the 20%
radiation level analysis required in
Section 5.4.3, Restrictions/
Specifications. See Appendix D,
Table D-16.

Corner drop Pass. This test was conducted on each
package with no effect. Thus, these
packages are authorized at all weights
115 lb. See Appendix D, Table D-22.

Compression Pass. This test was conducted with five
times the gross weight for 24 hr, and
when the Triple-Wall supports (required)
were used, this test had no significant
effect on the packaging. See
Section 5.4.3, Restriction/
Specifications. See Appendix D,
Table D-26.

Penetration Pass. The bar penetrated the side walls
about 50% of the time, but, considering
the restricted contents, this should not
be of significance. See Section 5.4.3,
Restrictions/Specifications. See
Appendix D, Table D-33.
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WHC-EP-0558

5.4.5 Quality Control

Packaging/Acceptance/UseCriteria
....

Acceptance/pre-use/,
Critical Major inspectioncriteria

, ,

Lid/bodyinterface Vendorqualifications Fiberboardcontainersare not
Sealingsurface and experience reusable

Functional•

• Ease of lid application

• Closurering size

• Geometry,as specified

AcceptableConditions:

• Lack of dents,no
deformationof sealing
surfaces

• Dimensions,as specified

• No sharp edges

Gasket • Gasketsize, material,
geometry,adhesives,as
specified

Body and chime Materialthickness Lot tests by shipperas
Composition appropriateand/orvendor

data/certification:

• Marking

• Test data

• Type A certification
documentas appropriate

Protectivecoating Visual:
application

• Surface/coatingas
specified

"Thesecriteria apply to first-timeuse and to reuse as a DOT-7AType A
packaging.

5-26
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WHC-EP-0558

5.4.6 AdditionalInformation

Evaluationand testingof this packagingwere performedat MLM and were
documentedin Edling 1987.Complete evaluationreportsare availableupon
requestfrom one of the DOT-7A Programtechnicalcontactslisted in
Section1.1.2.

5.4.6.1 PrimaryUsers

Site/Contact/Phone Address

MMES MartinMariettaEnergySystems,Inc.
H. E. Crowder P.O. Box Y
COMM/FTS615-574-2689 Oak Ridge Y-12 Plant

Oak Ridge,TN 37830

5.4.6.2 Suppliers

Triple-Wall
LewisburgContainerCorporation
Lewisburg,OH

5-27
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Appendix B.1

Waste Containers
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_E)4-1_UCLEAROXSPOSALL:IH(RS
DZH(IISZONANOVOL_(

Ussbl,
, I Liner _ty Netght HetQht Otllastir Has. InternS! Vol. (C,.Ft.) OiIpoI&I

C_rbon Stew1 L1-13 500 $1.375 Z6 I2.S 121HA 14.i

I._I;5 94S 109. Z$ 34 52.9 5Z/HA 57.4

L5-|0 HT 1000 S7 56 |3.9 HA 67.Z

LS-liO C)(T 1150 57 $8 82. g HAllO 67.1

L5.-60 |n-S|tu 3500 S7 56 dO.0 HA 67.3
L540 FR 1050 $7 68 |Z.g 771HA 67.3

L6-60 lrplFEOX 1225 57 5| 82.9 751NA 87. Z

L7-100 HT 1300 40 74.5 94.1 HA I00.9

L7-I00 C)4T 1450 40 74.6 94. I NAIO9 100.9

L6-120 HT 1200 74 61 120.2 HA IZ$.2
L8-130 CHT 1350 74 61 120.2 HAII17 1|5,|

L6-150 Zn-Sttu 4200 74.6 51 60.3 NA 135

LI-120 ;n 1250 74 51 120.Z 1141NA I||.|

L8-.120 FPIFEDX 1325 74 61 120.2 1121NA 135.Z

L14-t70 TVA Custo_ 1450 73.35 6g 151.3 NAI147 15|.|

L14-t70 HT 1550 71.375 74.6 172.7 NA 100.1

LI4-170 CHT 1750 71.375 74.| 172.7 NAII56 150.1

L1L-170 1n-StttJ _ T O O 74 74.6 56.1 HA 166.7
L14.170 FR 1500 71.375 74.6 172.7 1511NA 160.1

LI4-170 FPIFT.OX 1750 71.375 74.5 172.T 1501NA 1110.1

LI4-1gS 141" 1650 79 75 109.6 NA |07._

L14-195 O47 1650 70 7i 19}.6 HAllOS 307.4

LI4-1gS Zn-Cttu 5100 78.5 75 136.5 IrA 305. I

L14-195 Fit 1700 71 7& 101.5 1901HA |07.4

f.14-1|6 FPIF(IX 1050 TI 75 190.5 1671HA 607.4

L.ZI-IO0 HT 2300 1011 6| 320.6 HA 530, I

1.21-.I00 FPIFEI3X 2450 108 I12 320.6 ]O$1KA 3:10.I
24" z 72" IW 630 72 24 16.5 14/HA 18.8

NOT(: Steel Liners

A. Cement liners ire for 0 ftlters. For 3 tilters tdd IS 10s. For 5 filters Ind 25 lbs.

O, For renote grapple rings &dd:

r_ 14-195 - 93 tbs.
14-170 - 91 1hi.

6-1Z0 - 74 tbs.

7-100 - 91 lbs.

6- dO - 71 tbs.

*See attache4 stin44r4 ¢_es
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-- ill , i

i i ii i i,ii _ ill i, .i

'tPFIEIFIIE CARBON STEEL LINER
i|l i __ __ ill ii __

Carbon Steel Liners

w Snap-On Lids

, __ ,,, i

Container Dimensions container Internals Volume

Model (Ins.) W_. (LbS.) Wt. (Lbs.) (Cu. Ft.).. ......... |

II_ Empty Bur_al Solid.

Re£. Ooc. A-Dia B-Hi Tare GROSS Bead powdex Solid. (Int.)
.,.

