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1.1 BACKGROUND

The U. 5. Department of Energy (UDE) nas the responsibilitv {or
implementing the provisions of the national Nuclear Waste Poiicy Act of 1982.
Under the provisions of this law, DOE will investigate sites to determine
their suitability fur constvuction of a high level nulear waste repository,
recommend a limited number of sites for further, detailed site
characterization, and ultimately design a repository for one of tne sites.

Tne Nuclear Regulatory Commission (NRC) has the responsinility to provide
rules that govern the disposal of high level wastes, and technical criteria
that will be used in evaluation of license applications for repository
construction and operation under those rules. The technical criteria used by
the Wil will include provisions which satisfy tne requirements developed by
the Environmental Protection Agency {EPA) to 1imit release of radionuclides to
tne environinent.

Tne disposal strategy for nign fevel nuclear waste adopted by DDE involves
tne use of a mingd repository located deep within a stanie geological
setting. Several different types of rock are included in the canaidate sites
that are under consideration py DOE. Prior to passage of the Nuclear Waste
Policy Act. DOE had established the National Waste Terminal Storage (nNWTS)
program; tne fur lions formerly handled under tne NWTS program are now part of
the Nffice of Civilian Radioactive Waste Management (OCRWM). THe NWTS prugram
was established to provide the technolcgy and facilities necessary to design,
license, construct, and operate a high level nuclear waste repository. Jtner
MWJE programs have the responsibility for the developmeni of process tecnnology
Lo produce suitable waste forms for disposal and for the study of
transportation requirements to cover delivery of tne waste forms from the
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producer to the repository. The Nevada Nuclear Waste Storage Investigations
Project (NNASI) was established under the NWTS Pregram to investigate the
suitability of rocks at the Nevaaa Test Site for the construction of a
licensed high level waste repository. The NNWSI Project has selected a site
in the unsaturated Topopah Sprinn Member of the Paintbrush tuff at Yucca
Mountain for furthér study to determine whether this location might be
suitable for a high level nuclear waste repository.

The DOE/NWTS-33 document series serves as the general program guidance for
site-specific repository development projects. OOE/NWTS-33(1) discusses the
general program objectives, funciional requirements, and system performance
criteria. DOE/NWTS-33(2) and (3) present the general site and repository
criteria, respectively. O00E/NWTS-33(4) addresses the functional requirements
and performance criteria for waste packages containing high level waste either
as reprocessed waste or as spent fuel, Work is still in progress within the
OCRWM on documenting the functional requirements and performance criteria for
waste packages comisining commercial transuranic wastes {CTRU} and on
documenting the specific character of such wastes.

The waste acceptance specifications presented in this document represent
the first stage of the NNWSI effort to establish specifications for the
acceptance of waste forms for dispesal at a nuclear waste repository in Yucca
Mountain tuff. The only waste forms that will be dealt with in this document
are the reprocessed waste forms resulting from soiidification of the Savannah
River Plant defense high level waste and the West Valley high level wastes.
Specifications for acceptance ui sgent fuel will be covered in a separate

document.
1.2 PROGRAM STATUS {iNWSI)

The NNWSI Project has completed the initial stages of site investigations
ang is preparing a formal Site Characterization Plan for further study of the
Yucca Mountain site. The NNWSI Project has also completed, with the support
of Westinghouse-Waste Technology Services Division, conceptual designs of
waste packages for disposal sites located below the water table
(AESD-TME-3138, 1982). Conceptual waste peckage designs for a repository
located above the water table will be campleted in 1984. The conceptual
design for the repository is under development.



1.3 PURPOSE

The purpose of this decument is to provide a set of acceptance
specifications and data requirements for waste forms that might be disposed of
in a repository in tuff at Yucca Mountain in Nye County, Nevada. Thzse
specifications are preliminary in nature and are limited by the present level
of knowledge about the Yucca Mountain site. As more information becomes
available about the geology and hydrology of the site, particularly following
construction of the Exploratory Shaft, it will be necessary to revise these
acceptance specifications. The draft specifications pravided in this document
can serve as guidance for waste form producers in the design and operatinn
requirements for their production facilities, and will be used as iaput for
the preliminary waste package and repository design stage.
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2.0 SCOPE AND CLASSIFICATION

2.1 SCOPE

This document presents the first draft of the NNWSI snecifications that
will govern the acceptance of waste forms Dy NNWSI for emplacement in a deep
geologic repository located in the Yucca Mountain tuffs, The quantitative
limits associated with a given specification, and the data requirements to
show that the waste form meets the specification, are presented if sufficient
information is available to support tieir selection. Bricf summary
discussions on the basis and rationale supporting the selection of each
specification are presented in Appendix A.

It snould be noted that the limits presented with the specifications ir :
this document were derived primarily from assessing the information that is
presently available concerning the Yucca Mountain site and the estimates that
could then be made concerning the effect of that environment on tne
performance of the repository engineered barrier system. Tne integration of
requirements imposed by the waste form producer, the shipper, and the
repository developers will be an on-going effort. Revision of the numerical
limits given in this document may be necessary as more information becomes

available. :

2.2 CLASSIFICATION

2.2.1 Waste Types

This document presents the waste acceptance specifications proposed by
NNWSI for the products to be made at the Defense Waste Processing Facility
(DWPF) planned for location at the Savannah River Plant in Airen, South
Carolina, and ..t the West Valley Demonstration Project, West Valley, New York.

2.2.2 Canisterized Waste )

The waste acceptance specifications given in this document apply to waste |
forms that are appropriately canisterized to be shipped from the waste form
producers for receipt by HNWSI at the repository location.
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2.2.3 Waste Form
The reference waste form for both the DWPF and West Valley is borosilicate

glass.

2.2.4 Status of Specifications

The specifications and associated numerical values and qualifications
presented in this document were developed by consideration of the regulatory
criteria and requirements, the repository and waste package design
requirements, predictions of system performance, and the results of testing
conducted as part of the NNWSI Project. Data refzrenced in this document or
used in developing the specifications was in published form as o7 April 30,

1934.

2.2.5 NiWSI
Tne term NNWSI is used in this document to include both the NNWSI Project

and individuals or groups with specific responsibility or authority delegated
to them by the Project Manager. where information is to be provided to NNWSI
by the waste form producer, the NNWSI Pruject Office will designate the
person(s) to receive the information. In cases where NNWSI is stated to
“decide", "accept®, or otherwise act, the term NNWSI refers to the responsible
person{s) designated by the NNWSI Preoject Manager.

The term repository is used to designate any high level waste repository
constructed as a result of NNWSI Projzct activities. The term is used in this
document to indicate both the physical repository and individuals or groups
who have designated responsibilities related to design, construction, and/or
operation of the repository.



3.0 APPLICABLE DOCUMERTS
3.1 REGULATORY CRITERIA

3.1.1 federal Regulatory Criteria
10 CFR Part 60 - Disposal of High-Level Radioactive Wastes in Geologic

Repositories, Technical Criteria, Final Rule, Y. S. Nuclear Regulatory
Commission, Federal Register Vol. 48, No. 120, June 21, 1983,

40 CFR Part 191 - Environmental Standards for Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes, U. S.
Environmental Protection Agency, proposed rule, 1982.

10 ¢FR Part 20 - Standards for Protection Against Radiation, U. S. Nuclear
Regulatory Commission, June 15, 1979,

10 CFR Part 50 - Appendix B - Quality Assurance Criteria for Nuclear Power
Plants and Fue) Reprocessing Plants, U. S. Huclear Regulatory Commission,

November 10, 1978.

10 CFR Part 71 - Packaging of Radicactive Material for Transpcrt and
Transportation of Radioactive Material Under Certain Conditions, U. S.

Nuclear Regulatory Commission, August 5, 1983.

49 CFR Part 173 - Shippers - General Requirements for Shipments and
Packagings, V. S. Department of Transportation, March 10, 1983.

30 CFR Part 57 - Safety and Health Standards, - Metal and Nonmetallic
Underground #ines, U. S. Department of Labor, July 1, 1482.

3.1.2 State Regulatory Criteria
At this time no applicable state regulatory criteria that affect the

development of Waste Acceptance Specifications for NNWSI have been identified.
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3.2

3.3

SPECIFICATION STANDARDS

ANSI/ASME - NQA-1-1979 Quality Assurance Program Requirements for Nuclear
Power Plants and Jatest addenda, An American National Standard sponsored
and published by The American Society of Mechanical Engineers, United
gngineering Center, 345 East 47th Street, New York, New York.

