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The Department of Energy currently has approximately 100 million
liters of high-level radioactive waste in storage at the Savannah
River site. These wastes, which are generated during the produc-
tion of nuclear materials for defense needs, have been stored as
alkaline slurries in large carbon-steel tanks since the mid-
1950's. This has proven to be a safe and effective way of isolat-
ing the hazardous radionuclides from the environment.

However, while storage of liquid waste has been safe and effec-
tive, it has required continuous monitoring, and periodic con-
struction and retirement of waste tanks. In the late 1970's, the
Department of Energy recognized that there were significant safety
and cost advantages associated with immobilizing the high-level
waste in a stable solid form. Several alternative waste forms
were evaluated in terms of product quality and reliability of fab-
rication. This evaluation lead to a decision to build a Defense
Waste Processing Facility to convert the easily dispersed liquid
waste to borosilicate glass. In accordance with the NEPA (Nation-
al Environmental Policy Act) process, an Environmental Impact
Statement was prepared for the facility, as well as an Environmen-
tal Assessment of the alternative waste forms, and issuance of a
Record of Decision (in December, 1982) on the waste form. This
Record of Decision was endorsed by the Environmental Protection
Agency, several independent review groups, and the Nuclear Regula-
tory Commission (NRC).

In their comments on the Environmental Assessment, the NRC also
strongly urged the Department of Energy to continue the program of
site-specific repository testing which had already been initiated.
The need for such a program was made more pointed by the passage
of the Nuclear Waste Policy Act of 1982 which mandated that all
high-level waste would be sent to a federal repository for dispo-
sal. In 1985, the President ratified the decision to send this
defense-related waste to a civilian repository. The Department of
Energy, recognizing that start-up of the DWPF (currently scheduled
for 1990) would considerably precede licensing of a repository,
instituted a Waste Acceptance Process (WAP) to ensure that canis-
tered waste forms would be acceptable for eventual disposal at a
federal repository.

As part of the Waste Acceptance Process, the Department of Ener-
gy's Office of Civilian Radioactive Waste Management (RW) created
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the Waste Acceptance Committee (WAC) which was responsible for de-
fining the minimum requirements which canistered waste forms must
meet to be compatible with any of the media that were being con-
sidered for the first repository. The WAC, with representatives
from the repository projects and the waste form producers, devel-
oped the Waste Acceptance Preliminary Specifications (WAPS) which
identified these minimum requirements. A copy of the WAPS is in-
cluded as Appendix 1.100.1, for reference. The WAPS have been re-
vised to reflect the selection of the Nevada Nuclear Waste Storage
Investigations Project (NNWSI) as the sole repository project.
The specifications will not become final until NNWSI receives a
license from the NRC.

The Waste Acceptance Preliminary Specifications (WAPS) are divided
into four sections dealing with the waste form (borosilicate
glass), the canister, the canistered waste form, and quality assu-
rance of Waste Acceptance Process activities. The DWPF will docu-
ment its compliance with the WAPS in the Waste Form Compliance
Plan (WCP), the Waste Form Qualification Report (WQR), and in the
Production Records, as required in the WAPS.

The Waste Form Compliance Plan (WCP) provides general information
about the DWPF process and product, and a detailed description of
the methods and programs by which the DWPF will demonstrate com-
pliance with each specification in the WAPS. It has been prepared
for the DWPF by the Savannah River Laboratory SRL). The WCP is
being maintained by the Savannah River Laboratory, and updated as
necessary.

The Waste Form Qualification Report (WQR) will be a compilation of
of the results of those testing and analysis programs identified
in the WCP which are common to all DWPF canistered waste forms.
It will also contain the results of site-specific testing (as re-
quested by the NRC) which support the acceptability of the DWPF
product. The WQR will provide detailed evidence that the DWPF
product will be in compliance with each specification, and will be
compatible with the tuff repository environment. Parts, or all,
of the WQR may also be used in gaining approval for startup of the
DWPF, and in licensing of a repository in tuff.

The WQR will be prepared in a phased manner. Initial draft sec-
tions, primarily those summarizing work performed for the DWPF by
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SRL, will be issued for review and comment as soon as they are
prepared. A first draft addressing all of the WAPS is currently
scheduled for completion in September, 1989, prior to the initia-
tion of non-radioactive testing in the DWPF. At the completion of
non-radioactive testing, and before the initiation of radioactive
operations, the DWPF will issue a draft WQR summarizing all of the
information available. However, it is anticipated that some parts
of the WQR (for example, a report on level detection by gamma
emission from the canister) will not be completed until after the
start of radioactive operations. Thus, work on the WR is likely
to continue even after facility startup. SRL will prepare an ini-
tial draft summarizing the results of their work performed for the
DWPF. SRP-DWPF will then be responsible for maintenance and prep-
aration of subsequent drafts.

The Production Records (PR) are documents that describe the con-
tents of specific individual canistered waste forms. Prepared and
maintained by the Savannah River Plant, the Production Records
will summarize the detailed records of production of each canis-
tered waste form, and will provide the means to retrieve those
records, if necessary. Thus, the Production Records will be the
primary documentary evidence of the acceptability of individual
canistered waste forms.
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According to the Waste Acceptance Preliminary Specifications (see
Appendix 1.100.1), this document, the DWPF Waste Form Compliance
Plan WCP), is to perform two functions. First, it is to provide
general information about the DWPF process and product to facili-
tate planning by the repository project, Nevada Nuclear Waste
Storage Investigations Project (NNWSI). This information is ei-
ther provided as required, or a program and schedule for obtaining
the required information is provided.

Second, the WCP is to provide a detailed description of the meth-
ods by which the DWPF will demonstrate compliance with each speci-
fication in the WAPS. The initial drafts of the WCP have concen-
trated on outlining DWPF's strategy for satisfying the require-
ments of the Waste Acceptance Preliminary Specifications (WAPS),
based on the assumption that decisions on methods are best made as
part of an integrated management plan. Initial review of the WCP
by the Waste Acceptance Committee, in September, 1987, indicated
general approval of the strategy proposed by the DWPF, but pointed
out that the version of the WCP reviewed (Revision 5) did not con-
tain the level of detail required by the WAPS. Revision 6, re-
tained the management planning aspects of the initial drafts, but
included detailed discussions of the methods to be used to demon-
strate compliance. This version, Revision 7, addresses the WAPS
as revised to reflect the amendments to the Nuclear Waste Policy
Act of 1982, and comments by NNWSI on the Draft WCP. It also con-
tains updated information about the DWPF product.

The overall strategy for complying with the WAPS is to assure the
quality of the product by a combination of component specifica-
tions and process controls. Many of the specifications in the
WAPS require that the canister and waste form are well-charac-
terized before the DWPF begins production of actual waste forms.
The research and development activities related to characteriza-
tion of the waste form and the canister are described in the WCP.
Other specifications address canistered waste forms produced dur-
ing radioactive operation. The strategy for compliance with these
specifications is to demonstrate that the DWPF product will be ac-
ceptable over the range of anticipated chemical compositions and
operating conditions.

The WCP is organized in a Part and Item format to enable easy con-
currence with individual specifications. The revision number
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found in the heading of each page indicates the number of revi-
sions that particular item has been through. This phased accep-
tance is intended to expedite the approval process while assuring
thorough review. Following this Introduction, Part 2 briefly de-
scribes the DWPF process. The remaining parts are organized
around the four sections of the Waste Acceptance Preliminary Spec-
ifications: waste form, canister, canistered waste form, and
quality assurance. Within each part, each WAPS specification is
addressed as a separate item. For each specification, the state-
ment of requirements from the WAPS and the corresponding rationale
is first presented in bold-face type. This is followed by sec-
tions detailing the compliance strategy, implementation of that
strategy, and required documentation.

The compliance strategy section is a general description of the
strategy, or management plan, to demonstrate compliance with the
particular specification. This is supplemented by a logic diagram
which depicts the plan of action to satisfy the specification.
The set of activities depicted in the diagrams constitutes the set
of Waste Acceptance Process activities for that specification.
The intended mode of documentation, of the planned activities is
indicated on the diagram by the symbols used. A key is provided
in Figure 1.200.1. The organization assigned, or which is likely
to be assigned, responsibility for completing each task is also
indicated on the diagram. The Savannah River Plant is responsible
for the implementation of the Waste Form Compliance Plan.

The documentation section briefly summarizes how compliance with
the specification will be documented. The collection of these do-
cumentation sections constitute a definition of the content of the
WQR and the Production Records. Appendix 1.200.1 contains a de-
scription of the content of the Production Records, as required by
the WAPS.

The DWPF Integrated Cold Runs will be of great importance for dem-
onstrating compliance. Planned to begin in late 1989, the methods
and control strategies for DWPF operation will be implemented,
tested, and demonstrated. A summary of DWPF Integrated Cold Run
activities relevant to the Waste Acceptance Process is included as
Appendix 1.200.2.

In general, precise identification of some of the activities ne-
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cessary to demonstrate compliance with a given specification will
depend on the results of previous actions. It will be the respon-
sibility of the organization assigned to carry out any task in the
WCP to identify further actions for each specification, and to de-
termine whether the results of the task necessitate changes in the
compliance strategy (see Part 6, Item 700). SRP-DWPF (with SRL's
assistance) will assign responsibilities for these new tasks as
they are identified.

As recognized in the Introduction of the Waste Acceptance Prelimi-
nary Specifications, some individual canistered waste forms may
not comply with the specifications in every respect. For these
cases, DWPF will identify nonconformances and propose a course of
action to allow final disposal. This will be submitted to DOE-
Savannah River Operations Office for review, as outlined in Part
6, Item 800. DOE-SROO is responsible for development of proce-
dures governing communications with, and review by, other organi-
zations in DOE and/or other government organizations. It is an-
ticipated that they will gain the consent of other affected
organizations before approving proposed dispositions of non-
conforming canistered waste forms.

It is also anticipated that the WCP may require revision after ap-
proval by SROO, for example when the preliminary specifications
become more finalized, or when significant DWPF process changes
are made. Revisions will be made as necessary to the appropriate
Item of the WCP and submitted to DOE-Savannah River Operations Of-
fice for review, as outlined in Part 6, Item 700. DOE-SROO is re-
sponsible for development of procedures governing communications
with, and review by, DOE and/or other organizations.
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End of canister cooling after filling

Transfer of the canistered waste form from the Melt Cell to the
Canister Decontamination Chamber is not allowed until the canister
temperature is below 1000C. This limit is to prevent generation
of steam during decontamination of the canister. Thus, this
transfer to the Canister Decontamination Cell provides a conven-
ient definition of the end of cooling after filling.

Design-basis glass

The design-basis glass for the DWPF refers to the glass composi-
tion assumed for design of the DWPF facility. This composition
was used to develop physical, radiochemical and chemical data for
design of the DWPF. It is based on an early (ca. 1980) set of as-
sumptions about nuclear fuels production and waste generation at
the Savannah River Plant. While it is no longer an accurate pro-
jection of the glasses to be produced in the DWPF, the design-
basis glass composition and its set of properties are exemplars of
the types of data which will be used to satisfy specifications re-
quiring projections of DWPF glass compositions and properties.

Frit

Glass-forming chemicals will be added to SRP waste in the DWPF in
the form of a pre-melted ground glass. This material, called
frit, makes up about 64% of the DWPF glass composition.

Integrated Cold Run

Before the DWPF begins radioactive operations, the integrated op-
eration of the equipment and process will be extensively tested.
An important part of this Integrated Cold Run will be directed to
demonstrating the ability of the DWPF process and facility to com-
ply with the Waste Acceptance Preliminary Specifications. A sum-
mary of the Integrated Cold Run is included in Appendix 1.200.2.

Macro-batch

In the SRP Tank Farm, the feed to the DWPF will remain constant
for extended periods of time. The sludge portion of the waste
will change about every two to three years, while the precipitate
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portion of the waste will change every four months. Thus, the
feed from the Tank Farm to the DWPF will be constant over a period
of about four months at a time. This constant feed to the DWPF
constitutes a macro-batch.

The soluble portion of SRP waste will be treated with sodium tet-
raphenylborate and sodium titanate to remove radioactive cesium
and the traces of other radionuclides it contains. In the DWPF,
most of the organic material will be removed from the precipitate
by hydrolysis with formic acid. The aqueous fraction of the hy-
drolysis process, or PHA material, will be mixed with the sludge
and frit to produce melter feed.

Production Records

The Production Records (PR) are documents that describe the DWPF
canistered waste forms. They are specific to individual canis-
tered waste forms. They are not the detailed records of the pro-
duction of each canistered waste form, but summarize those
records, and provide the means to retrieve them, if necessary.

Reference glasses

The Waste Acceptance Preliminary Specifications require the DWPF
to project the range of glass compositions to be produced in the
DWPF. The reference glasses represent extreme points in that
range of compositions. The reference glasses will be used for
qualification testing of the DWPF product.

Sludge

The insoluble portion of SRP waste is referred to as sludge. The
sludge consists primarily of hydroxides and hydrous oxides of
iron, aluminum, and manganese, and contains essentially all of the
long-lived radionuclides in the waste.

Tank Farm

Currently, SRP high-level radioactive waste is stored in large (up
to 5,000,000 L) carbon-steel tanks on site. The areas containing
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these tanks are known as the Tank Farms.

Waste Acceptance Process activities

Waste Acceptance Process activities are those activities which
will be performed by or for the DWPF to establish the acceptabili-
ty of DWPF canistered waste forms. The set of Waste Acceptance
Process activities are identified and described in the Waste Form
Compliance Plan.
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ITNTRODUCTION

At the Savannah River Plant (SRP) in Aiken, South Carolina, the
residue of over thirty years of reprocessing of irradiated nuclear
fuels for national defense purposes is currently stored as an al-
kaline slurry. In the Defense Waste Processing Facility (DWPF),
the SRP high-level radioactive waste HLW) will be converted from
an alkaline slurry to a durable borosilicate glass. Descriptions
of the DWPF and its mission have appeared in the open technical
literature (see references at the end of this section). An over-
view of the DWPF process is presented here, with emphasis on the
production of canistered waste forms. A diagram of the waste im-
mobilization process is shown in Figure 2.100.1.

II. WASTE PROCESSING

Waste Pretreatment

The SRP waste is currently stored on site in carbon steel tanks
and exists in three forms: sludge, saltcake, and salt solution.
The sludge, comprising approximately 10 vol% of the stored waste,
consists primarily of precipitates of the hydroxides of iron, alu-
minum, and manganese. The salt is largely sodium nitrate, sodium
nitrite, sodium aluminate, and sodium hydroxide. The sludge con-
tains most of the radioactivity and essentially all of the long
lived radionuclides and actinides in the waste; the salt supernate
fraction contains the remaining radioactivity, predominantly ce-
sium-137.

The salt solution is decontaminated for disposal as low-level
waste by precipitating the radionuclides. Dissolved salt solu-
tions are pumped to an existing waste tank outside the vitrifica-
tion building for pretreatment. Here a solution of sodium tetra-
phenylborate is added. Insoluble salts of K. Cs, and NH4 (if

present) form a precipitate. At the same time a small amount of
sodium titanate slurry is added to adsorb remaining traces of sol-
uble Sr and Pu in the salt solution. The precipitate slurry is
concentrated by continuous filtration to 10 wt.% solids, washed to
a low soluble salt level, and pumped to the DWPF where it is in-
corporated into the borosilicate glass. The decontaminated salt
solution is blended with cementacious slag, flyash and cement in a
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separate facility for disposal as low-level waste.

Sludge waste is also pretreated in existing waste storage tanks.
The object is to dissolve soluble, nonradioactive ingredients such
as aluminum, so that they may be processed with the salt solution
into low-level waste rather than into the more costly high-level
waste glass. High-aluminum sludges are leached with excess caus-
tic to dissolve about 75% of the hydrated alumina and reduce the
volume of this type of sludge by about 50%. All types of sludge
are washed with water to reduce the soluble salt content of the
sludge slurry. Current plans are to accumulate about 2500 m3 of
washed sludge slurry, transfer it to another waste storage-tank
where it will be agitated, and then to feed the DWPF from this ho-
mogenized tank for a period of 2 - 3 years.

Precipitate Processing

Within the vitrification building, tetraphenylborate salt is fur-
ther processed to remove most of the organic carbon. About 90 %
of the phenyl groups on the organic salt are converted to an im-
miscible benzene phase by a formic acid hydrolysis process. The
aqueous product phase contains the cesium and other metals as sol-
uble formate salts, boric acid, excess formic acid, and about 10%
of the original phenyl groups in water-soluble forms such as phen-
ol and phenylboric acid. The benzene is steam distilled, further
decontaminated if necessary, and incinerated as a low-level waste.
The aqueous product and the insoluble titanate containing the ra-
dioactivity are collected and fed to the Sludge Receipt and Ad-
justment Tank SRAT) prior to vitrification.

Sludge Processing and Adjustment

The washed sludge slurry and the precipitate hydrolysis product
are mixed together in the Sludge Receipt and Adjustment Tank
(SRAT). Formic acid is also added to the SRAT which reduces the
mercury to the elemental state. The formic acid also reduces the
yield stress of the slurry, provides a reductant to the melt which
minimizes foaming, and reduces ruthenium volatilization. The mer-
cury is steam distilled from the slurry and eventually recovered
in reusable, metallic form.
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III. WASTE FORM PRODUCTION

Melter Feed Preparation

The slurry is then transferred to the Slurry Mix Evaporator (SME)
where premelted and sized borosilicate glass frit is added. Ap-
proximately 90% of the necessary frit is pumped directly to the
SME. The remaining 10% of the frit is first used for canister de-
contamination (frit blasting), and then is added to the SME. The
frit-waste-formate slurry is then thickened to about 50 wt% total
solids by boiling. This mixture is transferred to the Melter Feed
Tank (MFT), which delivers feed to the melter.

Melter Operation

Vitrification of SRP waste is accomplished in a slurry-fed, Joule-
heated melter. The feed slurry is introduced from the top of the
melter and forms a crust, or cold cap, on the surface of the melt
pool as the water is evaporated and removed via the off-gas sys-
tem. Two pairs of diametrically opposed electrodes supply about
150 kw of power directly to the melt. The nominal glass tempera-
ture beneath the cold cap is 11500C, but varies throughout the
melter. The cold cap melts from the bottom and forms the waste-
borosilicate glass matrix. For a nominal pour rate of 100 kg/hr,
and a nominal glass melt weight of 6500 kg in the melter, the res-
idence time in the melter is about 65 hours. The dome of the mel-
ter contains four pairs of metal resistance lid heaters that are
used to provide the heat for startup, as well as supplemental heat
during glass production.

Canister Flling

Glass is normally removed from the bottom of the DWPF melter
through a riser which is slanted upward, and overflows into a pour
spout connected to a stainless steel canister. A schematic dia-
gram of the canister filling operation is shown in Figure 2.100.2.
Pouring is accomplished by drawing a vacuum on the pour spout rel-
ative to the melter. During, and for - 30 minutes after comple-
tion of the fill, the canister is vented to the off-gas system to
collect volatile radionuclides (such as Cs-137) which may be emit-
ted from the surface of the glass. The canister is then rotated
from beneath the pour spout on a turntable. When the canister is
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rotated from under the melter, the canister is temporarily sealed
with a tapered plug that shrink-seals as cooling continues, creat-
ing a water tight seal (better than 10-4 atm-cc He/sec).

Glass filling is monitored by weight and glass level in the canis-
ter. The glass level is determined four ways: 1) by measuring
intrinsic gamma radiation from the waste glass through a vertical
series of collimators, 2) by measuring absorption of fast neutrons
from a fixed Cf-252 source, 3) by visually observing the color
change of the canister external surface, due to the heat from the
molten glass, and 4) by calculating the level from glass density
and weight measurements.

Canister Decontamination

Frit slurry blasting is used to remove contamination and metal ox-
ides from the canister surface. Cleaning is performed by rotating
the canister in an enclosed chamber and using air injected wet
glass frit blasting on all exposed surfaces. The used frit slurry
is then sent to the SME for melter feed preparation.

Final Canister Closure

The canister is sealed by welding a 12.9 cm diameter plug into the
canister nozzle using an upset resistance weld. After decontami-
nation and drying, the temporary seal is pushed down in the canis-
ter neck, exposing clean metal for a permanent plug weld. The
plug, which is slightly larger in diameter than the nozzle bore
and has a tapered edge, is centered in the nozzle. The canister
is supported by its flange on the welder bottom electrode, then
the upper electrode is lowered onto the plug. As a force of
330,000 newtons is applied to the plug, a current of 240,000 am-
peres is passed through the plug and nozzle. The 40-cm long line
of contact is heated (but not melted), the plug is forced into the
nozzle, and a 1-cm thick, solid state weld is made in 1.5 seconds.
Weld quality is ensured by recorded verification that the impor-
tant parameters (force, current, time) were within predetermined
acceptable ranges. The weld is then visually inspected to verify
inset and symmetry. Techniques to seal canisters with out-of-
specification welds have been developed and demonstrated.
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Interim Storage

The filled and decontaminated canisters are moved by a shielded
transporter and stored in an air-cooled storage building. A ven-
tilation system consisting of exhaust fans and HEPA filters is
used to create a slight negative pressure in the canister storage
area and to prevent spread of contamination, in case of an unex-
pected event.
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FIGURE 2.100.1 IMMOBILIZATION OF SAVANNAH RIVER PLANT WASTE
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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FIGURE 2.100.2 DWPF CANISTER FILLING OPERATION
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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1.1 CHEMICAL SPECIFICATION

The waste form for DWPF is borosilicate waste glass.

1.1.1 Chemical Composition Projections

The producer shall include in the Waste Form Qualification
Report (WQR), sufficient chemical and microstructural data
to characterize the elemental composition and crystalline
phases for the product of the waste production facility
and expected variations in the product due to process va-
riations during the life of the facility. The method to
be used to make these projections shall be described by
the producer in the Waste Form Compliance Plan (WCP).

The regulatory requirements outlined in 10 CFR 60.135(c)
(1) state that, "All such radioactive wastes shall be in
solid form and placed in sealed containers". The chemical
specification addresses two repository information needs.
Information on the planned production is required to allow
testing of material that is representative of what is to
be produced. Secondly, information on the canistered
waste forms is required to confirm that the material actu-
ally produced is within the range of materials tested.

Oxygen is excluded from the requirements for analysis for
the following reasons:

(a) The measurement of oxygen would not provide any data
relevant to determination of the valence state of radionu-
clides in the glass. A direct measurement of oxygen would
have an uncertainty of 1 percent of the measured value.
The elements for which release rate control is required
are present in concentrations that are collectively less
than 0.5 percent; of these, only a small number, such as
technetium and plutonium, are redox sensitive. Since oth-
er, non-radioactive oxides are present in much greater
concentrations, a measurement of the oxygen concentration
with an uncertainty of more than 1 percent would provide
no information on the valence state of the radionuclides
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of interest.

(b) For radionuclide release to occur in the repository,
the surface of the glass must be in communication with the
repository environment. This environment includes the
host rock, the metal container, packing material (if
present), and fluids. The environment will control the
redox state of the solutions produced by reaction of
fluids with the glass because of the much larger abundance
of redox sensitive species in the environment. Since it
is the redox state of the fluid that will determine the
concentration of radionuclides available for transport,
and since the glass redox state will not control the fluid
redox state, it is not necessary to know the glass redox
state.

Expected accuracy of measurement of canistered waste form
compositions is necessary to allow adequate evaluation of
uncertainties in waste form composition for repository
performance assessment.

Compliance Strategy

A report defining reference glass compositions will be prepared.
The compositions thus defined will span the range of compositions
of glass expected to be produced in the DWPF. The reference com-
positions will be defined based on the inventory of waste current-
ly stored in the tanks at SRP, the composition of that waste, an-
ticipated blending schemes for the waste streams, the expected
composition of the glass frit to be used, and estimates of the
amount and composition of waste to be generated at SRP in the fu-
ture.

The range of glass compositions will be of a broad nature because
of the uncertainties in the assumptions. In particular, the esti-
mates of future waste generation and composition are dependent on
future national defense needs which have not yet been defined.
Similarly, unforeseen events may necessitate changes in blending
schemes. Thus, these estimates will take into account all of the
information available at the time they are made, but will not ne-
cessarily reflect the composition of any particular waste forms
subsequently produced. However, it is anticipated that the range
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of compositions defined as above will include all glasses produced
in the DWPF. If future site processes significantly change so
that the composition of the glass falls outside the range of ref-
erence compositions, then disposal of this glass will be accom-
plished according to the procedure in Part 6, Item 800.

Implementation

The plan being followed to satisfy this specification is outlined
in Figure 3.100.1. The initial action was to identify the impor-
tant factors affecting composition projections. These important
factors are:

The composition of the waste currently stored in the tanks, and
identification of its sources.1-5

The amount of waste currently stored in the waste tanks.

The anticipated blending schemes for waste currently stored.

The types of wastes expected t be generated in the future.

The compositions of those waste types.

The algorithms to be used to generate a glass former composi-
tion from a given waste composition.

On a weight basis, DWPF glass will consist of approximately 64 wt%
borosilicate glass frit, 8 % precipitate hydrolysis product, and
28 % sludge (see Part 2, Item 100). The glass frit and the pre-
cipitate hydrolysis product (PHA) together make up what is called
the glass-former composition. The glass-former composition for
the DWPF has been developed so that DWPF waste glass will have
similar properties to simulated waste glasses previously developed
for sludge-only processing.6 This has been achieved by modifying
the glass frit composition to take into account changes in waste
processing, such as the tetraphenylborate precipitation process.
Properties which are controlled during modification of frit compo-
sition are chemical durability of the glass, viscosity of the
glass, solubility of waste in the glass former, thermal stability
of the glass, and reliability of processing behavior and product
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properties 8

Projections of the chemical composition of the existing waste in-
ventory are principally based on chemical analyses of individual
samples of the waste stored on site. As of October 31, 1987, it
was estimated that the 46 high-level waste tanks contained
33,667,000 gallons of waste. Processes, histories and methods of
waste handling at SRP indicate that several general types of
wastes currently reside in the waste tanks:

HM high heat waste (HM HAW)

HM low heat waste (HM LAW)

Purex high heat waste (Purex HAW)

Purex low heat waste (Purex LAW)

Zeolite resin

Coal and sand

Silver salts

Supernatant salt solutions (primarily sodium salts). These so-
lutions will be decontaminated with sodium tetraphenylborate and
sodium titanate.

An Integrated Flowsheet computer model has been used to develop a
material balance for the design of the DWPF at SRP. A modified
version of this computer model, which incorporates recent modifi-
cations of both the DWPF and SRP processes which produce high-
level waste, has been used to estimate the range of compositions
of waste glass that will be produced in the DWPF. The model takes
into account

Sludge, slurry and salt precipitate compositions which are fed
to the DWPF.

Reactions in the DWPF which alter the chemistry of the feed
streams.
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Available lead time for adjustments to the feed.

Frit composition.

The reaction chemistry used in the model is based on data obtained
in tests using non-radioactive waste simulants. Data from both
laboratory and engineering-scale equipment have been incorporated
in the model. When possible, these tests have been augmented by
laboratory-scale experiments using radioactive waste from the ex-
isting inventory.

The model has been used to generate the projected chemical compo-
sitions of four waste glasses to be produced from existing high-
level waste inventory. These glasses represent the expected com-
positions to be produced in the DWPF through at least the first
eight years of operation. The compositions of these four glasses
(Batches 1-4) are shown in Table 3.100.1. Also represented in
this table are three hypothetical glass compositions produced
from:

An overall blend of existing inventory.

A blend of M (high aluminum) waste that represents the upper
design limit of glass viscosity that will be produced at DWPF.

A blend of Purex (high iron) waste that represents the lower de-
sign limit of glass viscosity that will be processed at DWPF.

Accurate projection of the chemical composition of future waste is
difficult because of possible SRP processing changes which would
affect waste generation. The composition of wastes to be generat-
ed in the future has been estimated based on historical usage of
process chemicals, modified by recent changes which have occurred
in the waste generating processes. The four extremes of M HAW
and LAW, and Purex AW and LAW have been used as bounds for future
waste generation. As additional experience is gained with the
DWPF process, additional compositions may be added to those re-
ported here which would reflect, for example, process upset condi-
tions.

Samples of simulated waste glass of each of these reference compo-
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sitions will be prepared. These samples will be subjected to the
thermal conditions expected during filling and cooling of DWPF
waste glass in a canister, both at the surface of the canister and
along the centerline. The microstructure of these glass samples
will then be characterized using the methods referred to in Part
3, Item 600.

Documentation

The Waste Form Qualification Report will include a report on the
reference glass compositions. These will span the ranges of glass
compositions expected to be produced in the DWPF. The identity
and expected amount of crystalline phases will also be reported.
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MAJOR GLASS CONSTITUENT SLUDGE TYPE
COMPONENTS
weight Blend Batch 1 Batch 2 Batch 3 Batch 4 HM Purex

A1203 3.98 4.87 4.46 3.25 3.32 7.08 2.89

B203 8.01 7.69 7.70 7.69 8.11 6.94 10.21

BaSO4 0.27 0.22 0.24 0.26 0.38 0.18 0.29

CaO 0.97 1.17 1.00 0.93 0.83 1.00 1.02

CaSO4 0.077 0.12 0.11 0.10 0.0034 trace 0.12

Cr2O3 0.12 0.10 0.12 0.13 0.14 0.086- 0.14

CuO 0.44 0.40 0.41 0.40 0.46 0.25 0.42
Fe2O3 6.95 8.39 7.11 7.48 7.59 4.95 8.54

FeO 3.11 3.72 3.15 3.31 3.36 2.19 3.78

Group A* 0.14 0.099 0.14 0.10 0.20 0.20 0.078

Group BS 0.36 0.22 0.44 0.25 0.60 0.89 0.084
K20 3.86 3.49 3.50 3.47 3.99 2.14 3.58

Li2O 4.40 4.42 4.42 4.42 4.32 4.62 3.12

MgO 1.35 1.36 1.35 1.35 1.38 1.45 1.33
MnO 2.03 2.06 1.62 1.81 3.08 2.07 1.99
Na2O 8.73 8.62 8.61 8.51 8.88 8.17 12.14

Na2SO4 0.10 0.10 0;12 0.096 0.13 0.14 0.12

NaCl 0.19 0.31 0.23 0.22 0.090 0.093 0.26
NiO 0.89 0.75 0.90 1.07 1.09 0.40 1.21
Si02 50.20 49.81 50.17 49.98 49.29 54.39 44.56

ThO2 0.19 0.36 0.63 0.77 0.24 0.55 0.011

TiO2 0.90 0.66 0.67 0.66 1.02 0.55 0.65

U308 2.14 0.53 2.30 3.16 0.79 1.01 2.89

* Group

S Group

A: radionuclides

B: radionuclides

of Tc,

of Ag,

Se, Te, Rb, Mo.

Cd, Cr, Pd, Tl, La, Ce, Pr, Pm, Nd, Sm, Tb,
Sn, Sb, Co, Zr, Nb, Eu, Np, Am, Cm.
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FIGURE 3.100.1 Tasks planned to satisfy Specification 1.1.1,
Chemical Composition Projections
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1.1.2 Chemical Composition During Production

For the canistered waste forms the producer shall include
in the production records the elemental composition of the
glass waste form for all elements, excluding oxygen,
present in concentrations greater than 0.5 percent by
weight. The producer shall describe the method to be used
for compliance in the WCP. An estimate of the precision,
accuracy, and the basis for the estimate of the precision
shall be reported in the WCP.

Compliance Strategy

During production, the composition of the glass will be determined
as follows:

Samples of the melter feed will be taken, and analyzed,
throughout processing of each macro-batch.

The composition of the glass produced will be calculated, based
on a correlation between feed and glass composition.

The composition of the entire group of canistered waste forms
produced by a macro-batch will be reported as an average value for
the entire macro-batch, with a standard deviation based on the
range of values in the feed composition.

The correlation will be developed by SRL during pilot plant opera-
tions. The correlation will be verified during the DWPF Integrat-
ed Cold Run, when feed and glass samples can be routinely taken
and analyzed. The precision and accuracy of the determination of
the glass composition will be calculated based on the results of
the DWPF Integrated Cold Run, and will be reported in the Waste
Form Qualification Report.

The correlation between feed and glass composition, and therefore
the accuracy of the reported composition will be continually up-
graded by analyses of glass samples taken from the pouring glass
stream. This is described in more detail in Part 3, Item 550.
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Implementation

The tasks planned to satisfy this specification are outlined in
Figure 3.200.1. The initial action taken was development of a
strategy for determining glass composition during production, dis-
cussed below. The next tier of tasks involve development of ana-
lytical and calculational techniques to determine glass composi-
tion.2 The final tasks before the initiation of radioactive
operations in the DWPF are demonstrations of the strategy and
methods developed, and determination of the precision and accuracy
which will actually be realized during DWPF operations.

The DWPF has completed development of a strategy for determining
the chemical composition of DWPF glass during production. The
strategy (shown in Figure 3.200.2) is predicated on the facts that
the sludge feed to the DWPF will be relatively constant over the
life of each major sludge batch (2 - 3 years), and that the pre-
cipitate feed.to the DWPF will be relatively constant over the
life of each major precipitate batch (3 - 4 months). Samples from
each major sludge and precipitate batch (macro-batch) will be tak-
en from the tanks and analyzed to determine the major (those
present in the glass at 0.5 wt %) nonradioactive elements. This
information will also be used to develop frit composition specifi-
cations for the DWPF, and to procure analytical standards for DWPF
use.

When processing of each macro-batch begins in the DWPF, the DWPF
laboratory will analyze Melter Feed Tank samples to determine the
actual content of the major nonradioactive elements identified
from the Tank Farm samples. These results will then be used by
the DWPF to calculate the chemical composition of the glass, which
will be reported in the Production Records. The relative standard
deviations of these measurements are expected to be less than 10%,
for most of the elements, although elements near the 0.5 thres-
hold may be known less precisely.

During the Integrated Cold Runs, samples of feed and glass will be
taken to verify the correlation developed in the laboratory. If
deviations in this model are detected, the model will be modified
to be consistent with the results. This should minimize the num-
ber of samples required during radioactive operation.
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When glass samples are taken in the DWPF, they will be sent to SRL
for chemical and radiochemical analyses, and other testing (See
Part 3, Item 550). A portion of each of the glass samples will be
returned to the DWPF, and analyzed in the same manner as at SRL.
These results will be used to verify and fine-tune the correlation
between feed and glass composition. If major discrepancies be-
tween glass sample analyses and the calculated chemical composi-
tion are found, the glass will be sampled more frequently to im-
prove the correlation between melter feed and glass to acceptable
levels (See Part 3, Item 500).

As an example of the implementation of the DWPF strategy, each of
the major elements in the design-basis feed (see Part 3, Item 100,
Table 3.100.1) to the DWPF is identified, by source, in Table
3.200.1, along with the analytical technique which will be used to
determine its concentration.1-3

Estimates of the precision and accuracy of the analytical methods
themselves are shown in Table 3.200.2. These are based on experi-
mental investigations of the ability of the methods developed for
the DWPF to analyze glasses similar in composition to DWPF glass.
The experiments were performed remotely in SRL's Shielded Cells
Facility, and used the methods developed for the DWPF.

The values reported will also contain errors due to sampling. A
remote sampling system for the DWPF has been developed and tested4

(see Figure 3.200.3). The sample vial and valve arrangement are
shown in Figure 3.200.4. Current estimates are that sampling con-
tributes less than 5 relative % error to the reported values.
These estimates are based on experimental data using the prototyp-
ical DWPF sampler, in a full-scale vessel similar to the Melter
Feed Tank. More definitive estimates of the precision and accura-
cy of the reported glass compositions will be made during the In-
tegrated Cold Run in the DWPF. These results will be reported in
the Waste Form Qualification Report.

Documentation

The Waste Form Qualification Report will include a report on the
methods to be used to determine the glass composition during pro-
duction, as well as verification and validation of the methods.
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This will include determinations of the precision and accuracy of
the selected methods from the DWPF Integrated Cold Run, as well as
estimates of the errors due to sampling and analyses.

The Production Record for each canistered waste form will include
the elemental composition of the glass. The values will be re-
ported as the numerical average and standard deviation calculated
from the individual elemental analyses for an entire macro-batch,
expressed as oxides in the glass. This information will be calcu-
lated from analyses of samples from the Melter Feed Tank. The re-
ported chemical composition will be the same for all canisters
produced from a given macro-batch of feed.

This composition will have to be within the range of compositions
projected for the DWPF, required to satisfy Specification 1.1.1.
Development of this range is scheduled to be completed in January,
1988. If the composition is outside the projected range, then the
batch of glass-filled canisters will be identified as nonconform-
ing items, and then dispositioned according to the procedures out-
lined in Part 6, Item 800.
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FIGURE 3.200.1 Tasks planned to satisfy Specification 1.1.2,
Chemical Composition during Production
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FIGURE 3.200.3 DWPF recirculating sample loop
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FIGURE 3.200.4 DWPF Remote Sample Valve
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1.2 RADIONUCLIDE INVENTORY SPECIFICATION

For all radionuclide inventory estimates required by this
specification, the producer shall report all radioisotopes
that have half-lives longer than 10 years and are present
in concentrations greater than 0.05 percent of the total
radioactive inventory in curies (in the aggregate or in
the canistered waste form, as applicable) at any time up
to 1100 years after production.

1.2.1 Radionuclide Inventory Projections

The producer shall provide in the WQR estimates of the to-
tal quantities of individual radionuclides to be shipped
to the repository and of the uncertainties in the expected
values. The producer shall also provide in the WQR esti-
mates of the inventories of individual radionuclides ex-
pected to be present in each canistered waste form pro-
duced at the facility and the expected range of variations
due to process variations during the life of the facility.
These estimates shall be calculated for the year 2025.
The method used to make these projections shall be de-
scribed by the producer in the WCP.

The total radionuclide inventory is required for a deter-
mination of the producer's contribution to the repository
source term for calculations to show compliance with 40
CFR 191 total release standards. A year was needed for
indexing radionuclide inventory values. The year. 2025 was
chosen to serve this purpose. Inventory estimates for
each canistered waste form are required to confirm that
each canistered waste form falls within ranges considered
in licensing, safety, and isolation assessments, and for
estimates of releases under unanticipated processes and
events, and accident scenario conditions. Expected varia-
tions in radionuclide inventories are necessary to ade-
quately quantify uncertainties in radionuclide release e-
timates for repository performance assessments. The
minimum concentration of 0.05 percent is needed to ensure
that all isotopes of possible consequence to safety and
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isolation analyses are included, assuming that congruent
dissolution of all radionuclides occurs upon contact with
an aqueous environment. It provides a factor of 2 reduc-
tion with respect to the 0.1 percent limit on isotopes
which must be considered in meeting the 10 CFR 60.113 re-
lease rate criterion; it also provides a reasonable lower
bound for assessment of releases during accidents. The
half-life criterion needs to be as low as 10 years so that
"pre-closure" exposure and accident concerns can be ad-
dressed.

The 1100 years is based on 1000 year containment period
plus 100 years after production for storage, transporta-
tion, and operation prior to repository closure, and will
be used as the basis for calculating the inventory for the
10 CFR 60.113 release rate criterion.

Compliance Strategy

Estimates of the total quantities of radionuclides to be processed
into borosilicate waste glass will be based on the inventories of
radionuclides currently stored in the waste tanks and on the an-
ticipated waste generation at SRP in the future. Estimates of in-
ventories of individual radionuclides expected to be present in
each canistered waste form will depend not only on those two fac-
tors, but also on blending schemes for the waste streams.

Implementation and Status

The tasks planned to satisfy this specification are outlined in
Figure 3.300.1. The initial action was to identify the important
factors affecting radionuclide inventory projections. These im-
portant factors are:

The radionuclide inventories of waste currently stored in the
waste tanks. As of October 31, 1987, it was estimated that the 46
high-level waste tanks contained 33,667,000 gallons of waste. The
curie content of the current waste inventory, estimated from anal-
yses, is listed in Table 3.300.1.

The projected future waste generation at SRP.
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The anticipated blending scheme of waste currently stored.

The curie balance projections used in forecasting radionuclide
inventory.

There are several sources of information to be considered in mak-
ing radionuclide inventory projections. These include the results
generated by computer codes based on production, analytical data

- from waste samples, and the results from the DWPF curie balance
and material balance calculations. Available data from all of the
radionuclide projection sources will be compared to assure that
the most reasonable value is used. If a good technical basis for
choosing one value over another cannot be justified, the most con-
servative value will be chosen.

The DWPF design basis curie balance was developed to provide a ba-
sis for biological shielding, process cooling and environmental
release requirements. This curie balance will also be used to
project radionuclide content of future waste. SRP production
forecasts are used to project the number of canisters that will be
produced, using the same assumed product mix as in the design ba-
sis curie balance. Several assumptions were made in developing
the design basis curie balance.

A standard blend of waste streams containing various radionu-
clides.

Insoluble waste is aged five years to decay short-lived iso-
topes.

Soluble waste is aged 15 years to assure low concentrations of
Ru-106.

Table 3.300.2 lists all the radionuclides, with a half life great-
er than ten years, which comprise at least 0.01% of the radionu-
clide inventory of the design-basis glass at any time up to 1100
years after production. This is the set of radionuclides which
will be reported under this specification.

Predicting isotopic content of waste that has not yet been gener-
ated, with any degree of certainty, is not possible. However, if
the assumptions made about future waste generation are correct,
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current experience indicates that actual radionuclide inventories
will be within 25% of those predicted. When waste processing be-
gins in the SRP Tank Farm in 1988, more complete and accurate in-
formation will become available

Documentation

The Waste Form Qualification Report will include a report on the
estimates of total quantities of radionuclides to be processed
into borosilicate waste glass at DWPF, and on the estimates of in-
ventories of individual radionuclides expected to be present in
each canistered waste form. This report will include a descrip-
tion of the methodology used to develop the estimates. Relevant
information from waste processing in the Tank Farm will be provid-
ed to the repository projects on an on-going basis by means of the
Waste Form Compliance Plan and the Waste Form Qualification Re-
port.
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TABLE 3.300.1 SRP High-Level Waste Inventory as of October 31,
1987.