TBD 150 49._ 52.0 46.8
ES-50 47.25 51.0 250 4,200 TBD

X-20-221D

ES-%42 63.5 69.75 I,i00 %0,000 65 180 TBD 122.2 128.3 TBD

X-20-266D

ES-_90 72.5 71.0 1,285 %6,800 75 i90 TBD 162.4 170.2 TBD
X-20-225D

ES-210 74.75 78.25 1,475 %8,000 75 200 230 191.0 199.4 185

X-20-224D

E5-2%O 74.75 78.25 1,475 20,000 75 200 230 191.0 199.4 185

X-20-224D

N E5-210 74.75 78.25 1,475 25,000 75 200 230 191.0 199.4 185

X-20-224D --,

T80 = To Be Oeter=_n_

• OPTION: 4 Point Lift Lug

--- 25.C-'-

! DIA.I !
I

\ ,/I

i

j

!,," ",l

x___.._._..._r
k //,

DIA,
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__ _.-,5"sQ------ DR,qIN.O_E5#-\ _:EEr(80TTOMO.L_')7
r-BALE /-LID WIREC.LOTW. \

/..._o / / .o_ ...
b !-__ / t o", 'or,

[

LATCH /
TOPEN O VIEW - -FOP VIEW BOTTOM END VIEW

5T_INLE55

I_ _/ STEELUJO_PL
..4

//
/65./2"/IqSIDE

I 7D.._'

/VOTES: SIDE VIEW

,""_,,,.,,o,,,,_--,.,,,.,.,,,0,0.,.. -_ TRANSNI.I(tEAR.INC.
FOR USE RT enRKIWELL eURI,qL SITE.

"4.MP_TERIAL" 5TRINLE55 STEEL TN- 8L WRSTE LINER
5.,,qUDLIKIG AUD LO,eDI/V6; TOOLS RZSO ,,,gO/R/Z_,qSLE.
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II

'4 II _dllFIC EC()I()C;Y GIU )L/I'. INC. BARRIERPLUS"SlainlessSteel/
PolyethyleneComposite
High IntegrityContainers

It le World Leacier S,ee,PadwasleConta,ners

h_ f,Y_dwaste Processing
_r]d Management SEG olle_s _11ille allrac- series - and everylhing in be-tween - SEG is commilled to

Ii'_ _qll_._.rll(Jli'.!esIo v,.,'_-lr,le quality fabrication and relia-

lt(Icl¢¢._f._illfl, bility 11"7olmeet or exceed the

I standards of the irTdt._stry.
_' "_'__ ',"_._./"_ S _ '_,-_ The Scientific ECology Group

, designs, manufactures, and in-

(  11j;,lill(tl'S ventoriesan extensiveselection
of specialized and regulatory- SEa Rc_(.twqsle f,.'etll_ill-

_. __ ..... _ --___..,|v__,.- -_ ...... -:1

approved radwaste disposal
containers. These SEG contain- _.lS (:_le pelfe,'lly _'Olll-
ers have the flexibility to acco- p_._lible I_) r_ _'._'1_SEa
modate the installation of Ileal of sl_ippiltg casks,
various internal mixers and cus-

as well rls oll_er ivlcl_strytom underarainsthat are
needed to meet the individual Crl,_l',s.
waste stream processingre-
auirements of our customers. Thoroughly tested, inspected

and approved, each SEG
Radwaste Container deliv-

SEa qq,r._lJlyslcll/dclrcls ered fully complies with oil
pertinent state burial and NRC

(Ire buill tibia every dis- regulations. Furthermore, all
I, _,rmore information contact: ROSCII ColllClJller. SEG containers that are sup-

SEG plied with underdrains have a

P.O. Box 2530 From the ASME-qualified weld- i direct verification feature to1560 Bear Creek Road
Oak Ridge, TN 37830 ing ii7 our steel liners to the i assure that minim, _m regula-

(615) 481-0222 composite construction of our ',tory performance standards
stainless steel BARRIER PLUSTM for ae,,uatering are exceeaed

:, ;t)s,d_,mrvat _%E3TIt,IG_, "_'5E
• .

,11711_ ,,l_B-9



J An easy referenceofvariousIN-STOCK SEG containersfollows:

BARRIER PLUS'"

. StainlessSteel/PolyethyleneComposite
. _- .--.,,• ---.----___

_,_1';_ :-_ mm -_ m MODEL# INTERNALVOL.(OF) CASKMODEL
.t_ "

I_..,!_,,_,_-_,_-.-.;i;_._-- 179 158 170/190/215
,_--'t,:".",;,'f... ,'_ '
i ,,._i_[j_]il_l.._ • ,t,, I.... , ,,._-

_ _ _ _ _ m_ m

I__'i, _-,.._l',l_ 131 114 135/142

_!__ _'.-:.-22_ 118 100 120

,. RADLOK®and BARRIER55'"
Polyethylene

"_" ,_,,__ _ MODEL, INTERNALVOL.(OF) CASKMODEL

RA_Lp._-!79j 195 173 ' 215

| 179 157 170/190/215

__ 100(163) 126 170/190
" "_ 500(136) 111 135/142

00 (73) .... 57 200 (82),

l_ll 55 (8.5) 6.5 ALLB 55 (9.2) 6.5 ALL

StandardSEG Liners



Appendix B.2

High Integrity Containers (HlCs)
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r  l=/4CIFIC ENVIRALLOY HiC
NUCLEBR,

ii ,. .. i i ill

Oimenszons Container Internals i '.'olume (Cu. Ft.)
Con=ainer (Ins.) Wt. Lbs.) Wt. Lbs.)

Model 4 Empty

(i) A-Ola B-H: Tare Gross Bead Powdex I (Int.) Burial

(2)
EA-50-A 46.5 50 75 1,500 4,200 YBD TBD 44.9 49,9

!

_-A-142-A 64.0 70 25 2,960 I i0,000 65 180 120.9 130.8
I

EA-140-A 64.0 71 25 2,985 I 15,000 TBD TBD 122.6 132,7

_-A-190-A 73.5 71 63 3,825 I 20,000 75 190 163.2 175.9

EA-2 lO-A 75.25 78 5 4,240 20,000 75 200 188.5 202.0

EA-50-C 46.5 50 75 i 560 4,200 )_/A N/A 42.4 49.9

EA- 142-C 64.0 70.25 2,990 I I0,000 N/A N/A 109.2 130.3

J

l
r-A-140-C 64.0 71.25 3 0!5) 15,000 N/A N/A Iii.i 132.7

EA-190-C 73.5 71.63 3 950 20,000 N/A N/A 147.9 175.9
EA-210-C 75.25 78.5 4 395 20,000 N/A N/A 175.0 202.0

NOTES; (I) Ser_es Nomenclature Reference Oocuoent TP.07
A: 24" opening NIA • Not Aogl:caDie

C: Fu_ oDen ooited top TBO = To Be Oetermznea

(2) Hanfor_-aes_gn weights ShOWn;
Barnwell _es_gns sl_ghtly less

(tare on//)

i
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•-- ,, , ,,

  PFIEIFIEI,LtELE/  ®i POLYETHYLENE HICi i iiii i iii i |iI i iii i ii L L li i III ii

................. , ,, .