ANSI/ASTM A-167-77, American National Standard for Stainless Steel and
Heat-Resisting Chromjum-Nickel Steel Plate, Sheet, and 3trip, American
Society of Mechanical Engineers, New York, New York.

OTHER DOCUMENTS

AESD-THME-3138, Conceptual Waste Package Designs for Disposal of Nuclear
Waste in Tuff, Westinghouse Electric Corporation - Advanced Energy Systems
Division, September 1982.

DOE/NWIS-30, Proceedings of the 1982 Mational Waste Terminal Storage
Program Information Meeting, Session I1-A (WNWSI Programmatic Review) aad
Session [1-E (NNWSI Technology Review), U. S. Department of Energy,
december 1982.

ONWI~464, Conceptual Waste Package Interim Product Specifications anc Data
Requirements for Disposal of Borosilicate Glass Defense High-Level Waste
Forms in Salt Geologic Repositories, Batielle Memorial Institute,
Columbus, Onio, May 1983.

AESD~TME-3055, tngineered Waste Package System Design Specifications,
Westingnouse Electric Corp., Pittsburgh, Pennsylvania, November T1980.

DUE/NWTS-33, NWTS Program Criteria for Mined Geologic Disposal of Wuclear
Adaste, U.S. Department of Energy, 4 vols.

DOE/EIS-0081, Final Environmental Impact Statement Long-Term Management of
Liquid High-Level Radioactive Wastes Stored at the Western New York
Nduclear Service Center, U.S. Department of Energy, June 1982.



DP-1606 Rev 1, R. G. Baxter, Description of DWPF Reference Waste Form and

Canister, E. I. Du Pont de Nemours, Savannah River Laboratory, Aiken,

South Carolina, August 1983.




4.1 GENERAL

The product specifications and data regquirements for acceptance by the
Nevada Nuclear Waste Storage Investigations Project [NNWSI) of high level
waste forms and canisterized waste fo be produced by the Defense Waste
Processing Facility {DWPF) and the West Valley Demonstration Project are
presented in this document. These specifications are preliminary in nature
and will be revised as more information about the potential Yucca Mountain
repository site, the repository design, and the waste package design becomes
available,

This document is intended to be a guide to the waste form producer as to
the types of information and quality control testing that will be required by
NNWSI before waste forms can be accepted for disposal. The numerical limits
giver in specifications. are in some cases controlled by existing regulatory
requirements; those limits will change only if the relevant regulations
change. In other cases, the numerical limits are based on our current state of
knowledge concerning the environment in which the waste form will be placed
and the conceptual designs for the repository and the waste package. Those
Timits will be subject to alteration as our state of knowledye improves and
becomes more detailed, and as the designs for the repository and waste package
are further developed.

Some of the specifications for canisterized waste were developed to allow
for the possibility of using the canister in which the glass is cast as the
waste disposal containment barrier. Those specifications are labeled as
optional. I[f those specifications are not met, the waste forms would still be
acceptable for disposal by NNWSI, but the canister would be overpacked with a
suitable containment barrier.



4.2 WASTE FORM SPECIFICATIONS - DWPF and WEST VALLEY REPROCESSED
WASTE

4.2.1 Chemical

4.,2.1.1 daste Form Matrix

The reference waste forms for DWPF and West Valley are based on a
borosilicate glass {DP-1606, Rev. 1; DOE/EIS-0081). The waste form producer
shall supply to NNASI sufficient chemical data to characterize the average
product of the waste production facility and the range in chemical compgsition
of the expected output of the facility. For each waste form produced for
shipment to a repository developed by NNWSI, the producer will provide the
chemical composition of the waste form for ail non-radicactive elements that
are present in concentrations greater than 0.5 percent by weight (see section
4.2.6.1). Data requirements for radionuclides are given in section 4.2.4.
The required compositiona) data may be calculated from the results of feed

stock analyses.

4.2.1.2 Free Liquids

The waste form shall not contawn. free liquids. Free liguid is defined as
liquid, including liquid mechanically trapped in the waste form, that could be
drained or evaporated from the waste form at temperatures of less than 500
degrees (. Free liquids do not include liquids that are chemically bound into
the matrix of the waste form in such a way as to make removal of the liguid at
temperatures below 500 degrees C impossible at a pressure of 1 atm.

4.2.1.3 Gases

The waste form shall nat contain free gases, other than helium, argon, and
air, or contain substances that could contribute to the generation of free
gases at temperatures bcl ¢ 500 degrees L. The pressure of the total mixture
of all gases within the waste form container upon completion of the sealing of
the container shall be no more than 7 psig at 25 degrees C. Sea also section
4.3.2.6.
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4,2.1.4 Explosives

The waste form shall not contain explosive materials, as defined in 49 CFR
Part 173 Subparts C and G, in concentrations that could compromise, by either
corrosion {see also section 4.2.1.7) and/or explosion, the integrity of the
canisterized waste form during shipmant to the receiver and during activities
associated with the handling and operational periods of repository operations.

4.2.1.5 Pyrophoric Materials
The waste form and internal yolume of the waste form canister shall not
contain pyrophoric, flammable, and/or ¢xidizer materials, as defined in 49 CFR

Part 173, Subpart E.

4,2.1.6 Organic Materials
The waste form and internal volume of the waste form canister shall not

contain organic materiale.

4.2.1.7 Chemical Compatipility

The waste form shall be chemically compatible (i.e., nonreactive and
noncorrosive) with the canister material and any additional materials .ncluded
within the internal volume of the canister under conditions that are expected

during storage and final disposal.

4.2.1.8 Waste Form Degradation by Fire

Waste form material that has been involved in an accidental fire will be
accepted by NNWSI for disposal provided that the producer demonstrates that
the waste form can withstand the fire test specified below without

(1) Degrading to a level that compromises its performance in isolating
the radionuclides present as per specitications in section 4.2.5 and
in meeting the specifications in sections 4.2.%}.1 through 4.2.1.7 and

4.2.2.1.

'} Degrading so as to act as a primary contributor to breach of the
canister (e.qg., via pressurization from volatile materials released
from the waste form or via production and release of materials that
rapidly corrode the canister).

- 11 -



LRI

The fire test will be the thermal exposure test specified in 10 CFR Part 71.73
paragraphk {c){3). "Thermal. Expnsure of the whole specimen for not less than
30 minutes to a heat flux not less than that of a radiation eavironment of
800°C (1475°F) with an emissivity coefficient of at least 0.9. For purposes
of calculation, the surface absorptivit, must be either that value which the
package may be expected to possess if exposed to a fire or 0.8, whichever is
c~eater, In addition, when significant, convective heat input must bLe
included on the basis of still, ambient air at 800°C (1475°F). Artificial
cooling must rnot be applied after cessation of external heat input and any
combustion of materials of construction muyst be allowed to proceed until it
terminates naturally. The effects of solai radiation may be neglected prior
to, during, and following the test.”

4.2.2 Physical

4.2.2.1 Particle Sizes and Fractions

The amounts of waste form within a container that are present as particles
in the size ranges of {1) lcss tha~ 200 microns but greater than 10 microns in
equivalent sphere diameter and (2) less than 10 microns in equivalent sphere
diameter shall net Tead to exceeding the 1imits established by 10 CFR Part 29
and the "as low as reasonably achievable” (ALARA} public and occupational
limits {(to be determined) for control of dispersal {less than 200 microns) and
inhalation (less than 10 microns) of particles by personnel during the
handiing and operations period of the repository. The limiting amounts of
particles will be specified in the final version of the acceptance
specifications for waste forms. The particle size fractions that are to be
inventoried and controlled will also include the generation of such particles
by both anticipated processes and events (e.g., section 4.2.3.1,
devitrification control) and unanticipated processes and events (e.g.. section
4.3.2.7, the drop test}.
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4.2.3 Thermal

4.2.3.1 Peak Temperature
The borosilicate glass waste form shall not exceed 500 degrees C at any

point within the waste form due to steadystate self heating in a 40 degree C
air environment after pouring of the glass and initial cool-down are completed.

4.2.3.2 Peak Thermal Load

The waste form shall not exceed a total tne:mal heat generation rate of
800 watts per waste form loaded canister.at the time of shipment to the
repasitory. (NJTE: The heat generation rate of the average canister is
expected to Le substantially Tower than 800 watts (DP-1606, Rev. I.)

4.2.4 Radionuclide Inventory
4.2.4.1 General Inventory

The inventory of radioactive material in the waste form at the time when
the canisterized waste is to be shipped to the repository shall not exceed
1000 curies of fission products nor 200 curies of actinides per titer of
fabricated glass waste form. Data provided to show compliance with
specification 4.2.4.2 will be used to snow that this product specification has

been met.

