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WASTE COMPLIANCE PLAN

FOR THE

UESf VALLEY DEMONSTRATION PROJECT

HIGH-LEVEL WASTE FORM

INTRODUCTION

The West Valley Demonstration Project (WVDP) will solidify the lihuid
High-Level Waste (HLW) remaining at the former commercial nuclear fuel
reprocessing plant at West . Valley, New York and will ptovide a qualified‘
HLW product to the waste repository operators for disposal Borasilicate
sglass is the wascte: form (Eisenstatt at al 1984, Hannum 1986) Based on a
recent VLCrificacion process mass balance projeccion. abouc 490,000 kg of
waste glass will be poured into .stainless steel caniscers. Eisenstatc

¢(1986) described the’refetence WVDP canistered HLW form and canister.

>.West Valley Waste and Processing Description =

> The total volume of WVDP waste is about 2 x ]O6 2 - and is stored in two
tanks. The liquid high-level waste was produced from processing 27 lots of
spent fuel from numerous nuclear reactors. Most (98 percent) of the stored

+waste"was- generated. from reprocessing uranium fuel by the PUREX process.
This HLW was neutralized by adding sodium hydroxide and is stored in a
carbon steel tank, 8D-2. fhe waste has separated into a supernatant and
about 30 cm of a precipitéééd hydroxide sludge that has sectled to the
bottom of the tank. The non-PUREX waste came from processing a small batch
of Chbrium fuel from the Indian Point Unit 1 reactor using the THOREX
process., This acidic waste is stored in a stainless steel tank, 8D-4.
Tanks 8D-1 and 8D-3 are spare storage tanks for the PUREX and THOREX wastes,
respectively. The current reference HLW composition and radionuclide
inventory based upon an ongoing liquid HLW characterization program (Rykken

et al 1984, Rykken et al 1985, Rykken 1986, Crocker 1989) is shown in

appendix A.

¥
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A flodrdiﬁgfam“éf the West'Valley reference HLW vitrification process is ..
shown ‘in figure 1. Pribr to vitrification, the PUREX waste will be
pretréétéd’és described below. ol -

The PUREX supernatant will be decontaminated of Cs-137 and other cesium
radiéﬁuclidesVBy passing ‘through ion exchange columns containing zeolite
IE-96. The PUREX sludge will then be washed to remove soluble sulfates and
interstitial supeérnatant from the sludge. The wash solution will also be
treated with the zeolite. The decontaminated supernatant and wash solutions
will be solidified in the -cement ‘solidification system (CSS) and disp9§gd aé
low-level waste. ~The zeolite and THOREX waste will be transferred to.and. 'A
homogenized with the washed PUREX 'solids in HLW Storage Tank 8D-2 where.the ..
PUREX waste is currently stored. ; Thus, one batch containing all the .HLW,
constituents will be vitrified by ‘the WVDP.

Folioéing these‘ﬁretreafmené activities-the slurried.homogenized waste will
be transferred'CO”thé'Concentrator Feed Makeup Tank (CFMUT) in the Shielded
SoIidification System, sampled and concentrated.  Bulk glass. formers will
be added to the’ CFHUT the amount will depend upon waste volume and the ‘

sample’ analysis results.- The réeference waste loading of .the glass will be .

‘about 33 weight percent waste oxides. .About 23 weight percent wiil;be from

the PUREX sludge and THOREX waste, and 10 weight percent will belfrqm the
zeolite. The slurry in the CFMUT will be equivalent to.about three to,fqu;. '
canisters. After concentrating, sampling,. and mixing, the waste and gla§§‘>
former slurfy will be transferred to the Melter Feed Holding Tank (MFHT).
From the MFHT it is metered to the Slurry Fed Ceramic Melter (SFCY). The _
feed slurry will be introduced from the top of the melter and form a cold
cap on the melt surface. As the water evaporates, the steam will be removed
by the process off-gas treatment system.: Three.electrodes: will supply .
energy directly to the melt. The cold cap will melt from the bottom and
form the borésilicate waste glass: . Molten.glass will-flow from the bottom ..
of the'melter up.through-a risér.and fall into-a stainless;sceei canister by

: eithér"périodié‘batch pouring or continuous-flow. ‘Glass:pouring will.be



L
a0

Seie

WVNS-WCP-001
Rev. 1

initiated by airlifcing. The fill level in the canister will be monitored

‘by-a vertical line of gamma detectors. . When the canister is empty, a Co-60

source will be detected. As it is filled, the glass will shield the Co-60
gamma and emit the Cs-137 (Ba-137m) gamma. The glass level will be inferred
from che'heighc/of each detector as they sense the change. During filling
the canister will be in a turntable. The canister turntable will contain a
maximum of four canisters and rotate through four positions. After a
canister is filled, it will remain in the turntable for typically 70 to 80
hours. ‘Durihg this time period the cooling will be accomplgsh;d via the
turntable cooling jacket to lower’ the turntable interior temperature. After
70 to 80 hours the full caﬁis:er will -be removed from the turntable and
placed in an open air cooling rack located in the Vitrification Cell. The

canister closure will-be applied as soon as practical following removal from

.the turntable. Prior to interim storage, the canisters will be -

decontaminated by rinsing in a tank containing nitric acid and Ce*® for
about an hour and then rinsing the canister with water. The radioactive.
cet® solution will be sent. to the waste header and transferred to

tank 8D-2. After rinsing the canisters will be moved to and stored in, the
Chemical Process Cell of the existing reprocessing planc facility. Because
this storage facility is a decontaminated cell in the fuel reprocessing
plaﬁt‘with possibly some residual contamination, and failed vicrification
process equipment may be stored there which could spread contamination, the
canisters will be decontaminated again if necessary to.méet the sur%ﬁce
contamination limits. Much of this process equipment is currently being
tested at the Component Test Stand (CTS) at West Valley. This CTS facilicy
will be converted to the Shielded Solidification System prior to waste
vitrification.

Waste Compliance Plan Purpose and Format

The U.'S. Department of Energy has developed Waste Acceptance Preliminary
Sﬁeéificacions for the West Valley Demonstration Project High-Level Waste
Form (Office of Civilian Radioactive Waste Management 1987) chat establish
minimum requirements that WVDP HLW must meet éo be acceptable for disposal

in a repository. Components of the waste form (glass), canister, and

canistered waste form must be shown to meet these specifications. This

KMG0297A:ENG-228 -3 .
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> documént the Waste Compliance Plan for the West Valley Demonstration Project

High-i§;31 Waste Form (WCP), provides the methods that the WVDP will use to
show &ompliance with the specification@. The data cqllected on. tests
performed to show compliance with the specifications before the start of
radioactive waste vitrification will be reported in‘; Waste Qd&iificacion
Report (WQR). Data on production radioactive wasté'glass, canisters, and
canistered waste glass will be reported in producﬁidn‘feéords. Each
specification is given below in bold type followed by a strategy that
summarizes the activities that will be peiforméd. The compliance section
describes the details of those activities that will be performed to show
that the specifications will be met. One of the specifications, (1.3), is
still under development and therefore not fixed. This.speéificaCion is
reserved and is denoted by "[R#]" in the text of the specification. An

* explanation of the reserved item is in appendix B. This reservation is

‘expected to be resolved in the near term.

- -
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1.0 WASTE FORM SPECIFICATIONS

1.1 Chenmical Specification
Ihe_vaste form for WVDP is borosilicate Vaste‘glass.'

1.1.1 Chemical Conpgsition frojections‘:“

The producer shall include in the Waste Form Qualification
Report (WQR) , sufficient chemical and ‘microstructural data
to characterize the elemental comp051tion ‘and ‘crystalline
phases for the product of the waste productlon facility and
expected variations in ‘the’ product dueito process variations
during the life of the facility. ‘The ‘method used to make
these projections shall be “described by the’ producer in the
Waste Form Compliance Plan (WCP).

Strategx

> " . The WVDP will v1tr1fy one batch of waste containing all of ‘the HLW
constituents and produce glass with one target composxtion " The
standard deviations of the measured components due to process
variations will be-: calculated ‘to assess the potential variation of

the product.,

> . " Based v upon prototypic, full scale tests, typical ‘canistered glass

cooling rates will be determined Laboratoty glasses with a nominal
‘ composition will be fabricated and heat treated based on theé:
prototypic cooling rates ' These glasses ‘will ‘be characterized by
defining the crystalline phases that will be present ’

"we

KMCO0297A:ENG-228 . -6 -
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Compliance

The WVDP will vitrify one batch of high-level waste and process

glass with one target composition.  This target composition will be
tested for acceptability according to SpecificaCion 1.3 and will be
tasted to datermine its processing characteristics in the full-size

vitrification equipment. The compositional uncertainties associated

"with this glass result from the sampliﬁg; analysis, and glass former

addition activities. S;u:ry feed samples will-be collected and

-analyzed during nonradioactive testing. :The standard deviations

resulting from the process uncertainties will be estimated for the
required chemical componeﬁCS during Cescing; These standard
deviations, along with the standard deﬁiaCion of the resulting waste
glass, will be reported in the WQR to provide an assessment of the
potential variation in the producc due to inherent process

variations.

Typlecal cooling rates of the canistered glass will be determined

from full-scale, nonradiocactive tests that duplicate targeted

. production glass pouring conditions Identification of the

crystalline phase composicions and concencraclons will then be made .
on the canistered glass and on laboratory glass specimens that have

experienced the same prototypic cooling rates.

The glass compositions that will be prepared in the laboratbry will
represent the statistical variabilicy found during production of the
target product. These glasses will be characterized to assess the

affect of glass composition on the nature and dmount of crystalline

Aphases.‘ Certain of the 1aborac0ry glass samples will concain

radioactive thorium and uranium. The balance of the TRU
constituents will be simulated with chorium, uranium, rare earths
and/or other appropriate elements. Insoluble waste constituents

such as ruthenium, palladium, and rhodium will also be present at’

KMG0297A: ENG-228 -7 -
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reference concentrations since they can Serve as nucleating'sites

for crystal growth The thermal history of the glass in a typical

1: canister varies as a "function of position in the filling canister.

- Based upon the temperature history measiired'in ‘the full scale tests,

laboratory specimens 'will generally ‘be heat treated:in a programmed

cool down rate corresponding approximately to the following canister

locations

o 1 cm from the canister wall
o 5 cm from the canister wall
o 10 cm fromtthekcanisterlwall
0 ‘caniséericenterlinel"

All these temperature histories ‘'will be taken near the mid fill
height of the test caniscer. - o . Se

. Glass samples also will be removed from near the above locations in

canisters filled ac West Valley during testing. (Note: this glass
does not include Th 'u, and possibly the noble metals.)
TheSe‘specinenS"billhbeﬁcharacterized'for crystalline phases by
x-ray diffraction and’ petrography -A weighted average of 'the
percentage of crystalline phases will be calculated to estimate the
overall percentage expected ‘in ‘a canistered waste form. It will be

calculated based upon ‘the measured’ crystal ‘content ‘for a given

cooling rate at a given radial position and the corresponding volume
t at the ‘radial’ position The" expected total volumetric: quantity of

"j nonvitreous material 'and ‘estimated uncertainties will be- ‘reported in

oot

che WQR S T T
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1.1.2 Chemical Composition During Production

For . the canistered waste forms, the prodncer shall include in
the production recoxds the eleuenCal couposition of the glass
waste form for all elements, excluding oXxygen, present in
concentrations greater than 0.5 percent by weight The
producer shall describe the method to be used foxr compliance
in WCP. An estimats of the precision accuracy and the basis
for the estimate of the precision sygll be reported in the
WCP.

Strategy

The composition of the one batch of WVDP vitrified waste will be
provided by sampling the melter slurry feed and the canistered glass
that can be removed from the opening at the canister top. The

- sampling frequepcy, as well as the precision and accuracy, will be

based upon the results of qualification testing at theé CTS.

. Compliance

The composition of the produc:ion glass will be derived from
production.feed and glass samples. Because one targe: glass
composition will be melted, the melter feed (waste and glass former)
and glass will be approximately equivalent at any time. During
full-scale nonradioactive qualification testing in the waste
victrification equipment, frequent samples ofuthe.fegd,‘draining
glass, and canistered glass will be taken andxanalyzéd Feed
samples will be removed from the CFMUT, MEHT and the slurry
delivery system and the standard deviacions associaced with the
chemical compositions will be calculated.. These standard deviations
will be used to project those ancicipated for the slu:ry sampling in
the radioactive campaign. Also, samples of the canistered glass
will be removed from the top of the canister and compared with the

results from the feed, the bulk of the casting, and the drain glass

KMG0297A:ENG-228 -9 -
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samples. The relationship between the feed the glass that can be

~ remove i from the canister opening, the draining glass, and the bulk

test glass compositions will be determined " The bulk glass vill be

. characterized by cutting filled canisters such that samples can be

removed Samples will be removed at different places along the axis
and radius of the canisters. Ic will be determined if any
differences in mean compositions that may exist between the samples
removed from the bulk glass. canister top, draining samples, ‘and
feed are statistically significant (i e., by applying the "t-test”
at a 95 percent confidence level or other appropriate ‘statistical
methods). 1If SO, the use of process models to account for the

differences will be investigated The application ‘of a process

model to waste vitrification is discussed by Eisenstatt and Chapman

(1986) . It will further be determined how frequently the" feed and
canisters must be sampled to demonstrate that the composition of the

waste form falls within the acceptance region when process -’

.variations and upsets are considered The precision and accuracy of

the method for providing chemical composition will be reported in a
supplement to the WCP and will be based’ on the above * '

. characterization performed during qualification testing

Vitrification qualification testing will include ‘fully integrated
melter runs. - These melter runs will have durations ranging up to
about 45 days. Simulated waste based on the most recent chemical
analyses of waste tank samples (e g ; see appendix ‘A), with Zr or
other appropriate elements substituting for the radioactive
elements, will be used during these - tests 'Glass formers will be in
the form expected during radioactive vitrification During the
melter runs the above samples will be tested and results analyzed.
Methods currently planned to be used for’ compositional analysis of
samples include inductively coupled plasma atomic emission
spectroscopy and atomic absorption spectrophotometry. The critical
melter control parameters that will be monitored during these runs
are glass composition and melt temperature. Glass composition will

be monitored and controlled by analyzing feed and glass samples;

KMGO297A:ENG-228 - ) .10 -
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operating procedures for doing this will be used during
qualification Cescing and waste vitrification Glass ‘melt

. temperature is measured with thermocouples and recorded according to

operating procedures. Operating procedures will also specify

" thermocouple replacemenc schedule end associated inscrumenCacion

calibration schedules derermined during nonradioacrive testing.