DimensLons Container I Internals I Volume

(Ins) Wgt. (Lbs.) IWgt. (Lbs,)I (Cu. Ft.)
Container ........

Model A-Dia !B-Hi Tare I Gross Bead Powdex I Empty (Int.) IBurlal
,_, ,, , i ,, J .....=

EL-50 47.0 51,0 500 i 4,200 TBD TBD 41.0 51.0
i

EL-142 64.5 70.0 650 ! 8,250 65 180 113.6 132.4

EL-190 73.5 71.0 800 i11,950 75 190 150.6 174.3

EL-210 75.5 7B.0 900 13,000 75 200 176.7 202.1
: ! . ......

Reference Oocument X.20-2300
TBO • To Be DetermAne_
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t l i I I lltlllii I it i i illl ii lit i i_ll i illlrllllll ill_l i tll i iltl it ill

Empty Size/Type Internal
Polyethylene HlCs Weight Height Diameter Usable Vol, Disposal

(Lbs.) (In,) (in.) (cu ft.) Volume
""' , i '. ,,,H ,i, ,"

PL6-80 MT 500 56.5 57 73.3 83.4
,,,., ....... ,.. , ,,

PL6-80 MTIF 525 56,5 57 64.1 83,4
,.,., , ,.,, ,

PL6-80 FR 550 56.5 57 73.3 83.4
,,,.. ,,,,,

PL6-80 FP/FEDX 625 56.5 57 73.3 83.4
,,,, ,,,,

PL8-120 MT 600 73.5 60 107,6 120.3
,,., ,,

PL8-120 MTIF 625 73.5 60 95.8 120.3

PL8-120 FR 650 73,5 60 107.6 120.3
,.. ,,.,

PL8-120 FP/FEDX 725 73,5 60 107.6 120.3
,,,,. ,,,., ,,,,, ,,

PL14-170 MT 800 71.5 72.5 150.3 170.8
.,,,, ,., ,,,

PL14-170 MTIF 850 71.5 72.5 134,9 170,8
,,,., ,

PL14-170 FR 850 71.5 72.5 150.3 170.8
.. ., ,,,, , ,,,. ,

PL14-170 FP/FEDX 1,000 71.5 72.5 150.3 170.8

PL14-195 MT 850 78 74 171.4 194.1

PL14-195 MTIF 900 78 74 154.6 194.1
,,.,,q

PL14-195 FR 900 78 74 171.4 194.1
,.,,, ,,,

PL14-195 FP/FEDX 1,050 78 74 171.4 194.1

PL14-215 MT 1,200 78.375 76 189.2 205.8
,,=

PL14-215 MTIF 1,250 78.375 76 171,7 205.8
,,,, ,,,,

PL14-215 FR 1,250 78.375 76 189.2 205.8
,,i ,.,,

PL14-215 FP/FEDX 1,400 78.375 76 189.2 205.8
.....,,.

PL2.1-300 MT 1,1O0 108 80 285.1 314.2

PL.21-300 MTIF 1,175 108 80 262.1 314.2

P1_21-300 FR 1,150 108 80 285.1 314.2
,....

PL2.1-300 FP/FEDX 1,350 108 80 285.1 314.2
,.,
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I _ '_'__ Lid lift Inserts
i_- Vent assembly .

._.__ Epoxy grout

i

Carbon steel coated with
_ carbollne 300 and 302

84.00 in.
_ Epoxy coating (20 mtl)

6, I

i;i_ _ Polystyrene liner

........... .> 2}:{:_?:i,_,._:,:.-..... Heavy-duty polystyrene disk

Hydrated aluminum oxide

0.25-in. carbon steel liner

-,.o. Concrete

_ 6i.50-in. diameter _ _
INEL 2 0385

High integrity containers used for disposal of TMI-2 wastes
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Appendix B.3

Filter Canisters
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Filter canisters were used in the vacuum top of the canister. From the chamber, the slurry

removal system to remove panicles 850 _ and flowed down and around filter bundles consisting
smaller from the flow stream• These canisters of a stack of 17 filter elements. Each filter ele-ment was made of sintered stainless steel filter
were also used in the defueling water cleanup sys- media with corrugated pleats around a perforated
tern for the same purpose. In either system, water

containing small fines entered the filter canister core tube. The water flowed from the outside
through an inlet nozzle on the upper head. The through the filter media and into the center tube,
slurry.' flowed down into a full-diameter mixing which directed the filtered water down into the
chamber that was 30.5 cm (12 in.) lon_ at the lower head. The flow then went up a drain tube" and out a nozzle on the upper head.

B-19
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SDS VESSELS

The SubmergedDeminerallzerSystem(SDS)was used at ThreeMile IslandUnit 2 (TMI-2)to processthe
accessgeneratedwaste and removeradlonuclides,principallycesiumand strontium. The SDS vesselscontained
an inorganicion absorptionmedium(demineralizer)calledzeoliteand were submergedin the TMI-2 spentfuel

pool for radiationshielding,hencethe name " SubmergedDeminerallzerSystem." The systempumpedra_c)active
_ter throughthe zeolitebeds in the vessels,leavingthe radioactivecontamlnant_,predominately"Cs and
Sr, boundin the structureof the zeolites. Eachvesselwas loadedwithaboutB ft_ of a mixtureof two types

of zeolites-- Linde IE-95and LindeA-51.

The SDS filtersystemprocessedor reprocessedmorethan2,000,000gallonsof accidentgeneratedwaker
contaminatedwith364,000curiesofcesiumand strontiumand 694,000curieswithdaughterproducts.Radioactive
loadingon the expendedzeolitesweregenerallymuchhigherthanthosefororganicionexchangewastesgenerated
at normalcommercialnuclearpowerplants.

Beforethe SDS vesselscouldbe shipped,radlolyticgas productioninthe vesselshad to becheckedand

quantified. In some vessels,H2 and 02 gasesfrom radiolyticdecompositionof waterwere beinggeneratedat
rates that could have reachedflammabTegas concentrationsduringshipment,which is prohibitedby Federa]
Regulation49 CFR 173.21. To controlthe gas generation,a catalystwas insertedintoeach sealedvesselto
recombinethe radlolytlcgassesback intowater. The vesselswere vacuumeddried to enhancecatalystsystem
performance.