4.2.4.2 Specific Inventory

The specific radionuclide inventory per unit weight of waste form
(expressed in curies and in grams) shail be provided by the producer for each
canister of fabricated waste form. The waste form producer shall also supply
to the repository an estimate of the total amount of radionuclides to be
disposed of in the repository arising from waste forms to be produced in their
facility over the operational lifetime of the facility. This estimate will be
provided in a form which will allow the repository to make any calculations
required by NRC or EPA regulations. This estimate shall be based on
meas. ~aments of existing inventories of waste and on ectimates of future
production. Should any of the information required under this specification
be deemed to be of a classified nature, the estimate may be given in the form
of total projected inventory for each isotope only, provided that details of
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the calculations be made available to persons connected with NNWSI wno passess
the required security clearances should the information be necessary in order
to safely dispose of the waste. The radionuclide inventory shall include all
nuclides which have nalf-lives greater than 10 years and which will represent
more than 0.05 percent of the activity of the radionuclide inventory at 1000
years, or more than 0,1 percent of the "as produced” total activity in tanz
waste form. Tne accuracy of the estimate shall be within + or - 10 relative
percent for the per canister inventory determined during production of the
waste forms. The estimates for future production shall state the bases for
tne estimates and pe as accurate as reasonaply achievable. The inventories
referrea to above shall be the quantities of radionuclides present at tne time
when the waste is to be shipped to the repository.

4.z.5 Radionuclide Release

4.2.5.1 Quality Control on Production of Waste Forms

Tne waste form shall limit the release of radionuclides to the near field
repository environment. The ability of tihe waste form to meet this
specification will be shown by the results of testing of actual production
samples of waste forms. The test to be used is the MCC-T test (Materials
Characterization Center, 1982), conducted in deionized water at 90 degrees C.
Test duration is o be 28 days. The pormalized elemental leach rate for the
watrix elements Na, Si, and B, and for the radionuclides cesium-137 and
uranium-238 shall pe less than 1 gram per square-meter-day averaged over the
28 day period. The minimum testing scnedule will include a sample from every
twentietn canister of waste form produced. The sample is to be taken from a
convenient location near the top of the canister vefore the top is closed.
Tne temperature of tne glass at the time of sampling is to be no higher tnan
50 degrees C. Samples will also be required when there are known variations
in the production parameters. These variations will include changes in the
feed stream which would result in a change larger than 10 relative percent in
the chemical compusition of the non-radioactive elements in tne glass, and any
change in the production routine which is considered likely to affect the
quality of tne waste form product. The results of these tests will bg part of
the required documentation to be delivered prior to shipment of the waste
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forms to the repository (see seciion 4.4.3). An alternative method of
sampling may be usea, provided tnat the waste form producer estanlisnes tne
relationship between the test results obtained on samples collected by that
method to the test results obtained on samples collected by the specified

method.
4.2.6 Properties Affecting Radionuclide Release

4.2.6,1 Chemical Homogeneity
Waste form production will pe controlled by monitoring of the feea stream

and sampling of the finished waste forms in a manner which allows tne producer
to provide to WNWSI a calculated or measured chemical composition ot vae waste
form which is accurate to within 5 relztive percent for all ron-radioactive
elements present in the waste form in amounts greater than 0.5 percent by
weight. The compositions of waste forms that will be acceptable for receipt
oy NNWST will lie witnin the range of compositions used by NNWSI for testing
in support of the repository license appiication made by NNWSI to the NRC.

The abundance of crystalline and metallic pnases within gtass waste fForms #ill
be controlled so as not to exceed 5 percent by volume or the total waste form.

4.2.6.¢ Chemical and Physical Staoility

Tne waste form producer will provide data to show that tne alteration of
the waste form, if any, during tne first 300 years after disposal will not
compromise the performance of the waste form as specified under section
4.2.5. Data shall include an estimate oV the extent of devitrification that
witl pe expected to occur in glass waste forms curing the first 300 years
afcer disposal, together witn tne expected uncertainty in tnis estimate.

4,2.7 Criticality

4.2.7.1 Quality Contral on Fissile Nuclide Concentrations

The content of fissile nuclides {U-233 + U-235 + Pu-238 + Pu-239 + Pu-241)
in tne finished waste form shall not exceed 6 milligrams per cubic centimeter
{Pu-238 is not generally considered to ve fissile; nowever, it is included in
the {ist of fissiie nuclides in 10CFE Part 71, As a consequence of that
inclusion, Pu-238 is included here.). Compliance with this specification will
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require analysis of actual production samples. The analysis may be done
either (1) by a chemical and isotopic amalysis of the feed stream, or (2) by a
chemizal and isotopic analysis of a sample of the finished waste form. The
sampling schedule will be the same as that given under section §.2.5.

4.2.8 Properties and Characteristics

The waste form producer shall provide data to NNWSI on the following
properties and cnaracteristics of the waste forms to be produced. Data may be
obtained on simulated waste forms unless otherwise specified. The chaice of i
test method or analytical technigue may he made by the waste form producer
unless specified in this section.

4.2.8.1 Chemical i

4.2.8.1.1 Bulk Composition

Waste form chemical cempositien for actual production run waste forms
given in weight percent for non-radioactive elements and in curies and grams
per unit weight for radioactive species must be provided to NNWSI. Data are
required for all non-radicactive elemente which are present in concentrations
greater than 0.5 percent by weight, and for all radioactive species which have
half-lives greater than 10 yeers and are present in concentrations which are
greater than either (1) 0.1 percent of the total activiiy in the as produced
waste form, or (2} would constitute more than 0.05 percent of the 1000 year
inventory of radicactivity in the waste form, assuming no chemical leaching of
the waste form had opccurred. Required accuracy of the data is 5 relative
percent for non-radioactive elements and 10 relative percent for radioactive
species. Data for radioactive species must be g{ven on an individual isotope
basis. Data may be derived from analyses of feed stock or finished products.

4.2.8.1.2 Phase Composition

Phase composition of the waste form givan as volume percent of homogeneous
giass, crystalline material, and metals must be provided to NNWSI. For
crystailine materials and metals, the chemical composition of the phase must
be specified as well as the proportion of the phase. Data may be derived from
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the analysis of simulated waste forms produced during full scale trials of the

production facility.

4.2.8.1.3 Simulated Waste Forms used in Testing

Data must be provided to NNWSI giving the chemical characteristics of any
simulated waste forms used to demonstrate compliance with any of the
specifications which allow for non-radicactive testing. Accuracy of the data
will be as specified in section 4.2.8.1.1.

4,2,8.1.4 Restricted Substances
Data must be provided to NNWSI to show that the following are not present
in the waste form or within the free volume of the canister:

{a) free liquids (section 4.2.1.2)

(b) free gases other than helium, argon, and air {section 4.2.1.3)
(c) gases with total pressure greater than 7 psig (section 4.2.1.3)
(d) explosives in amounts greater than allowed in section 4.2.1.4
(f} pyrophoric, flammable, or oxidizer materials (section 4.2.1.5)
(g) organic materials (section 4.2.1.6).

Oata used in complying with these requirements may be obtained using simulated
wzste forms which are produced according to the reference process flow sheet
for the waste form production plant. At least one set of data for each of the
above requirements must come from waste forms (simulated) which are producad
during the cold trial stage after construction of the production facility.

The analytical techniques to be used must include methods which are recognized
to be sensitive for determining each of the materials specified above.

4,2.8.1.5 Compatibility

Data must be provided to NNWSI which demonstrates that the canister
material is compatible with the waste form. This requirement will be met if
the results of an MCC-1 test at 90 degrees C of 23 days duration using either
deicnized water or site specific water show that the total release of each
element in the following 1ist is no more than twice as great in the presence
of the canister material as that for the waste form alone. Elements for which
data must be given are Na, Si, B, Cs-137, U-238, Tc-99, and Pu.
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4.2.8.1.6 Fire Test

The results of a fire test using a canister filled with simulated waste
form must be provided to NNWSI. Details of the test are given in section
4.2.1.8.

4.2,8.1.7 Small Particulates

Data must be provided on the chemical composition of the debris, and
particle size distributian and total amount of reiease of waste form vrom tne
canister during, and present within the canister after, the following tests:

{a) Drop test (section 4.3.2.7)
{b} Burst strength test {section 4.3.2.5}

4.2.8.1.8 Release Rate Control
The results of testing of actual production samples as specified in
section 4.2.5 must be provided by the producer to NNWSI.