' Before and between these melter runs component specific tests (e.g.,

for sampling systems and feed tank characrerization) may be
performed. Other details of this tescing are provided by Eisenstact
and Routt (1988). '

During waste vitrificacion the glass composirlon for the one batch
of WVDP HLW will be provided by analysis of feed samples and glass

samples, and will be reported in production records as percent

' present of each required elemenc. One mean and one standard

deviation will be reported from samples removed from the melter feed
hold tank and from the canisters. The feed will be sampled from an
accessible location that resulted in a mean closest to the expected

composition and the smallesr standard deviation during qualificacion

. testing. Glass will be sampled after the canistered waste form is

removed from the Curncable. A glass shard will be removed from the
top of the, canisCered glass, transferred to the analytical
laboracory, and chemically analyzed for composicion. This analysis
will include the use of analyticsl procedures and glass standards.
The number of samples required will be based'cn the uariabilicy of
the results of samples taken during cold testing at the CTS. The
required number will be sufficient to ensure a confidence level of
95 percent for those elements that must be reported to meet this
specification. (See table I for the expecced‘llsc.) The production
records will.include the chemical analysis results of the feed

samples and glass shards that were amalyzed.

o

KMG0297A:ENG-228 - 11 -
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ELEMENTS EXPECTED IN THE WASTE FORM THAT °
SPECIFICATION 1.1. 2 REQUIRES TO BE REPORTED :
-jElemenc. . AV o Planned Analytical Method
Al 1CE-5E |
B - ..U ICP-AE
Cax* L I ICP-AE
Ce . - \ S ,_-_ECPfas__
Fe - 0 ICP-AE
X 3 jri . t | AA or ICP-AE
© Li B ‘,: ICP AE.
R L Mn o Igr-Ag'
Na ~ .. o : . ICP-AE_
P | ICP-AE
si . ICP-AE .-
Th ICP-AE
T ‘ ST i ICP-AE
. ‘. :504 -:;,.ffi - '>icpngf

*  ICP-AE - Inductively Coupled Plasmé, Atomic Emission spectroscopy;
AA - Atomic Absorption spectrophotometry. .

** This element is expected to be in concentration in the glass below that
which is required to be reported, but it is sufficiently close to be
considered for planning purposes.

o KMGO297A: ENG-228 - 12
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1.2 Radionuclide Inventory Specification

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

1.2.1 Radionuclide Inventory Projections

Ihe}pfoducer shall provide in the WQR estimates of the total
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 estimates of the
1u§entof1é§ of individual radionuclides expected to be
present in each canistered waste form produced at the
facility and the.exﬁected 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 described by the producer in
the WCP.

Strategy -

The estimated total radionuclide inventory estimates will be based
upon an ongoing waste characterization program for WVDP HLW. The
projected esciﬁated invenéoty in canisters will be based upon
filling canisters nominally 85 percent full.

KMGO297A:ENG-228 ' - 13 -
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~ Compliance

The estimated radionuclide inventory projections will be based on an
ongoing liquid high -level waste characterization program being
performed at West Valley (Rykken et al 1984 Rykken et al 1985,
Rykken 1986). Computer simulations using ORIGENZ [Radiation

Shielding Information Center (a)] computer code runs have been made

" using available data for each of the separate irradiated fuel

campaigns from which the waste was generated Plutonium and uranium
recovery data were used to separate the waste from the usable fuel

components, and processing dates were used to input decay times.

- Summation of all the campaigns then yielded total waste tank
-contents. Comparison of the ORIGENZ output with other data, e.g.,

analytical results in some adjustments and enables uncertainties to

be estimated These uncertainties are used to establish ranges

(i.e., upper and.loverpestimates)vfor the radionuclide inventory.

The estimated total radionuclide inventory projection expected to be

. shipped from the WVDP and the projected inventory in the canister
-will be reported in the WQR .. The average expected inventory in a

canister will be based upon a canister 85 percent full (see

section 3 3) and ‘the average expected inventory ' The lower bound

. will be based upon a canister 80 percent full and using the lower

uncertainty estimates for the total expected inventory in the

waste. The upper bound will be based upon a canister 90 percent

"

full and using the upper estimate for the total expected inventory.

- To decay the radionuclide inventory to ensure the required

, radionuclides are reported radioactivity of each nuclide will be
- -used as input to the ORIGENZ computer code . Decay of radionuclides
.. and buildup of daughter nuclides in the canister will be calculated.

KMGO297A:ENG-228 . - 14 -
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1.2.2 Radionuclide Inventory During Production

At the tinme of.shipuent the producer shall provide in the
produccion records estinates of inventories of individual
radionuclides 1n each canistered waste form. The producer
shall also report ‘the expected precision and accuracy of
these estimates in the WCP.

Strategy

> The radionuclide lnvencory in the vitrified waste will be provided
by statistically sampling the melter feed and the glass that can be
removed from the top of the caniscer. Radionuclide invencory in the
feed and glass sample will be obtained by’ measuring the inventory ‘of
key radionuclldes and relating these values to other necessary
values through the use of scaling faccors derived from the WVDP
waste characterizatlon program. Sampling grequency, precision, and

accuracj'will be based upon the results of qualification testing.

. Cogpliance

> The same sampllng approach used to proviee chemical composition
during Vas;eivitrification will be used to provide radionuclide
lnvencori in a canistered waste forms, 1Lé.. alstatistically
determined number of samples of the meltér feed and the glass that
can be removed from tne canister will be analyzed for the
radionuclide infencory and related to the inventory in the
canistered waste forms. This is discussed in section 1.1.2.
Available decontaminacion factors for the process equipment will be
used to account for che pocencial loss of volatile radionuclides
(e.g., Tec- 99 and Cs 137) The sampling frequency will be reported
in the WQR. The expected precision and accuracy "of the estimates
made during vitrification are not available at this’ ‘time; they will
be reported in a supplement to the wece. They will have the same

basis as those for chemical composition.

KMGQ297A:ENG-228 - 15 -
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A preliminary analysis indicates that those radionuclides listed in

table II will have to be reported.: During vitrification, the

samples are expected to be analyzed as listed: in table II. Values
for those radionuclides not directly analyzed will be obtained by
using scaling factors developed during the West Valley HLW

Characterization Program.

Scaling factors are ratios between any of the radionuclide
inventories that are measured and others that must be reported:
These scaling factors will be based on a waste sample removed after

waste homogenization The analytical results from this sample will

~ be compared with the previous results of the waste characterization

program to ensure that a representative sample is used to develop
the scaling factors ' Additional samples will be taken if
necessary. The scaling factors will be reported in the WQR.

The weight of glass in each canister will be measured and will be

'included in the production records for the canisters. From this,

and the specific activity in the process samples, the amount of each
reportable radionuclide present in the canisters will be estimated
and reported in production records. The specific activity will be
the mean for the batch of‘WVDP HLW. ORIGENZ calculations will be
used to calculate the radionuclide content of ‘canisters at time of,
shipment and to ensure that all radionuclides with half lives
greater than ten Yyears in concentrations greater than 0.05 percent
of the total radiocactive inventory at any . time up to 1,100 years
after production ‘will be reported. ‘f- -

Specification for Radionuclide Release Properties

1.3.1 Control of Radionuclide Release

The WVDP is performing the. leach test program consistent with
the DWPF-WAPS 1.3 language as given in appendix B. .

KMGO297A:ENG-228 - 16 -
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Radionuclides Expected In the Vitrification Feed.
That Specification 1.2.2 Requires To Be Reported*

Radionuclida

Ni-59
NL-63

Sr-90

Zr-93
Nb-93m

Te-99

Pd-107
Sn-126
Cs-135
Cs-137

Sm-151

Ac-227
Pa-231

U-233
U-234
Np-236
Np-237

Pu-238
Pu-239°
Pu-240

Pu-241

Am-241
Am-242m
Am-243

Cm-244

Planned Reporting Method

ICP/MS

Separation and
Scintillation or ICP/MS

Beta analysis

ICP/MS

ICP/MS

Separation and beta

analysis or ICP/MS

ICP/mass spectrometry

Gamma spectrometry or ICP/MS
Ratio to Cs-137 or ICP/MS
Gamma spectrometry of Ba-137m
Racio or ICP/MS
ICP/mass'spgccromecry

Gamma scan Ac-227 daughter -

or ratio to U elemental or ICP/MS
ICP/MS

ICP/MS -

ICP/mass spectrometry

Separation and alpha or
gamma spectrometry or ICP/MS -

Separation and alpha
spectrometry or ICP/MS
ICP/MS

ICP/MS

ICP/MS

ICP/MS

ICP/MS

* Half life >10,years, concencracion >0.05 percent of total radioaccive
inventory up to 1,100 years. :

KMGO297A:ENG-228
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.Strategy’

The WVDP will investigate those factors which significantly affect
radionuclide release properties of the waste glass form and specify
the target range of acceptable glass compositions Process controls
will be implemented to ensure that a durable and processible glass
product can be consistently produced within the speczfied

compositional envelope.

Compliance .

- Radionuclide release properties of waste glass can be dependent on a

number of factors including glass composition, glass redox. cooling

rates, -and melt temperature. These variables are either currently

<.or will in the future be investigated as required to confirm

-existing models, data, etc.,,and to assess their relative importance

to glass durability.

Experimental studies at Savannah River Laboratory,‘Battelle-?NL,

" Catholic University (VSL), as well as considerable literature
. Information, suggest that glass composition is ‘the single most

important factor affecting radionuclide leach resistance of waste

. glass forms. This assessment is supported by theoretical models by

Jantzen and Plodinec (198&) and Feng ec. al (1988) where they
demonstrate that.the leach rates of a large variety of natural
glasses, nuclear waste glasses,‘and synthetic glasses can be related
to the free energy of hydration (AG d) of the glass which in turn
is a direct function of glass composition The good correlation
between glass composition (i e., h d) and leach rates over several
orders of magnitude is evidence that the other factors mentioned

above probably have relatively little effect on glass durability

KMGO297A:ENG-228. - - 18 -
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The WVDP strategy for selecciné its reference waste glass is to
datermine that specific target composition whiéh‘ (a) best satisfies
this specificacion for Iow radfonuclide release rates; (b) is
capable of solubilizing a high percentage of waste oxides

(> 33 percent waste oxides and’ ‘zeolite); and (¢) is also N
processible, 1.éf.<the'viscosfty 1s < 100 poise at the 1150°C melcer
operating point, the cbmposicion i{s resistant to reboil and crystal
formation, etc. Because there are inherent uncertainties in
manufacturing a specific composition, due for example to errors in
sampling, chemical analysis and Iin adding glass formers, the
specific target glass point must expand into a finite compositional
field or envelope. Therefore, in order to ensure the production of
a quality glass product, it is necessary to demonstrate that
vaziacions in feed composition will not cause the glass composition
to fall outside the region where the above criteria are fulfilled.
Accordingly, duraéili:y tests (see appendix C) are being performed
on glass compositions surrounaing the WVDP reference glass

COmpo;ition'CO thoroughly map the limits of acceptability.

The composition of the WVDP :eference-h'glaés is given in table III.
Based upon this target composition, glasses of varying compositions
doped with Th and U are melted and tested to provide a phase field
in which the glass is characterized. The compositional boundaries
for the elgmen:s listed in table IV are being investigated singly,
i.e., one éiemeﬁﬁ is‘being raised or lowered at a time.’ The;e
elements make up about 85 percent of the glass on an oxide basis.
Stacistically selected multiple component variations are undergoing
durabilicy tgsts. Leach rate data from this testing will be
emplricaily'mo&eled to characteriie the phase field. This will
provide the basis for control of the release properties by

composition.
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. TABLE:IIT .~ .
Composition of WVDP Reference 4 Glass

Concentration (wt. %)

Oxide . Radioactive Cold
B0y 6.54 6.54
MmO, - - ST 0.01 0.00:

B,03 B 10.26 10.26

Ba0 B 0.07 0.07

ca0 0.50 0.50

Ce0, ' 0.16 0.16

Cry04 S 0.14 0.14

Cs40 : 0.10 . 0.10

Cuo o 0.06 .  0.06

e . Feq04 o 12.12 12.12

K0 - - 3.73 3.73
‘Lag0y 0.04 0.04

L1,0 3.15 - 3.15
© Mg0 : ‘ - 0.90 0.90

MnO, 1.00 1.00

MoO,4 0.05 0.05

Na,0 11,42 11:42

Nd,04 0.14 . 0.14

Ni0 0.25 0.25

NpO, ' 0.01 0.00

P,0s 2.36 2.36

PdO 0.03 0.03

Prg0yy 0.04 0.04

Pu0, . 0.01 0.00

RO, . 0.02 0.02

Ru0, 0.08 0.08

S04 0.23 0.23

10, - 4126 43.35

KMGO297A: ENG-228 - , _ - 20 -
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Composicion of WVDP Reference 4 Glass

Oxide
Sm203
Sn°2

S0

TeO,
ThO,
Ti0,
uo,

Y504
Zn0

2x0,

TABLE IIT (CONTINUED)

Concentration (wt. %)

WUNS-WCP-001
Rev. 1

Radioactiva

Cold

- 21 -

0.03
0.03
0.03
0.02

3.61 -

0.80
0.58
0.02
0.02
0.19

0.03
0.03
0.03
0.02.
0.00
0.80
0.00
0.02
0.02
2.30
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The WVD? conpositional cdncrai program (see section 1.1.2) involves
sampling and analyzing the slurry feed, adjusting its composition
within control limits, followed by resampling and reanalysis to
confifm the new composicion; Correlations and statistical error
bands will be developed between the slurry feed composition and the
resulting waste glass composition. This will establish the
composicional‘bontrol limits on the feed slurry necessary to yield
an acceptably durable waste glass product. During production, the
composition of ;he CFMUT slurry will be verified as acceptable (will
produce a glass within the durable glass region) prior to transfer
to the MFHT. Samples will be taken from the MFT to verify that the
composition of the melter feed is within control limits.

The effect of various processing variables, other than composition,
on waste glass durability will also be investigated. Nominal glass'
compositions with Th and U are being melted at various redox states
(Fe+2/Fe+3) and characterized by durapility tests (appendix C) to
assess the effect of glass redox state on radionuclide release. The
redox state of tge glass is a result of processing conditions. The
"range of glass redox states which process well will be identified.
Glasses of that redox state and of redox states on either side will
be tested in the Product Consistency Test (PCT) in deionized

water. .This will provide data on the effect of changes in redox

state that could be generated during waste vitrification.

During cold testing at the CTS the cooling rate of the glass in the
canister will be monitored such that the test specimens fabricated
in the laboratory can be heat treated to simulate the canistered
glass (see section 1.1.1). After monitoring the glass temperatures
in a series of canisters, a reference cooling heat treatment will be
developed. Laboratory specimens of the nominal glass composition
containing Th and U will then be subjected to this heat treatment
and characterized by the PCT test. This will provide an assessment

of the- effect of the cooling rate on durabilit&.

KMGO297A:ENG-228 -'23 -

e




e

‘-

WUNS-WCP-001
Rev. 1

Tﬁo'roié of melﬁ temperatures on radionuclide release will be
1nvestigated on non-radioactive glass samples obtained from
laboratory and full- scale melter runs, on the WUDP Reference &4 glass
composition. Temperatures will be varied approximately +50°C and
-100°C around the nominal melt temperature of 1150°C to assess the

impact of thermally induced changes in solubility and crystallinicty

on leachability.

" The WVDP is characterizing the radionuclide release properties of

glass specimens described above using'a variety of leach tests,

~simulating static and flowing conditions with deionized water and,

in some cases, wich:grouna water expected to-be.found in the

candidaﬁe:fépooiCOrj)'/TheéeTWVDP durability tests include an MCC-1l

‘test} ai?artial’Exchéngezinteractive-Flow,test (Barkatt, et. al.