Number of tanks in service: 46

Total Volume of waste, gals:
Sludge heat output, Btu/hr:
Supernate heat output, Btu/hr:
Total heat output, Btu/hr:
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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TABLE 3.300.2 Radionuclides to be included in projected
radionuclide inventories.*

Ni-59 Th-230

Ni-63 U-234

Se-79 U-238

Sr-90 Np-237

Zr-93 Pu-238

Nb-93m Pu-239

Tc-99 Pu-240

Pd-107 Pu-241

Sn-126 Pu-242

Cs-135 Am-241.

Cs-137 Am-243

Sm-151 Cm-244

* 2>10 years, concentration >0.01 % of the total curie inventory

of the design-basis glass at any time up to 1100 years.
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FIGURE 3.300.1 Tasks planned to satisfy Specification 1.2.1,
Radionuclide Inventory Projections
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1.2.2 Radionuclide Inventory during Production

At the time of shipment, the producer shall provide in the
production records estimates of inventories of individual
radionuclides in each canistered waste form. The producer
shall also report the expected precision and accuracy of
these estimates in the WCP.

Compliance Strategy

During production, estimates of the inventories of individual ra-
dionuclides in each canistered waste form will be determined from
the radionuclide inventory in the feed, and a correlation will be
established between feed and glass composition, as referred to in
Part 3, Item 200. Determination of the radionuclide inventories
in the feed will be done by a combination of analytical measure-
ment and calculation. The techniques will be demonstrated in
SRL's Shielded Cells Facility before radioactive operations begin
in the DWPF. Initial estimates of the precision and accuracy of
the techniques will be determined based on these demonstrations,
and reported in the Waste Form Qualification Report.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 3.400.1. The initial action taken was development of a
strategy for determining radionuclide inventories during produc-
tion. This is shown in Figure 3400.2. The next tier of tasks in
Figure 3.400.1 require development of analytical techniques and
methods of calculation to determine the radioactive content of the
glass. The final tasks before the initiation of radioactive oper-
ations in the DWPF are demonstrations of the strategy and of the
methods developed. The precision and accuracy which will actually
be realized during DWPF operations will not be determined until
after radioactive operations begin.

The DWPF has completed development of a strategy for determining
the radionuclide inventory of DWPF glass during production. The
strategy (shown in Figure 3.400.2) is similar to that for the
chemical composition during production, in that it is based on the
concept that the sludge feed to the DWPF will be relatively con-
stant over the life of each major sludge batch (-2 years), and
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that the precipitate feed to the DWPF will be relatively constant
over the life of each major precipitate batch (-4 months). Sam-
ples from each major sludge and precipitate batch (macro-batch)
will be taken from the tanks, and radiochemical analyses will be
performed for those radionuclides which can be analytically deter-
mined in the individual waste streams. These radiochemical analy-
ses will be used to develop correlation functions between radionu-
clides which can be analytically determined and those which are
chemically similar, but cannot be measured directly. They will
also be used to establish estimates of the precision and accuracy
of the DWPF methods, many of which are still under development.

The DWPF will report, as the radionuclide inventory of the glass,
the contents of all radionuclides listed in Table 3.400.1. Based
on reactor codes used at Savannah River, each of these radionu-
clides has a half-life > 10 years and makes up at least 0.01 % (on
a curie basis) of the radionuclide inventory of the reference
glass, at some time between the time of production of the glass
and 1100 years after production. The method by which the content
of each of these radionuclides in the glass will be determined is
listed in Table 3.400.2. The latter are subject to change because
the reliability of the methods for many of the long-lived and very
dilute radionuclides has not yet been established.

When processing of the macro-batch begins in the DWPF, the DWPF
laboratory will analyze Melter Feed Tank samples for Cs-137, Sr-
90, and gross a, and other specific radionuclides which can be de-
tected by and y-PHA. These will be used as direct input to the
Production Records. The contents of other radionuclides in the
glass will be based on the average of the results of the Tank Farm
samples (converted to a glass basis) with a standard deviation
based on, at a minimum, DWPF laboratory's Cs-137, Sr-90, and gross
a analyses for the entire macro-batch. All of these values will
be converted to a glass basis.

The data in Table 3.400.3 is an example of the application of the
DWPF methods to samples of actual SRP waste glass, and can be used
to estimate the precision of the methods which will be used.2 The
experiments were performed remotely in SRL's Shielded Cells Facil-
ity, and used the methods similar to those developed for the DWPF.
As noted in Part 3, Item 200, sampling errors will also contribute
to the uncertainty in the reported result.
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When glass samples are taken in the DWPF, they will be sent to SRL
for chemical and radiochemical analyses, and other testing (See
Part 3, Item 550). A portion of each of the glass samples will be
returned to the DWPF, and analyzed in the same manner as at SRL.
These results will be used to verify the accuracy of the reported
radionuclide inventory. During initial radioactive operations in
the DWPF, more frequent sampling of DWPF glass is likely in order
to ensure that any phenomena dependent on the actual melter design
and operation (e.g. volatilization) have been properly accounted
for in the calculation of the radionuclide inventory.

Documentation

The Waste Form Qualification Report will include a report on the
methods to be used to determine the radionuclide inventory during
production, and the precision and accuracy of the methods used,
based upon demonstrations in SRL's Shielded Cell Facility, and
analyses of samples from the Tank Farm.

The Production Record for each canistered waste form will include
estimates of the content of each radionuclide listed in Table
3.400.1. The values reported in the Production Records will ei-
ther be measured or calculated values, depending on the particular
radionuclide. However, the reported inventory for all radionu-
clides will be expressed as curies per unit mass of glass and will
remain constant throughout the entire macro-batch.

References

1. C. J. Coleman, R. A. Dewberry, A. J. Lethco, C. D. Dennard,
"Analytical Methods and Laboratory Facility for the Defense Waste
Processing Facility," Proceedings - 28th Oak Ridge National
Laboratory Conference on Analytical Chemistry, W. R. Laing
(ed.), Lewis Publishers, Chelsea, MI, 337-43 (1986).

2. N. E. Bibler, "Leaching Fully Radioactive SRP Nuclear Waste
Glass Tuff Ground-Water in Stainless Steel Vessels," Advances in
Ceramics - Nuclear Waste Management, 8, W. A. Ross and G. G.
Wicks (eds.), 619-626 (1986).
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TABLE 3.400.1 Radionuclides to be Included in the Reported Radio-
nuclide Inventory of DWPF Glass

RADIONUCLIDE REASON FOR RPORTING

Ni-59

Ni-63

Se-79

Sr-90

Zr-93/Nb-93m

Tc-99

Pd-107

Sn-126

Cs-135

Cs-137

Sm-151

Th-230

U-234

U-238

Np-237

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Am-241

Am-243

Cm-244

> 0.01 %, for all t > 400 years

> 0.01 %, for all t > 200 years

> 0.01 %, for all t > 200 years

> 0.01 %, for all t < 500 years

> 0.01 %, for all t > 200 years

> 0.01 %, for all t > 80 years

> 0.01 %, for all t > 500 years

> 0.01 %, for all t > 200 years

> 0.01 %, for all t > 300 years

> 0.01 %, for all t < 700 years

> 0.01 %, for all t

> 0.01 %, for all t > 1000 years

> 0.01 %, for all t > 200 years

> 0.01 %, for all > 500 years

> 0.01 %, for all t > 500 years

> 0.01 %, for all t

> 0.01 %, for all t > 45 years

> 0.01 %, for all t > 45 years

> 0.01 %, for all t > 200 years

> 0.01 %, for all t > 500 years

> 0.01 %, for all t > 45 years

> 0.01 %, for all t > 800 years

> 0.01 %, for all t < 100 years
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TABLE 3.400.2 Method of Determination of Content of Radionuclides
to be Reported as the Radionuclide Inventory of
DWPF Glass

RADIONUCLIDE METHOD DTERMINATATION

Ni-59

Ni-63

Se-79

Sr-90

Zr-93/N

Tc-99

Pd-107

Sn-126

Cs-135

Cs-137

Sm-151

Th-230

U-234

U-238

Np-237

Pu-238,

Am-241

Am-243

Cm-244

* Ru-10

** Sb-12

t Pm-14

Calculate from Ni-63 analysis

Separation and -counting

Calculate from Sr-90 analysis

Separation and -counting

Calculate from Sr-90 analysis

Separation and P-counting

Calculate from Ru-106 analysis*

Calculate from Sb-126 analysis**

Calculate from Cs-137 analysis

Calculate from Pm-147 analysis

Calculate from Pu-238 analysis

Calculate from Pu-238 analysis

Chemical analysis by ICP

Separation and gross a-counting or a-PHA

Pu-239, Pu-240, Pu-241, Pu-242
Separation and mass spectrometry

Separation and Y-PHA

Calculate from Cm-244

Separation and mass spectrometry or a-PHA

6 is determined by separation and -PHA

6 is determined by separation and counting

is determined by separation and counting
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TABLE 3.400.3 Application of DWPF Methods to Determination of the
Radionuclide Inventory of DWPF Glass

Radionuclide Content

Sr-90 7.18 ± 0.68

Cs-137 0.111 ± 0.004

Eu-154 0.045 ± 0.009

Pu-238 0.042 ± 0.005

Eu-155 0.016 ± 0.001

Sb-125 0.0099 ± 0.0005

Co-60 0.0055 ± 0.0045

Zr-95 0.005

Indicated range is average uncertainty. If no range is indi-
cated, only a single determination was made.
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FIGURE 3.400.1 Tasks planned to satisfy Specification 1.2.2,
Radionuclide Inventory during Production

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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FIGURE 3.400.2 Strategy to Determine Radionuclide Inventory of
DWPF Glass during Production
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1.3 SPECIFICATION FOR RADIONUCLIDE RELEASE PROPERTIES

The producer shall control the radionuclide release prop-
erties of the waste form during waste form production to
satisfy the requirements of Specifications 1.3.1 and
1.3.2, or Specification 1.3.3. The producer shall de-
scribe the intended method for demonstrating compliance in
the WCP. Supporting technical documentation for the se-
lected method of control shall be included in the WQR.
Documentation supporting the selected method of verifica-
tion of compliance and the verification of results shall
be included in the production records.

1.3.1 Control of Radionuclide Release Properties

For the Nevada Nuclear Waste Storage Investigations Pro-
ject, the ability of the waste form to limit releases of
radionuclides shall be demonstrated using test CC-l (Ma-
terials Characterization Center-l, Nuclear Waste Materials
Handbook, DOE/TIC-11400, 1983) conducted in deionized wa-
ter at 900C. The test duration is to be 28 days. The ac-
ceptance criterion is that the normalized elemental leach
rate for the matrix elements sodium, silicon, and boron,
and for the radionuclides cesium-137 and uranium-238 shall
be less than one gram per square meter per day averaged
over the 28 day test duration.

1.3.3 Alternative Means of Compliance

The producer may use an alternative approach to demon-
strate control of the radionuclide release properties of
the waste form from that of Specifications 1.3.1 and 1.3.2
provided that the producer relates, to the satisfaction of
the repository project, the radionuclide release proper-
ties of the waste form obtained using the alternative ap-
proach to those that would be obtained by adhering to the
requirements of Specifications 1.3.1 and 1.3.2.

Rationale

The justification for this specification is the need for
control of waste form release properties during production
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and the need for information concerning the release of ra-
dionuclides from the waste form that is based on or can be
related to repository-site-specific release tests and sam-
pling criteria. The repository-site-specific test proce-
dures and the correlation of the data obtained using these
test procedures with waste form release properties under
repository conditions were developed to satisfy regulatory
criteria. Both the Nuclear Regulatory Commission criteria
(10 CFR 60) and the Environmental Protection Agency crite-
ria (40 CFR 191) have defined long-term radionuclide re-
lease in terms of the engineered barrier system and the
mined geologic disposal system respectively. As a -compo-
nent part of these systems, the waste form may be required
to contribute to the compliance with these requirements.
The preliminary allocation of performance requirements
among the various components of the engineered barrier
system and the repository system is to be described in re-
pository Site Characterization Plans. Therefore, site-
specific tests and sampling specifications are required.

Compliance Strategy

Borosilicate glass was chosen as the waste form for the DWPF be-
cause of its ability to retard the release of radionuclides. The
DWPF will demonstrate that the entire range of expected glass com-
positions (see Part 3, Item 100) will meet this specification. At
the present time, the only process variable which has been shown
to affect the glass's ability to meet the specification is the
chemical composition, as long as a vitrified product has been
formed. The DWPF process will be controlled so that only feed
which will produce acceptable glass will be delivered to the mel-
ter. As long as the melter is operated within the range of tem-
peratures for which it is designed, delivery of a vitrified prod-
uct to the canister is assured.

The MCC-1 procedure requires a test period of 28 days. Thus, it
is not useful for direct control of the consistency of plant oper-
ations, because it would not allow adjustments of process parame-
ters to be made in a timely enough manner to control the radionu-
clide release properties of the waste glass. For this reason, an
indirect strategy of control has been developed for operation of
the DWPF, as allowed by Specification 1.3.3.
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This strategy requires identification of those variables which
significantly affect the radionuclide release properties of the
glass, and then development and implementation of process controls
to ensure that the DWPF consistently produces an acceptable prod-
uct. For each variable which significantly affects the radionu-
clide release properties of the glass, the DWPF will describe the
process control program for that variable in the WCP. The WQR
will then contain the documentation demonstrating how well the
variable is controlled. As noted above, the melter has been de-
signed so that only vitrified material can be delivered to the ca-
nister. The control program for chemical composition is described
below.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 3.500.1. The initial action was to identify potentially
important variables for controlling radionuclide release proper-
ties. A test program has been planned which will determine the
importance of these variables to glass radionuclide release prop-
erties. For those which are important to radionuclide release,
appropriate controls will be developed. Control of radionuclide
release will then be demonstrated in pilot plant operations, in
laboratory tests with actual wastes, and during the DWPF Integrat-
ed Cold Run (see Appendix 1.200.2).

Identification of the variables potentially important to radionu-
clide release properties has been completed. These are sludge
content and composition, precipitate hydrolysis product content
and composition, frit composition and content, glass redox, glass
melt temperature, glass pour temperature, and melter residence
time.

A detailed program plan has been developed which will determine
the effects of variations of these variables on glass properties,
including radionuclide release properties. This program will vary
each of these variables over a wide range. The effects of these
variations on radionuclide release will be determined in laborato-
ry scoping tests. Those variables found to have no significant
effects will be discarded. In the second phase, tests performed
using SRL's Research Melter will be used to relate the effects of
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these variables to DWPF operations. Although, as discussed below,
plans have been made for the second phase of testing, these may be
changed based upon the results of the initial scoping study.

The process variables cited above will be varied over the follow-
ing ranges:

Sludge Content and Type: The Savannah River Plant has utilized
both the HM and Purex reprocessing flowsheets. This has resulted
in two types of sludges: high-aluminum and high-iron. The
sludges are stored both separately and together resulting in a
broad range of sludge blend compositions. The two extremes (high-
iron and high-aluminum) will be used for scoping tests. The ini-
tial DWPF blend will be included in later tests using the Research
Melter. The nominal sludge content of DWPF glass is 28 wt%. A
range of 0 to 45 wt% will be used in the scoping study.

Precipitate Hydrolysis Product (PHP} Content: The composition of
the soluble salt waste at SRP is expected to remain essentially
constant during the life of the DWPF. Like the sludge ratio, va-
riations in the PHP content (nominally 8 wt% oxide basis) will oc-
cur. The PHP content will be varied from 0 t 16 wt% for the scop-
ing tests.

Frit Composition and Content: Most of the glass-forming additives
to the sludge enter the feed as borosilicate glass frit, while the
remainder enters as the PHP. Since nominally 64% of the glass
content is frit, any variations in frit composition could result
in glass properties outside the range of the set of reference
glasses. However, pilot-plant experience over the last 10 years
has shown that a combination of component specifications and veri-
fication testing will virtually eliminate variability in the feed
due to variability of the frit.

Thus, for the purposes of these tests, the frit will not be varied
independently, because variations in glass-former composition are
more likely to come from variations in the amount or composition
of PHP. The frit recommended for the initial DWPF sludge batch
will be used for this test. The frit content will automatically
be varied by changes in the amounts of the other two components in
the melter feed.
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G1ass Redox: In the DWPF, formic acid is added to reduce the va-
lence states of multivalent species in the feed before melting
(especially mercury). Variations in the amount of formic acid
added are the most likely source of variations in the valence
states of multivalent oxides in the glass. This test will inves-
tigate the range from 0 to twice the design-basis amount of formic
acid.

Titanate Addition: The sodium titanate added to adsorb residual
strontium and plutonium also offers a potential for a process
batching error. This test will investigate the range from no tit-
anate to twice the expected amount (i.e. double batching).

Melt Temperature: The nominal melt temperature is 1150'C. As the
sludge content increases, the liquidus temperature of the glass
also increases. Since the temperature varies throughout the melt,
operation close to or below the liquidus temperature may affect
the glass microstructure and has been shown to reduce the melt
rate. Limited sub-liquidus testing will be conducted during the
scoping study. Preliminary tests at temperatures well below the
melter's design limits indicate that the ability to pour glass is
strong evidence that the temperature of the melt has been suffi-
ciently controlled.

The melt temperature will be varied from 1050'C to 1200 C in the
Research Melter. The minimum melt temperature (1050 C) is based
on the DWPF melter's minimum design temperature. The maximum melt
temperature 1200 C) is based on limitations of the melter's mate-
rials of construction, particularly Inconel 69O

Pour Temperature: The nominal pouring temperature is 11000C. Be-
cause the pouring temperature can not be reliably varied during
the scoping study or in the Research Melter tests, testing of its
effects (if any) will be done in pilot plant equipment. However,
pour temperature is not expected to affect the radionuclide re-
lease properties of the glass.

Melter Residence Time: The nominal residence time of the DWPF
melter is 65 hours. Since residence time is largely a function of
melter design (melt volume), low residence times are difficult to
accomplish in continuously fed melters. The minimum time at tem-
perature to dissolve the waste into the glass will be determined
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during crucible tests. Residence times as short as fifteen min-
utes will be used. Since the Research Melter residence time is at
least a factor of 6 less than the DWPF residence time and expected
to be at least a factor of 6 above the minimum required residence
time, any residence time effects significant to DPF operation
should surface in the Research Melter tests. Research Melter
tests will be limited to nominal values (about 12 hours).

The primary experimental response which will be used to determine
the effects of the variables on radionuclide release properties is
the DWPF Product Consistency Test (PCT), which has been developed
by SRL (see Part 3, Item 550). The objective of the Product Con-
sistency Test is to provide confirmation of the consistency of the
DWPF product. The PCT procedure is

Sensitive to glass composition and homogeneity.

Reproducible and precise.

Short in duration (7 days).

Compatible with remote operation.

The PCT is an extraction procedure that requires little sample
preparation. A detailed description of the PCT procedure may be
found in Appendix 3.500.1. Tests at varying ratios of glass sur-
face area to solution volume indicate that the results of this
short-term test can be related to CC-1 test results in a
straightforward fashion.

Current evidence indicates that the radionuclide release proper-
ties of the DWPF product can best be controlled by controlling the
chemical composition of the glass (as long as glass is made).
This has been demonstrated both experimentally and theoretically.
Experimentally, the reactivity of glasses typical of those to be
produced in the DWPF have been shown to be affected very little by
variations in parameters such as residence time, the size of the
melter, or crystalline content of the glass.1-3 It has also been
shown that DWPF-type glasses do not adversely affect either the Eh
or the pH of groundwaters representative of candidate repository
environments. 4-9 Theoretically, the hydration thermodynamic ap-
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proach, 10-1 2 originally developed to explain differences in durabil-
ity of ancient glasses, leads to the prediction that the long-term
durability of glass should depend most strongly on the chemical
composition of the glass, and very little on other process parame-
ters.

In Figure 3.500.2, the free energy of hydration calculated from
the glass composition is plotted against the extent of reaction
between glass and water, represented by the silicon release in a
28-day MCC-1 leach test. As can be seen from the figure, the re-
activity of the glass toward water is strongly dependent on the
glass composition. These glasses represent a wide range of syn-
thetic and natural silicate glass systems, produced under both
controlled and uncontrolled conditions. Also shown on the figure
are the limit prescribed in Specification 1.3.1, and the antici-
pated performance of the range of glasses to be produced in the
DWPF. The excellent correlation over four orders of magnitude of
the extent of reaction with glass composition is evidence of the
relative unimportance of other process parameters. In any event,
the program outlined above will firmly establish the significance
of all of the process variables tested.

The elements of the process control program for glass chemical
composition include sampling, measurement, adjustment and confir-
mation. Samples from the last feed preparation vessel in the
DWPF, the Slurry Mix Evaporator (SME), will be taken using the
sampler shown in Figure 3.200.3. The precision and accuracy of
sampling should be the same as that for the Melter Feed Tank sam-
ples (Part 3, Item 200), because the materials are chemically and
physically identical. Measurement techniques will be the same as
those described for Melter Feed Tank samples (Part 3, Item 200).
The control limits as far as the Waste Acceptance Process are con-
cerned are that the glass composition must be within the range of
compositions projected for the DWPF product as described in Part
3, Item 100. If the composition of the material in the Slurry Mix
Evaporator will not produce glass within that composition range,
the material will be held, and additional chemicals added to the
SME. The SME is equipped with cold feed lines which will allow
additional flexibility if chemical additions are necessary.

If adjustments are made, the SME material will be re-sampled and
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analyzed again to confirm that the SME material has been brought
within control limits. Transfer of material to the Melter Feed
Tank will only be allowed when it has been determined that the SME
material is within control limits. Samples will be taken from the
Melter Feed Tank to provide verification of control of the chemi-
cal composition (See Part 3, Item 550).

Documentation

The Waste Form Qualification Report will include a report which
will identify the important variables for radionuclide release,
and describe the methods to be used for controlling these varia-
bles. The accuracy and precision of the methods of control will
also be reported. The Waste Form Qualification Report will also
include the results of demonstrating the control of glass durabil-
ity (as measured by the PCT) during the DWPF Integrated Cold Run,
and will relate the results of the PCT to the MCC-1 test.

The process variable of greatest importance to the radionuclide
release properties of DWPF glass is its chemical composition.
This will be reported in the Production Records as described in
Part 3, Item 200. The values of any other process parameters
which are found to significantly affect the radionuclide release
properties of DWPF glass will also be reported in the Production
Records.
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FIGURE 3.500.1 Tasks planned to satisfy Specification 1.3.1,
Control of Radionuclide Release Properties
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FIGURE 3.500.2 Effect of glass composition on reactivity of glass
with water
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1.3.2 Verification of Radionuclide Release Properties

The capability of the waste form to meet this specifica-
tion shall be demonstrated by testing actual production
samples of waste forms. The sampling schedule shall be
sufficient to demonstrate at the 95 percent confidence
level that 95 percent of the production waste forms would
yield leach test results that conform to the criterion.
Test samples shall be taken from a convenient location
near the mouth of the waste form canister before the ca-
nister i sealed closed. The temperature of the waste
form at the time of sampling shall be no higher than 900C.

1.3.3 Alternative Means of Comliance

The producer may use an alternative approach to demon-
strate control of the radionuclide release properties of
the waste form from that of Specifications 1.3.1 and 1.3.2
provided that the producer relates, to the satisfaction of
the repository project, the radionuclide release proper-
ties of the waste form obtained using the alternative ap-
proach to those that would be obtained by adhering to the
requirements of Specifications 1.3.1 and 1.3.2.

Specification 1.3.3 provides the producer with the flexi-
bility to employ an approach to demonstrate control of the
radionuclide release properties of the waste form that is
different from that of Specifications 1.3.1 and 1.3.2 in
recognition that another approach may better lend itself
to the producer's waste form production process. The pro-
ducer must demonstrate the relationship between the re-
sults obtained from any alternative approach and those
which would be obtained by adhering to the requirements of
Specifications 1.3.1 and 1.3.2 to provide assurance that
the radionuclide release specification will be met.

Compliance Strategy

As discussed in the compliance strategy for Specification 1.3.1
(Part 3, Item 500), the radionuclide release properties of the
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waste glass will be controlled by controlling the variables that
are determined to be important in affecting the radionuclide re-
lease properties of the glass. During production of canistered
waste forms, the DWPF will verify radionuclide release properties
by verifying that the parameters used to control glass durability
were actually within control limits. Development of a correlation
between the control variables and the results of the MCC-1 test
will be an important part of this strategy. Samples of glass will
be taken periodically, and tested to provide additional confirma-
tion of control. The DWPF's Product Consistency Test will be uti-
lized for this purpose.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 3.550.1. The initial action is to develop a strategy for
verification of radionuclide release properties during production.
As noted in Part 3, Item 500, an indirect strategy will be used to
control the radionuclide release properties of the DWPF product.
The primary form of verification will thus be demonstration that
process variables of importance to the radionuclide release prop-
erties (such as chemical composition) of the glass have been main-
tained within control limits.

At this time, the only process variable which has been shown to be
of importance to the radionuclide release properties of the glass
is the chemical composition. Control of glass composition is dis-
cussed in Part 3, Item 500. The point of control is the last feed
preparation vessel, the Slurry Mix Evaporator. The primary veri-
fication of the chemical composition of the glass will be by anal-
ysis of samples from the Melter Feed Tank. Sampling and analyti-
cal methods, and the anticipated precision and accuracy, have been
discussed in Part 3, Item 200.

During the Integrated Cold Runs, samples of feed and glass will be
taken to verify the feed composition-glass composition correlation
developed from laboratory and pilot plant tests. If deviations
from this correlation are detected, the correlation will be modi-
fied to be consistent with the test results..

Some additional confirmation using glass samples taken from the
pouring glass stream is also planned during routine DWPF opera-
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tions with radioactive waste. When glass samples are taken in the
DWPF, they will be sent to SRL for chemical and radiochemical
analyses. At least one glass sample representative of each macro-
batch will be taken (1 every 3 or 4 months) to confirm that the
glass composition is within control limits. In the case of the
chemical composition, these limits are the reference glass compo-
sitions which will be provided as described in Part 3, Item 100.

A statistical technique is under development at the present time
which will be used to define the necessary sampling frequency for
each macro-batch. It also will be used to determine the confi-
dence level of both the analytical results and the feed-glass cor-
relation. Using the combination of glass samples and the feed-
glass correlation, the DWPF will demonstrate that the radionuclide
release properties of the glass have been controlled to at least
the 95% confidence level.

The sampling regimen prescribed in Specification 1.3.2 is not com-
patible with the DWPF process and product. A glass sampler, suit-
able for routine DWPF use, has been developed and tested. Approx-
imately 50 g of glass will be taken from the flowing stream of
molten glass as it is poured from the melter into the canister.
The reference design is shown in Figure 3.550.2.

The MCC-1 test, because it requires monolithic samples, is not
suitable for samples of glass taken during production. These sam-
ples will not be annealed, and thus cannot be reliably cut into
monoliths. For this reason, the DWPF has developed an alternative
leach test procedure (the Product Consistency Test - see Appendix
3.500.1) which is suitable for the DWPF product. As called for in
Specification 1.3.3, the results of this test will be related to
results from the MCC-1 test.

A portion of each glass sample taken will be tested with the PCT.
This will provide additional assurance that all of the process
variables have been controlled so that the radionuclide release
properties of actual DWPF glass are consistent with those used for
testing for the Waste Form Qualification Report.

If other process variables are found to have an effect on radionu-
clide release properties of DWPF glass (See Part 3, Item 500),
strategies for their control and verification will be developed.
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These strategies will then be documented in the Waste Form Compli-
ance Plan.

The methods of control will be related to the results of the MCC-1
test. The entire control and verification strategy will be demon-
strated during the DWPF Integrated Cold Runs (see Appendix
1.200.2). In particular, it will be demonstrated that glass sam-
ples taken with the reference sampler are representative of the
canister contents.

Documentation

The Waste Form Qualification Report will include a report on the
methods to be used for verifying the radionuclide release proper-
ties of the waste glass during production. Supporting information
for these methods will also be included.

The Production Record for each canistered waste form will include
a record of the parameters which verify control of the radionu-
clide release properties. Thus, the Production Records will docu-
ment that the chemical composition of the glass produced is within
the range of projected compositions (as noted above), and will
provide evidence that any other property which affects the ability
of the glass to retain radionuclides has been controlled (At the
present time, the chemical composition is the only property which
has been shown to affect the ability of the glass to retain radio-
nuclides.). In addition, the results of analysis and testing of
glass samples from each macro-batch will be included in the Pro-
duction Records as an Addendum.
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FIGURE 3.550.1 Tasks planned to satisfy Specification 1.3.2,
Verification of Radionuclide Release Properties
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FIGURE 3.550.2 Reference DWPF glass sampler
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1.4 SPECIFICATION FOR CHEMICAL AND PHASE STABILITY

The producer shall provide the following data on the boro-
silicate glass waste form:

(a) The transition temperature where the slope of the
thermal expansion versus temperature curve shows a sharp
increase.

(b) A time-temperature transformation (TTT) diagram that
identifies temperatures and the duration of exposure at
the temperature that causes significant changes in either
the phase structure or the phase compositions of the boro-
silicate glass waste form. The producer shall provide TTT
diagrams characteristic of the expected range of waste
form compositions. The waste form radionuclide release
properties called for under Specification 1.3 shall also
be provided for representative samples covering the same
ranges of temperature, duration of exposure, and waste
form composition.

The requested data, analysis, and appropriate technical
support shall be provided in the WQR. The method used to
produce these data shall be described in the WCP.

At the time of shipment, the producer shall certify that
the maximum waste form temperature is at least 1000C below
the transition temperature in Specification 1.4(a) above.
In addition, the producer shall certify that after the in-
itial cooldown, the canistered waste forms to be shipped
have been handled and stored in a manner such that the
maximum temperature of the waste form has not exceeded the
transition temperature specified in Specification 1.4(a).
The producer shall also describe the method of certifica-
tion in the WCP. The canistered waste forms shall be
transported under conditions that ensure that the transi-
tion temperature of Specification 1.4(a) above is not ex-
ceeded; certification that this has been accomplished will
be required on receipt at the repository.
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Rationale

Specifications 1.4.(a) and 1.4.(b) will provide data use-
ful to the repository project for establishment of reposi-
tory and waste package design limits. The certifications
required will provide assurance that producers and trans-
porters have not handled or stored the wastes in such a
way as to cause significant changes in the phase struc-
ture. The available evidence indicates that the borosili-
cate glass waste forms will retain release properties sim-
ilar to those obtained under Specification 1.3 so long as
the phase structures and compositions of the glass are un-
changed from those provided under Specification 1.1. The
evidence also indicates that:

Neither energy input nor radioactive decay significant-
ly affect radionuclide release from waste glass, as long
as the temperature of the glass does not exceed the glass
transition temperature (approximately 500'C). Above this
temperature, significant changes in phase composition can
occur.

For glasses of the type that will be produced by DWPF,
even changes in phase composition due to devitrification
do not greatly alter the rate of release of material from
the glass.

A program has been and continues to be in place to ensure
that the effects of energy input and radioactive decay on
glass properties are well-understood.

The requirement for certification of conditions during
transportation has been included herein to identify the
need for consideration of these requirements during design
of the transportation system. Certification of conditions
during transportation will be the responsibility of the
transporter, not the producer.

Compliance Strategy

The transition temperatures and time-temperature transformation
(TTT) diagrams will be determined for the reference glass composi-
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tions described in Part 3, Item 100. Standard dilatometric and/or
thermal analyses will be used to determine transition tempera-
tures. Time-temperature transformation (TTT) diagrams will be de-
veloped using methods previously employed by researchers at SRL.1-3

Because the repository-specific radionuclide release tests have
not yet been specified, SRL will use the same test developed for
product consistency verification (PCT) to determine which combina-
tions of time and temperature most affect glass product consisten-
cy. These extreme cases will then be tested using the repository-
specific radionuclide release test(s) when available. In order to
provide reasonable assurance of the acceptability of the glass be-
fore the DWPF begins radioactive operations, it will be necessary
to perform most of the testing program using the PCT, rather than
wait for the repository tests.

Transportation is not the responsibility of the DWPF, as is indi-
cated in the WAPS Rationale; DOE-RW has assumed responsibility for
transportation of the canistered waste form to a federal reposito-
ry. The DWPF anticipates that the Waste Acceptance Preliminary
Specifications will be changed to reflect this.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 3.600.1. Once the reference glass compositions in Part 3,
Item 100, have been identified, the glass transformation tempera-
ture, Tg, of each of the reference glasses will be determined. An
example of a dilatometric curve for design-basis DWPF glass is
shown in Figure 3.600.2. As can be seen in Table 3.600.1, the
glass transition temperature does not depend very strongly on com-
position. If, as is currently believed, the glasses listed in
Table 3.600.1 span the entire range of compositions of the DWPF
canistered waste forms, then the glass transition temperature of a
DWPF glass will be in the range from 440 - 460 C.

After filling, the temperatures of the canistered waste forms will
not be routinely monitored in the DWPF. However, the canister
surface temperature will be checked before it is inserted in the
Canister Decontamination Chamber (CDC). The canister temperature
must be below 100 C, prior to canister decontamination, to prevent
steam generation. This transfer from the Melt Cell to the CDC



DPST-86-746
PART 3
Item 600
Page 4 of 10
Date: 6/88
Revision 7

PART TITLE: WASTE FORM SPECIFICATIONS

ITEM TITLE: 1.4 SPECIFICATION FOR CHEMICAL AND PHASE STABILITY

provides a convenient definition of the end of cooling after fill-
ing.

Calculations previously performed4 ,5 have shown that free-standing
DWPF canistered waste forms will not exceed the specified tempera-
ture ( 440 C) even at heat loadings 2-3 times higher than expect-
ed for DWPF glass (see Table 3.600.2; the design-basis heat load-
ing is 690 watts). Thus, it is not possible to exceed the
specified temperature limit in the vitrification building after
cooldown is completed because the canisters are essentially free-
standing in ambient air.

The canisters will be transported from the vitrification building
to an interim storage facility. Here, they can no longer be con-
sidered as free-standing objects in ambient air. The DWPF storage
facility for the canistered waste forms has been designed so that
the maximum temperature of the canistered waste forms shall not
exceed the glass transformation temperature. Calculations to es-
tablish this will be provided in the Preliminary WQR.

An analysis of the design of the initial interim storage facility
will be performed to establish that the glass cannot reach or ex-
ceed the expected transformation temperature, T. The lowest ex-

pected glass transformation temperature is approximately 440 C.
Initial estimates of the temperature during storage indicate that
canister heat loads of greater than 5 kilowatts (> 5X the maximum
projected heat generation rate of DWPF canistered waste forms)
would be necessary to exceed 440 C during storage.

Time-temperature transformation diagrams for each of the reference
glasses will be developed. The effects of changes of phase compo-
sition on radionuclide release will be determined as follows. For
each of the time/temperature conditions used to develop the TTT
diagram for each of the reference glasses, the DWPF Product Con-
sistency Test (see below, and Appendix 3.500.1) will be performed.
This will be used to determine which set of conditions most affect
radionuclide release. When the repository-specific radionuclide
release tests are available, they will be used to test these ex-
treme cases as well as a few cases representing initial feeds and
expected thermal conditions for the DWPF product.

Correlations of TTT diagrams with waste composition for specific
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frit compositions have already been performed. In general, it has
been found that the DWPFglass's durability is not strongly depen-
dent on sludge composition, or on crystalline content.6 ,7

The Product Consistency Test (PCT), has been developed to provide
confirmation of the consistency of DWPF glass. The PCT procedure
is

Sensitive to glass composition and homogeneity.

Reproducible and precise.

Short in duration (7 days).

Compatible with remote operation.

The PCT is an extraction procedure that requires little sample
preparation, and is proving to be very reproducible. A detailed
description of the PCT procedure, and its development, may be
found in Appendix 3.500.1. Tests in groundwaters, and at varying
ratios of glass surface area to solution volume, indicate that the
results of this short-term test can be related to repository-
specific tests.

Documentation

The Waste Form Qualification Report will include the glass transi-
tion temperatures of the reference glasses. The WQR will also in-
clude time-temperature transformation diagrams for the reference
glasses, and radionuclide release properties for representative
glass samples, as described above. It will also include the com-
plete set of results using the PCT test. The relationships be-
tween the SRL test and the repository-specific tests will be re-
ported.

The Production Record for each canistered waste form will certify
that the maximum waste glass temperature is at least 100'C below
the transition temperature. The Production Record for each canis-
tered waste form will also certify that, after initial cooldown
and during storage at the DWPF, no unusual events occurred which
would cause the maximum temperature of the canistered waste form
to exceed the transition temperature.
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TABLE 3.600.1

Composition*

Glass Transition Temperatures for SRL Simulated
Waste Glasses

Glass Transition Temerature

Design-basis glass 459

165/High iron waste

165/High aluminum waste

131/blended waste

448

451

460

*131 and 165 refer to glass-former compositions used by SRL. High
iron and high aluminum refer to two possible extreme sludge compo-
sitions.
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TABLE 3.600.2 Temperatures of Free-Standing Canisters
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FIGURE 3.600.1 Tasks sufficient to satisfy Specification 1.4, Spec-
ification for Chemical and Phase Stability
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FIGURE 3.600.2 Dilatometric Determination of T for design-basis
DWPF glass.
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2.1 MATERIAL SPECIFICATION

The waste form canister and any secondary canisters ap-
plied by the producer shall be fabricated from austenitic
stainless steel. The ASTM alloy specification and the
composition of the canister material, the secondary canis-
ter material, and any filler material used in welding
shall be included in the WCP.

The repository must have a complete materials inventory to
evaluate long term performance under repository condi-
tions. Austenitic stainless steel has been selected as
the canister material for DWPF. This specification ac-
knowledges that fact and establishes the repository's in-
terest in this interface. The current role of the canis-
ter as part of the engineered barrier system does not
require the canister to act as a post-closure engineered
barrier; therefore, the primary requirement of the canis-
ter material specification is to ensure that the canister
material does not have an adverse impact on waste package
performance. By specifying austenitic stainless steel
which i manufactured to the ASTM specification. this re-
quirement is met. Additionally, identification of the ma-
terials is necessary to assure that the canister material,
and the material of any other component present in signif-
icant quantities (i.e., secondary canisters and welding
fillers), are compatible with other materials in the re-
pository.

Compliance Strategy

Assurance that the materials in the procured canister assembly
meet the specification will be provided through a combination of
component specifications, and inspections to ensure that specifi-
cations are met. Procurement documents for the DWPF canisters re-
quire that all material used in fabrication of the canisters shall
meet the compositional requirements of the ASTM designations. The
procurement documents also require that material certifications be
provided to DWPF for each lot and heat used. The canisters are to
be inspected by a Quality Assurance Field Representative (QAFR)
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prior to shipment to DWPF. This inspection includes verification
of documentation on the compositions of materials used during fab-
rication of the canister.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 4.100.1. The initial action, now completed, to satisfy
this specification is to specify the required materials in the ca-
nister procurement documents. The current procurement specifica-
tions for the canisters designate the following materials.

Cylinder

Nozzle

Taper Plug

Neck Sleeve

Heads

Weld Plug

Repair Plug

Filler Metal for Welding

ASTM A240 or A312 Type 304L stain-
less steel
ASTM A336 Type F304L stainless
steel
ASTM A240 Type F304L stainless
steel
ASTM A479 Type S21800 stainless
steel (Nitronic 60)
ASTM A240 or A312 Type 304L stain-
less steel
ASTM A240 Type 304L stainless
steel
ASTM A479 Type S21800 stainless
steel (Nitronic 60)
ASTM A336 Type F308L stainless
steel

The alloy compositions corresponding to these speicifications are
given in Tables 4.100.1 to 4.100.5. Canisters used in non-
radioactive equipment development and testing at SRL have been
procured to these specifications.

At the present time, the DWPF is assessing the need for a secon-
dary canister. If it is determined that a secondary canister is
needed, equipment and process development will be re-initiated.
Information on the secondary canister would then be supplied in a
revision to the WCP. Any secondary canister would require use of
the same materials specified above.

The DWPF is also assessing the usage of cast, rather than wrought,
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alloys for fill canisters. Corrosion and drop testing of cast ca-
nisters filled with simulated waste glass has shown no adverse af-
fects of this potential change on canister performance. If the
DWPF concludes that cast alloys are acceptable, the chemical compo-
sition specifications for the canister materials will be broadened
to include the equivalent compositional requirements for cast al-
loys.