24.2.8.1.9 Criticality Control

Data showing that each canister of waste complies with the specifications
given in section 4.2.7 whicn limit fissiie nuclide content must be supplied by
the producer to the repository. This data may be obtained by either of the
methads given in section 4.2.7. Accuracy of the measurements must be
sufficient to ensure that the fissile nuclide content is belo the stated
limit at the 99 percent level of confidence.

4.2.8.2 Physical

4.2.8.2.1 Dimensions

Data must be provided to NNWSI for each finished waste form thai gives the
geomeiry and dimensions of the waste form, and an estimate of the fill height
of waste form in the canister.

4.2.8.2.2 Density
The density of the finished waste form with an accuracy of 10 percent must

be supplied to NNWSI.



4.2.8.2.3 Control of Volatile Substances

Data must be supplied to NNWSI to show that volatile materials will not be
released from the waste form at temperatures below 500 degrees C (section
4.2.1.3). Compliance with this specification will require that a sample of
waste form containing actual waste, but not necessarily one produced in the
final production facility, be tested Ly heating a crushed sample of the waste
form in a closed vial to 500 degrees C and holding at that temperature for 30
minutes. The initial atmosphere in the vial is to be air at a pressure of 1
atmosphere., After cooling to room temperature, the contents of the vial must
be analyzed for all components present in amounts greater than 0.1 volume
percent. The volume of air in the vial prior to heating may not be greater
than the volume of waste form used in the test. Tae interior surface of the
vial after testing must be treated with a 50 percent aqueous solution of
nitric acid for 30 minutes at a temperature greater than 50 degrees [ *»
remove any material which might have condensed on the vial. The nitric acid
solution must be analyzed for all elements present in amounts greater than
0.01 percent of the initial glass sample waignt.

4.2.8.3 Thermal
Data on the following thermal properties of the waste forr shall be

provided by the producer to NNHSI:

(a) Thermal conductivity and diffusivity as a function of temperature
between 25 and 500 degrees C, accurate to plus or minus 5 percent;

(b} Heat canacity as a function of temperature between 25 and 500 degrees
C, accurate to plus or minus 5 percent;

(c} Heat generation rate for the finished waste form expressed as watts
per canister on the date of shipment i{o the repository,accurate to
plus or minus 5 percent and not to exceed 800 watts (section 4.2.3.2);

Coefficient of thermal expansion for the waste form as a function of

temperature between 25 and 500 degrees C, accurate to plus or minus 5

percent.
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4.3 CANISTERIZED WASTE FORM SPECIFICATIONS
4.3.1 Chemical

4.3.1.1 {Lanister Material

Tne waste form canisier shall pe fabricated from type 303-L stainless
steel . The chemical composition of the steel musi comply with the ASTM
specification for that material {ANSI/ASTM A-167). The chemical requirements
(in weight percent} are Ni = 8.00 - 12.00 %, Cr = 18,00 - 20.00 %, and the
following maximum concentrations for specified elements: C, 0.03 %; Mn, 2.00 %;

P, 0.045 %; S, 0.03 %; Si, 1.00%.
4.3.2 Pnysical

4.3.2.1 deight
The weignt of the waste form plus its canister shall not exceed 2700

kilograms.

4.3.2.2 Length
The length of the final canisterized waste form, inciuding any pintle or

lifting device, shall not exceed 3.01 meters.

4.3.2.3 Diameter
The outer diameter of the canisterized waste form will nominally be 61 cm,

with a minimum wall thickness of 0.95 cm. (See also Section 4.3.2.4)

4,3.2.4 OQverall dimensions

The dimensions of the canisterized waste form will be controlled so that
at the time of shipment to the repository the canister will stand upright
without support and will fit without forcing into a 63.5 cm diameter by 3.01

meter long right circular cylinder.

4.3.2.5 Free Volume
The free volume within the waste form lgaded canister will not exceed 30

percent of the total internal volume of the canister prior to loading with the

waste form.
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4,3,2.6 Burst Strength
The waste form canister, as filled with waste form, shall be capable of
withstanding, without breaching, a fire test. Details of the fire test are

given in section 4.2.1.8.

4,3.2.7 Drop Test

The waste form canister, as filled with waste form, shall be capabie of
withstanding a drop of two times the canister length onto an unyielding
surface without breach of the canister. The canister shall be oriented during
the test so as to create the most severe loading of the canister upon impact
with the surface. Proof of compliance witih this specification may be
accomplished by testing of full sized canisters containing simulated waste

forms.
4.3.3 Handling Features

4,3.3.1 Lifting Device

The waste form canister shall have a neck with a 1ifting flange or have a
pintie which is compatible with handling requirements for the shipment of
canisterized waste forms to the repository and with the removal of canisters
from the shipping cask. The diameter of the 1ifting device shall not exceed
the diameter of the canister.

4.3.4 Thermal

4.3.4.1 Thermal History of the Canister during Fabrication of the Waste
Form

OPTIONAL, IF CANISTER WILL BE OVErPACKED BY NNWSI1

The thermal history of the canister during waste form fabrication will be
monitored. Measurements of temperature of the canister surface that will
provide the maximum temperature reached by any portion of the canister are to
be taken during actuai glass casting operations and the canister temperature
as a function of time during casting and subsequent cool down will be
monitored. Frequency of temperature measurements during cooling will be one
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every 30 minutes. Accuracy of the measurements will be plus or minus 20
Centigrade degrees. Measuremenis will be made on every waste form canister
filled at the production facility.

4.3.5 External Contamination

4.3.5.1 Radioactive Contamination
The external surface of the waste form canister shall not have rempvable
radioactive contamination greater than the following amounts
Alpha 220 disintegrations/minute-100 sq. cm
Beta + Gamma 2200 disintegrations/minute-100 sq. cm
These 1imits are the same as those given in 10 CFR Part 71.87. The test
procedures described in 10 CFR Part 71.87 paragraph i(1) shall be used to show
campliance with this specification.

4,3.6 Criticality Control
There are no additional specifications concerning criticality.
See section 4.2.7 for criticality control on waste forms.

4.3.7 Properties and Characteristics

The waste form producer will supply to NNWSI data on the following
properties and characteristics of the waste form canister and the canisterized
waste form.

4.3.7.1 Chemical

4.3.7.1.1 Canister

The chemical composition of the canister material must be supplied to
NNWSI. This data may take the form of analytical results on the steel from
which the caaisters were fabricated. Results must be provided for each heat
of steel used for canister fabrication. The data must include the following
elements: Ffe, C, Mn, P, S, Si, Cr, Ni, and N, and have an accuracy of plus or
minus 2 relative percent for elements present in greater than one percent
abundance and plus or minus 10 relative percent for elements present in iess
than one percent abundance. Where elements are present in concentrations that
are too low to be measured to the stated accuracy, am upper limit may be

-22_
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given. In addition, data are required on the maximum amounts of Co, Cu and Mo

in the steel,

4.3.7.1.2 Weldments )
Chemical composition data for weldments or heat affected zones must be

supplied to WNWSI. This data may be obtained by analysis of fabricated
canisters containing simulated waste forms that were produced according to the
production facility process flow sheet. Data requirements in section

4,.3.7.1.1 apply.

4.3,7.1.3 Internal Contamination
Data must be supplied tc NNWSI te show that each canister was cleaned to

remove internal contamination from organic materiais prior to entry into the

waste form fabrication facility.

4.3.7.1.4 Radiochemical Contamination
Data must pe supplied to NNWSI to document the results of smear tests

specified in section 4.3.5.1.
4.3.7.2 Physical

4.3.7.2.1 Weight
Data must be provided to ANWSI to prove that the weight of the
canisterized waste form is less than 2700 kg.

4.3.7.2.2 Overall Dimensiuns
Jata must be supplied to NNWSI to show that the canisterized waste form

will stand uprignt without support and will fit without forcing into a 63.5 cm

diameter dy 301 cm long right circuiar cylinder.

4.3,7.2.3 Free Volumz
An estimate of the free volume in the canister after cooling of the waste
forn Lo ambient temperature must be suppiied to NNWSI.



4.3.7.2.4 Fire Test Results

Proof that the canisterized waste form meets specification 4.3.2.6 must be
supplied to NNWSI. This proof may be suppiied in the form of the results of
fire testing of canisters of simulated waste processed according to the
reference process flow sheet for the waste solidification facility.

4,3.7.2.5 DBrop Test Results
Proof that the canisterized waste form meets the specification given in

section 4.3.2.7 must be supplied to MMSI. This proof may be in the form of
the results of testing of canisters containing simulated waste forms so long
as those canisterized waste forms were produced according to the reference
process flow sheet for the facility.