(A more detaileddescriptionof the SDS Vesselscan be found in reportby G. J. Quinn,J. O. Henrieand J.
Greensborg,SubmerqedOemineralizerSystemVesselShlpmentReport,GEND-035,June 1984.)

Vent line valve

ite fill
,// opening

nlet

,Vent port

Upper skirt

,Catalysts
added
to this
Johnson
screen

Distribution
header

Contains
8.0 ft3

53.5 In.
(227 L)

(1.36 m) of inorganic Flex
zeolite hose

"i Lower
drain

,f-
.ower
Skirt

INEL 3 0445

24 in.
(610 mm)--
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EPICOR-II Prefilter

Each EPICOR-II prefilter liner is a c,.'linder In processing water from the Auxiliary and Fuel
1.2 m (48 in.) in diameter by 1.4-m (54-in.) high, Handling Buildings of TMI, each prefilter col-
fabricated from 6.4-ram (1/4-in.) welded steel (Fig- lected radionuclides consisting mostly of Cs-137,
ure 1). Each liner contains 'x,850 m 3 (30 ft 3) of ion -134, and their daughter products; small amounts

exchange media which are either organic resins or of Ru-106, Rh-106, Sr-90, Co-60, and Ba-137; and I
organic resins and zeolite absorbers, An inlet trace amounts of U-238 and some transuranic ele-
header system was used to spread unprocessed ments. Hydrogen gas is generated in the prefilters
water over the top of the ion exchange media, while from radiol.vtic degradation of demineralizer mate-
an outlet header system collected water processed rials and radiolysis of water. To prevent buildup of
through the ion exchange media. Each liner is that gas, a plug was removed remotely from the
coated inside and out with Phenoline 368 paint to vent port of each prefilter upon arrival at iNEL.

protect it against corrosion. Metallurgical examina- Removal of the vent plug allowed the gas to exit
tion of two prefiher liners, performed as part of the continuously from the prefilter during storage.
EPICOR-II Research and Disposition Program,
has shown that the estimated life of the liners

before failure by corrosion is greater than
50 years. An EPICOR-II liner weighs 635 kg
(1400 lb) empty and 'x,1542 kg (3400 lb) when
loaded with resin. Resin loadings range from
585 kg (1290 lb) to 880 kg (1940 lb).

0 106.m 14.in.)
connection

-_ m lid _ Ltlhng lug

25 mm 11 of 2)
(1 m.)

l i.4 ram| t

• lnletlonexchangeO_SlrIDull°nneaoer: : .. (,

- presm level

Ion exchange
mea_a
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Appendix B.4

Storage Casks
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CASTOR-IC

(I) Type Storage

(2) Manufacturer/Vendor GNSI

{3)_ (assys)
(a) IntactSF 16 8WR
(b) Consolidated Fuel Rods 21BWR

{4)_ (tonst
(at Loaded 81.1
(b) Empty 76.6

(5) Thermal

(at DesignHeat Rejection (kW) 14.4 (intact)
15.6 (consolidated)

(b) Peak Clad Temperature(°C) 365 (intact)
348 (consolidated)

(6) Shape RoundedSquare

(7) Dimensions

(a) OverallLength (in) 216.9
(b) OverallCross Section{in) 68.I
(c) CavityLength (in) 179.5
(d) CavityCross Section{in) 26.2
(e) Wall Thickness,w/o fins (in) 17.3
(f) CoolingFin Length (in) 4.7
(g) Lid Thickness(in) 21.7
(h) BottomThickness(in) 17.6
(i) Basket Length.(in) 172.0
(j) Basket Cross Section (in) 25.2
(k) Thicknessof BasketSpacers 0.4

(8) NeutronShield

(a) No. Rods 80
(b) Rod Diameter(in) 2.4
(c) Side Thickness(in)
(d) Lid Thickness(in) 2.4
(e) BottomThickness(in) 1.6

(g) Materialsof Construction

Ca) Cask Body NodularCast Iron (Ni-PlatedInside)
(b) Basket BoratedSS
(c) Neutron Shield Polyethylene

(I0) No. Cooling_Fins 48

(11) Cavity Atmo_heree He

(12) CaviL# Pres)ure(psla) 11.8

{13) OutsideSurfaceDose (mR/hr) 20 av./2OOmax-7
(14) MaximumLeak Rate (I/s] I0

(15) Licensln9 Status NRC approvedTSAR for storageSpring 1985 (IOCFR71)

(16) Comments A singleCASTOR-ICcask is availablein the U.S.and is currentlyat the
TVA Browns Ferry Plant.

References

(I) D. R. Rector et al, Castor-IC Spent Fuel Storage Cask Decay Heat, Heat
Transferjand Shielding-Analyses,PNL-Sg74,December1986

(2) D. R. Rector et al, COBRA-SFSThermal- HydraulicAnalysisof the CASTOR-IC
and REA-2023BWR Stor¥_eCasksContainingConsolidatedSpent Fuel, PNC_
December1986
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-- ProtectionPlate

_I,_//I/i '/'_''/" I_ T_ SecondaryLid

\
• " .... "_ _ PrimaryLid\ \

L

, 1 _i_

I" \

Moderator Rods ,, =" CaskBody-- m _W

llL\ _'_\ I
Basket _-

!! I 51.0 cm

" " -+[l\

\ _ 1 - Cooling

Fins
\

\

\

\
I

._.w\ i

\
I

\

,,

I. 17._.o¢_ J
F (5.6Bft) "I

ELEVATION VIEW OF THE CASTOR-IC CASK
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1 I I
/ #" '"

/ /'

," 66.6 cm

(2.19 ft)

I #/ _ !

• I
P-- / o" •

• / / I ,..

CROSSSECTIONOF THECASTOR-ICCASK
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CASTORV-21

{I) Type Storage

(2) Manufacturer/Vendor GNSI

{3) Capacity (assys)

(a) IntactSF 21PWR
(b) ConsolidatedFuel Rods 42 PWR

(4) _ (tons)

{a) Loaded i17
(b) Empty 102

(5) Thermal

(a) DesignHeat Rejection(kW) 28 (intact)
N/A (consolidated)

(b) Peak Clad Temperature(°C) 365 (intact-horizontal)
352 (intact-vertlcal)

(6) _ Cylindrical

(7) Dimensions

(a) OverallLength (in) 192.4
(b) OverallDiameter(in) 93.9
(c) Cavity Length (in) 163.5
(d) CavityDiameter(in) 60.1
(e) Wall Thickness, w/o fins {in) IS.O
(f) CoolingFin Length(in) N/A
(g) Lid Thickness(in) IS.O
(h) BottomThickness(in) IB.l
(I) Basket Length {in) 161.8
(j) BasketDiameter(in) 60.0
(k) Thicknessof BasketSpacers N/A

(8) NeutronShield

(a) No. Rods N/A
(b) Rod Diameter (in) 2.4
(c) Side Thickness(in)
(d) Lid Thickness{in) None
(e) BottomThickness(in) None

(g) Materialsof Construction

{a) Cask Body NodularCast Iron (Ni-PlatedInside)
(b) Basket SS/BoratedSS
(c) NeutronShield Polyethylene

(10) No. Cooltnq Fins 73

(II) Cavlt# Atmosphere Helium

(12) Cavity Pressure(psia) N/A

{13) OutsideSurfaceDose (mR/hr) 200 max.