Documentati on

The WAPS require that the DWPF certify that the canister materials
were the same as those specified in the Waste Form Compliance Plan.
The Production Records will reference the procurement documents for
the canister. The detailed procurement documents will include the
actual specifications, purchase orders, vendor and heat identifica-
tion records, certificates of analyses, and inspection records.
Records of spot inspections performed at Savannah River, for exam-
ple to verify that alloy composition meets specifications, will
also be cited in the Production Records. Nonconforming canisters
will not be accepted for DWPF use.
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TABLE 4.100.1

Component

Carbon

Manganese

Phosphorus

Sulfur

Silicon

Chromium

Nickel

Other elements

Reference:

Required chemical composition of ASTM A240 Type
304L stainless steel

Amount wt%)

0.030 maximum

2.00 maximum

0.045 maximum

0.030 maximum

0.75 maximum

18.00 - 20.00

8.00 - 12.00

N 0.10 maximum

Annual Book of ASTM Standards, 1.03,
American Society for Testing and Materials,
Easton, MD, 62 (1987).
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TABLE 4.100.2

Component

Carbon

Manganese

Phosphorus

Sulfur

Silicon

Chromium

Nickel

Other elements

Reference:

Required chemical composition of ASTM A312 Type
304L stainless steel

Amount

0.035 maximum

2.00 maximum

0.040 maximum

0.030 maximum

0.75 maximum

18.00 20.00

8.00 - 13.00

No specification

Annual Book of ASTM Standards, 1.01,
American Society for Testing and Materials,
Easton, MD, 256 (1987).
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TABLE 4.100.3

Component

Carbon

Manganese

Phosphorus

Sulfur

Silicon

Chromium

Nickel

Other elements

Reference:

Required chemical composition of ASTM A336 Type
F304L stainless steel

Amount

0.035 maximum

2.00 maximum

0.040 maximum

0.030 maximum

1.00 maximum

18.00 - 20.00

8.00 - 13.00

No specification

Annual Book of ASTM Standards, 1.05,
American Society for Testing and Materials,
Easton, MD, 259 (1987).
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TABLE 4.100.4

Component

Carbon

Manganese

Phosphorus

Sulfur

Silicon

Chromium

Nickel

Other elements

Reference:

Required chemical composition of ASTM A479 Type
S21800 stainless steel (Nitronic 60)

Amount wt%)

0.10 maximum

7.00 - 9.00

0.060 maximum

0.030 maximum

3.50 - 4.50

16.00 - 18.00

8.00 - 9.00

N 0.08 - 0.18

Annual Book of ASTM Standards, 1.04,
American Society for Testing and Materials,
Easton, MD, 361 (1987).
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TABLE 4.100.5

Component

Carbon

Manganese

Phosphorus

Sulfur

Silicon

Chromium

Nickel

Other elements

Reference:

Required chemical composition of ASTM A336 Type
308L stainless steel

Amount wt

0.08 maximum

2.00 maximum

0.045 maximum

0.030 maximum

1.00 maximum

19.00 - 21.00

10.00 - 12.00

No specification

Annual Book of ASTM Standards, 1.03,
American Society for Testing and Materials,
Easton, MD, 391 (1987).
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FIGURE 4.100.1 Tasks planned to satisfy Specification 2.1,
Material Specification

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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2.2 FABRICATION AND CLOSURE SPECIFICATION

The canister fabrication methods, as well as those for any
secondary canister applied by the producer, shall be iden-
tified in the WCP and documented in the WQR. The outer-
most closure shall be leaktight in accordance with the
definition of leaktightness" in ANSI 14.5-1977, "Ameri-
can National Standard for Leakage Tests on Packages for
Shipment of Radioactive Materials." The method for demon-
strating compliance shall be described by the producer in
the CP and documented in the WQR.

The canister is designed to provide containment of the
waste during handling up to packaging in a repository con-
tainer to prevent escape of waste, liquids, gases, and
particulates. Additionally, the canister must provide
protection of the waste form from contact with externally
derived liquids and gases until the canister is sealed in
a repository container.

Compliance Strategy

The objective of this specification is to ensure that the canister
will prevent water from contacting the waste glass until the DWPF
canistered waste form is placed inside the waste package at a fed-
eral repository. The integrity of the canister itself will be en-
sured by specifications on the components of the canister, and on
the method of fabrication of the entire canister. A rigorous pro-
gram of inspection and verification will be applied to assure that
these specifications are met. The integrity of the final closure
weld applied in the DWPF will be assured by close control of the
welding process, and inspection of the weld after closure.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 4.200.1. As shown in Figure 4.200.2, the canister is fab-
ricated from a cylinder of standard 24 in.-outside diameter 304L
stainless steel pipe, a dished bottom, a domed head, and a head
nozzle containing a combined lifting and welding flange. These
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components are welded together to form a canister 9 ft 10 in (300
cm) high, with a nominal wall thickness of 3/8 in.

One of the initial actions taken to satisfy this specification was
to develop specifications for procurement of the DWPF canister.
The materials specifications for the canister components are dis-
cussed in Part 4, Item 100.

The main cylinder is to be hot-rolled, annealed, and pickled 24
in.-outer diameter pipe. Canister heads and bottoms are to be
hot-rolled, annealed, and pickled, and then cold formed into
shape, then solution annealed, and reformed in the same die. The
tapered plug and the Nitronic 60 sleeve are both to be machined to
tolerances. Inspection frequency for each component is detailed
in the canister specification.

The components are then to be welded together. As currently spec-
ified, all welding, welding procedure qualifications, repair,
electrodes, and welder performance tests used in the fabrication
of the canisters, are to be performed in accordance with ASME Sec-
tion IX, Summer 1983 Addenda - Welding and Brazing Qualifications,
unless otherwise specified in the canister procurement document.
The canister fabrication welds are to be made according to drawing
and procedural specifications. A representative of the DWPF will
approve all weld procedures prior to fabrication. A DWPF Quality
Assurance Field Representative (QAFR) will verify that the proce-
dures have been followed by inspections conducted at the vendor
shop.

After fabrication, all welds will be subjected to a liquid pene-
trant examination per ASME Section V. Evaluation will be in ac-
cordance with Appendix 8 of ASME Section VIII. All full penetra-
tion butt welds will be subjected to a radiographic examination
per ASME Section V. Evaluation will be in accordance with UW-51
of ASME Section VIII.

Each canister will be He leak tested. Only canisters with leak
rates less than 1 x 10-7 atm cc/sec will be acceptable. Each ca-
nister will also be pressure tested at 225 psi. The canister pro-
curement specifications and inspection procedures will be docu-
mented in the Waste Form Qualification Report.
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The other action taken to satisfy this specification was to devel-
op resistance welding as the final closure method for DWPF canis-
tered waste forms. This technique was chosen after consideration
of seven alternative processes including gas tungsten arc, gas
metal arc, plasma arc, thermit, electron beam, laser beam and
friction welding. Resistance welding was selected because of its
reliable high weld quality, and its relatively simple equipment
needs .

In this process, a 5-in.-diameter, 1/2-in.-thick, 304L stainless
steel plug is placed in the canister neck. A ram forces the plug
down into the neck while an electric current is passed through the
narrow (high resistance) contact between the canister neck and the
plug. The plug is chamferred so that when the welding ram is low-
ered, the plug will be self-levelling and self-centering. The
current softens (but does not melt) the metal at the contact so
that a solid state weld is formed between the plug and the canis-
ter nozzle. The approximate weld conditions are a force on the
ram of 70,000 lb., and a current of 230,000 amps at 10 volts, for
1.5 seconds.

Weld tensile strength and leak measurements have been made on up-
set resistance welds under a wide variety of surface conditions.
An upset resistance weld with a 5-in. diameter plug and a machine
canister neck is leak-tight to at least 10-8 atm cc/sec helium for
a hydrostatic test pressure of 5,000 psi. If the canister neck is
heated to 6000C, but not machined prior to welding, then the weld
strength as measured by tensile and hydrostatic tests is reduced
by about 20%. However, temperature measurements made on the ca-
nister neck during glass filling indicate that the maximum neck
temperature does not exceed 3000C, so the canister seal weld is
capable of withstanding at least 4,000 psi internal pressure while
maintaining a leak tightness of 1 x l0- atm cc/sec helium.

Considerable testing of experimental welding equipment has already
been completed. These tests have shown that the range of condi-
tions which produce acceptable welds is much wider than the range
of expected welding parameters in the DWPF. Burst tests of welded
specimens, and destructive examination of experimental welds, have
both shown that the welds produced in the DWPF should be of com-
parable strength to the base metal.
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During the DWPF Integrated Cold Run (Appendix 1.200.2), the range
of operating parameters selected for use in the DWPF will be re-
tested, with the actual process equipment. Simulated (dummy) and
actual canister welds will be made, He leak tested, and their mi-
crostructure characterized. The results of this testing will be
reported in the WQR.

The quality of the final closure weld in the DWPF will be assured
through specification and inspection of the weld plug before use,
control of the welding process parameters (force, current, and
time), visual inspection of the final weld, and measurements of
the displacement of the plug in the final weld.

Documentation

The Waste Form Qualification Report (WQR) will include the canis-
ter procurement specifications. The WQR will also include a re-
port on the parametric testing of weld conditions and associated
leak rates, and validation of the parametric testing during the
Integrated DWPF Cold Run (see Appendix 1.200.2).

The Production Record (Appendix 1.200.1) for each canistered waste
form will certify that the canister components and the entire ca-
nister were fabricated according to approved drawings and proce-
dures, and meets the procurement specifications. Records of in-
spection to verify that canisters were fabricated according to
specifications will be included in the Production Records.

The Production Record will also certify the integrity of the final
closure weld made in the DWPF. The Production Records will report
the force, current, and duration of application of the current as
recorded by the computer collecting the data from the DWPF welder.
If these values are outside the range of parameters which have
been shown to produce a leaktight weld, the canister weld will be
identified as a nonconforming item. Its disposition will be in
accordance with the procedure outlined in Part 6, Item 800.

References

1. B. J. Eberhard, and J. W. Kelker, "High Current Resistance
Welding of Nuclear Waste Canisters, Welding Journal, (1982).
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FIGURE 4.200.1 Tasks planned to satisfy Specification 2.2,
Fabrication and Closure Specification
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



DPST-86-746
PART 4
Item 200
Page 6 of 6
Date: 6/88
Revision 5

Components and overall dimensions of the DWPF
canister.

FIGURE 4.200.2
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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2.3 IDENTIFICATION AND LABELING SPECIFICATIONS

2.3.1 Identification

The producer shall assign an alphanumeric code to each ca-
nister or secondary canister, if one is used, that is pro-
duced. This alphanumeric code shall appear on the labels
of the canistered waste form and on all documentation per-
tinent to that particular canistered waste form.

2.3.2 Labeling

Each canister shall be labeled with the identification
code specified above. Two labels shall be firmly affixed,
with one visible from the top and one from the side of the
canister. The identification code shall be printed in a
type size of at least 92 point using a sans serif type
face (Megaron Bold Condensed or equivalent). A proposed
layout shall be provided in the CP. Labels, meeting the
requirements above, shall be applied to the exterior of
the outermost canister. Labels affixed to the outside of
the outermost canister shall not cause dimensional limits
of Specification 3.11 to be exceeded. The label materials
and method of attachment shall be selected to be compati-
ble with the canister material. The label shall be de-
signed to withstand filling and storage at the producer's
facility, shipment to the repository, and possible lag
storage at the repository prior to final packaging. The
producer shall describe the label materials and method of
attachment in the WCP. The producer shall estimate the
service life of the label and provide a strategy for meet-
ing that estimate in the WCP.

Rationale

The regulatory requirements in 10 CFR 60.135(b) (4) state
that "A label or other means of identification shall be
provided for each waste package. The identification shall
not impair the integrity of the waste package and shall be
applied in such a way that the information shall be legi-
ble at least to the end of the period of retrievability.
Each waste package identification shall be consistent with
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the waste package's permanent written records."

This specification provides a means of tying the waste
package and the waste form together through placement in
the repository disposal container. The 92 point sane ser-
if type face (Megaron Bold Condensed or equivalent) re-
sults in a letter height of approximately 3 cm and width
of approximately 2 cm which has been judged to be adequate
dimensions for visibility. The canister label is needed
to identify the canistered waste form through storage at
the producer's facility, shipment to the repository, and
possible lag storage at the repository prior to final
packaging. Once the canistered waste form is enclosed in
the repository waste package, the burden of maintaining
the identity of the contents shifts to the waste package.

Comp1iance Strategy

The alphanumeric code planned for identifying the canistered waste
forms is a six digit alphanumeric code consisting of one letter
and five numbers. The label lettering will conform to the speci-
fication.

The label itself will be fabricated from an austenitic stainless
steel to assure compatibility with the canister. The reference
label is bead-welded to the canister surface. This labeling tech-
nique has been shown suitable by fabricating sample labels, frit
blasting them in a manner similar to that in the DWPF, and then
establishing that they are still easily visible.

Implementation

The tasks being performed to satisfy this specification are out-
lined in Figure 4.300.1. As noted in the Compliance Strategy, the
alphanumeric code for DWPF canisters has been selected. Several
other initial actions have been performed to satisfy this specifi-
cation, including

Performing studies of various labels and labeling methods to
choose a reference process.

Selecting a lettering shape and style.
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Fabricating test labels, and confirming the visibility of the
labeling scheme even after frit blasting.

Estimating the service life of the label.

These studies have now been completed, and their recommendations
included in the canister procurement documents. The reference
DWPF canister labeling method is to bead-weld characters on the
canister surface. The type face is 144 point (2-inch) sans serif
style, Megaron Medium, full-width. Letters are to be spaced 1/4
inch apart. The alphanumeric code for identifying the canistered
waste forms is a six digit alphanumeric string consisting of one
letter and five numbers. A label is placed on the shoulder and
the barrel of each canister at the locations shown in Figures
4.300.2 and 4.300.3. After completion of labeling, characters are
to have a profile height of about 0.06 inches. The label will be
inspected with the rest of the canister, and any imperfections
which could trap contamination will be removed before acceptance
of the canister. This is included in the canister procurement
specifications for the DWPF canister.

The welding rod used to bead weld the label characters onto the
canister surface will be Type 308 austenitic stainless steel.
This will be the same material used to assemble the canister (see
Part 4, Item 100) The service life of the label should be com-
parable to that of the welds which hold the canister together, be-
cause the label will be made from the same material as the canis-
ter fabrication welds and should experience the same thermal
treatment during filling. Thus, after filling the canister, the
DWPF will not need to take any special precautions to protect the
canister label.

The reference labeling technique was chosen based on tests of the
visibility of labels applied by various techniques, both before
and after decontamination of the canister by frit blasting (see
Part 5, Item 350). The label made by the reference technique was
best able to maintain its legibility after decontamination. Tests
through an aged shielding window showed that the label could be
viewed remotely up to 10 feet away without magnification, and
could be easily read at least 30 feet away with a 1oX magnifica-
tion lens attached to a video camera. The label was most visible
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under indirect light which produced a profile shadow. Intense di-
rect lighting tended to reduce the contrast between the label and
the canister, making it more difficult to read. Given proper
lighting, viewing angle was found to have little effect on label
legibility.

Documentation

The Production Records will identify particular canisters by the
code on the label affixed to them. This code, unique to each ca-
nister, will be the key to tracing the records for each canister
and canistered waste form. All of the records which support the
information reported in the Production Records will be keyed to
that code.
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FIGURE 4.300.1 Tasks planned to satisfy Specification 2.3,
Identification and Labeling Specification

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT }
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FIGURE 4.300.2 Placement of top label on DWPF canister
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Placement of side label on DWPF canisterFIGURE 4.300.3
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3.1 FREE LIQUID SPECIFICATION

After closure the canistered waste form shall not contain
free liquids that could be drained from the canister ei-
ther initially or after having been subjected to the tran-
sition temperature of Specification 1.4(a). The producer
shall describe the method of compliance in the WCP and
provide documentation in the WQR.

Rationale

The regulatory requirements outlined in 10 CFR 60.135(b)
(2) state that, "The waste package shall not contain free-
liquids in an amount that could compromise the ability of
the waste package to achieve the performance objectives
relating to containment of HLW (because of chemical inter-
actions or formation of pressurized vapor) or result in
spillage and spread of contamination in the event of waste
package perforation during the period through permanent
closure."

Compliance Strategy

The vitrification process, operating at 11500C, with a nominal
melter residence time of 65 hours, will evaporate all free liquids
from the waste feed stream as the waste is converted into molten
glass. The glass pouring into the canister will be at a tempera-
ture of about 1000C, and the canister under a vacuum. Thus, free
liquids will not enter the canister with the molten glass stream,
and any liquids present in the canister prior to pouring, are un-
likely to remain due to the heat of the molten glass and the vacu-
um.

The most likely source of free liquids in the canister is the wa-
ter/frit slurry used to decontaminate the canister. A shrink-fit
seal has been developed to ensure that this slurry does not enter
the canister. This temporary canister closure seal will be in-
serted into the canister neck after filling, and before canister
decontamination, to prevent inleakage of the decontamination slur-
ry. Every temporary canister closure will be tested to ensure it
is water tight. Administrative controls will be used to prevent
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the introduction of any free liquids into the canisters before or
after glass filling.

It is also possible that liquid could be introduced into the ca-
nister by the organic sealing aid (Dow Corning® 200 fluid). This
possibility is discussed in detail in Part 5, Item 250.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 5.100.1. The initial action taken was to develop a water
tight temporary seal to prevent water (or other liquids) from en-
tering the canister after filling, before the final closure weld
is made. A shrink-fit seal technique was selected because it uses
the heat from the glass filling operation to make the seal. It is
a simple, reliable process, because it requires no additional
equipment in the hot cell.

The temporary shrink-fit seal is made at the top of the canister
nozzle, as soon as possible after canister filling is completed.
Figure 5.100.2 outlines this process. The seal is made by placing
the cold seal plug in the hot canister sleeve (emplaced in canis-
ter during fabrication - see Part 4, Item 200). As the hot sleeve
and the plug equilibrate, the hot sleeve shrinks around the plug
to form a water tight seal (see Figure 5.100.3). Both the sleeve
and the temporary seal plug are purchased to specifications in the
canister procurement document. The flange sleeve is tested for
leak tightness as a part of acceptance testing of the fabricated
canister.

After the canister cools, the temporary seal and sleeve to neck
joint are tested for water tightness. This is done using a pres-
sure-decay leakage detector, sensitive to leaks 1 x 10-5 atm-cc/
sec helium, which has been experimentally demonstrated. A leak
rate of < 2 x10-4 atm-cc/sec helium has been experimentally esta-
blished as the rate at which no water would enter the canister
during decontamination. All canister temporary seals will be
tested, before the canister is allowed to transfer to the Canister
Decontamination Cell (see Part 3, Item 600).

If the temporary seal is not water tight, it will be re-worked be-
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fore transfer of the canister is allowed. In the re-work process,
the nozzle flange is heated rapidly so that it expands away from
the sleeve and plug. They then fall inside the canister. Over-
sized cylindrical repair plugs are then shrink-fitted in the
nozzle to replace the original seal. After re-work, the temporary
seals are then retested.

After the canister is transferred to the Canister Decontamination
Cell and decontaminated, it is transferred to the Weld Test Cell.
Here, the sleeve and seal plug are pressed down into the nozzle,
using a die press, to make room for final closure weld plug. A
circular weld plug is then placed in position, and resistance
welded as described in Part 4, Item 200. This final closure pre-
vents liquids from entering the canister during storage of the ca-
nisters at Savannah River.

Documentation

The Waste Form Qualification Report will include a report on the
absence of liquid in borosilicate waste glass at temperatures up
to the glass transformation temperature. The WQR will also in-
clude a report on the controls used to keep free liquids out of
the canistered waste form, including data from non-radioactive
testing on the leak rate of the temporary canister closure. A re-
port of the impact of Dow Corning 200 fluid on the DWPF's ability
to meet this specification will also be included in the WQR.

The Production Record for each canistered waste form will include
the results of the leak test of the temporary canister closure of
the canistered waste form prior to decontamination, including any
extraneous materials which are known to be contributed by the or-
ganic sealing aid. The Production Record will also certify that
appropriate controls were used to prevent the introduction of free
liquids into the canistered waste form. This certification will
be based upon:

The ability of the temporary seal emplaced immediately after
filling to prevent materials, particularly liquids, from entering
the canister. The Production Records will contain the results of
leak testing the temporary seal.

The ability of the canister closure weld and fabrication welds
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to prevent these materials from entering the canister. The certi-
fication of the canister fabrication and closure welds described in
Part 4, Item 200, will be used to satisfy this requirement.

Any active control procedures taken to prevent these materials
from entering the canister. The Production Records will cite these
by their unique identification number, including the version actu-
ally used. Any such procedures will be lifetime quality records.

References

1. J. W. Kelker, Development of the DWPF Canister Temporary
Shrink-Fit Seal, USDOE Report DP-1720, E. I. Du Pont de Nemours,
Inc., Savannah River Laboratory, Aiken, SC (1986).
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FIGURE 5.100.1 Tasks planned to satisfy Specification 3.1, Free
Liquid Specification
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FIGURE 5.100.2 Temporary shrink-fit seal process.
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FIGURE 5.100.3 Completed temporary shrink-fit seal
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3.2 GAS SPECIFICATION

After closure, the canistered waste form shall not contain
free gas other than cover and radiogenic gases. Cover
gases shall be helium, argon, other nert gases, or air,
or combinations thereof. The maximum internal gas pres-
sure immediately after closure shall be 7 psig at 25 C.
The producer shall describe the method of compliance in
the WCP and shall document in the WQR the quantities and
compositions of any gases that might accumulate inside the
canister after the canister has been subjected to tempera-
tures up to the transition temperature of Specification
1.4(a).

The producer shall also document in the WQR the quantities
and compositions of any gases that might accumulate inside
the canisters as a result of radioactive decay.

Rationale

The regulatory requirements in 10 CFR 60.135(a) require
that "packages for LW shall be designed so that in-situ
chemical, physical, and nuclear properties of the waste
package.. do not compromise the function of the waste
package..." and "The design shall include...consideration
of... oxidation/reduction reactions, corrosion, hydriding,
gas generation, thermal effects...mechanical stress, radi-
olysis radiation damage...." In order to demonstrate com-
pliance with the regulations, waste package designers re-
quire information on gas generation potential of the waste
form.

The intent of this specification is to ensure that gas
pressure will not build up inside the container and con-
tribute to loss of containment and dispersion of radionu-
clides. This specification provides a limit to initial
gas pressure and information from which to index the cal-
culation of gas pressure build-up with time due to nuclear
decay and temperature changes.

The value for the maximum initial gas pressure, 7 pig,
was chosen because it has the following attributes: it is
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low enough to preclude significant stresses in the canis-
ter wall arising from internal pressurization, both ini-
tially and after the anticipated helium production from
alpha decay over the containment period; plus, it is to
avoid introducing unnecessary restrictions that will not
materially contribute to the overall function of the ca-
nistered waste form in the repository.

In general, an internal pressure P in a cylindrical vessel
of diameter D and wall thickness t produces a tensile hoop
stress of

a = PD/2t

and a tensile longitudinal stress of
= D/4t

in the wall of the vessel (Popov, 1959). For a vessel
made from Type 304L stainless steel, the yield strength at
500C would be at least 14,000 psi (ASM, 1980). The more
rapid cooling of the canister wall than the bulk of the
glass after pouring as well as differences in the coeffi-
cients of thermal expansion of the two materials are ex-
pected to lead to tensile thermal stresses approaching or
exceeding the yield strength of the stainless steel (Bax-
ter, 1983). In order for the stresses due to internal
pressurization to be insignificant in comparison, it would
be sufficient to limit them to a small percentage of the
yield strength. If the hoop stress in limited to 10 per-
cent of the yield strength at 500C or 1400 psi, the maxi-
mum internal pressure would be 44 Psi at 5000C, which is
equivalent to 17 psi at 250C.

The maximum pressure due to helium release from alpha de-
cay after 1000 years has been calculated to be less than 1
psi (Baxter, 1983); therefore, an initial pressure less
than about 16 psi would therefore appear to be conserva-
tive. With these guidelines, a value of nearly half an
atmosphere, or 7 pig was chosen as conservative and prac-
ticable. In actual fact, the pressure (evaluated at 250C)
immediately after canister sealing is expected to be much
less than 7 psig, and may actually be slightly negative,
due to cooling after sealing.
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Compliance Strategy

The DWPF will exclude free gases, other than cover gases, from the
canistered waste form through a combination of physical and admin-
istrative control measures. Administrative controls will be used
to prevent the introduction of any gases into the canisters after
filling and sealing. Physical barriers will be used to prevent
the ingress of extraneous (non-radiogenic) gases. The amounts of
gases generated due to radioactive decay will be calculated.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 5.150.1. The initial task, now completed, was identifica-
tion of the sources of gas in the canistered waste form.

The canister is filled with glass, and the temporary canister clo-
sure is emplaced, in the air atmosphere in the DWPF melt cell. No
cover gas is used for welding. The only sources of gas are the
waste glass itself, the ambient cell atmosphere, the helium used
in leak testing, and possibly gases generated by the organic seal-
ing aid (see Part 5, Item 250).

It may be assumed that water vapor will be present inside the ca-
nistered waste form from the ambient cell air. Worst case dew
point calculations, based on a 185 C sealing temperature and the
most humid credible atmospheric conditions, indicate a maximum of
4.6 grams of water vapor will be trapped in DWPF canistered waste
form atmosphere. The somewhat elevated steady-state temperatures
expected during interim storage at the DWPF will prevent this wa-
ter vapor from condensing.

Demonstration that the canistered waste form does not contain
free gas (other than those allowed) at time of production, and
will not generate any at temperatures up to the transformation
temperature, T.

The gases that might be generated at temperatures up to the tran-
sition temperature will be determined from either the technical
literature or new experimental evidence, as necessary. All avail-
able evidence indicates that the canistered waste form does not
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contain free gas. However, DWPF glass may release small amounts of
volatile materials upon exposure to T which will recondense when

the canistered waste form cools. The composition and amounts of
such materials will be reported in response to Specification 3.9
(Part 5, Item 600).

Determine gas composition as a result of radioactive decay.

During long-term storage the canistered waste form will be continu-
ously irradiated by beta-gamma emissions from fission products and
by alpha emissions from transuranic nuclides. Calculations indi-
cate that approximately 2 x 105 years of storage are required to
produce enough helium to increase the gas pressure to 7 psig. Any
helium that enters the canister during leak testing would not con-
tribute substantially to this limit. The organic sealing aid, if
used, will also be investigated to determine if it releases gases
when irradiated.

Development of controls to exclude free gases from the canis-
tered waste form.

Administrative controls will be used to prevent nonconforming gases
from entering the canister prior to sealing. The leaktight tempo-
rary seal described in Part 5, Item 100, and the final closure weld
described in Part 4, Item 200, will prevent gases from entering the
canister after closure.

Documentation

The Waste Form Qualification Report will include a report on the
absence of free gas in borosilicate waste glass, gas generation due
to exposure to the transition temperature, and gas generation due
to radioactive decay. The WQR will also include a report on the
controls to be used to prevent introduction of other gases into the
canistered waste form.

The Production Record for each canistered waste form will certify
that appropriate controls were used to exclude free gases (other
than those present in the Vitrification Building's atmosphere) from
the canistered waste form. This certification will be based upon:
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The ability of the temporary seal emplaced immediately after
filling to prevent materials from entering the canister. The Pro-
duction Records will contain the results of leak testing the tempo-
rary seal.

The ability of the canister closure weld and fabrication welds
to prevent gases from entering the canister. The certification of
the canister fabrication and closure welds described in Part 4,
Item 200 will be used to satisfy this requirement.

Any active control procedures taken to prevent these materials
from entering the canister. The Production Records will cite these
by their unique identification number, including the version actu-
ally used. As this implies, any such procedures will be lifetime
quality records.

Reference

1. R. G. Baxter, Description of Defense Waste Processing Fa-
cility Reference Waste Form and Canister, USDOE Report DP-
1606, Revision 1, E. I. DuPont de Nemours and Co., Inc., Savannah
River Plant, Aiken, SC (1983).
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3.3 SPECIFICATION FOR EXPLOSIVENESS, PYROPHORICITY, AND
COMBUSTIBILITY

After closure the canistered waste form shall not contain
explosive, pyrophoric, and combustible materials. The
producer shall describe in the WCP those administrative
controls and other factors that prevent the introduction
of explosive, pyrophoric, or combustible materials into
the canistered waste forms. The producer shall present in
the WQR an evaluation of the canistered waste form to dem-
onstrate that, for the range of material compositions, it
remains nonexplosive, nonpyrophoric, and noncombustible
after having been subjected to temperatures up to the
transition temperature of Specification 1.4(a).

This specification is needed to ensure that after closure,
the canistered waste form does not explode or burn during
normal repository operations and accident conditions.

The regulatory requirements as outlined in 10 CFR 60.135
(b) (1) state that, "The waste package shall not contain
explosive or pyrophoric materials in an amount that could
compromise the ability of the underground facility to con-
tribute to waste isolation or the ability of the geologic
repository to satisfy the performance objectives."

The regulatory requirements on the waste package as out-
lined in 10 CFR 60.135(a)(2) state that, The design shall
include but not be limited to consideration of...fire and
explosion hazards. The waste form, as a component of the
waste packages must comply with this requirement.

Compliance Strategy

The DWPF will prevent the presence of explosive, pyrophoric, or
combustible materials in the canistered waste form through a com-
bination of physical and administrative control measures. These
include procedures to control procurement, processing steps, and
physical barriers to prevent the ingress of extraneous (non-waste
glass) materials.
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Implelentation

The tasks planned to satisfy this specification are outlined in
Figure 5.200.1. The DWPF will first demonstrate that borosilicate
waste glass does not contain explosives, pyrophorics, or combusti-
bles. Borosilicate waste glass does not contain explosive, pyro-
phoric, or combustible materials because all components of the
glass have already been oxidized at high temperatures. The pres-
ence of glass in the canister is sufficient evidence of the expo-
sure of the glass to high temperatures, because glass can only be
poured into a canister while molten. In tests with simulated
waste glass, it was not possible to pour waste glass at tempera-
tures below 900'C from a melter similar to the DWPF melter. Be-
cause the waste glass in a filled canister has already been sub-
jected to temperatures much greater than the transition temper-
ature, any further exposure of the glass to the tranistion temper-
ature does not cause observable changes. In tests performed at
SRL, and at the University of Florida, exposure of simulated waste
glasses similar in composition to the DWPF glass to temperatures
somewhat greater than the transition temperature for several days
caused no changes in the phase makeup of the glass, indicating
that no new (possibly explosive, pyrophoric, or combustible) phas-
es had formed.1-4

The DWPF is also developing controls to keep explosives, pyrophor-
ics, and combustibles out of the canister before and after fill-
ing. The specifications for canister procurement require that the
canister manufacturer clean and degrease the canister, and cover
the nozzle opening with a gasketed metal cap for shipment. This
will prevent the introduction of such materials in the empty ca-
nister. Each canister will be inspected by DWPF personnel before
it is introduced into the Vitrification Building to ensure that
there are no visible extraneous materials in the canister. After
filling with glass, the temporary canister closure will prevent
unwanted materials from entering the canister between the time the
canister is filled and the time the final canister closure weld is
made (see Part 5, Item 100). The final canister closure weld will
then prevent prohibited materials from entering the canister (see
Part 4, Item 200).
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Documentation

The Waste Form Qualification Report will include a report on the
absence of explosives, pyrophorics, and combustibles in borosili-
cate waste glass. The WQR will also include a report on the con-
trols used to keep explosives, pyrophorics, and combustibles out
of the canistered waste form.

The Production Record for each canistered waste form will state
that appropriate controls were used to prevent the introduction of
explosives, pyrophorics, or combustibles into the canistered waste
form. This certification will be based upon:

The ability of the temporary seal emplaced immediately after
filling to prevent prohibited materials from entering the canis-
ter. The Production Records will contain the results of leak
testing the temporary seal.

The ability of the canister closure weld and fabrication welds
to prevent prohibited materials from entering the canister. The
description of the canister fabrication and closure welds (de-
scribed in Part 4, Item 200) will be used to satisfy this require-
ment.

All active control procedures taken to prevent the prohibited
materials from entering the canister. The Production Records will
cite these control procedures by their unique identification num-
ber, including the version actually used. As this implies, all
such procedures will be lifetime quality records.

References

1. C. M. Jantzen, D. F. Bickford, D. G. Karraker and G. G. Wicks,
"Time temperature transformation kinetics in SRL waste glass, Ad-
vances in Ceramics - Nuclear Waste Management, 8, W. A.
Ross and G. G. Wicks (eds.), 30-38 (1984).

2. D. F. Bickford and C. M. Jantzen, "Devitrification Behavior of
SRL Defense Waste Glass," Scientific Basis for Nuclear Waste
Management, VII, G. L. McVay (ed.), Elsevier, NY, 557-66,
(1984).
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3. D. F. Bickford and C. M. Jantzen, "Devitrification of Defense
Nuclear Waste Glasses: Role of Melt Insolubles, J. Non-Cryst.
Solids, 84, 299-307 (1986).

4. D. B. Spilman, L. L. Hench nd D. E. Clark, "Devitrification
and Subsequent Effects on the Leach Behavior of a Simulated Boro-
silicate Nuclear Waste Glass, Nuclear and Chemical Waste Man-
agement, 6, 107-19 (1986).
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3.4 ORGANIC MATERIALS SPECIFICATION

After closure the canistered waste form shall not contain
organic materials. The producer shall describe the method
for complying with this specification in the WCP and docu-
ment the detection limit for organic materials in the WQR.

Rationale

This specification is needed to ensure that organic mate-
rials that tend to mobilize radionuclides by formation of
complexes, etc., or generate gases due to radiolysis are
not present in the canistered waste form.

The regulatory requirements on the waste package as out-
lined in 10 CFR 60.135(a)(2) state that, "The design shall
include but not be limited to consideration of the follow-
ing factors: ... gas generation, radiolysis, radionuclide
retardation,. leaching...." The waste form, as a component
of the waste package must be assessed for compliance.

Compliance Strategy

It is important to prevent the introduction of organic materials
to the canister that could potentially mobilize the radionuclides
by the formation of complexes or generation of radiolytic gases.
Borosilicate waste glass is an inorganic material and, thus, in-
troduces no organic materials into the canister. The canisters
themselves will be degreased by the manufacturer, using materials
specified in the canister purchase specification, prior to receipt
at SRP. The vitrification process, operating at about 1150 C,
will volatilize any organics that are present in the waste feed
stream. Administrative controls will be used to prevent the in-
troduction of organics into the canisters both before and after
filling the canister with glass.

Implementation

The DWPF waste glass will be vitrified at 1150'C. Organics
present in the waste feed streams are not incorporated in the
glass, and become part of the melter off-gas. Organics present in
the canister prior to filling will volatize when the molten glass
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is poured into the canister. Organics which could enter the ca-
nister after glass filling are therefore of primary concern in es-
tablishing compliance with this specification.

The tasks planned to satisfy this specification are outlined in
Figure 5.250.1. The initial task, now completed, was to identify
possible sources of organic materials. There are three types of
organic materials which could enter the canistered waste form af-
ter filling: greases from canister fabrication, an organic fluid
which has been used to assist in making the temporary canister
closure, and hydraulic fluid from the welding press. Subsequent
tasks are to find means to minimize or eliminate these organic ma-
terials.

Degreasing agents.

The canisters themselves are degreased by the manufacturer prior
to receipt at SRP. This is currently specified in the canister
procurement documents. In the unlikely event that some grease es-
caped notice, it would volatilize when the canister was filled
with molten glass.

Organic fluid used in making temporary canister closure.

Dow Corning 200 fluid has been used to assist in making a leak-
tight temporary seal. During operability testing, it will be de-
termined if the Dow Corning 200 fluid is necessary. If it is ne-
cessary, the amount used will be minimized and controlled. The
Dow Corning® 200 fluid is not corrosive, and can withstand 500F
temperatures. Exposure to radiation causes it to break down to
C02, SiO2, and 20. Thus, even if it is contained in the canistered
waste form, it is unlikely to produce complexing agents, or other-
wise enhance radionuclide release.

Hydraulic fluid from the canister welding process.

During press down of the temporary seal, it is possible that hy-
draulic fluid from the press could drip into the canister. Howev-
er, the press is equipped with a drip pan designed to ensure that
any dripped fluid will not enter the canister; also, the hydraulic
fluid is a bright red color that is easily detected on the canis-
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ter surface. The effectiveness of the drip pan design will be re-
viewed. If necessary, the design will be improved.

In subsequent tasks, simulated DWPF canisters will be prepared,
and analyzed for the presence of organics. This will most likely
be accomplished by extraction processes in which any organics
present would be dissolved and the resultant solutions analyzed.

Documentation

The Waste Form Qualification Report will identify the possible
sources of organics in the canistered waste form, and the controls
used to exclude each from the canistered waste form. The amount
of organic material found in simulated canistered waste forms will
also be reported. If it is determined that the Dow Corning® 200
fluid is necessary for a leaktight temporary seal, then measures
taken to limit the amount used will be reported.

The Production Record for each canistered waste form will certify
that appropriate controls were used to prevent the introduction of
organics into the canistered waste form. This certification will
be based upon:

The ability of the temporary seal emplaced immediately after
filling to prevent organic materials, particularly liquids, from
entering the canister. The Production Records will contain the
results of leak testing the temporary seal.

The ability of the canister closure weld and fabrication welds
to prevent organic materials from entering the canister. The cer-
tification of the canister fabrication and closure welds described
above will be used to satisfy this requirement.

Any active control procedures taken to prevent these materials
from entering the canister. The Production Records will cite
these by their unique identification number, including the version
actually used. As this implies, any such procedures will be life-
time quality records.



FIGURE 5.250

DPST-86-746
PART 5
Item 250
Page 4 of 4
Date: 6/88
Revision 4

Tasks planned to satisfy Specification 3.4,
Organic Materials Specification
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



DPST-86-746
PART 5
Item 300
Page 1 of 4
Date: 6/88
Revision 5

PART TITLE: CANISTERED WASTE FORM SPECIFICATIONS

ITEM TITLE: 3.5 FREE VOLUME SPECIFICATION

3.5 FREE VOLUME SPECIFICATION

After closure, the free volume within the canistered waste
form shall not exceed 20 percent of the total internal
volume of an empty canister. The producer shall identify
the nominal free volume and expected range of variation in
the WCP and describe the method of compliance in the WCP.
The producer shall also provide in the WCP the expected
frequency distribution of free volumes in the canistered
waste forms. The free volume within the canistered waste
form shall be reported in the production records.

In general, free-volume is to be minimized for the follow-
ing reasons: 1) repository design; 2) economical use of
repository space; and 3) less volume of water in contact
with waste form in the event of breach of containment fol-
lowed by infiltration of ground water.

Compliance Strategy

The DWPF canistered waste forms will be filled as full as is prac-
ticable in order to minimize the number of canistered waste forms
produced. At the beginning of radioactive operations, the nominal
free volume at the completion of filling will be < 15 percent.
The free volume is expected to decrease as experience is gained in
operation of the DWPF equipment.

The glass level will be monitored by gamma emission and neutron
transmission and will be compared with the glass level as calcu-
lated from the weight of the glass to assure control of the fill
level. The glass level will also be visually tracked by observing
the change in color of the canister external surface. It is an-
ticipated that less than 2% of the DWPF canistered waste forms
will have free volumes in excess of 20 percent. These canisters
could be produced as a result of a process upset, draining the
melter at the end of its life, equipment failures, or operator er-
ror.
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Implementation

The tasks planned to satisfy this specification are outlined in
Figure 5.300.1. Three independent methods will be used to monitor
the glass level during the canister filling operation in the DWPF
melt cell. These include neutron transmission, intrinsic gamma
emissions, and the measurement of canister weight. Visual exami-
nation of the oxidation of the canister's external surface will
provide another independent means of determining the glass level
in the canister.

The neutron transmission method senses the glass level directly,
can detect intermediate thicknesses of glass indicative of uneven
canister filling, and is independent of waste loading or level of
radioactivity. The system is designed to detect the arrival of
the glass level at the 40, 60 and 91 inch canister elevations.
Each elevation is equipped with BF3 counting systems designed to
signal the approach, and arrival, of the glass level. Alarms
sound if the counting rate is reduced by 15% or more.

The reference design canister is filled with approximately 165 gal
of glass (22.1 ft3, or 626 L) to a fill height of 91 in (231 cm).
This corresponds to a nominal weight of 3650 lb. (1650 kg, based
on an average measured cast glass density of 165 lbs/ft3) for the
design-basis glass, and is about 85% of the available canister
volume. The void volume of 15 % was chosen to allow sufficient
room in the canister so that possible upset conditions could be
tolerated during processing (as detailed below).

The DWPF canister has a total internal volume of 26.0 ft3. After
operating experience is gained, it may be possible to fill the ca-
nister to the top of the straight section of pipe at the intersec-
tion of the head with the cylinder. This volume is 25.3 ft3 (715L)
corresponding to a glass weight of 4175 lbs (1900 kg) and a fill
height of 104 in (264 cm).

A 15% void space has been made available for: "roping" of the
glass stream causing voids in the frozen melt; and the possibility
of overfilling the canister due to malfunction of load cells, lev-
el instrumentation, failure of pouring equipment or operator er-
ror. The first two of these could also cause the canistered waste
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form to exceed the specified 20% free volume. In addition, at the
end of each DWPF melter's life, the melter will be drained. Based
on the current melter design, the last canister would be half
full. This canister may be completely filled when a new melter is
put into service, or may be sealed as is for eventual shipment to
the repository. Although there is a nominal limit on the free
volume of 20% of the total internal volume, the Waste Acceptance
Preliminary Specifications recognize that this may be exceeded oc-
casionally. The Production Records for each canister which has
greater than 20% free volume will clearly indicate this, but no
other action will be taken if this value is exceeded. While it is
not possible to definitively estimate the frequency of such occur-
rences without long-term operating experience, it is anticipated
that no more than 2% of the canistered waste forms produced in the
DWPF will exceed the free volume limit of 20%.

Documentation

The Waste Form Qualification Report will include a report on the
nominal free volumes, the expected variations, and the number of
exceptions expected. The WQR will also include a report on the
methods to be used in determining the free volume of a canistered
waste form and the results of testing of those methods.