4.3.7.2.6 Canister Fabrication History

OPTIONAL, NOT REQUIRED IF CANISTER WILL BE OVERPACKED BY NNWSI.

Details of the fabrication and welding history of the unfilled canister
must be provided to NNWSI, including the number of welds, welding process
used, composition of the filler metal (if any), and annealing treatments
applied prior to waste form casting.

4.3.7.2.7 Final Closure of Canister
OPTIONAL, NOT REQUIRED IF CANISTER WILL BE OVERPACKED BY NNWSI.
Details of the final weld used to seal the filled canister must be
provided to NNWSI, including the current aoplied, the duration of current

application, and the mechanical force appliied. This data must be suppiied for
each canister.

4.3.7.3 Mechanical
4.3.7.3.1 Required Data on Mechanical Properties

The following properties shall be determined for the canister after it has
been fully loaded with waste form. These properties may be measured on
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canisters *hat were loaded with simulated waste form, so long as they were
filled according to the reference facility process flow sheet. Data are
required for canister materials taken from the area above the waste form fill
line, for the areas of maximum curvature of the canister surface, and for the
regions of the canister that reach the highest temperature curing waste form
casting operations. Data are required for the canister in the condition
immediately following cooling of the waste form, and for the canister
follawing completion of the fire test. Properties for which data are reguired

are:

Tensile strength
Compressive strength
Shear strength

Yield strergth
Charpy impact
Elongation

data may be obtained using any test procedures approved by ASTM. Accuracy
required is plus or minus 10 percent.

A.3,7.3.2 Residual Stress

OPTIQONAL, NOT REQUIRED IF CANISTER IS TO BE OVERPACKED BY NNWSI.

The mechanical history of stress accumulated by the canister during waste
form fabrication operations must be documented, and residual stress existing
in the canister material after cooling of the waste form to ambient
temperature must be measured.

4.3.7.4 Thermal Data

4.3.7.4.1 Required Thermal Properties Data

data on the following thermal properties of the canister material as a
function of temperature between 25 and 500 degrees C must be supplied to
NNWSI: Thermal conductivity, heat capacity, thermal diffusivity, and the
coefficient of thermal expansion. The required accuracy is plus or minus 5
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percent. Results of tests made using samples of canister materials taken from
canisters filled with simulated waste forms that have been processed according
to the reference process flow sheet for the facility will be acceptable in
meeting this specification.

4.3.7.4.2 Thermal History Data

OPTIONAL, NOT REQUIRED IF CANISTER [S TO BE OVERPACKED BY NNWSI.

The thermal history of the canister during original fabrication must be
documented, including all welding and annei:ling stages. The thermzi history
of the canister during waste form filling and cooling operations nust be
documented according to the specifications given in section 4.3.4.1.

4.4 TIDENTIFICATION, LABELING, AND DOCUMENTATION

4.4,1 Identification

The waste form producer shall assign an alphanumeric code to eachn waste
form canister which is produced. This alphanumeric code will appear on the
label and on all documentation related to the waste form and canisterized

waste form,

4.4.?2 Labeling

Each waste canister produced will be Tabeled with the identification code
specified above. The label will consist of a stamping or engraving on the
side surface of the flange. The minimum depth for the stamping or engraving
will be (to be determined). The identification code will contain characters
#hich are at least 3 cm in minimum dimension within the plane of the label.

4.4,3 Documentation
Prior to shipment, the waste form producer will provide to NWWSI the
following documentation:

(1) Name of waste form oroducer;

(2) Data required under section 4,2.8;
(3} Data required under section 4.3.7;

-26-
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(4)
(5)

(6)
(7

Data reguired to snow compliance with any other specifications not
covered by the data supplied above;

An explicit statement of any deviations from the reference process
flow sheet that occurred during production of the waste form;

Date of production of the waste for. -

History of storage conditions for the canisterized waste form between
fabrication and scheduled time of shipment to the repository.

Prior to shipment, this documentation will be reviewed by authorized
personnel at the repository operations office to confirm that the product is
in compliance with the specifications given in this document. Wnhen compliance
is confirmed, the repository management will notify the producer that shipment
to the repository may take place. See section 6 for further details.
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4.4 WASTE FORMS AND CANISTERIZED WASTE FORMS THAT ARE NOT IN
COMPLIANCE WITH THESE SPECIFICATIONS.

Waste forms and canisterized waste forms that are not in compliance with
these specifications will not, in general, be accepted by the repository for
disposal. Exceptions to these specifications will be allowed for all optional
specifications, provided that the producer realizes that it wiil be necessary
for NNWSI to overpack canisterized waste forms which do not conform to those
specifications. Specification 4.3.2.5 {limitations on the free volume in the
canister) may be waived at the discretion of NNWSI, if an application for a
waiver is received from the waste form producer. Ffor specifications that
involve periodic testing of actual production samples, all finished waste
forms produced between the time of the last satisfactory test and the ®irst
unsatisfactory result will be deemed to be within specification unless there
is eyidence to the contrary.
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5.0 QUALITY ASSURANCE PROGRAM
5.1 ORGANIZATION

The waste form producer shall establish, maintain, and execute a quality
assurance program for waste form production, canisterizing the waste form, and
preparing it for shipment to the repository. The guality assurarce program
shall be established in accordance with 10 CFR 50, Appendix 8 and as defined
by ANSI/ASME NQA-1 and tatest addenda.

5.2 QUALITY ASSURANCE PROGRAM

A quality assurance program in accordance with ANSI/ASME NQA-1 shall be
established by the waste form producer. The guality assurance program shall
identify the activities and requirements to which it applies, assign
responsibility for activities, and shall provide a documented record of the
compliance with the requirements of the waste acceptance specifications. The
producer's records and facilities applicable to the certification program
shall pe subject to audit, surveillance, and appraval by the repository's
Quality Assurance organization or designated representative, both of whom
shal) have right of access to the producer's plant{(s) at all reasonable times.

5.3 QUALITY ASSURANCE PLAN {QA PLAN)

The producer shall provide a written QA plan indicating the structures,
systens, components or services to be covered by the Quality Assurance Program
for the waste form certification activities. The major organizations
participating in the program, together with the designated function of these
organizations, shall also be defined. The methods that the producer will use
to judge compliance with the requirements of the waste acceptance
specification shall pe noted in the QA plan. The QA plan must be approved by
the appropriate repository parsonnel prior to the start of any activity
subject to the QA plan.
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5.4 DATA COLLECTION AND ARCHIVING

Data collection and archiving of backup certification documentation shaill
be maintained by the waste form producers for at least fifty years after the
waste material is shipped to the repository. The control of this
documentation shall be described in the QUALITY ASSURANCE PLAN. Records shall
be marked so they can he identifiad as corresponding to the specific waste
canisters that are shipped and received. The documentation of the
certification of waste acceptance shali be forwarded, along with all the
records pertaining to the requested/approved waste form disposal, to the
repository system for retention. Document transfer will take place prior to
shipment of the waste canisters covered by the documents. Retention by the
producer of dupticate documentation on the certification and reguests and
approvals to ship shall be specified in the QUhL[TY ASSURANCE PLAN of both the

shipper and receiver.
5.5 CERTIFICATION METHODS

The following section 5.5.1 Certification Methods--Waste form and
Canisterized HWaste Form, presents the acceptable methods for certifying that
the waste form and the as-canisterized waste form are in compliance with the
acceptance specifications given in Section 4., The methad specified in Section
5.5.1 wil] be used by the repositery management to evaluate applications for
permission to 3hip waste to the repository. The only exceptions to the
certification method presented in Section 5.5.1 will be (1) where an
alternative certification method(s) is preposed to and approved by the
repository management or {2) where the repository management has agreed to a
proposed waiver (pot to be for reasons of nonconformance with the
specifications} of all or part of a given waste acceptance specification
andfor its corresponding certification method. Such waivers as noted in Item
{Z) will pe considered by the repository management only on a case-by-case
basis. See Section 5.6 for discussion of Nonconformance with the Waste

Acceptance Specifications.
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5.5.1 Certification Methods -- Waste Form and Canisterizer Waste Form
The repository management will examine the documents supplied by the
producer that are specified in Section 4.4.3 to determine whether the data
requirements have been met by the producer and whether the waste form and
canisterized waste form meet the product specifications given in Section
4, If, in the opinion of the repository management, the documentation is
complete and the product meets the specifications, a Certificate of
Conformance will be sent to the producer. The Certificate of Conformance
will specify the unigue identification code each certified canister. The
producer may arrange for shipment of the waste to the repository after
receipt of the Certificate of Conformance. A copy of tne certificate must

accompany the shipment.
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5.6 NONCONFORMANCE #ITH THE WASTE ACCEPTANCE REQUIREMENTS