(14) MaximumLeak Rate (I/s] N/A

(15) Licensin9 Status NRC approvedTSAR for storageIn Fall 1985.

(16) Comments A CASTORV/21 was successfullytestedat INEL. Five (5)casksorderedby
VirginiaPower Surry Station{IndependentSpent Fuel StorageInstallation).GNSI
is pursuingtransportationlicensingeffort.

References

(I) Electric Power Research Institute,The Castor-V/21PWR Spent-FuelStorage
Cask: Testin9 and Analyses,EPRINP-4887, Novemberi986

(2) RobertT. Andersonand VictorJ. Barnhart,CastorV SpentFuelCask IgB5-1986
StatusUpdate,INMM SpentFuel StorageSeminarIII,Washington,D.C.,January
1986

N/A means not available.
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Secondary Lid

Fuel Basket

CASTOR V/21 PWR SPENT FUEL STORAGE CASK
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Orientation
Mark

2_
Drain Pipe --

.90 o
270 °

Trunnion

Cask Body
Fuel Basket'

Mode
Rods

18'0°

CASTOR V/21 CASK CROSS SECTION

B-30



TN-24

{I) Type Storage

(2) Manufacturer/Vendor TransnuclearInc.

(3) Capacity (assys)

(a) IntactSF 24 PWR, 52 BWR
(b) ConsolidatedFuel Rods 48 PWR, 104 BWR

(4) _ (tons)

{a) Loaded I00
(b) Empty 77

{5) Thermal

(a) DesignHeat Rejection!_W) 24
(b) Peak Clad Temperature_ _} 375

(6) _ Cylindrical

(7) Dimensions

(a) OverallLength (in) 186.B (198.5w/protectivecover)
(b) OverallDiameter(in) 92.4 at trunnions;BB.5 at outer shell
(c) CavityLength(in) 163.2
(d) CavityDiameter(in) 51.2
(e) Wall Thickness{in) 9.5
(f) CoolingFin Length (in)
(g) Lid Thickness(in) 10.5
(h) BottomThickness(in) 10.25
(i) BasketLength(in) 162
(j) BasketDiameter(in) 57
(k) Thicknessof Basket Spacers(in) 0.4

(B) NeutronShield

(a) No. Rods None
(b) Rod Diameter(in) None
(c) Side Thickness(in) 5.38
(d) Lid Thickness(in) 2.75
(e) BottomThickness{in) 2.75 (horizontalstorage)

(9) Materialsof Construction

(a) Cask Body SA3SO,Gr. LFI
(b) Basket Boron SS w/copper plate
(c) NeutronShield PolyesterResin

(IO) No. CoolingFins None

(11) CavityAtmosphere Nitrogenor He

(12) Cavit_ Pressure(psia) 33.9 (initial)

(13) OutsideSurfaceDose (mR/hr) 60

(14) MaximumLeak Rate (at_-cc/sec) 6.5 x 10-7

(15) Licensin)Status TopicalReportunderreview.

References

(I) CommunicationC. Pennington(Transnuclear)to E. Johnson (jAI),SeptemberI,
1987
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REA-2023

(I) Type Storage

(2) Manufacturer/Vendor MltsublshlHeavy Industries

(3) Capacity(assys)

Consolidated Fuel Rods 48 PWR;104 BWR

(4) _ (tons)

(a) Loaded g8 (w/IntactBWR assemblles)
(b) Empty 84

(5) Thermal

(a) Design Heat Rejection (kW) 44.6 (intact BWR)
41.6 (consolidated BWR)

(b) Peak Clad Temperature (°C) 304 (intact BWR)
324 (consolidated BWR)

(6) _ Cyllndrlcal i
(7) Dimensions

BWR PWR
(a) OverallLength (in) I-'g'_.6
(b) OverallDiameter (in) 87.6 93
(c) Cavity Length (in) 177.2 166.7
(d) Cavity Diameter (in) 61 66

Wall Thickness(in) 13.25 13.5:I
., CoolingFin Length {in) - -

(g) Lid Thickness (tn) B B
(h) Bottom Thickness (in) 7.25 7.25
(I) BasketLength (in) N/A NIA
(J) BasketDiameter (in) 61 66
(k) Thicknessof BasketSpacers

(81 NeutronShleld

(a) No. Rods None
(b) Rod Diameter (in) None
(c) Slde Thickness(in) 6 (6.25w/cover)
(d) Lid Thickness(in) None
(e) BottomThickness(in) None

(91 Materialsof Construction

(a) Cask Body Lead/mS
(b) Basket SS w/BoralInserts
(c) NeutronShleld Glycol/Water

(101No. Coolln_Fins None

(11)CavityAtmosphere He

(121CavityPressure(psla) N/A

(131OutsideSurfaceDose (mR/hr) 20 max.

(14)MaximumLeak Rate {I/s) N/A

(151LicensinqStatus TSAR submittedto NRC by REA. NRC questionsnot answeredas yet.

(161Comments One cask was procuredby DOE and used In a testingprogramat GE Morris
IL plant. Cask Is now at %NEL and may be used for lag storagein connectionwlth
PCDP.

References

(1) D. R. Rector et al, COBRA-SFSThermal-Hydraulic Analyses of the CASTOR-ICand
REA-2023 BWRStoraqe Casks Containin_ Consolidated Spent Fuel, PNL-S802,
December 1986

(21 Ridihalgh, Eggers and Associates, Inc., Topical Report for the 2023 Dry
Storage Cask for BWRSpent Fuel, April 1983

. (3) W. J. WooleyCo., Specificationsfor the REA-2023,1983

N/A means not available.
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I

NUPACcP-gD

(I) Type ConcreteStorageCask

(2) Manufacturer/Vendor NuclearPackaging Inc.