The Production Record for each canistered waste form will include
the percent free volume in that canistered waste form. This in-
formation will be obtained from both the neutron and gamma level
detectors.
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3.6 SPECIFICATION FOR REMOVABLE RADIOACTIVE CONTAMINATION
ON EXTERNAL SURFACES

The level of removable radioactive contamination on all
external surfaces of each canistered waste form shall not
exceed the following limits:

Alpha radiation: 220 dpm/100 cm2

Beta and Gamma radiation: 2200 dpm/100 cm2.

In addition, the producer shall visually inspect the ca-
nistered waste forms and remove visible waste glass on the
exterior of the canistered waste form before shipment.
The producer shall also provide in the WCP an estimate of
the amount of canister material that is removed during the
decontamination and the basis for that estimate. The pro-
ducer shall describe the method of compliance in the WCP
and provide supporting documentation in the WQR.

Rationale

This specification is necessary to protect personnel, pre-
vent uncontrolled spread of contamination in repository
facilities, minimize need for remote maintenance of facil-
ity equipment, and minimize need for cleanup of contamina-
tion during normal operations.

The specification limits chosen are used extensively in
the nuclear industry practice (e.g., for compliance with
10 CFR 71.87) to indicate surfaces are free of removable
contamination.

Conpliance Stategy

The canistered waste form will be decontaminated by slurry frit
blasting.1-3 The canistered waste forms will be visually inspected
for waste glass on the external surfaces of the canister. Assu-
rance that the canistered waste forms do not exceed the specified
contamination levels will be provided by a smear test of the ca-
nister's external surfaces in the DWPF before transfer to the In-
terim Glass Storage Building.
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Implementation

The tasks planned to satisfy this specification are outlined in
Figure 5.350.1. The initial actions, now completed, were to de-
velop a decontamination method for the canistered waste form, and
to develop a technique to remove visible waste glass from the ca-
nister exterior.

Air-injected frit slurry blasting has been shown to be the most
efficient method of canister decontamination investigated.2 It ef-
fectively cleans the canister external surfaces, and generates no
wastes which cannot be recycled to the vitrification process. In
this process, the canister is placed in the DWPF Canister Decon-
tamination Chamber (see Figure 5.350.2). In this device, a slurry
of glass frit suspended in water is pumped to blast nozzles which
accelerate the motion of the frit slurry toward the canister sur-
face by high pressure air. After frit blasting, the canister sur-
face is rinsed with a water jet, and then dried by air. The ca-
nister is lifted and rotated during these procedures by a Canister
Manipulating Mechanism (CMM). Preliminary process parameters to
be used in the DWPF,3 have been identified and demonstrated by
blasting 26 simulated waste glass canisters using the actual DWPF
Canister Decontamination Chamber.

Based on process development work at SRL, a single slurry frit
blasting cycle will remove 70 g of canister material (metal and
contaminated oxides), or approximately 10 mg/in2 of canister sur-
face area. It has been shown that a conservative estimate of the
minimum metal removal required to achieve the specified level of
decontamination is 7 mg/in2.

After frit blasting, the canister will be checked for residual
contamination, using a smear test. This test involves wiping a
standard 1" diameter smear paper against the surface of a rotating
canister. The smear paper mount will be handled remotely, and
several smears will be made to ensure that the results are repre-
sentative. The smear will cover an area of -100 cm2. If the con-
tamination is within the specified limits, the canister will be
transferred to the Weld Test Cell for final closure. If the con-
tamination level is too high, the canister will be decontaminated
again by slurry-blasting until the contamination level is within
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the specified limits. A confirmatory smear test is made in the
Weld Test Cell prior to transfer to the Interim Storage Facility.
All smearing will be performed according to procedures.

The canistered waste forms, while in the Melt Cell after filling,
will be visually inspected for adhering glass. If any adhering
glass is detected, it will be removed before the canister is
transfered from the Melt Cell to the Canister Decontamination
Cell. Use of a needle gun (e.g. Von-ARX needle gun distributed by
Marindus Co.) to remove adhering glass from the canister surface
has been demonstrated. A remote method of supporting the needle
gun and of collecting the glass particles generated during opera-
tion will be developed.

Documentation

The Waste Form Qualification Report (WQR) will include a report on
the smear technique to be used to show compliance. The WQR will
also include a report on the decontamination method, the amount of
material removed during decontamination, and the technique for re-
moving visible waste glass from the canister exterior.

The WAPS require that the DWPF report, in the Production Records,
the smear test results for each canister. If the level of contam-
ination exceeds 220 alpha dpm/100 c 2, or 2200 beta or gamma dpm/
100 cm2, the canister will be decontaminated again, before it
leaves the vitrification building. In this case, the results of a
confirmatory smear test will also be reported.

The DWPF will also inspect the canister to ensure that there is no
visible glass adhering to the outer surface. The inspector will
be identified by name and badge number. If there is visible glass
on the outside of the canister, the procedures used to remove this
glass will be identified, as well as the individuals performing
them.

References

1. W. N. Rankin, "Decontamination Processes for Waste Glass Ca-
nisters," Nuclear Technology, 59, 314-20 (1982).
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FIGURE 5.350.1 Tasks planned to satisfy Specification 3.6, Spec-
ification for Removable Radioactive Contamination
on External Surfaces



DPST-86-746
PART 5
Item 350
Page 6 of 6
Date: 6/88
Revision 5

FIGURE 5.350.2 DWPF Canister Decontamination Chamber
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3.7 HEAT GENERATION SPECIFICATION

The canistered waste form shall not exceed a total heat
generation rate of 800 watts per canister at the time of
shipment to the repository.

3.7.1 Heat Generation Projeetions

The producer shall document in the WQR the expected ther-
mal output and the range of expected variation due to pro-
cess variation during the life of the production facility.
The method to be used in making these projections shall be
described by the producer in the WCP.

Rationale

A heat generation rate limit must be set to ensure that
the temperatures reached in other disposal package compo-
nents or the host rock do not significantly reduce their
performance capabilities.

Repository designers need a number with which to work to
ensure that repository thermal load limits are not violat-
ed. The value of 800 watts was chosen as an expected up-
per bound for production from DWPF facilities. (Previous-
ly published heat generation design valves were
substantially lower; however, they were based on initial
calculations and do not reflect current design valves.)

An accuracy of 15 percent is judged to be a reasonable
working value, acceptable to both the repository project
and to the producer. Information on the range of expected
variation in heat generation rates is necessary to allow
assessment of uncertainties in repository performance.

Compliance Strategy

The expected thermal output and the range of expected variations
for the canistered waste forms will be calculated based on the ra-
dionuclide inventory projections described in Part 3, Item 300.
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As shown in Figure 5.400.1, this specification will be satisfied
by converting the radionuclide inventory projections described in
Part 3, Item 300, into projections of heat generation. This will
be done by multiplying the amount of each radionuclide by its spe-
cific thermal output.

Preliminary estimates of the heat generation rate of DWPF canis-
tered waste forms have already been made. These are primarily
based on an early waste blending schedule, which is currently un-
der review. This blending schedule uses sludge that is at least
20 years old at the time of processing, and combines it with solu-
ble salt waste which is aged about 15 years. The first canisters
produced from the DWPF in 4QCY90 using 20 year old sludge and 15
year old supernate would generate approximately 460 watts. This
feed concentration would then be maintained during the first 4
batches, or 10 years. Under this schedule, the canister power
would vary approximately as shown in Table 5.400.1. For example,
at the end of 5 years of production in 4QCY95, the Interim Glass
Waste Building would contain 410 canisters averaging 457 watts,
410 averaging 446 watts, 410 averaging 436 watts, 410 averaging
426 watts and 410 averaging 416 watts.

The logistics beyond the first 10 years are still being developed.
A very approximate estimate, however, can be made by taking the
remaining waste in tanks and decaying that inventory, and then as-
suming the newly generated soluble salt concentrate waste would be
mixed with the older salt waste. The newly generated waste was
assumed to be sludge (cooled for 5 years) and supernate (cooled
for 15 years), which would generate canistered waste forms produc-
ing about 690 watts. Based upon 75% attainment, the backlog of
waste would be processed in about 12 years, or by 4CY2002. Thus,
beginning in 2QCY2000, canisters generating 690 watts will be
filled. Since the last of the 460 watt canisters would be filled
2QCY2000, then the heat generation rate of canistered waste forms
produced in the period between 2CY2000 and 1QCY2003 is estimated
to be:
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Date

2QCY2000 460
2QCY2001 530
2QCY2002 605
2QCY2003 690

Documentation

The Waste Form Qualification Report will include a report on the
expected thermal output and the range of expected variations for
the canistered waste forms.
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Decay Heat of DWPF Canistered Waste Forms
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Task planned to satisfy Specification 3.7.1, Heat
Generation Projections

FIGURE 5.400.1
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3.7 HEAT GENERATION SPECIFICATION

3.7.2 Heat Generation During Production

The producer shall specify in the production records the
heat generation rate and its accuracy to 15 percent for
canistered waste forms at time of shipment. The expected
accuracy of the heat generation rates shall be supplied in
the WCP. The waste producer shall describe the plan for
compliance in the WCP.

Compliance Strategy

The heat generation rate of each canistered waste form will be
calculated based on the radionuclide inventory described in Part
3, Item 400, augmented by analytical results of short-lived radio-
nuclides measured for process safety reasons. If a canistered
waste form is produced with a heat generation rate greater than
800 watts, the canistered waste form will be identified as a non-
conforming item, and dispositioned as outlined in Part 6, Item
800.

The tasks planned to satisfy this specification are outlined in
Figure 5.450.1. The heat generation rate will be calculated from
the radionuclide inventory of the glass, using standard values of
the thermal output per unit activity for each radionuclide. The
radionuclides which will be included in performing this calcula-
tion will be all of those radionuclides to be reported to the re-
pository as part of the radionuclide inventory (see Part 3, Item
400), and any other radionuclides analyzed for process safety pur-
poses in the DWPF (e.g. Pr-144, Eu-154, or Eu-155). The latter
will be of importance only in the first five years after produc-
tion, and only after the DWPF has vitrified current waste invento-
ry, and is producing glass at the same rate that the Savannah Riv-
er Plant is producing waste.

An example of the results of such a calculation for the design ba-
sis glass is shown in Figure 5.450.2. At time of production, the
heat generation rate of the glass is calculated to be 693 watts/
canistered waste form. The major source of error in the calcula-
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tion is the radionuclide inventory. As shown in Part 3, Item 400,
present estimates indicate that the precision and accuracy of the
radionuclide inventory will exceed that required. Currently there
are no known sources of bias, so any uncertainties in the reported
values are expected to be those due to variations in the radionu-
clide inventory.

Since the analysis and heat load will be made at the time of manu-
facture, which could be appreciably before the date of shipment,
an estimate of the shipping heat load will be made based on the
decay of the production based radionuclides at time of shipment.

If the heat generation rate exceeds 800 watts at time of shipment
of the canister from the DWPF, the canister will be identified as
a nonconforming item, and then dispositioned according to the pro-
cedure outlined in Part 6, Item 800.

Documentation.

The Waste Form Qualification Report will include a description of
the heat generation rate calculation, and results of tests to de-
termine the extent of any biases in the reported values.

The Production Record for each canistered waste form will include
the heat generation rate calculated from the radionuclide invento-
ry of the glass.

The WAPS also require that the DWPF state, in the Production
Records, that the reported heat generation rate for the canistered
waste forms be accurate within 15%. This will be generically ad-
dressed in the Waste Form Qualification Report so that it will not
need to be routinely addressed in the Production Records. If the
scheme outlined above is followed, then the heat generation rates
should have the required accuracy.
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FIGURE 5.450.2 Heat Generation Rate of Design-Basis DWPF
Canistered Waste Form
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3.8 SPECIFICATION FOR MAXIMUM DOSE RATES

At the time of shipment the canistered waste form shall
not exceed a maximum surface gamma dose rate of 10 rem/hr

and a maximum neutron dose rate of 103 rem/hr.

3.8.1 Projections of Maximum Dose Rates

The producer shall specify in the WQR the expected values
and the range of expected variation for both gamma and
neutron dose rates. The producer shall describe in the
WCP the method to be used in making these projections.

The repository projects need the maximum gamma and neutron
dose rates in order to design shielding for the receipt
and handling facilities. The value of 105 rem/hr for max-
imum gamma dose rate and 103 rem/hr for maximum neutron
dose rate provide a reasonable basis for repository design
and operation and are judged to be sufficiently above the
expected dose rates for DWPF waste forms to provide rea-
sonable flexibility for normal operations.

Compliance Strategy

The expected dose rates and the range of expected variation will
be calculated based on the projection of radionuclide inventory
described in Part 3, Item 300.

Implementation

As shown in Figure 5.500.1, the values required by this specifica-
tion will be determined by converting the radionuclide inventory
projections described in Part 3, Item 300, into corresponding pro-
jections of neutron and gamma dose rates. This will be done by
multiplying the amount of each radionuclide by its dose rate per
curie. Self-shielding and shielding by the canister will also be
taken into account.

Preliminary estimates of the maximum dose rates of DWPF canistered
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waste forms have already been made. These have been calculated
from the composition and radionuclide inventory of the design-
basis waste glass. Both gamma and neutron dose rate calculations
have been performed by independent means to verify the calcula-
tions.

Table 5.500.1 compares calculations of the gamma radiation from
DWPF canistered waste forms by four different codes and companies.
The SRP calculation was made using the "ANISN" and "QAD" Codes,
the GA Technologies calculation was made using the "PATH" Code,
the Westinghouse calculation used the "SCAP" and ANISN-W Codes,
and the Bechtel, Inc., calculation used GRACE-II. All four codes
use point kernal integration techniques, and are based upon simi-
lar waste glass formulations. As can be seen, the calculations
agree within a factor of two. The calculation scheme used for the
DWPF dose rate projections will be validated using actual SRP
waste glass.

Table 5.500.2 provides a limited comparison of calculations of the
neutron radiation from a DWPF canistered waste form by three dif-
ferent methods. The calculations differ by a factor of less than
2. The SRP calculation has been experimentally verified using
simulated waste glasses doped with plutonium and curium.

Documentation

The Waste Form Qualification Report will include a report on the
projections of gamma and neutron dose rates, and their expected
variations. Results of tests of the calculational methods will
also be reported.
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Tasks planned to satisfy Specification 3.8.1,
Projections of Maximum Dose Rates

FIGURE 5.500.1
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3.8 SPECIFICATION FOR MAXIMUM DOSE RATES

3.8.2 Maximum Dose Rates at Time of Shipment

The producer shall provide in the production records the
gamma and neutron dose rates for the canistered waste
forms at the time of shipment. The producer shall de-
scribe the method of compliance in the WCP.

Compliance Strategy

The gamma and neutron dose rates of each canistered waste form
will be measured prior to shipment from the DWPF.

Implementation

The WAPS require that the DWPF report, in the Production Records,
the gamma and neutron dose rates for the canistered waste forms,
at time of shipment. During production, these will be measured
just before the canistered waste form is transferred from the vit-
rification building to the interim storage building. At time of
shipment, these will be measured again in the DWPF shipping facil-
ity.

If the calculated dose rates exceed 105 R/hr surface gamma dose
rate, or 103 rem/hr neutron dose rate, then the canistered waste
form will be identified as a nonconforming item, and dispositioned
according to the procedure outlined in Part 6, Item 800. However,
the values of the gamma and neutron dose rates in Table 5.550.1
should be upper bounds for the actual gamma and neutron dose
rates. As the table shows, most of the dose rate is due to gamma
radiation.

Documentation

The Waste Form Qualification Report will include a description of
the equipment for measuring the gamma and neutron dose rates.

The Production Record for each canistered waste form will include
the gamma and neutron dose rates of the canistered waste form as
determined prior to shipment from the DWPF.
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FIGURE 5.550.1 Tasks planned to satisfy Specification 3.8.2,
Maximum Dose Rates during Production
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3.9 CHEMICAL COMPATIBILITY SPECIFICATION

The contents of the canistered waste form shall not lead
to internal corrosion of the canister such that there will
be an adverse effect on normal handling during storage,
transportation, and repository operation. The producer
shall describe the method of compliance in the CP and
document in the WQR the extent of corrosiveness and chemi-
cal reactivity among the waste form, the canister, and any
filler materials. Corrosion, chemical interactions, and
any reaction products generated within the canistered
waste forms after exposure to temperatures up to the tran-
sition temperature of Specification 1.4(a) shall be evalu-
ated in the WQR.

Rationale

The specification is required to assure that the canister
can be safely handled during storage, transportation, and
repository operational periods, and to provide needed data
for assessment of long term performance of the waste pack-
age components.

Compliance Strategy

The extent of chemical reactivity among the borosilicate waste
glass, the canister, the gas in the void space, and the volatiles
from the waste glass will be determined from either available
technical literature or new experimental evidence, as necessary.
Long-term testing indicates that the canistered waste form will
not lead to significant internal corrosion of the canister, as
long as liquid water is excluded from the canistered waste form.
Controls are being implemented to prevent liquid water from enter-
ing the canistered waste form, as described in Part 5, Item 100.

Implementation

This specification is intended to assure that the waste package
can be safely handled during storage at SRP, and during transport
to the repository. It is also intended to provide data concerning
the projected long-term integrity of the canister. The tasks
planned to satisfy this specification are outlined in Figure
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5.600.1. These include:

Evaluation of the chemical compatibility of the canister and
its contents.

The available literature is being reviewed to determine what is
already known concerning the chemical reactivity of the borosili-
cate waste glass, any void space gases, and waste glass volatiles,
with the stainless steel canister. This information will be sup-
plemented with new experimental evidence to further investigate
the chemical compatibility of the canister and its contents.

Determination of the threshold limits for all extraneous non-
glassy substances.

Evidence currently available indicates that internal corrosion is
unlikely if liquid water is excluded from the canister. All mate-
rials present in the canistered waste form will be identified, and
threshold limits for extraneous (non-waste glass) materials will
be determined. Controls are being developed to prevent these
threshold limits from being exceeded. Once developed, these con-
trols will be implemented in the DWPF.

Determination of the effects of exposure of the canistered
waste form to temperatures up to T on the compatibility of the ca-
nister and its contents

It is anticipated that there will be insufficient information in
the literature to satisfy this requirement. Thus, exposure of
simulated canistered waste forms to temperatures up to T will be

required. After the canistered waste form is exposed to the
transformation temperature, T any corrosion or reaction products

will be identified.

Existing experimental information indicates that, as long as water
has been excluded from the canistered waste form, DWPF processing
will not significantly affect the ability of the 304L stainless
steel canister to act as a container for the waste glass during
interim storage at SRP, during transport to the repository, or
during the retrievability period.
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Tests have been made exposing sensitized metal coupons to molten
glass. Figure 5.600.2 shows the test design. After testing, the
metal specimens were mounted in resin, ground and polished, and
then examined microscopically. The depth of intergranular penetra-
tion was determined, as well as the amount of material loss. It
was concluded that the glass did not significantly interact with
the 304L. Material penetration and loss rates were 1/40th of those
required to assure canister integrity during interim storage at
SRP, and during the retrievability period at a repository (assumed
to be 100 years).

Studies investigating the effects of the internal canister environ-
ment on canister corrosion have concluded that no significant cor-
rosion of the DWPF canister will occur during interim storage pro-
vided liquid water is prevented from entering the canister. Dew
point calculations supported by dew point measurements show that
even in the most humid conditions expected during canister sealing,
vapor phase water will not condense inside the canister as it
cools. The most humid credible conditions will produce a dew point
of 31 C; however a reference DWPF canister will maintain a surface
temperature of 35 C due to waste heat loading, preventing condensa-
tion of the small amount of trapped water vapor.

Stress corrosion of the canister material during transportation and
handling will not be a hazard, as long as a halide/liquid mixture
does not contact the canister surface (a very unlikely scenario).

In order to prevent internal canister corrosion, liquid water must
be excluded from the canistered waste form. Administrative con-
trols and canister closure techniques will be used to ensure water
penetration is prevented. This problem is addressed in more detail
in Part 5, Item 100.

Documentation

The Waste Form Qualification Report will include a report on the
extent of corrosiveness and chemical reactivity among the borosili-
cate waste glass, the canister, and any other materials which may
be present within the sealed canister. The WQR will also include a
report on the controls to be used to keep liquid water out of
the canistered waste form.
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The Production Record for each canistered waste form will certify
that appropriate controls were used to prevent the introduction of
liquid water into the canistered waste form, as described in Part
5, Item 100.

References

1. W. N. Rankin, Compatibility Testing of Vitrified Waste
Forms, USDOE Report DP-MS-77-115, E. I. du Pont de Nemours & Com-
pany, Inc., Savannah River Laboratory, Aiken, SC (1978).
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Experimental design of long-term corrosion testsFIGURE 5.600.2
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3.10 SUBCRITICALITY SPECIFICATION

The producer shall ensure that the canistered waste form
will remain subcritical under all credible conditions
likely to be encountered from production through receipt
at the repository. The calculated effective neutron mul-
tiplication factor, shall be sufficiently below unity
-to show at least a 5 percent margin after allowance for
the bias in the method of calculation and the uncertainty
in the experiments used to validate the method of calcula-
tion. The producer shall describe the method of compli-
ance in the WCP and provide supporting documentation in
the WQR. The WQR shall also include sufficient informa-
tion on the nuclear characteristics of the canistered
waste form to enable the repository designer to confirm
subcriticality under repository storage and disposal con-
ditions.

Rationale

The regulatory requirements as outlined in 10 CFR 60.131
(b) (7) state that, "The calculated effective multiplica-
tion factor must be sufficiently below unity, to show
at least a 5 percent margin, after allowance for the bias
in the method of calculation and the uncertainty in the
experiments used to evaluate the method of calculation.

Subcriticality of multiple canister arrays at the reposi-
tory is the responsibility of the repository project.

Compliance Strategy

A bounding calculation will be performed to show that the effec-
tive multiplication factor of a canistered waste form will be much
less than 1.

Implementation

The tasks sufficient to satisfy this specification are outlined in
Figure 5.650.1. This specification requires that the neutron mul-
tiplication factor of the waste form remains much less than 1 for
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all conditions it will encounter. A keff calculation was included
in the DWPF facility's nuclear safety analysis prior to finaliza-
tion of the DWPF design. The calculation was made on both design
basis glass and on a glass containing twice as much fissionable
material. An infinite amount of material was assumed in the cal--
culations.

In all cases the calculated neutron multiplication factor was
quite low, kf<0.15. Doubling the plutonium and the 235U concen-
trations with the other constituents reduced proportionately for
normality, increased kff to 0.273, but this value is low enough to
provide an ample safety margin.

The calculations were repeated recently for three glass composi-
tions which represent those expected to be produced in the DWPF
during the first six years of production (Batches 1, 2 and 3).

Infinite neutron multiplication factor calculations for these
three glass compositions were made with the computer code HRXN
with Hansen-Roach neutron cross sections, and other cross sections
having the same energy group structure, generated at Oak Ridge Na-
tional Laboratory, and furnished with the KENO-IV Monte Carlo
criticality code2. The mixtures were all assumed uniform in compo-
sition and infinite in amount.

For the Batch 1, 2 and 3 glasses the calculated values of k were
0.0019, 0.0066, and 0.0073, respectively. Doubling the concentra-
tion of the fissile plutonium isotopes (239Pu and 241Pu) while re-
taining the other plutonium isotopes at the same concentration,
and doubling the concentration of the fissile uranium isotopes
(2 33U and 235U) while reducing the concentration of 238U, increased
the calculated values of k for Batch 1, 2, and 3 to 0.0026,
0.0081, and 0.0092, respectively. These values of k provide ample
margin for uncertainties.

The calculated values of k would be increased if appreciable
amounts of water were interspersed in the infinite array of glass
canisters considered in these calculations. However, the fissile
isotope content of the glass is so low that it would not be possi-
ble to increase k to exceed a critical value without introducing
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at least two orders of magnitude more fissile isotopes.

Documentation

The Waste Form Qualification Report will include a report on the
calculation showing that the effective multiplication factor of a
canistered waste form will be much less than 1. The report will
include sufficient information on the nuclear characteristics of
the canistered waste form to enable the repository designer to
confirm subcriticality under repository storage conditions.

References

1. G. E. Hansen and W. H. Roach, Six and Sixteen Group Cross
Sections for Fast and Intermediate Critical Assemblies,
USAEC Report LAMS-2543 (1961).

2. L. M. Petrie and N. F. Cross, KENO-IV - An Improved Monte
Carlo Criticality Program, USAEC Report ORNL-4938, Oak Ridge
National Laboratory, Oak Ridge, TN (1975).

3. H. C. Honeck, The JOSHUA System, USERDA Report DP-1380, E.
I. DuPont de Nemours and Co., Inc., Savannah River Plant, Aiken,
SC (1975).
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FIGURE 5.650.1 Tasks planned to satisfy Specification 3.10,
Subcriticality Specification
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3.11 SPECIFICATIONS FOR WEIGHT, LENGTH, DIAMETER, AND
OVERALL DIMENSIONS

The configuration, dimensions, and weights of the canis-
tered waste form shall be controlled as indicated below,
and the following parameters of the canistered waste form
shall be documented at the time of shipment.

3.11.1 Weight Specification

The weight of the canistered waste form shall not exceed
3000 kg. The measured weight shall be reported in the
production records, accurate to within .

3.11.2 Length Specification

The overall length of the final canistered waste form at
the time of shipment shall be 3.000 (+.005 m, -. 020 m).

3.11.3 Diameter Specification

The outer diameter of the canistered waste form shall be
61.0 cm (+ 1.5 cm, - 1.0 cm). The minimum wall thickness
of the empty canister shall be 0.85 cm. The producer
shall state in the WCP the minimum canister wall thickness
of the filled canister, and the thickness of any secondary
canisters, along with their technical bases.

3.11.4 Specification for Overall Dimensions

The dimensions of the canistered waste form shall be con-
trolled so that, at the time of shipment to a repository,
the canistered waste form will stand upright without sup-
port on a flat horizontal surface and will fit without
forcing when lowered vertically into a right-circular, cy-
lindrical cavity, 64.0 cm in diameter and 3.01 m in
length.

The specifications on weight, length, diameter and wall
thickness of the canistered waste form are needed for the
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repository design of handling requirements and waste pack-
ages. The overall dimensions of the canistered waste form
must be such that (1) no forcing is required to place it
in the disposal package container to prevent damage to the
inside of the container and (2) there i compatibility,
with container geometry.

Compliance Strategy

The final weight of each canistered waste form will be measured
prior to shipment from the DWPF to a repository. The dimensions
of the canister will be controlled by the canister manufacturer,
but will be measured prior to shipment. Any effects of the vitri-
fication process on the length, diameter, or wall thickness will
be determined from measurements of non-radioactive canistered
waste forms produced under conditions representing the range of
those expected in the DWPF. Data currently available indicate
that the minimum wall thickness will be 0.89 cm, and the average
wall thickness will be 0.95 cm. The weld plug will extend approx-
imately 0.002 m above the nominal 3 m of canister length.

Implementation

The tasks planned to satisfy this specification are outlined in
Figure 5.700.1. The actions taken initially include:

Development of requirements for the canister length, diameter,
and wall thickness which have been included in the canister pro-
curement specifications.

Determination of the additional length due to the weld plug
(0.2 cm) or due to a repair weld cap.

Determination of the change in canister dimensions during glass
pouring at the pilot plant facilities.

Seven prototypical DWPF canisters were carefully measured, and
then filled with glass at the DWPF pilot plant facility under both
design basis and possible upset conditions. These canisters were
then remeasured to determine the effects of canister filling on
canister dimensions. It was anticipated that any detectable def-
ormation would be manifested as either bulging of the canister
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wall, which would effect the diameter measurement, or as bow in
the upright canister, which would prevent the canister from fit-
ting correctly into the specified right-circular, cylindrical
cavity. Figure 5.700.2 contains a diagram of the canister indi-
cating measurement locations, and the mean and standard deviation
of the measured dimensions. The diameter of the canisters was
measured at five different elevations: top end, top, middle, bot-

-tom, bottom end. The reported diameter value, 60.96 0.06 cm,
was calculated using measurements from all of the canisters at all
elevations. The diameter is well within the specification even
after filling (maximum deformation: 0.20 0.12 cm). Since the
process induced dimensional changes are slight; it is very-impor-
tant to ensure the procured canister conforms to the specifica-
tions, as compliance is governed by this controlling factor.

The weights of the canistered waste forms were measured; the aver-
age weight was 3,718 115 pounds of glass. Thus, the total
weight of each simulated canistered waste form was less than 75 %
of the maximum specified weight, indicating that the DWPF should
have little difficulty in meeting the weight specification.

Document at ion

The Waste Form Qualification Report will include a report on the
canister procurement and inspection procedures to be used to en-
sure control of the length, diameter, and wall thickness. The WQR
will also include a report on the effect of the vitrification pro-
cess on the canistered waste form dimensions.

The Production Record for each canistered waste form will include
the length and diameter of the canistered waste form. The Produc-
tion Record for each canistered waste form will also include the
weight and a determination of the cylindricality. The weight will
be obtained from load cells in the Melter Cell, and confirmed by
weighing in the shipping facility. The diameter and length will
be reported based on measurements of the canistered waste form
prior to shipment from the DWPF. The bow of the glass-filled ca-
nisters will either be measured directly, or will be certified
based on the ability of the canister to fit, without forcing, into
the shipping cask or a template of the cask.

The WAPS also require that the DWPF certify, in the Production
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Records, that the reported weight of canistered waste forms be ac-
curate within 5%. Thus, the load cells used to determine the ca-
nistered waste form's weight will be calibrated, and certified ac-
curate within 5%. The WAPS do not require that evidence of their
calibration be reported, but this evidence will be contained in the
detailed records of canistered waste form production.
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Overall Dimensions

FIGURE 5.700.1
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Components and dimensions of DWPF canisters filled
under design-basis and possible upset conditions
in pilot plant tests (calculated for all
canisters).

FIGURE 5.700.2

Overall length

Outside diameter

Flange tilt

Upper head 0.
mismatch

Lower head
mismatch

Bow (middle)

Bow (top)

Average deformation
after filling

Maximum deformation
after filling

Average wall thickness

Minimum wall thickness



DPST-86-746
PART 5
Item 750
Page 1 of 4
Date: 6/88
Revision 4

PART TITLE: CANISTERED WASTE FORM SPECIFICATIONS

ITEM TITLE: 3.12 DROP TEST SPECIFICATION

3.12 DROP TEST SPECIFICATION

The canistered waste form at time of shipment shall be ca-
pable of withstanding a drop of 7 m onto a flat, essen-
tially unyielding surface without breaching. The producer
shall describe the method of compliance in the WCP and
present the supporting documentation of analysis and test
results in the WQR. The test results shall include infor-
mation on measured canister leak rates and canister defor-
mation after the drop test.

This specification is intended to demonstrate that the ca-
nistered waste form can withstand severe physical impact
without breaching. By requiring that the canistered waste
form pass a performance (drop) test without breaching,
this specification obviates the need for the alternative
approach of establishing detailed specifications on the
material properties of the canister and the waste form ne-
cessary to describe the radionuclide source term associat-
ed with the possible breach of a canister as a result of a
drop accident. The drop height of 7 m was chosen as rep-
resentative of the maximum drop height under normal oper-
ating conditions. The surface which i characteristic of
normal operating conditions has been defined as a "flat,
essentially unyielding" surface.

Compliance Strategy

Non-radioactive (simulated) canistered waste forms will be pre-
pared under design-basis conditions. These will then be drop-
tested, and the results reported in the Waste Form Qualification
Report.

SRL has also transported prototypical canisters from SRL to the
Waste Isolation Pilot Plant (WIPP) in New Mexico, and emplaced
them in a hot (ca. 1200C) salt environment. These canisters will
be retrieved, returned to Savannah River. The effects of trans-
port, emplacement, and retrieval on the canister and canistered
waste form will be determined.
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Implementation

The Savannah River Laboratory has previously dropped DWPF-like ca-
nisters from 9 m, in a variety of orientations. No failures of
DWPF-like canisters due to impact testing have ever been observed.
Based on this previous experience, the current DWPF canister de-
sign should be able to survive the less severe impact called for
in the specification.

The tasks planned to satisfy this specification are outlined in
Figure 5.750.1. Canisters of the current DWPF design have been
procured for SRL by the DWPF, according to the current canister
specifications (see Part 4, Items 100 and 200). These have been
filled at both design-basis and likely upset conditions, to the
same levels expected for DWPF canisters (see Part 5, Item 300).
These canisters have been sealed in the same manner as in the DWPF
(in some cases, with actual DWPF equipment). These will be
dropped from 7 m, and tested by dye penetrant methods. He leak
rates will also be determined. Canisters will be dropped in two
orientations:

The most likely - on the bottom.

The most severe - on the head at an angle.

Canisters will have strain circles applied to determine the magni-
tude of the strains on the canisters. After the initial testing
is completed, a few of the canisters will be repeatedly dropped to
determine how many such impacts the canister could withstand be-
fore breaching.

SRL has also filled canisters under expected process conditions,
and transported them to the Waste Isolation Pilot Plant (WIPP) in
New Mexico. These canisters were emplaced in a hot (ca. 120C)
salt environment, for materials compatibility testing.2-5 These
canisters will be retrieved, returned to Savannah River. The ef-
fects of transport, emplacement, and retrieval on the canister and
canistered waste form will be determined.
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Documentation

The Waste Form Qualification Report (WQR) will include a report on
the results of the drop tests, and will report on the effects of
impacts on the canister's ability to fulfill its function if
dropped. The effects of transport, emplacement, and retrieval on
the canister and canistered waste form will also be reported,

-based on the WIPP tests.
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FIGURE 5.750.1
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3.13 HANDLING FEATURES SPECIFICATION

The canistered waste form shall have a neck with a lifting
flange. The lifting flange geometry and maximum loading
capacity shall be described in the WCP. The producer
shall design the lifting flange and a suitable grapple,
which could be used at the repository. The grapple and
the flange shall be designed to satisfy the following re-
quirements:

(a) The grapple shall be capable of being remotely en-
gaged and disengaged from the flange.

(b) The grapple, when attached to a suitable hoist (to be
supplied by the repository), and when engaged with the
flange, shall be capable of raising and lowering a canis-
tered waste form in a vertical direction.

(c) The grapple, in the disengaged position, shall be ca-
pable of being inserted into and withdrawn in a vertical
direction from a right-circular cylindrical cavity with
diameter equal to that of the canistered waste form.

The design of the flange and grapple shall be capable of
fulfilling the requirements of 3.13(a) through 3.13(c)
without contacting or penetrating the walls of an imagin-
ary right-circular, cylindrical cavity with a diameter
equal to that of the canistered waste form, coaxial with
the canistered waste form, and extending for a height of
0.7 m above the highest point on the canistered waste
form. The design of the grapple shall include features
that will prevent an inadvertant release of a suspended
canistered waste form when the grapple is engaged with the
flange. The producer shall describe the grapple and the
flange design concepts in the WCP and provide the designs
in the WQR.
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Rationale

This specification reflects the lifting and handling re-
quirements necessary for compatibility with current waste
package concepts. The specification is drafted to allow
the waste producer maximum flexibility in design of the
canister handling arrangements.

Compliance Strategy

The strategy for compliance with this specification is to supply
designs of the canister flange and grapple, and to provide test
data to the repository. Testing of these designs have shown that
they will meet the specification.

Implementation

The tasks which have been planned to satisfy this specification
are outlined in Figure 5.800.1.

One of the initial actions taken to satisfy this specification was
to design the canister lifting flange. The lifting flange geome-
try for the DWPF canister is shown in Figure 5.800.2; more detail
is available from DuPont drawing W747391, revision 11, including
method of attachment to the canister. A detailed design drawing
of the lifting flange is incorporated in the canister procurement
specifications.

The canister lifting grapple is specific for the DWPF canister and
was developed by Remote Technology Corp. (REMOTEC) of Oak Ridge,
TN.1 The design is described in detail in the reference, so only
the principles are described here. A photograph of an assembled
unit used for testing is shown in Figure 5.800.3.

Maximum size Diameter 600 mm
Length = 1000 mm

Capacity 6,820 kg, rated

Operation Two step release, failsafe. Transported
by in-cell crane.
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Mechanism

Design Life

Repair

Failure Recovery

Materials

Testing

All mechanical.

60,000 cycles over 5 years without
lubrication.

Contact maintenance after high pressure
wet decontamination.

Manual release activated by 4 kg maximum
pull force.

Structural: 304L stainless steel.
Sliding contact: Nitronics 50 or 60.
Bolting: 304 stainless steel bolts, 410
stainless steel nuts.

Load test: 125% of rated load

I

Cycle test: 500 cycles at rated load

Misalignment: Engage canister neck with
25 mm off-set from grapple centerline.

Collision: Strike object with crane
traveling at 9 /min.

Documentation

The Waste Form Qualification Report will include descriptions and
detailed drawings of the designs of the lifting flange and grap-
ple. Test data from development and operability testing will be
included as well.

References

1. K. L. Walker, J. R. White, K. A. Farnstrom R. E. Eversole,
"Canister Grapple for the Defense Waste Processing Facility,"
Proceedings, 34th Conference on Remote Systems Technology,
American Nuclear Society, 75-9 (1986).
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FIGURE 5.800.1 Tasks planned to satisfy Specification 3.13,
Handling Features Specification
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FIGURE 5.800.2 Lifting Flange Geometry for DWPF Canisters
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FIGURE 5.800.3 DWPF Canister Grapple
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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4. QUALITY ASSURANCE SPECIFICATION

The producer shall establish, maintain, and execute a
quality assurance (QA) program that complies with OGR/B-
14, Quality Assurance Requirements for High-Level Waste
Form Production. The quality assurance program shall be
applied to all testing and analysis activities that pro-
vide information to be included in WQRs. The WCPs shall
be prepared in accordance with the QA program; however,
existing data generated prior to the inception of the sub-
ject QA program may be included in the WCP so long as the
specific QA measures that were in effect when the data
were generated are described. The quality assurance pro-
gram shall also be applied to all activities that affect
compliance with waste acceptance specifications during
waste form production, handling, storage, preparation for
shipment, and shipment to the repository. The producer
shall describe his QA program in the WCP and certify com-
pliance with it in the WQR, and in production records.

Compliance Strategy

When the Waste Acceptance Preliminary Specifications (WAPS) were
first issued (12/86), both the DWPF and the repository programs
recognized that direct application of the repository program's
quality assurance program was not possible, because the program
documentation did not clearly reflect the relationship between the
DWPF and the repository program. In particular, the documentation
did not contain any reference to the Waste Acceptance Process, or
to the WAPS. Thus, the mode of application of these documents to
the DWPF's Waste Acceptance Process activities needed clarifica-
tion. For this reason, SRP - DWPF and SRL, working with the Of-
fice of Civilian Radioactive Waste Management, have developed de-
tailed quality assurance requirements for DWPF Waste Acceptance
Process activities. These have been issued by the repository pro-
gram as OGR/B-14.

The strategy for compliance with this specification is, thus, to
develop the requirements, and then to develop and implement a
quality assurance program which will satisfy them. Once devel-
oped, a description for this quality assurance program will be
prepared, as called for in the WAPS.
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Implementation

The tasks planned to satisfy this specification are outlined in
Figure 6.100.1. They include the following:

SRP - DWPF and SRL, working with the Office of Civilian Radio-
active Waste Management, will develop detailed quality assurance
requirements for DWPF Waste Acceptance Process activities.

SRP - DWPF and SRL will approve the draft Waste Form Compliance
Plan, in writing, and send it to DOE - SR for review and approval.
DOE - SR will then be responsible for transmittal of the draft WCP
to other DOE organizations, as appropriate.

Responsibility for implementation of the Waste Form Compliance
Plan will be assigned by SRP - DWPF.

A quality assurance program for DWPF Waste Acceptance Process
activities, performed by either SRP - DWPF or its supporting or-
ganizations, will be developed.

A description of the quality assurance program will be prepared
for inclusion in the Waste Form Compliance Plan.

Procedures will be prepared which implement the quality assu-
rance program.

Each of the quality assurance requirements in OGR/B-14 are being
addressed during development of the quality assurance program for
the DWPF. A description of this program is also being prepared.
SRP - DWPF will then implement the quality assurance program for
the DWPF, which will ensure the quality of the canistered waste
forms delivered to a federal repository, and compliance with the
quality assurance requirements.

All organizations providing support to SRP - DWPF in performance
of Waste Acceptance Process activities (for example, SRL) will es-
tablish quality assurance programs which conform with this program
description. SRP - DWPF will be responsible for oversight of
these programs to ensure the conformance of the supporting organi-
zations.
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The quality assurance program described will thus apply to:

All Waste Acceptance Process activities, as described in the
Waste Form Compliance Plan, or its revisions (for the procedure
proposed for such revisions, see Part 6, Item 700).

Other actions which directly support those Waste Acceptance
Process activities, for example: calibration of measuring and
test equipment, control of procurement, and control of documents.
All support activities which affect the acceptability of the ca-
nistered waste form will be subject to this quality assurance pro-
gram.

Development and implementation of the quality assurance program
will be the responsibility of SRP - DWPF. The quality assurance
program will be reviewed and approved by the SRP - DWPF line or-
ganizations. A description of the program will be prepared by SRP

DWPF for inclusion in the WCP, and then transmitted to DOE - SR
for review, and distribution to other DOE offices as appropriate.

The program description will describe the actions and responsibil-
ities for:

Defining technical requirements.

Planning programs to meet those requirements.

Preparing procedures to implement the program plans.

Assuring that activities have been performed according to pre-
pared and approved plans and procedures.

Reviewing results to ensure that technical requirements have
been met.

Initiating, approving, and documenting changes to plans, pro-
grams or procedures.