1981, Barkatt, et. al. 1983) and a powder leach test called the

Product Consistency Test (PCT). The test method summaries are in

.appendix C. Correlations between the MCC-1 and PCT tests will be

investigated. The PCT is being used for most scoping evaluations

* since it is sensitive to glass homogeneity and' composition; .also in

a relatively short period of time the steady-state leach region is
reached, thereby permitting a more rapid and meaningful assessment
of processing'variéblés'on glass durability.- The boron release rate
data from the PCT will generally be used to .define a durability
compositional field as studies have shown that this is a good
indicacor.of thefﬁisté‘gléﬁsihatrix7dissolu;;on_rg:e (Schoetz. et.
al., 1986). )

Target and glass variation compositions that meet this specification

and are also processible will be reported in the WQR. The results

'of'eaéh'iesﬁ“pérfofméd'will be reported.with:a standard deviation

from leachant analysis‘and 'will include the.leach rates of the

2

elements Si, B, Na, U, and Cs in units of grams per meter® per day

KMGO297A:ENG-228 .26 -
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(g/mzd); final leachate pH will also be reported. PCT results will
be compared to the ﬁCC-l test data at 28 days in deionized water. \~,4

. Compositional limiCS that provide an acceptable glass will be
reported. The effect of glass redox state, canister cooling rates,
melt temperatures and repository ground waters on the durability of

* the nominal glass composition will be discussed. The test results
will be applied to the process model and to the models on glass
durability to provide a basis for predicting the behavior of the
glass after disposal Iin a repository.

1.3.2 Verification of Radionuclide Release Properties

The producer shall document that the canistered waste form at
the time of production met the limits of specification

1.3.1. Verification of compliance shall be included in the
production records.

- Compliance

> - During production, rigorous control of process variables will be
maincained to ensure that the target glass composition is
produced.” Verification of compliance will be provided by monitoring
the canistered glass,compdsicion.- This will be performed and

recorded on production records as discussed in section 1.1.2.

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

expansion vs. temperature curve shows a sharp increase.
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© b) A Time-Temperature-Transformation (TIT) 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 borosilicate glass vaste forn.

" 'The producer shall provide TIT diagrams. characteristic of the
-expected ‘range -of :waste form composition.: Ihe uaste fbtn
radionuclide‘release properties. called for under Specxflcat1on
1.3 shall also.be;provided for representacive samples coverlng
the same ranges of temperature, duration of exposure, and waste
form composition.

The requested data, analysis,land approprlate Cechnlcal _support
i shall be provided in the WQR. The method used to produce chese data
" shall be described in the WCP.,

\~// - 7 At the time of shxpment the ptoducet shall certify thac the maxlmum
- - waste form temperature is at least 100°C below the tran51tlon
. temperature:of 1.4 (a)- above. . In addition, the produeer shall
certify that after the initial cool down, the canlstered waste forums
to be shipped have been handled .and stored in a manner ‘such that the
" maxipum temperature of /the waste. form has .not exceeded the
transition temperature specified in. Speciflcacxon l 4 (a) The
producer shall describe the method of certifxcatlon 1n the WCP. The
canistered waste forms shall be- cransported under conditlons that
ensure that 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 repository.,

e et
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Stracegy

The gliss'crénﬁitIBh'Céhperathte'will be measured on WVDP test
glass.. The TimeoTemperature-Transformacion behavior of the glass
'will be developed ‘over the applicable time and temperature range.
Thermal analysis calculations will be performed to show that the
cempefiéﬁra limits during storage and at the time of shipment are
not exq&eded.' The storage facility will be designed to keep the
glass below the glass transition temperature. -

Compliance

a) Glass Transition Temperature
- The glass transition temperature is that temperature reached on
" T cooling when a super cooled liquid becomes a glass. More

. .specifically, it is the temperature at which a marked change in
acoqic mobilicy takes place. Typically, the glass transition
occurs ober'a short cempéra:ure range of about 5°C, below which
atomic mobility is too limited to allow secondary phase
formation; and above which the glass -becomes more like a liquid
(;toﬁicimobilitj {s increased). Above the-glass transition
témpéraﬁdré:ddéféacion and growth of second phases are possible

up to the liquidus temperature (the temperature at which the

material essentially finishes melting on heating) of the system,

beyond which these phaseés redissolve.

This change-in atomic mobility, the glass transition
temperature, is generally detected using a thermal expansion
measurement by dilatometry and/or differential scanning

calorimetry.
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In case of detection by thermal expansion, as a glass sample is
heéted; a sharp'incfeasé in thermal expansion ig noted at the
glass'tranﬁitiﬁn téhﬁeréture range. The glass transition
temperature is determined by the intersection of extrapolations
of the lower expansion feﬁpohse ahﬁ the higher expansion
response. a e -

In the case of differential scanning calorimetry, an endothermic
peak is detected at the gléss'transition'temperature range, and
the glass transition temperature is defined as the onset of this

endothermic response.

The WVDP will provide the glass transition temperature for the
range of WVDP test ‘glasses that contain uranium and thorium, in
the WQR. Thésé'data:ﬁill*bé'détermined‘using one or both of the
two techniques cited'abbve:-'différential'scanningicalorimetry

and dilacémetry.

Time-Tempefatﬁre-Trahsfdtmétion”Responsé

As discussed above for the glass transition temperature, atomic
mobility can permit nucleation and growth:of secondary phases.
Defining this behavior is facilitated through the use of a

‘ Time-Temperature-Transformation (TTT) diagram. The TTIT diagram

is a graphical representation of isothermal heat treatments of

glass samples for specific lengths' of time.

The WVDP will produce TIT diagrams for nominal glass
compositions (containing Th and U) representing the statistical
variability found in testing in section '1.1.1. Phases resulting
from the heat treatments will be identified for type and volume

- ﬁéréeﬁc abundance by standard ‘analytical "techniques (e.g.,
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optical microscopy image analyses, x-ray diffraction, scanning
transmission electron microscopy). Specimens within the éooling
curve region will be tested in deionized water according to the

Product Consistency Test (PCT) method (see section 1.3).

Additionally, samples from the melter pour stream and canisters
cast during nonradioactive testing at the CTS will be extracted
and compared statistically through like analyses to the
éime-temperature-cransformacion results, The samples from the
melter pour stream will give an indication of the affect of

pre-existing crystals.

The temperatures used to develop the TIT curve will be between
the glass transition temperature and the liquidus temperature.
The time length of heat treatments will be between 0.5 houré-and
as long as canister .cooling data from the CTS dictates for

reaching the glass transition temperature.

The TIT diagram, analysis, comparison to actual cold test
canister samples, and corresponding release rate characteristics

along the canister cooling curve will be provided in the WQR.

- Canistered Waste Form Storage and Shipment

The maximum glass temperature at time of shipment to the
repository (in the first decade of the twenty-first cencury
(Office of Civilian Radioactive Waste Management 1985)) will be
shown to be at least 100°C below the glass transition
temperature by considering the West Valley canister geometry
(see figure 2), with a radionuclide inventory loading
representing an upper activity bounded canister (see

-section 1.2), and assuming that the surrounding air is 25°c.

* The heat generation rate from the nuclides will be calculated by
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ORIGEN 2. The heat source will then Bé an input in the thermal
analysis computer program HEATINGS .(Turner). -.Additional inputs
totthis‘progfam are density, heat-capacity, and thermal

" conductivity. ‘Standard .canister material data and.measurements

" ‘on WVDP test glass will be used for these ‘inputs. The

' brodﬁccion records will include a.certification that the maximum

- glass temperature is as stated.above.

The West Valley scoraée facility in the existing plant Chemical

Process Cell (CPC) is being.designed to maintain,thg maximum

glass temperature below the glass transition temperature. The

current reference flow path and storage of the canistered waste

forms after glass pouring i1s-discussed below.

Cooling in the CPC will.be.provided by three cell .coolers having

a total expected capability of 210,000 watts (720,000 BTU/hr).

'This provides S0 percent redundancy after consérvacively

'\\(/ s ' - aésuming thag'&OO canisters will be stored, each with an output

" of 350 watts. (This heat:generation rate of 140,000 watts is
more than that expected in the .total HLV).'-Onezcgll cooler will
be held in stand-by for redundancy.. A thermal analysis will be
performed to assess the ‘amount of time cha;tpésses after all
three coolers are off until the glass genggrlihe temperature
exceeds the glass transition-temperature.. The cooling to ‘each
cell cooler will be through existing‘7;6 cm (3-in) closed loop
transport systems. Fans within the cell éoolets Qill move air
over the coils to the cell. Operating procedures will require
that the temperature in the CPC will be monitored during HLW
storage. The ambient cell temperature will be related to the

canistered waste form centerline temperature.

Sffj'
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Ventilation flow to the cell is through the Equipment \‘,)
Deconcéminacion Room (EDR) to the CPC and is ducted out of the
CPC to the main plant HVAC system. Nominal CPC pressure is
2.3 em (0.92 inches) water differential. HVAC £flow thru the
cell {s 170,000 to 230,000 litres/min. (6,000 - 8,000 ft3/min)
and is protected from backflow and contamination by a HEPA -
filetration . systen.

The CPC has windows on two sides of the cell, and TV cameras
with monitors will be available.

The production records for each canistered waste form will
include a certification that after cool down the maximum glass

temperature- did ‘not exceed the glass,éransition temperature

during storage.

If the WVDP is responsible .for Shipmenc, then the cransporcacion .
cask that the WVDP will use to ship the waste off-site will \\*1

undérgo thermal analysis to show that the maximum activity

i
L

loaded canister remains below the glass transition temperature
during normal conditions of transportation as given in 10 CFR
71.71. . The specific method that will be used to perform this
analysis will be selected by the cask designer and submitted for

_approval by che.WVDP.
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2.0 CANTSTER spncxf;c&ixoﬁs
2.1 Qaterial Specification
> The uasteﬁfbrn'éaﬁister and any secondary canisters to be ;upplied

by the producer shall be fabricated from austenitic stainless
steel. The ASTM alloy specification and the couposition of the
canister naterial, the secondary canister material, and any filler
material used in welding shall be included in the WCP.

Strategy

The canister material composition is provided in table V. Certified

materials will be used for canister fabrication.

Compliance

West Valley plans to fabricate its canisters from austenitic
stainless steel 304L, ATM A240 and A479 UNS Designation S30403. The
current composition of this alloy is shown in table V. The
composition of the weld filler metal £R308L that is expected to be
used during caniscar fabrication is shown in table VI. (If the
composition of the weld filler metal changes it will be reported in
the WQR.) The composition of any closure weld filler metal used
will be provided when the closure method is selected as discussed in
section 2.2.
Procurement and fabrication documents will réquire that the
fabricator use certified materials and provide certified material
test reports on the heats from which the canister parts were cast.
Part of canister inspection at the WVDP will be verification that
these certifications are included for each canister shipped.
Canistered waste form production records will include the certified
. material test reports for the canister parts and the receipt
inspection report,

o

KMGO297A:ENG-228 : - 32 -



- TABLE V: CHEMICAL COMPOSITION REQUIREMENTS FOR
RS ' TYPE_304L STAINLESS STEEL (530403)
ELEMENT ' PERCENT _*
c ' 0.030
Mn 2.000
P 0.045
S . 0.030
> st 0.750
cr . 18.00-20.00
NL - _ 8.00-12.00
N 0.100
Fe . Balance

* Maximum values unless range s indicated.
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TABLE VI: CHEMICAL COMPOSITION REQUIREMENT OF ER308L*

ELEMENT

 Fe

* Single values shown are maximum.

c

.Cr .

Cu’

- PERCENT
0.03"
19.5-22.0

- - 9.0-11.0

0.75

1.0-2.5

-0,30-0.65

0.03-
0.03
0.75

' Balance

Other elements

should not be present in excess of 0.50 percent.
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Fabrication and Closure Specification

The canister fabrication methods, as well as those for any secondary
canisters applied by the producer, shall be identified in the WCP
and documented in the WQR. The outermost closﬁie shall be leak
tight in accordance with the definition of 'ieaktightness' in

ANST 14.5-1977, ®"American Natiomal Standard for Leakage Testing on
Packages for Shipment of Radioactive Materials.® The method for
demonstrating coﬁéliénce shall be described by the producer in the
WCP and documented in the WQR.

Strategy

The stainless-steel canister will be fabricated from pipe, bar, a
dished head and a reverse dished bottom. Canister integrity will be
ensured by specifications of the components, specification of. the
method of fabrication and by an exacting program of inspection and
verification. Final, leak-tight weld closure of the canisters will
be performed directly after filling and will effectively isolate the
waste glass from the environment during subsequent handling and
storage at the repository. The resistance of the final closure to
leakage will be assured at WVDP by close control of the welding

parameters and by visual weld inspection.

Comglianée

The reference West Valley canister design is shown in figure 2.
WVDP plans to have its canister fabricated by cold rolling steel
sheet with a minimum thickness of 0.34 cm to form the canister wall.
The canister bottom will be a flanged and reverse dished head; the
top will be an ASME flanged and dished head. The top and bottom
thicknesses are shown to be 0.48 cm. The lifting flange will be
formed by cold rolling square bar. All canister components will be

annealed and pickled prior to assembly.

KMGO297A:ENG-228 ~ .35 .
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> Fabrication welding is to be by gas tungsten arc welding All welds

will be ground and inspected by dye penetrant according to section v

of the ASME Boiler and. Pressure Vessel Code* and meet the criteria
of section VIII Certifications that the welds were made and
inspected as specified will be required from the fabricator.
Canister inspection will verify that these certifications are
included. After weld fabrication, the canisters will be labeled

(see specification 2 3), weighed and helium leak tested to a maximum -
leak rata of <1 x 10'7 atm cc/sec. The WVDP will perform inspectioni

and data reviews as part of the fabrication effort to ensure that

the canisters comply with design requirements. The results of weld

inspections and leak testing of canisters used during cold testing
will be. provided in the WQR; the same results for canisters used
during waste: vitrification will be provided in the production .

records.

> " . Final ueldﬂclosure of the WVDP canisters will be;performed in the

Vitrification’Facility at the earliest practical time after
filling ' Canisters will be transferred from the enclosed turntable

‘ to a controlled welding station where weld surface preparation and
welding of the 1id onto the canister will occur. Under<normal
process conditions, it is likely that ueldfclosure will be performed
within 1.5 days after canister renoval,froh‘the turntable. Prompc
closure of the canister is deemed necessary torminimize any -
possibility of leakage into the canister of water and other
prohibited substances, Care will be taken to’ensure'that the dew
point of water vapor‘contained in the gas inside the weld-sealed
‘waste canister will be above the canister storage and repository
temperatures. This will be accomplished bjApurging the filled
canister with dry air or dry inert cover gas just prior to welding.

- the 1id.

* Note that applicable sections of the ASME Boiler ‘and - Pressure Vessel Code
will be referenced for welding and nondestructive evaluation, but the
canister will not be classified.as a code vessel.
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~ The reference WVDP welding process has not yet been established,
- Welders considered suitable for the UVDP canister geometry are

discussed in appendix D. Upon selection of the specific welding
technique, closure. development and qualification (i.e. X leak

-tightness) .testing will be performed on nonradioactive canisters.
~Tests will be performed to develop the parameters that will result

in a leak tight closure. Those parameters that will produce a leak

tight: closure will be. recorded and repeated on the canisters

.- containing the waste_glass. . ) ’

The Production Record for each canistered waste form will certify
that canister components and the entire canister were fabricated

according to approved drawings and procedures and meets the

. procurement specifications Records of inspection to verify that

canisters were, fabricated according to specification will be

* included in the Production Records.' The Production Record will also

certify the integrity of the final closure weld made at WVDP by

visual Ainspection and by reporting the critical welding process

° parameters.