(3) Capactty (assys)

I:I ,ntactSF 9PWRConsolidated Fuel Rods 18 PWR

(4) _ (tons)

I:1 Loaded 88Empty 80

(5) Thermal

Peak Clad Temperature ) 290

{6) _ Cylindrical

(7) Olmens|ons

l_I OverallLength (in) 214.SOverallDiameter(in) 102
(C) Cavity Length {In) 173

))) Cavity Diameter(In) 35 (33 square)Wall Thickness (in) 34.5
(f) Lid Thickness(in) 15.B
(g) Bottom Thickness(in) 27
(h) BasketLength (in) 173
(I) BasketDiameter (in) 33

(8) Materialsof Construction

i:I BasketCaskBody SteeIRelnf°rcedConcretec) NeutronShleld Concrete/RX-277

(g) No. CoollngFlns Hone

(I0) CavityAtmosphere Inert

(11)Cgvit_Pressure (psla) % arm.

(12)OutsideSurfaceDose {mR/hr) 20 max.

(13) MaximumLeak Rate (I/s) I0"7

{14) LicensingStatus TopicalReportsubmitted.

(IS) Comments This cask must be dry loaded and, therefore,needs a transfercask and
_ollar for its use. It containsshield plugs in the top of each of the
basketcavities. Thls caskmay alsobe unloadedunderwater(cP-gW)and thusneeds
no transfercask, shieldcollar,or shieldplugs.

At presentthis is a designconceptonly; no casks have been manufacturedas yet.
However,NUPAC is commerciallybiddingon the use of these casks to meet utility
storagerequirements.

A similarcask with a capacityfor storing25 BWR assemblies Is beingdesigned.

References

(I) PhilipA. Craig,At-ReactorSpent Fuel Storajein ConcreteCasks, INMM Spent
Fuel StorageTechnologyseminarIV; Washington,D.C., January 1987

(2) TopicalSafetyAnalysisReportfor the NUPAC cP-g ConcreteStorageCask, TP-
08, Rev. I, November1987

(3) Personalcommunication,PhilipA. Craig,NUPAC,January 25, 1988.
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Large MPU - Preliminary Concept

OCRWM multi-purposecanisterconcept(2 of 2)



Figure 1. Figure 2.

UCS Inner C_,ontnlner Disposal Over Pack

Conceptual design of the Virginia Power universal container for

spent nuclear fuel storage. (No specific details available)
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MC-10

(I) Type Storage

(2) Manufacturer/Vendor Westinghouse

(3) Capacity (assys)

{a) IntactSF 24 PWR, 49 BWR
{b) ConsolidatedFuel Rods (N/A;prototypeonly)

(4) _ {tons)

{a) Loaded llg.8
(b) Empty 102.8

(5) Thermal

(a) DesignHeat Rejection ()W) 13._ (intact)
(b) Peak Clad Temperature(_C) 336 (intact)

(6) _ Cylindrical

(7) Dimensions

(a) OverallLength (in) 194.8
(b) OverallDiameter (in) 107.9
(c) CavityLength (in) 164.1
(d) CavityDiameter (in) 68
(e) Wall Thickness{in) I0.0
(f) CoolingFin Length (in)
(g) Lid Thickness(in) 13.5
(h) BottomThickness(in) II.0
(i) BasketLength (in) N/A
(j) Basket Diameter(in) N/A
(k) Thicknessof BasketSpacers (in) 0.4

(8) NeutronShield

(a) No. Rod_ None
(b) Rod Diameter (in) None
(c) Side Thickness (in) 3.0
(d) Lid Thickness(in) 2.5
(e) BottomThickness(in) 1.5

(9) Materialsof Cnnstruction

(a) Cask Body Low L_loy/ForgedSteel
(b) Basket SS Grid/SSStorageCell/

Boral Plates
(c) NeutronShield BISCONS-3

(IO)No. CoolingFins 24

(II) CaviL#Atmosphere He

(]2) Cavit_Pressure (psia) 35

(13) Outside Surface Dose (mR/hr) 100 max.

(14)MaximumLeak Rate (I/s) I0"10

(15) LicensingStatus TSAR submittedto NRC. LicenseapprovedSeptember1987.

(16) Comments One cask is in existenceat INEL and has been successfullytestedthere
_sing Surry spent fuel. The major differencesbetween this prototypeand the
licensedversion are the exterior cooling fins (consolidatedfuel) and aluminum
basket.

References

(I) Electric Power Research Institute,The MC-ID PWR Spent Fuel Storage Cask:
Testingand Analyses,EPRI NP-526B,July 1987

(2) LetterP. I. Fuhrman (W) to E. R. Johnson(JAI),February4, 1988.

N/A means not available.
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Seal Cover

Neutron Shield

Primary

Shield Cove
q

Trunnions _ d,,

Removable Fuel
Storage Cell

Vessel Wall
(Gamma Sh,eldl

Neutron Sh,eld

Basket AssemOly

Cooling Fins

eli

Stainless Steel
Outer Shell-._

MC-IO SPENT FUEL STORAGECASK

B-42



,,, |=

-- rr _L

i i

i L II III

I II I IIII ..... i

I

_" i" .... _ I...............

;-r'l

O
m_ e_

Q

m

o





I procedure development,
'icensing support and pub-

" information programs.
SEG can even design and
manage the construction

of the storage facility, in-
cluding concrete storage
pads, lighting and security
system.

For solutions to your Spent
Fuel Management prob-
lems, call on the Scientific

Ecology Group, Call SEG.
i

I

MC-10 METAL CASKS

FOR DRY STORAGE OF STRUCTURAL INTEGRITY TO RESOLVE
SPENT FUEL ARE BETTER SPENT FUEL
THAN CONCRETE! • Cask Body: SA 508 class MANAGEMENT

4b forged steel vessel PROBLEMS, CALl.:
• Operationally simpler, meets fracture tough-

- No system-to-system ness requirements for
transfers required, transportation casks. SEG

- No canisters to P.O.Box2530
weld. • Basket: Stainless steel 1560 Bear CreekRoad

"egg crate" Oak Ridge, TN 37830

• Competitive _ design with (615) 481-0222
total life [_ BoraF M plates

cycle costs !i for criticality ORcontrol.
• Lower i_, NuclearWasteTechnology

personnel ,, 2400 Ardmore Blvd.

radiation Basket assembly Pittsburgh, PA 15221
exposures that assures (412) 636-5877

criticality control
even with

CAPACITY unirradiated fuel.
i !