Reviewing the quality assurance program itself, and evaluating
its effectiveness.
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Work performed under this quality assurance program will be peri-
odically reviewed by the line organization responsible for the ac-
tivity. These reviews will be augmented by periodic independent
audits. The quality assurance program will recognize that these
independent audits are merely supplements to the review of Waste
Acceptance Process activities by the line organization, and cannot
be used as a substitute for demonstrable control. The quality as-
surance program will specify the minimum frequency of such audits
and reviews.

Documentation

The detailed quality assurance requirements for Waste Acceptance
Process activities are contained in OGR/B-14. A description of
the quality assurance program which ensures that these require-
ments are met will be prepared, and appended to the CP.

Reference

1. DOE-OCRWM Specification, "Quality Assurance Requirements for
High-Level Waste Form Production (OGR/B-14).
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FIGURE 6.100.1 Tasks planned to satisfy Specification 4,
Quality Assurance
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Facilities to immobilize high-level radioactive waste in borosili-
cate glass will begin operation before the first repository
presents its license application. As is described in Part 1, Item
100, the Department of Energy has set up a Waste Acceptance Pro-
cess to ensure that glass waste forms will be acceptable at a fed-
eral repository. The present Waste Acceptance Preliminary Speci-
fications were prepared by a working group (the Waste Acceptance
Committee), made up of representatives of the repository projects,
and of potential waste form producers. The members of this group,
and the organizations represented, are listed in Table 6.200.1.
Thus, the detailed specifications leading to the acceptance of
DWPF glass have been reviewed by the repository projects, and the
waste producers. In addition, the Waste Acceptance Preliminary
Specifications (WAPS) have also been reviewed by the Nuclear Regu-
latory Commission's staff.

The WAPS require that the DWPF provide the repository program with
three types of documentary evidence for acceptance of the DWPF
waste form: a Waste Form Compliance Plan, a Waste Form Qualifica-
tion Report, and Production Records.

Each of these will be prepared in a manner which will address each
of the applicable quality assurance requirements in OGR/B-14. The
Waste Form Qualification Report and the Production Records will be
prepared in accordance with the quality assurance program for DWPF
Waste Acceptance Process activities. This quality assurance pro-
gram will be designed to satisfy the requirements of the Savannah
River's Site Quality Assurance Plan, the quality assurance re-
quirements for Waste Acceptance Process activities (OGR/B-14), and
the Waste Acceptance Preliminary Specifications.

The first form of documentary evidence is the Waste Form Compli-
ance Plan (WCP). This has been prepared for the DWPF by the Sa-
vannah River Laboratory, in accordance with the Savannah River La-
boratory's quality assurance program, which conforms to ANSI/ASME
Standard NQA-1. The WCP includes the detailed quality assurance
requirements for Waste Acceptance Process activities, as well as a
description of the quality assurance program developed to satisfy
these requirements (see Part 6, Item 100). The overall logic of
the WCP has been reviewed by DOE - SR's DWPF Project Office, and
the Office of Civilian Radioactive Waste Management's Waste Accep-
tance Committee. The Nuclear Regulatory Commission is also ex-
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pected to review the WCP, before it is baselined by the repository
programs.

For each of the tasks identified in the Waste Form Compliance
Plan, detailed requirements for acceptance of the results of the
task will be prepared. For many tasks, technical program plans
and procedures will be required. Each will be prepared in accor-
dance with the DWPF quality assurance program for Waste Acceptance
Process activities. Acceptance requirements, and any technical
program plans and procedures, will be reviewed by the organization
assigned responsibility for implementation of the WCP. In addi-
tion, many of the technical program plans and procedures will be
reviewed by independent technical peers.

The Waste Form Qualification Report (WQR), the second form of doc-
umentary evidence called for by the WAPS, will detail the work
performed to establish the acceptability of the DWPF product. The
SRP - DWPF will be responsible for preparation of this document,
in accordance with the DWPF quality assurance program for Waste
Acceptance Process activities. The WQR will be reviewed by DOE -
SR, and by the Office of Civilian Radioactive Waste Management.
The portions of this document completed before the initiation of
radioactive operations will be used to provide DOE with reasonable
assurance that DWPF canistered waste forms will be acceptable at a
federal repository.

After production of actual canistered waste forms begins in the
DWPF, addenda to the WQR will be issued as appropriate. These
will include information generated during radioactive operations
which is of a more general nature than that included in the Pro-
duction Records. These addenda will be subject to the same review
process as the rest of the WQR.

The Production Records will summarize the detailed record of the
production history of individual canistered waste forms produced
in the DWPF. They will establish the acceptability of the canis-
tered waste forms actually produced in the DWPF. They will be re-
viewed by the repository operator before shipment of the canis-
tered waste forms to the repository for disposal. Their content
is described in Appendix 1.200.1.

The relationship, in terms of quality assurance, among the various
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forms of Waste Acceptance Process documentation is shown in Figure
6.200.1.
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TABLE 6.200.1 MEMBERSHIP OF WASTE ACCEPTANCE COMMITTEE DURING
DEVELOPMENT OF THE WASTE ACCEPTANCE PRELIMINARY
SPECIFICATIONS

NAME ORGANIZATION REPRESENTED

K. A. Chacey (chairman) Office of Civilian Radioactive Waste
Management (DOE-RW)

E. L. Benz (secretary) Roy F. Weston, Inc.

E. H. Randklev Basalt Waste Isolation Project (BWIP)

V. M. Oversby Nevada Nuclear Waste Storage
Investigation (NNWSI)

J. A. Carr Salt Repository Project (SRP)

A. A. Bauer Crystalline Repository Project (CRP)

L. R. Eisenstatt West Valley Demonstration Project WVDP)

E. J. Hennelly Savannah River Laboratory - Defense Waste
Processing Facility (SRL - DWPF)

B. A. Wolfe Hanford Waste Vitrification Project
(HWVP)

J. S. Berreth Westinghouse Idaho Nuclear Co.

H. M. Burkholder Battelle - Pacific Northwest
Laboratories

G. S. Mellinger Materials Integration Office (MIO)
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FIGURE 6.200.1 QUALITY ASSURANCE HIERARCHY OF
PROCESS DOCUMENTATION

WASTE ACCEPTANCE

Each document is subordinate to the one above it.
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}
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Under certain circumstances, changes in the Waste Form Compliance
Plan may be desirable. These circumstances include, but are not
limited to, the following:

Unexpected results of performing a Waste Acceptance Process ac-
tivity could indicate a need to significantly change the course of
the subsequent actions.

Changes in the DWPF process could require different, or addi-
tional, Waste Acceptance Process activities.

Improved technology, not foreseen when the WCP was formulated,
could significantly enhance the quality of Waste Acceptance Pro-
cess activities.

To allow such beneficial changes, the following procedure is pro-
posed. This procedure will take effect as soon as the Office of
Civilian Radioactive Waste Management concurs with the DWPF Waste
Form Compliance Plan.

1. SRP - DWPF will identify a need for a change in the Waste Ac-
ceptance Process activities identified in the Waste Form Compli-
ance Plan, and notify DOE-SR's DWPF Project Office of this need,
in writing.

2. SRP - DWPF will develop a justification for the proposed
change. This justification will describe the proposed change, the
reasons for making the change, and the expected impact of the
change on other Waste Acceptance Process activities.

3. SRP - DWPF will transmit the proposed change and its justifi-
cation to the Project Office, for review and comment. The Project
Office will be responsible for transmittal of the proposed change
and its justification to other affected DOE offices (including the
Office of Civilian Radioactive Waste Management).

4. SRP - DWPF will disposition any comments received.

5. After approval is received from the Project Office, SRP - DWPF
will implement the change.



DPST-86-746
PART 6
Item 800
Page 1 of 1
Date: 6/88
Revision 6

PART TITLE: QUALITY ASSURANCE

ITEM TITLE: PROPOSED PROCEDURE FOR DISPOSITION OF NONCONFORMING
CANISTERED WASTE FORMS

As is recognized in the Introduction to the WAPS, and in Part 1,
Item 200 of this document, some individual canistered waste forms
may not comply in every respect with the specifications. The fol-
lowing procedure is proposed to disposition nonconforming canis-
tered waste forms. This procedure is intended to allow expedi-
tious and consistent disposition of these items.

1. The DWPF will identify the nonconforming canistered waste
form, and notify DOE - SR's DWPF Project Office, in writing, of
the possible existence of a nonconforming canistered waste form,
its identification, and the specifications with which it may not
comply.

2. The Project Office will notify the appropriate offices in DOE
(including the Office of Civilian Radioactive Waste Management).

3. SRP - DWPF will prepare a written description of the noncon-
forming item, identifying the specifications) with which it may
not comply, and proposing a disposition that will allow safe ship-
ment and handling of the item at the repository.

4-. SRP - DWPF will transmit the disposition plan to the Project
Office, for review and comment. The Project Office will be re-
sponsible for transmittal of the proposed disposition plan to oth-
er affected DOE offices.

5. SRP - DWPF will revise the disposition plan, in response to
any comments received.

6. After approval is received from the Project Office, SRP - DWPF
will proceed to carry out the disposition plan.

7. SRP - DWPF will certify compliance with the disposition plan
in an addendum to the Production Record for the non-conforming ca-
nistered waste form. The nonconforming canistered waste form and
its Production Record will then be processed by the procedures es-
tablished for disposal of conforming waste forms, as amended by
the approved disposition plan.
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FOREWORD

This is the first revision of the baselined document Waste Accep-
tance Preliminary Specifications for the Defense Waste Processing
Facility High-Level Waste Form. This document will continue to be
identified as OGR/B-8.
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WASTE ACCEPTANCE
PRELIMINARY SPECIFICATIONS

for the
Defense Waste Processing Facility

High-Level Waste Form

INTRODUCTION

These Waste Acceptance Preliminary Specifications (WAPS) specify
the properties and requirements for the high-level waste (HLW)
forms to be produced by the Defense Waste Processing Facility
(DWPF) at the Savannah River Plant, South Carolina (herein, the
producer).

These WAPS have been developed by the Waste Acceptance Committee
(WAC), which is responsible for the preparation of the various
site-specific and generic documents identified in the Waste Accep-
tance Process (WAP). The development and the approval of these
WAPS have been carried out in accordance with Procedures outlined
in the WAC charter. These WAPS specify technical requirements
that the waste form must meet and documentation that the producer
must Provide in order to fulfill the Producer's role in the repos-
itory licensing process. These WAPS also provide the bases for
developing design specifications for the repository and the waste
package. The rationale for each specification is presented in Ap-
pendix A.

It is recognized that some individual canistered waste forms may
not comply in every respect with these specifications. For these
cases, the producer will identify nonconformities and propose a
remedy for evaluation by the repository project on a case-by-case
basis. The repository project will evaluate the proposed remedy,
and a final disposition of the nonconforming waste form will be
determined in accordance with the repository license.

Where possible, the WAPS reflect generic requirements; however, in
one case (i.e., Specification 1.3, Specification for Radionuclide
Release Properties), it is not possible to set a single specifica-
tion that would be adequate for any repository site. (In this
case, producers must demonstrate compliance with repository-site-
specific requirements.) The required release properties for the
waste form will be based on the overall performance allocation for
different parts of the engineered barrier system since containment
and isolation requirements are to be met by the total engineered
barrier system and not necessarily by the waste form alone. The
WAPS require demonstration of compliance via three different docu-
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ments, each prepared by the producer and concurred with by the re-
pository projects through the waste acceptance process: (1) the
Waste Form Compliance Plan (WCP), (2) the Waste Form Qualification
Report (WQR), and (3) Production Records.

The Waste Form Compliance Plan (WCP) is the producer's plan for
demonstrating compliance with each specification in the WAPS. The
WCP is to include detailed descriptions of the testing, analyses,
and process controls to be performed by the producer, including
the identification of production records to be provided, to demon-
strate compliance with the specifications. The plan for compli-
ance with each specification is to be concurred with by the repos-
itory project. To meet schedule demands, it may be necessary for
WCP preparation and concurrence to proceed specification by speci-
fication, and such an approach is permissible, with the agreement
of the WAC Chairman. Concurrence by the repository project will
mean that the producer's proposed method of compliance will satis-
factorily meet the intent of the specification, acceptance crite-
ria (as applicable), and support requirements for licensing.

The WQR is a compilation of all results from testing and analysis
that presents detailed evidence of compliance with each specifica-
tion. This document is also prepared by the producer and con-
curred with by the repository project. Concurrence by the reposi-
tory project will be required for each specification and will mean
that results from the testing and analysis as described and docu-
mented provide a satisfactory demonstration of compliance with the
specification and are adequate for the intended use in repository
licensing. Again to meet schedule demands, it may be necessary
for WQR preparation and concurrence to proceed specification by
specification, and such an approach is permissible, with the
agreement of the WAC chairman.

Production Records refers to documentation, provided by the pro-
ducer, that describes the actual canistered waste forms for review
by the repository project before the waste is shipped. The format
and the content of the production records will be specified in the
WCP. Concurrence will mean that the canistered waste forms de-
scribed are in compliance with the specifications and are there-
fore acceptable for disposal.

The WAPS are based on the best available information current as of
the date of issue. They are likely to be revised as the reposito-
ry program proceeds through design and licensing. Eventually the
WAPS will evolve into the updated Waste Acceptance Specifications
(WAS), which will be used for the License Application, and ulti-
mately into the Final WAS, after the incorporation of applicable
NRC licensing technical specifications. All changes will be made
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in accordance with the Waste Acceptance Process, through the WAC.

1. WASTE FORM SPECTIFITCATIONS

1.1 CHEMICAL SPECIFICATION

The waste form for DWPF is borosilicate waste glass.

1.1.1 Chemical Composition Projections

The producer shall include in the Waste Form Qualification Report
(WQR), sufficient chemical and microstructural data to character-
ize the elemental composition and crystalline phases for the prod-
uct of the waste production facility and expected variations in
the product due to process variations during the life of the fa-
cility. The method to be used to make these projections shall be
described by the producer in the Waste Form Compliance Plan (WCP).

1.1.2 Chemical Composition During Production

For the canistered waste forms the producer shall include in the
production records the elemental composition of the glass waste
form for all elements, excluding oxygen, present in concentrations
greater than 0.5 percent by weight. The producer shall describe
the method to be used for compliance in the WCP. An estimate of
the precision, accuracy, and the basis for the estimate of the
precision shall be reported in the WCP.

1.2 RADIONUCLIDE INVENTORY SPECIFICATION

For all radionuclide inventory estimates required by this specifi-
cation, the producer shall report all radioisotopes that have
half-lives longer than 10 years and are present in concentrations
greater than 0.05 percent of the total radioactive inventory in
curies (in the aggregate or in the canistered waste form, as ap-
plicable) at any time up to 1100 years after production.

1.2.1 Radionuc1ide Inventory Projections

The producer shall provide in the WQR estimates of the total quan-
tities of individual radionuclides to be shipped to the repository
and of the uncertainties in the expected values. The producer
shall also provide in the WQR estimates of the inventories of in-
dividual radionuclides expected to be present in each canistered
waste form produced at the facility and the expected range of va-
riations due to process variations during the life of the facili-
ty. These estimates shall be calculated for the year 2025. The
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method used to make these projections shall be described by the
producer in the WCP.

1.2.2 Radionuclide Inventory During Production

At the time of shipment, the producer shall provide in the produc-
tion records estimates of inventories of individual radionuclides
in each canistered waste form. The producer shall also report the
expected precision and accuracy of these estimates in the WCP.

1.3 SPECIFICATION FOR RADIONUCLIDE RELEASE PROPERTIES

The producer shall control the radionuclide release properties of
the waste form during waste form production to satisfy the re-
quirements of Specifications 1.3.1 and 1.3.2, or Specification
1.3.3. The producer shall describe the intended method for demon-
strating compliance in the WCP. Supporting technical documenta-
tion for the selected method of control shall be included in the
WQR. Documentation supporting the selected method of verification
of compliance and the verification of results shall be included in
the production records.

1.3.1 Control of Rdionuclide Release Properties

For the Nevada Nuclear Waste Storage Investigations Project, the
capability of the waste form to limit releases of radionuclides
shall be demonstrated using test MCC-1 (Materials Characterization
Center-1, Nuclear Waste Materials Handbook, DOE/TIC-11400, 1983)
conducted in deionized water at 90'C. The test duration is to be
28 days. The acceptance criterion is that the normalized elemen-
tal leach rate for the matrix elements sodium, silicon, and boron,
and for the radionuclides cesium-137 and uranium-238 shall be less
than one gram per square meter per day averaged over the 28 day
test duration.

1.3.2 Verification of Radionuclide Release Properties

The capability of the waste form to meet this specification shall
be demonstrated by testing actual production samples of waste
forms. The sampling schedule shall be sufficient to demonstrate
at the 95 percent confidence level that 95 percent of the produc-
tion waste forms would yield leach test results that conform to
the criterion. Test samples shall be taken from a convenient lo-
cation near the mouth of the waste form canister before the canis-
ter is sealed closed. The temperature of the waste form at the
time of sampling shall be no higher than 900C.
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1.3.3 Alternative Means of Compliance

The producer may use an alternative approach to demonstrate con-
trol of the radionuclide release properties of the waste form from
that of Specifications 1.3.1 and 1.3.2 provided that the producer
relates, to the satisfaction of the repository project, the radio-
nuclide release properties of the waste form obtained using the
alternative approach to those that would be obtained by adhering
to the requirements of Specifications 1.3.1 and 1.3.2.

1.4 SPECIFICATION FOR CHEMICAL AND PHASE STABILITY

The producer shall provide the following data on the borosilicate
glass waste form:

(a) The transition temperature where the slope of the thermal ex-
pansion versus temperature curve shows a sharp increase.

(b) A time-temperature transformation (TTT) diagram that identi-
fies temperatures and the duration of exposure at the temperature
that causes significant changes in either the phase structure or
the phase compositions of the borosilicate glass waste form. The
producer shall provide TTT diagrams characteristic of the expected
range of waste form composition. The waste form radionuclide re-
lease properties called for under Specification 1.3 shall also be
provided for representative samples covering the same ranges of
temperature, duration of exposure, and waste form composition.

The requested data, analysis, and appropriate technical support
shall be provided in the WQR. The method used to produce these
data shall be described in the WCP.

At the time of shipment, the producer shall certify that the maxi-
mum waste form temperature is at least 1000C below the transition
temperature of Specification 1.4(a) above. In addition, the pro-
ducer shall certify that after the initial cool-down, the canis-
tered waste forms to be shipped have been handled and stored in a
manner such that the maximum temperature of the waste form has not
exceeded the transition temperature specified in Specification
1.4(a). The producer shall also describe the method of certifica-
tion in the WCP. The canistered waste forms shall be transported
under conditions that ensure thst the transition temperature of
Specification 1.4(a) above is not exceeded; certification that
this has been accomplished will be required on receipt at the re-
pository.
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2. CANISTER SPECIFICATIONS

2.1 MATERIAL SPECIFICATION

The waste form canister and any secondary canisters applied by the
producer shall be fabricated from austenitic stainless steel. The
ASTM alloy specification and the composition of the canister mate-
rial, the secondary canister material, and any filler material
used in welding shall be included in the WCP.

2.2 FABRICATION AND CLOSURE SPECIFICATION

The canister fabrication methods, as well as those for any secon-
dary canister applied by the producer, shall be identified in the
WCP and documented in the WQR. The outermost closure shall be
leaktight in accordance with the definition of "leaktightness" in
ANSI N14.5-1977, "American National Standard for Leakage Tests on
Packages for Shipment of Radioactive Materials." The method for
demonstrating compliance shall be described by the producer in the
WCP and documented in the WQR.

2.3 IDENTIFICATION AND LABELING SPECIFICATIONS

2.3.1 Identification

The producer shall assign an alphanumeric code to each canister or
secondary canister, if one is used, that is produced. This alpha-
numeric code shall appear on the labels of the canistered waste
form and on all documentation pertinent to that particular canis-
tered waste form.

2.3.2 Labeling

Each canister shall be labeled with the identification code speci-
fied above. Two labels shall be firmly affixed, with one visible
from the top and one from the side of the canister. The identifi-
cation code shall be printed in a type size of at least 92 point
using a sans serif type face (Megaron Bold Condensed or equival-
ent). A proposed layout shall be provided in the WCP. Labels,
meeting the requirements above, shall be applied to the exterior
of the outermost canister. Labels affixed to the outside of the
outermost canister shall not cause dimensional limits of Specifi-
cation 3.11 to be exceeded. The label materials and method of at-
tachment shall be selected to be compatible with the canister ma-
terial. The label shall be designed to withstand filling and
storage at the producer's facility, shipment to the repository,
and possible lag storage at the repository prior to final packag-
ing. The producer shall describe the label materials and method
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of attachment in the WCP. The producer shall estimate the service
life of the label and provide a basis for meeting that estimate in
the WCP.

3. CANISTERED WASTE FORM SPECIFICATIONS

3.1 FREE-LIQUID SPECIFICATION

After closure the canistered waste form shall not contain free-
liquids that could be drained from the canister either initially
or after having been subjected to the transition temperature of
Specification 1.4(a). The producer shall describe the method of
compliance in the WCP and provide documentation in the WQR.

3.2 GAS SPECIFICATION

After closure, the canistered waste form shall not contain free-
gas other than cover and radiogenic gases. Cover gases shall be
helium, argon, other inert gases, or air, or combinations thereof.
The internal gas pressure immediately after closure shall not ex-
ceed 7 psig at 250C. The producer shall describe the method of
compliance in the WCP and shall document in tne WQR the quantities
and compositions of any gases that might accumulate inside the ca-
nister after the canister has been subjected to temperatures up to
the transition temperature of Specification 1.4(a).

The producer shall also document in the WQR the quantities and
compositions of any gases that might accumulate inside the canis-
ters as a result of radioactive decay.

3.3 SPECIFICATION FOR EXPLOSIVENESS, PYROPHORICITY, AND COMBUSTI-
BILITY

After closure the canistered waste form shall not contain explo-
sive, pyrophoric, or combustible materials. The producer shall
describe in the WCP those administrative controls and other fac-
tors that prevent the introduction of explosive, pyrophoric, or
combustible materials into the canistered waste forms. The pro-
ducer shall present in the WQR an evaluation of the canistered
waste form to demonstrate that, for the range of material composi-
tions, it remains nonexplosive, nonpyrophoric, and noncombustible
after having been subjected to temperatures up to the transition
temperature of Specification 1.4(a).

3.4 ORGANIC MATERIALS SPECIFICATION

After closure the canistered waste form shall not contain organic
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materials. The producer shall describe the method for complying
with this specification in the WCP and document the detection lim-
it for organic materials in the WQR.

3.5 FREE-VOLUME SPECIFICATION

After closure, the free-volume within the canistered waste form
shall not exceed 20 percent of the total internal volume of an
empty canister. The producer shall identify the nominal free-
volume and expected range of variation in the WCP and describe the
method of compliance in the WCP. The producer shall also provide
in the WCP the expected frequency distribution of free-volumes in
the canistered waste forms. The free-volume within the canistered
-waste form shall be reported in the production records.

3.6 SPECIFICATION FOR REMOVABLE RADIOACTIVE CONTAMINATION ON EX-
TERNAL SURFACES

The level of removable radioactive contamination on all external
surfaces of each canistered waste form shall not exceed the fol-
lowing limits:

Alpha radiation: 220 dpm/100 cm2

Beta and Gamma radiation: 2200 dpm/100 cm2

In addition, the producer shall visually inspect the canistered
waste forms and remove visible waste glass on the exterior of the
canistered waste form before shipment. The producer shall also
provide in the WCP an estimate of the amount of canister material
that is removed during the decontamination and the basis for that
estimate. The producer shall describe the method of compliance in
the WCP and provide supporting documentation in the WQR.

3.7 HEAT GENERATION SPECIFICATION

The canistered waste form total heat generation rate shall not ex-
ceed 800 watts per canister at the time of shipment to the reposi-
tory.

3.7.1 Heat Generation Projections

The producer shall document in the WQR the expected thermal output
of canistered waste forms and the range of expected variation in
thermal output due to process variation during the life of the
production facility. The method to be used in making these pro-
jections shall be described by the producer in the WCP.
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3.7.2 Heat Generation During Production

The producer shall specify in the production records the heat gen-
eration rate and its accuracy to 15 percent for canistered waste
forms at time of shipment. The expected accuracy of the heat gen-
eration rates shall be supplied in the WCP. The producer shall
describe the plan for compliance in the WCP.

3.8 SPECIFICATION FOR MAXIMUM DOSE RATES

At the time of shipment the canistered waste form shall not exceed
a maximum surface gamma dose rate of 105 rem/hr and a maximum neu-
tron dose rate of 103 rem/hr.

3.8.1 Projections of Dose Rates

The producer shall specify in the WQR the expected values and the
range of expected variation for both gamma and neutron dose rates.
The producer shall describe in the WCP the method to be used in
making these projections.

3.8.2 Dose Rates at Time of Shipment

The producer shall provide in the production records the gamma and
neutron dose rates for the canistered waste forms at the time of
shipment. The producer shall describe the method of compliance in
the WCP.

3.9 CHEMICAL COMPATIBILITY SPECIFICATION

The contents of the canistered waste form shall not lead to inter-
nal corrosion of the canister such that there will be an adverse
effect on normal handling during storage, transportation, and re-
pository operation. The producer shall describe the method of
compliance in the WCP and document in the WQR the extent of corro-
siveness and chemical reactivity among the waste form, the canis-
ter, and any filler materials. Corrosion, chemical interactions,
and any reaction products generated within the canistered waste
forms after exposure to temperatures up to the transition tempera-
ture of Specification 1.4(a) shall be evaluated in the WQR.

3.10 SUBCRITICALITY SPECIFICATION

The producer shall ensure that the canistered waste form will re-
main subcritical under all credible conditions likely to be en-
countered from production through receipt at the repository. The
calculated effective neutron multiplication factor, keff, shall be
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sufficiently below unity to show at least a 5 percent margin after
allowance for the bias in the method of calculation and the uncer-
tainty in the experiments used to validate the method of calcula-
tion. The producer shall describe the method of compliance in the
WCP and provide supporting documentation in the WQR. The WQR
shall also include sufficient information on the nuclear charac-
teristics of the canistered waste form to enable the repository
project to confirm subcriticality under repository storage and
disposal conditions.

3.11 SPECIFICATIONS FOR WEIGHT, LENGTH, DIAMETER, AND OVERALL
DIMENSIONS

The configuration, dimensions, and weights of the canistered waste
form shall be controlled as indicated below, and the following
parameters of the canistered waste form shall be documented at the
time of shipment.

3.11.1 Weight Specification

The weight of the canistered waste form shall not exceed 3,000 kg.
The measured weight shall be reported in the production records,
accurate to within 5 percent.

3.11.2 Length Specification

The overall length of the final canistered waste form at the time
of shipment shall be 3.000 m +0.005 m, -0.020 m)

3.11.3 Diameter Specification

The outer diameter of the canistered waste form shall be 61.0 cm
(+1.5 cm, -1.0 cm). The minimum wall thickness of the empty ca-
nister shall be 0.85 cm. The producer shall state in the WCP the
minimum canister wall thickness of the filled canister, and the
thickness of any secondary canisters, along with their technical
bases.

3.11.4 Secification for Overall Dimensions

The dimensions of the canistered waste form shall be controlled so
that, at the time of shipment to a repository, the canistered
waste form will stand upright without support on a flat horizontal
surface and will fit without forcing when lowered vertically into
a right-circular, cylindrical cavity, 64.0 cm in diameter and 3.01
m in length.
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3.12 DROP TEST SPECIFICATION

The canistered waste form at time of shipment shall be capable of
withstanding a drop of 7 m onto a flat, essentially unyielding
surface without breaching. The producer shall describe the method
of compliance in the WCP and present the supporting documentation
of analysis and test results in the WR. The test results shall
include information on measured canister leak rates and canister
deformation after the drop test.

3.13 HANDLING FEATURES SPECIFICATION

The canistered waste form shall have a neck with a lifting flange.
The lifting flange geometry and maximum loading capacity shall be
described in the WCP.

The producer shall design the lifting flange and a suitable grap-
ple, which could be used at the repository. The grapple and the
flange shall be designed to satisfy the following requirements:

(a) The grapple shall be capable of being remotely engaged and
disengaged from the flange.

(b) The grapple, when attached to a suitable hoist (to be supplied
by the repository), and when engaged with the flange, shall be ca-
pable of raising and lowering a canistered waste form in a verti-
cal direction.

(c) The grapple, in the disengaged position, shall be capable of
being inserted into and withdrawn in a vertical direction from a
right-circular cylindrical cavity with a diameter equal to that of
the canistered waste form.

The design of the flange and grapple shall be capable of fulfill-
ing the requirements of Specification 3.13(a) through 3.13(c)
without contacting or penetrating the walls of an imaginary right-
circular, cylindrical cavity with a diameter equal to that of the
canistered waste form, coaxial with the canistered waste form, and
extending for a height of 0.7 m above the highest point on the ca-
nistered waste form. The design of the grapple shall include fea-
tures that will prevent an inadvertent release of a suspended ca-
nistered waste form when the grapple is engaged with the flange.
The producer shall describe the grapple and the flange design con-
cepts in the WCP and provide the designs in the WQR.

4. QUALITY ASSURANCE SPECTFICATION

The producer shall establish, maintain, and execute a quality as-
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surance (QA) program that complies with OGR/B-14, Quality Assu-
rance Requirements for High-Level Waste Form Production. The
quality assurance program shall be applied to all testing and
analysis activities that provide information to be included in
WQRs. The WCPs shall be prepared in accordance with the QA pro-
gram; however, existing data generated prior to the inception of
the subject QA program may be included in the WCP so long as the
specific QA measures that were in effect when the data were gener-
ated are described. The quality assurance program shall also be
applied to all activities that affect compliance with waste accep-
tance specifications during waste form production, handling, stor-
age, preparation for shipment, and shipment to the repository.
The producer shall describe his QA program in the WCP and certify
compliance with it in the WR, and in production records.

GLOSSARY FOR WASTE ACCEPTANCE PRELIMINARY SPECIFICATION

Borosilicate waste glass - glass typically containing approximate-
ly 20 to 35 wt% waste oxides, 40 to 50 wt% silicas, 5 to 10 wt%
boron oxides, and 10 to 20 wt% alkali oxides, plus additives.

Canister - the metal vessel into which borosilicate waste glass is
poured during waste form fabrication.

Canister breach - loss of canister leaktightness.

Canistered waste form - the waste form and the surrounding canis-
ter as well as any secondary canisters applied by the producer.

Combustible material - any material that can be ignited readily,
and, when ignited, burns rapidly, and is therefore liable to cause
fires.

Corrosiveness - the tendency of a substance to wear away or alter
a material by a chemical or electrochemical (essentially oxidiz-
ing) process.

Explosive material - a substance that, in its normal condition, is
characterized by chemical stability, but may be made to undergo
rapid chemical change without an outside source of oxygen, where-
upon it produces a large quantity of energy generally accompanied
by the evolution of hot gases. These substances include those
specified in 40 CFR Part 173, Subpart C, Classes A and B.

Free-gas - any gas, including radiogenic gases and cover gases
like helium, argon, or air, that could contribute to the pressuri-
zation of the canister at temperatures below the glass transition
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temperature. This includes gases mechanically trapped in the
waste form and those generated by chemical reaction and radiolytic
decomposition.

Free-liquid- liquid that could be drained from the canister ei-
ther initially or after having been subjected to the transition
temperature of Specification 1.4(a); free-liquid includes liquid
that is mechanically trapped in the waste form.

Free-volume - volume inside the sealed canister that is not occu-
pied by the borosilicate waste glass, including voids within the
glass itself.

Grapple - a device designed to mate with the lifting flange, used
to suspend the canistered waste form from an overhead crane for
lifting and transporting.

Leaktightness - a leakage rate of 10-7 atm-cm3/s or less based on
dry air at 250C and for a pressure differential of 1 atm against a
vacuum of 10-2 atm or less (ANSI N14.5-1977, "American National
Standard for Leakage Tests on Packages for Shipment of Radioactive
Materials.").

Lifting flange - a protruding rim, edge, rib or collar used to
handle the canister.

Organic material - any material based on carbon chains or rings,
generally containing hydrogen with or without oxygen, nitrogen, or
other elements, whether or not derived from living organisms.
Carbon monoxide, carbon dioxide, and cyanide compounds are exclud-
ed.

Production records - the documentation, provided by the producer,
that describes the actual canistered waste forms.

Pyrophoric material - any liquid that will ignite spontaneously in
air below 54.4°C. Any solid material, other than one classed as
an explosive, which under normal conditions is liable to cause
fires through friction, retained heat from manufacturing or pro-
cessing, or which can be ignited readily and when ignited burns so
vigorously and persistently as to create a serious transportation,
handling, or disposal hazard. Included are spontaneously combust-
ible and water-reactive materials, and especially the materials
specified in 49 CFR Part 173, Subpart E.

Radiogenic gas - any gas produced by radioactive transformation;
that is, the transmutation of an element into a gaseous element by



DPST-86-746
APPENDIX 1.100.1
Page 17 of 26
Date: 6/88
Revision 3

a change in the atomic nucleus through processes such as fission,
fusion, neutron capture, or radioactive decay.

Removable radioactive contamination - radioactive material not
fixed to a surface. The level of this contamination is determined
by wiping an area of 300 cm2 with an absorbent material, using mod-
erate pressure, and measuring the activity on the wiping material.

Secondary canister - a sealed metal vessel that is applied by the
producer and completely surrounds the waste form and its canister.

Transition temperature - the dilatometric softening point where
the slope of the thermal expansion versus temperaure curve shows a
sharp increase

Waste form - the radioactive waste materials and any encapsulating
or stabilizing matrix (10 CFR 60.2).

Waste Form Compliance Plan (WCP) - the document that describes the
producer's plan for demonstrating compliance with each waste ac-
ceptance specification in the WAPS. The CP includes descriptions
of the tests, analyses, and process controls to be performed by
producer

Waste Form ualification Report (WOR) - a compilation of results
from waste form testing and analysis which develops in detail the
case for compliance with each waste acceptance specification.

RATIONALE FOR WASTE ACCEPTANCE PRELIMINARY SPECIFICATIONS

1. WASTE FORM SPECIFICATIONS

1.1 RATIONALE FOR THE CHEMICAL SPECIFICATION

The regulatory requirements outlined in 10 CFR 60.135(c)(1) state
that, "All such radioactive wastes shall be in solid form and
placed in sealed containers". The chemical specification address-
es two repository information needs. Information on the planned
production is required to allow testing of material that is repre-
sentative of what is to be produced. Secondly, information on the
canistered waste forms is required to confirm that the material
actually produced is within the range of materials tested.

Oxygen is excluded from the requirements for analysis for the fol-
lowing reasons:
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(a) The measurement of oxygen would not provide any data relevant
to determination of the valence state of radionuclides in the
glass. A direct measurement of oxygen would have an uncertainty
of 1 percent of the measured value. The elements for which re-
lease rate control is required are present in concentrations that
are collectively less than 0.5 percent; of these, only a small
number, such as technetium and plutonium, are redox sensitive.
Since other, non-radioactive oxides are present in much greater
concentrations, a measurement of the oxygen concentration with an
uncertainty of more than 1 percent would provide no information on
the valence state of the radionuclides of interest.

(b) For radionuclide release to occur in the repository, the sur-
face of the glass must be in communication with the repository en-
vironment. This environment includes the host rock, the metal
container, packing material (if present), and fluids. The envi-
ronment will control the redox state of the solutions produced by
reaction of fluids with the glass because of the much larger abun-
dance of redox sensitive species in the environment. Since it is
the redox state of the fluid that will determine the concentration
of radionuclides available for transport, and since the glass re-
dox state will not control the fluid redox state, it is not neces-
sary to know the glass redox state.

Expected accuracy of measurement of canistered waste form composi-
tions is necessary to allow adequate evaluation of uncertainties
in waste form composition for repository performance assessment.

1.2 RATIONALE FOR THE RADIONUCLIDE INVENTORY SPECIFICATION

The total radionuclide inventory is required for a determination
of the producer's contribution to the repository source term for
calculations to show compliance with 40 CFR 191 total release
standards. A year was needed for indexing radionuclide inventory
values. The year 2025 was chosen to serve this purpose. Invento-
ry estimates for each canistered waste form are required to con-
firm that each canistered waste form falls within ranges consid-
ered in licensing, safety, and isolation assessments, and for
estimates of releases under unanticipated processes and events,
and accident scenario conditions. Expected variations in radionu-
clide inventories are necessary to adequately quantify uncertain-
ties in radionuclide release estimates for repository performance
assessments. The minimum concentration of 0.05 percent is needed
to ensure that all isotopes of possible consequence to safety and
isolation analyses are included, assuming that congruent dissolu-
tion of all radionuclides occurs upon contact with an aqueous en-
vironment. It provides a factor of 2 reduction with respect to
the 0.1 percent limit on isotopes which must be considered in
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meeting the 10 CFR 60.113 release rate criterion; it also provides
a reasonable lower bound for assessment of releases during acci-
dents. The half-life criterion needs to be as low as 10 years so
that "pre-closure" exposure and accident concerns can be ad-
dressed.

The 1100 years is based on 1000 year containment period plus 100
years after production for storage, transportation, and operation
prior to repository closure, and will be used as the basis for
calculating the inventory for the 10 CFR 60.113 release rate cri-
terion.

1.3 RATIONALE FOR THE SPECIFICATION FOR RADIONUCLIDE RELEASE
PROPERTIES

The justification for this specification is the need for control
of waste form release properties during production and the need
for information concerning the release'of radionuclides from the
waste form that is based on or can be related to repository-site-
specific release tests and sampling criteria. The repository-
site-specific test procedures and the correlation of the data ob-
tained using these test procedures with waste form release proper-
ties under repository conditions were developed to satisfy regula-
tory criteria. Both the Nuclear Regulatory Commission criteria (10
CFR 60) and the Environmental Protection Agency criteria (40 CFR
191) have defined long-term radionuclide release in terms of the
engineered barrier system and the mined geologic disposal system
respectively. As a component part of these systems, the waste
formmay be required to contribute to the compliance with these re-
quirements. The preliminary allocation of performance require-
ments among the various components of the engineered barrier sys-
tem and the repository system is to be described in repository
Site Characterization Plans. Therefore, site-specific tests and
sampling specifications are required.

Specification 1.3.3 provides the producer with the flexibility to
employ an approach to demonstrate control of the radionuclide re-
lease properties of the waste form that is different from that of
Specifications 1.3.1 and 1.3.2 in recognition that another ap-
proach may better lend itself to the producer's waste form produc-
tion process. The producer must demonstrate the relationship be-
tween the results obtained from any alternative approach and those
which would be obtained by adhering to the requirements of Speci-
fications 1.3.1 and 1.3.2 to provide assurance that the radionu-
clide release specification will be met.
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1.4 RATIONALE FOR THE SPECIFICATION FOR CHEMICAL AND PHASE STA-
BILITY

Specifications 1.4.(a) and 1.4.(b) will provide data useful to the
repository project for establishment of repository and waste pack-
age design limits. The certifications required will provide assu-
rance that producers and transporters have not handled or stored
the wastes in such a way as to cause significant changes in the
phase structure.

The available evidence indicates that the borosilicate glass waste
forms will retain release properties similar to those obtained un-
der Specification 1.3 so long as the phase structures and composi-
tions of the glass are unchanged from those provided under Speci-
fication 1.1. The evidence also indicates that:

Neither energy input nor radioactive decay significantly affect
radionuclide release from waste glass, as long as the temperature
of the glass does not exceed the glass transition temperature (ap-
proximately 500'C). Above this temperature, significant changes
in phase composition can occur.

For glasses of the type that will be produced by DWPF, even
changes in phase composition due to devitrification do not greatly
alter the rate of release of material from the glass.

A program has been and continues to be in place to ensure that the
effects of energy input and radioactive decay on glass properties
are well-understood.

The requirement for certification of conditions during transporta-
tion has been included herein to identify the need for considera-
tion of these requirements during design of the transportation
system. Certification of conditions during transportation will be
the responsibility of the transporter, not the producer.

2. CANISTER SPECIFICATIONS

2.1 RATIONALE FOR THE MATERIAL SPECIFICATION

The repository must have a complete materials inventory to evalu-
ate long term performance under repository conditions. Austenitic
stainless steel has been selected as the canister material for
DWPF. This specification acknowledges that fact and establishes
the repository's interest in this interface. The current role of
the canister as part of the engineered barrier system does not re-
quire the canister to act as a post-closure engineered barrier;
therefore, the primary requirement of the canister material speci-
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fication is to ensure that the canister material does not have an
adverse impact on waste package performance. By specifying auste-
nitic stainless steel which is manufactured to the ASTM specifica-
tion this requirement is met. Additionally, identification of
the materials is necessary to assure that the canister material,
and the material of any other component present in significant
quantities (i.e., secondary canisters and welding fillers), are
compatible with other materials in the repository.

2.2 RATIONALE FOR THE FABRICATION AND CLOSURE SPECIFICATION

The canister is designed to provide containment of the waste dur-
ing handling up to packaging in a repository container to prevent
escape of waste, liquids, gases, and particulates. Additionally,
the canister must provide protection of the waste form from con-
tact with externally derived liquids and gases until the canister
is sealed in a repository container.

2.3 RATIONALE FOR THE IDENTIFICATION AND LABELING SPECIFICATIONS

The regulatory requirements in 10 CFR 60.135(b)(4) state that "A
label or other means of identification shall be provided for each
waste package. The identification shall not impair the integrity
of the waste package and shall be applied in such a way that the
information shall be legible at least to the end of the period of
retrievability. Each waste package identification shall be con-
sistent with the waste package's permanent written records."