Waste forms and containers that do mot meet all of the requirements of
this document shall not be shipped to the receiver without prior written
approval by the repository management, subject to the limits on nonconformance
for the operating license for the repository system. The documented request
for approval shall describe the nonconformity, its cause, and what measures
will be taken tc prevent a recurrence. The request for approval shall be
accompanied by permission for the repository Quality Assurance representative
or designated representative to visit the waste form generator's plant to
verify, if the repository management system believes this is needed, the
extent of aonconformance. In cases where the waste form and/or container,
upon arrival at the repository, are found to be in nonconformance with the
requirements described herein the repository management may, at its
discretion, return the waste shipment to the waste form producer at the
producer's expense, or arbitrate a specia® /ce and agreement to dispose of the
waste jn the condition in which it was received.
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6.0 PREPARATION FOR SHIPPING

6.1 GENERAL REQUIREMENTS

6.1.1 Compliance with Qther Packaqing and Transportation Requirements
It shall be the shipper’s responsibility to be in compliance with the
Federal regulations governing the packaging and transportation of
materials (e.g., 10 CFR 171 and 49 CFR 173) that are applicable but were
not listed as specific waste acceptance specifications in this document,

6.1.2 Permission to Ship Waste form material shall not be shipped to
the receiver without submitting a written request to the receiver and
obtaining written approvail in the form of Certificates of Conformance
(Section 5.5.1) from the receiver to initiate the shipment.

6.1.3 Shipment The delivery date, mode of transportation and place of
receiving shall be arranged and agreed to in writing by both the waste
form shipper and the receiver prior to the shipment leaving the shipper's
facilities.

6.1.4 Administrative Procedures The waste form shipper shall
establish as per appravai by the receiver procedures to coordinate

shipping activities and respunsibilities.
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7.0 NOTES
7.1 DEFINITIONS
vefinitions applicable to these specifications are as follows:
Administrative Controls - A general or specific management directive designed

to ensure the health and safety of the public and employees, protection of
property and an acceptable product.

Approved Contaiaers - Containers that are certified by the producer as meeting
applicable requirements of 49 CFR 173, interim storage site requirements, and
other requirements provided in the Waste Acceptance Specifications.

Barrier - Feature of waste disposal system that acts either to limit or
preclude radionuclide release or transport.

Canister - The metal container inte which waste glass is poured during glass
fabrication.

Canisterized Waste Form - Canister and contents including waste form.

Certification - The act of verifying and attesting in writing to the
gualifications of personnel, processes, procedures, or items in accordance

with specified requirements.

Certificate of Conformance - A document signed by an authorized individual
certifying the degree to which items or services meet specified requirements.

Combustible - Any material that will sustain combustion in atmospheric air
when exposed to an ignition source at 80°%¢c (147°F) for a period of five

minutes.




Commercial High-Level Waste (CHLW) - High-level radicactive waste generaied in
private industrial and other nongovernment facilities; principally waste
generated in power reactors and, if involved, its subseguent reprocessing.

Compressed Gas - Any gas which is exerting a pressure on the container greater

than 7 psig.

Container - The external containment vessel for the waste form that will
provide a containment function after emplacement in the repository.

Container Breach - A release rate from a container of greater than 1072 cc
(gas)/sec. Conditions of the release rate are defined as dry air at 259C
with a pressure differential of one atmosphere between the inside and outside
of the container.

Credible Accident ~ Plausible but highly imorobable incident in which applied
loads may substantially exceed those encountered in a4 design basis accident.

Criteria - A set of guidelines or standards (usually qualitative) that state
the necessary quality, functions, or performance of a device or system.

Design Basis Accident - Extreme thermal and/or mechanical load conditions
assumed as a basis ror design of a system and/or its components,

High-Level Radioactive Wastes - As used by NRC (1983) it applies to {1) liquid
wastes resulting from the operation of the first cycle solvent extiraction
system, or equivalent, in a facility for reprocessing irradiated spent nuclear
fuels, (2) the concentrated wastes from subsequent extraction cycles or
equivalent, (3) solids derived from such wastes, and (4) spent nuclear fuel if
aisposed of without reprocessing.

Mined Geologic Disposal System - A waste management system in which
radicactive waste is emplaced in cavities excavated deep in a stable geologic

formation.
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Multibarrier System - A succession of barriers, which act to limit ¢r preciude
radionuclide release or transport.

Natural Barrier ~ The portions of the geological environment whose physical,
mechanical, chemical, and hydrelegical characteristics, individually or
collectively, act to limit radionuclide release or transport.

Nonconformance - A deficiency in characteristic, documentation, or procedure
that renders the quality of an iwvem or activity unacceptable or indeterminate.

Overpack - A container placed over a canisterized waste form.

Packing Material - Barrier material that surrounds the waste package
components providing control of radionuclide release from the waste. It may
differ in composition and function from repository backfill but must be
compatible with and support the function of the repository backfill.

Performance Criterion - A criterion estabiishing the required performance of a
a system or swubsystem and qualitative operational, safety, or enyironmental

timits,

Quatified Frocedure - An approved procedure that has been demonstrated to meet
the specified requirements for its intended purpose.

Quatity -~ The properties or characteristics constituting those requisites of
specifications, codes, standards, industrial practices, other recognized
methods, and/or acceptance criteria by which an item is judged.

Quality Assurance ~ All those planned and systematic actions necessary to
gravide adequate confidence that a system or componeat will perform
satisfactorily and meet specified requirements. When the end product is a
report, quality assurance includes all those planned and systematic actions
necessary to provide confidence in the validity and integrity of the reported
data, methods, or processes and to assure the protection and retrievability of

the data.
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Quality Assurance Plan - A document which identifies the regquirements,
judiciously selected from the overall Quality Assurance Program, that are
appiicable to a particular program or project, and provides an index or a
description of the procedures that implement these and any necessary
supplementary requirements. The document also includes specific
responsibilities and authorities for the implementation of the Quality

Assurance Plan.

Quality Assurance Program - The ge.erit plans and procedures, and the
implementation thereof, established at the producer's plant or site to meet
the requircients of the Wa<te Acceptance Specifications,

Quality Assurance Record - A completed document that furnishes evidence of the
quality of items and/for activities affecting certification.

Repository System - The configuration of man-made features designed to provide
for receipt, inspection, handling, emplacement, and potential retrieval of
nuclear wastes during the operating phase and to act with the included natural

system to provide long-term containment and isolation of nuclear wastes.

Retrievability ~ The ability to remove nuclear waste from its pcsition of
emplacement in the repasitory using ptanned engineering procedures.

Site - The place, both at and below the surface, wrere the repository and
ancillary facilities are constructed, including the surrounding contrciled

zone,
specification - A set of detailed statements (usually quantitative) that serve
as tne final basis for guiding the fabrication of a device or system, and for

judging whether the quality and performance are acceptable.

Spent Fuel - Irradiated reactor fuel that has been used to the extent that it
can .. ionger be efficiently used in a nuclear reactor.
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Testing - The determination of the capability of an item to meet specified
requirements by subjecting the item to a set of physical, chemical,
environmental, or operating condifions.

Traceability - The ability to trace the history, application, or location of
an item and like jtems or activities by means of recorded identification.

Verification - The act of reviewing, inspecting, testing, checking, auditing,
or otherwise determining and documenting whether items, processes, services,
or daocuments conform to specified requirements. ,

Waste Form - Radioactive waste, in either treated or untreated condition,
including any inerts, binders, or stabjlizers.

Waste Management - The range of activities for dealing with radioactive waste ;
including generation, treatment, packaging, storage, transportation, and :

disposal.

Waste Package - The waste form and envelope of all materials that separate the
waste either from the host rock when emplacement occurs in a borehole or from
the room backfill when empiacement occurs in a disposal room or drift. There
have been various applications of the term waste package, such as a package
containing waste that is received at the repository for disposal--(here called
canisterized waste) or to the package as emplaced in the repository, In this
document, the latter usage is applied to the waste package.
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8.0 DATA SUBMITTAL REQUIREMENTS

8.1 GENERAL REQUIREMENTS

The waste form producer will supply ta the repository all documents
specified in 4.4.3, The format for these document. will be standardized.
Tnese documents will be sent €o the repositary prior to shipment of the
canisterized waste form and will be examined by the repository management to
determine whether the proposed waste snipment meets the specifications given
in this document. If, in the opinion of the repository, the proposed shipmenti
is within the requirements of this document, a Certificate of Confaormanc. will
be issued to the producer.