Identification and Labeling -Specifications

2.3.1 1Identification

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

pertinent to that particular canistered waste form.
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2.3.2 Laheling

Each canisccr shall be labeled with the identification code

) specified abovc. Two labels sball be firmly affixed, with

one visible fron thc top and one from the side of the.
caniscar. Thc identificacion coda shall be printed in a type
size of at Icasc 92 points using a sans serif type face
(Hbgaron Bold ‘Condensed or equivalcnc) A proposed layout

‘ shall be provided in the WCP. Labels necting the

requircments above shall be applied to the exterior of the
outermost canister. Labels affixed to the outside of the
outernosc canister shall not cause the dimensional limits of

‘Specifica:ion 3. 11 to be exceeded. ~The label materials and

nethod of attachnenc shall be selected to be compatible with

the canister nnterial The label shall be designed to'
vichstand filling and storage at the producer’s facility,
shipnenc to the repository, and possiblc lag storage at the

_ repository prior to final packaging. The producer shall

KMGO0297A:ENG-228

describe the label materials and method of attachment in the
WCP. The produccr shall estimate the service life of the
label and provide a strategy for meeting that estimate in the
ch -

-39 - . .

-t




.,

L

e

WVNS-WCP-001
Rev. 1

Strategy-

The identification code for each canister will be of the
form WVXXX. This code will be placed on the side and top
shoulder of the canister with lettering as shown in figure 3.

Compliance

Each West Valley canister will have a unique identification
code of the form WVXXX where X s a digit. This
tdentification code will appear on the,production records
that describe the canistered waste. The format for the

) production records will be dncluded in the WQR.

This identification code will be on two places on the

" canister. One will be on the top shoulder of the canister

. such that the code can- be seen from the*vertical direction,

‘KMGO297A:ENG-228

the other will be on the side of the canister about 60 cm

from the top as shown in figure 3. - The characters for these

‘labels will be at least 3.25 cm (92 points) -and as large as

5.1 cm (16& points) tall and will be modified block.
Characters are to have a profile height not exceeding

0.15 cm. It is pianned that these characters willlbe
inscribed in the canisters as weld beads using a 308L
austenitic stainless-steel welding rod Because the label is
planned to be a weld bead, it will be compatible with the
canister and the service 1ife of the label should be as long

as the fabrication welds of the canister.
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> During nonradiocactive testing;at'the‘CTS“Lreference canisters‘
will be filled at various pour rates.. The effect of glass
pouring and subsequent handling and decontamination on the
-legibility of the label will be assessed and discussed in the
WQR. The labeling method will be reported in the WQR

> The identification code that will be assigned to a canister
. or batch of .canisters will be provided to the fabricator by
the WVDP. Canister receipt inspection will include
"verification that both labels on a canister are the same and
that these identification numbers are unique (i e, not on a
previous canister). Additional inspections will require that
..+the weld character height profile is _correct and that any
defects which could .trap contamination be removed before the
canisters will be accepted at the UVDP The results of the

o4 above . inspections will be recorded in the production records.

> 7 _ . After waste vitrification and after temporary storage, the
’ canistered waste form labels will be visually inspected via a-
television camera or shield window before placement in the
transportation cask to ensure that the labels are still
- attached and 1egib1e.\ An assessment will be made of the
ability of the label to remain attached and legible through
the. normal conditions of transport and handling at the
‘e ,.:repository facilicy until the canistered waste form is placed
: in the repository container The results of this inspection
-, will be included on the production_records.» This will ensure
. that the service life of the label is.long enough for
-placement in the repository container

P
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3.0 CANISTERED WASTE FORM SPECIFICATIONS

3.1 Free-Liquid Specificaéion.

After closure the canistered waste foru shall’ not contain
free-liquids thac ‘could be drained from the canister either
initially or after having been subjecced to the transition
teuperature of Specification 1. h(a) The producer shall describe
the method of compliance in the VCP and ptovide docunentation in the

WQR.

Strategy

> B The vitrificacion process will evapotate free liquid in the feed.
The canisters will be 1nspected prior to encry into the . §
vicrificacion facility to ensure they contain no drainable liquid.
Administrative controls and the permanent weld closure of the i
canister 1id wil} ensure that free liquid cannot enter into or }

condense ins{de)hhe filled waste canister.

Compliance

> The vicrificacion process will take place at about 1150°C and 1 atm,
and the liquid in the waste feed will be evaporated from the
glass. The empcy canisters will be inspected prior to filling to
ensure tha: they do’. noc ¢ontain drainable liquids. Any trace of
free liquids residing 1n the’ empty canister are unlikely to remain
after {t is filled with the hot glass (pour temperatures >1000°C)
The thermal condicions of SpecificaCion 1.4 (a) define the
temperature limit below which the glass is phase sCable therefore,
no free liquid will be generated by the glass up to that limic.
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Prior to. final welding of the canisters, temporary covers will
remain on the canistered waste forms They will be warmer than the
storage cell ambient air, because the canister’ waste “forms are a
heat source. Therefore, there will not be any generation of free

1iquid by condensation in or on the canisters.

A potential source of free liquids in the canister is the aqueous
decontamination solution.' Since the lids will be promptly “welded
onto the as- filled canister under controlled conditions that ensure
helium leak tightness, it will be impossible for decontamination
liquid to enter the canister Furthermore, the use of dried gases
(~0 percent relative humidity) to purge the filled' canister before
final 1id weld closure will prevent water vapor from condensing
inside the canister i.e,, the dew point of any'entrapped‘water vapor
will be above the canister storagesand repository‘temperatures.

l

.The WQR will report’ on the absence of free liquids in the waste

glass below the transition temperature and on the controls )

~administered to prevent free liquids from entering the canistered
' waste form '

Gas Specification

~ After closure the canistered waste form shall not contain free

‘gases, other than cover and radiogenic gases. Cover gases shall be

heliuu, .argon, other inert gases or air, or combinations thereof.

The naxiuun internal gas pressure immedxately after closure ‘shall be

7 psig at 2s°c The producer shall describe the method of

compliance in the WCP and shall document in the UQR the quantities
and compositions of any gases that night accumulate inside the
canister after the canister has heen suhjected to temperatures up to
the transition temperature of Specification l 4 (a).

_ KMG0297A:ENG-228 - 44 -
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The producer shall also document in the QQR the quantities and
coupositions of any gases thac might accumulate inside the canisters \NJJ
as a resul: of radioactive decay

Strategy

Glass pouring and permanent closure of the canister will be in an

air atmosphere. The Eechnical liCetacure has been reviewed and it
shows that an 1n31gnificant amount of gas ‘would be generated at che
glass cransicion Cemperacure. Based upon the activity in the wasrte, iy
_the amount of radiogenic gases that could be generated will be '

calculaCed

Compliance

Storage and final closure is planned to be in air and/or inert
cover/dry purge gases Therefore, void spaces will contain air

and/or inert gases. The prompc final weld closure which will be at o/

" atmospheric pressure will prevent ochet gases from entering the

canistered waste form. When the f£inal closure is performed, the i !
cell temperature and pressure will be recorded on the production

records.

Data published in the open technical:-literature has been compiled to
provide estimates cf_the quantities and composicions of gases that
could vaporize in the glass at about the glass transition
temperature. Because the WVDP glass will be stored below the glass
transicion cempefature (see_eeccion 1.4), the data provides an upper
bound on the ameuuc of ancicipaCed volatility, The results of this
literacure reviewfare in appendix E and show that no significanc

amount of-gas will accumulate inside the canister by this process.
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The amount of gaseous products produced from the decay chains of
Th 232, U- 23& U- 235 U-238 and the higher actinides in-a canister
filled with WVDP HLW glass, radon and helium, will be c¢alculated.
A caniscer with che upper bound radionuclide invencory (see
section 1,2.1) will be the basis for this calculation. - These
results will beﬁreported in the WQR.

o

Spgcificatiod for”txﬁloaiveoeéazlfyropﬁoricit§; and Combhstibiligy

o7 !

After closure the caniscered vaste form shall not contain explosive,

'pyrophoric, and combustible materials. The producer shall describe
. In the WCP those aduinisttative concrols and other factors that

prevent the introducCion of explosive, pyrophqric. or combustible

;‘naterials into canistered vaste forms. The prodncer shall present

in the WQR an evaluation of the canistered vaste form to-demonstrate

_:that for the range of ua:erial coupositions ‘it remains ‘-

nonexplosive,Vnonpyrophoric and noncombustible after having been
subjected to the temperatures up to the cran51t10n ‘temperature of

- Specification 1.4(a).

Strategy

Borosilicate glass is not any of the above types of materials.

Prior to entry into the ViCrification Facility, ‘the canisters will
be inspected to ensure they do mot contain any of these materials.
Administrative controls and prompt weld closure of the canister will
prevent entry 'of prohibited materials into the canistered waste

forms.
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. explosive, pyrophoric, or combgscible. Ie'isiphase stable up to the

‘materials.

. contain any prohibited macerials Verificacion that this inspection

. canister.. Permanenc weld closure after filling will ensure against

" Vitrification Cell to inCerim storage which will show that there are

-Administrative controls and permanent weld closure will prevenc
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Compliance

Borosilicate glass, the WVDP HLW form, iepokioized and is not

glass transition temperature and will not change into these types of

Prior to entry into the Vitrification Facility cell, the canisters

(which are specifled,co be cleaned and degreased by the
manufacturer) will be visually inspected to ensure that they do not

took place will be tecorded on the produocion records for the
ingress of explosive, pyrophoric of combuscible materials into the
canister. The reference flow path of the canister in the
Vitrification Cell is presented conceptually {n the Introduction.

The WQR will present a detailed caniscer flow path in the

no looations available for these materxals to enter the canister. K~,1

Organic Materials Specification

After closure the canistered waste form shall not contain organic h
materials. The producer shall describe the method for complying

with this specification in the WCP and document: the detection limit

for organic materials in the WQR.

Strategy

Borosilicate glass is an inorganic material. Prior to entry into
the Vitrification Facility, the canisters will be visually inspected

to ensure that no observable organic maCerial is presenc.

organics from entering the canister after glass filling.
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Compliance

Borosilicate glass is an inorganic material Organic compounds in

. the melter feed will decompose in the melter.” Standard test methods

for assessing the amount of ash from organic materials, 1. e., ASTM
D482-80 and ASTM zsao 81, use temperatures of 575°C to 775°C to
decompose the organic molecules. These temperatures are less than
the operating temperature of the melter, 1150°C Therefore, no
organics will remain in the glass. “To~ document the detection limit
for organics, a sample of glass poured into a‘canister at West

Valley during testing will be analyzed for total organic carbon.

The canisters will be cleaned, degreased, and visually inspected by
the fabricator according to applicable sections of ASTM A 380.
Certification that this took place will be required ‘from the
iabricator._ The receipt of this certification will be recorded on

7production records. Before use the canisters will be stored in a

clean. dry environment Prior to entry into’ the vitrification
facility. the canisters will be visually inspected to ensure that

- organics used during fabrication were removed.” Production records

will show that this inspection took place. Furthermore, the heat of

the glass pouring into the canister will cause trace quantities of

organics in the canister to decompose. i

Administrative steps to prohibit storage ‘of organics in the

Vitrification Facility and controls to ensure that lubricants and

fluids from the processing and handling equipment cannot drip or
spill into the canisters will ‘be taken Early ‘weld closure ‘of the
canister will limit the possibility of contaminating the waste glass

‘with organics.
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3.5 Frea-Volume Specification

After closure, the free-volune 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 describq the method of
compliance in the VCé The producer shall provide in the WCP the
expected frequency distr{bution of free volumes in canistered waste
forms. The free volune within the canistered waste form shall be
reported in the production records.

. Strategy

> The WVDP plans to fill ics canisCe£s nominailf 85 percent
full. During f£illing, glass level will be monitored by a
v-transmission/emission detection system. The free volume will be
provided by-dividing,the canistefed glass mass by the glass density
and comparing the resultant fill volume with the intermal canister

* volume.

Compliance

> The WVDP is planning to £ill its canisters nomgnally 85 percent full
with a range of 80 percent éo 90 percent. Therefore, the free
volume in a canister is expected to be 10 percent to 20 percent with
the nominal being 15 percent. The above range of values were
readily realized in experimental work at Pacific Northwest

. Laboratory’s Radiocactive Liquid ‘'Fed Ceramic (B-Cell) Melcer,

utilizing similar canistered glass level detection systems. Other
level detection systems, including visual methods, are also under

consideration for West Valley use.

KMG0297A:ENG-228 : - 49 - ) .
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The B- Cell level detection system is :a-vertical-line of ;gamma
detectors placed near the canister. When the canister is empty a
Co-60 source is detected. As it is filled, the -glass shields the

"Co0-60 ‘and emits the Cs-137 (Ba-137m) gamma. The glass level is

inferred from the height of ‘each’ detector -that senses the change.
The B-Cell target f£ill height was 85 percent.with a resultant range

of generally 80 percent to 90 percent. The absolute standarxd

deviation of the levels of 30°canisters that were filled was

2. 75 percent this represents ‘the® expected frequency distribution of

‘ free volumes. ' B Se e .

Canister veight may also be used to monitor glass.fill level.

B Investigations vill be made to evaluate if turntable load.cells can

provide continuous data on the mass of glass in the canister.

Estimates of the void volume in production canistered waste.forms
will be provided through calculations that use the canister internal
volume, glass density, -and weight. The use of canister volume

glass density. and weight 'will include the ‘presence of internal
voids,‘if any;'as'well as 'the void ‘on top of the :canister. - An
estimate of the nominal internal volume of the West Valley canister

will be made based on the canister fabrication: ‘drawings and

specifications, ‘or measurements ‘of -canisters-used during cold

testing. The density of WVDP test glass will-be ‘measured.. . This
glass will be subjected to the same heat treatment as'that,expected
during canister cooling. This volume and density information will
be documented in the WQR.>’ During-waste vitrification the weights of
each empty canister will be measured prior to filling.- The weight
of each filled canister will also be measured. These weights will

hbe recorded on ‘the’ production records " The difference between these

two sets of weights will equal the ‘weight 'of ‘glass present in a
canister. The weight divided by the density-of glass will-be used
to calculate the volume of glass present in each canister. The

fraction of the filled volume in each canister will be calculated
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from the volume of glass present in the canister divided Sy the
nominal internal canister volume. The frgé“volume fraction is the
difference between one and ﬁhe £111 volqﬁgmfraccioq.’.This free
volume will be documented in the production re;drdﬁ féﬁ each
canistared wasta form. If there is excessiﬁree volume in a canister
and it needs to be filled, this will be done by pouring silica sand
through the canister opening.

> It is estimated that perhaps 1 to 2 percent of the.caniscers
produced mhy.be nonreference canisters i.e., the Wesc Va11ey
evacuated canisters of which there can be more than tﬁree. These
will be used to drain the melter at the end of the campaign, or if
necessary, during the campaign, e.g., to remove crystals that may
accumulate on the bottom of the melter. These éénﬁscers may be only
half full and, of nonstandard dimensions. quthermbre. the pipes
connected to the evacuated canisters and dipped into the melter will
contain waste glass. These will be cut off and placed in canisters
that will result in additional partly filled canisters. One
canister will be required for'these pipes for each set of three
evacuated canisters. Silica sand can be used to fill the void
space, if necessary. It is expected that these canisters can be
handled in the same manner as reference canisters. Glass of the
estimated composition in the melter at the timg of removal will
undergo powderftescing described in section 1.3. The fesults will
be a part of the production records for those nonreference

canisters.