This specification provides a means of tying the waste package and
the waste form together through placement in the repository dispo-
sal container. The 92 point sans serif type face (Megaron Bold
Condensed or equivalent) results in a letter height of approxi-
mately 3 cm and width of approximately 2 cm which has been judged
to be adequate dimensions for visibility. Tne canister label is
needed to identify the canistered waste form through storage at
the producer's facility, shipment to the repository, and possible
lag storage at the repository prior to final packaging. Once the
canistered waste form is enclosed in the repository waste package,
the burden of maintaining the identity of the contents shifts to
the waste package.

3. CANISTERED WASTE FORM SPECIFICATIONS

3.1 RATIONALE FOR THE FREE-LIQUID SPECIFICATION

The regulatory requirements outlined in 10 CFR 60.135(b)(2) state
that, "The waste package shall not contain free-liquids in an
amount that could compromise the ability of the waste package to
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achieve the performance objectives relating to containment of HLW
(because of chemical interactions or formation of pressurized va-
por) or result in spillage and spread of contamination in the
event of waste package perforation during the period through per-
manent closure."

3.2 RATIONALE FOR THE GAS SPECIFICATION

The regulatory requirements in 10 CFR 60.135(a) require that
"packages for HLW shall be designed so that in-situ chemical,
physical, and nuclear properties of the waste package do not
compromise the function of the waste package..." and "The design
shall include.. consideration of... oxidation/reduction reactions,
corrosion, hydriding, gas generation, thermal effects...mechanical
stress, radiolysis radiation damage...." In order to demonstrate
compliance with the regulations, waste package designers require
information on gas generation potential of the waste form.

The intent of this specification is to ensure that gas pressure
will not build up inside the container and contribute to loss of
containment and dispersion of radionuclides. This specification
provides a limit to initial gas pressure and information from
which to index the calculation of gas pressure build-up with time
due to nuclear decay and temperature changes.

The value for the maximum initial gas pressure, 7 psig, was chosen
because it has the following attributes: it is low enough to pre-
clude significant stresses in the canister wall arising from in-
ternal pressurization, both initially and after the anticipated
helium production from alpha decay over the containment period;
plus, it is to avoid introducing unnecessary restrictions that
will not materially contribute to the overall function of the ca-
nistered waste form in the repository.

In general, an internal pressure P in a cylindrical vessel of di-
ameter D and wall thickness t produces a tensile hoop stress of

and a tensile longitudinal stress of

in the wall of the vessel (Popov, 1959). For a vessel made from

Popov, E. P., Mechanics f MAterials, Prentice-Hall, Englewood
Cliffs, New Jersey (1959), pp. 225-5.

American Society for Metals, Metals Handbook, Ninth Edition, Vol.
3, American Society for Metals, Metals Park, Ohio (1980), p. 192.
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Type 304L stainless steel, the yield strength at 5000C would be at
least 14,000 psi (ASM, 1980). The more rapid cooling of the ca-
nister wall than the bulk of the glass after pouring as well as
differences in the coefficients of thermal expansion of the two
materials are expected to lead to tensile thermal stresses ap-
proaching or exceeding the yield strength of the stainless steel
(Baxter, 1983). In order for the stresses due to internal pres-
surization to be insignificant in comparison, it would be suffi-
cient to limit them to a small percentage of the yield strength.
lf the hoop stress is limited to 10 percent of the yield strength
at 500'C or 1400 psi, the maximum internal pressure would be 44
Psi at 5000C, which is equivalent to 17 psi at 250C.

The maximum pressure due to helium release from alpha decay after
-1000 years has been calculated to be less than 1 psi (Baxter,
1983); therefore, an initial pressure less than about 16 psi would
therefore appear to be conservative. With these guidelines, a
value of nearly half an atmosphere, or 7 psig was chosen as con-
servative and practicable. In actual fact, the pressure (evaluat-
ed at 250 C) immediately after canister sealing is expected to be
much less than 7 psig, and may actually be slightly negative, due
to cooling after sealing.

3.3 RATIONALE FOR THE SPECIFICATION FOR EXPLOSIVENESS, PYROPHO-
RICITY, AND COMBUSTIBILITY

This specification is needed to ensure that after closure, the ca-
nistered waste form does not explode or burn during normal reposi-
tory operations and accident conditions.

The regulatory requirements as outlined in 10 CFR 60.135(b)(1)
state that, "The waste package shall not contain explosive or py-
rophoric materials in an amount that could compromise the ability
of the underground facility to contribute to waste isolation or
the ability of the geologic repository to satisfy the performance
objectives."

The regulatory requirements on the waste package as outlined in 10
CFR 60.135(a)(2) state that, 'The design shall include but not be
limited to consideration of...fire and explosion hazards." The
waste form, as a component of the waste packages must comply with
this requirement.

Baxter, R. G., "Description of Defense Waste Processing Facility
Reference Waste Form and Canister," DP-1606, Rev. 1, E. 1. du Pont
de Nemours and Co. Savannah River Plant, Aiken, SC (1983), p. 16.
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3.4 RATIONALE FOR THE ORGANIC MATERIALS SPECIFICATION

This specification is needed to ensure that organic materials that
tend to mobilize radionuclides by formation of complexes, etc., or
generate gases due to radiolysis are not present in the canistered
waste form.

The regulatory requirements on the waste package as outlined in 10
CFR 60.135(a)(2) state that, "The design shall include but not be
limited to consideration of the following factors: ... gas genera-
tion, radiolysis, radionuclide retardation, leaching.... The
waste form, as a component of the waste package must be assessed
for compliance.

3.5 RATIONALE FOR THE FREE-VOLUME SPECIFICATION

In general, free-volume is to be minimized for the following rea-
sons: 1) repository design; 2) economical use of repository
space; and 3) less volume of water in contact with waste form in
the event of breach of containment followed by infiltration of
ground water.

3.6 RATIONALE FOR THE SPECIFICATION FOR REMOVABLE RADIOACTIVE
CONTAMINATION ON EXTERNAL SURFACES

This specification is necessary to protect personnel, prevent un-
controlled spread of contamination in repository facilities, mini-
mize need for remote maintenance of facility equipment, and mini-
mize need for cleanup of contamination during normal operations.

The specification limits chosen are used extensively in the nucle-
ar industry practice (e.g., for compliance with 10 CFR 71.87) to
indicate surfaces are free of removable contamination.

3.7 RATIONALE FOR THE HEAT GENERATION SPECIFICATION

A heat generation rate limit must be set to ensure that the tem-
peratures reached in other disposal package components or the host
rock do not significantly reduce their performance capabilities.

Repository designers need a number with which to work to ensure
that repository thermal load limits are not violated. The value
of 800 watts was chosen as an expected upper bound for production
from DWPF facilities. (Previously published heat generation de-
sign valves were substantially lower; however, they were based on
initial calculations and do not reflect current design valves.)
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An accuracy of 15 percent is judged to be a reasonable working
value, acceptable to both the repository project and to the pro-
ducer. Information on the range of expected variation in heat
generation rates is necessary to allow assessment of uncertainties
in repository performance.

3.8 RATIONALE FOR THE SPECIFICATION FOR MAXIMUM DOSE RATES

The repository projects need the maximum gamma and neutron dose
rates in order to design shielding for the receipt and handling
facilities. The value of 105 rem/hr for maximum gamma dose rate
and 103 rem/hr for maximum neutron dose rate provide a reasonable
basis for repository design and operation and are judged to be
sufficiently above the expected dose rates for DWPF waste forms to
provide reasonable flexibility for normal operations.

3.9 RATIONALE FOR THE CHEMICAL COMPATIBILITY SPECIFICATION

The specification is required to assure that the canister can be
safely handled during storage, transportation, and repository op-
erational periods, and to provide needed data for assessment of
long term performance of the waste package components.

3.10 RATIONALE FOR THE SUBCRITICALITY SPECIFICATION

The regulatory requirements as outlined in 10 CFR 60.131(b)(7)
state that, "The calculated effective multiplication factor keff

must be sufficiently below unity, to show at-least a 5 percent
margin, after allowance for the bias in the method of calculation
and the uncertainty in the experiments used to evaluate the method
of calculation."

Subcriticality of multiple canister arrays at the repository is
the responsibility of the repository project.

3.11 RATIONALE FOR THE SPECIFICATIONS FOR WEIGHT, LENGTH, DIAME-
TER, AND OVERALL DIMENSIONS

The specifications on weight, length, diameter and wall thickness
of the canistered waste form are needed for the repository design
of handling requirements and waste packages. The overall dimen-
sions of the canistered waste form must be such that (1) no forc-
ing is required to place it in the disposal package container to
prevent damage to the inside of the container and (2) there is
compatibility with container geometry.
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3.12 RATIONALE FOR THE DROP TEST SPECIFICATION

This specification is intended to demonstrate that the canistered
waste form can withstand severe physical impact without breaching.
By requiring that the canistered waste form pass a performance
(drop) test without breaching, this specification obviates the
need for the alternative approach of establishing detailed speci-
fications on the material properties of the canister and the waste
form necessary to describe the radionuclide source term associated
with the possible breach of a canister as a result of a drop acci-
dent. The drop height of 7 m was chosen as representative of the
maximum drop height under normal operating conditions. The sur-
face which is characteristic of normal operating conditions has
been defined as a "flat, essentially unyielding" surface.

3.13 RATIONALE FOR THE HANDLING FEATURES SPECIFICATION

This specification reflects the lifting and handling requirements
necessary for compatibility with current waste package concepts.
The specification is drafted to allow the waste producer maximum
flexibility in design of the canister handling arrangements.

4.0 RATIONALE FOR THE QUALITY ASSURANCE SPECIFICATION

All activities relevant to licensing of a repository must be con-
ducted in accordance with appropriate quality assurance controls.
The Office of Civilian Radioactive Waste Management's quality as-
surance policies and requirements applicable to the high-level
waste form production are described in the referenced document.
High-level waste form production activities must be conducted in
compliance with the quality assurance policies and requirements
established by the Office of Civilian Radioactive Waste Manage-
ment.
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APPENDIX 1.200.1 Description of the DWPF Production Records

INTRODUCTION

The Department of Energy's Office of Civilian Radioactive Waste
Management has defined the minimum specifications the DWPF product
must meet to be acceptable for disposal at an underground reposi-
tory. These Waste Acceptance Preliminary Specifications WAPS)
require that the DWPF provide evidence of compliance with the WAPS
during production. This evidence is to be documented, and sent to
the repository, in the form of Production Records for DWPF canis-
tered waste forms. In this Appendix, the content of the Produc-
tion Records is detailed, based on the WAPS and the Waste Accep-
tance Process activities described in the DWPF Waste Form
Compliance Plan.

CONTENT

The Production Records will be summaries of the detailed records
of canistered waste form production in the DWPF. These detailed
records will be collected and maintained as a computerized data-
base, by the DWPF. The Production Records will provide references
to these detailed records for retrievability purposes, where ne-
cessary. It is the intent of the DWPF to provide the detailed
records of canistered waste form production at time of shipment of
the canistered waste forms. However, the amount of information
contained in those detailed records will be so large that meaning-
ful use of them will be impossible without a summary which points
out the information of importance to the Waste Acceptance Process.
The content of the Production Records is presented below. The
information to be reported is summarized in Table 1.200.1.1. Any
actions to be taken based on the information are also identified.

According to the Mission Plan for the repository program, DWPF ca-
nistered waste forms will not be accepted at a civilian repository
until at least 2003. Thus, DWPF has not yet designed a shipping
facility for canistered waste forms. Such a facility will un-
doubtedly contain smear test stations, equipment to measure the
weight and dimensions of canistered waste forms, and other equip-
ment necessary to satisfy whatever specifications are in existence
at that time. However, this Appendix ignores the shipping facili-
ty, and only considers equipment, instrumentation, and information
which is available within the current scope of the DWPF.

A key concept for both the chemical composition and the radionu-
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clide inventory is the "macrobatch." The feed to the DWPF from
processing of soluble salts is expected to change only three times
a year, and then only very slowly because of "heels" in the waste
tanks. The insoluble sludge batches will change even less fre-
quently (every two to three years). Thus, the feed to the DWPF
will remain fairly constant for periods of three to four months at
a time. These periods of constant feed constitute macro-batches.

Identification and Labelling

The Production Records will identify particular canisters by the
code on the label affixed to them. This code, unique to each ca-
nister, will be the key to tracing the records for each canistered
waste form. All of the records which support the information re-
ported in the Production Records will be keyed to that code.

Timing

The Production Records will be provided by the DWPF (Production)
to the repository operator, prior to shipment of canisters. This
will not occur for at least fifteen years after production. This
implies that the Production Records, and the detailed records of
canistered waste form production, will have to be maintained in a
retrievable fashion for a substantial period of time. Thus, the
Production Records will be generated as soon as possible after
production of the canistered waste form is completed, and then
held as lifetime quality records.

Use of Glass Samples

Samples of production glass will occasionally be taken from the
Melt Cell (see Part 3, Items 200, 400, 500 and 550), and sent to
SRL to verify radionuclide release properties using the Product
Consistency Test, and for chemical and radiochemical analyses.
These results will be included in the Production Records as Adden-
da, and will be used to improve the correlation between feed com-
position and glass composition. They will also provide evidence
that the radionuclide release properties of the glass have been
controlled. These will be treated as lifetime quality records.

Chemical Composition During Production

The WAPS require that the DWPF report the content of all elements,
excluding oxygen, which are present in concentrations greater than
0.5 wt% of the glass. This information will be calculated from
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analyses of samples from the Melter Feed Tank.

The values to be reported in the Production Records will be the
numerical average and standard deviation calculated from the indi-
vidual elemental analyses for an entire macrobatch, expressed as
oxides in the glass. Thus, the reported chemical composition will
be the same for all canisters produced from a given macro-batch of
feed.

This composition will have to be within the range of compositions
projected for the DWPF (see Part 3, Item 100). If the composition
is outside the projected range, then the batch of glass-filled ca-
nisters will have to be identified as nonconforming items, and
then dispositioned according to the procedure outlined in Part 6,
Item 800, of the Waste Form Compliance Plan.

Radionuclide Inventory During Production

The WAPS require that the DWPF report estimates of the inventory
of all radionuclides with half-lives greater than 10 years, and
present in the glass at greater than 0.05 of the total radionu-
clide inventory at any point up to 1100 years after production.
This information will be calculated from radiochemical analyses of
samples from the Melter Feed Tank.

The values to be reported in the Production Records will depend on
the particular radionuclide. However, for all radionuclides the
reported inventory will be the same for an entire macrobatch, and
will be expressed as curies per unit mass of glass. The values to
be reported will be determined in one of two ways.

The inventory of radionuclides which are analyzed for in the
DWPF will be reported as the numerical average and standard devia-
tion calculated for an entire macro-batch.

The inventory of radionuclides which cannot be analyzed for in
the DWPF will be reported as a proportion of the value for one of
the analyzed species. In this case, only an average value will be
reported.

There are no limits on the radionuclide inventory itself. Howev-
er, as discussed below, the values will be used to calculate the
heat generation rate, which has a specified limit. Thus, the lim-
it on heat generation rate constitutes a sort of limit on the al-
lowed radionuclide inventory.
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Control and Verification f Radionuclide Release Properties

The proposed strategy for compliance is to report that the chemi-
cal composition of the glass produced is within the range of pro-
jected compositions (as noted above), and to provide evidence that
any other property which affects the ability of the glass to re-
tain radionuclides was controlled. At the present time, composi-
tion is the only property which has been shown to have an effect.
The results of testing of glass samples will be reported as Adden-
da to the Production Records.

Chemical and Phase Stability

The WAPS require that the DWPF certify that, after cooling-from
filling, the canistered waste form has not been exposed to temper-
atures greater than its glass transition temperature (4500C).
After filling, the canister will be held in the Melt Cell until it
cools below 1000C. After the canister is transferred to the Ca-
nister Decontamination Cell, it can exceed the specified tempera-
ture (-450 C) in only two ways:

The heat generation rate of the glass is too high, so that heat
buildup occurs during storage. The heat generation rate of the
glass will be calculated from the radionuclide inventory (see be-
low). Calculations using the design of the interim Glass Waste
Storage Building (GWSB) and the projected heat generation rates
will be used to show that the specified temperature (-4500C) will
not be exceeded. Although detailed calculations have not yet been
performed, they are expected to show that canisters of waste glass
which comply with the heat generation rate specification also com-
ply with this specification. These detailed calculations will be
included in the Waste Form Qualification Report.

An unexpected high temperature event, such as a fire in the in-
terim GWSB, has exposed the glass to high temperatures. The tem-
perature control on the forced air cooling system in the GWSB will
provide the data upon which certification is to be based. This
data will be taken for the entire period for which the canistered
waste forms are stored.

In either case, if the glass temperature may have exceeded the
high temperature limit, then the batch of glass-filled canisters
will be identified as nonconforming items, and dispositioned ac-
cording to the procedure outlined in Part 6, Item 800, of the
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Waste Form Compliance Plan.

Canister Material

The WAPS require that the DWPF certify that the canister materials
were the same as those specified in the Waste Form Compliance
Plan. The Production Records will reference the procurement docu-
ments for the canister. Procurement documents will include speci-
fications, purchase orders, vendor and heat identification, cer-
tificates of analyses, and inspection records. Records of
inspections performed at Savannah River, for example to verify
that alloy composition meets specifications, will also be cited in
the Production Records. Nonconforming canisters will not be ac-
cepted for DWPF use.

Fabrication and Closure

The WAPS require that the DWPF certify that the canisters produced
in the DWPF are leaktight. Certification of the canister's integ-
rity will be based upon:

Fabrication of the canister itself according to specifications.
Records of inspection and testing to verify that canister fabrica-
tion was according to specifications will be cited in the Produc-
tion Records. Nonconforming canisters will not be accepted for
DWPF use.

Process control of the final closure weld in the DWPF. The
Production Records will report the force, current, and duration of
application of the current and force as recorded by the data ac-
quisition system for the DWPF welder. If these values are outside
the range of parameters which have been shown to produce a leak-
tight weld, the canister weld will be identified as a nonconform-
ing item, and then dispositioned according to the procedure out-
lined in Part 6, Item 800, of the Waste Form Compliance Plan.

Canister Content Controls

The WAPS require that the DWPF certify that the canister contains
no free liquids, no free gases (other than those present in the
Vitrification Building), no explosives, pyrophorics or combusti-
bles, and no organic materials at time of shipment. This certifi-
cation will be based upon:

The ability of the temporary seal emplaced immediately after
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filling to prevent materials, particularly liquids, from entering
the canister. The Production Records will contain the results of
leak testing the temporary seal.

The ability of the canister closure weld and fabrication welds
to prevent these materials from entering the canister. The certi-
fication of the canister fabrication and closure welds described
above will be used to satisfy this requirement.

Any active control procedures taken to prevent these materials
from entering the canister. The Production Records will cite
these by their unique identification number, including the version
actually used. As this implies, any such procedures will be life-
time quality records.

Free Volume

The WAPS require that the DWPF report, in the Production Records,
the free volume within each canister. This information will be
obtained from both the neutron and gamma level detectors. The re-
ported values should be within 3 % of the actual value. The Pro-
duction Records will report both values. The canister weight and
visual determination of the glass fill level (external "bluing")
may be reported as confirmatory information.

Although there is a nominal limit on the free volume of 20% of the
total internal volume, the WAPS recognize that this will periodi-
cally be exceeded. The Production Records for each canister which
has greater than 20% free volume should clearly indicate this, but
no action is necessary if this value is exceeded.

Removal of Canister Contamination

The WAPS require that the DWPF report, in the Production Records,
the smear test results for each canister. If the level of contam-
ination exceeds 220 alpha dpm/100 cm2, or 2200 beta or gamma dpm/
100 cm2, the canister will be decontaminated again, before it
leaves the vitrification building. In this case, the results of a
confirmatory smear test will also be reported.

The DWPF will also inspect the canister to ensure that there is no
visible glass adhering to the outer surface. The inspector will
be identified by name and badge number. If there is visible glass
on the outside of the canister, the procedures used to remove this
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glass will be identified, as well as the individuals performing
them. The results of a confirmatory smear test will be reported
for this case, as well.

Heat Generation Rate

The WAPS require that the DWPF report, in the Production Records,
the heat generation rate for the canistered waste forms. The heat
generation rate will be calculated from the radionuclide content
of the glass, using standard values of the thermal output per unit
activity for each radionuclide. The radionuclides which will be
included in performing this calculation will be all of those radi-
onuclides to be reported to the repository as part of the radionu-
clide inventory, and all radionuclides analyzed for process con-
trol purposes in the DWPF.

If the heat generation rate exceeds 800 watts at time of shipment
of the canister from the DWPF, then the canister will be identi-
fied as a nonconforming item, and then dispositioned according to
the procedure outlined in Part 6, Item 800, of the Waste Form Com-
pliance Plan.

The WAPS also require that the DWPF certify, in the Production
Records, that the reported heat generation rate for the canistered
waste forms be accurate within 15%. SRL intends to address this
generically in the Waste Form Qualification Report so that it will
not need to be routinely addressed in the Production Records. If
the scheme outlined above is followed, then the heat generation
rates should have the required accuracy.

Gamma and Neutron Dose Rates

The WAPS require that the DWPF report, in the Production Records,
the gamma and neutron dose rates for the canistered waste forms,
at time of shipment. During production, these will be measured
just before the canistered waste form is transferred from the vit-
rification building to the interim storage building. At time of
shipment, these will be measured again in the DWPF shipping facil-
ity.

If the calculated dose rates exceed 105 rem/hr surface gamma dose
rate, or 103 rem/hr neutron dose rate, then the canister will be
identified as a nonconforming item, and dispositioned according to
the procedure outlined in Part 6, Item 800, of the Waste Form Com-
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pliance Plan.

Weight, Length Diameter, and Overall Dimensions

The WAPS require that the DWPF report the weight, length, diame-
ter, and bow of each glass-filled canister in the Production
Records. The weight will be obtained from load cells in the Mel-
ter Cell, and confirmed by weighing in the shipping facility. The
diameter and length will be reported based on measurements of the
canistered waste form prior to shipment from the DWPF. The bow of
the glass-filled canisters will either be measured directly, or
will be certified based on the ability of the canister to fit,
without forcing, into the shipping cask or a template of the cask.

The WAPS also require that the DWPF certify, in the Production
Records, that the reported weight of canistered waste forms be ac-
curate within 5%. Thus, the load cells used to determine the ca-
nistered waste form's weight will be calibrated, and certified ac-
curate within 5%. The WAPS do not require that evidence of their
calibration be reported, but this evidence will be contained in
the detailed records of canistered waste form production.
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TABLE 1.200.1.1 Content of DWPF Production Records

Specification Information in the Production Records

1.1.2 Elemental composition of glass (For all elements >
0.5 wt% of glass)

1.2.2 Estimates of radionuclide inventory (For all radio-
nuclides with > 10 yr and > 0.05 % of Ci for
times between 0 and 1100 years)

1.3 Certification that elemental composition is within
envelope projected in WCP; and results of chemical
analyses and performance of Product Consistency
Test on glass samples

1.4 Certification that waste form kept below -. 350 C

2.1 Canister procurement documents

2.2 Evidence fabrication welds made as specified

2.2, 2.3 Drawings and procedures

2.2 Closure weld parameters

2.3 Identification of canisters

3.1, 3.9 Leak test result on temporary canister closure

3.1 Certification that liquids controlled

3.2 Certification that controls used to keep out gases

3.3 Certification that controls used to keep out explo-
sives, pyrophorics, and combustibles

3.4 Certification organics controlled

3.5 Free volume

3.6 Smear test results

3.6 Certification no visible glass on canister exterior

3.7.2 Heat generation rate ( 15 %)
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Specification Information the Production Records

3.8.2 n dose rates at time of shipment

3.11 Weight of filled canister (± 5 %)

3.11 Diameter, length

3.11 Certify that canister fits without forcing into
cask
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SUMMARY

DWPF INTEGRATED COLD RUN ACTIVITIES

RELEVANT TO WASTE ACCEPTANCE PROCESS
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APPENDIX 1.200.2 Summary of DWPF Integrated Cold Run Activities
Relevant to the Waste Acceptance Process

The objectives of the DWPF Integrated Cold Run are to accomplish
the following:

To demonstrate the overall functionality of the DWPF process
and its auxiliary facilities using synthetic feeds so that operat-
ing conditions and procedural requirements can be adequately dem-
onstrated prior to beginning radioactive operations.

To perform tests required by the Waste Form Compliance Plan
(WCP) which demonstrate that the DWPF process and product control
are adequate to satisfy the requirements of the Waste Acceptance
Preliminary Specifications (WAPS).

TESTS TO DEMONSTRATE COMPLIANCE WITH WASTE ACCEPTANCE PRELIMINARY
SPECIFICATIONS

The sections below describe specific tests which will be performed
during the Integrated Cold Run for inclusion in the Waste Form
Qualification Report. In addition, most of the routine measure-
ments and procedures which will be performed during radioactive
operations and included in the Production Records will also be
performed during this time. At the present time, there is no in-
tent to report on these activities, so they will not be discussed
further here.

Chemical Composition During Production (Specification 1.1.21

The objective of this test is to confirm the mathematical rela-
tionship used to predict the glass product composition from the
melter feed composition. In order to achieve this objective, the
DWPF will have to demonstrate that it can reliably sample and ana-
lyze melter feed materials. As part of this demonstration, the
precision and accuracy of the methods which will be used to deter-
mine glass composition will be established. This will be accom-
plished by determining the composition of samples of glass from
each canister filled, and by analyzing the melter feed on the same
frequency as will be used in the DWPF.

The initial charge to the melter will be a glass frit specially-
formulated for melter startup. After building the melter level to
the operating level using sludge-only feed, a series of test runs
will be made to analyze the melter behavior. These test runs will
be sludge/precipitate runs with (in order of performance)
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a) composite feed to purge the startup (black) frit from the mel-
ter and establish a base condition,

b) a nonradioactive doped composition to simulate variations
around the composite feed,

c) a high viscosity (high aluminum) composition to simulate an ex-
treme change in feed composition,

d) a low viscosity (high iron) composition to simulate another ex-
treme change in feed composition, and

e) composite feed to simulate return to standard operation from
low viscosity (In addition, two other runs, one with mercury and
one with a radioactive dopant will be performed to demonstrate
equipment operability).

At least one of these runs will require addition of supplemental
chemicals to demonstrate that the feed composition can be adjust-
ed, if required. Approximately 90,000 pounds of glass will be
made during each of these tests to provide about a 98% changeover
of melter composition, assuming that the melter behaves like a
well-stirred tank.

Control of Radionuclide Release (Specification 1.3.1)

Since chemical composition is the most important determinant of
glass durability, analysis and testing (using the DWPF Product
Consistency Test - PCT) of glass samples from canisters produced
will be used to demonstrate the correlation between feed composi-
tion and glass properties. The canisters produced during the In-
tegrated Cold Run) will also be sectioned, and the behavior of
grab samples compared to samples of glass taken from the canis-
ters.

Verification of Radionuclide Release Control (Specification 1.2

This verification results from the periodic sampling of the Melter
Feed Tank and the product during radioactive operation. During
the DWPF Integrated Cold Run, samples will be taken remotely,
transported for analysis, analyzed and tested (using the PCT) to
verify control of radionuclide release.
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Chemical and Phase Stability Specification 1.4)

Cooldown profiles for the canisters obtained during pilot-scale
testing will be verified under typical production conditions to
satisfy this specification. In addition, the effect of placing a
canister in the Melt Cell Insulated Storage Rack on the thermal
profile will be evaluated. Special instrumented canisters will be
designed and procured to perform these tests.

Fabrication and Closure Specification 2.2)

-Confirmation of the parametric weld study using the DWPF welder
will be performed. Initial runs will be made on dummy heads, and
will span the entire operating range. Then full-scale canisters
will be used to demonstrate actual operation. The repair cap weld
procedure will also be demonstrated. The quality of the welds
produced will be verified by metallurgical characterization, and
physical testing.

Free Liquids (Specification .1)

Tests will be performed to confirm that the Inner Canister Clo-
sure, when installed under typical operating conditions, prevents
intrusion of water, particularly from the canister decontamination
operation. This test may require canister modifications to physi-
cally examine the void volume of the canister for moisture.

Free Volume (Specification 3.5)

Confirmation of an operable level detection system is required to
demonstrate control of the free volume in the canister (desired
minimum fill is 80%). DWPF has four systems: weigh cells, neutron
penetration, gamma radiation and visual viewing of canister blue-
ing. Gamma radiation detection will not be available during the
Integrated Cold Run. Evaluation of the other three methods of
level detection will be made during the DWPF Integrated Cold Run.
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DWPF PRODUCT CONSISTENCY TEST
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APPENDIX 3.500.1 DWPF Product Consistency Test

DEVELOPMENT AND STATUS

An extraction test, designated the Product Consistency Test (PCT),
has been developed for DWPF glass in order to meet the require-
ments of the Waste Acceptance Preliminary Specifications (WAPS).
The development program will be documented in the Waste Form Qual-
ification Report, and so is only summarized here.

Several of the Waste Acceptance Preliminary Specifications (WAPS).
require testing of glass samples to demonstrate the control of ra-
dionuclide release. For example, Specification 1.3 (see Part 3,
Item 500) requires that the DWPF demonstrate control of the radio-
nuclide release properties of the canistered waste form during
production. WAPS Specification 1.4 requires that the release
properties of devitrified glass samples be determined in the same
manner.

The repository project is responsible for developing the site-
specific radionuclide release tests which would be used to meet
these requirements. The repository project has selected the Mate-
rials Characterization Center's MCC-1 test as the basis for accep-
tance. However, there are several factors which make development
of a simple, reliable test of product consistency very desirable
for the DWPF.

The MCC-1 test is not very sensitive to glass consistency, be-
cause it has a low surface area-to-volume of leachant (SA/V) ra-
tio. Thus, it is not as likely to be a useful indicator of pro-
duction control (in the sense of WAPS 1.3) as a test with a much
higher SA/V ratio.

The MCC-1 test requires the use of rectangular monolithic sam-
ples. However, glass samples taken during production will not be
annealed, and so have a high likelihood of breaking during cutting
into rectangular prisms.

The MCC-1 test was only formally established by the repository
project in June, 1988. Unless a shorter-duration test was devel-
oped quickly for DWPF, the results needed to prepare the Waste
Form Qualification Report would not be available in time for ade-
quate review.

Thus, the main objectives of the test development program were to
provide a means to demonstrate the consistency of DWPF glass dur-
ing production, and to develop a reliable test which could be used
to provide the large body of data required by the WAPS. During
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development of the test, the following were considered:

Sensitivity of the test to glass composition and homogeneity

Time necessary to determine product consistency,

Ease of sample preparation for radioactive glass,

Ease of performance with production glass samples, and

Precision of the test results.

Several types of tests were considered. The MCC-3 Agitated Powder
Leach Test from the Materials Characterization Center was selected
as the basis for further development for the following reasons:

The MCC-3 is a widely-used test protocol, with well-known char-
acteristics. Thus, modification could begin from a well-defined
starting point.

* The test temperature (90'C) and the test leachant (deionized
water) are readily attained.

Crushing of highly radioactive glass is a much easier operation
to perform reliably than the cutting required by MCC-1. Crushing
is not likely to be adversely affected by the lack of annealing of
production samples. Use of grains from crushing would lead to a
test with higher SA/V ratio, i.e. the test would be more sensitive
to the glass than the MCC-1 test.

At a fixed short time (e.g. 7 days), concentrations of species
in solution in crushed glass leach tests are higher than in mono-
lithic tests. Thus, the analyses of the leachates are likely to
be more precise.

A draft test protocol (Version 1.0) was then drawn up, and used by
three researchers in SRL in a round-robin test, using a wide range
of glass compositions. The following conclusions were derived
from this study:

The PCT test was found to be sensitive to glass composition and
to glass homogeneity. Thus, it should be a good indicator of
glass product consistency.

A 7-day test duration was found to give reproducible results.
Shorter test durations could be used but the leachate results were
less precise.
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Sample preparation and the test procedure could be made simple
enough for reliable remote operation without compromising the PCT
response to glass composition and glass homogeneity and without
loss of precision.

Vessel cleaning could be simplified (compared to MCC-3) for re-
mote operation and more rapid sample evaluation.

Variations among the three investigators were within - 15% for
homogeneous glass samples.

Based on the results of this study, a revised test protocol (Ver-
sion 2.0) was prepared. This test protocol has now undergone in-
dependent review, and will be used in a round-robin test involving
several laboratories. The purpose of the round-robin will be to
demonstrate that the test will distinguish between acceptable and
unacceptable glass, and to determine the precision and accuracy of
the test. This version f the test protocol (v. 2.1) has been
prepared in response to comments received from the technical re-
viewers. It does not differ from version 2.0 in any substantive
way, but is intended to clarify and improve the presentation of
the procedure, so that it can be more reliably performed. Version
3.0 of the protocol will incorporate results from ongoing develop-
ment efforts, as well as the results from the interlaboratory
round robin.

Reference

1. J. E. Mendel (Compiler), Nuclear Waste Materials Handbook
- Waste Form Test Methods, USDOE Report DOE/TIC-11400, Materi-
als Characterization Center, Battelle Pacific Northwest Laborato-
ries, Richland, WA (1981).
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PROTOCOL FOR PRODUCT CONSISTENCY TEST
FOR DEFENSE WASTE PROCESSING FACILITY DWPF) GLASS

I. INTRODUCTION

A. Scope

The Product Consistency Test (PCT) is a test method modeled
after the MCC-3 Agitated Powder Leach Test which was designed
to evaluate the chemical durability of nuclear waste forms.
Crushed glass in the 100-200 mesh size range is used in the
test. The test is designed to determine whether the radionu-
clide release properties of DWPF glass have been consistently
controlled.

B. Safety

All appropriate precautions for operation of pressur-
ized equipment must be taken. To ensure safe operation,
the leach containers should be designed to withstand the vapor
pressure of water at the test temperature with an appropriate
safety factor. The thermal expansion of water must be taken
into account when filling the leach containers. Between fill-
ing at 4C and testing at 100C water expands by 4 volume per-
cent. Overfilling, e.g. filling a 60 mL vessel to 55 mL, may
lead to pressures inside the container that exceed the design
limits, and could lead to the failure of one or more parts of
the vessel.

II. APPARATUS EUIPMENT AND ANALYTICAL REOUIREMENTS

A. Leach Containers

1. New Teflon Containers

The procedure below is specifically for PFA Teflon . The vol-
ume of the leach container for routine tests will be approxi-
mately 60 m. The vessels should be designed to take internal
pressures of at least 75 psi without leaking. For the clean-
ing procedure and reuse of Teflon vessels, see Section
II.A.3.

New Teflon leach containers shall be cleaned according to the
following procedure:

(1) Bake empty vessels in an oven at 2000C for one week.
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(2) Soak for 1 hour in 6 M HN0 3 + 0.2 M HF.

(3) Rinse with 3 container volumes of ASTM Type I water (ASTM
D-1193).

(4) Soak in 6 M HNO3 for 4 hours at 500C.

(5) Soak for 30 minutes in >60 C ASTM Type I water.

(6) Soak for at least 8 hours in fresh ASTM Type I water at
80 C.

(7) Boil for 30 minutes in fresh ASTM Type I water.

(8) Rinse with a minimun of 3 container volumes of ASTM Type
I water until the pH of two successive rinse solutions is
within 0.5 pH unit of the original ASTM Type I water. -

(9) Fill the Teflon0 containers with 40 mL of fresh ASTM Type
I water. Close the lid and leave in a 90 C oven for at least
16 hours.

(10) Measure the pH of an aliquot of the water.

(11) If the pH is not in the range 5.0-7.0, repeat steps 7
through 10.

(12) If the 5.0-7.0 pH range cannot be achieved by 3 repeti-
tions of steps 7 through 10 then repeat the cleaning and test-
ing procedure, starting at Step 4.

(13) Each batch of cleaned cups will be labelled with a
unique identifier, and the date when cleaning was completed,
for control purposes. In particular, this will facilitate the
proper use of blanks.

2. New Steel Containers

a. Leach Vessels

Teflon vessels cannot be used to leach radioactive glass be-
cause the radiation causes degradation of the Teflon and
formation of HF. This causes increased leaching of the glass
due to the pH decrease, and the presence of F ions that attack
the glass. Steel reaction vessels fabricated of 304L stain-
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less steel (e.g. those available from Parr Instrument Co.)
shall be used for leaching radioactive glass. For the clean-
ing procedure to allow reuse of stainless steel vessels, see
Section II.A.3.

New steel vessels shall be cleaned by the following procedure:

(1) Clean the vessels and caps (without the gasket) ultrason-
ically in acetone for -5 minutes.

(2) Clean the vessels and caps ultrasonically in 95% ethanol
for -5 minutes.

(3) Rinse the vessels and caps three times with ASTM Type I
water.

(4) Submerge the vessels and caps in 1% HNO3 and heat to 900C

for one hour.

(5) Rinse the vessels three times with ASTM Type I water.

(6) Submerge vessels and caps in ASTM Type I water for one
hour.

(7) Rinse with ASTM Type I water.

(8) Fill the vessel 80-90% full of fresh ASTM Type I water.
Close the lid and leave in a 90 C oven for at least 16 hours.

(9) Measure the pH of an aliquot of the water.

(10) If the pH is not in the range 5.0-7.0, repeat steps 6
through 9.

(11) If the 5.0-7.0 pH range cannot be achieved after 3 repe-
titions of steps 6 through 9, then repeat the cleaning and
testing procedure starting at Step 4.

(12) Each batch of cleaned stainless steel vessels will be
labelled with a unique identifier, and the date when cleaning
was completed, for control purposes. In particular, this will
facilitate the proper use of blanks.

b. Vessel Gaskets

The Parr reaction vessels require a gasket material to remain
sealed. Teflon gaskets, available commercially, are current-
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ly being used since Teflon is chemically inert and the radia-
tion fields experienced thus far are not high enough to damage
the gasket. When higher radiation fields are present, it may
be necessary to use a special gasket fabricated with ethylene,
propylene, or silicone polymer.

New gaskets should be cleaned by the following procedure:

(1) Handle the gaskets with tongs. Rinse each ultrasonically
in acetone for 5 minutes.

(2) Rinse each ultrasonically in 95% ethanol for - 5 minutes.

(3) Rinse each under flowing ASTM Type I water for - 3 min-
utes.

(4) Bake each gasket in an oven at 200 C for 4 hours.

(5) Immerse in ASTM Type I water at 90 C for 2 hours.

(6) Allow to air dry and store in a clean glass storage con-
tainer.

3. Cleaning Procedure for Reuse of Teflon and Stainless
Steel Containers

The procedure below allows for cleaning and reuse of both Tef-
lone and stainless steel leach containers for nonradioactive
glass. The procedure is not as extensive as the initial
cleaning procedures outlined in Sections II.A.1 and II.A.2.
Currently, reuse of stainless steel vessels for radioactive
glass testing is not recommended. However, methods to relia-
bly clean used stainless steel vessels are currently under in-
vestigation.

The leach containers shall be cleaned according to the follow-
ing procedure:

(1) Remove all glass from the vessels and rinse both the ves-
sel and lid with ASTM Type I water.

(2) Submerge vessels in 1% NO3 at 90 C for 1 hour. For the

Teflon vessels the lids are also submerged. For the stain-
less steel vessels the lids and their gaskets are not sub-
merged in the HNO3 because of the possibility that small

amounts of HNO3 may be trapped between the gasket and the lid.
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(3) Rinse vessels and lids thoroughly with ASTM Type I water.

(4) Put vessels and lids (including the steel lids) in ASTM
Type I water at 90 C for 1 hour.

(5) Fill the vessel 80-90% full of fresh ASTM Type I water.
Close the lid and leave in a 90C oven for at least 24 hours.

(6) Measure the pH of an aliquot of the water.

(7) If the pH is not in the range 5.0-7.0, repeat steps 4
through 7.

(8) If the 5.0-7.0 pH range cannot be achieved after 3 repe-
titions of steps 4 through 7, then repeat the cleaning and
testing procedure, starting at Step 2.

(9) Each batch of cleaned reused vessels will be labelled
with a unique identifier, and the date when cleaning was com-
pleted, for control purposes. In particular, this will facil-
itate the proper use of blanks.

B. Temperature Control

The temperature of the leaching container shall be maintained
at the test temperature to ± 2.00C. Continuous monitoring of
the temperature is recommended.

C.

Balances shall provide the sensitivity indicated below, de-
pending on the materials being weighed:

leachant + leach within 0.25% of the leachant mass
container

chemical reagents within 0.25% of the reagent mass

specimens within 0.25% of the specimen mass

D. Volume Measurements

Measure leachant volumes gravimetrically or with pipets, bu-
rets, flasks, or cylinders accurate to within ± 5%.



DPST-86-746
APPENDIX 3.500.1
Page 11 of 17
Date: 7/88
Revision 2

E. Specimen Bottle Preparation

Before the scheduled end of the test, boil polyethylene speci-
men bottles and caps for 1 hour in ASTM Type I water. Allow
the specimen bottles and caps to remain in the water overnight
but reduce the temperature so that boiling has stopped. Re-
move the bottles and caps and dry in an oven at 800C.

F. Solution Analysis

Measure solute concentrations using equipment calibrated with
standards traceable to NBS if suitable standards exist. The
solution should always be analyzed for Na, B, Si, Li, and K.
Determine and report precision and accuracy. Although analyt-
ical results should normally be accurate to within 10%, this
will not be possible when concentrations in the solution ap-
proach detection limits. The detection limits for each analy-
sis must accompany the reported result.

G. pH Measurement

Measure the pH to an accuracy of ± 0.2 pH unit using a cali-
brated meter and commercial buffers.