• 24PwRassemblies. ---'

illr--f

• 52 BWR assemblies, REGULATORY :

• Fuel burnups

up to 35,000 • NRC Certificate of ' S__MWD/M.TU. Compliance No. 1001.

• Approved for use under _ ..........,,..............-,
Heat dissipation General License, Subpart
up to 15 kw. K of lOCFR72. ' _,,_o,,,o,,,,_.,j,o_,,j,_or_s,,,',c,,,:....:
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Appendix C

Sealed Radiation Sources

Appendix C.1 Typical Sealed Sources and Uses

Appendix C.2 Examples of Nonreturnable and Returnable
Packaging

APPENDIX C.3 Conceptual of 55-gallon Drum for Seal/Devlce
Source for Storage and Transport
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Appendix C.1

Typical Sealed Sources and Uses
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X-ray fluorescence

Technique

F_maryrac3,ahor_from tr'e ra_,o4sotooesource exc."tesatoms of
thecements {3reser't_ntreesam_, remowng eectrons from the
suP-st,ells rouna the nucleus. X-r_s cr'_r-aC,er_t_ ofeach
cement areem_rte_ase._ectronsfrom me outw st'_ls and move
to".i_me gapscreated Jninnersr',els. The snellfrom ,,vhtcnme
e.ectron ,sremove<_Ceterm,nes thesenes of X-rays Droduce_.
T't"e_n{ens_ of the X.ray _s_na_cat_veof the concentration of me
partJcutare4ement_nthesarnD_.S_ncer'_to_sotooes emrt
soecr_ rachat_s, aIfmrtabonresutts on me range of eernents

cr,aractenst.,cX-raysca_ beexcited. Thus a se_es of
nuc:_aesJsemployed _norcer that excitation of aJleJementsfrom
S_t_COntOurar_um r_..3,'_beachieve,el.

Geometry

.... _-_ ' A a" I_ I

,.too. L,JL LI

Applications

t Al_yanatys;sfor cneckJngstock, scra,os_rhrK:jat_ cnec_Jng
comDor'_tS.

@ _nm_n_ng,ana_)s of matenal excavated from ORs,ar_
co_'es,cm,o#_ngsariasJurnesfrom _nlhngooerat_ot_.

• At_aws_sof e_ctroO_at_r_js_ulK_ns.
• _ crem_,a_anah,s_,

Source
Slill'm_l_tI $1e_i,

",1_ _''-. :..:-_ ,,_ ._

, l,_-& "_ .....,., '.

,11_0',

Cal:_w_mme_'_m,oas =rmS,_ety l:_forman<:e tmst_r_l

' '" ; :_ _ ; ".;-:. :.' ":_,5_ 3&3,S ,;,k4C
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Thickness gauging

Transmission thickness technique

Tre sourceant :reoe,.ec:orarez:aceocr,cooos,les,ces:'','e
,'_ater,altoDemeasur_ Samma orDe',=,.ao,at,on'.rBr'srr:'ec

:rro_.Qntr_esample,s:teno,rec::yre_atc:-3toIresamp,e
ln,cKr,ess.prov,aecthezer,s;rvoftr_emater,al_scor,stant

Geometry

Applications

Gamma gauging Beta Gauging
. _r_lrr..as::ss',""_rr-.=,-e_al• r-,c,_ress_au_:rzz':-"eet"eta_."raSS ;',:aS'Ca"Or-Z'.er _ _'D_,c_r'essgauc:rgof'=" .....

" " C,..,.rr'.. ,.,
at:r,c_r,ess'or.,_argeforzetasourcese ; ;rearer:_an r,.;DOer'3,textilesant;aDer.e..:.- i ""_ .....
500m_,,cm_ • The we,gnlngof c'.garertes
• _e_twe,c_,ng. :,,v,r.z -aSS _k; m'_"e,,.,,,r"gon ccr,veyor "-e,t • Measuremem cf cus: a,"_ DOll_'at'tl ,eve_ssn f;,:e":azer

samples e.g.. 0 1- Z.30m_m" c-st

source
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Thickness gauging

Beta backscatter thickness technique Gamma backscatter thickness
-_o.... _-, :-::a.-::_ technique
]._" z es s "- a:ec '" ]_'c e '" ,:_r-."ss arc a:c--,C "_,r"cer T'-=..r'.e-s P_,.",B._3- ic31(erec_ fatal,or ',ca {re samc'e ,s

measurec to g,ve samg_e tr_cKnessor r'ean aIcrn,cnur'r',.r.,er

Geometry L_sed for :,"e measurement o' sbcstances ,:f 'c,', Z 'Or v_r'Cn
':ors_,s3,cn r"egs_.remenrs are "ct :%,."_ e_".v 3e"3,1 ve

wm

__ Geometry

r Ge,ger.M(_INM'

¢ownte¢

-• , "4 _\ . Sam._,<lvo_me
...... V, __ Me%Ill ¢041tJr_

ae,aeac_scar..e,"',",:kressgaug,ecj Gamma l:)acw,.scaneflh<w.ness_.aug,'w:j

• "re :r,c,,,,"'essc.aL,c;rgcIcac',er:',ast,carc r._er cn S:eel
"c,s

• ",'e'-"easL;re'-e",=.,Fa .::a: -c :"c_ress cr"a s,..cs:rate _'._',,_

.".a:,';any cca:.r9 s,,cstra:e:_rrc,ra_:cnr.,rc',.c:mgI_e,es _>_._

._."c:e,"'.:,fferercer':er's_DlstatomicnL.mc:erCoat,ngrar'ge
< '-ICCumcece,'c;ngcnsc_rceandmatenals. " - --

Ueam atomicnurnme_(Z)gauging
_ewhere m_ness ,sKnO_)

Applications

_)Ul_l Thickness gauging

• Measuremen_ ofugh,a_Icvs.:.ass.c_as_cs..,-..c,_e,sfor

.,_n_cneeta SOurces are notsu,tac'e e g.. qr.-'ater man 500
-'_'c_' arc ac:ess :r,V _va.ac e "c_ ere s ca

. :;. '..:e wail :n,c_ress gauc:ng



Level gauging

Gamma switching technique

Tr'etrar'sm,,S$_Onof:,a"'a r_,=.-a!'o,"!"'sL,_"a :c"',a_e, s
a"e.:,-.'_ D'_','e _.ve :! '.-9 :sr'._'_ "-e _'._r's ", ._' '"=
t'ams-:t,ec 'as at on ,s ,reas.'e: a*: .se: 1:a:: •._:es,'.::-es
wre r' pre.set r,Te_s.tv'eves a,e-ea-'ec