3.6 Specification for Removable Radioacti%e Contamination on External
Surfaces

The level of removable radioactive concapination on all extermal
surfaces of each canistefed waste form shall not exceed the °
following limits:

RMG0297A:ENG-228 - 51 -
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_Alpba radiation: 220 dpm/lOO cn2 .
..Beta and Gamma radiation: 2200 dpn/100 cn2

In addition, the producer . shall visually inspect the canistered
waste forms, and remove visible wvaste glass on the exterior of the
. canistered waste form befbre sbipnent The producer shall also
provide in the WCP an estinate of the anount of canister material
that is removed during the decontanination and the basis for that
. estimate. The producer shall describe the method of compliance in
the WCP and provide supporting documentation in the VQR '

Strategy
> The canistered waste form will be decontaminated with a nitric acid
‘ and Ce+& solution. The WVDP will ‘'smear the canister external

surfaces .according to 10 CFR 71 87(1)(1) before shipout to the
repository. The. external surfaces of the canistered waste forms
will also be visually inspected for visible glass, and if present
the glass will be physically removed,

- Compliance

> - Before transport to. the repository, the external surface of the

canister will be. smeared according to, the procedure in
10 CFR 71.87(1i)(1).. Smearing will be done under the lifeing flange,
on the canister wall halfway up, and on the canister bottom. The
smears will be counted using standard instruments and the results
will be reported in the production records. 1 the smear results do
not meet the specified limits, the canister will be decontaminated

- and smeared again., The reference canister decontamination

. -.techniques for the WVDP is rinsing in a tank containing nitric acid

-.,.and ceté, ions followed by water washing and air drying It has been
estimated that 3 to 50 pm may be removed to effect decontamination
of stainless steel surfaces that are not heavily corroded (Larson et

al 1987). The solution concentration and/or exposure time will be

RMG0297A:ENG-228 . - 52 -
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controlled to remove the contamination and an amount of stainless
steel within that range. Spent decontamination solution will be
recycled to the vitrificacion\proéess via the tank farm. Testing
using cet® isrconcinuing: updated results will be reported in the
WQR. The affect on the label will be considered.

> .Visual 1ns§ection"of the canisters to ensure that no waste glass is

adhering to the canister will be made before shipout either through
shield windows or a television camera. The results of.this
inspecci;n'will be reported on production records. If glass is
adhering to the canister before or after decontamination, it will be
removed, e.g., by méchanical or abrasive means; smear tests would

then be repeated to ensure compliance.

3.7 Heat Generation Specification .

The canistered.vaste 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 Projections

The producer shall docﬁnenc in the WQR the expected thermal
output and the range ‘of expected variation due to process
variations during the life of the produétion facility. The
uethdd‘to be used in making these projections shall be
de;éribed.by the producer in the WCP.

3.7.2 Heat Generation During Production

Ihe;éroduéer shall specify in the production records the heat
geng:;tioh rate and its accutacy'for canistered waste forms
;cr;ipevof'shipmenc. The expected.acéurécy of the heat
_geﬁétation rates shall be supplied in the WCP. The producer
shall describe the plan for compliance in the WCP.
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Strategy

'The projected heat:generation rate will be calculated by ORIGIN2

using the projected radionuclide inventory as input. The same
approach will be used for obtaining ‘the heat generation rate of
production canisters after the radionuclide inventory is estimated.
ORIGIN2 will be nsed to account for decay until time of shipment.

Compliance

‘Heat generation rate in a canistered waste form is dependent upon

the radionuclides in the canister. :The projected radionuclide
inventory in the canistered waste will be estimated as discussed in

section 1.2.1. The projected inventory in canistered waste with its

‘range will be used as input to ORIGIN2 to calculate the projected

heat generation rate and range. The projected heat generation rate

will be reported in the WQR "The same approach will be used to

‘provide the heat generation rate at the time of shipment, i.e., the

radionuclide inventory for the ‘canistered waste will be estimated

- during waste vitrification as discussed in section 1.2.2. The

inventory will be decayed to the appropriate time and converted to
heat generation rate by ORIGIN2. This will be reported in the
production records. The same accuracy considerations applied to the
radionnclide inventory will be applied to heat generation and
reported in the WQR. The expected accuracy will-be reported in a
supplement'to the WCP: It will include the acéuracy considerations

included in the radionuclide'inventory and in.converting the

inventory to heat géneration rate.

Specification for 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;

KMG0297A:ENG-228 .- 54 -



WVNS-WCP-001
Rev. 1

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 Maximum Dose Rates at Time of Shipment

The producer shall provide in the production records the
gama 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.

Strategy .

Using the radionuclide inventory as input the QAD computer code
subplémenced by the ANISN computer code will be used to calculate
canister surface neutron and gamma fluxes. These will then be

converted to dose rates.

Compliance

-

Gamma and neutron surface dose rates for the canistered waste form-
depends on the radionuclide inventory and the characteristics of
the glass media (e.g., density). The projected radionuclide
inventory in the canistered waste will be estimated as discussed in
section 1.2.1. - The gamma and neutron source strength thus
calculated will be input to the QAD computer code (Price and
Blattner) and supplemented with the ANISN computer code [(Radiation
Shielding Information Center (b)]. The energy deﬁenden: flux aﬁ the
surface of the West Valley canister will be calculated assuming the
- source to be uniformly distributed inside the canister. The energy
dependent flux at the surface 'will then be converted into gamma or
neutron dose rates using{appropriace conversion faécors. The

expected dose rates will be reported in the WQR.
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The same approach will.be.used-to provide the dose rates at time of
shipment. ' The radionuclide inventory will be estimated as discussed

in section’l.2.2. The ‘dose rates will be calculated using the above

codes and reported on the.production records. .

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 bandling during storage,-tran;portatipé,:and repoéitory

operation. The producer shall describe the method of compliance in

the WCP and document in the WQR . .the extent of corrosiveness and
chemical 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 transition ;eqperaturg_of
Specification 1.4(a) shall be evaluated in the WQR.

- 'Strategy A e e ) A 3

Existing data and calculations have been used to show chgf the
canister does not react with the solidified glass. The moisture
content in the canister void-space and resultant potential canister
corrosion:will be estimated.- :Controls will ensure that liquid
-water, a potential corrodent, will not be present within the
canistered waste form. . 'n¢ ... . .

‘Compliance - I T ST

Evidence -indicates that significant 1n;erna1.cofrosion of the )
canister will not occur -as'a result of the‘capistef material being

in contact with a"solidified glass waste form a&,temperatures up to

" the glass-transition-.temperature (approximately 500°C). A

temperature low enough -to reduce the mobility of the glass below

e ) T
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that capable of aggressive attack would be expected to lie between
the "softening point" (3.0.x 107 poise). and the "strain point"
‘(3.2 x 101“ poise) (Hecham. et al. 1976). ~ At temperatures below
500°C, borosilicate waste glass viscosities are at or above 1013
poise (Slate, et al. 1981). This viscgsity is great enough to -
ensure that the glass will not cause significant intermal corrosion
of the canister. Any reaction that might qccﬁr would be nearly
undetectable because the diffusion of reactants to the glass-metal
interfaée, aﬁd of reaction products away from this interface, will
be extremely slow in both the glass and in the metal from which the
canister will be fabricated (Rankin, 1980).

In a study-conducted by Oak Ridge National Laboratory, various
canister and waste form materials were held in contact at

temperatures of 100 and 300°C in air and the atmospheres for

" periods of 6888 and 8821 hours (McCoy, 1983). It was reported that

no significant interaction wis detected between a typical ..
borosilicaée waste glass and 304L stainless steel, the WVDP
canister material. This_conélusion is based on a visual
examination of the surface of the metal where it had been in
contact with the glass, and weighing of the glass and metal before
and after the test.

Other waste form-canister material compatibility studies have been
conducted by Savannah River Laboratory in support of the Defense
Waste Processing Facility. In one study, a borosilicate waste
glass was melted and cast in 304L stainless steel crucibles. Afcer
being annealed at 500°C and furnace cooled, the crucibles were held
at 350°C for 10,000 hours. A metallographic examination was used
to determine the changes in the dimensions of cross sections of the
crucibles that had been in contact with the glass. From this
examination it was determined that no significant corrosion of the
crucibles had occurred (Angerman and Rankin, 1977). In a second
‘series of tests corducted in the same manner, no detectable
corrosibn-hasfn&ted after the crucibles:of glass had been held at
600°C for 20,000h (Rankin, 1980).
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:.Corrosion tests have been done at PNL using a procedure adapted
: from'the ANSI/ASTM C 621- 68 "Standard Method for Static Test for

Corrosion Resistance of Refractories to Molten Glass In one
series of tests, 304L stainless steel was subjected to a glass that
is similar in composition to WVDP glass. The composition of glass
used in these tests, TDS-411, islshown below: -

Component . Wt.% Componenth' "Vts%. '

s10, . 42.2  Fey03 . 15.1
B0y . 7.8 _NiO . L9
.A12°3 o 3.1; P‘(I'IOZ’ - . “t;O .
-~ + L1,50:, .8.8  Zeolirte . .2.5
Nag0. - . 9.0 - NaS0, . 0.4
Ca0 . 5.2 - ) |

At 1150°C the bulk corrosion rate of 304L in TDS 411 glass was
18 micrometres per day. The flux line corrosion (corrosxon at the

top surface of the glass where the metal glass ‘and furnace

. ‘atmosphere are all present) was 78 micrometres per day At 1050°C

corrosion rates were found to be. significantly lower about

0.1 micrometers per day for the immersed portion of the specimen
and 9 micrometers per day at the flux line From these data, an
activation energy of about 161 Kcal/mole at the flux line can be
calculated. Extrapolating to, 500°C the temperature near which the
glass transition temperature is found no detectable corrosion
(i.e.,. <lX/day)would occur,

The presence.of liquid water inside the canister can lead to
localized corrosion (i.e. » SCC corrosion of 304L stainless steel,
especially if C1° and to a lesser extent NO5~ leach from the
glass). Internal liquid. water corrosion, however, will not be a
problem at WVDP because. of the following procedures.’weld closure

soon after canister filling will prevent the entry of water into

hed
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the canister duri;g supsequenc decontamination and storage
operaciohs,,and purging.che canister with dry cover gas prior to
weld closure should eliminate the possibility for condensation of
trapped water vaﬁor‘inside the canister during storage.

The amount of cdr:osion that could result from moisture trapped
with the air in'the canister void space after closure will be
calculated. The approach will be to calculate the maximum weight
loss of metal that could occur assuming that all of the water and
oxygen in the canister airspace reacts with the canister wall. The
calculated weight loss then will be converted to a penetration
thickness to determine the extent of uniform corrosion. The
kinetics of corrosion reactions will be ignored; only the ultimace
extent of corrosion will be considered. Uniform and ndnuniform
corros?on, i.e., intergranular corrosion, stress corrosion

cracking, and pitting, will be addressed.
The following assumptions will be made:

o The caniscef is filled with glass to 70 percent of its heighc..
This is a conservative assumption because the West Valley
canisters are expected cb'be filled to at least 80 percent of
their height (so there will be less air volume per unit surface

area of canister wall).

o Dry air is 21 volume percent oxygen.

o All metal atoms in the stainless steel, designated as M, have a
molecular weight of 55.4 g/g-mole, which is the average
molecular weight of the stainless steel (based on a composition
of 19 percent Cr, 9 percent Ni, and Fe as the balance):

0.19(52.0) + 0.09(58.7) + 0.72(55.85) = 55.4 g/g-mole

o All water reacts with M to form M(OH)Z.
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o All oiygen not particloatiné in water reactions reacts with M to
‘form Héoa H3OA is believed to be the" composition of the metal
_oxide in the protective film on the stainless ‘steel surface

(American Society of Metals 1980)

The results'of'this analfsis'uill be reported in the WQR.

Subcriticality Specification

The'producer shall ensureithat‘tne'canisteredhvaste form will
remain subcritical under alldcre&ible’conoitlons’likely to be

"edeadﬁééféa”ffoa production through receipt at the repository. The
. calculated effect1ve neutron multiplication factor, kogee shall be

sufficiently below unity to shov at least a 5 percent margin after
allowance fbr bias in the method of calculation and the uncertainty
in the experlments ‘used to validate ‘the method ‘of calculation. The
producer shall describe the nethod ‘of compllance in the WCP and
prov1de supportlng documentation in ‘the UQR " The 'WQR shall also
include sufficient’ 1nforuation on the nuclear characteristics of
the canistered waste forms to enable the repository designer to
confirm subcriticality under repository'storage'and disposal

conditions.

Strategy

eff for the canistered waste wlll be calculated usxng ‘the KENO
computer ‘code. It will be shown that xeff is less than or equal to
0.95.

Compliance . S S oo

The criticality calculations ‘for ‘the canistered waste w111 be

' performed by the Criticality Safety Englneer as required in the

WVDP Radlologxcal Controls ‘Manual’ ‘(West" Valley Nuclear Services,
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1985). The composition, radionuclide inventory including
fissionable radionuclides, and fili volume of the canister will be s
estimated as explained in sectioﬁs 1.1, 1.2, and 3.5,
respectively. These and the canister geoﬁ;try (figure 3) will be
input to the KENO computer code (Petrie and Landers). (KENO
validation will involve the usesof existing experimental/calculated
results). The. calculated reactivity of the canistered waste form
will be shown to be less than of equal to 0.95 within a 95 percent
probability and 95 percent confi§ence level. Normal operating
conditions and credible accident scenarios at West Valley will be
considered. The WQR will report the reactivity for the
compositions developed during the waste va:iability study discussed
in section:-1.1.1 that are most likely to be a,criticality concern
(e.g., lowest boron). The amount of fissionable radionuclides used
in this analysis will be conservatively based ﬁpon a canister with
maximum nuclide loading.and will assume the fissionable
radionuclides are uniformly diséersed in the glass matrix. The WQR
will also report the nuclear characteristics of the canistered

waste. This will include the final canister geometry, variations

of the glass composition, and fissionable radionuclide
concentrations. This will ensure that the canistered waste forms
will be subcritical.

3.11 Specifications for Weight, Length, Diameter, and Overall Dimensions

The configuration, dimensions, and weights of the caﬁistered 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 rep§rted in the

production records, accurate to within 45 pércent.
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Strategy

CEN
o

The éanisters will ‘be weighed before shipment to the repository.

Compliance

' The canistered waste forms will be weighed by a scale attached to

the crane or by a platform scale when the canisters are in the
Vitrification Facility and:are being moved for shipment to the
rep&sitory. This weight measurement will be made after the
permanent closure process has been completed. The specification

for this scale will require that it measure the weight accurately

‘(one écandard deviation):at»leasc'to within +5 percent of full.

' . scale. The ekpected canistered waste form weight will be at

approximately midscale. Canistered waste form weights will be

" recorded on the production records. -

3.11.2 Length:‘Specification- -

The overall length of the f£inal :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 cu (+ 1.5 cm, - 1.0 cm). : The minisum wall thickness
of the empty canister shall be:0.34 cm. ' The producer shall
state In the WCP the minimum canister wall thickﬁess of the
filled canister,:and the.thickness of any secondary

" canisters, along with their technical bases.
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Strategy

A correlation between the prepour and postpour lengths and
diameters will be developed during nonradioactive testing at West
Valley. From this, dimensions and tolerances will be developed for
canister fabrication. .-

> The minimum postpour wall thickness will be estimated by measuring
the thickness loss of the stainless steel after being in contact

with the nonradiocactive pouring glass.

.