Data concer+ing projected rates of shipment “or the waste form producer
will be supplied to the repository every six months. Should the expected rate
of production exceed the rate at which the repository staff «an receive
shipments of that waste type, the repository management will inform the
producer that some delay in shipment authorization is likely to occur.

Additional data requirements for proposed shipments which are found not to
be in conformance with the product specifications given in this document will
te provided on a case by case basis.
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APPERDIX A

BASIS AND RATIONALE FOR PRODUCT SPECIFICATIONS
AND DATA REQUIREMENTS

A4.2 WASTE FORM SPZCIFICATIONS-DEFENSE WASTE PROCESSING FACILITY AND WEST
VALLEY DEMONSTRATION PROJECT

Note: Section numbers in this appendix correspond to section numbers in
Section 4.

Ad.2.1 Chemical

A4.2.1.) waste Form Matrix. For purposes of this document, the U.S.
Department of Energy (DOE) instructed the Nevada Nuclear Waste
Storage Investigations Project (NNWSI) to assume that the presen-
reference waste form for DWPF and for West Valley is a borosilicatz
glass. The above assumption &s to the reference waste form is
consistent with the Nuclear Regulatory Commission (NRC) criterion {10
CFR 60) tnat the waste form must be a solid.

A4.2.1.2 Free Liguids. The specification that the waste form{s) not

contain free liguids is based on the following concerns:

1. That such free 1iq.id(s} could be an easily dispersable medium

2. That such free liquid(s) could contribute to pressurizing the
canister

3.  That such free liguid(s) could become separated from the glass
either through their corrosive nature, or through the design
range of post-fabr cation processes for canisterized waste form

4, That such free liguid{s) could be a corrosive medium within the
waste form canister and contribute to breach of the contaiier.

This requirement is in keeping with and goes beyond tha NRC criterion
that the waste form contain rio free liquids {10 CFR 60.1356(2)).



A4.2.1.3 Gases. The basis and rationale for requiring that the
waste form(s) not contain free gases, other than helium, argon, and
air, are the concerns that free gases, other than those noted, could
result in a corrosive medium. Such free gases could also contribute
to pressurizing the canister and significantly contribute to breach
of the cuatainer and dispersion of radionuclide containing material.
(See also the concerns (1) through (3) noted in A4.2.1.2 for Free
Liquids.)

A4.2.1.4 Explosives. The specification that the waste form{(s) not
contain explosive materials, as defined by 49 CFR 173, Subparts C and
G, is based on the concern that such explosives could significantly
contribute to the breach of the container and, thus, endanger
operating personnel, and tine concern of preventing exposure of
aperating personnel and the public to the radionuclides in the waste
form. This requirement is consistent with the NRC criteria that the
waste form be nonexplosive and noncombustible (10 CFR 60.1350{1)).

A4.2.1.5 Pyrophoric Materials. The specification that the waste
form(s) not contain pyrophoric materials (49 CFR 173, Subpart E) is
based on the concerus that they could contribute to the breach of the
container, and the objective of preventing exposure of the operating
personne) and the public to the radionuclides in the waste form.

This requirement is consistent with the NRC criteria that the waste
form be nonpyrophoric and noncombustible (10 CFR 60.135b(1)).

A4.2.1.1 Organic Materials. The specification that the waste
form(s) for DHLW and that tne internal free volume in the canisters

not contain organic materials is based on the following:

1. The concern that organics could contribute to the formation of
complexes, polymers, colloids, etc.

2. That such complexes, polymers, colloids, etc. could incorporate
radionuciides released from the waste form and thus increase the

mobility of the radionuclides.



3. That the presence of organic materials would increase the
release of radionuclides from the waste form.

The formation of such complexes, etc. could seriously complicate the
geochemistry of the waste package, host rack, and water eavironment
both with respect to radionuclide transport and to subsequent
reactions that could involve the radiocnuclides, (DOE/Ri 82-3, 1982;
Early et al., 1982; McVay and Buckwalter, 1983; Oloffsson et al.,
1982; Champ et al., 1982).

Ad4,2.1,7 Chemical Compatibility. The spacification that the waste
form(s) be chemically compatible with the canister and any additianal
material included within the internal volume of the canister is based
on the following conterns:

1. That the waste form could significantly contribute to breach of
the container through a corrosion process.

2. That the waste fori could react with the canister and/or any
additional material present {e.g., filier material added to
reduce the free volume within the container) to form gases or
corrosive agenis that could contribute to breach of the
container.

2. That tne products formed by corrosion of the canister might
increase the mobility of radionuclides in the post-containment

period.

A4.2.1.8 Waste Form Degradation by Fire. The specification that the
waste form(s) be capable of withstanding exposure tc fi- at the
surface of the canister is based on the folilowing:

1. The concern that a fire could result from an accident involving
combustible materials prior to, during, or after receipt, at the
repository system.

2. Tne concern that the waste form shou'd not significantly
contribute to failure of the container under such accident

conditions involving fire.



A4,2

3. The concern that cthe chemical performance of the waste form(s)
not be adversely affected, namely the requirements on
Radicnuclide Release.

The specific conditions of the fire are taken from the Federal

Regulations {10 CFR 71) on the transportation of nuclear materials.
Although it is recognized that the time duration and conditions

of the fire test are likely to represent extreme conditions, it is

felt that they provide appropriately conservative conditions with

respect to 2 specification on waste form degradatiocn by a

hypothetical fire accident.

.2 Physical

Ad4,2.2,1 Particle Size and Fractions. The specification yhich
1imits amount(s) of waste form per canister that exists in particle
sizes less than 200 microns in equivalent sphere diameter 4nd
particle sizes less than 10 microns in equivalent sphere diameter are
based upon the following concerns:

1. That the canister could be accidentally breached (e.g., see the
requirement on Drop Test for canisterized waste form) during
transportation, handling, or the operaticnal period of the
repository,

2. That if the canister were breached as noted in [tem j, the waste
form, as present in the form of particulates, <ould He easily
dispersed and, tnus, present a personnel hazard and a problem
with respect to isolation performance of the repository system,
if it were involved in the incident,

3. That the particle sizes below 200 microns in eqguivalent sphere
diameter are considered to represent 3 significant dispersal
hazard {10 CFR 20, 30 CFR 57, OSHA regulations),

4. That the particle sizes below 10 microns in equivalent sphere
diameter are considered to represent a significant inhalation
hazard (10 CFR 20, 30 CFR 57, and OSHA regulations}.



The specific limits for the allowable quantities of particles in
these size ranges will be specified when the final waste acceptance
specifications document{s) is drafted. The limits {to be determined)
will be based uoon assessment of the effects and consequences
associated with these ranges of particies if composed of waste form
containing the respective types of high level waste.

A4.2.3 Thermal.

A4.2.3.1 Peak Temperature. The specification that the borosilicate
glass waste form not exceed 500°C at any position within the
canisterized waste form once the fabrication process is completed, is
hased upon the following concerns:

1. That the Kkinetics of the devitrification process within the
glass waste form would be unacceptably fast at higher
temperatures,

2, That the devitrification would result in a structural breakdown
of the monolithic character of the waste form,

3. That this resultant structural breakdown of the waste form could
compromise other requirements on the waste form (e.g., Particle
Sizes and Fractions--see the discussion in A4.2.2.1, or
Radionuclide Release--see the discussion in A4.2.5j.

A4.2.3.2 Peak Thermal Load. The specification that the waste form
shall not exceed a decay heat generation rate for the fipal waste
form and canister design of 800 watts per weste form loaded canister

is based upon the following concerns:

1. Thai the thermal load limits assumed in the transportation of
the waste form (canisterized) to the repository system are not
violated nor violate the 1imits imposed by the U.S. Depariment
of Transportation {DOT) regulations (10 CFR 71 and 49 CFR 173),

2. That the thermal l1oad limits assumed in reference design of the
repository system (i.e., surface and below ground facilities)
are not violated,

3. That the therimal inventory 1i-its are consistent with the waste
forim requirements on Peak lecwverature.
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A4.2.4 Radionuclide Inventory

A4.2.4.1 General Inventory. The specification that the glass waste
form shall not exceed 1000 curies of fission products nor 200 curies
of actinides per liter of glass is based on the following concerns:

1. To place some limitations upon the exposure of the waste form
and other components of the waste package te jonizing radiation,

2. To provide an upper limit relative to design considerations of
the transportation, handling, interiim storage, and repository
system operations.