H. Calibrations and Standards

Calibrate all instruments used in this test initially and per-
iodically to minimize possible errors due to drift (see Table
1)

I. ASTM Type I Water

The Type I water referred to in this procedure will be charac-
terized during the leach test by use of blanks. The Type I
water used initially shall meet the following specifications:

Specific Resistance >16.7 M ohm/cm at 250C

<20 M ohm/cm at 250C

5.5 - 7.0

J. Sample Preparation

Samples of the starting waste-form material may be either fab-
ricated individually or taken from larger samples of the
waste-form. The waste-form material shall be pulverized to
make test specimens. Document the fabrication method and fab-
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rication conditions for the material from which the test spec-
imens are prepared.

If there is concern that the exterior of the sample is not
representative, for example, due to interactions with the ves-
sel used in fabrication, then the outer portions of the sample
should not be used. In general, this is not a concern, be-
cause the use of crushed glass minimizes surface effects.

TABLE 1. Calibration r Standardization of Test Equipment
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

1. Crushing

To eliminate contamination from steel particulates use a heavy
hammer to break the specimen, wrapped in a clean plastic bag,
into a number of small fragments. A mortar and pestle set of
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agate, sapphire, or dense alumina may also be used. Pulverize
the fragments using a mechanical or manual technique. Accept-
able materials for grinding are tungsten carbide, agate, sap-
phire, or dense alumina. The powder should be sieved to sep-
arate out the -100 mesh (149 m) to +200 mesh (74 ) fraction
by using clean U. S. Standard ASTM brass screens.

2. Handling

If crushed glass must be handled after preparation, clean ma-
terials must be used. All powdered specimens must be stored
in clean polyethylene, polypropylene or stainless steel con-
tainers in a desiccator until they are used or dried at 900C
for 24 hours before use so the powders do not contain adsorbed
water when weighed.

K. Quality Assurance

This test method must conform to all applicable quality assu-
rance requirements of the laboratory performing the test.

III. PROCEDURE

All tests should be carried out at least in triplicate accord-
ing to the procedure given below. This procedure also applies
to blanks, except that the specimen powder is omitted.

A "set" of samples shall be considered as those which have
been in test in the same oven simultaneously. For each set of
samples, two blanks from the same batch of cleaned vessels
shall be used. If more than one batch of cleaned vessels is
used in a set of samples, then there shall be duplicate blanks
from each batch of vessels. The batch cleaning identifier
will be recorded for each sample and blank.

The procedure described below applies to ASTM Type I water at
900C. Samples shall not be agitated.

(1) Determine the pH on an aliquot of the leachant, record
the pH and discard the aliquot.

(2) The volume of leachant (V) required is constrained by the
volume of the leach container. The reference ratio of lea-
chant volume to sample mass is 10 ± 0.1 mL/g.

For example, a maximum volume of 40 mL and a sample mass of 4g
is recommended. Smaller amounts may be used if necessary, but
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use of less than 1 g of specimen is not recommended. The (SA/
V) of the sample/leachate system shall be examined in the
range in which the parameter (SA/V) x (time in days) is 50
cm day (Table 2).

TABLE 2. Experimental Sample Masses, Solution Volumes and Time
Durations To Be Used

{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}

(7) Before the scheduled end of the test, boil polyethylene
specimen bottles and caps for 1 hour in ASTM Type I water, as
described in section II. E. Allow the specimen bottles and
caps to remain in the water overnight but reduce the tempera-
ture so that boiling has stopped. Remove the bottles and caps
and dry in an oven at 80 C.
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(8) The testing period shall be controlled to within 2%. At
the conclusion of the test, record the date and time
(d:h:min), and remove the leach container from the oven. Al-
low the vessel to cool to room temperature in ambient air.

(9) Weigh the leach container plus contents. Record final
weight. If the mass loss is calculated to be greater than
10%, stop the test, and repeat the test starting with a new
specimen.

(10) Pipette an aliquot of leachate into a clean, disposable,
polyethylene beaker for pH determination. Measure and record
the pH and discard the aliquot.

(11) For leachate analysis draw a sufficient amount of the
remaining leachant through a 0.45pm sterile syringe filter
into a sterile disposable syringe. Remove the filter and
transfer the contents of the syringe into a clean, preboiled,
polyethylene specimen bottle. Remove an aliquot for anion
analysis. Do not acidify this aliquot. To the remaining ali-
quot add an amount of concentrated HN0 3 equal to 1% of the lea-
chate specimen volume, and determine cation concentrations.
The filter may be retained for analysis of solids, or discard-
ed.

(12) This step is only required for solids analysis of cer-
tain non-radioactive specimens. Record the appearance of the
specimen powder, e.g., visible changes in color, agglomera-
tion, and gelatinization. Wash the specimen powder from the
leach container with pure water onto a clean 0.45-um filter or
watch glass and air dry or dry at 90C. A temperature of 90C
will only drive off adsorbed moisture and not water of hydra-
tion. After drying, store or analyze. Solids characteriza-
tion is optional.

IV. CALCULATIONS

A. Use of Blank Data

Correct the leachate concentrations for each time period by
subtracting the corresponding blank concentration. The use of
the average of the blank data is discussed in IV. B. Blanks
are used principally to check if sources of contamination are
present.
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B. Concentration Individual Elements in Leachate

Concentration,in units of ppm or mCi/mL will be reported. For
each of the triplicate samples the following equation should
be used:

where Ci - concentration of element i in the leachate mg/L);

Cil- concentration of element i observed in the fil-

tered leachate for sample j (mg/L);

FVj - final volume of leachate in test vessel contain-
ing sample j;

B1 - average concentration of element i in replicate
blank vessels;

FVB - average final volume in replicate blanks;

V = ideal volume used in the test of sample .

Alternatively, the concentration of elements in the leachate
can be calculated in molarity using the equation:

(2)

where Mi concentration of element i in leachate (in mol/L);

ml = mass of element i in the leachate (in g);

A1 atomic weight of element i (in g/mole);

V final volume of leachate (in liters).
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If the units are mg/L or ppm, the conversion to molarity ( can

be simply calculated as follows:

where C is calculated according to equation (1), and A is the
atomic weight of element i in g/mol.

3. Waste Form Replicates

Initially, three waste form replicates shall be used to pro-
vide estimates of experimental variability.

4. Deviations

Report any deviations from the test method, and discuss the
expected effect on the results.
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FOREWORD

This specification of quality assurance requirements for high-level waste form
production was prepared by the DOE Quality Assurance Work Group on Waste
Acceptance. This group included representatives or organizations involved in
processing of high-level radioactive waste into canistered waste forms for
disposal in a licensed Federal Repository. They represent what is being
referred to as the waste form producer organizations.

There will be several waste form producer organizations; one associated with
each of the high-level waste form production activities of DOE (e.g., Savannah
River, West Valley, Hanford, and Idaho). A waste form producer organization is
a composite of elements of DOE and their contractors. It is expected that the
major participants in a waste form producer organization will be:

DOE Headquarters
DOE Operations Office
DOE Project Office (If separate from an operations office)
Operating Contractors

It is further expected that these major particpants will be associated through
organizational, administrative or contractual arrangements such that a vertical
tier relationship exist between the individual participants. For example, the
waste form producer for Savannah River activities is an organization made up
through a vertical relationship which connects downward from the DOE Defense
Programs Office (DOE/DP) in Headquarters to the DOE Operations Office at
Savannah River (DOE/SR) and through its Defense Waste Processing Facility (DWPF)
Project Office to the E.I. DuPont de Nemours and Company (DuPont). DuPont is
the operating contractor for waste form production in the DWPF on the Savannah
River site. In this arrangement, the DOE Office of Civilian Radioactive Waste
Management (OCRWM), also referred to as DOE/RW, is the recipient for the
canistered waste forms (products) from the waste form producer. They are
responsible for receipt at the waste form production site and transportation to
and disposal in the repository.

The specific organizational units of DOE and the operating contractors will vary
depending upon which of the waste form producers Is Involved.

The waste form producer organizations and the DOE/OCRWM are pursuing an
integrated strategy for ensuring that canistered waste forms are acceptable for
disposal in a licensed Federal Repository. This strategy involves the prepara-
tion of an initial specification which outlines the administrative and technical
requirements to be met by each canistered waste form. This initial specifica-
tion is called the Waste Acceptance Preliminary Specification (WAPS). Updated
versions of this specification will be issued at key points in the CRWM Program.
Hereafter in this specification, it will be referred to as simply the Waste
Acceptance Specification (WAS). The second step is the preparation and imple-
mentation of a plan that assures that the processes, methods and techniques that
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have been developed for waste form production provide canistered waste forms
that meet each point of the WAS. This plan is called the Waste Form Compliance
Plan (WCP). The third step is the collection of information and data resulting
from the execution of the WCP and preparing a composite report which demonstra-
tes that canistered waste forms can meet all aspects of the WAS. This report is
called the Waste Form Qualification Report (WQR). Further, the WQR is expected
to demonstrate that high-level waste form production can be accomplished with
confidence that final canistered waste forms (product) will meet the WAS in all
respects. The last step in this process is the collection of information and
data resulting from actual production of canistered waste forms and the assembly
of a Production Records Package (PR) for each canister of waste which ultimately
demonstrates conformance with the WAS. This four-step strategy is referred to
as Waste Acceptance Process Activities.

The quality assurance program of a particular waste form producer will ultima-
tely be the composite of the quality assurance programs of each of the major
participant organizations. In this arrangement there will be an overall program
of the waste form producer made up of constituent programs of each of the major
participants in the composite organization. In most cases the major par-
ticipants may already have quality assurance programs in place, and they may be
providing satisfactory results for other DOE projects and programs. To the
extent that these programs meet the requirements of this specification and the
participant chooses to apply these programs to Waste Acceptance Process
Activities, they are expected to be acceptable. In those cases however where no
previous program exist or where the participant chooses to not extend its pre-
sent program to cover Waste Acceptance Process Activities, programs or portions
of programs are expected to be developed to implement the provisions of this
specification on Waste Acceptance Process Activities of high-level waste form
production. As a consequence, the overall quality assurance program of the
waste form producer will implement this specification.

Ultimately the quality assurance programs, program descriptions, and program
results will be influential in supporting the acceptability of the product to
DOE/RW and DOE/RW's ultimate disposal of that product in the licensed Federal
Repository. It is expected therefore that these quality assurance programs,
program descriptions, and program results related to the waste acceptance pro-
cess activities will be concurred in by the DOE/RW organization in order to sup-
port its repository licensing activities with regard to the canistered waste
form.

To facilitate DOE's repository licensing activities the waste form producers
will prepare their quality assurance program descriptions in a format and having
content that can be used by DOEIRW in its repository license application.
Program description documents will be prepared by each waste form producer such
that they can be incorporated in the Repository Safety Analysis Report at the
proper time. At that time it is expected that these program descriptions will
be evaluated by the U.S. Nuclear Regulatory Commission (NRC) against the appli-
cable criteria of the NRC Review Plan for Quality Assurance Programs for
High-Level Nuclear Waste Repositories (HLNWR).

To ensure that the program descriptions of waste form producers will be accept-
able to the NRC, guidelines on the preparation of such program descriptions
have been prepared and placed in the specification as Appendix A. To provide
further confidence in their acceptability, a comprehensive evaluation of the
program descriptions has been required by the specification. This evaluation
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is to be performed against a review plan which has been prepared and placed in
the specification as Appendix B. Both Appendix A and Appendix B have been pre-
pared using the current instructions and review plans used by the NRC for the
licensing of nuclear facilities. Both of these appendices have been prepared to
reflect considerations for high-level waste form production. However, since the
program descriptions for high-level waste form production are expected to ulti-
mately be evaluated by the NRC against the review plan for the repository, much
of the focus of the instructions and the review plan criteria have purposefully
been left in the facility construction and operation-type language that NRC is
expected to be using.

The intent is for each waste form producer to prepare and maintain quality
assurance program-defining documentation. This documentation doubles as a
Quality Assurance Plan for guiding and directing program implementation and as a
Program Description which could be used by DOE/RW in satisfying any needs of
repository licensing activities with regard to canistered waste forms.

iii
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QUALITY ASSURANCE REQUIREMENTS

FOR

HIGH-LEVEL WASTE FORM PRODUCTION

1.0 GENERAL

This specification identifies the basic requirements for quality assurance
programs applied to Waste Acceptance Process Activities of high-level
waste form production. It also provides supplementary requirements and
guidance on selected activities that have unique importance to Waste
Acceptance Process Activities of high-level waste form production. These
supplementary requirements are to be applied in conjunction with the
requirements embodied or referenced in the basic requirements specified.

2.0 PURPOSE

The purpose of this specification is to define requirements for the
quality assurance programs of organizations that are responsible for or
involved in high-level waste form production as part of the established
waste acceptance process activities.

3.0 SCOPE

The requirements of this specification are for quality assurance activi-
ties that are to be performed in Waste Acceptance Process Activities of
high-level waste form production. In high-level waste form production,
radioactive waste is converted to a waste form and canistered such that
the canistered waste form will be acceptable at a Federal Repository
licensed by the Nuclear Regulatory Commission (NRC) for disposal of high-
level radioactive waste.

The requirements apply to activities of The Department of Energy (DOE) and
to operating contractors of DOE facilities who are assigned respons-
ibilities for performing and verifying activities affecting quality in
Waste Acceptance Process Activities of high-level waste form production.

The specific organizational units of DOE and the operating contractors
will vary depending upon which waste production facility is involved
(e.g., Savannah River, West Valley, Hanford, or Idaho). These organiza-
tions will be referred to hereafter as umajor participants in Waste
Acceptance Process Activities of high-level waste form production. They
are to establish and implement quality assurance programs in accordance
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with this specification to assure and demonstrate that canistered waste
forms meet the technical and administrative requirements of the Waste
Acceptance Specification (WAS). This will include activities associated
with: research and development that is essential to qualification of the
waste form; control of materials, equipment, facilities, and processes
that are essential to the certification of canistered waste forms; and
processing operations that are essential to the certification of
canistered waste forms.

4.0 DEFINITIONS

The following terms and their definitions are provided to ensure a uniform
understanding of these terms as they are used in defining the requirements
and guidance contained herein.

4.1 Waste Form - The radioactive waste materials and any encapsulating or
stabilizing matrix (1OCFR60.2).

4.2 Canistered Waste Form - The waste form and the surrounding canister
as well as any secondary canisters applied by the producer.

4.3 Waste Acceptance Process Activities - The activities through which
documentation and data are collected and prepared to support
compliance with the Waste Acceptance Preliminary Specification. This
includes activities associated with: research and development that
is essential to qualification of the waste form; control of
materials, equipment, facilities, and processes that are essential to
the certification of canistered waste forms; and processing opera-
tions that are essential to the certification of canistered waste
forms.

4.4 Waste Acceptance Specification (WAS) - Identifies the properties and
requirements the high-level waste form must meet in order to be
accepted for disposal in a Federal Repository.

4.5 Waste Form Compliance Plan (WCP) - The document that describes the
producer's plan for demonstrating compliance with each Waste
Acceptance Specification in the WAS. The WCP includes descriptions
of the tests, analyses and process controls to be performed by pro-
ducer.

4.6 Waste Form Qualification Report (WQR) - A compilation of results from
waste form testing and analysis which develops In detail the case for
compliance with each Waste Acceptance Specification.

4.7 Production Records (PR) - The documentation, provided by the pro-
ducer, that describes the actual canistered waste forms.
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4.8 Computer Code (Scientific and Engineering).- Instructions written in
a computer language for the processing of mathematical models devel-
oped for use in scientific and engineering analysis, design, safety
analysis, process or equipment control and other activities dependent
upon a computer for solution or control. Computer code development
includes preparation of instructions for the input data format and
use of the code.

4.9 Readiness Review - A structured method for determining that an acti-
vity is ready to operate or proceed to the next phase, and Includes,
as a minimum, a comprehensive review of the readiness of the plant
and hardware, personnel, and procedures. The review includes a
determination of compliance with all requirements.

4.10 Technical Review - A documented, traceable review performed by
qualified personnel who are Independent of those who performed the
work but who have technical expertise at least equivalent to that
needed to perform the original work. Technical reviews are in-depth,
critical reviews, analyses and evaluations of documents, material or
data that require technical verification and/or validation for
applicability, correctness, adequacy and completeness that are within
the existing state of current technology.

4.11 Peer Review - A documented critical review performed by personnel who
are independent of those who performed the work but who have tech-
nical expertise at least equivalent to that needed to perform the
original work. Peer reviews are In-depth, critical reviews and eval-
uations of documents, material or data that require interpretation
or judgment to verify or validate assumptions, plans, results or
conclusions, or material or data contained in a report which
generally includes elements that go beyond the existing state of
current technology.

4.12 Independent (Personnel) - A condition characterizing an individual or
group of individuals who are qualified to analyze, review, inspect,
test, audit or otherwise evaluate activities and work results
because:

A. They had no direct responsibility for or involvement in perform-
Ing the activity or work.

B. They are not accountable for the activity or work result.

C. They do not report directly to the immediate supervisors who are
responsible for performing the activity or work being evaluated.

4.13 Overview - An analysis and assessment by management of the scope,
status, adequacy and effectiveness of quality achievement and
assurance activities. Overview encompasses effectiveness
assessments, technical reviews, readiness reviews, audits, and sur-
veillances, as appropriate.

- 3 -



4.14 Verification - The act of reviewing, inspecting, testing, checking,
auditing, or otherwise determining and documenting whether items,
processes, services, or documents conform to specification require-
ments. Also, the documented determination that work under review
conforms to specified requirements.

4.15 Validation - The documented confirmation of the adequacy (suitability
for its intended purpose) of the work under review.

4.16 Indoctrination - To Instruct in fundamentals so as to provide under-
standing of principles involved.

4.17 Training - In-depth instruction to develop proficiency in the appli-
cat1on of requirements, methods, and procedures. Such instruction
may be internal or external classroom sessions, courses, or informal
on-the-job assignments.

4.18 Quality Record - A completed document that furnishes evidence of
quality of Items and/or activities affecting quality. Lifetime
quality records related to waste form production are those quality
records that are turned over to the repository operator for preser-
vation as required for the canistered waste form to which they
relate.

4.19 Surveillance - The act of monitoring or observing to verify whether
an item or activity conforms to specified requirements.

4.20 Audit - A planned and documented activity performed to determine by
investigation, examination, or evaluation of objective evidence the
adequacy of and compliance with established procedures, instructions,
drawings, and other applicable documents, and the effectiveness of
implementation. An audit should not be confused with surveillance or
Inspection activities performed for the sole purpose of process
control or product acceptance.

5.0 REQUIREMENTS

Quality assurance programs are to be established and implemented in Waste
Acceptance Process Activities of high-level waste form production. These
programs shall contain the activities and meet the criteria for those
activities as defined in the basic and supplementary requirements defined
hereafter.

5.1 Basic Requirements

The basic quality assurance requirements to be implemented in the
quality assurance programs of major participants in Waste Acceptance
Process Activities of high-level waste form production are defined in
national consensus standards and DOE directives as identified in this
section.
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5.1.1 National Consensus Standard

(1) ANSI/ASME NQA-1, 1986, 'Quality Assurance Program
Requirements for Nuclear Facilities,' Sections 1, II, and
III.

This standard contains basic and supplementary
requirements and nonmandatory guidance for
establishing and implementing quality assurance
programs for nuclear facilities. (Note the nonman-
datory guidance has not been invoked In the above
reference.)

5.1.2 Department of Energy (DOE) Orders and Guidance

(1) DOE 5000.3 'Unusual Occurrence Reporting System'

This directive sets forth policy, responsibilities,
criteria, and instructions for preparing, analyzing,
and disseminating unusual occurrence reports.

(2) DOE 5700.6B "Quality Assurance"

This directive provides policy, sets forth prin-
ciples, and designates responsibility for the imple-
mentation of DOE plans and actions necessary to
ensure quality achievement.

(3) Guidelines for Application of Readiness Reviews to
Department of Energy Activities, January, 1987.

This document contains guidelines for planning, staffing
and conducting readiness reviews for assuring that all
necessary activities and actions have been satisfactorily
completed before subsequent activity initiation is
authorized.

5.1.3 Relationship to Other Requirements and Guidance

(1) 10 CFR Part 60, 'Disposal of High-Level Radioactive Waste
in Geologic Repositories.* Subpart G, 'Quality
Assurance,' defines basic and supplemental requirements
for quality assurance programs for CRWM program par-
ticipants. Major participants in Waste Acceptance
Process Activities of high-level waste form production
will fulfill the applicable requirements of 1OCFR Part
60, Subpart G, through implementation of quality
assurance programs that meet the basic and supplementary
requirements defined herein.
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(2) DOE/RW-0005, 'Mission Plan for Civilian Radioactive Waste
Management," Section 5.6, also identifies the basic
requirements for quality assurance programs for CRWM
program participants. The quality assurance programs of
major participants In Waste Acceptance Process Activities
of-high-level waste form production will Implement the
applicable requirements of Section 5.6 of DOE/RW-0005 as
a consequence of implementing the basic requirements
defined herein.

(3) DOE/RW-0032, *OCRWM Quality Assurance Management Policies
and Requirements," also identifies basic and supplemen-
tary requirements for quality assurance programs for CRWM
program participants. The quality assurance programs of
major participants in Waste Acceptance Process Activities
of high-level waste form production will also implement
the applicable requirements of DOE/RW-0032 as a con-
sequence of implementing the basic and supplementary
requirements defined herein.

(4) DOE/RW-0043, OProgram Management System Manual," Chapter
5, also identifies basic and supplementary requirements
for quality assurance programs for CRWM program par-
ticipants. The quality assurance programs of major par-
ticipants in Waste Acceptance Process Activities of
high-level waste form production will also implement the
applicable requirements of Chapter 5 of DOE/RW-0043 as a
consequence of implementing the basic and supplementary
requirements defined herein.

(5) DOE/RW-0095, 'Quality Assurance Plan for High-Level
Radioactive Waste Repositories (OGR/I-3),' also iden-
tifies basic and supplementary requirements for quality
assurance programs for CRWM program participants. The
quality assurance programs of major participants in Waste
Acceptance Process Activities of high-level waste form
production will also implement the applicable require-
ments of DOE/RW-0095 as a consequence of implementing the
basic and supplementary requirements defined herein.

5.2 Supplemental Requirements

There are several areas in Waste Acceptance Process Activities of
high-level waste form production in which quality assurance activi-
ties are required in addition to those contained in the basic
requirements identified in Section 5.1. These activities are iden-
tified in this section and the requirements for each activity are
defined. These activities, as applicable, are to be developed and
implemented as integral parts of the quality assurance programs of
major participants in Waste Acceptance Process Activities of high-
level waste form production.
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5.2.1 Control of Essential Software

Software that is essential to meeting the WAS Is to be deve-
loped, implemented, documented and controlled as defined
hereafter.

A. Software to be controlled shall be identified in the WCP
and documented. The documentation shall appropriately
reflect the provisions of NUREG-0856 (see Appendix C).

B. Software control activities shall Include as appropriate:

(1) Identification of the organization and responsible
individuals that influences the quality of software.

(2) Methods and procedures for design and development,
including mathematical modeling and technical review
of computer codes.

(3) Methods and procedures for verification of computer
codes.

(4) Methods and procedures for validation of computer
codes.

(5) Methods and procedures for configuration control of
computer codes including the user's manual and the
computer operations' manual.

(6) Identification of all support software and the com-
puter equipment to be used.

(7) Methods and procedures for reporting, tracking and
resolving software problems.

(8) Methods and procedures for safely storing verified
computer codes and data.

(9) Methods and procedures for code custody and transfer
control.

5.2.2 Peer Review

Peer reviews are to be conducted for items or data significant
to Waste Acceptance Process Activities of high-level waste
form production. As a minimum, peer reviews shall Include
activities that go beyond the existing technology or where
conclusions or assumptions have not been clearly validated
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(e.g., disagreement exists between experts) by conventional
means. Such peer reviews are to be identified and are to be
planned, conducted and controlled as defined hereafter.

A. Peer reviews shall be accomplished by qualified reviewers
having qualifications at least equivalent to that needed
to perform the work being reviewed.

B. Peer reviews shall address the following areas as appli-
cable:

(1) Validity of basic assumptions or functional require-
ments.

(2) Appropriateness of methodology.

(3) Verification of calculations or computer software.

(4) The review process and reviewer responsibilities.

(5) Handling of comment resolutions.

(6) Reporting minority positions.

(7) Involvement of the quality assurance organization.

(8) Review of new documents and changes to previously
peer-reviewed documents.

(9) Re-review of revised documents.

(10) Records of revised documents.

(11) Review individual(s) qualifications for the
review(s).

C. The need for and extent of additional peer reviews shall
be determined and accomplished following the revision of
a previously peer-reviewed document whenever the tech-
nical content or results presented in the document are
revised.

D. Peer review records shall include qualifications of the
reviewers, results of the review, and disposition or
replies to reviewer comments. The peer review records
shall be retained commensurate with the retention
requirements of the data or documents which they support.
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5.2.3 Control of Experiments and Developmental Activities

Experiments and developmental activities to support Waste
Acceptance Process Activities of high-level waste form produc-
tion are to be controlled and documented in a manner which
ensures that:

(1) The data will be suitable for its intended use.

(2) Independent reconstruction and evaluation of the
activities can be performed.

A. The controls for experiments and developmental activities
shall address the following:

(1) Responsibility for initiating experiments and devel-
opmental activity.

(2) Selection and qualification of personnel.

(3) Review and approval of procedures.

(4) Surveillance and auditing of experiments and develop-
mental activities.

(5) Review and evaluation of the results of experiments
and developmental activities.

(6) Documentation of experiments and developmental activ-
ities and results.

(7) Responsibility for preparation and retention of docu-
mentation.

B. While in progress, experiments and developmental activi-
ties shall be documented on a day-to-day basis and be
maintained in a retrievable form.

C. The experimental or developmental record shall be suf-
ficiently detailed so that the following can be clearly
identified, either directly or by reference.

(1) Purpose of the experiment or developmental activity.

(2) The person(s) initiating the experiment or develop-
mental activity.

(3) The person(s) performing the experiment or develop-
mental activity.
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D. The experimental or developmental record shall also iden-
tify equipment, materials, and procedures actually used
in sufficient detail to allow an individual skilled in
the technology to reproduce the results.

E. The experimental or developmental record shall also
include original records of data or facsimiles of the
original records.

F. The experimental or developmental records shall be signed
by the person performing the experiment or developmental
activity.

G. Any summaries, reports, or evaluations of the experi-
ments, developmental activities or their results that are
used for Waste Acceptance Process Activities shall
clearly reference the experimental records.

H. The experimental or developmental records of Waste
Acceptance Process Activities are to be collected and
maintained as quality records.

5.2.4 Qualification of Data

Data or data interpretations In support of Waste Acceptance
Process Activities of high-level waste form production are to
be acquired or produced under a quality assurance program that
meets the requirements defined herein. Data or data interpre-
tations that were generated outside of a quality assurance
program, as defined by this document, may be accepted based
upon the results of a peer review or may be qualified through
corroborating data, confirmatory testing or by having been
acquired or produced under an equivalent quality assurance
program. Such reviews or other qualification activities are
to be conducted as further specified hereafter.

A. Peer reviews shall be performed in accordance with the
provisions of Subsection 5.2.2 under a quality assurance
program meeting the requirements defined herein.

B. Corroborating data shall be collected, processed and
reported to demonstrate the properties of Interest (e.g.,
physical, chemical, scientific, mechanical). Inferences
drawn to corroborate non-qualified data shall be clearly
identified and presented in a written justification of
qualification which includes an analysis of the strengths
of the quality assurance program under which the data was
developed.
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C. Confirmatory tests shall be accomplished in accordance
with a quality assurance program meeting the requirements
defined herein to demonstrate the properties of interest
(e.g., physical, chemical, scientific, mechanical).

D. An equivalent quality assurance program is one that can
be shown to be equivalent to the requirements defined
herein. A determination of equivalence shall be based
upon a demonstration which includes an assessment of dif-
ferences between the two quality assurance programs and
how these differences may bear on the intended use of the
data.

E. Documentation generated to support qualification of data
shall be collected and maintained as quality records.

5.2.5 Archival of Samples

Archival samples used for waste form qualification or for cer-
tification of canistered waste forms are to be prepared and
controlled as follows:

A. Sample preparation and use shall be planned and docu-
mented. The planning shall identify the following:

(1) What samples are to be used (number, size, origin or
other characteristics).

(2) Where and when they are to be taken or prepared.

(3) Where and how they are to be kept.

(4) Where and how they are to be analyzed.

(5) When and how the results are to be used.

B. Methods and procedures for sample preparation, main-
tenance and use shall be prepared and used. These shall
cover the following as a minimum:

(1) Sample taking or preparation.

(2) Logging and labeling or otherwise identifying.

(3) Packing, packaging and handling.

(4) Locating, storage and monitoring.
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(5) Retrieval.

(6) Analysis.

(7) Treatment of data and results.

C. Documentation and other forms of evidence necessary to
demonstrate the performance of activities essential to
the integrity of sample use shall be collected and main-
tained as quality records.

5.2.6 Control of Special Processes

Production processes that have a significant effect on quality
characteristics of the canistered waste form and that produce
results that cannot be readily verified by inspection or
testing of the final product are to be identified in the WCP
and controlled. The controls to be established and imple-
mented on such processes shall be performed by qualified per-
sonnel using qualified procedures in accordance with specified
requirements and shall include:

A. Process requirements shall be specified and maintained in
controlled documentation.

B. Process procedures or instructions shall be prepared and
maintained as controlled documents with unique identifi-
cation and revision status and be readily available in
the work area when the process is being performed. These
procedures or instructions shall consider the following
as a minimum:

(1) Identification of required equipment and instrumen-
tation.

(2) Identification of control parameters and the
operating limits for those parameters.

(3) Environmental conditions and requirements.

(4) Instrument calibration frequency.

(5) Reference to applicable codes, standards and specifi-
cations.

These procedures or instructions may be included in other
controlled documents, such as drawings, checklists, tra-
velers, work orders, or specifications.
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C. Personnel shall be selected, trained, and indoctrinated
in accordance with subsection 5.2.10.

D. Copies of process requirements, procedures or instruc-
tions, and documentation of personnel qualifications
shall be collected and maintained as quality records.

5.2.7 Product Certification

The waste form producers are to develop and provide for
retention, the records necessary to provide evidence of the
acceptability of the canister and waste form which includes
the canistered waste form. The WCP and/or WQR are to identify
the types of records that will be developed during the waste
form-production process. The WQR is to identify the quality
records required to be a permanent part of the overall
canistered waste form product certification package. These
documents are to be identified, collected, managed and deliv-
ered in accordance with the requirements of subsection
5.2.12.

5.2.8 Readiness Review

Readiness reviews are to be planned, scheduled and conducted
at significant transitional events in Waste Acceptance Process
Activities leading up to and during high-level waste form pro-
duction to assure that all necessary activities and actions
have been satisfactorily completed before subsequent activity
initiation is authorized. Readiness reviews shall be per-
formed in accordance with DOE Guidelines for Application of
Readiness Reviews to Department of Energy Activities, dated
January, 1987.

5.2.9 Selective Application of Program Activities (Quality Levels)

A systematic method by which quality assurance activities are
selected and applied to Waste Acceptance Process Activities of
high-level waste form production is to be established and
implemented.

The selective application method implemented shall be
described in the WCP.
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5.2.10 Selection, Indoctrination, and Training of Personnel

Personnel who perform or verify activities affecting quality
in waste acceptance process activities of high-level waste
form production are to be proficient in the activities that
they perform. A systematic practice for achieving and
assuring the required proficiency is to be established and
implemented. Prior to assigning personnel to perform activi-
ties affecting quality, they shall receive appropriate
training and indoctrination as defined in ANSI/ASME NQA-1,
Supplement 2S-4.

A. Personnel who perform verification activities that
require qualification (e.g., lead auditors, inspectors,
testers, nondestructive examiners, etc.) are to be cer-
tified in accordance with the detailed requirements spec-
ified in ANSI/ASME NQA-1 and referenced codes and
standards.

B. Other personnel who perform activities that require
qualification are to have their qualification require-
ments defined and their qualifications determined and
documented as follows.

1. Types of positions or tasks requiring qualified
personnel shall be identified and procedures
established for the following:

(a) Selection of personnel.

(b) Training and indoctrination of personnel.

(c) Proficiency evaluation.

(d) Recording of qualifications.

2. Position or task descriptions shall be prepared which
define the minimum education and experience require-
ments for each type of position or task requiring
qualification.

3. Personnel selected to fill positions or perform tasks
requiring qualification shall be evaluated to deter-
mine that they are qualified. Such determinations
shall be documented by managers or supervisors
responsible for the activities to be performed.
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5.2.11 Overview of Quality Assurance Activities

Each major participant in Waste Acceptance Process Activities
of high-level waste form production is to establish and imple-
ment a systematic overview of quality assurance activities
performed by organizations over which they have contractual or
administrative overview responsibilities. Each organization's
overview practice is to include an appropriate combination of
the following activities:

(1) The review and approval of participant Quality assurance
plans and administrative procedures.

(2) Surveillance of participant activities affecting quality
to verify compliance with requirements.

(3) Performance of quality assurance audits to verify the
adequacy and effectiveness of participant quality
assurance program activities.

These activities are to be planned and performed in accordance
with procedures as described hereafter:

A. Procedures shall be established for the review of par-
ticipant quality assurance programs to verify adequacy,
completeness and relevance. The overview procedures
shall identify the types of documents to be submitted by
the participant for review and approval; shall assign
project responsibility for reviews; and shall identify
the methods for documenting review and approval actions.

B. Procedures shall be established for planning, scheduling,
performing, and documenting surveillance of participant
activities related to quality. Surveillance activities
shall be performed by personnel who are not directly
responsible for performing the work to be monitored or
observed in the surveillance activity. Surveillance
actions shall be performed to written checklists or plans
whenever practicable. All deficiencies, non-conformances
and potential quality problems Identified during the sur-
veillance shall be documented and monitored until verifi-
cation of disposition or corrective action is
accomplished.

C. Procedures shall be established for the planning, sche-
duling, performing and reporting of quality assurance
audits of participant quality assurance programs. Audit
schedules shall be developed annually and updated as
changes occur. Audits of organizations common to more
than one project shall be coordinated whenever prac-
ticable to conserve resources and maintain consistency.
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Audit teams should include, whenever possible, a repre-
sentative that is trained and/or qualified in the tech-
nology being audited.

D. Documentation of overview activities shall be retained as
quality records.

5.2.12 Quality Records

Documentation sufficient to demonstrate canistered waste form
compliance with the WAS and implementation of this specifica-
tion is to be prepared and maintained as quality records.
These records are to be collected and maintained as follows.

A. Documentation sufficient to demonstrate satisfactory
implementation of the WCP shall be collected and main-
tained as lifetime quality records by the major par-
ticipant that generated or caused to be generated the
documentation. Copies of these records shall be made
available to the Federal Repository Operator at the time
the repository is ready to begin accepting canistered
waste forms from the waste form producer. Such records
will be maintained by the Federal Repository Operator to
satisfy any repository requirements. Other documentation
generated during preparation and implementation of the
WCP shall be collected and maintained as nonpermanent
quality records.

B. Documentation sufficient to support preparation of the
WQR shall be collected and maintained as lifetime quality
records by the major participant that generated or caused
to be generated the documentation. Copies of these
records shall be made available to the Federal Repository
Operator at the time the repository is ready to begin
accepting canistered waste forms from the waste form pro-
ducer. Such records will be maintained by the Federal
Repository Operator to satisfy any repository require-
ments. Other documentation generated during preparation
and maintenance of the WQR shall be collected and main-
tained as nonpermanent quality records.

C. Production documentation shall be identified in a manner
that facilitates positive-direct correlation between
documents and canistered waste forms to which they
relate.

D. Production documentation shall be declared lifetime
quality records and transferred to the Federal Repository
Operator with the canistered waste forms to which they
relate.
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E. Copies of production documentation shall be kept and
maintained by the waste form producer as non-permanent
quality records. These records shall be kept for a mini-
mum of 10 years after the canistered waste forms they
represent are transferred to the Federal Repository
Operator or as otherwise directed by DOE.

5.2.13 Modification Control

Controls are to be established and implemented by the
appropriate major participant to assure that only approved
modifications are made in Waste Acceptance Process Activities
of high-level waste form production. These controls shall
include the following:

A. Application to items and activities that are essential to
canistered waste form certification and acceptance as
defined in the WAS including the following as
appropriate.

(1) The waste form.

(2) The waste canister.

(3) The canistered waste form.

(4) The production process.

(5) Processing equipment.

(6) Processing supplies and consumables.

(7) Processing plans and procedures.

(8) Maintenance plans and procedures.

(9) Process control plans and procedures.

B. A controlled listing of the documentation that defines
items and activities under modification control.

C. Procedures defining elements of the modification control
process that address:

(1) Change proposals (including deviation requests and
waiver request).

(2) Change review and approval.
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(3) Change implementation.

(4) Change incorporation and issue of changed documen-
tation and records.

D. Provisions for assessing the need for and accomplishing
any needed requalification resulting from modifications.

5.2.14 Effectiveness Evaluation

Each major participant in Waste Acceptance Process Activities
of high-level waste form production is to establish and imple-
ment methods and procedures for evaluating the effectiveness
of its quality assurance program in ensuring conformance with
the WAS. The effectiveness evaluation practice is to include
the following:

A. A clear identification of the quality characteristics to
be achieved in meeting the requirements of the WAS.

B. The Identification of an appropriate set of performance
indicators that reflect actual quality characteristics
being achieved.

C. A performance measuring process using review, sur-
veillance, inspection, tests, audit or other techniques
to monitor performance indicators.

D. An analysis process in which performance data are trended
and problem areas identified.

E. A reporting practice in which program effectiveness
information is prepared and fed back to top management.

5.3 Quality Assurance Program Description

The quality assurance program applied to Waste Acceptance Process
Activities of high-level waste form production is to be described in
a document that provides guidance and direction for program implemen-
tation and a concise description of what the program contains and how
It is to function.

5.3.1 General

A. The description shall cover the basic and supplementary
requirements identified in Sections 5.1 and 5.2 of this
specification in sufficient detail to provide a
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knowledgeable reviewer with confidence that an adequate
response to all quality assuance requirements have been
identified and fully developed in the quality assurance
program.

B. The description shall also provide a formal statement by
the management of the organization of its commitment to:

(1) Implement the quality assurance program activities
for which it is responsible.

(2) Review the program periodically and revise-it as
necessary to keep it current and effective.

5.3.2 Structure

The program description is to be a composite of the program
descriptions of each of the major participants in Waste
Acceptance Process Activities of high-level waste form produc-
tion tied together by an umbrella description that identifies
the major participants, their roles and responsibilities and
how they interface and work together. This structural concept
is illustrated in Figure 1. Figure 2 shows how such a waste
form producer program description can be used to support The
Federal Repository's licensing activities.

5.3.3 Format and Content

The format and content of each of the constitutent program
descriptions of the major participants are to be as described
in Appendix A, Guidelines for Preparation of a Quality
Assurance Program Description for High-Level Waste Form
Production.

5.3.4 Approval and Maintenance

A. The program description is to be made a part of the WCP.

B. Procedures shall be prepared and implemented for the
program description approval and subsequent change
control that satisfy DOE approval and change control
requirements. These procedures may be an Integral part
of the procedures for approval and maintenance of the WCP
or they may be separate.

- 19 -



- -

5.4 Program Description Evaluation

Quality assurance programs applied to Waste Acceptance Process
Activities of high-level waste form production are expected to be
evaluated by DOE/RW, as the repository licensing applicant, for
licensing purposes against the applicable criteria of the NRC Review
Plan for Quality Assurance Programs for High-Level Nuclear Waste
Repositories (HLNWR). To ensure the acceptability of these quality
assurance programs, the program descriptions prepared as defined in
Section 5.3 of this specification shall be evaluated against the cri-
teria in Appendix B, Review Plan for Quality Assurance Programs for
High-Level Waste Form Production. As a minimum, this evaluation
shall be performed as an internal evaluation by the organization pre-
paring the program description. Alternatives to the Appendix B cri-
teria may be necessary to address unique HLNWR situations. They
shall be identified and justified in the WCP. The quality assurance
program description in the WCP shall address any modifications to the
criteria of Appendix B.
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APPENDIX A

GUIDELINES
FOR

PREPARATION OF A QUALITY ASSURANCE PROGRAM DESCRIPTION
FOR

HIGH-LEVEL WASTE FORM PRODUCTION

1.0 INTRODUCTION

This appendix has been prepared as a guide to assist high-level waste form pro-
ducer organizations In the preparation of their quality assurance program
descriptions in response to the requirements of Section 5.3 of this specifica-
tion. The quality assurance program described in the program description is
intended to be the program implemented in Waste Acceptance Process Activities of
high-level waste form production. The program described may be more broadly
applied if the organization wishes and such expanded scope should be clearly
identified in such a way as to make it very clear as to which activities apply
to Waste Acceptance Process Activities of high-level waste form production and
which activities are applied beyond that scope.

The guidance contained in this appendix is a customized version of NRC
Regulatory Guide 1.70.6. The guide was developed by NRC many years ago to
assist applicants with water reactor construction projects in the preparation of
their quality assurance program descriptions. These descriptions were intended
to be included in license applications as Chapter 17 of The Safety Analysis
Report. At that time NRC required the applicant to prepare its description in
the format (including paragraph numbering and titles) as shown in the guide.
For this reason the guide has been left showing the Chapter 17 format as though
the resulting program description would become a part of Chapter 17 in The
Safety Analysis Report of the repository license application.

17.0 QUALITY ASSURANCE

The quality assurance program being described should be established at the
earliest practical time consistent with the schedule for accomplishing the acti-
vity. Where some portions of the quality assurance program have not yet been
established at the time the Program Description is prepared, (because the acti-
vity will be performed in the future) the description should also provide a
schedule for implementation.