Compliance

During nonradiocactive preoperational systems testing, West Valley
will produce-a number of filled canisters.. The prepour and
postpour lengths and diameters of these canisters will be
measured. From these measurements, a correlation between the two
lengths and diameters will be developed. From :hié correlation, a
raﬂée of prepour canister lengths and diameters will be determined
that will yield production canisters whose lengths and diameters
are within the range given in the specification at 20°C. All of
the above information will be documented in the WQR. For the
canisters used during production, West Valley will include in the
fabrication specification the prepour lengths and diameters of
their canisters to assure that they are within the range that will
produce filled canisters whose time-of-production length and
diameters are within the correct range. ' These prepour lengths and
diameters at an- ambient temperature of about 20°C will be recorded

on the production records.

> The postpour wall.thickness estimate of the West Valley canister
will be based on measurements of 304L stainless steel WVDP
canisters exposed to glass pouring during nonradioactive cold
testing. Wall thicknesses will be measured before the test or

inferred from the sheet thickness specified in the fabrication
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specification. The stainless steel will then ‘be exposed to the

‘glass pour stream. After the glass has cooled, the canister wall

'thicknéss will be measured to assess the -amount of material lost
“from the canister. Thé amount of material lost will be subtracted
from the minimum wall ‘thickness. This value will be reported in

the WQR. The average and rarige of the measurements will be.
reported. ' B

3.11.4 Specification for Overall Dimensions

The dimensions of the canistered.waste form shall be
controlled so that, at the time of shipment to a
" repository, the canister will stand upright without support
on a flat horizontal Surface and will fit without forcing
vhen lowered vertically into a right-circular, cylindfical
cavity 64.0 cm in diameter and 3.01 m in length.

Strategy S

' Canisters filled duiing”hdhrédioactiveICescing and during

production at West Valley will be inserted into a close fitting
test cylinder to ensure that they meet dimensional specifications.

.

’Codgliance

West Valley has a steel cylinder ‘with an:inner diameter-and length

“"less than 64.0 cm and 301 ¢m, ‘respectively. ~Selected
‘nonradiocactive canistersifilled during qualification testing and
" all radioactive waste canisters will be'inserted into this:test

cylinder to verify that the canister fits without forcing and meets
the maximum dimensional specifications.. Before insertion into the
shipping casks, the waste qahi§ter$iwillfbeleaced‘§n,a”flaC,i',
horizontal surface to assess their ability to stand upright. The’
results of these tests will be reported in ‘the WQR. .
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Drop Test Specification B

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 tﬁe_method
of compliance in the WCP and present the supporting doéumentation
of analysis and test results in the WQR. The test résults shall
include information on measured canister leak rates and canister
deformation after the drop test.

Strategy

West Valley canisters filled during nonradioactive testing will be
dropped on their bottom centers. '

Compliance

Three full scale reference canisters filled at lea§; 85 percent
full will be dropped from a height of 7m on a flat essentially
unyielding surface with the center of gravity over the bottom
center, This is the drop position which has the highest potential

drop height during canister handling. It results if the canister

- i3 dropped while being unloaded from the transportation cask in

such a manner that it falls back into the cask. Prior to the test
a 1lid will be welded to close the c;nister. Leak rates will be
measured in the vicinity of the impact. Strain on the canister in
the vicinity of the impact will be characterized. The length,
diameter, and overall dimensions will be characterized. The
results of the qualification drop tests will bé documented in the
WQR.

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.
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The producer shall design the lifting flange and a suitable’

i grapple, which could be used at the repository, that meets
applicable codes and standards for use at the repository.* " The
grapple and the flange ‘shall be designed to satisfy the following
requirements:

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

. (b) The grapple vhen attached to a suitable hoxst (to be supplied
_Aby the repository). and vhen engaged with the flange, shall be
. capable of raisxng and lovering a canistered waste form in a

vertical direction.'

- (e) The grapple, in the disengaged position, Shall be capable of
being 1nserted into and withdrawn in a vertical direction from
a right-circular, cylindrical cavity with a diameter equal to

,that of the canlstered vaste forn.

The design of the flange and the grapple shall be capable of
fulfilling the requirements of Specifications 3. 13(a) through
3.13(c) without contacting or penetrating the valls of an imaginary
right-circular, cylindrical cavity with a diameter equal to that of
the canistered waste form, coaxial with the canistered waste form,
andjextending 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 inadvertent 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 “he detailed designs in the
WQR.

* The applicable codes and standards will be identified in the site-specific
Repository Subsystem Design Requirements documents, which are schedules to
be issued early FY 1987, and will be added to the WAPS when the WAPS are
updated. .
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Strategy

The 1lifting flange geometry for the West Valley canister is shown
in figure 2. A grapple concept is illustrated in figure 4. '

Compliance

The planned lifting flange geometry is included in figure'Z. The
lifting flange for the canisters will be load tested to provide at
least a 50 percent safety margin over the mass of a 100 percent
full canister. A conceptual design of the grapple that has been
used at West Valléy is shown in figure 4. Other designs are also
being cbﬁsidered. The grapple is being designed and will be tested
to verify thac it meets the requirements 6f 3.13(a) to 3.13(c)
without penetrating the walls of an imaginary right circular
cylinder with di;meCer equal to the canister. When atctached to a
crane, the grapple will be able to 1lift the canister vertically.
The design will also consider po;iti&e assurances against
inadvertent release of a sﬁspended canister. The detailed design
of the remotized grapple and codes and standards that will be used
during its fabrication will be given in the WQR.
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4.0 QUALITY ASSURANCE SPECIFICATION

The producer shall estaﬁlish, maintain, and execute a qualicy assurance (QA)
program that complies with OGR/B-14, "Quality Assurance Requirements for
High-Level Waste Form Production®. The QA program shall be applied to all
testing and analisis activicies that provide 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 subject QA program may
be included in the WCP so long as the specific quality assurance measures that
were in effect wheﬂ the data was generated are described. The QA program
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'pfogram in the WCP and certify compliance with it in the WQR

and in production records.

4.1 Specific Topics for the Waste Compliance Plan (YCP)

The following reqﬁireménCS imposed by OGR/B-14 apply to the 1

producer’s WCP.

> A. Essential Software (software that is essential to meeting
the WAPS) shall be identified in the WCP.

B. Production processes that have a significant effect on
quality characteristics of the canistered waste form and
produce results that cannot be readily verified by
inspection or testing of the final product are to be
identified in the WCP.

> C. The Selective Application of Quality Levels to Program
Activities is described in section 4.2.4.1.
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Qverall West Valley Demonstration Proiect (WVDP) Quality Assurance
Program el ) )

The overall QA program for the production of canister waste form at
West Valley is a composite of the WVDP programs for the four major
Project participants. These are:

o The DOE/NE Headquarters Waste Technology Division

o The DOE/ID Fuel Processing and'ggscg Management Division

o The DOE West Valley Projeéfﬂaffléé;'add

o The West Valley Nuclear Services Operating Contractor

The overall Project QA program consists of the integrated program
descriptions for each of these four particxpants Summary
descriptions for each ate provided by’ the following pafagraphs, and
the organizational relationship is shown in figure 4-1.

4.,2.1 DOE/NE WVDP QualicyfAs;utaﬁceﬁProgram Summary (QAPD-1)

The WVDP QA program established and imﬁlemented by the Waste
Technology Division of_;hévpos’ﬂuclear Energy Office
(DOE/NE) provides accions,neces§afy for appropriate DOE
oversight and moniCOr{ﬂg.df,the o&erall Project QA program
for development.Lqualification.uahd production of an
acceptable WVDP canistered high-level waste form.
Responsibility -for those %ccivicies -necessary for achieving.
overall product quality are delegated by DOE/NE to other
7Project participants through the DOE Idaho Operations Office

~ (DOE/ID). The noa/Né‘ﬁbruion of ‘the program is conducted in

" accordance with' DOE Order 5700 68 (Qualxty Assurance) and

‘ complies with ;he applicable porcions of 'OGR/B:14 (QA
Requirements for High-Levgl Waste Form Production).
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WEST VALLEY DEMONSTRATION PROJECT (WVDP)

ORGANIZATION STRUCTURE
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‘DOE/ID WVDP Quality Assurance_Program Summary (QAPD-2)

The WVDP QA program established and implemented by the Fuel
Processing and Waste Management Division of the DOE’ Idaho

-Operations Office (DOE/ID)—compliments and expands the DOE

Headquarters responsibility for oversight and monitoring of

- the adequacy and effectiveness of the overall Project

.quality assurance program for development qualification,

and production of an acceptable WVDP canistered high-level
waste form. Responsibility, for these functions has been
delegated to DOE/ID by the DOE/NE. Also delegated to other
Project participants are appropriate quality assurance

responsibilicies for the conduct of activxties necessary for °

_ achieving overall product. quality Responsibility for
" delegation to other Project. participants is delegated by the

DOE/ID Assistant Manager . for Nuclear Programs (ID-PM) to the
West Valley Project Office PrOJect Manager (WV-PM). The
DOE/ID portion of the program is_conducted'in accordance

.-with DOE Order 5700.6B (Quality Assurance)vand complies with

the applicable ‘portions of OGR/B-14 (QA Requirements for
High-Level Waste form Production).

DOE/WVPO WVDP Quality Assurance:Erogramisummary,(QAPD-3)

The WVPO QA program established and directed by the WV-PM

provides the primary and on- line DOE responsibility for

establishing and assuring the adequacy and effectiveness of

-the overall Project.QA _program for the development

qualification, and production of an acceptable wvDP
canistered high-level waste form Responsibility for these

- functions has been delegated to the WV PN by DOE/NE through

DOE/ID. This delegation from DOE/ID includes direct
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authority and responsibility for establishing delegation cto
lower tier project participants of appropriate quality
assurance responsibilities for the conduct of activities
nacessary for achieving overall product quality.,
Responsibility delegated to the WV-PM is implemented through
contractual agreements and the associated DOE review and
approval'ﬁf contractor documentation. The WVEO portion of
the program is conducted in accordance with DOE Order
5700.6B, and complies with the applicable.portions of OGR/B-
14 (QA Réﬁuirements for High-Level Waste Form Production).

WUNS WVDP Quality Assurance Program Summary (QAPD-4)

The WUNS QA program implemented by the West Valley Nuclear

" Services Operating Contractor provides for assuring the .
adequacy and effectiveness of the Project QA program for the

.development, qualificacion, and production of an acceptable

WUDP canistered high-level waste form at the operations
level. Responsibility for these functions has been
delegated to the WVNS by the WVPO. This &elegacion from
WVPO includes direct -authority and responsibility for
esfabliéhing'delegacion to lower tier Project participants
of appropriate quality assurance responsibilities for the
conduct of activities necessary for achieving overall
product quality. Responsibility delegated to the WVNS is
implemented through selective contractural agreements and
the associaced DOE review.and approval of applicable

contractor documentation,

WUNS conducted or directed activities for implementing the

WVNS bdrcion of the WVDP Project QA program include the

reviews and approval of contractor QA programs, reviews and

approval of significant operating levels documents,

- 73 -
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participation in Project meetings, generation of Project

status reports, conduct or direction of audits, and annual

documented effectiveness evaluations of the overall

program. The WVNS portion of the program is conducted

in accordance with DOE Order 5700 6b (Quality Assurance)

and complies with the applicable portions OGR/B-14

(QA Requirements for High -Level Waste Form Production).
Specific QA elements as defined by the ASME/ASNI

NQA-1, 1986 QA standard applicable to the WVUNS program
are: 1) Organization; 2) QA program; 3) Design Control and
Essential Computer Software Control; 4) Procurement Control;
5) Instructions, Procedures, and ‘Drawings; 6) Document -
Control 7) Control of Purchased Material, Equipment, and
Services; 8) Identifieation and Control of Materials, Parts,
and . Components' 9) Process Control 10) Inspection, 11) Test
Control and Control of Experiments’ 12) M&TE Control

13) Preservation, Packaging, Storage, and Shipping,

14) Inspection, test and Operating Status; 15) Control of .
Nonconforming Items; 16) Corrective Action; 17) QA Records;
and 18) Audits. WVNS has established procedures for .
implementation of these QA elements and specific

supplemental requirements from OGR/B-14.
4.2.4,1 Selective Application of Quality Levels

WUNS has established a system for the selective
application of QA program activities which are
utilized to determine quality levels (Q-Levels).

The overall QA Program is a graded approach using
Q-Levels that relate to items and services which
are important to safety. The Q-Levels System (A,
B, C, or N) reflects the objectives which are based
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on the degree of activity necessary to identify,

analyze, verify, and document the attributes that

are iequiremenc to achieve a specific level of
confidence in equipment, items, and sys:ems. The
QA Program covers all levels with the lowest level
being the responsibility of the performer to
achieve and document the quality. The Program
provides for judicious and selective application of
controls based upon compleiity and failure

consequences.

4.3 WVDP Quality Assurance Program Description Documents

The QA program applied to the Waste Acceptance Activities of
high-level waste form production, as described in QAPD-1, QAPD-2,
QAPD-3, and QAPD -4 provides guidance and direction for program -

implementation and a concise description of what che WVDP QA

Program contains and how it functions.

RMGO0297A:ENG-228

- 75 -




WVNS -WCP-001
Rev. 1

'REFERENCES - -

American Society of Metals, 1980, Metals Handbook, 9th ed., Vol. 3, p. 56.
Angerman, c. L and v, N, Rankin. 1977 ‘"Durability of Containers for
Storing Solidified Radioactive Wastes"' Corrosion/77 NACE Meeting, San.
Francisco, CA, March 14- 18 1977 National Association of Corrosion
Engineers, Houston TX. )

Barkatt, Aa., et al, 1981, "Static and‘bjﬁamic'TeEtsnfer the Chemical
Durabil}ty of Nuclear Waste Glass," Nucl. Chem., Waste Manapge., 2, 151-164,

Barkatt Aa‘ et al, 1983‘ ﬁThe Use'of>aﬁFlc§ Test and a Flow Model in
’ Evaluating the Durability ‘of Various Nuclear Waste Form Materials,” Nucl
Chem. Waste Manage. 4, 153-169. ’

Barkatt, Aa. et al, 1985 "Modeling of Waste Form Performance and System
Release,f Scientific Basis for Nuclear Waste ‘Management VIIY, Vol. 44, 'C. M.

Jantzen et al, (eds.), Haterials Research Society, Pittsburgh, PA, p 3.

Bates, J. K. and T. 3. Gerding, 1986, -"One-Year Results of the NNWSI
Unsaturated Test Procedure: SRL 165 Glass- Applicatlon . ‘ANt-SS-Al; Argonne
National Laboratory, Argonne, IL. T LT

Crocker, R. L., 1989, "Vitrifiéation Mass Balance Revision Number 6,"
WIN EK:89:0020, West Valley Nuclear-Services Co., West Valley, NY." .

Elsenstatt L R . et al 198& '"Comparison of "HLW at“the West: Valley

Demonstration Project and the SRP " Transactions'of the American Nuclear:.

Society, Vol. 45, American Nuclear Society, La Grange-Park,~IL,‘p 158.

" KMG0297A:ENG-228 ' - 76 -



WVNS-WCP-001
Rev. 1

- ‘Eisenstatt, L. R., and K. R. Routt, .1988, "West Valley Strategy for -

Production of a Qualified Waste Form", Waste Management ‘88, University of

Arizona, Tucson, Arizona.