The specific limits on curics of fission products and on curies of
actinides per liter of glass are set at levels which are
substantially higher than those which would be consistent with a
thermal Timit of 800 watts per canister. This has been done to allow
for inhomogeneity of fission product and actinide distribution in the

wzste form..

A4,2.4.2 Specific Inventory. The specifications for data that
characterize the specific inventory of the radionuclides for the
total production lifetime of the producer and the inventory for these
same radionuclides as present in the actual waste form(s) are based
on the need for such source term information to assist in the

following:

(1} Certification that the 1imits on total radicactivity (4.2.4.1)
and fissile nuclides (4.2.7.1) have not been exceeded.

{2) Determination of the amount of each radionuclide which will be
present in the repository during the operational period and at
the end of the containment period.

(3) Calculation of the fractional release rate of radionuclides

during the post-containment period.



Data on projected total inventories of radionuclides are needed to
assist in repository design. Data on radionuclide content for actual
production of waste forms are needed in order to interpret the
resuits of tests required under section 4.2.5.1.

A4.2.5 Radionuclide Release. The NRC reguiation 10 CFR 60 states that
“the engineered barrier system shall be designed, assuming anticipated
processes and events, so that: ...[B] The release rate of any radionuclide
from the engineereu barrier system following the containment period shall
not exceed one part in 100,000 per year of the inventory of that
radionuclide calculated to be present at 1,000 years followiay permanent
closure, or such other fraction of the inventory as may he approved or
specified by the Commission; ..." The hydrogeniogic setting of the NNWSI
repository, and the engineering design of the repasitory, will limit the
amount of water that can contact the waste form, and will ensure that the
temperature of any liquid water under anticipated unsaturated zone
conditions will be less than 95°C.

The standard waste form test MCC-1 (Materials Characterization
Center, 1982) conducted at 90°C will produce data at a temperature near
the maximum liquid water temperature expected in the repository. The
NNWSI waste form tesiing task will establish the relationship between the
results of the MCC-1 test and the release rate for the waste form in the
repasitory. Preliminary calcuiations based on the expected composition of
the water in the repository horizon, the expected flow rate of water and
volume of water per waste container, and the solubility limits of silica
at 90°C indicate that a borosilicate glass waste form that meets the
specification given in section 4.2.5.1 will have an annual release rate in
the repository which is close to the NRC release rate limit of 1 part in
100,000 per year of the radionuciide inventory present 1000 years after

closure.

A4 2.5 Properties Affecting Kadionuclide Release

A4.2.6.1 Chemical Homggeneity. The specification on the monitoring
of the waste form chemical hompgeneity is based upon the concern




that the constituents (i.e., radioisotopes and associated
compositional phases) would become segregated witnin the waste form
during the fabrication process and not be represented by samples used
to certify compliance with the following requirements:

1. Radionuclide Release (see A4.2.5).
2. Peak Temperature (see A4.2.3.1).
3. Peak Thermal Load (see A4.2.3.2).

4. Criticality (see A4.2.7).

The limit of + 5 relative percent was selected as a reasonable limit
of variations in chemical composition o' finished product to allow
prediction of product performance based on prior laboratory testing
of waste forms.

Ad.2.6.2 Chemical and Physical Stability. The basis for this
specification is to ensure that there is no unacceptaple degradation

of the waste form during the containment period.

A4,2.7 Criticality. The specification which limits the content of
fissile nuclides in the waste form to not exceed 6 milligrams per cubic
centimeter will ensure that the effective neutron multiplication factor,
Keff’ is less than 0.95 for alil conceivable scenarios.

A4.2.8 Properties and Characteristics

A4.2.8.1 Chemical. This section of the specification (section
4,2.8.1.1) provides a reiterat’on of the chemical specifications for
the waste form and a list of data requirements to show that the
specifications have been met. The general ourpose of the data
requirements is to easure that simulated waste forms used to show
compliance with specifications are representative of thre expected
product of actual waste form production, and that the actual output
of the waste form producer is sufficiently well characterized to
allow NNWSI to predict performance of tne waste form in the
repository.



A4.2.8.2 Physical. The physical properties data required are needed
to

{1) Design the handling equipment for the repository.

{2} Ensure that the health and safety of repository workers and the
general public are protected under both norma! and accident
situations.

A4,2.8.3 Thermal. The thermal properties data specified are
required in order to

(1) Calculate the temperature of the waste form as a function of
time.

(2) Predict the extent of devitrification which occurred during
post-casting coaling of the glass.

(3} Predict the extent of devitrification of the glass during the
containment period.



|

Ad.3

CANISTERIZED WASTE FORM SPECIFICATIONS
A4.3.1 Chemical

A4.3.1.1 Canister Material. This specification corresponds to the
reference canister material for the DAPF (Baxter)., It is the
reference disposal container material for NNWSI.

A4.3,? Physical

A4.3.2.1 Height. This specification is tc ensure that the waste
loaded canister is compatible with WNWSI handling and emplacement
equipment.

A4.3.2.2 Length. As for A4.3.2.]

A4.3.2.3 Diameter. As for A4.3.2.1.

Ad.3.2.4 Overall Dimensions. As for A4.3.2.1

A4.3.2.5 Free Yoiume. This specification is to ensure that space
allocated in the repository will be economically used, and to allow
calculation of the water volume which might be able to accumulate
inside the canister following breach.

A4.3.2.6 Burst Strength. The specification on burst strength of the
waste form canister was established to place minimum performance
limits on the ability of the container to survive, without breaching
(ANSI-N14.5} an accident involving a fire.

A4.3.2.7 Drop Test. The specification for a drop test of the
canisterized waste form was established to ensure the ability of the
filled canister to withstand a mechanical impact in the type of
accident situatian which might occur during handling or
transpertation of the canisterized waste form.
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A4.3.3 Handling Features. The specification concerning handling
features is included to ensure compatinility of the canisters with NNWSI
repository equipment.

Ad.3.4 Thermal. The specification which requires that the surface
temperature of the canister be monitored during glass casting and
subsequent cool down arises from the plan to dispose of glass waste form
canisters without adding another container or overpack. The 304L steel is
subject to sensitization urcer certain time-temperature scenarios.
Sensitized stee] would he more susceptible to specialized corrnsion
mechanisms than non-sensitized steel. The time-temperature data required
in section 4.3.4.1 will aliow NNWSI to judge whether sensitization of the
steel has occurred.

A4,3.5 External Contamination

A4.3.5.1 Radioactive Contamination. The requirement on removable
radioactive contamination of the external surfaces of the waste form
canisters is based primafily on concern that the receiving and
handling facilities (hot ceils) of the repository system's surface
facilities might become unacceptably contaminated.

The upper limits that are proposed for the removable radioactive
contamination on the external surfaces of canisters received at the
repasitory are the same as those specified by the Federal Regulation
10 CFR Part 71.87.

A4.3.6 Criticality. The control provided under specification 4,2.7
will ensure that no conceivable configuration of canisterized waste forms
will have a neutron multiplication factor which is greater than 0.95.

Ad4.3.7 Properties and Characteristics. Data required by this
specification are needed to show (1) that the canisterized waste form will

be safe to handle during repository operations, and {2) to determine
whether the canister is suitable for use as the finai disposal container
without overpacking.
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A4.3.7.1 Chemical. The chemicu] composition of the 304L stainless
steel will affect its susceptibiiity to specialized and iocalized
corrosion mechanisms. This will be especially important in heat
affected zones and weldments. These chemical data are needed so that
NNWS! can predict the Yifetime without breaching of the container in
the repository. Even if an overpack is used on the canister, these
data will be needed to ensure compatibility of the overpack witn the
canister material.

A4.3.7.2 Pnysical. These data requirements are a summation of items
discussed in section A4.3.2, plus two items which relate to data
needed if the canister is not to be overpacked.

A4.3.7.3 Mechanical. These data are regquired in order to determine

(1) Behavior of the canister during repository handiing operations.

(2) Behavior of the canister during regository emplacement
operations.

{3) Behavior of the canister in response to stress conditions
arising during the containment period.

A4.3.7.4 Thermal. These data are needed in order to calculate tne
thermal history of the canisterized waste after disposal, and to
address concerns discussed in sections A4.3.4 and Ad.3.7.1,

Ad.4 Identification, Labeling and Documentation. These
specifications are included to ensure that each waste form canister can be
uniquely identified and related to a data package which describes the
contents and history of the canister.
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