Geometry

Ion cl_8moer I,_gr_ tevel ilarm

\ Hngn s,gnlll rlle¢l

Source So r_

,{

',
Nil oetll_ol,

Low iovet iilrm

F.t_raceno_e_ 'eve_::-'r:_ Car.:ac,_a?.e::r:er'.S -:r :¢r.".:

Applications

Storage hopper level control
l Sw_tcn can oe use_ ',3c;eraten,g_,eve,at: 'c,_,eve,a 8r"_$

Or I::;u_ SW_tC,_C,_n_'91
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Oil well Io@ging

- Neutron porosity logging technique
_ast neutrons em,ltea _y areutrcn source are s',oweddown bv
'.re'crma!,cranc-a,y_ncetgotr.reec',erac',:cnsI).re'as_.c
scatter2)e_asI_cstatler.3)acscrct_cnT-erefcre,DVcc,,s;on
,,v,mr_yarogenatoms _nIre !crmat;on the neutrcn w,,IDe
moderatea tOtt'ermal or eo_therrnalenergies where _t_ssoon
cacturec by hycrcgen nut'.e,ana emits aseconaary gamma
ray.The detecbon of trese _r'.ee.rteract,ors c',,.5,rg c;,"e,e":
t'icesof,_eutrcncetec'ors(BF__tner_al).'._e',ec_me'ma_))can
_e_,sc--a:o de:erm,r'e ,.r'e"yorcgen ccntent ol :_e !ormat:on
S,rce the malcrlt'yOtr,ycregen ,n a formal_on generallyexists
w,tm,nthe pore space, tr,e neuIron flux w,I men _e re,ateclto me
#oros_/.

Geometry

Applications

it Oeterrr,_nat_onOfforrr,at_onnyc_rogencontent

@ FOrmation poroS:r¢,for 0,1an(3"_lrera__o:...,-'"".g

Source, " '"
• '_ ...: .. ,:

"'_' _ '_ " _. " T

-]'e',I...... I
i

i a "_'1
,_,.--- . " ....,_
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Moisture gauging

Technique

• ' Fastneutronsem_tte_3y tlnesourcearemoderate_ _ycoihsJon
w=_ nyclrogenatoms ,nmo,stureconta_neO,nthematenaJ.
These mooerateclor thermalneutronsareOetecte_oya
neutronOetector(usuaJlya I_ron tnfluonOe(BF3)prol:x_rhonal
counter)to g=vea measure of theconcentrat=onof nyorogen ..
atoms.

Geometry

r-T"

v-7

___, BF 3¢MRectot

t mhenD--300mmm¢ll_
I

Applications
• SOil moistureconter_.!for agnculturalanOconstruc:=onuse
• Moisturecontent of matena_s_ns_los.

• Continuousmoisturecontent gaug=ng_nraw matenaJ
sul_l=ese.g. grave_,wood cn,osetc.

Source

X.2 X.21

._.__._ .,-.--7e_

I,q :, .

Ol*b .'.01
"_ "_ OI

Oi -_

,_iferfperfor_=nc= t,_r_
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Appendix C.2

Examples of Nonreturnable
and

Returnable Packaging
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 ac (aging
Z=amples of non-returnable packaging

300ram
01Wl POP assembly ....... --

Wl leadpot Sealed'P' can 'P'carton
(sealeOwltnaoneslvetale)

01W_ F-_(I,assembly

W4 lead pot Sealed 'P' can _ /
(sealeOw_' aOnes_ve{al_e)

'X' carton

01iNCR'OW"assembly

WC leadpot _ Exl3anded

_ Polystyrene

(sea_l w,thaones_vetape) ' Sealed 'R' can 'W' drum

Examples of returnable packaging

JOILMCFassembly _,.._. _ / t._,

"% _, Corkliner Steeldrum 3oomm

contalne 7

'_- C13

G J



Packaging

Returnable packaging

Retumable

Nuclide Max. allowed in Amersham JCC'CSYL JO_LMCF

type 'A' package code orC6665
(IAEA rags)

IAEA type A B(U)

A, A_

sDectal others Weight kq Q.5 51

form Max T.I.value 6.9 3 5

Maximum permttted content

_°Co 7Ci 7C, .,...,mC, 2OOmCi

259GBQ 25c-.aGBa 5 33GBa 74GBQ

!3?r'-.,.,o 30C; 2CX3_ : 8C, 12C,

1.11TBcl 7..t0GBa 666GBQ 4-4GBa

Neutron sources

Non-Returnable Retumablet

Nuclide Mix. allowKI in /_me_ham 01W 1POP 01W 1PSX 01Q 1ROW • 19,,t3A "1825A "1940A "3009A "3206B

type 'A' package code (B20N/ (ASON) (BSON}

(IAF.J_rl_s) IAEA type A A A BiUI A E3iU) A ,_orelu}

A, A_ Weight kg 0.5 '_7 3.5 2.01 272 450 1060 75special others

form MaxT.I.valua 0.5 3 3 6.2 7 8 10 8 6

Max. permittedcontents

_' :.m _3C, _mC, 0.25C, 2.CC, 4.0C, 19C_ -- 78C_ _ 18C,

296GBa 296MBa 9.25GBcl 74GBo 14_3GBa 703GBa 2.89TBQ 666GBa

:t:Cf 2C, 2mC, 0.2ug 1.5ug 3Cu9 35ug 225ug 250ug 1500ug 23ug

(3.Tmg) (3.Tugl 4MBQ 30MBQ 6OMBcl 0-7GBa 4.5GBQ 5GBa 3(3(380 0.5GBQ
74GSQ 74MEx:I

t _eturnaDle contamnersare ava,aDle for ourcr_se. Detads on reauest.

Returnable Packaging Demurrage
It sources are sn_ppecl tn an Amersnam returnaDle transcort
conta=ner men a aemurrage charge w_il be levied _fthe
conta=ner _snot returnee w=thsn21 days of the ong=nal cla[e
of O_Slaatchfrom Amersnam Corporation. At the eno of th_s
tDenoo the customer will be invoiced for the full seihng pnce
of the container. If the container _ssulDseduently returned the
customer may De crea_tea less the appropnate demurrage
charges.
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Appendix C.3

Conceptual 55-Gallon Drum for Seal/Device Source for
Storage and Transport

(Design conceptual by Bill Walker, Troxler Electronic, Inc.)
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