Eisenstatt, L. R., and C. C. Chapman, 1986, "The West Valley Vitrification
Process Model: A Method for Providing Glass Composition,” Advances in

Ceramics, Vol. 20, American Ceramic Society, Columbus, OH.

Eisenstatt, L. R., 1986, "Description of the West Valley Demonstration
Project Reference High-Level Waste Form and Canister, "DOE/NE/44139--26,
U.S. Department of Energy, West Valley, N.Y.

Feng,:-X., et al, (1938), "Composition Model for, the Viscosity and Chemical
Durability of West Valley Related Nuclear Waste Glasses," in Waste

‘Management-’'88, edited by R. G. Post (UnLverslcy of Arizona Board of

<¥Regeyts, Tucson, Az).

Grambow, ﬁ., 1985, "A General Rate Equation for Nuclear Waste Glass
Corrosion," Scientific Basis for Nuclear Waste Management VIII, Vol 44, C.

M. Jantzen et al, (eds.), Materiais Research Society, Pittsburgh, PA, p 15.

Gray; W. J., 1976. Volatility of a Zinec Borosilicate Glass Containing
Simulated High-Level Radioactive Waste, BNWL-211ll, Pacific Northwest

Laboratory, Richland, Washington.

Gray, W. J., 1980. "Volatility of Some Potential High-Level Radioactive

Waste Forms," Radioactive Waste Management 1(2).

Hannum, W. H., 1986, "Analysis of the Terminal Waste Form Selection for the
West Valley Demonstration Project,"” DOE/NE/44139--T3, U.S. Department of
Energy, West Valley, N.Y.

© KMGO297A:ENG-228 ' - 77 -




------

WVNS-WCP-001
Rev. 1

T

Hastie, J. W. 1983 Vaporization of Simulated Nuclear Waste Glass,

" *NBSIR83-2731, United States National Bureau of Standards, Washington, D. C

Hauptmann, J. P., 1985, "User's Manual for Remote Handled Transuranic Waste
Container Welding and Inspection Fixture,r RHO RE MA-15P, Rockwell Hanford
Operations, Richland, Washington.

Jantzen, C. M., and M. J. Plodinec, 1984, "Thermodynamic Model of Natural _
Medieval and Nuclear Waste Glass Durability," Journal of Noncrystalline a
Solids; 67, Amsterdam, p. 207.

Larson, D. E., et al, 1987, "Electropolishing Decontamination System for

High-Level Waste Canisters", Waste Management ‘87, University of Arizona,

.Tucson, Arizona.

Materials Characterization Center, 1981, "MCC-3 Agitated Powder Leach Test
Method", Test Methods Submitted for Nuclear Waste Materials Handbook, Test

Methods, PNL 3990 J. E. Mendel (ed.), Pacific Northwest Laboratory,

:Richland, WA.

:Materials Characterization Center, 1983 ”MCC lP Static Leach Test Method,"
Nuclear Waste Materials Handbook, Test Methods, DOE/TIC -11400, J. E Mendel
.(ed.), Pacific Northwest Laboratory, Richland, WA.

McCoy, H. E., 1983, "Studies of Waste-Canister Compatibility," ORNL/TM-8491,
Oak Ridge National Laboratory, Oak Ridge TN.

Mecham, W. J., et al, 1976 "Analysis of Factors Influencing the Reliability
of Retrievable Storage Canisters for Containment of Solid High Level
Radioactive Waste," ANL-76-82, Argonne National Laboratory. Argonne, IL

Mendel, J. E., 1978, The Storage and Disposal of Radioactive Waste as Glass

in Canisters. PNL-2764, Pacific Northwest Laboratory, Richland, Washington.

“KMGU297A:ENG-228 --78. -



WUNS-WCP- 001
Rev. 1

Mendel, J. E., et al, 1981, A State-of-the-Art Review of Materials

- Properties of Nuclear Waste Forms. PNL-3802, Pacific Northwest Laboratory,

Richland, Washington, pp 5.1-5.18.

Office of Civilian Radioactive Waste Management, 1985, Mission Plan for the

Ctvilian Radfoactive Waste Managemenc Program, DOE/RW-0005, U.S. Departmenct-

of Energy, Washington, DC.

.

Office of Civilian Radioactive Waste Management, 1987, "Waste Acceptance
Preliminary Spécification§ for the West Valley Demonstration Project
High-Level Waste Form", DbE/RW-0136 (OGR/B-9), U.S. Department of Energy,
Washington, DC. '

> Office of Civiliam Radioactive Waste Management, 1989,. "Quality Assurance

Requirements for High-Level Waste Form Production,™ DOE-OGR/Bl&,
u.s. Debartmenc of Energy, Washington, D.C.

]
N -

~Petrie, L. M., and N. F. Landers, "KENO-IV IS: An Improved Monte Carlo
. Criticalicy Program,* CCC-424, 0ak Ridge National Laboratory, Oak Ridge, TN.

‘Price, J. H., and W. G. M. Blattner, "Utilization Instructions for

QADMOD-G", CCC-396, Oak Ridge National Laboratory, Oak Ridge, TN.

Radiation Shielding Information Center (a), "ORIGEN2 Isotope Generation and
Depletion Code-Matrix Exponential Method", CCC-371, Oak Ridge National
Laboratory, Oak Ridge, TN.

'Radiacion Shielding Information Center (b), "Multigroup l-Dimensional

Discrete Ordinate Trénsport Code with Anisotropi Scattering," CCC-254, Oak
Ridge National Laboratory, Oak Ridge TN.

KMGO297A:ENG-228 - 79 -




WVNS-WCP-001
Rev. 1

Rankin, W. N., 1980, ”Predicclon of Che Lifetime of CaniSCers for Solxdxfxed
Radioactive Wastes”, Presented at the meecing of the National Associatxon of
Corrosion Engineers, El.Paso, IX, Qctober 28-30.

Ross, W. A., et al, 1978. Annual Report on.fhe Cﬁéfécﬁéfiiati6h~of
High-Level Waste Glasses, PNL-2625, Pacific Northwest Laboratory, Richland,
Washington. ‘ S S

Rusin, J. M. 1980. A review of High- Level Waste Form Propercies. PNL 3035
Pacific Northwest Laboratory, Richland, Washington '

‘Rykken, L. E.; et al, 1984, "Characterization of High-Level Waste

Supernatant at West Valley," Advances in Ceramics, Vol. 8, American Ceramic

Society, Columbus, OH. .

Rykken, L. E., et al, 1985, "Analytical Characterization of High-Level Waste

Sludge," Waste Management ‘85, University of Arizona, Tucson, Arizona.
Rykken, L. E., 1986, "High-Level Waste Characterization at West Valley "
DOE/NE/A4139 -14, U.S. Department of Energy, West Valley, N.Y.

Scheetz, B. E., et. al., 1985, "The Role of Boron in Monitoring the Leaching
of Borosilicate Glass Waste Forms," Proc. Materials Research Society

Symposium, Vol. 44, Materials Research Society, Pittsburgh, PA.

Slate, S, C., et al, 1981, "Reference Commercial High-Level Waste Glass and
Canister Definition," PNL-3838, Pacific Northwest Laboratory, Richland, WA.

Terai, R., and E. Kosaka, 1976, Volatilization of Low Temperature

Borosilicate Glasses for High-Level Radiocactive Wastes at Elevated

Temperatures. ORNL-TR-4629, Oak Ridge National Laboratory, Oak Ridge,

Tennessee.

KMGO297A:ENG-228 - 80 -°



tasplre

- WVNS-WCP-001
Rev. 1

Turper, W. D., et al, "HEATINGS-An IBM Heat Conduction Program;"
ORNL/CSD-TM-15, Oak Ridge National Laboratory, Oak Ridge, IN.

Wald, J. W., et al, 1980, Comparative Waste Forms Study, PNL 3516, Pacific

Northwest Laboratory, Richland, Washington.

Weast, R. C., 1980, CRC Handbook of Chemistry and Physics. CRC Press, Boca
Raton, Florida.

West Valley Nuclear Services, 1985, "West Valley Radiological Controls
Manual," WVDP-010, Rev. i, West Valley Nuclear Services, West Valley, NY.

KMGO297A: ENG-228 - 81 -

t
. A




KMGO297A:ENG-228

<" APPENDIX A-

"' WVDP HLW CHARACTERISTICS: -

AP-A-1

WVNS-WCP-001 °
Rev, 1



vVVvvVvy vvVvy

vV

vvVvyv

KMG0297A:ENG-228

TABLE A-IA:

Component

Fe(OH)
FePO,
Al(OH)
A1F3
MnO
CaC
10,80,
510 2

2z (i) ,*

M5C03
Cu(0f)
Zn(0H),
Cr(OH) _
Hg(OH)z

Fission Products**
Rare Earth Hydroxides
Other Hydroxides
Sulfates

Transuranics

*- Pu0
Amzas

Cm203 .

TOTAL

Excludes fission product zirconium,
*% See table A-IB for breakdown.

AP-A-2

PUREX (TANK 8D-2) INSOLUBLE SOLIDS
REFERENCE CHEMICAL COMPOSITION

Mass (Kg)

66,040
6,351
5,916

582
4,513
3,358
3,087

938
2,583

964

511

376

187

146

- 23

. 1,607
888
478

35
37
27

98,456

" WUNS-WCP-001
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TABLE A-IB:

3

Rare Earths

La(OH)3
Pr(OH)}
Eu(OH)3
Tb(OH)
Dy (OH)
Pm(0H)3

Other Components*
BaS0, -
SrSOa'
Y(OH)
Rh(OH),
Pd(OH),-
Sn(OH),
Cd(O0H),
Sb(0H) 4
AgOH
In(OH)4

* Sulfate converted to hydroxides.

KMG0297A:ENG-228

AP-A-3
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_PUREX (TANK :8D-2) SOLIDS FISSION PRODUCTS

630 -
375
174
170

964

* 458

©303.7

175 .
103
79

: ‘W
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TABLE A-II: PUREX (TANK 8D-2) SUPERNATANT CHEMICAL COMPOSITION

Compound

NaNO,
NaNO,
Naso,
NaHCO4
KNO4
Na,C04
NaOH
KoCx0,
NaCl
Na4PO,
NaoMoQ,
Na4B04
CsNO,
NaF

Sn(N04), .

N32U207
Si(N03)A
NaTcOA
RbN03
NazTeOA
A1F3
FG(N03)3
NaZSeOA
L1N03

HyCO4

Cu(NO3)2
Sr(NO3)2
MB(NO3)2

TOTAL

HZO

KMG0297A:ENG-228

Wt. Percent
Wet Basis

21.10
10.90
2.67
1.49
1.27
0.884
0.614
0.179
0.164
0.133
.0.0242
0.0209
0.0187
0.0176
0.00858
0.00809
0.00805
0.00620
0.00417
0.00287
0.00270
0.00151
0.00053
0.00049
. 0.00032
0.00021
0.00014

__0.00007

39.53

60.47

WUNS -WCP-001
Rev., 1

e ————t—. - & < 8 - s b

.

Wt. Percent

Dry Basis Mass (Kg) %
53.38 602,659
27.57 311,326
6.75 - - 76,261
3.77 42,557
3.21 36,274
2.24 25,249
1.55 17,537
0.45 ‘5,113
0.42 4,684
0.34 3,799
0.06 - 691
0.05 . 597 °
0.05 534
0.04 503 H
0.02 : 245 . ' \\J)‘
. 0.02 231
0.02 230
0.02 177 _
0.01 119 i
0.007 82 ‘
0.007 77
0.004 43
0.001 15
0.001 14
0.0008 9
0.0005 6
0.0004 4
0.0002 2
100.00 1,129,038
1,727,164 '\\‘4{
AP-A-4
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TABLE A-III:

Compound

Th(NO03),,
Fe(N03)4
AL(NO5)4
HNO4

Cr(N05)5
Ni(NOj3),

H3BO3

NaNO4

VNaszali

KN03V
N825103
K,Mn0,,

Mg(NOq)3
) NazadOA

NaCl -
Nd(N03)3
Ce(NO3),

Ru(N§3)A’ ’

ZrOz*.

Ca(NO3),

CSN03,I

Ba(l.€03)2 o
La(ﬁ¢3)3{
Pr(NO3)s. .
Sr(N03)2:‘“'“
Sm(N03)3,. 

Weight
Percent

36.43
19.43
4.90
3.29
. 2.25.
0.93
0.56
"0.27
0.21
0.12
0.15

0.11
0.067 -
0.063

©0.059
0.086
© 0,050
0,049
© 0.014
0.035
0.033
0:032
0.026
0.025
0.019
£ 07016

THOREX (TANK 8D-4)

Weight

Percent

WUNS-WCP-001

Rev, 1

WASTE REFERENCE CHEMICAL COMPOSITION

Mass (Kg)

Mass (Kg) Compound
31,054 Zr (NO3)),

. 8,462 Na3PO,
4,175 ' NaTcO,
2,805 * . Y(NOg)q - :
1,918 . . Ru(NO5); -

791 Zn(N03),
480 PA(NO5),
227 U0, (N03) 5
1180 RbNO; - .
191 Na,TeO, -
126 - T Co(NO3)y
98 = ‘NaZSeOA
57  NaF .
s& . Eu(N03)3
50 Np(No3)4 -
73 Sn(N03)3 f
43 Cu(NO3)2
42 .. Pa(NO3),
12 & Pu(NOg) .
30 © Gd(NOy)3 .
28 TGP :
27 | X(NOg)
2 sangs
21 . AgN03
16 In(N03)3
147 Pm(N03)2
> TOTAL
nzo

oo

ok ) Insolubles Assumed to be Zr0
T k% Am, Cm, and Miscellaneous AcC1nides

KMG0297A:ENG-228

AP-A-5

. 0.014

0.014

1.0.013 -
. 0.016
0,013 -
. 0.012
© -0.0094
" .0.0070

.0.00704

6'0059',‘
£.0.0035
- 00012
" 0.0012"
10.00117
1 0.00106

'0.09082

©.0.00094
- 0.00082
- 0.00082
©0.00047
£0.00035,
.o, ooozsf
©1.0.00012°
~ 0.00009
77-.0.00005

" 0.00001

o 59.96 7
: “;40105"

»

12
12

1 .

14
S 11

[
o

51,090

O O O OO O 0 OC O O 0 O H M mewuwao & .