In order to facilitate the presentation of information about the quality
assurance program, the major participants in the waste form producer organiza-
tion that are involved in executing the quality assurance program should include
the information described (either separately for each organization or integrally
for all organizations) in accordance with the outline presented below.
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17.2 Quality Assurance During Production

17.2.1 Organization

17.2.1.1 The Program Description should describe clearly the authority and
duties of persons and organizations performing the quality assurance functions
of assuring that the quality assurance program Is established and executed and
of verifying that an activity has been correctly performed. The Program
Description should provide organization charts and functional responsibility
descriptions that denote the lines of responsibility and areas of authority
within each of the major participant organizations in Waste Acceptance Process
Activities of high-level waste form production Including DOE headquarters, DOE
operation offices, DOE project offices, and operating contractors of DOE facili-
ties. Hereafter, these organizations are referred to collectively as the waste
form producer". These charts and descriptions should present the structure of
quality assurance organizations involved as well as other functional organiza-
tions performing activities affecting quality In preparation of waste forms,
acquisition of waste canisters and canistering of waste forms with clear delin-
eation of their responsibility, authority, and relationship to corporate
management. In addition, a single, overall project organization chart should be
included showing how the major organizations or companies working directly as
the waste form producer interrelate with one another.

17.2.1.2 The Program Description should describe the level of management
responsible for establishing the quality assurance policies, goals, and objec-
tives and should describe the continuing involvement of this management level in
quality assurance matters. The Program Description should tell what position
has overall authority and responsibility for the quality assurance program and
tell what position is responsible for final review and approval of the quality
assurance program and related manuals. The qualification requirements of the
principal quality assurance and quality control positions should be described.

17.2.1.3 The Program Description should describe those measures which assure
that persons and organizations performing quality assurance functions have suf-
ficient authority and organizational freedom to (1) identify quality problems,
(2) initiate, recommend, or provide solutions, and (3) verify implementation of
solutions. The Program Description should describe the measures which assure
that persons and organizations assigned the reponsibility for checking,
auditing, inspecting or otherwise verifying that an activity has been correctly
performed report to a management level such that this required authority and
organizational freedom, including sufficient independence from the pressures of
production, are provided. Irrespective of the organizational structure, the
Program Description should describe how the individual or individuals with pri-
mary responsibility for assuring effective implementation of the quality
assurance program at any location where activities subject to the control of the
quality assurance program are being performed will have direct access to such
levels of management as may be necessary to carry out this responsibility. The
Program Description should indicate from whom the persons performing quality
assurance functions receive technical direction for performing quality assurance
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tasks and administrative control (salary review, hire/fire, position
assignment). The Program Description should identify those positions or organi-
zations which have written delegated responsibility and authority to stop work
or control further processing, use or delivery of nonconforming items until
proper disposition of the deficiency has been approved.

The Program Description should describe how requirements will be imposed on
other organizations including contractors and subcontractors to assure that
individuals or groups within their organizations performing quality assurance
functions have sufficient authority and organizations freedom to effectively
implement their respective quality assurance programs.

17.2.1.4 The Program Description should describe the extent to which the
organization will delegate to other organizations the work of establishing
and executing the quality assurance program or any part thereof. A clear
delineation of those quality assurance functions which are implemented within
the organization and those which are delegated to other organizations should be
provided in the Program Description. The Program Description should describe
the method by which the organization will retain responsibility for and maintain
control over those portions of the quality assurance program delegated to other
organizations and should identify the organization responsible for verifying
that delegated quality assurance functions are properly carried out. The
Program Description should identify major work interfaces for activities
affecting quality and describe how clear and effective lines of communication
exist between the organization and other major participants in the waste form
producer organization to assure necessary coordination and control of the
quality assurance program.

17.2.2 Quality Assurance Program

17.2.2.1 The quality assurance program in the Program Description should cover
each of the criteria in Appendix B to 10 CFR Part 50 (see Note 1) in sufficient
detail to permit a determination as to whether and how all of the requirements
of Appendix B will be satisfied. The Program Description should (1) describe
the extent to which the quality assurance program will conform to various provi-
sions of ANSI/ASME NQA-1 and NRC regulatory guides that provide guidance on
acceptable methods of implementing portions of the quality assurance program and
(2) identify the organizational element responsible for Implementing these pro-
visions. If the waste form producer elects not to follow the above guidance,
the Program Description should describe in detail equivalent to that furnished
in this instruction the alternative methods that will be used and the manner of
implementing them and should indicate the organizations responsible for their
implementation.

Note 1 - The Federal Repository including the waste package to be placed in the
repository is to comply with IOCFR Part 60. Subpart G of this regulation sub-
sequently requires compliance with Appendix B of 1OCFR Part 50.
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17.2.2.2 The Program Description should identify the items and activities of
the Waste Acceptance Process Activities of high-level waste form production to
be controlled by the quality assurance program.

17.2.2.3 The Program Description should describe the measures which assure that
The-quaTity assurance program was or is being established at the earliest prac-
ticable time consistent with the schedule for accomplishing activities affecting
quality in Waste Acceptance Process Activities of high-level waste form produc-
tion. That is, the Program Description should describe how the quality
assurance program is being established in advance of the activity to be
controlled and how it will be implemented as the activity proceeds. Those activ-
ities affecting quality initiated prior to the development of the waste form
producer Quality Assurance Program, such as establishing information required to
be included in the Program Description; performing research and development that
is essential to the qualification of the waste form; control of materials,
equipment, facilities, and processes that are essential to the certification of
canistered waste forms; and processing operations that are essential to the
certification of canistered waste forms should be identified in the Program
Description. The Program Description should describe how these activities are
controlled by a quality assurance program which complies with this specifica-
tion.

17.2.2.4 The Program Description should describe how the quality assurance
program is documented by written policies, procedures, or instructions and how
it will be implemented in accordance with these policies, procedures, or
instructions. The procedures list should identify which requirements of the
specification are implemented by each procedure. In the event certain required
procedures are not yet established, a schedule for their preparation should be
provided in the Program Description.

17.2.2.5 The Program Description should summarize the corporate quality
assurance policies, goals, and objectives; and it should describe how disputes
involving quality are resolved.

17.2.2.6 The Program Description should describe the program that provides
adequate indoctrination and training of personnel performing activities
affecting quality in Waste Acceptance Process Activities of high-level waste
form production to assure that suitable proficiency is achieved and maintained.
The Program Description should describe how the indoctrination and training
program will assure that:

1. Personnel performing activities affecting quality are appropriately
trained in the principles and techniques of the activity being per-
formed,

2. Personnel performing activities affecting quality are instructed as to
purpose, scope, and implementation of governing manuals, policies, and
procedures,
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3. Appropriate training procedures are established, and

4. Proficiency of personnel performing activities affecting quality is
maintained.

17.2.2.7 The Program Description should describe the qualification requirements
Tor thieposition or positions responsible for assuring effective implementation
of the quality assurance program of the major participants in the waste form
producer organization.

17.2.2.8 The Program Description should describe the measures that assure that
actiTvtes affecting quality will be accomplished under suitable controlled con-
ditions, including (1) the use of appropriate equipment, (2) a suitable environ-
ment for accomplishing the activity; e.g., adequate cleanliness, and (3)
compliance with necessary prerequisites for the given process or activity.

17.2.2.9 The Program Description should describe the measures that assure that
there is regular management review of the quality assurance program to assess
its effectiveness and the adequacy of its scope, and implementation. The
Program Description should describe the provisions for reviews by management
above or outside the quality assurance organization to assure achieving an
objective program assessment. The Program Description should describe the
measures that assure that the quality assurance unit of the organization will
(1) review and document agreement with the quality assurance programs of subtler
participants in the waste form producer organization and (2) conduct or have
conducted audits of the subtler participants.

17.2.2.10 The Program Description should provide a summary description of the
advanced planning that demonstrates control of quality-related activities
including management and technical interfaces between the participant and other
major participants in the waste form producer organization during research and
development that is essential to qualification of the waste forms; control of
materials, equipment, facilities, and processes that are essential to the cer-
tification of canistered waste forms; and processing operations that are essen-
tial to the certification of canistered waste forms.

17.2.2.11 The Program Description should describe provisions for maintaining
the quality assurance Program Description current.

17.2.3 Design Control

17.2.3.1 The Program Description should describe the design control measures
that assure that (1) applicable requirements for important items and activities
essential to the certification of canistered waste forms are correctly
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translated into operating and production processing specifications, drawings,
procedures, and instructions, or for any modifications that become necessary,
(2) appropriate quality standards are specified in design documents, and (3)
deviations from such standards are controlled.

17.2.3.2 The Program Description should describe measures to control opera-
tions, maintenance and modifications that assure that adequate review and selec-
tion for application suitability is conducted for production materials, parts,
equipment, and processes that affect features of the canistered waste form with
regard to its conformance with the Waste Acceptance Specification (WAS). The
Program Description should describe provisions that assure that standard commer-
cial or so-called "off-the-shelfm materials, parts, and equipment also receive
adequate application review and selection before use in production processing
that could affect canistered waste form compliance with the WAS.

17.2.3.3 The Program Description should describe the program for applying
design control measures to such aspects of production as processing; process
design, development and qualification; production materials compatibility; pro-
duct design, inspection, and testing and should describe measures for delinea-
tion of acceptance criteria for inspections and tests.

17.2.3.4 The Program Description should describe measures that assure verifi-
cation or checking of design adequacy, such as by design reviews, use of alter-
native calculational methods, or performance of a qualification testing program
under the most adverse design conditions. The Program Description should Iden-
tify the positions or organizations responsible for design verification or
checking and should describe how design verification or checking is performed by
individuals or groups other than those who performed the original design, but
who may be from the same organization.

17.2.3.5 The Program Description should describe measures for Identifying and
controlling design interfaces, both Internal and external, and for coordination
between participating design organizations. The Program Description should
describe measures in effect between participating design organizations for
review, approval, release, distribution, collection, and storage of documents
involving design interfaces and changes thereto. The Program Description should
describe how these measures will assure that these design documents are
controlled in a timely manner to prevent inadvertent use of superseded design
information.

17.2.3.6 The Program Description should describe the measures that will be
employed to assure that design changes, including field changes, are subject to
the same design controls that were applied to the original design and are
reviewed and approved by the organization that performed the original design
unless the originating organization designates another responsible organization.
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17.2.4 Procurement Document Control

17.2.4.1 The Program Description should describe measures that assure that
documents, and changes thereto, for procurement of material, equipment, and ser-
vices, whether purchased by the waste form producer or contractors or sub-
contractors, correctly include or reference the following as necessary to
achieve required quality:

1. Codes, standards and design requirements,

2. Quality assurance program requirements,

3. Requirements for supplier documents such as Instructions, procedures,
drawings, specifications, Inspection and test records, and supplier QA
records to be-prepared, submitted, or made available for purchaser
review or approval,

4. Requirements for the retention, control, and maintenance of supplier
quality assurance records,

5. Provision for purchaser's right of access to supplier's facilities and
work documents for inspection and audit, and

6. Provision for supplier reporting and disposition of nonconformances
from procurement requirements.

17.2.4.2 The Program Description should describe (1) measures that clearly
delineate the control responsibilities and action sequence to be taken in the
preparation, review, approval, and issuance by competent personnel of procure-
ment documents and (2) measures that assure that changes or revisions of pro-
curement documents are subject to the same review and approval requirements as
the original documents.

17.2.4.3 The Program Description should describe measures that assure (1) that
procurement documents require suppliers to have and implement a documented
quality assurance program for purchased materials, equipment, and services to an
extent consistent with their importance, (2) that the purchaser has evaluated
the supplier before the award of the purchase order or contract to assure that
the supplier can meet the procurement requirements, and (3) that procurement
documents for spare or replacement items will be subject to controls at least
equivalent to those used for the original supplies or equipment.

17.2.5 Instructions, Procedures, and Drawings

17.2.5.1 The Program Description should describe measures that assure that
activities affecting quality such as production processing, equipment main-
tenance, modifications, repair, testing, and inspection, and product handling
are prescribed by appropriately documented instructions, procedures, or drawings
and that these activities will be conducted In accordance with these documents.
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17.2.5.2 The Program Description should describe the system whereby the docu-
mented instructions, procedures, and drawings will include appropriate quan-
titative (such as dimensions, tolerance, and operating limits) and qualitative
(such as workmanship samples) acceptance criteria for determining that
prescribed activities have been satisfactorily accomplished.

17.2.6 Document Control

17.2.6.1 The Program Description should describe those measures established to
control the issuance of documents such as instructions, procedures, and
drawings, including changes thereto, that prescribe all activities affecting
quality in Waste Acceptance Process Activities of high-level waste form produc-
tion. The description should cover control measures that assure that:

1. Documents are reviewed for adequacy (i.e., information is clearly and
accurately stated) and are approved by authorized personnel for
issuance and use at locations where the prescribed activity will be
performed before the activity is started,

2. Means such as use of updated master document lists exist to assure that
obsolete or superseded documents are replaced in a timely manner by
updated applicable document revisions, and

3. Document changes are reviewed and approved by the same organizations
that performed the original review and approval unless delegated by the
originating organization to another responsible organization.

17.2.6.2 The Program Description should identify the types of documents to be
controlled and the group responsible for review, approval, and issuance of docu-
ments and changes thereto.

17.2.7 Control of Purchased Material, Equipment, and Services

17.2.7.1 The Program Description should describe those measures that assure
that material, equipment, and services purchased directly by the waste form pro-
ducer or subcontractors will conform to procurement document requirements. The
Program Description should describe the measures that provide, as appropriate
for:

1. Evaluation and selection of sources of supply before the award of the
procurement order or contract,

2. Surveillance at the supplier's facility by the purchaser or his repre-
sentative in accordance with written procedures during design, manufac-
ture, inspection, and test of the procured item or service to verify
compliance with quality requirements,
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3. Source and/or receipt inspection in accordance with written procedures
and acceptance criteria of procured items furnished by the supplier,

4. Documentary evidence at the production facility from the supplier that
procured items meet procurement quality requirements such as codes,
standards, or specifications. The Program Description should describe
measures established by waste form producer to (a) examine and indicate
acceptance of this documented evidence during source or receipt inspec-
tion and (b) assure that this documented evidence is available at the
production facility prior to installation or use of the procured item
and that the documentation will be retained at the production facility,
and

5. Periodic verification of supplier's certificates of conformance to
assure that they are meaningful.

17.2.7.2 The Program Description should describe measures whereby the waste
form producer or his designated representative will audit and evaluate the
effectiveness of the control of quality related activities of contractors and
subcontractors at a frequency and extent consistent with the importance to
safety, complexity, and quantity of the item or service being furnished.

17.2.8 Identification and Control of Materials, Parts, and Components The
Program Description should describe measures established to identify and control
processing materials, supplies, canisters, canistered waste forms, including
partially filled assemblies, to prevent use of incorrect or defective feed
material or loss of tracability between canistered waste forms and documen-
tation. The Program Description should describe measures that assure (1) that
identification of the item (i.e., heat number, part number, serial number, or
other appropriate marking) is maintained either on the item or on records
traceable to the item and verified, as required, throughout production, pro-
cessing and (2) that the method and location of the identification does not
affect the function or quality of the item being identified.

17.2.9 Control of Special Processes The Program Description should describe
measures established to control special processes such as glass melting,
welding, cleaning, and testing and to assure that they are accomplished by
qualified personnel using written procedures qualified in accordance with appli-
cable codes, standards, specifications, or other special requirements. The
Program Description should describe those measures that assure that qualifica-
tions of special processes, personnel performing special processes, and equip-
ment are kept current and that record files thereof are maintained.
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17.2.10 Inspection

17.2.10.1 The Program Description should describe the measures that assure that
a program for inspection is established and implemented by or for the organiza-
tion performing the activity to verify conformance with the documented instruc-
tions, procedures, and drawings for accomplishing the activity. The Program
Description should describe measures that assure that (1) inspection personnel
are appropriately qualified and are independent of the individual or group per-
forming the activity being inspected, (2) inspections or tests are performed for
each work operation or process activity as necessary to verify quality, (3)
indirect control by monitoring processing methods, equipment, and personnel is
used if direct inspection of processed material or products is impossible or
disadvantageous, and (4) both inspection and process monitoring are used when
control is inadequate without both. The Program Description should describe
measures that assure that (1) Inspection procedures and instructions are made
available with necessary drawings and specifications for use prior to performing
the inspections, (2) inspectors' qualifications or certifications are kept
current, (3) replaced or reworked items are inspected in accordance with origi-
nal inspection requirements, and (4) modified or repaired items are inspected by
methods that are equivalent to the original inspection method.

17.2.10.2 The Program Description should describe the system whereby
appropriate documents will identify any mandatory sampling or inspection hold-
points that require witnessing or inspecting by the waste form producer or his
designated representative and beyond which work may not proceed without the con-
sent of his designated representative.

17.2.11 Test Control

17.2.11.1 The Program Description should describe the measures that establish a
test program that (1) identifies all testing required to demonstrate that items
and services will conform to specified requirements, (2) is conducted by trained
and appropriately qualified personnel in accordance with written test procedures
that Incorporate or reference the requirements and acceptance limits contained
in applicable design documents, and (3) includes testing that will be performed
in the Product and Process Qualification Phases.

17.2.11.2 The Program Description should describe the measures that assure test
procedures have provisions for assuring that:

1. All prerequisites for the given test have been met,

2. Adequate instrumentation and equipment are available, and

3. The test is performed under suitable environmental conditions and with
appropriate test methods.
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17.2.11.3 The Program Description should describe the system whereby test
results are documented and evaluated to assure that test requirements have been
satisfied.

17.2.12 Control of Measuring and Test Equipment

The Program Description should describe the measures established to assure that
tools, gauges, instruments, and other measuring and testing devices used in
activities affecting quality are properly identified, controlled, adjusted, and
calibrated at specified periods to maintain accuracy within necessary limits.
The Program Description should describe measures that assure (1) that these
devices are adjusted and calibrated against certified equipment or reference
transfer standards having known valid relationships to nationally recognized
standards or (2) that if no national standards exist, the basis for calibration
is documented. The Program Description should describe the measures that assure
that the error of calibration standards is less than the error of production
measuring and test equipment. The Program Description should describe provi-
sions that will apply if measuring and test equipment is found out of calbration
(1) for evaluating the validity of previous inspection or test results and the
acceptability of items inspected or tested since the last calibration check and
(2) for repeating original inspections or tests using calibrated equipment where
necessary to establish acceptability of suspect items. The Program Description
should describe measures that assure the maintenance of records that indicate
the calibration status of all items under the calibration system and that iden-
tify the measuring and test equipment.

17.2.13 Handling, Storage, and Shipping

The Program Description should describe the measures established to control the
handling, storage, shipping, cleaning, and preservation of canistered waste
forms including processing material and equipment in accordance with work and
inspection instructions to prevent damage or deterioration. The Program
Description should describe the measures for specifying and providing, when
necessary for particular process steps, special protective environments such as
inert gas atmosphere, specific moisture content levels, and temperature levels.

17.2.14 Inspection, Test, and Operating Status

The Program Description should describe measures established to indicate by the
use of markings such as stamps, tags, labels, routing cards, or other suitable
means the status of inspections and tests performed on individual items or activ-
ities of the canistered waste form throughout waste form production. The
Program Description should describe measures that provide for the identification
of items and services that have satisfactorily passed required inspections and
tests where necessary to preclude inadvertent bypassing of such Inspections and
tests. The Program Description should describe the measures established for
indicating the operating status of structures, systems, and components of the
processing equipment and its support facilities and equipment. Such measures
shall include, for example, tagging valves and switches to prevent Inadvertent
operation.
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17.2.15 Nonconforming Materials, Parts, or Components

The Program Description should describe the measures established to control
materials, parts, components or canistered waste forms that do not conform to
requirements in order to prevent their inadvertent use or delivery. The Program
Description should describe measures that provide for, as appropriate, iden-
tification, documentation, segregation, disposition, and notification to
affected organizations. The Program Description should describe measures that
assure that nonconforming Items are reviewed and dispositioned in accordance
with documented procedures. The Program Description should describe measures
that control further processing or delivery pending proper disposition of the
deficiency. The Program Description should describe measures established by the
waste form producer (1) for contractors to report to him those nonconformances
concerning departures from procurement requirements that are dispositioned "use
as is" or "repairu and (2) to make such nonconformance reports part of the docu-
mentation required at the waste form production site or to include description
of the nonconformance and its disposition on certificates of conformance that
are provided to the site prior to use of material or equipment. The Program
Description should state whether periodic analyses of nonconformance reports are
performed to show quality trends and whether such analyses are forwarded to
management.

17.2.16 Corrective Action

17.2.16.1 The Program Description should describe the measures that assure that
conditions adverse to quality such as failures, malfunctions, deficiencies,
deviations, defective material and equipment, and nonconforming in process and
completed products are promptly identified and corrected.

17.2.16.2 The Program Description should describe how, in the case of signifi-
cant conditions adverse to quality, the cause of the condition is determined,
corrective action is taken to preclude repetition, and the problem with its
determined cause and corrective action Is documented and reported to appropriate
levels of management.

17.2.17 Quality Assurance Records

17.2.17.1 The Program Description should describe the measures that assure that
sufficient records are maintained to furnish evidence of activities affecting
quality. The Program Description should describe how the content of such
records (1) includes at least the following: test logs; results of reviews,
drawings, inspections, tests, audits, monitoring of work performance, and
materials and product analyses; and such data as qualifications of personnel,
procedures, and equipment; (2) identifies the type of operation, and inspector
or data recorder, the results, the acceptability, and action taken to correct
any deficiencies noted; and (3) provides sufficient information to permit iden-
tification of the record with the item or activity to which it applies.
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17.2.17.2 The Program Description should describe the measures that assure
thatFrecords will be identifiable and retrievable.

17.2.17.3 The Program Description should describe the measures that establish
requirements (consistent with regulatory requirements and responsibilities con-
cerning record submittal and retention, security, and storage facilities) for
protecting records from destruction by fire, flooding, tornadoes, insects, and
rodents and from deterioration by extremes In temperature and humidity.

17.2.18 Audits

The Program Description should describe the program of the waste form producer
for conducting comprehensive planned and periodic audits to verify compliance
with all aspects of the quality assurance program and to determine the effec-
tiveness of the program.

The Program Description should describe the program features that cover the
functions listed below and should identify the positions or organizations that
perform these functions.

1. External audits to be performed by the waste form producer or
suppliers,

2. Internal audits to be performed by the waste form producer within their
respective organizations,

3. The planning and scheduling of audits to assure that they are regularly
scheduled on the basis of the status and safety importance of the activ-
ities being performed and are initiated early enough to assure effec-
tive quality assurance during production processing; equipment
maintenance, modification, repair, inspection, and testing; or product
inspection, handling, storing and shipping.

4. Conduct of audits in accordance with written procedures or checklists
by appropriately trained and qualified personnel not having direct
responsibility in the area being audited, and

5. Documentation of audit results with review by management responsible
for the area audited and, where indicated, followup action taken,
including re-audit of the deficient areas.
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APPENDIX B

REVIEW PLAN

FOR

QUALITY ASSURANCE PROGRAMS FOR HIGH-LEVEL WASTE FORM PRODUCTION

1.0 INTRODUCTION

This appendix has been prepared for use by organizations that are major partici-
pants in Waste Acceptance Process Activities of high-level waste fonm produc-
tion. It is intended to be used as a checklist or review plan for evaluating
the adequacy of the organization's quality assurance program in meeting the
requirements for that program as defined in this specification. Its purpose is
to facilitate the program evaluation required by Subsection 5.4 of this specifi-
cation.

The quality assurance program required by this specification is expected to be
evaluated at some point in the Federal Repository licensing procedure by the
NRC. In order to develop the highest confidence level possible in its being
found acceptable by the NRC at that time, this checklist or review plan has been
prepared using the NRC's review plans for quality assurance programs for nuclear
facility design, construction, and operations; repository site characterization;
and waste packaging and transportation. Also considered were generic technical
positions and other guidance that has been made available from the NRC. Since
the evaluation by the NRC is expected to be made using their review plan for
quality assurance programs for High-Level Nuclear Waste Repositories (HLNWR),
this checklist or review plan has been prepared using concepts and language
similar to that which would be expected to be in the NRC's review plan.
Further, since the NRC's review plan is expected to be strongly oriented toward
repository design, construction and operation, the checklist or review plan con-
tained herein is also oriented in language to facility design, construction and
operation even though the intended scope and application of the required quality
assurance program is strictly Waste Acceptance Process Activities of high-level
waste form production. This bias has been purposefully placed In the checklist
or review plan to cause the evaluation process by the major participant's organ-
ization to consider the features of the program description from the same
reference points expected of the NRC evaluation.
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2.0 GENERAL

The quality assurance program description must describe the quality assurance
program that will be established, maintained, and implemented in the accomplish-
ment of Waste Acceptance Process Activities of high-level waste form production.

The required quality assurance program is to be described in sufficient detail
to allow a review and determination of acceptability with regard to the accept-
ance criteria defined herein.
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3.0 ACCEPTANCE CRITERIA

These acceptance criteria are to be used to evaluate the quality assurance
program of a waste form producer that Is proposed for accomplishing Waste
Acceptance Process Activities of high-level waste form production.

The evaluation is to also determine if the implementation of commitments to
specified requirements has been described in inspectable terms.

I. The organizational elements responsible for the quality assurance program
are acceptable if:

A. The responsibility for the overall program for Waste Acceptance Process
Activities of high-level waste form production is retained and exercised
by the appropriate DOE organization.

B. The waste form producer describes any delegation of work involved in
establishing and implementing the quality assurance program.

C. The waste form producer evaluates the performance of delegated work.

D. Qualified individual(s) or organization(s) within the waste form produc-
er's organization are responsible for the quality of work prior to ini-
tiation of activities.

E. The waste form producer has established effective lines of communication
between participants for quality assurance activities.

F. Organization charts clearly identify all organizational elements which
function under the cognizance of the quality assurance program and iden-
tifies the lines of responsibility.

G. The quality assurance responsibilities of organizational elements are
described.

H. The quality assurance organization is involved In the aspects of Waste
Acceptance Process Activities of high-level waste production that
affects safety-related and waste isolation features of canistered waste
fonms.

I. The waste form producer identifies the management position that retains
the overall responsibility and authority for the quality assurance
program.

J. Verification of conformance to established requirements is accomplished
by individuals or groups within the quality assurance organization.
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K. Persons or organizations performing quality assurance functions are
identified and have direct access to management levels which will assure
the ability to:

1. Identify quality problems.

2. Initiate, recommend or provide solutions through designated
channels.

3. Verify implementation of solutions.

4. Stop or control further execution of unsatisfactory work.

These responsibilities are designated in writing.

L. Provisions are established for the resolution of disputes involving
quality arising from differing opinions between quality assurance and
other participating organizations.

M. Policies regarding quality assurance program implementation are docu-
mented and mandatory.

II. Activities related to the quality assurance program are acceptable if:

A. The quality assurance program includes all Waste Acceptance Process
Activities of high-level waste form production associated with features
of the waste form and canistered waste form that are important to safety
or waste isolation. The rationale is provided for determining how the
items or activities were identified.

B. The quality assurance program includes a commitment that control and use
of computer software will be conducted in accordance with the quality
assurance program.

C. The software types which support Waste Acceptance Process Activities of
high-level waste form production are specified.

D. Software and computer codes are verified and validated.

E. Management commits to regularly assess the effectiveness of the quality
assurance program.

F. Peer reviews and readiness reviews are conducted on items and data
significant to Waste Acceptance Process Activities of high-level waste
form production in accordance with an approved documented program.

G. Provisions are established to assure that implementing technical and
quality assurance procedures are consistent with quality assurance
program requirements.
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H. Measures are provided to assure that personnel responsible for perform-
Ing quality-affecting activities in Waste Acceptance Process Activities
of high-level waste form production are indoctrinated, trained, and
qualified in the principles, techniques and requirements of the activi-
ties being performed.

I. The quality assurance organization reviews and documents concurrence
with quality-related procedures and revisions thereto.

J. Provisions are established to control the distribution of quality
assurance manuals and revisions thereto.

K. A description is provided on how management (outside of the quality
assurance organization) regularly assesses the scope, status, adequacy,
and compliance of the quality assurance program applicable to Waste
Acceptance Process Activities of high-level waste form production to 10
CFR 50, Appendix B, and ANSI/ASME NQA-1, 1986.

L. A description of the control system for experimental or developmental
work associated with Waste Acceptance Process Activities of high-level
waste form production is provided and it clearly identifies how it was
validated.

M. Experimental research activities are accomplished in accordance with
written procedures.

N. Management monitors the performance of Individuals involved in quality-
affecting activities and determines the need for retraining and/or
replacement.

III. Activities related to design control are acceptable if:

A. Measures are established to carry out design and design modification
activities associated with Waste Acceptance Process Activities of high-
level waste form production in a planned, controlled, and systematic
manner.

B. Measures are established to correctly translate design or regulatory
requirements Into specifications, drawings, procedures and instructions.

C. Quality standards are specified in design documents, and deviations from
these quality standards are controlled.

D. Organizational responsibilities are defined for preparing, reviewing,
approving, verifying and validating designs, design changes and design
information documents.

E. Errors and deviations in approved design and design information docu-
ments are documented, and action is taken to assure that they are
promptly corrected.
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F. Interface controls among organizations involved in design and design
modification activities are described.

G. Procedures require that design drawings, specifications, criteria and
analysis be reviewed by the quality assurance organization to assure
that the documents are prepared or revised, reviewed and approved in
accordance with approved procedures and quality assurance requirements.

H. Procedures shall describe the accomplishment of the design verification
process through design reviews, alternate calculations or qualification
testing.

I. Procedures are established to assure that verified computer codes are
certified for use and that their use is specified.

J. Design and specification changes are subject to the same design or
design modification controls and the same approvals that were applicable
to the original design or specification.

K. Individuals or groups responsible for design or design modification
verification are other than the original designer and normally other
than the designer's immediate supervisor. The verifier is qualified and
not directly responsible for the design.

L. For design or design modification activities which involve the use of
untried or state-of-the-art testing and analysis procedures and methods
or where detailed technical criteria and requirements do not exist or
are being developed, a peer review is conducted in accordance with
established procedures.

IV. Activities related to procurement document control are acceptable if:

A. Procedures are established that delineate the actions to be accomplished
in the preparation, review, approval, and control of procurement docu-
ments associated with Waste Acceptance Process Activities of high-level
waste form production.

B. Procedures are established for the review of procurement documents to
determine that quality assurance requirements are correctly stated,
inspectable, and controllable; and there are adequate acceptance/
rejection criteria.

C. The review and approval of procurement documents are documented prior to
release.
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D. Organizational responsibilities are described for:

o Procurement planning
o Preparation, review, approval and control of procurement docu-

ments
o Supplier selection
o Bid evaluation
o Review and acceptance of supplier quality assurance programs

E. Procurement documents contain or reference regulatory requirements,
design bases, and other technical requirements.

V. Activities related to instructions, procedures and drawings are acceptable if:

A. Organizational responsibilities are described for assuring that activi-
ties affecting quality In Waste Acceptance Process Activities of high-
level waste form production are:

o Prescribed by documented instructions, procedures and drawings.
o Accomplished through the implementation of these documents.

B. Instructions, procedures and drawings include quantitative and qualita-
tive acceptance criteria.

C. Methods for complying with each of the applicable quality assurance
criteria are specified in instructions, procedures and drawings.

VI. Activities related to document control are acceptable if:

A. The scope of the document control system is described, and the types of
controlled documents in Waste Acceptance Process Activities of high-
level waste form production are identified.

B. Procedures are established for the review, approval, issuance, and
revision of documents.

C. Procedures are established to assure that documents are available at the
location where the activity will be performed prior to initiating work.

D. Procedures are established to assure obsolete documents are removed and
replaced in a timely manner.

E. A master list is established to identify the current revision of
documents that are controlled.

F. Data or data interpretations generated outside the quality assurance
program are qualified.

G. Data qualification reviews are accomplished in accordance with written
procedures.
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H. Review and acceptance of data as qualified is based upon an independent
review by at least two qualified individuals, a peer review or con-
formation tests.

I. The establishment and implementation of the document control system is
reviewed prior to implementation to confirm its readiness to function.

VII. Activities related to control of purchased material, equipment and ser-
vices are acceptable i1:

A. Organizational responsibilities and interfaces are described for the
control of purchased material, equipment and services associated with
Waste Acceptance Process Activities of high-level waste form production.

B. Qualified personnel evaluate a supplier's capability to provide accept-
able services and products prior to the award of a contract. Quality
assurance and technical personnel participate in the evaluation.

C. The results of supplier evaluations are documented.

D. Surveillance of supplier activities during the contract life is planned
and accomplished in accordance with written procedures.

E. Supplier documentation requirements are specified in the contract for
procurement of material, equipment or services.

F. Suppler's certificates of conformance are periodically evaluated by
audits, independent inspections or tests to assure that they are valid
and the results are documented.

G. Receiving inspection of supplier-furnished material, equipment and
services is performed to assure that the supplied item is properly
identified, satisfies predetermined inspection requirements, and the
required documentation is correct and available. Acceptance require-
ments are described in the purchaser's quality assurance program.

VIII. Activities related to identification and control of materials, parts and
components is acceptable if:

A. Procedures are established to identify and control materials, parts and
components (including consumables) in Waste Acceptance Process
Activities of high-level waste form production.

B. Procedures are established to assure identification of items is main-
tained on items or records traceable to the item.

C. Correct identification of an item is verified and documented prior to
release for processing or shipment.
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IX. Activities related to control of special processes are acceptable if:

A. Special processes associated with Waste Acceptance Process Activities of
high-level waste form production are procedurally controlled. A listing
of these special processes is provided. Special processes are generally
those processes where direct inspection is impossible or disadvantageous.

B. Organizational responsibilities are described for the qualification of
special processes, equipment and personnel.

C. Procedures, equipment and personnel associated with special processes
are qualified in accordance with applicable codes, standards and/or
specifications. Qualification records are filed and kept current.

D. Special processes are performed by qualified personnel in accordance
with written instructions, and the results recorded.

X. Activities related to inspection are acceptable if:

A. An inspection practice is established to verify conformance of quality-
affecting activities in Waste Acceptance Process Activities of high-
level waste form production with requirements. The inspections are
performed in accordance with controlled procedures.

B. Organizational inspection responsibilities are documented. Inspection
personnel are independent from those performing the activity being
inspected.

C. A qualification practice for inspection personnel is established and
documented. Inspection personnel qualification and certification
records are kept current.

D. Comprehensive inspection procedures, instructions or checklists are pro-
vided for inspection activities.

E. Provisions are established that identify mandatory inspection hold-points
for witness by designated inspection personnel.

F. Inspection results are documented and evaluated and their acceptability
determined by a responsible individual.

XI. Activities related to test control are acceptable if:

A. A test program to demonstrate that processes, items and activities asso-
ciated with Waste Acceptance Process Activities of high-level waste form
production will meet predetermined requirements is established, docu-
mented and accomplished in accordance with controlled procedures.
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B. Test procedures incorporate or reference:

(1) Test requirements and acceptance limits
(2) Instructions for performing the test
(3) Test prerequisites
(4) Mandatory inspection hold-points
(5) Acceptance/rejection criteria
(6) Methods of documenting or recording test data or results
(7) Method of data analysis

C. Test results are documented, evaluated and their acceptability deter-
mined by a responsible individual or group.

XII. Activities related to control of measuring and test equipment are acceptable
if:

A. The scope of the program for the control of measuring and test equipment
used in Waste Acceptance Process Activities of high-level waste form
production is described, and the types of equipment to be controlled are
identified.

B. Organizational responsibilities are documented for establishing, imple-
menting and assuring the continuing effectiveness of the calibration
system.

C. Procedures are established for calibration, maintenance and control of
measuring and test equipment.

D. Measuring and test equipment is identified and traceable to calibration
test data.

E. Measuring and test equipment Is labeled or otherwise identified to
indicate the due date of the next calibration and to provide trace-
ability to calibration records.

F. Measuring and test equipment is calibrated at specified intervals based
on required accuracy, purpose, usage, stability, and other attributes
which could affect measurement.

G. Calibration standards are traceable to nationally recognized standards.
Where these standards do not exist, provisions are established to docu-
ment the basis for calibration.

H. When measuring and test equipment is found out of calibration, evalua-
tions are made and documented to determine the validity and acceptability
of measurements performed since the last calibration.

I. The complete status of all items under the calibration system is docu-
mented and maintained.
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XIII. Activities relating to handling, storage and shipping are acceptable if:

A. Special handling, preservation, storage, cleaning, packaging and
shipping requirements are established in accordance with predetermined
work and inspection instructions for Waste Acceptance Process Activities
of high-level waste form production. They are accomplished by qualified
individuals.

B. Procedures are prepared in accordance with design and specification
requirements to preclude damage, loss or deterioration.

XIV. Activities relating to Inspection, test and operating status are acceptable
if:

A. Procedures are established to indicate the status of inspections and
tests on individual items and activities associated with Waste
Acceptance Process Activities of high-level waste form production.

B. The application and removal of status indicators is procedurally
controlled.

C. The status of discrepant items and activities is documented, and the
item or activity is identified to prevent inadvertent use or inappro-
priate processing or continuation.

XV. Activities relating to nonconforming materials, parts or components are
acceptable if:

A. Procedures are established for identifying, documenting, tracking,
segregating, reviewing, dispositioning, and notifying affected organiza-
tions of nonconforming items and activities (including computer codes)
associated with Waste Acceptance Process Activities of high-level waste
form production.

B. Organizational responsibilities relating to nonconformance control is
described in writing.

C. Provisions are established identifying individuals or organizations
delegated the responsibility and authority to disposition and close out
nonconformances.

D. Nonconformance reports are analyzed to show quality problems and to aid
in identifying root causes of nonconformances. Results are reported to
senior management for action as applicable.

XVI. Activities relating to corrective action are acceptable if:

A. Conditions adverse to quality in Waste Acceptance Process Activities of
high-level waste form production are evaluated in accordance with
established procedures to determine the need for corrective action.
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B. Corrective action is documented and initiated following a nonconformance
to preclude recurrence.

C. Timely follow-up actions are conducted to verify implementation of
corrective actions and to close out the corrective action documentation.

D. Significant conditions adverse to quality are documented and reported to
cognizant levels of management for action to remedy the conditions and
preclude repetition.

XVII. Activities relating to quality assurance records are acceptable if:

A. The scope of the records program is defined such that sufficient records
are maintained to provide documentary evidence of the quality of
canistered waste forms and Waste Acceptance Process Activities of high-
level waste form production related to the quality of canistered waste
forms.

B. Organizational responsibilities are identified and described relating to
quality assurance records.

C. Records are Identified and retrievable.

D. Responsibilities and requirements for record creation, transmittal,
retention, and maintenance consistent with applicable codes, standards,
and procurement documents are detailed in procedures.

E. Inspection and test records contain the following where applicable:

(1) A description of the type of observation.
(2) The date and results of the inspection or test.
(3) Information related to conditions adverse to quality.
(4) Inspector or data recorder identification.
(5) Evidence as to acceptability of the results.
(6) Actions take to resolve any discrepancies noted.

F. Suitable facilities for the storage of records are described and util-
ized.

G. Work not directly associated with the records program is prohibited
within the records storage facility.

H. Smoking, eating, or drinking is prohibited throughout the records
storage facility.

XVIII. Activities relating to audits are acceptable if:

A. Audits are performed to assure that procedures and activities comply
with the overall quality assurance program applicable to Waste
Acceptance Process Activities of high-level waste form production.
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B. Audits are conducted in accordance with established procedures or
checklists and conducted by trained and qualified personnel not having
direct responsibilities in the area being audited.

C. Audit results are documented and then reviewed with management having
responsibility in the area audited.

D. Audits are regularly scheduled on the basis of the status and the
importance to safety or waste isolation of the activities being per-
formed to assure effective quality assurance during the total life of
Waste Acceptance Process Activities of high-level waste form production.

E. Audit deficiency data are analyzed, tracked and trended. Resultant
reports indicating trends and quality assurance program effectiveness
are provided to management for review, assessment, corrective action,
and follow-up.
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APPENDIX C

REFERENCE DOCUMENTS

The following list of documents has been referred to in DOE-OCRWM Specification,
"Quality Assurance Requirements for High-Level Waste Form Production".

(1) Appendix B - 10 CFR Part 50, *Quality Assurance Criteria for Nuclear Power
Plants and Fuel Processing Plants".

(2) 10 CFR Part 60, "Disposal of High Level Radioactive Waste in Geologic
Repositories," Subpart G, "Quality Assurance".

(3) ANSI/ASME NQA-1, 1986, 'Quality Assurance Program Requirements for Nuclear
Fac11 ities".

(4) DOE 5000.3, "Unusual Occurrence Reporting System".

(5) DOE 5700.6B, NQuality Assurance".

(6) DOE/RW-0005, "Mission Plan for the Civilian Radioactive Waste Management
Program".

(7) DOE/RW-0032, "OCRWM Quality Assurance Management Policies and
Requirements".

(8) DOE/RW-0043, 'Program Management Systems Manual'.

(9) DOE/RW-0095, *Quality Assurance Plan for High-Level Radioactive Waste
Repositories (OGR/B-3).N

(10) "Guidelines for Application of Readiness Reviews to Department of Energy
Activities," January 1987 Draft.

(11) NUREG 0856, "Final Technical Position on Documentation of Computer Codes
for High-Level Waste Management'.

(12) DOE/RW-0125, Waste Acceptance Preliminary Specification for The Defense
Waste Processing Facility High-Level Waste Form (OGR/B-8).
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