- O
-

34,148 .
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Tadle A=iY:

~—=31REX
Huelide Sugarnaliat
34 9,740
o 18-S {.372+02
$2-7s 0.00E+90
7-4{ 0.00E~3¢
83-41 8.395+02
80-Cs  0.008-00
19-22 S. 33801
90~z 2.§35=03
90~ 2.895+03
33-r L S3E-31
$32-54 f. 23831
§9-Te 1. 508243
104=3y 1. L0E=3
108-7h 1,106t
107-74 1.08E-92
113224 2.415+00
1213~32 ~L.76E-12
128-3a 1.01E-31
123-3% -4,308+01
126-33 7 L.41E-92
2ta-3 1.915-0
{2%a-1e J.498-40
129-1 2.10E-91
{33-Cs {.335+44
135-Cs 1.552+02
137-Cs 7.282+08
137a-32 8.87e-05
144-Ca 2.972-38
{44-?r 2.37E-)8
144-r2 {.41E=-04
(47-73 {.572+02
13132 1.10E+Q0
{82-24 §,253-92
{342 1,378+0!
£33 2.378:40
207-71 4.00E+00
08-i1  0.Q0E+0Q
209-r% 0.00E+Q0
U= 0.00E+04
212-7% 9.00E-490
211-31 0.008-00
UI-3t 3.0CE-00
UI-31 0.00E+0Q0
U272 9:00g+44
UI-7a 0.008+40
2Ls-Pa 0.00E+4Q
218~7a 0.0CE+Q0

Salids

0.00E=00
0.00E-¢q
§.00€+93

28208
2.358-03

$.70E=0C

0.008:00

§.73E+08
60745?06
2.358+92
f.S72+02
0.00E200
1. 10€=02
1.10E+02
1.088:4L
2.41E+03
1.782-9¢
1.018%02
1.515+04
{4120t
1018292
3. 49E=93
0.00E+00
0.00£+400
0.00€-00
0.00E+0¢
0.00E+00_
$.218200
9.21E-00
2,108+
{.955+05
8.135+04
3.71e-02.
1.19E+0S
. 3.51E+04
2.125-3
4,23e-32
b.81E-04
F.048-94
1.198-91
?.04E8-14
1.198-91
§.51E-34
7.522~92
837234
9. 04E~14
1.13E-0

Referencs 1997 Radicauctide Cantant (Curies)

ot Yast Yallay dastat

TAQREY

1.746200

9.00E~30
$,832292
2,030t
2,21E=03
1. L4E=03
3. 33800

A 34EAQT

§.23E48

1528401

1. 02E=0t

L00dEs02

§. 24E-U
8,248

1.4

3.ies-01
£.992-91
3.115000
2.352+92
£3589t
J. 115200
8. 552+0L
1.308-91
3. 106502
S, 37EH00
4, 778408
4,495408
1.398-91
1.398-91
5,043t
9.11£-03
$.738+03
$.372-01
2538703
8. 446202
7. 598400

L S1E+40
2,07E-91
7.528400
9. 752400
7.522-00
9.74€-00
2.072-31
8.253+00
2.032-31
7.522-40
9.788#0

Tatal

9. 91E+0L
{37602

1,582-03 -

1262502
3,732-03

11443

8075400

7.208-04
T.20E448
2.72392
1.852+02
1.708-03

f.118+02

1.118202
1.092-0L
2.4858-43
1.828-01
1.34€+02
1348204
1452401
1.04E+02
3.832-03
3,908~
1.422:04
1.81€202
7.74€-04
7.332+45
7.352+00
9.332:00

Ll .

1.94€-03
3,532-04
$,253-92
1.222-03
J.822+04
<0400
LS52+00
2.07e-31
£2C+00

Swaw

9,88E+J0

o22-00
?.882-00
2.07-N
6,332+00
2.032-1

0522340

.383290

Y Al eanalidas babellan VN A Y rn-C,g
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A7-AL
U320

329-ia

L2i=%r

223-7r
223~
228-32
23~
228-3a
Li-se
-3¢
2%4¢
yrypty |
223~
22%-th
210-Th
Ul-tx
23-nh
L4-ma
-2
33-22

patTTE}

23244
1334
234
233
233-
2334
13549
2I7-4g
239-4g
2318-7y
33-74
237-fu
240-2y
-Pa
24%-71
241-3a
242-%n
U2a-Aa
243-3s
242-€a
233-Ca

144-Ca

245-%a
285-<a

SUREY
Nuclide Sugernatint

. 0.008-00

0.90E=40
0.405-40
0.00E=0
0.002=90
4.00E+4¢

0.00€~0¢

9.00E+00
0.00E=40
0.00E+30
4.00€-00
0.00E+20
9.00E-00
9.00E-20
9.00E+30
0.C9E-00
§.415-23
0.00E0
71E-12
9.00E+Q0
4.00E-00
L7E-92
313201
4.98E-11
2.808-1
§.31E=I3
1.91E-22
S.E-12
9.00e-40
0.00E+30
0.00E-00
$J88-12
{37802
1.51E41
1.37E-01
1, 468403
1.34e-92
¢.00E240
0.00E+40
0.00€=00
¢.00E+Q0
0.40E+Q0
0.00E+00

0.00E+30-

0.00E+00
0.90E+40

Salids TR33eY  Total

5.51E-34
9. 14824
115291
8,823
1.2:5-33
9. 142-34
119231
551226

21539

§.512~34
9.146~)4
$.31E-19
g.012-1
1.452=31

b.5{2-2.

1.455-02
8.748-32

5. 372"}? .
37591

2.358-)4
2.338-91
T.71E-1
4,232+00
8. 34E-40
3.30E-00
8.34E-12
2.512-91
LSie-dl

22400
2,338+
3. 438402
g.2ie-3
8.%0E+03
1,412+03
{,{38303

vatzd
1.51c+9¢

" 5.20E404

2,93€+02
2,34€207
30 32‘02

24302,

1.34€202

$S33203
8.528-U
9.37T-12

2.97e-1
1.522-90
.782=0
.97t
1.04E=-31

T.532:46

1.782+30
29731
1.46€-40

2,078

TOSZE?QQ
{.468-00
T4
9.752+00
.07
$28E=3
SATE-)3
1,84€+90
T. 11818
1.3
3.028-H
T 1E=38
2.74800
1.09€+40
217E-91
513
9.30E-33
7.11E-33
1.Z2e-31
3.0

4. 498200 -

1.098-92
$.30E292
1.55E-1
8,09%:40

8.228+02

{.155~12
L 31E+02

6. m‘-‘do *

5,77E+00
1.32x40
3538490
2.5
100t
2.008-12
LT3

29731
Tc E:E"JO
W332-30

2.972-31

LoE=3

7.525-30

9,332-30

2,079 -

1.482-30

207331

o=

220

l.4e2=30

T.422~39

7.382-40"

2.412-4
3,372-22
.31
$,84E-20
3.342-9t
1,833-91
2,333-91
3,353
741200

9.532-90

§.40E-90
{.01E=5¢
2.9%2-4
8. 18-}
9.472+00
2,332t

3- ;75’02 o
8.4z

8.512+43
£.832-33
lo 2'.5"33

9.362294

{.85200
3,322:04
3.018-02
3.018202
3.378=02
2.353-92
1. 448-92

$ 33393
3.323-3
1.012=3t




WVNS-WCP-001
Rev. 1

o APPENDIX B e

> SPECIFICATION 1.3 RADIONUCLIDE RELEASE PROPERTIES

-
-

KMGO297A:ENG-228 : AP-B-1



WVNS-WCP-001
Rev. 1

Specification 1.3 - Radionuclide Release Properties

The WVDP is continuing to perform its leach testing program consistent
with the DWPF-WAPS Specification 1.3 which is given below in bold ctype.
Our goal is to comply with the same requirements as DWPF.

1.3 DVPF SPECIFICATION FOR RADIONUCLIDE RELEASE PROPERTIES

The producer shall control the radionuclide release properties 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 describe the intended method for demonstrating compliance in the
WCP. Supporting technical documentation 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 Radionuclide Release Properties

For the Nevada Nuclear Waste Storage Investigations Project, the ability
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 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 &ver the 28 day test duration.
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1.3.3 Altermnative .Means of Compliance

The producer may use an alternative approach to demonstrate 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
properties of the waste form obtained uéing the altermative approach to
those that would be obtained by adhering to the requirements of
Specifications 1.3.1 and 1.3.2.
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SUMMARY OF THE WVDP PRODUCT CONSISTENCY TEST (PCT)

Waste samples are pulverized and screened to -100 and +200 mesh. - This
sized powder is immersed in standard leachants ‘and agitated at the start
of the test, and in some cases, once every 2& hours Standardized test
temperatures usually 9o°c and a number of time periods usually 7 days
and sometimes 28 days are specified Standard leachants may be used in
the test including deionized water. In addition to the reference
leachants, site- specific 1eachants or actual samples of repository water
may be used. A separate powdered specimen, leach container, ‘and leachant
are required for each data point Test results are based on analyses of
cooled leachates which may be filtered to remove >0 45 pm fines.
Leachate pH is measured. Testsrcan.be run in air or C0, free

atmospheres.
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SUMMARY OF PARTIAL-EXCHANGE INTERACTIVE .FLOW TEST

fhe test proceduré is Based on partial exchange of the leachant in
contact with the solid at fixed intervals until the composition of the
leachate shows no further significant changes with time. (This requires
the total exchanged volume to exceed three times the leachant volume in
contact with the soiid, éhd completion of the rapid initial processes
such as the rapid dissolution of f£ines and sur%ace irregularities and the
rapid stage of build-up oé surface layers.) This ensures the
applicabiiity of the test ﬁo the evaluation of long-term durabilicy and
the suppression of short-term transienc effects., Continued repetitive
sampling after the concentration readings have stabilized also makes it

possible to obtain a very high degree of analytical accuracy.

The results of the test, based on the s:abilized leachate concentration
readings, may be repotted both in terms of conventional leach rates

(g m'z'd 1) and in terms of annual’ fractional releases (yr~ 1) The ~
latter representation is directly applicable to the evaluacion of

long term durability.

The actual flow rate in the test is directly determined by the frequéncy
of leachant exchange on one hand and by the ratio between the volume
removed and changed and the total leachant volume in contact with the

solid on the other hand.

However, the experimental flow rate can be translated into the effective
flow rate under any given repository configuration by means of applying a
simple scaling factor which consists of the quotient of the surface-to-
volume ratio in the test configuration by the corresponding ratio in the

case of the waste-form package.

The test. should be carried out at several combinations of leachant-
exchange frequency and surface-to-volume ratio so as to cover the range
of effective flow rates expected under service conditions and to include

‘the flow rate at which the maximum corrosion rate occurs.

KMG0297A:ENG-228 " AP-C-3

Ny

-




TN

.

WUNS-WCP-001
Rev. 1

The measured leach rates or fractional release .rates are reported as a

function of both the contact or residence time and the effective £low

rate.

The test specifications require cghc”the test results will be reported-
only when éomﬁrehénsive leachate analysis, including reliable pH - -
measurements, shows a good agreement ‘(within +10 percent) between the .
analyzéd'levels of éocél‘cationic species and total anionic species, -
respectively. ‘This requirement ensures that all major species.which-
determine the reactivity of the medium toward the solid are identified

and taken inté'aCcount, and that the relative contribution of species

originating in the test environment to the composition of the leachate,
compéréd with the contribdtion”of}léhched‘species.-can be evaluated and

controlléd.
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SUMMARY OF MCC-1 LEACH TEST
‘(Material Charactaerization Center 1983)

Specimens of known volume and geometric surface area are immersed in
reference leachants without agitation for defined time periods at defined
temperatures normally 90°C. The SA/V is held constant within 0.0005 of
0.0100mm'1. Reference temperatures, and a number of specific time
periods usually 28 days may be selected. In the test method, reference
leachants may be used including pure water. In addition to the reference
leachants, site-specific leachants or actual samples of repository water
may be used. The test is for application to simulated waste forms and to
radioactive specimens. When using Teflon leach vessels, the absorbed
dose may not exceed 10% rad. Inert materials for the testing of
radioactive specimens such as fused quartz and.gold may be used when the
absorbed dose will exceed 10% rad. There is no upper limit for the use
of Teflon leach vessels for alpha-emitting isotopes. However, when the
specimen activicy times the test period exceeds 1.4 x 199 (Bq-h)/g, the

Teflon must remain at least 1 mm away from the specimen.
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The WVDP is currently investigating methods for the canister closure weld
that can limit the leak rate to the specified value. This includes the
type of welders at the DOE’s EMAD Facility in Nevada, the welder
developed for closing the.remote handled (RH) TRU Container (Hauptmann
1985), and the welder being used in the PAMEIA Project. One of the EMAD
welders is a gas tungsten arc welder, and the other is a plasma arc
welder. Both use a fixture that attaches to the top of the canister and
the weld arc rotates around it. The RH TRU welder is a remotely operated
gas metal arc welder. During welding, the canister is rotated via a
turntable. The welder includes a rework cutter in case weld repairs are
needed. The PAMELA welder is a plasma arc welder on a rotating

fixture. Other potential weld techniques being considered for use at the
WVDP are friction and laser welding; these techniques can provide

reliable welds with a reduced level of in-cell system maintenance.
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‘No significant amount of gas will accumulate inside the canister after
closure as a result of the canister being heated up to the glass

trangition temperatura.

. After manufacture, volatility from waste glass is a factor only in
accident analyses. Waste glass manufacturing  temperatures are several
hundred degrees above the maximum design storage temperatures. This
assures that any volatiles that might pressurize the canisters during

storage have been removed (Mendel 1978).

Numerous volatility studies, related to accident ﬁerformance (primarily
fires during production or transport (Rusin 1980)] have been conducted at
the Pacific Northwest Laboratory (PNL). These studies have used an
apparatus in which air (either dry or moist) flows past a heated sample
and then past a water cooled "cold finger” where condensibles are
collected for chemical analysis. The heated sample is suﬁpended from a-
balarice, thus enabling the weight ofgche.samplé to be continuously
monitored (Gray 1976). Typical volatiles from waste glasses at high .
temperatures (800° to 1200°C) include the fission products Rb, Mo, Te,
and Cs, and the glass former; B, Na, and K (Gray 1976, Gray 1980, Mendel
et al 1981, Ross et al 1978, Wald et al 1980Q); Cs has been found to be
the most volatile. Other studies have also confirmed these behaviors
(Hastie 1983, Terai and Kosaka 1976).

Although Cs and other elements are released, the vapor pressures of the
compounds that these elements will form [e.g., oxides, hydroxides, or
alkali borates (Teral and Kosaka 1976)] are extremely low at the glass
cransiti;n temperature referred to In the specification. For example,
alkali metal (Cs, Na, K) hydroxides have vapor pressures of 1 mm Hg
(0.0013 atm.) or less at temperatures between 700° to 750°C, and
volatility will not be significant. At the glass transition temperature
of WVDP glass (approximately 500°C) the vapor pressures of the compounds
that will incorporate.the volatilized elements will be even lower.

KMGO297A:ENG-228 AP-E-2

.
Al




- WAPS Spec.

EK:89:0050

ATTAGHMENT B

2.2 - The Effect of

" Increasing Canister Wall Thickness to 3/8 Inch

Issue

Increased number of
canisters needed

Canister weight increase

Effect on capabilities of
handling/auxiliary
equipment

Canister Corrosion
Properties

Perceived benefit from
concordance with SRLs
design

_ Design

Manufacture

Procurement for SF-12
Canister Mechanical
Properties

Annealing

Free volume detection

.LEDO758 :ENG-404

Impact Assessment

Glass volume reduction per given fill level is
~4 percent (e.g., 4 percent increase in number of
canisters).

~350 1b/canister or over 2/3 ton increased load
on turntable.

Redesign needed to strengthen storage racks,
reinforce turntable?, grapple?

Improved overall corrosion protection but
increased chance of weld corrosion. Confirmed
with DWPF that no credit is given to canister in
repository performance model.

Not really because WV canister is structurally
different due to dissimilar head. Results of

drop test on top, etc., will still have to be

assessed at WV, ’

Apparent simple scale-up, but still need new,
engineering released drawings with appropriate
analyses.

Need new forging dies for top/bottom. Delivery
time at least 23 weeks for new canisters which
preclude arrival for SF-12 filling in order to
obtain reference canisters for impact testing.

S to 6 new test canisters needed, but time is
inadequate as described above.

Higher strength, but greater probabxlity of weld
defects and embrittlement.

Greater need to anneal before or after canister
fabrication because of thicker wall.

Thicker wall attenuates gamma radiation 'reducing
sensitivity of fill level technique.
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